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The chemistry of the ditertiary arsines ferrocene-1,l’-bis(dimethy1arsine) (fdma) and ferrocene-1,l’-bis(dipheny1arsine) 
(fdpa) functioning as ligands toward the metals of group VI11 has been explored. The complexes M(fdma)Xz ( M  = Pd;  
X = C1, Br and M = Pt ;  X = C1, Br, I )  react with an excess of the diarsine fdma to produce solutions from which salts of 
the five-coordinate M(fdma)2Xi ions and the four-coordinate M(fdma)nZ+ ions can be isolated. Reactions of this type do 
not occur for the more sterically crowded diarsine fdpa. The simple complexes (fdma)n’iXz (X = C1, Br, and I )  and (fdpa)- 
IiiX2 (X = C1, Br) could not be prepared by a number of routes. One of these, however, the reaction of (diars)Ni(CO)z with 
iodine, led to the isolation of the species (diars)Ni(CO)I~ (where diars = fdma or fdpa). These seem to be examples of 
carbonyl complexes of nickel in the +2 oxidation state. 

Introduction 
In its reaction chemistry and in the types of com- 

plexes it forms with transition metals, the ditertiary 
arsine chelate3 ferrocene- 1,l ’-bis (dimethylarsine) (f d- 
ma) bears some superficial similarities to o-phenylene- 
bis(dimethy1arsine) (diars) . The latter ligand, largely 
in the hands of Nyholm and c o ~ o r k e r s , ~  is proving un- 
doubtedly to be one of the most versatile bidentate 
ligands studied. One significant difference between 
these two ligands, which is of practical importance in 
preparing their complexes, is that fdma is rapidly de- 
graded to ferrocene by alcoholic acid solutions, while 
diars is stable in these media. 

Unlike fdma and diars, which form mono- and bis- 
chelated metal complexes, ferrocene-1,l’-bis(dipheny1- 
arsine) fdpa has given complexes with only one chelate 
per metal atom. The latter diarsine’s inability to 
form such compounds is presumably due to steric fac- 
tors. Examination of molecular models of bis-chelated 
fdpa complexes confirmed this presumption. 

Experimental Section 
General Data.-Microanalyses were performed by Alfred 

Bernhardt Mikroanalytisches Laboratorium, Miillheim (Ruhr), 
West Germany; Galbraith Laboratories, Inc., Knoxville, Tenn. ; 
Midwest Microlab, Inc., Indianapolis, Ind. ; Spang Microanalyti- 
cal Laboratory, Ann Arbor, Mich.; and a t  Massachusetts Insti- 
tute of Technology by Dr. Stephen S. Nagy and Mrs. Nancy F. 
Alvord. 

All melting points are corrected and were determined using a 
Thomas-Hoover “Unimelt” melting point apparatus on samples 
sealed in evacuated capillaries. 

Molar conductances were determined at 25” with a Serfass 
conductivity bridge, Model RCM 15B1, and a Sargent Washburn 
type cell (cell constant 0.7965 ohm-’). Conductometric titrations 
were carried out with the same bridge and an Industrial Instru- 

(1) Par t  11: 
(2) (a) Petroleum Research Fund Graduate Fellow, 1968-1969. (b) 

Fellow of the Alfred P. Sloan Foundation, 1967-196Y. To whom corre- 
spondence should be addressed. 

(3) J. J. Bishop, A. Davison, M. L. Katcher, D. W. Lichtenberg, R. E. 
Merrill, and J. C. Smart,  J .  Amev.  Chem. Soc., in press. 

(4) R .  D. Feltham and W. Silverthorn, Inovg. Syn. ,  10, 159 (1967). 
( 5 )  For a partial listing of diars complexes, see: 

J. J. Bishop and A. Davison, Inoug. Chem., 10, 000 (1971). 

F. D. Dwyer and D. P. 
Mellor, “Chelating Agents and Metal Chelates,” Academic Press, Inc., 
h-ew York, N.Y. 1964, pp 129-132. 

ments “dipping”-type cell, Model CEL-2A (cell constant 0.09952 
ohm-’), by adding from a buret tetraalkylammonium halide solu- 
tions to magnetically stirred metal complex solutions main- 
tained a t  ca. 25’ in tall-form beakers. The constants of both 
cells were determined from the conductances of 0.02 N potassium 
chloride prepared from distilled deionized water. The specific 
conductance of 0.02 N potassium chloride was taken to  be 
0.002768 ohm-’ cm-1.6 

The magnetic susceptibilities of solid samples were determined 
a t  four different field strengths by the Gouy method in double- 
ended glass Gouy tubes using HgCo(SCN)d7 as a calibrant. Cor- 
rections for diamagnetism of the ligands were made using values 
of -338 X and -230 X lo-‘ in Xm (cgs units) for fdpa and 
fdma, respectively, and for other atoms of the complex using the 
values* given by Figgis and Lewis. 

Where sensitive materials were involved, manipulations were 
carried out in an atmosphere of prepurified nitrogen. 

Infrared spectra were recorded on a Perkin-Elmer 337 spectro- 
photometer. Visible and near-infrared spectra were determined 
with a Cary Model 14 spectrophotometer. Nuclear magnetic 
resonance spectra were recorded on Varian Associates T-60, A- 
60, and HA-100 spectrometers with tetramethylsilane as an in- 
ternal reference. 

Materials.-Reagent grade solvents were used and, when re- 
quired, were degassed in  vacuo. Hydrocarbons were dried by 
refluxing over and distilling from calcium hydride under nitrogen. 
Diglyme was dried as above over lithium aluminum hydride. 
“Spectrograde” nitromethane was dried over calcium sulfate, 
filtered, and fractionated under nitrogen. 

The diarsines fdma and fdpa were prepared as described pre- 
v i o ~ s l y . ~  All other chemicals were of commercial reagent grade 
and, unless stated below, were used without purification. 

Preparation of the Complexes .-The simple four-coordinate 
complexes M(fdma)Xz (M = Pd,  Pt; X = C1, Br, I )  and M- 
(fdpa)Xz (M = P d ;  X = C1, Br, I and M = Pt;  X = Cl] were 
prepared from alcoholic solutions of the corresponding tetra- 
halometalates and a slight deficency of the arsine (ca.  1:0.96 
molar ratios). The complexes are relatively insoluble in cold 
alcohols and are nonelectrolytes in dilute (ca. M )  nitro- 
methane solutions. 

