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Abstract 

Tribenzyl(2-pyridinethiolato_-N-oxide)tin(IV), [(C,H,CH,)1Sn(2-SCSH,~O)], 
crystallizes in space group Pl, with a 9.169(2). b 10.498(3), c 13.511(4) A, (Y 
91.54(2), j3 104.61(2), y 112.49(2)” and Z = 2. The structure has been refined to 
R = 0.028 using 4593 observed MO-K, reflections. The molecule adopts a configura- 
tion displaced 91% from a trigonal bipyramid to a square pyramid along the Berry 
pseudorotation pathway. The basal plane is composed of the oxygen and sulfur 
atoms of the chelating 2-pyridinethiolato ligand and the carbon atoms of two benzyl 
groups [Sn-0 2.261(2), Sn-S 2.577(l), Sn-C 2.189(3), 2.196(3) A]. The apical 
tin-carbon bond [Sn-C 2.167(3) A] is shorter than the other two tin-carbon bonds. 
The tin atom is displaced 0.64(l) A from the basal plane in the direction of the 
apical carbon [sum of the basal angles = 341.7(4)“] and the Cap,_-Sn-Lb_, angles 
are in the range 100.1(l)-110.1(l)“. The unusual geometry of tribenzyl(2- 
pyridinethiolato-N-oxide)tin(IV) provides the first example of polytopal dominance 
of the square-pyramidal configuration in pentacoordinated organotin compounds. 

Introduction 

Although there have been several reports of pentacoordinated triorganotin(IV) 
chelates, only the following have been crystallographically authenticated: trimethyl- 
tin- [l] and triphenyltin- [2] N-benzoyl-N-phenylhydroxamates, triphenyltin-1.3-di- 
phenylpropane-1,3-dionate [3], triphenyltin-quinoline-8-thiolate [4] and triphenyltin 
2-(2-hydroxy-5-methylphenyl)azobenzoate [5]. The tin atom in each structure is in a 
trigonal bipyramidal (TBP) environment, with the donor atoms of the chelating 
ligand spanning one equatorial and one axial site, thereby forcing one of the three 
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and by steric and electron-pair repulsion terms. Such compounds arc bat described 

as ‘pseudo-pentacoordinated’, and they mubt be distinguished from * true’ pentaco- 

ordinate structures whose geometries deviate ~ignificanti~ from idcalitcd THP. A 

particularly facile distortional mode which has been n-ell-di,cunlerlt~~~ for pcntacoor- 

dinated cyclic phosphoranea [I 31 and silicates [ 14 161 is the Ilerrv intramolecular 

ligand exchange coordinate 1171 involving the TBP and .qu,~re pyramid (SP, a< the 

cxtremc geometries. The Berrv mechanism reflects the intrinsic non-rigidit\; of these 

two representative geometric,,. and indeed. the SP is simpl! an interntcdI;ttc state’ in 

the interchange of axial and equatorial groups of the dominant ‘I-RI pol?tvpc. 

Experimental 
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Table 1 

Analytical data (Found (talc) (p/o)) for organotin 2-pyridinethiolato-N-oxides and tribenzyltin compounds 

M.p. C H N 

(“C) 

(GH,),Sn(2-SPyO) 113-114 58.00 (58.02) 3.96 (3.99) 2.87 (2.94) 
(C,H,CH,),Sn(2SPyO) 93- 94 59.77 (60.27) 4.86 (4.83) 2.67 (2.70) 
(c-GHI,)+K2-SPyo) 92- 93 55.55 (55.90) 7.53 (7.49) 2.85 (2.84) 
(C,H,CHz),SnSC(S)N(CH,), 94- 95 56.27 (56.28) 5.35 (5.28) 2.74 (2.74) 
(C,H,CH,),SnCl.(C,H,),AsO 1388139 61.71 (62.47) 4.81 (4.80) 

Table 2 

Data collection and processing parameters for tribenzyl(2-pyridinethiolato-N-oxide)tin 

Molecular formula 

Molecular weight 

Crystal size 

No. of reflections for lattice 

parameters 

Cell constants 

Density (exptl) 

Density (calcd) 

Space group 

Standard reflections 

Intensity variation 

R,,, (from merging equivalent 

reflections) 

