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phosphorus atoms trans to other phosphorus atoms (Le., the 
end phosphorus atoms of the tri(tertiary phosphine) ligands) 
occur in  the range 2337-2483 H z  which is within the range 
found11 for simiiar phosphorus atoms trans to other phosphorus 
a t o m  in monodentate phosphine-square-planar platinum(I1) 
complexes of the types trans-L2PtClz and [L3PtC1] +. However, 
the /1J(Pt-P)I values for the phosphorus atoms trans to chlorine 
(Le., the center phosphorus atoms of the tri(tertiary phosphine) 
ligands) occur ir, the range 3024-3242 Hz, which is appreciably 
below the 3490-3675-I-12 range found11 for similar phosphorus 
atorris trans to chlorine in monodentate phosphine square- 
planar platinum(I1) complexes of the types cis-LzPtClz and 
[L.3PtC1It. We suspect that the strain of the two fused 
five-membered chelate rings weakens the bond from the 
platinum to the phosphorus common to these chelate rings with 
resultant lowering of the corresponding I IJ(Pt--P)I coupling 
cons tan t . 
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Metal complexes of the di(tertiary phosphine) (CH3)2PCH2CH2P(C6H5)2 of the types (diphos)MClz (M = Ni, Co, Pd, 
and Pt). (diphos)M(C0)4 (M = Cr, Mo. and W), [(diphos)2RhC12]+, and (diphos)Fez(C0)2(CsH5)2 have been prepared 
by standard methods. Metal complexes of the tri(tertiary phosphines) RtP(CH2CH2PR2)2 (R'  = CSHS, R = CH3; R '  
= CH3. R = CH3 and CsHs) and ( C H ~ ) Z P ( ~ H ~ C H Z P ( C ~ H ~ ) C " ~ P ( C ~ H ~ ) ~  of the types [(triphos)MCl]+ (M = Ni, 
Pd, and Pt) ,  (triphos)M(CO)j (M = Cr, Mo, and W), (triphos)Mn(CO)zBr, (triphos)Mn(C0)2C(O)CH3, and 
[CsHsFe(triphos)]+ have been prepared by standard methods. In general, tractable metal complexes of methylated tri(tertiary 
phosphines) with uncornplexed --CHzC€bP(CH3)2 groups could not be prepared. The proton NMR spectra of the 
dimethylphosphino groups in metal complexes of methylated poly(tertiary phosphines) indicate that a single nonplanar 
five-membered chelate ring, such as that found in metal complexes of the di(tertiary phosphine) (CH3)2PCH2CH2P(CsH5)2, 
can undergo rapid inversion on the N M R  time scale whereas two fused nonplanar five-membered chelate rings, such as 
those found in triligate monometallic complexes of tri(tertiary phosphines), remain rigid even on the N M R  time-scale. 

Introduction 
The discovery of the base-catalyaed addition of phospho- 

rus-hydrogen bonds to vinylphosphorus compounds5 has made 
available numerous poly(tertiary phosphines) with PCH2CEi2P 
structural units. Previous papers of this series6-8 have surveyed 
metal complexes of phenylated tri-, tripod tetra-, linear tetra-, 
arid hexa(tertiary phosphines). This paper describes some 
metal complexes of the partially methylated di(tertiary 
phosphine) (C)I3)2PCH2CH2P(e76H5)2 and the tri(tertiary 

phosphines) (CI13)2PCH2CP112P(C6H5)CH2c~~PR2 (R = 
CH3 and C6H5) as well as the completely methylated tri- 
(tertiary phosphine) CH3P[CH2CH2P(CH3)2] 2. These ligands 
with -CHlCH2P(CH3)2 units were of interest in order to 
determine the effect on metal complex formation of a more 
basic and less bulky dimethylphosphino group relative to the 
diphenylphosphino group. An example of a previously 
reported9 drastic effect when dimethylphosphino groups are 
substituted for diphenylphosphino groups in a di(tertiary 
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___ .-_I___.II_ 
Table I .  Preparations of Metal Complexes of the Di(tertiary phosphine) (CH,),PC€I,CH,P(C,H,), 