Dichloroferrocene-1,l ’-bis(dimethylarsine)palladium(II).- 
Red flakes decomposed without melting a t  ca. 265-260”. A n a l .  
Calcd for C14HzoC1?FePd: C, 29.43; H, 3.53; As, 26.23; C1, 
12.41. Found: C, 29.24; H ,  3.60; As, 26.35; C1, 12.35. 

(6) D. P. Shoemaker and C. W. Garland, “Experiments in Physical 

(7) B. N. Figgis and R. S. Nyholm, J .  Chem. Soc., 4190 (1958). 
(8) B. N.  Figgis and J. Lewis, Mod. Coovd. Chem., 403 (1960). 

Chemistry,” McGraw-Hill, New York, N. Y., 1962, p 198. 



SYMMETRICALLY DISUBSTITUTED FERROCENES 

Dibromoferrocene- 1,l '-bis (dimethy1arsine)palladium (11) .- 
Red-brown flakes decomposed a t  254-262'. Anal. Calcd for 
ClaHsoAs2BrnFePd: C, 25.47; H ,  3.05; Br, 24.21. Found: C, 
25.40; H ,  3.16; Br, 24.99. 

Diiodoferrocene-1 , 1 '-bis(dimethylarsine)palladium(II).-Dark 
red crystals decomposed a t  282". Anal. Calcd for C14H20- 
AszFeIzPd: C, 22.30; H,  2.67; I ,  33.65. Found: C, 22.47; 
H ,  2.82; I ,  33.50. 

Dichloroferrocene- 1,l  '-bis (dipheny1arsine)palladium (11) .- 
Dark red crystals decomposed a t  240-242'. Anal. Calcd for 
C3rH28AszC12FePd: C, 49.83; H ,  3.44; C1, 8.65. Found: C, 
49.67; H ,  3.53; C1, 8.62. 

Dibromoferrocene- 1,l  '-bis(diphenylarsine)palladium(II) .- 
Dark red needles decomposed a t  247.5-250'. Anal. Calcd for 
CatH28As~Br2FePd: C, 44.95; H ,  3.11; Br, 17.59. Found: C, 
46.04; H ,  3.33; Br, 17.60. 

Diiodoferrocene-1,l '-bis(diphenylarsine)palladium(II).-Shiny 
purple needles decomposed a t  259.5-262'. Anal. Calcd for 
C34H28As2FeLPd: C, 40.74; H ,  2.82; I, 25.32. Found: C, 
40.77; H,  2.77; I ,  24.78. 

Dichloroferrocene- 1,l '-bis(dimethylarsine)platinum(II) .-Yel- 
low crystals decomposed a t  279-281'. Anal. Calcd for 
ClaHzoAszClzFePt: C, 25.48; H ,  3.05; C1, 10.75. Found: C, 
25.86; H ,  3.17; C1, 11.00. 

Dibromoferrocene- 1 , l  '-bis(dimethylarsine)platinum(II).-Yel- 
low needles decomposed a t  304.5-305'. Anal. Calcd for 
ClaH2oAszBrzFePt: C, 22.45; H ,  2.69. Found: C, 22.57; 
H ,  2.82. 

Diiodoferrocene-1 , 1 '-bis(dimethylarsine)platinum(II) .-Small 
orange plates decomposed a t  310.5-311.5". Anal. Calcd 
for ClaHmAszFeIzPt: C, 19.95; H ,  2.39. Found: C, 20.18; 
H ,  2.70. 

Dichloroferrocene- 1,l  '-bis(diphenylarsine)platinum(II) .-Re- 
crystallization of the crude product from acetone gave a sol- 
vent adduct, as well-formed golden rhombs, mp 302.5-304.5' dec. 
Anal. Calcd for C34H2sAs~C12FePt.C3H60: C, 45.99; H, 3.55; 
C1, 7.34. Found: C, 45.69; H ,  3.26; C1, 7.98. 

The crude complexes are very soluble in polar solvents such as 
acetone, tetrahydrofuran, and chloroform and are quite often 
obtained with 1 mol of solvent of crystallization. 

Chlorobis [ferrocene- 1,l  '-bis(dimethylarsine)] palladium(I1) 
Hexafluoroph0sphate.-A hot solution of ammonium hexafluoro- 
phosphate (0.41 g, 2.51 mmol) in methanol (150 ml) was added 
dropwise to a stirred, refluxing solution of Pd(fdma)Clz (1.14 g, 
2.0 mmol), fdma (0.85, 2.14 mmol), and lithium chloride (0.34 g, 
8.1 mmol) in 250 ml of the same solvent. Upon refluxing for 1 
hr the solution was allowed to cool to ambient temperature, which 
caused the product to separate. Removal by filtration, followed 
by washing with methanol (four 25-ml portions) and then diethyl 
ether (two 25-ml portions), gave after drying in wacuo 1.59 g 
(74%) of very dark red-brown needles, mp 195.5-199.5'. Anal. 
Calcd for CzsH40AsaClF6FenPPd: C, 31.29; H ,  3.75; C1, 3.30; 
P ,  2.88. Found: C, 31.61; H ,  3.71; C1,3.56; P ,  3.11. 

Bromobis [ferrocene-1,l '-bis(dimethylarsine)] palladium(I1) 
Hexafluoroph0sphate.-This complex was prepared similarly 
from Pd(fdma)Brz, fdma, and sodium bromide in 837, yield as 
orange crystals, mp 231-233'. Anal. Calcd for CZ~H~OASC 
BrFsFezPPd: C, 30.05; H, 3.60. Found: C, 29.51; H, 3.75. 

Bis[ferrocene-l,1 '-bis(dimethylarsine)]palladium(II) Hexaflu- 
0rophosphate.-~4 mixture of Pd(fdma)Clp (1.15 g, 2.01 mmol) 
and fdma (0.81 g, 2.06 mmol) in methanol (100 ml) was heated 
until a dark red solution was obtained. The solution was filtered 
hot and added dropwise to a vigorously stirred refluxing solution 
of ammonium hexafluorophosphate (100 ml of a saturated meth- 
anolic solution diluted to 200 ml with methanol). During the 
addition, crystals developed in the hot solution. The mixture 
was refluxed for 1.25 hr and filtered hot. The fragile, dark blue 
plates were washed with hot methanol (seven 25-1111 portions) 
followed by diethyl ether (two 25-ml portions) and dried in vacuo. 
The yield was 1.84 g (77y0). Upon being heated in an evacuated 
capillary, the sample first became green, a t  ca. 210°, then grad- 
ually darkened until it became black a t  280", and finally melted 
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a t  282.5-285' dec. Anal. Calcd for C28HaOAs4F12Fe2P2Pd: C, 
28.40; H ,  3.40; P, 5.23. Found: C, 28.48; H ,  3.37; P, 5.36. 

