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The preparation of phosphonium salts of the type 
[R$R”P’J2X2- with R’ = C6H5, R” = C6H5CH2 or 
C2 H4 OH and X = cdCl,+, GiBr4 and cd2 Cl6 is report- 
ed. Their far-infrared spectra have been investigated 
and band assignments are proposed for the metal- 
halogen frequencies in the tetrahedral GK’l~-, 
CdBr:- and bitetrahedral cd2 Cl”,- anionic species, 
which are present according to X-ray diffraction 
studies. 

Introduction 

The purpose of the study reported here is to 
prepare and characterize some new phosphonium 
compounds of interest as catalysts in phase transfer 
nucleophilic substitutions [l-3] , as flame retardants 
for a variety of thermoplastic polymers [4], and 
in some peculiar bulk reactions such as the crosslink- 
ing of vinylidene fluoride elastomers, as previously 
reported for other phosphorous compounds [5- 
81. The compounds described here have been 

TABLE I. Analytical Data. 

previously studied by single crystal X-ray diffraction 
[9-121. 

Experimental 

Preparation of Compounds 
Bistriphenylbenzylphosphonium tetrachlorocad- 

mate bis-1,2dichloroethane, [(C6H5)sPCH2C6H5] 2- 
CdC14.2C12C2Hq (I), was obtained in 90% yield by 
treating 1 mole of bistriphenylphosphinedichloro- 
cadmium, prepared by established methods [ 131, 
with 2 moles of benzylchloride in methylglycol for 
2 h at reflux temperature. After cooling and filtering, 
the product was recrystallized from 1,2-dichloro- 
ethane, filtered and dried at room temperature. 
The white product thus obtained is a 
bis-I ,2dichloroethane solvate, as indicated by a DSC 
spectrum which shows the peak due to weight loss 
of dichloroethane at 85 “C. 

Bistriphenylbenzylphosphonium tetrabromocad- 
mate, [(C6H5)sPCH2 C6H5 I2 CdBr4 (II), was synthe- 

Compound C% 

talc. Found 

H% 

Calcd. Found 

Halogen % M.P. CC, 

Calcd. Found 

[(C~H~)~PCHZC~HS~~C~C~‘~C~~C~H~ 55.98 55.92 4.49 4.50 24.46 24.50 218 

[(C~HS~PCH~CSHS~ 2CdBu 52.71 52.73 3.86 3.83 28.11 28.13 226 

[(C6H5)3PCHZC6H512CdZC16 52.48 52.45 3.85 3.87 18.58 18.51 225 

[(C6H5)3PCZH40H]2CdC4 55.30 55.25 4.61 4.63 16.31 16.27 164 

0 Eisevier Sequoia/Printed in Switzerland 
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sized in 92% yield by treating 1 mole of bistriphenyl- 
phosphinedibromocadmium, obtained according to 
Evans et al. [ 141 , with 2 moles of benzylbromide in 
methylglycol for 0.5 h at reflux temperature. After 
cooling and filtering, the white product was recrys- 
tallized from 1,2-dichloroethane. 

Bistriphenylbenzylphosphonium hexachlorodicad- 
mate, [(C6Hs)aPCHzC6Hs] sCdzC16 (IU), was 
obtained in low yield by treatment of triphenyl- 
phosphine (1 mole) with anhydrous cadmium chloride 
(2 moles) in diglyme at room temperature followed 
by addition of 1 mole of benzylchloride (to the non- 
isolated intermediate [(CdC12*P(C6H5)3]2) with 
heating for 2 h at reflux temperature. After filtering 
the hot mixture and cooling, a white product precipi- 
tated which was filtered, washed with ethyl ether 
and dried at room temperature. Attempts to prepare 
this product by treatment of equimolecular quantities 
of triphenylphosphine and anhydrous cadmium 
chloride were unsuccessful, as was the use of 
hydroxyl containing solvents. 

Bistriphenyl(:!-hydroxyethyl) phosphonium tetra- 
chlorocadmate, [(C6HS)3PCZH4OHl*CdC14 WI 
was prepared in 85% yield from 1 mole of bistri- 
phenylphosphinedichlorocadmium and 2 moles of 2- 
chloroethanol in ethylglycol at reflux temperature for 
3 h. After cooling, the white crystals were filtered, 
washed with ethanol, and recrystallized with 1,2- 
dichloroethane. 

Elemental analyses of the complexes were in agree- 
ment with the theoretical values. The analysis data 
and melting points of the complexes are given in 
Table I. 

Far infrared spectra were recorded with a Perkin- 
Elmer FIS 3 spectrophotometer using Nujol mulls 
supported between Polythene discs. Adsorption due 
to Polythene is weak (it occurs only below 230 cm-’ 
and could be compensated) and did not interfere 
with the assignment of the metal-halogen stretching 
frequencies. 