Metal derivative ligand, Temp, Time, 

-___ 
Amt of 

(a ,  mmol) (mmol) Solvent (ml) O C  hI Product Yield, g (nimol) 

NiC1;6H,O (0.28, 1.1) 0.31 (1.1) 

Na,PdCl,' (0.33, 1.1) 0.30 (1.1) 
K,PtCl, (0.48, 1.1) 0.31 (1.1) 

C,H,Cr(CO), (0.33, 1.3) 0.36 (1.3) 
Mo(CO), (0.31, 1.2) 0.32 (1.2) 
W(CO), (0.40, 1.1) 0.31 (1.1) 
[CpFe(CO),], (0.40, 1.1) 0.30 (1.1) 

COCI,.~H,O (0.24, 1.0) 0.31 (1.1) 

RhC13.3H,0 (0.30, 1.1) 0.61 (2.2) 

EtOH (25) 25 2 (Pln-Pf)NiCl, 0.30 (0.71)' 
EtOII (25) 25 0.5 (Pni-Pf)CoCl, 0.29 (0.71 )' 
H,O (25), EtOH (50) 25 20 (Pm-Pf)PdCl 0.15 (0.34)d 
EtOH (50) 25 16 (Pm-Pf)PtCl, 0.32 (0.58Ie 
EtOH (50) 25 8 [(Pm-Pf),RhCl,] C1.2H2O 0.34 (0.43If 
Hexane (50) 69 8 (Pm-Pf)Cr(CO), 0.17 (0.39)g 
Xylene (50) 140 0.75 (Pm-Pf)Mo(CO), 0.31 (0.67)g 
Xylene (50) 140 70 (Pm-Pf)W (CO) 0.25 (0.42)h 
C,H, (50) 80 7 (Pm-Pf)Fe,(CO),Cp, 0.26 (0.45)' 

The crude product was crystallized from a mixture of dichloromethane and 1-butanol. 1-Butanol was added to  the reaction mixture 
The Na,PdCl, and solvent slowly evaporated until the product crystallized. After filtration the product was washed with cold butanol. 

was obtained by heating stoichiometric quantities of PdC1, and NaCl in the water until the PdC1, dissolved. The crude product was crystal- 
lized from heptane. e The crude product was washed with acetone and dried. f The crude product was crystallized from a mixture of 
acetone and hexane. g The crude product was crystallized from a mixture of dichloromethane and hexane. Operation in footnote g 
followed by operation in footnotef.  Crystallized twice from a mixture of dichloromethane and hexane. 

phosphine) is the facile disproportionation of [Cj€IsFe(C0)2] 2 
with (CH3)2PCH2CH2P(CH;)2 a t  room temperature to give 
[C~HSF~(CO)(CH~)~PCH~CH~P(CH~)~] [CsHjFe(C0)2] 
under conditions where [CjHsFe(C0)2]2 does not react with 
the phenylated analog ( C ~ H S ) ~ P C H ~ C H ~ P ( C ~ H ~ ) ~ .  Even 
under more forcing conditions the phenylated di(tertiary 
phosphine) reacts with [CjHjFe(C0)2]2 to give not a dis- 
proportionation product but instead the substitution product 
(CsHj)2Fe2( CO)~(C~HS)~PCH~CH~P(C~HS)~. 

The methyl groups in the methylated poly(tertiary phos- 
phines) also provide useful probes for elucidations of the 
structures and stereochemistries of metal complexes by proton 
NMR spectroscopy since each type of methyl group bonded 
to phosphorus gives in the proton N M R  spectrum a sharp 
doublet (or triplet in cases of virtual coupling). Methyl proton 
N M R  resonances have been used in this manner by Bosnich, 
Jackson, and Wildlo to study the stereochemistry of cobalt(II1) 
complexes of the linear tetra(tertiary arsine) (CH;)2AsC- 

As(CH3)2. 
Experimental Section 

A nitrogen atmosphere was always provided for the following three 
operations: (a) carrying out reactions, (b) handling the methylated 
poly(tertiary phosphines) and solutions of organometallic compounds 
except in cases where the latter were known to be air stable, and (c) 
filling evacuated vessels containing organometallic compounds. All 
reactions described in this paper were carried out with magnetic 
stirring. 

