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Previous studies at these laboratories established 
that during reactions of metal chlorides with diethyl 
chlorophosphate (deep; (CzHs0)2ClP=O), at elevated 
temperatures, M(ecp), complexes (ecp = ethyl chloro- 
phosphate; (CzHsO)ClP003 can be precipitated 
under rigorously anhydrous and inert conditions [ 1, 
21. Whereas, if these reactions are carried out in the 
presence of water by using, for instance, hydrated 
metal chlorides as starting materials, hydrolysis of the 
Cl-P bond occurs and M(dep), complexes (dep = 
diethyl phosphate; (CzH50hP00-) are precipitated 
instead [l, 21. We have more recently studied the 
corresponding reactions of ethyl dichlorophosphate 
(edcp; (CZHsO)CiZP=O) with metal chlorides. In 
many occasions (M = Ti3+, V3+, Cr3+), the anhydrous 
metal chlorides do not dissolve in edcp, whilst in 
other cases (M = A13+, U4+), the reaction between 
edcp and the anhydrous metal salt, under inert condi- 
tions, is rather violent, leading to the precipitation of 
rubber-like polymeric materials of uncertain nature. 
In view of these experimental difficulties we have 
limited our investigation to the reactions of edcp with 
hydrated metal chlorides. Thus far, well-defined 
products have been obtained for M = A13+, Cr3+ and 
u4’. These products are described in the present 
letter. 

Experimentally, all operations were performed in a 
dry-box (dry Nz atmosphere). The hydrated metal 
chloride was suspended in excess neat edcp, and the 
temperature of the resulting mixture was raised at a 
rate of 2’/min. The salt dissolved in edcp at SO-70 
“C, and heating was continued until precipitation 
occurred (at 90 “C for M = A13+; 111 “C for M = Cr3+; 
and 119 “C for M = U4’). The solid products analyzed 
as follows: Al(dcp)(ecp)z (where dcp is the dichloro- 
phosphato ligand; CIZPOO-), white powder: found- 
(calcd.)%: Al 5.74(6.02); P 20.44(20.75); Cl 31.79- 
(31.66); C 10.45(10.73); H 2.50(2.25); CrL3 (shown 

in (I) below), green powder: Cr 6.17(6.44); P 22.87- 
(23.04); Cl 12.96(13.19); C l&15(17.87); H 3.93. 
(3.75); and U3Lb (shown in (II) below), olive green 
powder: U 46.40(46.79); P 16.63(16.24); Cl 0.00; C 
6.45(6.30); H 1.55(1.32). 

(I 1 
( R = C,H, ) 

( II ) 

The formation of Al(dcp)(ecp)z may be attributed 
to initial formation of an AlC13 adduct with edcp 
[l, 21. Eventually, one-third of the edcp ligands 
undergo the familiar deethylation reaction at elevated 
temperatures, yielding dcp and a mixture of C2HSC1, 
HCl and CH2=CH2 [ 1 - 51: 

>AlCl + (CzHsO)C1$=O - ;Al(OOPC12) t 

+&H&l (1) 

However, two-thirds of the edcp ligands are attacked 
by the water of hydration of AlC13 [l, 2, 6, 71, 
forming ecp and HCl: 

(CzHgO)ClzP=O t Hz0 - (C,HsO)ClP(O)OH + 

+ HCl (2) 

Al(dcp)(ecph is stable in inert, dry atmosphere, but 
rapidly decomposes in the presence of moisture. It is 
generally insoluble in all common organic solvents, 
and is presumably a linear chainlike hexacoordinated 
polymer, characterized by triple bridges of bidentate 
mixed (dcp, ecp) ligands, coordinating through their 
two PO0 oxygens to adjacent A13+ ions [8-lo], ie., 
fAl(dcp)(ecp)2fX. The IR spectrum of the complex is 
consistent with the presence of two different ligands, 
as it shows doublets in both the vpoo,as (1257vs, 
1249~s) and vpoo,sym (114Ovs, 1133~s) regions, and 
a weak broad PO0 combination band at 1705 cm-’ 
[I, 4, 5, 11, 121; furthermore, a doublet of very 
strong bands at 582,576 cm-’ accounts for the vp_ol 
mode of ecp and the ~~~~~~~ vibration of dcp, while 
vP-CLsym of the latter ligand is probably associated 
with a medium absorption at 519 cm-’ [l, 131. 

The reactions of CrC13 and UC4 with edcp led to 
formation of complexes with pyrophosphato ligands. 
Similar types of reactions have been previously ob- 
served during the interaction of triethyl phosphate 
[ 141, diisopropyl methylphosphonate [ 151 and 
triethyl or tri-n-butyl thiophosphate [16] with 
various metal halides. The reactions leading to the 
formation of the pyrophosphato ligands can be con- 
sidered as proceeding as follows: For the Cr3+ 
complex, edcp is hydrolyzed to (C,HsO)ClP(O)OH 
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(see reaction 2); then part of this product is further 
hydrolyzed to yield (C2H50)P(0)(OH)2. Subsequent- 
ly, a condensation reaction between the two hydroly 
sis products leads to the formation of the LH ligand 
of &La [ 14-181, viz. : 

(c,H,o)cI P(0)0H + (c2~50)~(~)(~~)Z - 

f3-4 p% 

I I HO,? 0 
I A’ 

P-O-P\\ 
4 

+ Hz0 

0 0 
(3) 

Likewise, L’H, is apparently produced by condensa- 
tion between two products of the hydrolysis of edcp 
in the presence of UCIJ, namely (C,HsO)P(O)(OH), 
and H3P04: 

(C,H50)P(0)(OH)2+ P(O)(OH), --* + H20 (4) 

Both CrLa and UaL& are stable in the atmosphere 
and insoluble in organic media. Pertinent charac- 
terization data: C&: IR spectrum, cm-’ : vp00,~ 
1195 vs, vPOO,Wm 1085vs, vp-o_p,as 967s, 
vp_o_p,Sum 730m, vp_cl 555w, b [13-171; solid- 
state (Nujol mull) electronic spectrum, nm: 45Os, vb, 
665ms, vb (approximate Dq = 1504 cm-‘); /..Q = 
3.63 PB (297 OK). UaLi: IR spectrum, cm-’ : vpoo,as 
1179vs, 1082~s vp_o_p Bs 956vs, 
vp_o _p, W:% %? pen = 2.79 ,uB (295 %). The Cr3* 
complex may be considered as a polymeric hexa- 
coordinated species, in view of its insolubility in 
organic solvents and its relatively low magnetic 
moment [5, 19, 201. Regarding the U4+ complex, 
which is also insoluble in organic media, its magnetic 
moment is normal for hexacoordinated, but clearly 
subnormal for octacoordinated U4’ [20-231. 
Previous experience with U4’ organophosphato 
complexes [5, 24, 251 favors an octacoordinated 
polymeric configuration for the new complex. 

The results of the present work seem to indicate 
that, depending on the metal ion present, reactions 
of metal chlorides with edcp in the presence of water 
of hydration, may lead to either deethylation and/or 
partial or complete dechlorination of edcp, following 
initial adduct formation between edcp and metal 
chloride. These interesting findings have prompted 
us to extend our studies to edcp reactions with the 
halides of various other metal ions; this work is 
currently underway and will be reported in the 
future. 
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