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The preparation of dtalkyl- and diaryltin(IV) NN- 
dialkylmonothiocarbamates from the alkylammonium 
salt of the ligand and the appropriate diorganotin(IV) 
chlorides is described. 

The compoundsR,Sn(R~mtc)z andPh,Sn(Rimtc) 
(R = alkyl, aryl; R: = Me, Et; mtc = monothiocar- 
bamate anion) are monomeric in dichloromethane or 
chloroform and are non-electrolytes in nitromethane. 

‘H nmr spectra of CDCIB, CDzClz and benzene 
solutions of R,Sn(R:mtc)z indicate that the dialkyl- 
tin(IV) moiety is non-linear (J”9Sn-‘Hm, ca. 80 Hz) 
and that the N-alkyl substituents in the monothiocar- 
bamate ligand are magnetically non-equivalent. 
Stereochemical non-rigidity of MezSn(Mezmtc)z in 
CDzClz is observed in the ‘H nmr spectrum. Two 
isomeric species are observed with coalescence occur 
ring at -30 “C to give a single species that shows 
restricted rotation of the N-methyl substituents. 
Further coalescence of these two equal intensity N- 
methyl signals occurs at 55 “C. 

A value of J”‘Sn-CHs (‘J = 552 Hz) for the 
carbon bonded directly to tin in EtzSn(Melmtc)z 
suggests that this type of compound involves sk-coor- 
dination of the tin atom with Sn-S bonding being 
stronger than Sn-0 bonding. 

The Ph,Sn(R:mtc) species have distorted trigonal 
bipyramidal geometry with the oxygen of the 
btdentate monothiocarbamate in one of the axial 
positions 

Introduction 

There is continuing interest in the study of metal 
complexes derived from the monothiocarbamate 
ligand l*. A number of transition metals in various 
oxidation states has been successfully complexed 
with this ligand 

*The N,N’-disubstituted monothiocarbamate anion, 
RaNCOT, is abbreviated to Ramtc; dithiocarbamate, 
RzNCST = Radtc; thioselenocarbamate, RaNCSSe = Rztsc; 
monoselenocarbamate, R2NCSeO = R2msc; Me = methyl, 
Et = ethyl, nBu = n-butyl, Ph = phenyl, Bz = benzyl. 

R\ 2 
R,,N-c<.o - 
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including V [ 11, MO [2], Mn [3,4], Fe [2,5-71, Co 
[8], Ni [9-131, Rh [14, 15],Pd [2, 121, Pt [2, 121, 
Cu [16], Ag [17, 181, Au [15], Zn [19, 201, Cd 
[19],andHg [19]. 

In contrast, there has been little detailed investiga- 
tion of complexes of the monothiocarbamate ligand 
with main-group metals apart from Tl [21] and 
several organotin(IV) species. In the latter investiga- 
tions some trimethyltin(IV) N,N-dimethylmonothio- 
carbamates have been isolated and ‘H nmr studies have 
shown that the compounds in solutions of non-coor- 
dinating solvents have restricted rotation of the N- 
alkyl substituents at ambient temperature. Structures 
involving four-, five- and polymeric coordination have 
been postulated [22-241. The preparation of (CHs)s- 
Sn(Me?mtc) by an insertion reaction of carbonyl 
sulfide according to equation (1) has been reported 

]251* 

MesSnNMe2 + COS = MesSnOSCNMe2 (1) 

A similar reaction involving carbon dioxide gave 
the corresponding carbamate compound. The obser- 
vation that the reaction of carbon disulfide with this 
carbamate occurs according to equation (2) 

MesSnOOCNMe, t CS2 = MeaSnSSCNMe2 (2) 

has been used to suggest that the Sn-S bond in these 
compounds is much stronger than the Sn* bond 

WI. 
Although the synthesis of some mixed carbamate 

complexes of dimethyltin(IV), some containing the 
monothiocarbamate ligand, has been reported [26], 
no detailed studies on the monothiocarbamato- com- 
pounds appear to have been made. 