Materials. The ligands (CH3)2PCH2CHzP(C6€15)2 (abbreviation 
Pm-Pf), CH3P[CH2CH2P(CH3)2]2 (abbreviation Pm-Pm-Pm), and 
C6H5P[CH2CH2P(CH3)2]2 (abbreviation Pm-Pf-Pm) were prepared 
as described elsewherells12 using base-catalyzed additions of ap- 
propriate phosphorus-hydrogen compounds to vinylphosphine sulfides 
followed by desulfurization with LiAlH4 in boiling dioxane. The 
transition metal derivatives were purchased from the indicated 
commercial sources: M(CO)6 ( M  = Cr, Mo, and W), Pressure 
Chemical Co., Pittsburgh, Pa.; Fe(C0)5, G A F  Corp., New York, 
N.Y.; CH3C5H4Mn(C0)3, Ethyl Corp., New York, N.Y.; platinum 
metal derivatives, Englehard, Newark, N.J. The remaining transition 
metal organometallic compounds were prepared by standard published 
procedures. 13 

Preparat ion of the  Ligand (CH3)2PCHzCH2P(C6H5)- 
CH2CH2P(C6Hj)2 (Abbreviation Pm-Pf-Pf). A mixture of 5.46 g 
(27.6 mmol) of (CH3)2PCH2CHzP(H)C6H5,14 6.16 g (29 mmol) of 
diphenylvinylphosphine,l5 and 150 ml of tetrahydrofuran (redistilled 
over sodium benzophenone ketyl) was treated with sufficient potassium 
tert-butoxide to give a persistent deep orange color (2 spatula 
tips--O.2 8). The reaction mixture was boiled under reflux for 24 
hr. Tetrahydrofuran was then removed at  -40" (40 mm) to leave 
a pasty brown residue. Attempts to obtain crystals from this residue 
by treatment with ethanol and cooling were unsuccessful. The residue 
was therefore treated with a deaerated mixture of 100 ml of toluene 

H ~ C H ~ C H ~ A S ( C ~ H S ) C H ~ C H ~ A S ( C ~ H S ) C H Z C H ~ C H ~ -  

and 100 ml of water. The toluene layer was separated and the aqueous 
layer washed with two 20-ml portions of deaerated toluene. After 
drying over anhydrous sodium sulfate, solvent was removed from the 
combined toluene solutions at  50' (0.1 mm) to give a very light brown 
viscous liquid (,.. 10 8). 

The proton noise-decoupled pulsed Fourier transform phosphorus-3 1 
N M R  spectrum of this crude liquid exhibited resonances only at  4-13.5 
ppm (d, J = 27 Hz), +17.9 ppm (dd, JI = 27 Hz, J2 = 22 Hz), and 
+49.0 ppm (d, J = 22 Hz)  assigned to the (CnH5)?P, - 
-CHzCHzP(C6Hj)CH2CH2-, and P(CH3)2 phosphorus atoms of the 
expected product (CH3)2PCIH2CH2P(C:6N5)~€~2~H2P(C6H5)2. 
Since the proton N M R  spectrum was also consistent with this for- 
mulation, this crude product was used without further purification 
for the syntheses of metal complexes. 

Preparation of Metal Complexes of the Methylated Poly(tertiary 
phosphines) (Tables I and 11). The indicated quantities of transition 
metal derivative, methylated poly(tertiary phosphine), and solvent 
(Tables I and 11) were stirred under the indicated conditions. Solvent 
was then removed at  -40 mm. The residue was crystallized from 
the indicated solvent(s) to give the pure products. Since the metal 
complexes of the methylated poly(tertiary phosphines) were relatively 
stable, their crystallizations could be carried out relatively slowly 
without decomposition in order to give well-formed crystals. 

Deviations from this general procedure, including additions of 
ammonium hexafluorophosphate to obtain hexafluorophosphate salts 
or column chromatography in the cases of (Pm-Pf-Pm)Mn(CO)zRr 
and [CsHsFe(Pm-Pf-Pni)] I, are indicated as footnotes in Table 11. 