Chlorobis [ferrocene- 1 , l  '-bis(dimethylarsine)] platinum(E1) 
Hexaflu0rophosphate.-The preparation of this complex was 
similar to that used for [Pd(fdma)nCl] [PFs] with the exception 
that the reaction mixture was clarified, by filtration of the hot 
solution, before the product crystallized. The product was ob- 
tained in 84% yield as orange-red flakes, mp 224-228". Anal. 
Calcd for CZ8H&1FeFe2PPt: C, 28.90; H ,  3.47; C1, 3.05. 
Found: C, 29.39; H,3.65; C1,3.20. 

Bromobis(ferr0cene-1,1 '-dimethylarsine)platinum(II) Hexa- 
fluorophosphate.-This complex was prepared similarly in 84y0 
yield as an orange microcrystalline solid, mp ca. 262-267" (varied 
with heating rate). Anal. Calcd for C28HaoBrFsFe2PPt: c ,  
27.84; H ,  3.34; Br, 6.62. Found: C, 27.96; H ,  3.24; Br, 
6.86. 

Iodobis [ferrocene-1,l '-bis(dimethylarsine)] platinum(I1) Hexa- 
fluor0phosphate.-The iodo complex was prepared readily in a 
similar manner from Pt(fdma)In, fdma, and ammonium hexa- 
fluorophosphate, except that to prevent the formation of [Pt- 
(fdrna)zI] I, molar ratios of 1.01 : 1.45: 1.50, respectively, were 
used, The complex was obtained in 85y0 yield as red-orange 
flakes, mp 271-274.5'. Anal. Calcd for CzsHaoAsaIF6Fe~PPt: 
C, 26.80; H,3.21. Found: C, 27.11; H,3.47. 

Iodobis [ferrocene-1,l '-bis(dimethylarsine)] platinum(I1) Io- 
dide.-A solution of sodium iodide (2.00 g, 13.3 mmol) in 25 ml of 
methanol was added dropwise to a well-stirred, refluxing solution 
of Pt(fdma)In (0.602 g, 0.714 mmol) and fdma (0.514 g, 1.31 
mmol) in 130 ml of the same solvent. The solution was set aside 
and allowed to stand a t  room temperature for 24 hr. During 
this time orange plates separated. These were collected and 
washed with ethanol (four 5-ml portions) and dried in  oacuo to 
give 0.74 g (84%) of product, mp 238-247". Recrystallization 
from hot ethanol (210 ml) containing fdma (0.21 g) under a nitro- 
gen atmosphere gave 0.50 g of shiny, thin orange flakes, mp 242- 
246'. Anal. Calcd for C28HmAs4FedzPt: C, 27.19; H, 3.26; 
I ,  20.52. Found: C, 27.92; H ,  3.30; I, 20.12. The complex 
is soluble in hot methanol and in nitromethane, is sparingly solu- 
ble in hot chloroform, and is insoluble in hydrocarbons. 

Bis[ferrocene-1,l '-bis(dimethylarsine)] platinum(I1) Hexaflu- 
0rophosphate.-This complex was prepared in the same man- 
ner as [Pd( fdn~a)~]  [PFe],. It was obtained as orange-red crystals, 
mp 316-318.5' dec, in 79% yield. I ts  solution behavior is similar 
to  that of the corresponding palladium compound. Anal. Calcd 
for CzsHaoAs4C1Fl~Fe2P2Pt: C, 26.42; H ,  3.17; P ,  4.87. Found: 
C, 26.39; H ,  3.20; P,  5.22. 

Dichlorobis [ferrocene-1,l '-bis(dimethy1arsine)l ruthenium(I1). 
-During 40 min ruthenium trichloride hydrate (1.02 g) in 
150 ml of absolute ethanol was added dropwise to a magnetically 
stirred solution of fdma (4.45 g, 11.6 mmol) in 100 ml of the same 
solvent. The resulting green slurry gradually became, during 15 
hr of reflux, a slurry of orange crystals of the product. These 
crystals were collected, washed with absolute ethanol (20 ml), 
and dried in uacuo; yield 3.18 g, mp 269.5-271.5'. The crude 
product was recrystallized from 220 ml of hot benzene-heptane 
(1.1 v/v), collected, washed with heptane (two 5-ml portions), 
and dried in wacuo. The purified sample (2.71 g) melted a t  
280.0-281.5". Anal. Calcd for C28H40AsrClzFe~Ru: C, 35.03; 
H ,  4.20; C1, 7.39. Found: C, 35.24; H ,  4.33; C1, 7.56. 

The air-stable product is insoluble in ether and heptane and is 
soluble in acetone, chloroform, tetrahydrofuran, benzene, and 
hot butanol. 

Dibromobis [ferrocene-1,l'-bis(dimethy1arsine J] nickel(I1) .--A 
hot solution of fdma (3.25 g, 8.25 mmol) in butanol (20 ml) 
was added dropwise to a refluxing magnetically stirred slurry of 
anhydrous nickel bromide (0.88 g, 4.0 mmol) in butanol (100 
ml). During the addition (ca. 10 min) the color changed from 
yellow through green to red-brown, and finally, when the addi- 
tion was completed, the reaction mixture was an intense red- 
brown. After 
standing for 12 hr, the product separated. It was collected and 
washed first with butanol (three 10-ml portions) and finally with 

I t  was refluxed for 1.5 hr and set aside to cool. 
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heptane (four 10-ml portions). Drying in vacuo gave 3.19 g 
(79yG) of purple flakes, mp 154.5-186'. The melting point was 
unchanged after recrystallization from butanol (125 ml). Anal. 
Calcd for C28HaoAs4Br2Fe2Ni: C, 33.41; H ,  4.01; Br, 15.88. 
Found: C, 33.27; H ,  4.00; Br, 16.41. The paramagnetic 
solid (reif = 3.06 BM) is air stable. It is insoluble in water and 
cold 2-propanol and very slightly soluble in hot toluene. 