In the present paper we report the preparation and 
characterization of a series of complexes of the form 
RzSn(R2mtc)z and R3Sn(Rzmtc) and their solution 
behaviour in non-coordinating solvents. 
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Experimental Physical Measurements 

Preparation of Ligands 
Dialkylammonium salts of the N,N’-dimethyl- or 

diethylmonothiocarbamates were prepared by reac- 
tion of the appropriate secondary amine with 
carbonyl sulfide gas [2 1,271. The diethylammonium 
salt of N,N’-diethyhnonothiocarbamate was obtained 
as a white crystalline solid and the corresponding 
methyl derivative was prepared in situ and was not 
isolated. 

Preparation of Organotin(IV) Compounds 
R,Sn(R:mtc)z (R = Me, Et, Ph; Rk = Mez, Etz) 
The reaction of the appropriate diorganotin(IV) 

dichloride with the required dialkylammonium-N,N- 
disubstituted monothiocarbamate in a 1:2 mol ratio 
in dry acetone as solvent afforded a white precipitate 
of the dialkylammonium chloride. This precipitate 
was removed by filtration and the filtrate was 
evaporated under a gentle stream of dinitrogen to 
give colourless needle shaped crystals of diorganotin- 
(IV) bis(N,N’-disubstituted monothiocarbamate) in 
yields in excess of 90 per cent. The products may be 
recrystallized from chloroform, dry acetone or 
heptane. 

Molecular weight determination was carried out 
at 37 “C in dichloromethane or chloroform solutions 
using a Perkin Elmer Model 115 vapor phase osmo- 
meter calibrated with benzil. Conductances were 
measured at ambient temperature on a Philips 
PR9500/02 conductance bridge. Mass spectra were 
recorded on a JEOL MS-100 spectrometer. The 
chamber temperature was varied between 100 and 
250 “C at 70 e.v. ‘H nmr spectra were measured on 
approximately O.lM solutions, when solubility 
permitted, in CD2C12, CDCls, CC& and C6H6. All 
chemical shifts are reported relative to tetramethyl- 
silane as an internal reference. Ambient temperature 
spectra (approx. 37 “C) were measured on a Perkin 
Elmer R12A spectrometer and variable temperature 
spectra were recorded on a Varian Associates A60D 
instrument. Both spectrometers operate at 60 MHz. 
The solvents for variable temperature studies were 
CDzClz (-80 to t55 “C) and CDCls (-44 to + 65 “C). 

All spectra were recorded at a sweep rate of 0.5 
Hz set-’ at radio-frequency power levels well below 
saturation of observed resonances. Probe tempera- 
tures were calibrated using methanol. 

Ph,S&(mtc) (RI, = Mez, Et,) 

r3C nmr spectra of the compounds in CDC13 with 
tetramethylsilane as internal reference were measured 
using a JEOL JNM-PS-100 Fourier Transform 
spectrometer operating at 25.15 MHz. 

The compounds were prepared by mixing in a 1: 1 
mol ratio the appropriate alkylammonium ligand and 
triphenyltin(IV) chloride in acetone. The precipi- 
tated alkylammonium chloride was removed by 
filtration and the filtrate was evaporated in a stream 
of air to give a white crystalline material in almost 
quantitative yield. The compounds may be recrystal- 
lized from chloroform or dry acetone. 

Infrared spectra of solids were measured as 
potassium bromide discs or as mulls in Nujol (no 
significant differences in band positions or intensities 
were observed). Solution spectra were measured in 
solutions of Analytical Reagent grade carbon tetra- 
chloride and chloroform. A Perkin Elmer Model 457 
spectrometer calibrated with polystyrene was used. 

Analyses Results and Discussion 

Analyses for C, H, N, and S were performed by the 
Australian Microanalytical Service, C.S.I.R.O., and 
are reported together with melting points in Table I. 

The compounds reported in Table I are white 
crystalline materials that were obtained in yields in 

TABLE L Analytical Data for Organotin(IV) Monothiocarbamates. 