Microanalyses on these new methylated poly(tertiary phosphine) 
complexes (Table 111) were performed by Atlantic Microlab, Inc. 
(Atlanta, Ga.), Schwarzkopf Microanalytical Laboratory (Woodside, 
N.Y.), and the niicroanalytical laboratory in the Chemistry De- 
partment of the University of Georgia. Melting and decomposition 
points (Table 111) were determined in capillaries and are uncorrected. 
Conductance measurements of selected complexes (Table 111) were 
determined in 0.001 M acetone (A) or nitromethane (N) solutions 
a t  room temperature using platinum electrodes and a Model 31 
conductivity bridge manufactured by the Yellow Springs Instrument 
Co. Tnc,, Yellow Springs, Ohio. 

Infrared Spectra (Table III). Infrared spectra of the metal carbonyl 
derivatives in the 220@-1500-cm-* region were obtained using hexane 
or dichloromethane solutions. Far-infrared spectra of selected metal 
chloride complexes in the 600-225-cm-1 region were obtained using 
Nujol mulls pressed between polyethylene plates; for brevity only the 
bands assigned to v(M-Cl) frequencies are given in Table 111. All 
infrared spectra were recorded on a Perkin-Elmer Model 621 
spectrometer with grating optics. 

Proton NMR Spectra (Table IV). 'The proton N M R  spectra were 
recorded a t  100 M H z  on a Varian HA-100 spectrometer in the 
indicated solvents. 

Ultraviolet and Visible Spectra. The following spectra in the 
ultraviolet and visible regions were obtained on a Cary Model 15 
spectrometer in ethanol solution: (A) (Pm-PfJNiClz, maxima at 445 
nm (e 630) and -303 nm (c 620); (B) (Pm-PfJCoClz, maxima at  
656 nm (c 60) ,  606 nm (e  50),  574 nm ( e  30), 398 nm (c  930). 361 
nm ( t  1300), and 271 nm (e 16,000); ( C )  (Fm-Pf)PdClz, nwxiina at  
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287 nm (e 29,000), 260 nm ( t  19,000), and 244 nm ( t  17,000); (U)  
[(Pm-Pf-Pm)NiCl][PFs], maxima at 381 nm ( E  2300) and 298 nm 
(e 4500); (E) [(Pm-Pf-Pm)PdCl]Cl, maximum at 294 nm (e 7800); 
(F) [(Pm-Pf-Pm)PtCI]CI, maximum at 246 nm (e 10,000) 

Discussion 

The new compounds obtained from thc methylated poly- 
(tertiary phosphines) and various transition metal derivatives 
(Table 111), except as noted below, were completely an 'ogous 
to previously reported metal complexes of di-16 and tri( rtiary 
phosphines).6 They were identified by correct elemental 
analyses. The expected geometries of the metal carbonyl 
derivatives were confirmed by their infrared spec ra in the 
v(C0) region. The position of the v ( C 0 )  frequencies in 
(Pm-Pf)Fe2(C0)2(C5H5)2 indicates the presence of bridging 
carbonyls but the absence of terminal carbonyls similar to the 
reported17 green products obtained from [C~H5Fe(C0)2]2 and 
other di(tertiary phosphines and arsines). Molar conductance 
measurements in appropriate solvents showed the compounds 
(Pm-Pf)MCh ( M  = Ni and Pd) to be nonionic but (Pm- 
Pf-Pm)MC12 ( M  = Pd and Pt) to be the 1:l electrolytes 
[ (Pm-Pf-Pm)MCl] C1. 