Absorption coefficient 

Mean pr 

Transmission factors 

Scan mode and rate 

Scan range 

Background counting 

2%,X 
hkl 

Unique data measured 

Observed data with 

I&I >3u(lEI), fl 
Number of variables, p 

R=VF,l- IF,Il/~IF,l 
Weighting scheme 

wR=[Zv((F,I- IFcI)2/BwIFo~2]“2 

S=],=(lF,l- IF,l)2/(~-PN”2 
(A/u)max 
Residual extremes in final difference map 

C,,H,,NOSSn 

518.24 
0.34 x 0.32 X 0.22 mm3 

21 

a 9.169(2) A a 91.54(2) o 

b 10.498(3) A B 104.61(2)’ 

c 13.511(4) A y 112.49(2)” 

V 1151.6(5) A3, 2 = 2 
F(000) = 523.94 

1.51 g cm--3 (flotation in KI/H,O) 

1.495 g cmm3 

pi 
(21% (301) 
&lF 

0.010 

12.16 cm-’ 

0.17 

0.723 to 0.854 

w -28; 2.02-8.37 deg min-’ 

lo below KaI to 1 o above K,, 

stationary counts for one-half of scan time 

at each end of scan 
52” 

O<h<ll, -13<k<12, -17<1<16 

4916 

4593 

271 

0.028 

w=[o~(F,)+o.ooo5~F;,~~]-’ 

0.035 

1.140 

0.002 

+0.72 to -0.54 e Am3 
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of crystal class, orientation matrix and accurate unit-cell parameters were performed 
according to established procedures [23a]. Intensities were recorded at 22” C, and 
data collection and processing parameters are summarized in Table 2. Application 
of absorption corrections was based on a pseudo-ellipsoidal fit to azimuthal scans of 
selected strong reflections over a range of 28 values [23b,23c]. The intensities were 
processed by the learned-profile procedure [23d]. Structure solution was accom- 

Table 4 

Molecular dimensions (bond lengths (A), angles (O )) of tribenzyl(2-thiolatopyridine-N-oxide)tin (with 
standard deviations in parentheses) 

Sn-S 
Sn-C(6) 
Sn-C(20) 
O-N 
N-C(5) 

C(2)-C(3) 
C(4)-C(5) 
C(7)-C(8) 
C(8)-C(9) 
C(lO)-C(l1) 
C(13)-C(14) 
C(14)-C(19) 
C(16)-C(17) 
C(18)-C(19) 
C(21)-C(22) 
C(22)-C(23) 
C(24)-C(25) 

S-Sn-0 
0-Sn-C(6) 
0-Sn-C(13) 
S-Sn-C(20) 
C(6)-Sn-C(20) 
Sn-S-C(l) 
O-N-C(l) 
C(l)-N-C(5) 
s-C(l)-C(2) 
C(l)-C(2)-C(3) 
C(3)-C(4)-C(5) 
Sn-C(6)-C(7) 
C(6)-C(7)-C(12) 
C(7)-C(8)-C(9) 
c(9)-c(1o)-c(11) 
C(7)-C(12)-C(l1) 
C(13)-C(l4)-C(15) 
C(15)-C(14)-C(19) 
C(15)-C(L6)-C(17) 
C(17)-C(18)-C(19) 
Sn-C(20)-C(21) 
C(20)-C(21)-C(26) 
C(21)-C(22)-C(23) 
C(23)-C(24)-C(25) 
C(Zl)-C(26)-C(25) 

2.577(l) 
2.196(3) 
2.167(3) 
1.342(3) 
1.350(4) 
1.366(5) 
1.366(5) 
1.400(4) 
1.383(6) 
1.389(6) 
1.491(3) 
1.387(4) 
1.366(7) 
1.379(4) 
1.391(5) 
1.368(5) 
1.382(7) 

72.9(l) 
147.4(l) 

79.0(l) 
102.0(l) 
109.9(l) 

97.0(l) 
120.0(2) 
122.8(2) 
124.0(3) 
120.6(4) 
118.6(3) 
114.9(2) 
122.1(3) 
121.1(3) 
119.2(4) 
121.2(3) 
121.0(3) 
117.8(2) 
120.5(4) 
120.6(4) 
114.2(2) 
120.7(3) 
121.3(4) 
119.0(4) 
120.9(4) 