Compound 

Me$Sn(Mezmtc)z 

Me#n(Et2mtc)2 
Et&(Me2mtc)2 

Et$n(Etzmtc)z 

Ph$n(Me2mtc)2 

Ph&(Etzmtc)2 

Ph$n(Mezmtc) 
PhaSn(Etzmtc) 

M.p. 
“c 

170-171 

81-82 
105-106 

62-63 

108-l 10 

124-l 26 

84-86 
94-96 

Analysis 

%C 

Found 

26.6 

34.7 
31.1 

36.4 

42.0 

49.3 

54.3 
57.3 

Calc. 

26.9 

34.9 
31.2 

38.1 

44.9 

49.2 

55.5 
57.3 

%H 

Found 

5.3 

6.3 
5.7 

6.8 

5.3 

5.4 

4.9 
5.3 

Calc. 

5.1 

6.3 
5.8 

6.9 

4.6 

5.6 

4.7 
5.2 

%N 

Found 

8.0 

6.4 
7.1 

6.0 

6.4 

4.7 

3.0 
3.3 

talc. 

7.8 

6.8 
7.3 

6.4 

5.8 

5.2 

3.1 
2.9 

%S 

Found 

17.8 

15.8 
16.7 

14.0 

11.8 

11.2 

6.9 
6.7 

Calc. 

18.0 

15.5 
16.7 

14.5 

13.3 

11.9 

7.1 
6.7 
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TABLE II. Molecular Weight Data for Organotin(IV) Monothiocarbamates. 
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Compound Solvent Concentration 
(mol drne3 X 102) 

Molecular Weight 

Found Calc. 

Me$n(Mezmtc)2 CH2C12 

Me$n(Et2mtc)z CH2C12 

EtzSn(Mezmtc)2 CHC13 

Ph$n(Mezmtc) CHC13 

Ph$n(Etzmtc) CHC13 

CHC13 

CHC13 

CHC13 

2.44 369 

6.71 380 
2.64 464 
7.57 428 
0.22 441 
0.87 486 
1.28 451 
0.29 420 
0.80 462 
1.29 456 
0.14 538 
0.50 552 
1.05 579 
0.58 541 
1.18 549 
1.31 484 
0.20 477 
0.63 478 
1.52 477 
0.23 478 
0.81 497 

357 

413 

385 

441 

481 

537 

454 

482 

excess of 90 per cent. All the compounds were found 
to be non-electrolytes in nitromethane. 

Mqlecular weight determinations were made using 
vapor phase osmometry on chloroform or dichloro- 
methane solutions. The results are shown in Table II. 
Generally the compounds are monomeric under these 
conditions, although minor association appears to 
occur for Et2Sn(Me2mtc)2 and Ph2Sn(Me2mtc)2. 

A parent ion peak of very low relative intensity 
was observed only for Me2Sn(Et2mtc)2, Et&$Me2- 
mtc)2, Ph3Sn(Me2mtc) and Ph3Sn(Et2mtc). There 
was no evidence for associated species containing tin 
and no metastable peaks were observed for any of the 
compounds. 

The ambient temperature (37 “C) solution ‘H nmr 
spectra for R2Sn(Rhmtc)2 and Ph3Sn(Me2mtc) com- 
pounds all display magnetic non-equivalence of the 
N-alkyl groups with a solvent dependent separation of 
the observed N-CH3 doublet of 6-14 Hz. The Sn-R 
resonances are observed as a singlet for R = Me and 
as multiplets, which are characteristic of equivalent 
or degenerate groups for R = Et and Ph. The results 
of these determinations are given in Table III. 

Variable temperature ‘H nmr experiments on 
Me2Sn(Me2mtc)2 in CD2C12 solution in the range 
-80’ to +67 “C gave the following results: 

(a) At temperatures below -3O”, fwwo Sn-CH, 
resonances of unequal intensity (S 1 .lO ppm, J”‘Sn- 
‘H = 72 Hz; 6 1.01 ppm, J”‘Sn-‘Har, = 78 Hz) 
anda&? major N-CH3 resonances of comparable 
intensity were observed. In addition, there was 

evidence of additional N-CH3 resonances of very low 
intensity which may be due to the presence of the 
free ligand. The latter resonances remain constant in 
intensity and position over the temperature range. 