Reactions of the phenylated tri(tertiary phosphine) 
Cs]HsP[CHzCHzP(CsHs)2]2 (abbreviated as Pf-Pf-Pf) with 
several transition metal derivatives6 gave products in which 
one or both of the terminal P(C6H5)2 groups of the tri(tertiary 
phosphine) are not bonded to the transition metal. Examples 
of such compounds are  the monoligate monometallic 
CH3COFe(CO)(Pf-Pf-Pf)(CsHs), the biligate monometallic 
(Pf-Pf-Pf)M(C0)4 (M = Cr and Mo), CH3Mn(C0)3(Pf- 
Pf-Pf), and [CsHsMo(C0)2(Pf-Pf-Pf)]+, and the biligate 
bimetallic (Pf-Pf-Pf)Fe2(C0)2(CsHs)z. Attempts to make 
analogs of some of these compounds with uncomplexed 
phosphorus atoms using reactions of the methylated tri(tertiary 
phosphine) C6H5P[CH2CH2P(CH3)2]2 with CH3Fe(C0)2- 
C5H5, [CsHsFe(C0)2]2, C7HsCr(C0)4, and C ~ H ~ M O ( C O ) ~ C ~  
gave intractable products. The reaction of C6H5P[CH2C- 
H2P(CH3)2]2 with CH3Mn(C0)5 in boiling xylene gave a 
yellow product of stoichiometry CH3Mn(C0)3(Pm-Pf-Pm), 
but the infrared v(C0) frequencies of 1938, 1870, and 1561 
cm-1 clearly indicate this product to be the triligate mono- 
metallic acetyl derivative CH3COMn(C0)2(Pm-Pf-Pm) rather 
than the biligate monometallic methyl derivative CH3Mn- 
(C0)3(Pm-Pf-Pm) analogous to the product obtained from 
the corresponding phenylated tri(tertiary phosphine). 

In a further attempt to prepare a biligate monometallic 
derivative of a methylated tri(tertiary phosphine), the reaction 
of the norbornadiene complex C7HsCr(C0)4 with CH3- 
P[CH2CH2P(CH3)2]2 was investigated. The resulting yellow 
solid had the stoichiometry (Pm-Pm-Pm)z[Cr(CO)4] 3 indi- 
cating that all of the phosphorus atoms of the tri(tertiary 
phosphine) were bonded to chromium atoms through formation 
of a triligate bimetallic complex. The infrared spectrum of 
this complex in the v(C0) region was consistent with the 
cis-LzCr(C0)4 configuration around all three of the chromium 
atoms. 

All of these observations suggest extreme difficulty in 
preparing metal complexes of methylated poly(tertiary 
phosphines) with uncomplexed dimethylphosphino groups. 
This is consistent with the high basicity and low steric re- 
quirements of trivalent phosphorus atoms bearing mainly 
methyl groups which lead to a high reactivity of dimethyl- 
phosphino groups toward transition metal systems. 

Since all of the methylated di- and tri(tertiary phosphines) 
have PCHzCHzP units, their chelate metal complexes contain 
five-membered rings consisting of the metal atom, two ligand 
phosphorus atoms, and the two sp3 carbon atoms of the 
CH2CH2 bridge between the phosphorus atoms. The sp3 
hybridization of the ring carbon atoms forces the ring to be 
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Table IV. Proton NMR Spectra of Metal Complexes of Methylated Poly(tertiarp phosphines) 

King, Zinich, and Cloyd 

Proton NMR spectrum: 7 

Compd Solvcnt C,H, CH, (CI&)?P Other 
~~ 

(Pm-Pf)NiCl, CDCI, 2.1 b ,  2.6 m 7.65 b, 7.9 b 8.32 d (12) 
(Pm-Pf)PdCl, CH,CI, 2.2 b ,  2.5 m -7.5 vb 8.16 d (13) 

7.4-8.5 m 8.49 d (8) (Pm-Pf)Cr(CO), CH,Cl, 2.5 m ,  2.65 m 
(Pm-Pf) Mo (CO)  CH,C1, 2.45 m, 2.65 m 7.4-8.9 m 8.48 d (7) 
(Pm-Pf)W(COi, CH,CI, 2.5 m, 2.65 m 7.4-8.7 m 8.37 d (8) 
(Pm-Pf)Fe, (CO),Cp, CH,Cl, 2.34 b, 2.68 m 8.26 b 8.80 d (8) C jH, :b  5.59 s, 5.90 s 
[(Pm-Pni-Pni)NiCl] [PF6]  (CD, ) lCO 7.4-8.6 m 8.35 t (4), 8.36 t (4) CH,P: 8.20 d (12) 
[ (Pm-Pm-Pm)PdCl] C1 D,O 6.9 br, 7.5 m 8.20 t (4), 8.23 t (4) CH,P: 8.04 d (12) 
(Pm-Pm-Pm), [Cr(CO),] CH,Cl, -7.9-8.6 b 8.51 d (8) CH,P: 8.28 d (17) 
[(Pm-E-Pm)NiCl] [PI.',] CH,C1, 2.1 b ,  2.4 m 7.37 b 8.30 t (51, 8.45 t (4) 
[(Pm-Pf-Pm)PdCI] C1 CH,Cl, 2.15 b ,  2.45 m -6.9-7.4 b 7.99 t (4), 8.37 t (4) 