Sn-0 
Sn-C(13) 
S-C(l) 
N-C(l) 
C(l)-C(2) 
C(3)-C(4) 
C(6)-C(7) 
C(7)pC(l2) 
C(9)-C(10) 
C(ll)-C(12) 
C(14)-C(15) 
C(15)-C(16) 
C(17)-C(18\ 
C(20)-C(21) 
C(21)-C(26) 
C(23)-C(24) 
C(25)-C(26) 

S-Sn-C(6) 
S-Sn-C(13) 
C(6)-Sn-C( 13) 
0-Sn-C(20) 
C(13)-Sn-C(20) 
Sn-O-N 
O-N-C(5) 
S-C(l)-N 
N-C(l)-C(2) 
C(2)-C(3)-C(4) 
N-C(5)-C(4) 
C(7)-C(8)-C(9) 
C(8)-C(7)-C(12) 
C(8)-C(9)-C(10) 
c(1o)-c(11)-c(12) 
Sn-C(13)-C(14) 
c(13)Pc(14)-c(19) 
C(14)-C(15)-C(16) 
C(l6)-C(17)-C(18) 
C(l4)-C(19)-C(18) 
C(20)-C(21)-C(22) 
C(22)-C(21)-C(26) 
C(22)-C(23)-C(24) 
C(24)-C(25)-C(26) 

2.261(2) 
2.189(3) 
1.716(3) 
1.362(4) 
1.402(4) 
1.383(6) 
1.485(5) 
1.381(4) 
1.347(6) 
1.397(6) 
1.390(5) 
1.387(4) 
1.378(6) 
1.495(4) 
1.386(5) 
1.380(7) 
1.386(5) 

88.0(l) 
140.4(l) 
101.8(l) 
100.0(l) 
110.1(l) 
116.7(2) 
117.2(3) 
119.0(2) 
117.0(3) 
120.5(3) 
120.5(3) 
120.8(3) 
117.1(3) 
121.3(4) 
120.0(3) 
109.2(2) 
121.2(3) 
120.9(3) 
119.3(3) 
120.9(3) 
121.5(3) 
117.8(3) 
120.6(4) 
120.2(4) 
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plished by means of Patterson and Fourier methods. All non-hydrogen atoms in the 
asymmetric unit were subjected to anisotropic refinement. The h\drcyen ntomh oi 
the aromatic rings and methylene gr0up.s were generated gcom~tric~rl~y [il(C’ I-1) 
fixed at 0.96 A] and included in structure factor calculations with asGgnctl isc)tropic 
thermal parameters. All computations were perfol-med on ;I Data C~~w_al NOL:I 
3,112 minicomputer with tht: SHEIXTL. sysrem [27r]. Analytic csprtwion\ of 
neutral-atom scattering factors incorpotxting the rtxl :utd imaginarl conqx~ntwt~ of 
anomalous dispersion were cmploved j??f]. Blocked-cLwxd~ leaht-qu,uw refine- 

ments [23g] convergrd to the K indices and other parameters iihtcd 111 Tahic 2. 
Fractional atomic coordinatrs of the non-hydrogen ;ltomj art’ pi\~n in T'ahle 3. 

bond distances and angles in Table 4 and dihedral angles and Ieat-xquares plnnch in 
Table 5: tables of hydrogen coordinates and their temperatu~-e ~‘actors. structuw 
factors and anisotropic 
reyucst. 

Mtisshut~er .yectru 

These were recorded 
described previously [24] 

at 80 K on a C’ryophysics LMCksbaucr .\pcctrwnrtcr LIS 

and the data are pknted in Table 6. 
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Table 6 

‘19mSn Miissbauer data ” for tribenzyltin and related compounds (mm s-‘) 

IS h QS r, r2 

GH5)3SnWWO) 1.15 1.86 1.54 1.49 

(C,H,CH,),Sn(2-SPyO) 1.32 1.99 0.99 1 .oo 

(C,H,CH,),Sn(2-SPyO)/C,H, 1.31 1.99 0.94 0.91 

(C,H,CH,),Sn(2-SPyOW,H,N 7.32 2.02 1 .oo 1 .oo 

(c-C,H,,),Sn(Z-SPyO) 1.45 2.44 0.97 0.96 

(C,H,CH,)$nCl 1.51 3.00 1.15 1.06 

(C,H,CH2)3SnCl.(C,H,)3As0 1.42 3.19 0.93 0.90 

(C,H,CH,)$nSC(S)N(CH,), 1.46 1.94 0.92 0.89 

(C,H,CH,),SnOC(CH,)CHC(O)CH, ‘ 1.19 1.23 1.03 1.04 

” Error +0.05 mm s-‘. ’ Relative to CaSnO, or BaSnO,. ’ Formulation based on satisfactory ‘H NMR 
spectral integration. This compound was slightly air-sensitive. 