(b) The compound is stereochemically non-rigid 
on the ‘H nmr time-scale. Two separate and distinct 
coalescence phenomena were observed. In a low 
temperature, ca. -30 “C, process in CD2C12 the 
collapse of the Sn-CH3 doublet to a singlet is 
accompanied by coalescence of the N-CH3 quartet to 
an equal intensity doublet in a common process. In 
addition at 55 “C (CD2C12 solution) and 58 “C 
(CDC4 solution) this N-CH3 doublet gives a single 
resonance at 2.97 ppm. 

Certain structural inferences may be made from 
this information. In particular values of J”‘Sn- 

lHC%r have been used to indicate the extent of 
linearky in CH3-Sn-CH3 arrangements. Honda et al. 
[28] have made extensive use of an observation of 
Holmes and Kaesz [29] that relates the magnitude of 
the coupling constant to the extent which the C-Sn- 
C bond angle approaches 180”. Thus, on the basis of 
J”‘Sn-‘H = 84.0 Hz for Me2Sn(Me2dtc)2 in 
CDC13, a nz-linear arrangement is strongly suggested 
[28]. A tram arrangement of methyl groups is 
expected to lead to J values in the region of 100 Hz 

P91. 

‘H 
In the present situation the observed J”‘Sn- 
or..r, values are in accord with a significantly 

distorted tram or cis arrangement of the two methyl 
groups. Similar conclusions have been made for 



MeaSn(Etamtc)a 

Compound Resonance 

Assignment 6 @pm)” 

cc4 C6H6 

MeaSn(Meamtc)a N-CH3 3.11 1.98 
2.93 1.86 

Sn-CHs 0.98 0.79 J”‘Sn-‘Hm, = 83(CC4), 
78(C6H6) Hz 

C-CH3 d 1.27 0.28 
1.17 

N-CHa e 3.45 2.56 
3.31 

Sn-CHs 0.99 0.77 JH9Sn-‘HmH3 = 83(CC4), 
81(CsHe) Hz 

EtaSn(Meamtc)2 N-CH3 3.12 2.02 
2.93 1.91 

Sn-CzHs f 1.5 1.2 

PhaSn(Me2mtc)a N-CH3 3.12(6.5) 1.62(5) 
2.87(S) 1.85(3) 

Sn-CsHs g 7.82(3.5) 
7.37(10) h 

PhsSn(Meamtc) N-CH3 3.05 1.95 
2.82 1.74 

aProbe temperature 37 “C. bValues in brackets are integrations if not unity. CInternaJ reference tetramethylsilane. dCentres of 
two overlapping triplets in CC4, broadened triplet in CeHe. eTwo overlapping quartets in CC4, unsymmetrical sextet in CeHs. 
fCentres of complex multiplets. gCentres of two complex multiplets. hSignal obscured by solvent resonance. 
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TABLE III. ‘H Nmr Spectra of Organotin(IV) Monothiocarbamatesa*b. 
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Me2Sn(Me2dsc) [30] Me2Sn(Et2dsc)2 [30], Me2Sn- that was observed also in the ‘H nmr spectra of these 
(Me2msc)2 1311 and MezSn(Et2msc)2 [3 I]. compounds (Table III). 

The ‘H nmr spectrum at 37 “C of the ethylam- 
monium salt of N,N-diethylmonothiocarbamate in 
carbon tetrachloride shows a triplet for each of the 
methyl groups centred at 1.28 and 1.08 ppm. Such 
a result indicates that there is no restricted rotation 
of the N-ethyl substituents in the free ligand. How- 
ever, when the ligand is coordinated in Me2Sn(Et2- 
mtc)2 restricted rotation of the ligand Et-substituents 
is observed at probe temperature. A similar situation 
holds for all of the R2Sn(R2mtc)2 compounds 
reported here. The resonance positions of the non- 
equivalent R-substituents of the monothiocarbamate 
ligands are shown in Table III. The separations are 
solvent dependent and a similar effect that has been 
observed for Me2Sn(Me2msc)2 [3 l] , Me2Sn(Etmsc)2 
and Me2Sn(Me2tsc)2 [32] has been attributed to 
specific solvation effects. 