(Pm-Pf-Pm)Cr (CO) , CH,Cl, 2.2 b ,  2.6 m -7.7-8.7 b 8.55 d (6),8.66 d (6) 
(Pm-Pf-Pm)Mo(CO), CH,Cl, 2.2 m, 2.6 m -7.6-8.9 b 8.54 d (61, 8.65 d (6) 
(Pm-Pf-Pm)W(CO) , CH,Cl, 2.28 b, 2.62 b -7.7-9.2 b 8.42 d (6), 8.59 d (6) 
(Pm-Pf-Pm)Mn(CO), Br CDC1, 2.4 b ,  -2.6 b -7.3-8.7 b 8.22 m ,  8.49 m 
(Pm-Pf-Pm)llln(CO),C(O)Me CH,CI, 2.3 b, 2.6 b -8.1-8.9 b -8.7 m CH,CO: 7.58 d (17) 
[CpFe(Pm-Pf-Pm)] I CDC1, 2.53 -7.3-8.6 b -8.3 m C,H,:  5.8 s 
[ (Pm-Pf-Pf)NiCl] [PF, 1 CII,Cl, -2.1 b ,  -2.5 m -7.3 b 8.24 t (5), 8.38 t (5) 
[(Pm-Pf-Pf)NiCl] [PF,] (CD3)?C0 -1.8 b ,  -2.05, -7.0-7.4 b 8.25 t (10) 

2.42 d ( lo) ,  2.53 
[(Pm-Pf-Pf)PdCl] Cl CDCI, -2.0-2.4 b, -2.56 s -6.4-7.1 b 8.00 t (4), 8.25 t (4) 
[ (Pm-Pf-Pf)PtCl] C1 CDC1, -1.9-2.4 b,  2.53 d (2) -6.6-7.5 b 8.06 d (81, 8.20 d (8) 
a The following abbreviations are used: s, singlet; d ,  doublet; t ,  triplet; br, broad; m, multiplet: t*, triplet with additional metal satellites. 

Separations in Hz are given in parentheses. 

[ (Pm-F'f-Pm)PtCl] C1 CH,CI, 2.1 b ,  2.45 m -6.8-7.7 b 8.05 t *  (4), 8.30 t* (4) J(Pt-P-CH,) 21, 24 Hz 

These chemical shifts were determined in CDC1, solution. 

nonplanar, which makes nonequivalent the two methyl groups 
attached to the same ring phosphorus atom. However, the 
proton N M R  spectra of all of the metal complexes of the 
di(tertiary phosphine) (CH3)2PCH2CH2P(C6Hj)2 exhibit only 
a single doublet resonance for the geminal methyls of the ligand 
dimethylphosphino group. This indicates that the five- 
membered chelate ring in the metal complexes of the di(tertiary 
phosphine) is undergoing rapid inversion on the N M R  time 
scale. A similar effect is also observed in the chromium 
carbonyl complex (Pm-Pm-Pm)2[Cr(CO)4] 3, which, although 
it contains a tri- rather than a di(tertiary phosphine), can have 
no more than one five-membered chelate ring for each 
chromium atom. 