Dicarbonylferrocene-1 , 1 '-bis(dimethylarsine)nickel(O) .-A sol- 
ution of nickel tetracarbonyl (1.3 ml, ca. 10 mmol) and fdma 
(3.20 g,  8.13 mmol) in 50 ml of benzene was prepared, stirred a t  
room temperature for 2 hr, heated over 1 hr t o  reflux, refluxed for 
60 hr, cooled, and filtered through Celite. The clear filtrate was 
evaporated to dryness in vacuo. The orange residue was dis- 
solved in 60 ml of oxygen-free methanol. The solution was 
filtered and the filtrate was slowly cooled to -15". After 2 
days, the crystalline product was collected, washed with two 5-ml 
portions of cold (ca. 0") methanol, and dried in uacuo. The fine 
orange needlelike product weighed 2.84 g (SO%), mp 106-107.5". 
Anal. Calcd for C I ~ H ~ & S ~ F ~ ~ \ T ~ O Z :  C ,  37.78; H ,  3.96. 
Found: C, 37.64; H, 4.12. In  the solid state and in solution, 
Ni(fdma)(CO)a is decomposed by air. I t  is soluble in hydro- 
carbons and ethers and insoluble in water and reacts with carbon 
tetrachloride and carbon disulfide. 

p-Ferrocene-1,l '-bis(dimethy1arsine)bis [tricarbonylnickel(O)] . 
--A solution of fdma (2.8 g, 7.34 mmol) and nickel tetra- 
carbonyl (9 ml, 7.0 mmol) in heptane (10 ml) was stirred mag- 
netically a t  room temperature for 2 days. The solution was 
evaporated to dryness (25' (0.1 mm)).  The residual red-orange 
crystalline solid was dissolved in 100 ml of oxygen-free methanol 
and the solution was filtered through Celite. The filtrate was 
cooled slowly to - 15'. After several days the product crystal- 
lized and was collected from the cold mixture, washed twice with 
10 ml of cold ( -  10') methanol, and recrystallized similarly from 
50 ml of methanol. A yield of 1.11 g (45Yc) of golden flakes, 
mp 58.0-59.0") was obtained. An analytically pure sample, 
whose ir spectrum showed no trace of iTi(fdma)(CO)z, was ob- 
tained by recrystallization of a small sample from a large volume 
of methanol. Anal. Calcd for C2oHnoAsQFeNiz06: C, 35.35; 
H,  2.97. Found: C, 35.17; H ,  3.31. 

Unlike Ni(fdma)(CO)s, dry solid pc-fdma[Ki(C0)3]2 is stable 
to air and dissolves without decomposition in oxygen-free carbon 
tetrachloride. Solutions of the compound are readily decom- 
posed by heat or oxygen. 

Dicarbonylferrocene-l,l'-bis(diphenylarsine)nickel(O) .-To a 
magnetically stirred solution of fdpa (3.60 g, 5.62 mmol) in 45 
ml of benzene, was added via a hypodermic syringe 1.5 ml (12 
mmol) of nickel tetracarbonyl. After stirring the solution a t  
room temperature for 1.5 hr, i t  was refluxed for 1.0 hr, and 
evaporated to dryness (60" (0.1 mm)).  The dark yellow solid 
residue was extracted with 335 ml of boiling butanol. The ex- 
tract was filtered hot through Celite on a medium-porosity 
fritted-glass disk. Slow cooling of the filtrate to room tempera- 
ture gave the product, which was collected, washed with heptane 
(two 10-ml portions), and dried in aacuo. The yield of the golden 
needlelike crystals was 3.64 g (4.81 mmol, 867&), mp 204.5-207" 
dec. Anal. Calcd for C36Hz8As2FeXi02: C, 57.12; H ,  3.73. 
Found: As a dry solid, r\;i(fdpa)(CO)s may 
be handled and stored in air, but in solution, i t  is slowly deconi- 
posed by air. It dissolves readily in benzene, chloroform, ace- 
tone, and hot higher alcohcls. 

Diiodocarbonylferrocene- 1,l  '-bis(dimethylarsine)nickel(II) .- 
A solution of iodine (1.03 g,  4.07 mmol) in 30 ml of dry, oxygen- 
free benzene mas added dropwise to a stirred solution of iTi(fdma)- 
(C0)p (2.50 g, 4.93 mmol) in 30 ml of the same solvent. At the 
end of 0.75 hr the deep blue-green solution was set aside a t  10" 
for 30.5 hr. Tne product, which separated, was collected and 
washed with cold, ca. lo",  benzene (two 10-ml portions) followed 
by heptane (two 10-ml portions) and dried in vacuo t o  give 1.70 g 
(5795) of very dark blue-green crystals which crumbled to a red 
powder a t  145-155", became sticky a t  190-195', and melted 
completely a t  239-244' dec. Anal. Calcd for ClsH&s2Fe120: 
C, 24.53; H ,  2.74; I ,  34.55; 0, 2.18. Found: C, 25.96, 

C, 57.31; H ,  3.98. 

25.79; H, 2.86, 2.82; I ,  34.65; 0, 2.20. The complex could not 
be recovered from solutions in degassed solvents. 

Diiodocarbonylferrocene-1,l '-bis(diphenylarsine)nickel(II) .- 
This complex was prepared in a similar manner from (fdpa)Ni- 
(CO)% and iodine. It was obtained as dark red needles, mp 
244.5-246', in 66p/, yield. Anal. Calcd for C ~ S H ~ ~ X S ~ F ~ I ~ N ~ O  * 

C6H6: C ,  46.42; H ,  3.23; I ,  23.92; 0, 1.51. Found: C, 
46.45; H,  3.27; I, 25.24; 0, 1.20. The complex could not be 
recrystallized. 

Diiodoferrocene- 1,l  '-bis (diphenylarsine)nickel(II) .-A reflux- 
ing solution of Ni(fdpa)(CO)n (2.50 g, 0.33 mmol) in 125 ml 
of oxygen-free benzene was treated dropwise, over 20 min, with a 
solution of iodine (0.84 g, 0.33 mmol) in 35 ml of the same solvent. 
The dark red solution was refluxed for 0.5 hr after the addition 
was completed and then set aside a t  10' for 5 days. The product 
was collected, washed with benzene (three 10-ml portions), and 
dried in vacuo. The yield was 2.45 g (77.8YG) of very dark red 
crystals, mp 235-237". The effective magnetic moment was 
3.37 BM a t  room temperature. .4naZ. Calcd for CsrHz&2- 
FeInNi: C, 42.77; H, 2.96; I,  26.58. Found: C, 43.01; H ,  
3.31; I ,  28.71. 

Conductance Data.-The values of the molar conductances for 
dilute solutions (ca .  1 X M) in nitromethane a t  25" are 
listed as follows in ohm-' cm2 mol-l. Uni-unielectrolytes: 
[Pd(fdma)nX][PFs]: X = C1, 86.1; X = Br, 85.5. [Pt- 
(fdma)sX] [PFs]: X = C1, 88.8; X = Br, 87.0; X = I ,  86.4. 
[Pt(fdma)~I] [I]  : 81.6. Bi-unielectrolytes: [Pd(fdma)z] [PF6]2: 
187. [Pt(fdma)~]  [PFs]2: 191. 