The 13C spectrum of Et2Sn(Me2mtc), in CDC13 
at 35 “C has the following signals relative to internal 
tetramethylsilane: 176.24 ppm, singlet (COS); 42.23, 
37.50 ppm, doublet with peaks of equal intensity 
(N-CHa); 19.66, 11.40 ppm, two singlets of equal 
intensity (Sn-CH,CH3). The observance of the two 
N-CHs signals is due to restricted rotation, a feature 

The values of 119Sn-‘3C coupling constants due 
to carbon atoms bonded directly to tin (‘J) have been 
used to propose structures of organotin(IV) com- 
pounds. As a first approximation the supposed 
hybridization of the tin(IV) atom is related to the 
magnitude of ‘J. Thus, compounds of the type 
Et,SnX4-, (where X is a monodentate ligand) of 
known tetrahedral structure have 1J119Sn-‘3C values 
in the range 320-425 Hz in non-coordinating solvents 
[33]. The present compounds typified by Et,Sn- 
(Me2mtc), (‘J = 552 Hz) do not involve tetrahedral 
coordination of Sn(IV). Compounds of 6coordinate 
octahedral structure such as R,Sn(acac), (acac = 2,4- 
pentanedione anion) have ‘J cu. 900 Hz [33, 341 
while 5coordinate species have ‘J in a range inter- 
mediate between the 4- and 6-coordinate species. It 
has been pointed out, however, that caution should 
be taken in making such correlations especially if 
there are gross differences in substituents in a series 
of compounds [35,36]. 

The single crystal X-ray structure analysis [37] of 
Me2Sn(Me2dtc)2 shows the compound to involve 6- 
coordinated tin but significant distortions from a 
regular octahedral arrangement of donor atoms occur. 
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In particular, the Sn-S bond lengths are 2.5 15,2.497, 
2.954 and 3.061 A, with the latter two being signifi- 
cantly longer than the former pair. The C-&r-C bond 
angle in the MezSn- moiety is 136’ and is thus signifi- 
cantly distorted from linearity. The structure may 
better be described as containing a distorted tetra- 
hedral (CHa),Sn&-coordination sphere with a very 
weak attachment of two additional sulphur atoms 
from the bidentate dithiocarbamate ligands. The r3C 
nmr spectra [35] of CDCls solutions of Bz2Sn(Etz- 
dtc)z (‘J = 537 Hz) and nBu,Sn(Bz,dtc)z (‘J = 604 
Hz) which are likely to have solid state structures 
similar to MezSn(Me,dtc)2 show ‘J values similar to 
those observed for EtzSn(Mezmtc)z. Although the 
magnitude of ‘J does not necessarily preclude a 5- 
coordinate structure [35] with one ligand acting in 
a monodentate fashion, it seems reasonable to suggest 
that the present R,Sn(Rimtc)z compounds have 
structures similar to that of the corresponding R2Sn- 
(Ridtc)Z species with the two monothiocarbamate 
oxygen atoms bonded weakly and the sulphur atoms 
more strongly bonded to the tin. The preference for 
Sn-S rather than Sn-0 bonding in this class of com- 
pound is clearly shown by the fact that carbon 
disulfide readily replaces the oxygen atoms in tri- 
methyltin N,N-dimethylcarbamate to form the 
corresponding dithio-derivative [25] . The gross 
features of the solid and solution structures of R2Sn- 
(R:mtc)z are likely to be similar because no signifi- 
cant change is observed in the infrared spectra of the 
compounds in either phase (vrife infra). 

intensity of this band and others sin the infrared 
spectra are little affected by the medium studied Le. 
Nujol mull, potassium bromide disc, or carbon tetra- 
chloride solution. This indicates that the solid struc- 
ture is essentially retained in solution. 