Results and Discussion 

The molecular and crystal structures of the com- 
pounds have previously been determined by X-ray 
diffraction techniques. As the results have been 
reported in full elsewhere [?-121, we limit our- 
selves here to an evaluation of the main structural 
aspects of each compound and of common features 
within the series. The crystal data are collected in 
Table II. 

The crystal structure of I is built up by juxtaposi- 
tion of well separated CdClz- anions and phospho- 
nium cations in the presence of solvent molecules. 
The phosphonium ions are far apart with few inter- 
actions with the CdClf ions. Similarly, the struc- 
tures of II and III are composed of well separated 
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TABLE III. Far-infrared Active Vibrational Frequencies (cm-‘) for CdXj-Anions and Their Assignments. 
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Compound 

[(Cd&PCH2Cc&l 2CdClda2C12C2H4 

[(C&dWH2C&d2CdBr4 
[(C6Hs)&2H40H]2CdC4 

e(F2) v4(F2) 
--__ 

240 vs, br 110 s,br 

181 vs 70 s 

268 vs, br 106 s 

s = strong; v = very; br = broad. 

Fig. 1. Far-infrared spectra in nujol mull of [(C&)$‘CH2- 
Q,Hs]2CdCI4*2ClzCzH4 (- ), [(C~HS)~PCHZC~H~]~- 
Cd2Cl6 (-.--), [(C~H~)~PCH&H~]~C~BI~ (- - -). 

CdBr$- and Cd,Clz- ions and phosphonium cations. 
Compound IV shows a more pronounced cation- 
anion interaction in the solid state with each anion 
being linked through two Cl-H-O hydrogen bonds 
to two different phosphonium cations, thus establish- 
ing a well-defined 1:2 complex. At variance to the 
cadmium complexes (R3P)CdX2 and (R3P)z CdX2 
no metal-phosphorous bonding [14-l 81 is present 
in compounds I-IV. 

Anionic Structures 
The CdCli- ions of I and IV have a quasi-perfect 

tetrahedral symmetry with average Cd-Cl bond 
lengths of 2.441(5) A (range 2.433-2.455 A) and 
2.448(4) A (range 2.439-2.453 A), respectively and 
an average value of the Cl-Cd-Cl angles of 109.5(l)” 
(range: 105.8-l 12.5” in Z and 104.5-l 14.4” in Iv). 
The fairly weak secondary bonding effects in IV 
(hydrogen bond Cl-H-O) or the solvation by two 
dichloroethane molecules in I do not greatly 
influence the Cd-Cl bond lengths. 

The CdBri- ion in II has also a quasi-perfect tetra- 
hedral symmetry with an average Cd-Br bond length 
of 2.588(2) W (range 2.566-2.635 A) and an average 
value of the Br-Cd-Br angles of 109.9(9)’ (range 
105.6-l 11.8’). The dimensions of the anion 
conform to the expected values compared to CdCli- 
on the basis of the 0.17 A difference in the ionic 
radii of the chloride and bromide ions. 

Assignments of the ZJ(M-X) and 6(X-M-X) 
modes for I, II, and IV are reported in Table III. 
For Mg- ions with Td symmetry only the v3(F2) 

stretching and ~4(F2) bending vibrations are expected 
to be infrared active [19]. The spectrum of the 
CdClf- anion of compound I is characterized by a 
broad band at 240 cm-’ (Fig. l), which is assigned 
to the g stretching vibration. On the basis of the 
mean Cd-Cl bond distances (2.441(5) i% in I and 
2.448(4) A in IV) it is not immediately obvious that 
the ~3 stretching vibration of the CdCl$- anion in 
IV is. at 268 cm-‘. The corresponding value for 
CdBri- in II is shifted down at 181 cm-’ (Fig. l), 
as expected on the basis of the mass ratio. The values 
for the 4 and v4 frequencies are in accordance with 
those found for other compounds containing the 
CdXa- anion [ 15, 201. The average v(Cd-Br)/v(Cd- 
Cl) frequency ratio of 0.68 is close to that reported 
elsewhere (0.68-0.7 1) [ 15,161. 

The binuclear Cd,Clz- anion of III is composed 
of a slightly distorted edgecondensed bitetrahedron 
with approximate D2h (mmm) symmetry [ll] . 

