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The preparation and characterization of some copper 
and palladium complexes of tetramethylene sulfoxide 
(TMSO) are reported. During the course of the work, 
some interesting reactions of the complexes were dis- 
covered. 

Experimental 
C U ~ ( C ~ H ~ S O ) ~ C ~ ~ . - T O  2.0 g. 

(0.0148 mole) of anhydrous cupric chloride dissolved in 40 ml. of 
absolute ethanol was added 5 ml. of tetramethylene sulfoxide. A 
brown complex precipitated immediately from the green solution. 
The solid was filtered, washed with ether, and dried with an air 
stream which had been dried with P4010. 

Anal. Calcd. for C U B ( C ~ H ~ S O ) ~ C ~ ~ :  C, 23.43; H, 3.93; C1, 
25.94. Found: C, 23.67; H,  4.04; C1,25.35. 

CuClz. C4H&0.-Three grams of the above complex dissolved 
in a mixture of 20 ml. of acetone and 20 ml. of absolute ethanol 
to produce a green solution. A light tan solid precipitated upon 
boiling the solution for 10 min. The solid was filtered, washed 
with acetone and ether, and dried with a stream of dry air. The 
isolated material (2.4 g.) corresponded to 80% of the original 
complex. Quantitative isolation of the compound CuClz. CnHs- 
SO would correspond to 87y0 by weight of the original; however, 
the resulting filtrate remained a light green color, so isolation was 
not quantitative. 

Anal. Calcd. for CuC12*C4HsSO: C, 20.15; H, 3,38; Cu, 
26.63. 

Cu3( C&S0)4Brs.-Three ml. of tetramethylene sulfoxide was 
added while stirring to a solution of 3.0 g. (0.0135 mole) of an- 
hydrous cupric bromide in 25 ml. of absolute ethanol. Black 
crystals precipitated almost immediately. The extremely hy- 
groscopic crystals were filtered, washed with anhydrous ether, 
and dried. 

Anal. Calcd. for Cus(C4HsSO)aBra: C, 17.68; H,  2.97; Cu, 
17.53. Found: C, 17.44; H,2.99; Cu, 17.34. 

CuBrz.C4H8S0.-A 1.5-g. sample of the above bromide com- 
pound dissolved readily in 30 ml. of an equal mixture of acetone 
and ethanol. Heating the resulting solution at 56' for 10 min. 
produced metallic gray mica-like platelets with the simultaneous 
liberation of a volatile lacrimatory compound, probably bromo- 
acetone. 

Anal. Calcd. for CuBrz.C4HsSO: C, 14.67; H, 2.46. Found: 
C, 14.46; H ,  2.37. 

PdClz. (C4H~S0)2.-Palladium chloride (0.015 mole) was dis- 
solved in 10 ml. of warm TMSO. The solution was filtered and 
cooled overnight a t  5". The brown crystals that resulted were 
filtered, washed with ether, recrystallized from an equal volume 
mixture of absolute ethanol and chloroform, and dried. 

Preparation of the Complexes. 

Found: C, 20.48; H, 3.58; Cu,27.00. 
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Anal. Calcd. for PdC12.2CpHsSO: C, 24.91; H, 4.18. 
Fowd:  C, 24.99; H, 4.17. 

PdC12(C4H&S)2.-TMSO (8 ml.) was added to 1.86 g. (0.015 
mole) of PdClz dissolved in 100 ml. of hot acetone saturated with 
anhydrous HCl, The solution became dark red on stirring for 
15 hr. Addition of 500 ml. of low-boiling petroleum ether caused 
an oil to separate. The red crystals which formed after the solu- 
tion sat 3 days at 5' were filtered, washed with ether, and dried. 
The compound was recrystallized twice from an equal mixture of 
chloroform and ethanol. Large red flakes formed slowly at  0'. 
These were washed with ether and dried; yield 75%. 

Calcd. for PdC12.2CaH8S: C, 27.17; H, 4.56; C1,20.05. 
Found: C, 27.37; H, 4.83; C1, 20.52. The infrared spectra of 
the compound in chloroform and Nujol did not contain the band 
due to the S-0 stretching vibration in the 1150-900 region. 

Spectra.-The infrared 
spectra were obtained in nitromethane solutions and on Nujol 
mulls of the solids, using a Perkin-Elmer Model 21 infrared 
spectrometer with sodium chloride optics. The instrument was 
frequency calibrated. 

Conductance and Molecular Weight.-The insolubility of 
CuClz. TMSO in suitable solvents precluded the investigation of 
the molecular weight, conductivity, and dipole moment. 

Magnetic Susceptibility Determinations.-The magnetic sus- 
ceptibilities were measured and interpreted as previously de- 
~ c r i b e d . ~  

X-Ray Powder Patterns.-The powder patterns of CuClz. 
TMSO and 3CuC12.4TMS0, obtained with copper K radiation 
usiflg a Debye-Scherrer camera, are different from one another. 
That the samples were not contaminated by copper chloride was 
indicated by the absence of lines corresponding to d values of 5.70, 
3.42, 2-90, and 2.36 A. 

Anal. 

Characterization of the Compounds. 

The results are contained in Table I. 