Nuclear Magnetic Resonance Spectral Data.-Pd(fdma)Clz: 
5.35, triplet, J = 1.7 (1); 5.45, triplet, J = 1.7 (1);  8.64,singlet 
(3) [CD3NOz] . Pd(fdma)Brz: 5.27, multiplet, 8.05, singlet 
[CD3N02]. Pt(fdma)Clz: 5.45, multiplet (2); 8.17, irregular 
triplet, [ J l s a p t - ~ l  = 22 (3) [CDBN02]. Pt(fdma)BrZ: 5.45, 
multiplet (2); 8.07, irregular triplet, ~ J IPw~-H~ = 22 (3) [CD3N02]. 
[Pd(fdma)zCl] [PFe] : 5.36, multiplet (2 ) ;  8.13, singlet (3) 
[CD3K02]. [Pd(fdma)pBr] [PFs] : 5.15, triplet, J = 1.8 (1); 
5.43, triplet, J = 1.8 (1); 8.03, singlet (3) [CDaNO*]. [Pt- 
(fdma)tCl] [PFB]: 5.31; triplet, J = 1.7 (1); 5.43, triplet, J = 
1.7 (1); 7.15, singlet (3) [CD~NOZ].  [Pt(fdma)lBr] [PFG] : 5.09, 
triplet, J = 1.8 (1); 5.43, triplet, J = 1.8 (1); 7.88, singlet (3) 
[CD3N02]. [Pt(fdma)~I]  [PFs] : 5.12, triplet, J = 1.8 (1); 
5.43, triplet, J = 1.8 (1); 7.82, irregular triplet, J = 1.8 (1); 
7.82, irregular triplet, IJiwt--~( = 16 (3) [CDINO~].  [Pt- 
(fdma)d]I:  5.11, triplet, J = 1.6 (1); 5.42, triplet, J = 1.8 
(1); 7.83, singlet (3) [CD3N02]. [Pd(fdma)r] [ P F s ] ~ :  5.08, 
triplet, J = 1.7 (1); 5.32, triplet, J = 1.8 (1); 7.85, singlet (3) 
[CD&02]. [Pt(fdma)s] [PFs]z: 5.08, triplet, J = 1.8 (1); 
5.28, triplet, J = 1.8 (1); 7.78, irregular triplet, ( J IW-H~ = 
20 (3) [CDBNO~] .  Ru(fdma)sC12: 5.43, triplet, J = 1.6 (1); 
5.72, triplet, J = 1.7 (1); 8.32, singlet (3) [DCC13]. h'i(fdma)- 
( c 0 ) ~ :  

Visible and Ultraviolet Spectral Data.-The visible and near- 
uv spectral data were obtained in nitromethane solutions and are 
listed as yrnax, cm-l (e,,,, M-l cm-l). fdma: 22,700 (153). 
Pd(fdma)X:: X = C1, 21,300 (420); X = Br, 20,600 (sh) 
(530); X = I ,  22,000 (3.3 X lo3).  Pt(fdma)Xe: X = C1, 
23,700 (167), 26,800 (384); X = Br, 22,700 (sh) (178), 26,800 
(619); X = I ,  25,600 (3.65 X lo3). Pt(fdpa)Xz: X = C1, 
23,300 (227), 26,900 (542). Pd(fdma)~X][PFs]:  X = C1, 
20,000 (3.2 X lo3) ,  23,800 (3.1 X lo3); X = Br, 21,800 (3.7 X 
lo3).  [Pt(fdma)2X] [PFs] : X = C1, 22,500 (sh) (1.2 X loa),  
28,200 (2.9 X lo3);  X = Br, 25,000 (3.36 X lo3); X = I ,  23,100 
(5.16 X lo3).  [Pt(fdma)sI] [I]  : 23,100 (5.1 X lo3). [Pd(fdma)zl- 
[PFs]~:  17,200 (731). [Pt(fdma)~]  [PF6]2: 22,900 (550). 

Infrared Spectral Data (cm-l).-Pd(fdma)Cls (Nujol): 
'3074 (m), 1401 (m),  1320 (w), 1273 (w), 1257 (w), 1201 (w), 
1159 (vs), 1036 (s), 1028 (s), 926 (s), 919 (s), 894 (vs), 884 (vs), 
824 (s), 800 (w), 623 (w), 599 (m), 517 (m),  509 (m),  494 (m), 

The infrared spectra of Nujol mulls of Pd(fdma)Brz, Pd- 
(fdma)In, Pt(fdma)Cls, Pt(fdma)Brn, and Pt(fdma)Is are nearly 
identical with that of Pd(fdma)Clz. 

6.0 singlet (2); 8.82, singlet (3) [CBHS]. 

437 (w). 
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Pd(fdpa)Brz (Nujol): 3105 (w), 3045 (w), 1573 (w), 1478 
(m), 1423 (vs), 1309 (w), 1190 (m), 1156 (m), 1149 (m), 1080 
(m), 1057 (w), 1034 (w), 1023 (m), 999 (m), 915 (vw), 900 (vw), 
880 (w), 850 (w), 846 (w), 827 (w), 818 (m), 811 (m), 745 (vs), 
731 (vs), 691 (vs), 618 (vw), 610 (w), 490 (m), 476 (m), 470 (m), 
468 (s), 459 (m), 425 (w). 

Pd(fdpa)Clz, Pd(fdpa)Iz, and Pt(fdpa)C12 give spectra nearly 
identical with those of the above compounds. 

[Pt(fdma)zBr] [PFB] (Nujol): 1417 (m), 1382 (m), 1277 (m), 
1265 (m), 1206 (m), 1159 (vs), 1066 (vw), 1056 (vw), 1044 (vs), 
1037 (m), 1030 (s), 902 (vs), 850 (vb, vs), 616 (s), 600 (m), 576 
(w), 548 (vs), 511 (vs), 485 (vs), 426 (w). 

The spectra of [Pd(fdma)zCl] [PFs], [Pd(fdma)nBr] [PFB], 
[Pt(fdma)zCll [PFsl, and [Pt(fdma)~I]  [PFa] are nearly identical 
with the spectrum of the above complex. 

[Pt(fdma)~] [PFdz (Nujol): 1405 (w), 1321 (m), 1278 (s), 
1268 (m), 1202 (m), 1153 (vs), 1063 (m), 1032 (vs), cn. 850 (vb, 
vs), 736 (m), 611 (m), 602 (m), 591 (m), 542 (vs), 502 (vs), 487 

The spectrum of [Pd(fdma)~]  [ P F B ] ~  is nearly identical with that 
above. 