X-ray structural data for Cd2Xz- anions are scarce 
and are limited to compound III and 
[Cu3(Bu2dtC)6] [Cd,Br,] , where Bu2dtc = N,N-di- 
n-butyl-dithiocarbamato anion [21]. In III, the 
cadmium atoms are thus joined by a double chlorine 
atom bridge in such a way that two cadmium atoms 
and two bridging chlorine atoms (Cl,) are in a slightly 
distorted square-planar arrangement with the four 
terminal chlorine atoms (Cl,) being above and below 
the bridging plane. The bond angles of the Cd,Clt- 
anion deviate considerably from tetrahedral values 
and range from 118.5( 1) to 9 1 .O( 1)” with the follow- 
ing average bond angles: Clb-Cd-Clb, 91.3(l)“; 
Cl,-Cd-Cl,, 118.1(l)“; Cl,-Cd-Cl,,, 111.0(l)“; 
Cd-C&-Cd, 88.5(l)‘. As expected, Cd-Cl, bond 
lengths (average 2.391(5) A) are shorter than the 
Cd-Cl distances in the tetrachlorocadmate ions. 

The molecular vibrations in the Cd,Clg- anion 
of III are more complex than in the simpler CdCli- 
anion (Fig. 1). According to the literature [22], for 
ions of the type M2X6 with D2,, symmetry we expect 
two infrared active vibrations, us(BIU) and VI~(B&, 
for the terminal MX2 stretching motions and two 
infrared active vibrations, v13(BZu) and v17(Bsu), 
for the bridging MX2 stretching motions. In agree- 
ment with the assignment proposed for the v(Ga-Cl) 
stretching vibrations of Ga2C16 [23], a molecule 
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TABLE IV. Far-infrared Active Vibrational Stretching Frequencies (cm-l)a for the Cd2&Anion and Their Assignments. 

-___ 

Compound Q (CdClt) ~16 (CdCltI ~13 (Cd clb) v17 (cdclb) 

-____ _ 

[(C~H~)~PCHZC~HS~~C~~C~~ 291 s 216 s 212 s 208 sh 
--- ~__~ --___ 

‘CdCl, and CdClu denote terminal and bridging CdCl stretching modes, respectively. s = strong, sh = shoulder. 

with D2,, symmetry in the solid state [24], and in 
accordance with the interpretation of the infrared 
spectrum of gaseous Al2Cl6 [25, 261, also of 4h 
symmetry [27], the terminal and bridging v(Cd-Cl) 
stretching frequencies are assigned as reported in 
Table IV. As no infrared data are available with 
regard to the Cd-Br stretching vibrations of the hexa- 
bromodicadmate complex this work is consequently 
the first to report on the assignment of the stretching 
vibration frequencies due to the terminal and bridging 
Cd-Cl bonds of the Cd,X$anion (X = Cl). 

It has not been possible to assign the bending 
vibrations of the Cd2C1g- anion. Namely, in the 
spectral range examined (Fig. 1) only the broad 
band at 102 cm-’ and a shoulder at about 70 cm-’ 
are possible candidates for such vibrations, whereas 
according to expectation [22], five infrared bands 
should have been active. 

Gztionic Structures 
The two independent (CeHs)sP+CH~C6H5 cations 

in each of the structures Z-III and the two (C6Hs)3- 
P+C2H40H cations of ZP all show a quasi-perfect 
tetrahedral symmetry around the five-valent phos- 
phorous atoms. This also holds for the related com- 
pounds benzyl(:!-methoxyphenyl)-diphenylphospho- 
nium bromide (v) [28] and triphenylbenzylphospho- 
nium chloride (VZ) [29]. As to the conformation of 
the triphenylbenzylphosphonium cations in Z-III, 
the P-C (sp2) bonds are nearly staggered (gauche +, 
gauche - and trans) in respect of the CHz--C(sp2) 
bond of the benzyl residues. The orientations of the 
phenyl groups, expressed by the torsion angles 
around the P-C (sp”) bonds in respect of the P-CH2 
bonds, indicate conformations intermediate between 
staggered and eclipsed, with the exception of the 
cations of ZZZ, centred on P(l), where the coordina- 
tion is staggered and eclipsed. Mean values for 
C(sp”)-C(sp3)-P-C(sp*) torsion angles are 64.8”) 
-56.6’ and 184.1” in the six independent triphenyl- 
benzylphosphonium cations of Z-III, with 
P-C(sp3)-C(sp2)-C(sp*) being -94.8” and SS..? on 
average. Rotations around the P-C(sp”) bonds in 
triphenylbenzylphosphonium cations are likely to be 
on account of packing requirements. However, as 
may be seen from Fig. 2, some rather well-defined 
conformations of these cations in the solid state, 
as in the case of V, Z (P(1) cation, original atom nota- 

Fig. 2. Conformation of triphenylbenzylphosphonium 
cations of bistriphenylbenzylphosphonium tetrachlorocad- 
mate his-1,2-dichloroethane (Z), bistriphenylbenzylphospho- 
nium tetrabromocadmate (ZZ), bistriphenylbenzylphospho- 
nium hexachlorodicadmate (III), benzyl(2-methoxyphenyl)- 
diphenylphosphonium bromide (V) and triphenylbenzyl- 
phosphonium chloride (M). The projection axis is along the 
P-CHa bond. Original atom notation; B, benzyl. 

tion), ZZ (P(l)); ZZZ (P(2)), Z (P(2)) and ZZ (P(2)), 
I/I (see Fig. 2) suggest that packing requirements 
are often of secondary importance in regulating 
molecular geometries. 