It has been suggested previously [9, IS] that if 
vceN o co occurs above 1545 cm-’ then the 
monothiocarbamate is present as a monodentate 
ligand bonded through the sulfur atom. However, 
caution should be taken in making such assignments 
because Vo”‘N, o-o occurs at 1545 cm-’ in bis- 
(cyclotetramethylene thiocarbamato)bis(pyrrolidine)- 
cobalt(H). This complex has chelated thiocarbamate 
ligands although the Co-O bond length of 2.157 A is 
considerably longer than normally found [8]. 

The low temperature (<-30 “c) ‘H nmr spectra of 
MezSn(Mezmtc)2 indicate the presence of two 
isomeric forms in unequal amounts. Both isomers 
have a non-linear HaC-Sn-CHa arrangement because 
J”9Sn-‘H = 72 and 78 Hz. The exact nature of 
the isomerrc ? orms is not known. 

The infrared spectrum of monothiocarbamate 

The infrared spectra of Ph,Sn(Me2mtc) and 
Ph$3n(Et2mtc) have strong absorptions at 1600 and 
1590 cm-‘, respectively, that are assigned to 
VoZN, o”‘o. The similarity of the band position to 
that found for the R2Sn(R:mtc)2 species suggests 
that the monothiocarbamate is bound to the tin in a 
similar manner. The J119Sn-13C value for PhsSn(Me2- 
mtc) in CDC13 solution is600 Hz [35] a value well 
outside the range expected for tetrahedral 4-coordi- 
nation. The most likely structure for Ph,Sn(R2mtc) 
species is that of a distorted trigonal bipyramid. By 
analogy to the known structures of MesSn(Me2dtc) 
[38, 391 and Ph3Sn(Et2dtc) [40] which involve 
asymmetrical bidentate coordination of the dithio- 
carbamato ligand with the shorter Sn-S bond being 
in the equatorial plane containing the R2Sn group, 
and the longer Sn-S bond in an axial position,it is 
likely that in the monothiocarbamato complexes 
considered here that the oxygen is the axial donor 
atom. 

complexes is dominated by a broad intense band due 
to coupled C-N, C*aO stretching frequencies 
around 1500-l 600 cm- ’ [2, lo]. All the compounds 
in the present study have a very intense and broad 
band in this reion (Table IV). The position and 

Infrared spectral data on Me,Sn(Me2msc) and 
MezSn(Me2msc)2 have been used to infer that the 
former compound involves 4coordination of the 
monothiocarbamate ligand and that the oxygen atom 
is not coordinated [3 11. 

References 

TABLE IV. Infrared Spectra of Organotin(IV) Monothio- 
carbamates 

Compound VC.“‘N CL”‘0 

Me&(Meamtc)2 1585 
MeaSn(Etamtc)z 1578 
Et$In(Meamtc)2 1580 
Et$n(Etamtc)a 1570 
Ph#n(Meamtc)z 1586 
PhaSn(Etamtc)2 1570 
PhsSn(Meamtc) 1600 
Ph$n(EtZmtc) 1590 

A. M. Bond, A. T. Casey and J. R. Thackeray, Inorg. 
Chem., 13, 84 (1974). 
K. R. M. Springsteen, D. L. Greene and B. J. McCormick, 
Inorg. Chim. Acta, 23, 13 (1977). 
E. W. Abel and M. 0. Dunster. J. Chem. Sot. Dalton. 98 
(1973). 
T. Tanaka, Y. Muji-Uchi and T. Tanaka, Inorg. Chem., 
14, 1545 (1975). 
H. Nakajima, T. Tanaka, H. Kobayashi, I. Tsujikawa, 
Inorg. N&d Chem. Letters, 12, 689 (1976). 
K. R. Kunze, D. L. Perry and L. J. Wilson, Znorg. Chem., 
16, 595 (1977). 
J. Ahmed and J. A. Ibers, Znorg. Chem., 16, 935 (1977). 
C. G. Pierpont, R. C. Dickinson and B. J. McCormick, 
Znorg. Chem., 13, 1674 (1974). 
E. M. Krankovits, R. J. Magee and M. J. O’Connor, Znorg. 
Nucl. Chem. Letters, 7, 541 (1971). 