Ni(fdma)*Brz (Nujol and Kel-F): 3074 (w), 2980 (vw), 2112 
(w), 1404 (m), 1374 (m), 1319 (m), 1266 (m), 1261 (w), 1251 
(w), 1199 (w), 1154 (vs), 1056 (w), 1032 (m), 1021 (s), 894 (m), 
854 (vs), 840 (sh, s), 815 (s), 616 (w), 595 (m), 577 (m), 494 (s), 
487 (sh, m). 

1560 (m), 1478 (s), 1433 (s), 1321 (w), 
1308 (m), 1274 (w), 1200 (w), 1185 (m), 1154 (s), 1081 (m), 1077 
(m), 1067 (w), 1058 (w), 1044 (m), 1026 (vs), 998 (m), 968 (vs), 
916 (vw), 895 (vw), 882 (w), 873 (w), 847 (w), 834 (m), 827 (s), 
740 (b, vs), 692 (vs), 678 (m), 674 (m),  599 (w), 495 (m), 489 
(m), 471 (s), 457 (m), 416 (w). 

Ni(fdma)(CO)n (cyclohexane): v(C0) 2010 (s), 1950 (vs). 
Ni(fdma)(CO)z (Nujol): 3090 (vw), 2005 (vs), 1984 (vs), 1413 
(w), 1320 (m), 1268 (m), 1248 (m), 1195 (m),  1150 (vs), 1067 
(w), 1021 (vs), 898 (vs), 880 (m), 860 (s), 842 (vs), 828 (m), 817 
(s), 811 (s), 796 (w), 612 (w), 602 (w), 594 (m), 586 (m), 579 (s), 
500 (m), 485 (s), 479 (m), 452 (w), 421 (vw). 

r-fdma(NiCO,)z (cyclohexane): v ( C 0 )  2070 (s), 2045 (s), 
1993 (vs). r-fdma(NiCO& (Nujol): 2069 (vs), 2000 (b, vs), 
1410 (w), 1322 (w), 1272 (w),  1260 (w), 1200 (m), 1170 (m), 1152 
(m), 1054 (w), 1027 (s), 903 (s), 897 (sh, m), 865 (vs), 856 (vs), 
844 (s), 834 (m), 811 (m). 

Ni(fdpa)(CO)z (CCla): v(C0) 2008 (vs), 1949 (vs). Ni- 
(fdpa)(CO)2 (Nujol): 3064 (w), 3049 (w), 2005 (vs), 1944 (vs), 
1572 (w), 1564 (w), 1479 (s), 1429 (s), 1306 (m), 1271 (vw), 
1194 (w), 1182 (m), 1171 (vw), 1149 (s), 1081 (sh, s), 1064 (m), 
1053 im), 1024 (s), 1021 (m), 998 (m), 968 (vw), 878 (vw), 876 
(vw), 848 (vw), 830 (m), 817 (s), 744 (sh), (vs), 739 (vs), 734 
(vs), 695 (vs), 691 (vs), 681 (m), 646 (w), 614 (w), 584 (vw), 
488 (m), 474 (vs), 464 (vs), 439 (s), 442 (w). 

Ni(fdma)(CO)Iz (Nujol): 2054 (vs), 1405 (m), 1321 (m), 
1271 (m), 1258 (m), 1202 (w), 1152 (vs), 1062 (m), 1038 (s), 1028 
(s), 902 (vs), 895 (s), 888 (m), 875 (vs), 841 (m), 832 (vs), 803 
(m), 611 (m), 602 (w), 588 (m), 508 (m),  502 (s), 479 (vs), 451 
(vs), 422 (w). 

Ni(fdpa)(CO)In (Nujol): 2053 (vs), 1572 (w), 1478 (s), 1436 
(vs), 1385 (m), 1323 (w), 1308 (w), 1275 (vw), 1202 (vw), 1184 
(m), 1152 (m), 1079 (m), 1065 (w), 1044 (m), 1027 (s), 998 (m), 
882 (m), 870 (w), 848 (w), 833 (w), 826 (s), 740 (sh, s), 732 (vs), 
688 (s), 678 (s), 670 (s), 599 (vw), 500 (m), 470 (vs), 459 (m), 
449 (m),  419 (vw). 

Results and Discussion 
Platinum, Palladium, and Ruthenium Compounds.- 

The relatively insoluble complexes M(fdma)Xz (M = 
Pd; X = C1, Br) react with excess of the diarsine 
fdma in lower alcohols and nitromethane to give in- 
tensely red solutions. Solutions of the analogous plati- 
num species (M = Pt ;  X = C1, Br, I) are orange. By 
suitably adjusting the experimental conditions, viz., by 

( s ) ,  425 (w). 

Ni(fdpa)I2 (Xujol): 

having an excess of any of the halide ions and the stoi- 
chiometric amount of the precipitating agents, salts of 
the deep red Pd(fdma)zX+, yellow Pt(fdma)zX+, blue 
Pd(fdma)z2+, and orange Pt(fdma)2+ cations were 
isolated with large anions such as B(CeH&-, PFC, 
Clod-, etc. With the exception of [Pt(fdma)gI]I which 
is a uni-univalent electrolyte in nitromethane, no 
“M(fdma)zX2” species were isolated. However, the 
orange diamagnetic Ru(fdma)2ClzJ prepared from Ru- 
C13.3Hz0 and excess fdma in refluxing ethanol, is a 
nonelectrolyte in nitromethane. The salts [M(fdma)?- 
X] [PFe] and [M(fdma)z] [PF6Iz gave molar conduc- 
tances in nitromethane consistentg with their formula- 
tions as uni-uni- and bi-univalent electrolytes. Con- 
ductometric titrations of the [M(fdma)z] [PFe]z with 
tetraalkylammonium halides in nitromethane gave 
equivalence points corresponding to the uptake of 1 
equiv of halide ion. These facts suggest that the fol- 
lowing equilibria are present in these solutions 

M(fdma)Xz f fdma J_ M(fdma)sX+ + X- (1) 

M(fdma)zX+ J_ M(fdma)z2+ + X-  (2) 

Because of the uncertainties in the values of their ionic 
conductances, no attempts were made to obtain from 
conductance data the degrees of dissociation of the 
M(fdma)zX+ species and the equilibrium constants of 
the above equilibria. 

In  contrast, the complexes M(fdpa)Xz (M = Pd; X 
= C1, Br, I and M = Pt ;  X = C1) do not react with an 
excess of fdpa. However, these complexes react with 
an excess of fdma in alcohols to produce fdpa quantita- 
tively and intensely colored solutions which are iden- 
tical with those obtained from the M(fdma)Xz com- 
plexes. 