In agreement with the triphenylbenzylphospho- 
nium cations also in the /3-hydroxyethyl residues 
the P-C(sp*) bonds are in a nearly staggered confor- 
mation (gauche t, gauche - and tram) in respect 
of the C-C bond. As above, the orientations of the 
phenyl groups are intermediate between staggered 
and eclipsed. 

No attempt was made to assign the modes of the 
weak phosphonium cation frequencies. 

References 

E. V. Dehmlov, Angew. Chem. Znt. Ed., 13. 170 (1974). 
E. V. Dehmiov, Angew. Chem. Znt. Ed., 16, 493 (1977). 
W. E. Keller, ‘Compendium of Phase Transfer Reactions’, 
Fluka A.G., Buchs (1979). 
A. Granzow,Acc. Chem. Res., II, 177 (1978). 
D. B. Pattison (to E. I. du Pont de Nemo&, U.S. Pat. 
3,876,654 (Apr. 8, 1975). 
K. U. Pate1 and J. E. Maier (to Minnesota Mining & 
Manuf.), U.S. Pat. 3,712,877 (Jan. 23,1973). 
G. Moggi and L. Mancini (to Montedison), Belg. Pat. 
872,752 (March 30, 1979). 
W. W. Schmiegel, Angew. Makromol. Chem., 76177, 39 
(1979). 
J. C. J. Bart, I. W. Bassi and M. Calcaterra, .Z Organomet. 
Chem., 193, l(1980). 



P-quaternary Cd(H) Compounds 139 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

J. C. J. Bart, I. W. Bassi and M. Calcaterra, Phosphorus & 
Sulfur, 9, 347 (1981). 
J. C. J. Bart, I. W. Bassi and M. Calcaterra, Acta C’ryst. 
B36, 2616 (1980). 
J. C. J. Bart, I. W. Bassi and M. Calcaterra, Znorg. Chim. 
Acta 57,261 (1982). 
J. R. Blackburn, R. Nordberg, F. Stevie, R. G. Albridge 
and M. M. Jones, Inorg. Chem., 9, 2374 (1970). 
R. E. Evans, F. G. Mann, H. S. Peiser and D. Purdie, 
J. Chem. Sot., 1209 (1940). 
G. B. Deacon, J. H. S. Green and D. J. Harrison, Spectro- 
chim. Acta, 24A, 1921 (1968). 
F. G. Moers and J. P. Langhout, Rec. Trav. Chim., 
92, 996 (1973). 
A. F. Cameron, K. P. Forrest and G. Ferguson,J. Chem. 
Sot. A, 1286 (1971). 
N. A. Bell, T. D. Dee, M. Goldstein and I. M. Nowell, 
Inorg. Chim. Acta, 38, 191 (1980). 
K. Nakamoto, ‘Infrared Spectra of Inorganic and 
Coordination Compounds’, Wiley, N.Y. (1963). 

20 

21 

22 

23 

24 

25 
26 

27 

28 

29 

D. M. Adams, J. Chatt, J. M. Davidson and J. Gerratt, 
J. Chem. Sot., 2189 (1963). 
J. A. Cras, J. Willemse, A. W. Gal and B. G. M. C. 
Hummelink-Peters, Rec. Trav. Chim., 92, 641 
(1973). 
R. P. Bell and H. C. Longuet-Higgins, Proc. Roy. Sot. 
A183, 357 (1945). 
I. R. Beattle, T. Gilson and P. Cocking,J. Chem. Sot. A, 
702 (1967). 
S. C: Waliwork and I. J. Worrall, J. Chem. Sot., 1816 
(1965). 
W. Klemperer,J. Chem. Phys., 24, 353 (1956). 
T. Onishi and T. Shimanouchi, Spectrochim. Acta, 20, 
325 (1964). 
Q. Shen, Dissertation, Oregon State University, Corvallis, 
Oregon (1973). 
J. S. Wood, R. J. Wikholm and W. E. McEwen, 
Phosphorus di Sulfur, 3, 163 (1977). 
A. C. Skapski and F. A. Stephens, J. Cryst. Mol. Struct., 
4, 77 (1974). 