The square-planar metal complexes of the type [(tri- 
phos)MCl]+ (M = Ni, Pd, and Pt) exhibit two methyl res- 
onances of equal relative intensities arising from the geminal 
methyls of the ligand dimethylphosphino units. That this effect 
arises from nonequivalence of the two geminal methyl groups 
attached to a given phosphorus atom rather than nonequiv- 
alence of different dimethylphosphino groups is shown by the 
observation of two similar methyl resonances in the complexes 
[(Pm-Pf-Pf)MCl]+ ( M  = Ni, Pd, and Pt) which contain only 
one dimethylphosphino group. These methyl resonances in 
the [ (triphos)MCl]+ complexes are triplets rather than simple 
doublets because of the large trans J(P-P) which results in 
virtual coupling.18 The observations of nonequivalent di- 
methylphosphino geminal methyl groups in the complexes 
[(triphos)MCl]+ in which the three phosphorus donor atoms 
and the metal atom are all in the same plane indicate that the 
two fused nonplanar chelate rings are rigid on the N M R  time 
scale. 

The positions and intensities of the v(C0)  frequencies of 
the complexes (Pm-Pf-Pm)M(CO)? ( M  = Cr, Mo, and W) 
indicate them to be the facial isomers rather than the cor- 
responding meridional isomers19 in accord with expectations. 
Infuc-(Pm-Pf-Pm)M(CO)3 the three phosphorus atoms and 
the metal atom are not in the same plane. The geminal methyl 
groups on each dimethylphosphino unit of the complexed 
tri(tertiary phosphine) thus must be nonequivalent regardless 
of the inversion rate of the two fused five-membered chelate 
rings. The proton N M R  spectra of all of the (Pm-Pf-Pm)- 
M(C0)3  derivatives exhibit two doublets in the dimethyl- 

phosphino region in accord with this prediction of non- 
equivalence of the geminal methyl groups on each di- 
methylphosphino unit. Virtual couplinglg is absent in these 
NMR spectra. 

These proton N M R  results on metal complexes of poly- 
(tertiary phosphines) with terminal dimethylphosphino units 
indicate that a single nonplanar five-membered chelate ring 
can undergo rapid inversion on the N M R  time scale whereas 
two fused nonplanar five-membered chelate rings remain rigid 
even on the N M R  time scale. 
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Alkali metal iodides (M = Li, Na, K, Rb, Cs) react with triethyl (TETP) and tri-n-butyl thiophosphate (TBTP) at  elevated 
temperatures (1 80-270”), to yield the corresponding (alkyl pyrothiophosphato)metal(I) complexes (M2(PETP)(OHz)z 
and M2(PBTP)(OH&, respectively; n = 2 or 0 ) .  Under the same conditions, MClz ( M  = Mn, Co, Zn) compounds react 
with TETP to produce M(PETP)(OHz) complexes, while the corresponding reactions with TBTP (M = Mn, Co, Ni, Zn) 
lead to the formation of inorganic metal(I1) pyrothiophosphates (M2(PTP)(OHz)6). AIC13 reacts with TBTP to yield a 
complex of the type Alz(PBTP)3.3HzO. The above reactions proceed via formation of a metal halide-TETP or -TBTP 
adduct, which subsequently decomposes to the corresponding metal dialkyl thiophosphate, with simultaneous formation 
of alkyl halide, alkene, and hydrogen halide. The last product reacts with the metal dialkyl thiophosphato complex, to 
yield either an (alkyl hydrogen thiophosphat0)- or a (dihydrogen thiophosphato)metal complex, which undergoes a condensation 
reaction at  the reaction temperature, forming H2S and the corresponding (alkyl pyrothiophosphato)tnetal or pyrothio- 
phosphatometal complex, respectively. Ir evidence suggests that the PETP, PBTP, and PTP  ligands are characterized by 
the presence of P-S-P rather than P-0-P linkages in the new metal complexes. These compounds were characterized 
by means of spectral and magnetic studies. Possible structures of the new complexes are discussed. Thus, the M ~ ( L ) ( O H ~ ) X  
( M  = Li, Na ,  K, Rb, Cs; L = PETP, PBTP; x = 2 or 0) and M2(PTP)(OH2)6 (M = Mn, Co, Ni, Zn) complexes appear 
to be monomeric, bimetallic compounds, while M(PETP)(OHz) ( M  = Mn, Co, Zn) and AIz(PBTP)3=3H20 are apparently 
polynuclear. 