Results and Discussion 
Interpretation of the infrared spectra of the dimethyl 

sulfoxide complexes proved to be complicated because 
of the coupling of the S-0 stretching frequency with 
the methyl rocking f r eq~ency .~  The existence of this 
coupling was subsequently confirmed in dimethyl 
sulfoxide by a normal coordinate analysisbB 

Use of the cyclic tetramethylene sulfoxide elimi- 
nated the complication of the rocking frequency of the 
alkyl group and has permitted the unambiguous assign- 
ment of the S-0 stretching frequency in the TMSO 
complexes. As with the DMSO complexes, the in- 
frared spectra of several TMSO complexes (Table I) 
indicate that all the metals studied coordinate with the 
sulfoxide via the oxygen atom, except Pd(II), where 
sulfur bonding occurs. Platinum(I1) is reported to 
coordinate also v i a  the sulfur atom in TMSO.' The 
change in the position of the S-0 stretching vibration 
for the TMSO-copper complexes, compared to un- 
complexed TMSO, appears larger than for the cor- 
responding DMSO complexes. This is an interesting 
example of a system in which i t  would be incorrect 
to infer the relative magnitude of the DMSO and 
TMSO interactions with the metal ion on the basis of 
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3CuBrz. 4TMSO 
CuBrz. TMSO 

3 CuClz .4TMSO 

CuClz *TMSO 

TABLE I 
MAJOR INFRARED ABSORPTIONS OF TETRAMETHYLENE SULFOXIDE COMPLEXES ( CM.-~) 

Solvent or , 
mull 

C C ~ P  (15%) 
KBr 
h-ujol 
Nujol- 

KBr 
Nujol- 

Nujol- 

KBr 

HCBD 

HCBD 

HCBD 

C H  stretch CH2 defoi 

2930, 2860 1447 
2930 1446 
2930, 2860 1445 

1445 

2980, 2910 1445 
1426 

1448 

1445 

rmations 

1411 
1398 
1406 
1408 

1408 
1393 

1409 

1407 

Assignments- 

1303 1271 1147 
1307 1260 . . .  
1307 . . .  1146 
1304 , . .  1140 

1302 1250 , . . 
1300 . . . . . .  

1302 . . .  . . .  
1303 1250 , . . 

a This band is by far the most intense one of the entire spectrum in each case. 

TABLE I1 
MAGNETIC SUSCEPTIBILITY DATA 

X M  x 106, Peff. 
Compound c.g.s. units T, O K .  B.M. 

CUC12 .TMSO" 1409 325.5 1.9oc 
1560 297.8 
1742 273.8 
2624 194.7 
8416 80.7 

7100 195.5 
3C~C12 .4TMSOb 4302 298.0 1.90c 

20,347 80 
The diamagnetic correction is 120 X 10-8 c.g.s. unit. The 

diamagnetic correction is 421 X 10-6 c.g.s. unit. Average 
magnetic moment per copper ion. 

the magnitude of the infrared frequency shift. The 
ligand field Dq values for these two ligands are identical 
for Co(II), Ni(II), and Cr(III).8 Such a correlation 
of the shift of the S-0 vibration in dimethyl sulfoxide 
is complicated by coupling with the methyl rocking 
frequency 

The reactions which occur when the compounds of 
general formula 3CuX2 4TMSO are heated in ethanol 
and acetone are interesting and have not been ob- 
served when the DMSO complexes are treated under 
similar conditions. New compounds of general formula 
CuX2.TMSO are formed from this reaction. The 
infrared spectra of both types of TMSO complexes are 
quite similar. This similarity in the S-0  vibrational 
region indicates that the sulfoxide is not acting as a 
bridging ligand in the CuXz. TMSO complex. 

The complexes 3CuXz -4TMSO are probably best 
formulated as [Cu(TMS0)4] [ C U ~ C ~ G ]  since TMSO is 
not removed a t  80' under high vacuum, whereas the 
CuX2. TMSO complexes are probably dimers with a 

symmetrical C U < ~ ~ > C U  bridge. The latter formula- 

tion is analogous to the structureg of Cu?C14(CH3- 
CN)2, which exhibits the halo-bridging linkage, and 
the organic molecules are bonded to the copper atoms 
in positions which are trans for the entire molecule. 
However, the TMSO complexes do not exhibit the 
unusual magnetic properties of the LiCuC13 2H20,1° 
but are similar to those of C S C U C I ~ . ~ ~  Both 3CuC12. 

c1 
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S=Oa 

1097 1035 
1074 1119 
1102 947 
1095 937 

1104 937 
. . .  925 

1107 933 

1104 941 

c-s 
875 730 
875 . .  . 
. . .  717 
... 717 

875 . . . 
870 715 

. . .  714 

876 . , . 

4TMSO and CuCL. TMSO exhibited normal magnetic 
behavior over the temperature range studied (Table 11). 

The interesting deoxygenation of the sulfoxide in the 
sulfur-bonded Pd(I1) complex is currently under in- 
vestigation. 
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The reaction of decaborane-14 with borohydride salts 
has been studied by a t  least two groups of workers2n3 
and has been shown to proceed by the over-all reaction 
(in the case of the sodium salt) 

2NaBH4 + 2BloHi4 .-f 2NaBloH1g + 2H2 + B?Hs (1) 

Aftandilian, et al., have confirmed this observation 
and shown that a t  higher temperatures further reac- 
tion occurs to produce BllH14- salts,4 and in aqueous 
solution, Muetterties has shown that BloHld-2 salts 
are the principal  product^.^ By monitoring the re- 
action with IlB n.m.r. spectra a t  invervals we have 
now been able to demonstrate that in ethereal solvents 
the reaction largely proceeds in two stages with pre- 
liminary hydride transfer to form BlCHl6- salts and 
subsequent hydrogen elimination to form the pre- 
viously observed BIGHL3- derivatives. 
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