These results, however, show conclusively that fdma, 
like diars, 9,10 stabilizes both four- and five-coordinate 
cationic complexes of palladium and platinum. 

The spectra of the Pd(fdma)zX+ species are quite 
characteristic and have a very intense absorption be- 
tween 20,000 and 24,000 an-’. The spectrum of the 
dication Pd(fdma)z2+ is also quite characteristic and its 
deep blue color is due to a moderately intense absorp- 
tion at  17,200 cm-1. The platinum species have similar 
spectra but the absorption maxima occur a t  higher 
energies, 23,100-25,000 and 22,800 cm-l, respectively. 
The solution and Nujol mull spectra are very similar, 
which indicates that the complexes are also four- and 
five-coordinate in the solid state. The nmr spectra 
for the complexes M(fdma)Xz, M(fdma)zXi, and M- 
(fdma)Z2 + in deuterionitromethane exhibit the cyclo- 
pentadienyl ring proton resonances characteristic of 
an AA’BB’ pattern in which JAB and J A ~ B  (or JAB’) are 
equal and considerably smaller than the chemical shift 
between A and B. The resonances of the methyl 
groups, which are shifted considerably downfield with 
respect to those of the uncomplexed ligand, appear as 
singlets for the M(fdma)zX+ (M = Pd, Pt) salts, as a 

(9) C M. Harris, R. S Nyholm, and D J. Phillips, J Chem. Soc., 4379 

(10) C. M. Harris and R. S. Nyholm, ibid. ,  4375 (1956). 
(1960). 
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Figure 1.-Schematic representations of the two limiting struc- 

tures for the cationic complexes M(fdma)22+. Structure I for 
which the angle of twist between the two five-membered rings, u, 
is 36' is shown as the meso form. Structure I1 has w = 0'. 

singlet for Pd(fdma)Z2+ but an irregular triplet for Pt- 
(fdma)z2+ ( J I B ~ ~ ~ - H  = 20 Hz), and as singlets for Pd- 
(fdma)Xz or irregular triplets for Pt(fdma)Xz ( J w ~ - H  
= 22 Hz). The spectra are in accord with those ex- 
pected for electron-withdrawing substituents on the 
ferrocene rings, namely, pronounced differences between 
the H z , ~  and H3,4 resonances and considerable deshield- 
ing of both sets of resonances with respect to the protons 
of ferrocene. It has been generally assumed and re- 
cently confirmedLL that, with the exception of vinylic 
substituted ferrocenes, the lower field triplet can be 
assigned the protons in the 2 and 5 ring positions and 
the higher field triplet the protons of the 3 and 4 posi- 
tions. In this study the positions of the higher field 
triplet (H3,4) remain fairly constant a t  ca. T 5.4 for 
M(fdma)zX+ and at  T 5.3 for M(fdma)zz+. The lower 
field resonance depends on the metal, the charge, and 
the nature of the bound halide. 

Like those for M(fdma)Xz, the spectra of the M- 
(fdma)%X+ and M(fdma)z2+ salts are too simple for 
static systems. The absence of platinum satellites on 
the methyl resonances in the spectra of the Pt(fdma)zX+ 
complexes indicates that, in part a t  least, a rapid chem- 
ical exchange is giving rise to time-averaged and, hence, 
simplified spectra. This exchange is probably of the 
type 

However, the presence of platinum satellites on the 
methyl resonances of Pt(fdma)X% and [Pt(fdma)z]- 
[PFe]z proves, for solutions of these species in which 
equilibria of types 1-3 are absent, that the averag- 
ing process which gives the simple spectra must be 
intramolecular. 

The diamagnetic dications must have a structure 
which is based on a planar array of arsenic atoms about 

2Pt(fdma)lX+ = Pt(fdma)z*+ + Pt(fdrna)X% + fdma (3) 

(11) M. D. Rausch and A. Siegel, J .  Ovganomelal. Chem.,  17, 117 (1969). 

the central metal. The ligands in this structure, on 
the basis of examination of molecular models, would be 
unable to adopt a configuration in which the rings were 
eclipsed and in which the two iron atoms, the four ar- 
senic atoms, and the central metal atom are coplanar. 
There are, however, two limiting structures which these 
complexes could adopt. These are shown in Figure 1. 
Stepped structures such as TI have been observed previ- 
ously for metal complexes which are sterically over- 
crowded.12 Both limiting structures have quasi-axial 
and -equatorial methyl groups and four nonequivalent 
cycloperitadienyl protons. The two most probable 
mechanisms by which intramolecular averaging could 
occur are (i) a twist mechanism which interconverts 
the pairs of optical isomers M-d-(fdma)-Z-(fdma)2+ 

M-l-(fdma)-d-(fdma)2+ and M-11-(fdma)z2+ -# M- 
dd-(fdma)2+ based on structures related to  I and (ii) a 
mechanism which interconverts I Ia  and I Ib  shown 
schematically as 

IIa I Ib  

Both of these processes, as well as those for inversions 
of intermediate structures, will interconvert the quasi- 
axial and -equatorial groups and will average the pairs 
of ring protons H z , ~  and H s , ~ .  Similar processes can be 
envisaged for just one chelated ring in the species 
M (fdma)Xz. 

Nickel Compounds.-Attempts to prepare nickel 
complexes of the types Ni(fdpa)Xz and Ni(fdma)Xz (X 
= C1, Br, I) produced some unexpected results. The 
reaction of anhydrous nickel bromide with fdma in hot 
butanol gave Ni(fd~na)~Br% as red-brown paramagnetic 
(S = 1) crystals under a wide variety of experimental 
conditions. This complex, presumably, has a pseudooc- 
tahedral structure. The reaction of anhydrous nickel 
iodide with fdpa in refluxing tert-butyl alcohol gave dark 
red-brown paramagnetic crystals (S = 1) of Ni(fdpa)Iz. 
This complex most likely has a distorted pseudotetra- 
hedral structure. It could also be obtained by the reac- 
tion of the stoichiometric amount of iodine with Ni- 
(fdpa) (C0)Z in refluxing benzene. In contrast, the ana- 
logous reaction with bromine gave essentially quantita- 
tive amounts of NiBrz and fdpa. If, however, the 
dicarbonyfs Ni(fdpa) (CO):! and Ni(fdma) (CO), are 
treated with equivalent amounts of iodine at  room tem- 
perature, dark red crystals of Ni(fdpa)(CO)z12 and dark 
blue crystals of Ni(fdma) (CO)Iz separate from the reac- 
tion mixture. These complexes show a single sharp 
absorption in the terminal CO stretching region a t  
2053 and 2054 cm-', respectively. The complexes 
underwent partial decomposition during attempts to  
recrystallize them from hot solutions ; fresh solutions in 
benzene display sharp absorption a t  2055 cm-I. These 