Introduction of the salt a t  ca.  100’. The resulting solutions were then heated to 
180-270’ for several minutes. Under these conditions, metal ethyl 

phosphate and phosphonate esters with pyrothiophosphates are precipitated when halides of alkali metals, 
at temperatures to form complexes Mn(II), Co(II), and Zn(I1) react with (C2H50)3PS, and metal n-butyl 

pyrothiophosphates are formed during reactions of (n-C4H90)3PS 
with alkali metal and aluminum(II1) halides. These complexes were 
filtered, washed with acetone and anhydrous diethyl ether, and stored 
in an evacuated desiccator over calcium chloride. During reaction 

Of the corresponding phosphate and 
phosphonato ligands, respectively,2-4 viz. 

MX, + n(CH30),P0 -+ nCH,X t [(CH,O),POO],M (’) 

Under similar conditions, the corresponding neutral higher 
alkyl esters (ethyl, propyl, etc.) may lose more than one alkoxy 
alkyl group per neutral ester molecule, and produce metal 
complexes of the corresponding phosphate and phosphonate 
monoalkyl esters or their condensation products (pyro- 
phosphates and pyrophosphonates).2,5-9 Studies of analogous 
reactions between metal halides and neutral thiophosphate 
esters ( (R03)PS;  R = C2Hs or n-C4H9) were recently un- 
dertaken by this laboratory.1.10 As already reported, chlorides 
of M(II1) ( M  = Ti, V, Cr,  Fe, Sc, Y, Ln), M(1V) ( M  = Th, 
U), Fe(II), and VO2+ react with these neutral esters to yield 
(dialkyl thiophosphat0)metal complexes ( [(R0)2POS]nM).IJ0 
The present communication deals with metal halide-neutral 
thiophosphate ester reactions, involving elimination of more 
than one alkyl group per neutral ester molecule. 
Experimental Section 

Reactions. Reagent grade alkali metal iodides, AI(II1) and 3d metal 
chlorides, and triethyl and tri-n-butyl thiophosphates (Matheson 
products) were utilized as received. The reactions, which were carried 
out in the drybox (N2 atmosphere), involved suspension of the an- 
hydrous or hydrated4-6.9.lo metal halide in an excess of the neutral 
thiophosphate ester at  room temperature and subsequent dissolution 
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of (n-C4H90)3PS with chlorides of Mn(II), Co(lI) ,  Ni(II) ,  and 
Zn(II), the corresponding inorganic metal pyrothiophosphates are  
formed; their precipitation from the reaction mixture is effected by 
addition of an excess of ligroin (boiling range 63-75’),  after cooling 
to room temperature. These compounds were filtered, washed with 
ether, and stored as above. Reactions of (CzHs0)3PS with chlorides 
of AI(III), Ni(II), and Cu(I1) or (n-C4H90)3PS with CuClz led to 
solid products of uncertain nature, as shown by analyses. These 
products were not studied any further. 

It should be noted that it was established that. for a given metal 
ion, the same complex is formed, regardless of whether the anhydrous 
or hydrated metal chloride, bromide, or iodide is used during the 
synthesis. With the exception of the potassium and cesium n-butyl 
pyrothiophosphates, the new complexes are obtained in the form of 
hydrates, which are not dehydrated, even after prolongcd desiccation 
over a number of effective drying agents (e.g., CaC12, Mg(C104)2, 
PzOs). The new compounds reported are insoluble in most common 
organic solvents (hydrocarbons, halocarbons, acetone, acetonitrile, 
nitrobenzene, nitromethane, N,N-dimethylformamide, etc.), and very 
sparingly soluble in methanol. The alkali metal complexes are water 
soluble, while the rest of the complexes show limited solubility in water. 
During the synthetic reactions, evolution of alkyl halide, alkene (Cz 
or C4), hydrogen halide,2+6.*-11 and HzS was observed. These 
products were collected and identified by methods previously de- 
scribed.IZa For analytical (Alfred Bernhardt Mikroanalytisches 
Laboratorium, Elbach, West Germany), ir and electronic spectral, 
and magnetic data (obtained by methods described elsewherel2bsc) 