112 A. B. Crosby, R. J. Magee and M J. O’Connor 

10 B. J. McCormick and B. P. Stormer, Znorg. Chem., II, 
729 (1972). 

11 J. Willemse, Znorg. NucL Chem Letters, 8, 45 (1972). 
12 E. M. Krankovits, R. J. Magee and M. J. O’Connor, Aust. 

J. Chem, 26, 1645 (1973). 
13 B. F. Hoskins and C. D. Pannan, Znorg. Nucl Chem. 

Letters, 10, 229 (1974). 
14 E. M. Krankovits, R. J. Magee and M. J. O’Connor, Znorg. 

Chbn. Acta, 7, 528 (1973). 
15 F. W. Pijpers, A. H. Dix and G. M. van der Linden, Znorg. 

Chim Acta, II, 41 (1974). 
16 A. Fregda, Rec. Trav. Chim, 69, 416 (1950). 
17 S. Akerstrom, Acta Chem &and., 17, 1187 (1963). 
18 S. Araki, M. Matsumoto, K. Tanaka and T. Tanaka, J. 

Znorg. Nucl. Chem, 38, 727 (1976). 
19 B. J. McCormick and D. L. Greene, Znorg. NucZ. Chem 

Letters, 8, 599 (1972). 
20 D. L. Greene, B. J. McCormick and C. G. Pierpont, Znorg. 

Chem, 12, 2148 (1973). 
21 R. J. Magee and M. J. O’Connor, Znorg. Chin-z. Acta, 5, 

554 (1971). 
22 C. H. Yoder, A. Komoriya, J. E. Kochanowski and F. H. 

Suydam,Z. Am Chem Sot., 93, 6515 (1971). 
23 A. E. Lemire and J. C. Thompson, J. Am. Chem. Sot., 

93, 1163 (1971). 
24 A. E. Lemire and J. C. Thompson, Can. J. Chem., 50, 

1386 (1972). 
25 R. F. Dalton and K. Jones,J. Chem Sot. A, 590 (1970). 

26 K. Tanaka. S. Araki and T. Tanaka, Znorg. Chim. Acta, 
16, 107 (1976). 

27 J. Parrod, Compt. Rend., 234, 1062 (1952). 
28 M. Honda, M. Komura, Y. Kawasaki, T. Tanaka and R. 

Okowara, Z. Znorg. Nucl. Chem., 30, 3231 (1968). 
29 J. R. Holmes and H. D. Kaesz. J. Am Chem. Sot.. 83. I 

3903 (1961). 
30 T. Kamitani. H. Yamamoto and T. Tanaka. J. Znora. 

Nucl. Chem,‘32, 2621 (1970). 
31 K. Tanaka, S. Araki and T. Tanaka, Bull Chem. Sot. 

Japan, 46, 2136 (1973). 
32 T. Kamitani and T. Tanaka, Znorg. NucL Chem. Letters, 

6, 91 (1970). 
33 T. N. Mitchell, J. Organomet. Chem., 59, 189 (1973). 
34 G. Domazetis, R. J. Magee and B. D. James, J. Organo- 

met. Chem., 148, 339 (1978). 
35 G. Domazetis, R. J. Magee and B. D. James, submitted 

for publication. 
36 B. de Poorter and M. Gielen, J. Organomet. Chem., 124, 

161 (1977). 
37 T. Kimura, N. Yasuoka, N. Kasai and M. Kakudo, Bull. 

Chem. Sot. Japan, 45, 1649 (1972). 
38 G. M. Sheldrick and W. S. Sheldrick, J, Chem. Sot. A, 

490 (1970). 
39 G. M. Sheldrick, W. S. Sheldrick, R. F. Dalton and K. 

Jones,J. Chem. Sot. A., 493 (1970). 
40 P. F. Lindley and P. Carr, J. Cryst. Mol. Struct., 4, 173 

(1974). 