(12) D. Dale, J .  C h e m .  SOC. A ,  278 (1967); V. W, Day, M. U. Glick, and 
J. L. Hoard, J .  A n w .  C h e m .  Soc., 90, 4803 (1968); R .  L. Braun and E. C. 
Lingafelter, Acta CYystallogr., 22, 787 (196i); R.  L. Braun and E. C. Linga- 
felter, ibid., 21, 546 (1966); H. C. Freeman and M. R.  Snow, ibid., 18, 843 
(1965). 
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complexes are clearly examples of carbon monoxide 
bonded to nickel in a 4-2 formal oxidation state. 
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A series of bivalent metal complexes of the type [X-PR~NPRZ-XI~MII  have been synthesized: M = Fe, Co, Ki, Zn, Pd, 
and P t  (X = S, R = CHI, C&), M = Co, Ni ( X  = NH, R = C&s), M = co(X = 0, R = CBHS). The sulfur com- 
plexes of Fe(II) ,  Co(II), and Ni(I1) include the first characterized tetrahedral four-coordinate complexes of these metals 
containing an MS* core. The ligand field spectral and magnetic data are discussed. 

Introduction 
There has been considerable interest in determining 

what factors influence the stereochemistry of four- 
coordinate metal(I1) chelate complexes. The utility 
of employing bidentate chelates in which either the 
donor functions or the degree of stefic overcrowding 
a t  the donor sites can be changed has been elegantly 
demonstrated. 3--8 Monomeric sterically unencum- 
bered’ chelates of nickel(I1) with various donor sets 
have been found to be planar w€iile those which are 
sterically overcrowded are u s ~ a l l y ~ ~ ~ ~  either fully tetra- 
hedral (S = 1) or are involved in a planar $ tetra- 
hedral equilibrium. 
of the type 1, where R1 = Rz = CH8, CeH6 and X = 
Y = SI 0, NH, have been synthesized.ll This poten- 
tially large and versatile set of ligands can be named 
from the generic root “imidodiphosphinate” to simplify 
the collective nomenclature of the resulting metal cam- 
plexes. This ligand system is ideally suited to  studying 
the effect of the variation of the donor sets X and ‘Y and 

A series of @-difunctio 

(1) Fellow of the Alfred P. Sloan Foundation, 1967-1969. To whom 

(2) Goodyear Fellow, 1968-1969; National Institutes of Health Predoc- 

(3) D R.  Eaton, W. D. Ph and D. J.  Caldwell, J .  Amev. Chem. Soc., 

(4) A. Chakravorty and R.  olm, Inovg. Chem., 8, 1010 (1964). 
(5) R. H. Holm, A. Chakravorty, and L. J. Theriot, rbid., 6, 625 (1966). 
(6) (a) G. W. Everett, Jr., and R .  H. Holm, i b i d . ,  7, 776 (1968), 

G. W. Everett, Jr , and R. H. Holm, J. Amer. Chem. SOC., 88, 2442 (1966). 
(7) D H. Gerlach and R.  H. Holm, %bid., 91, 3457 (1969). 
(8) D. H. Gerlacb and R. H. Holm, I n o r g .  Chem., 8, 2202 (1969). 
(9) Some sterically overerowded ligands which form bis complexes with 

nickel(I1) do not distort to a tetrahedral structure but in fact distort to a 
“stepped ligand structure” in which the steric strain is relieved but an essen- 
tially planar donor atom set is maintained.10 The fact- which cause this 
to occur in preference to a tetrahedral structure are not understood. 

(10) Bis(3-methyl-l-phenyl-5-~-tolylformazyl)nickel(II) has a “stepped” 
structure: D. Dale, J .  Chem. SOC. A ,  278 (1967). 

(11) (a) A. Schmidpeter, R. Bohm, and H. Groeger, Angew. Chem., 76, 
860 (1964); (b) A. Schmidpetei and H. Groeger, Z .  Anoug. Allg. Chem., 846, 
106 (1966); (c) A. Schmidpeter and H. Groeger, Chpm. B e y . ,  100, 3979 
(1967); (d) A. Schmidpeter and J. Ebeling, %bid., 101, 815 (1908), (e) E. 
Fluck and F. L. Goldman, i b d ,  96, 3091 (1963). 
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86, 397 (1963). 
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the terminal substituents R1 and Rz. While the earlier 
reports lis. indicated that some metal complexes of these 
ligands could be prepared, no other information was 
given. This communication deals with the synthesis 
of bis-chelate complexes of the “imidodiphosphinates” 
and the establishment of their structures in both the 
solid and solution phases. 

Experimental Section 
General Data.-Microanalyses were performed by Midwest 

Microlab Inc., Indianapolis, Ind., and a t  M I T  by Mrs. Nancy F. 
Alvord. Molecular weights were determined osmometrically in 
dry benzene, toluene, or ethanol-free chloroform. 

All melting points were determined using a hot-stage micro- 
scope. 

gneti$msceptibilities of the solid samples were deter- 
g HgCo(SCN)a as a calibranP either by the Gouy 

method, in double-ended glass Gouy tubes, or by the Faraday 
method. The diamagnetic susceptibility for K [ ( (CE,HS)ZPS)~N] 
was determined directly by the Gouy method, while those for 
the other ligahds were obtained using Pascal’s  constant^.^^ 
The vahes  used were the following (X  ((ce&,)&’S)2N-, 

((c&)&’t))&-, 178.0. The magnetic susceptibilities of samples 
in solution were determined by the Evans1* method. 

Electronic spectra were recorded on a Cary (Model 14) spec- 
trometer in dry methylene chloride. Infrared spectra were 
recorded on a Perkin-Elmer 337 spectrometer. Nuclear mag- 
netic resonance spectra were recorded on Varian Associates T-60 
and A-60 spectrometers. 

198.8; ((CH3)zPS)zN-, 188.4; ((CF,H~)ZPNH)~N-, 185.8; 

(12) B. N.  Figgis and R. S. Nyholm, J. Chem. Soc., ;190 (1968). 
(13) G. Foex, “Constants Sblectionnbes: DiamagnCtisme et Para- 

(14) D. F. Evans, J .  Chem. Soc., 2003 (1959). 
magnCtisme,” Masson et Cie, Paris, 1957. 