NMR spectra 

‘H NMR spectra were recorded at ambient temperatures in CDCl, using a JEOL 
PMX60si NMR spectrometer. The data are given in Table 7 along with the 
complete proton-decoupled 13C NMR data, which were obtained on a JELL JMN 
FX-100 instrument operating at 25.00 MHz, using CDCl, as solvent and internal 
lock. 

Table 7 

NMR data for organotin 2-pyridinethiolato-N-oxides and tribenzyltin compounds 

‘H NMR 

Compound ‘J(“%-C-‘H) (Hz) (1 

(C,H,CH,),Sn(2-SPyO) 64.5 

(C,H,CH2),Sn(2-SPyO) ’ 66.3 

(ChH,CH2),SnCl 66.3 ’ 

(C,H,CH,),SnCl ‘ 71.3 
(C,H,CHz),SnCl/Quin-N-oxide ’ 70.8 

(C,H,CH,),SnCI.(C,H,),AsO 82.3 

(C,H,CH,),SnSC(S)N(CH,), 67.1 

“C NMR 

Compound “J(1’ySn-‘3C) (Hz) a,-,, (ppm) &s,,o (ppm) 

(C,H,CH,)$n(2-SPyO) 311.3 27.9 (benzyl) 119.9, 128.5, 136.6, 

123.4, 127.3, 127.9, 128.2 141.5, 153.8 

(c-C,H,,),Sn(2-SPyO) 347.9 (C(1)) 35.6 119.5, 126.2, 128.7, 

17.1 (C(2)) 32.0 137.2. 154.0 

67.1 (C(3)) 30.6 

- (C(4)) 27.2 

(C,H,),S”(2-SPyO) 619.1 (quo) 144.5 119.7, 128.1. 128.5, 

46.9 (orlho) 136.5 137.0, 154.1 

61.5 (meta) 128.3 

13.7 (p&-a) 128.7 

a Chemical shift of the CH, group is in the 2.5-2.7 ppm range. ’ Lit.: 66.9 Hz: L. Verdonck and G.P. 

van der Kelen, J. Organomet. Chem., 5 (1966) 532. ” In pyridine as solvent. ’ Stoichiometric amounts in 

CDCI,. 



Results and discussion 

Cl7 
Cl0 

Cl2 

Cl 
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Fig. 2. Packing diagram of tribenzyl(2-pyridinethiolato-N-oxide)tin. The origin of the unit cell lies at the 

lower left corner, with a pointing from left to right at a downward slant, h upward, and c towards the 

reader. 

equal, these three dihedral angles are all 53.1” [28]. In the title compound, the 
respective angles are 76.2(4) 78.9(4) and 5.7(4)“. Thus, the dihedral angles argue 
against a TBP geometry. In the isomeric possibility with the S and C(13) atoms at 
the apical positions [C(13)-Sn-S 140.4(l)“], a similar set of dihedral angles can be 
defined which yields calculated values of 83.3(4), 67.3(4) and 5.3(4) O. The first set of 
dihedral angles clearly gives a better fit to the values of 75.7, 75.7 and 0.0” 
calculated for an ideal SP. With the set of nine dihedral angles [6,(,,,,, 6,,,,,,,o,,, 

&w,o~ &OO~ &~6~~~~20~~ 60,sT Scc6,.s~ &~l~~.o~ &6,c,13,1, the calculated percentage 
displacement [13] towards SP from TBP is 91. This value contrasts with the 77% SP 
character calculated for the inorganic tin derivative [(CH3),N]+[(C,H,S,),SnCl]- 

WI. 
The lengths of the Sn-C bonds in the title complex are in good agreement with 

corresponding values for tetrahedral [(C’,H,CH,),Sn] [2.18 A (av.)] [29] and 

[(C,H,CH,),Sn],O (2.167 A) [30] and the five-coordinated TBP compound 

[(C,H,CH,),SnOC(O)CH,] [2.17 A (av.)] [6]. The Sn-S bond of 2.577(l) A. though 
longer than the Sn-S bonds in [(C,H,),Sn],S (2.370, 2.403 A) [31], is much shorter 
than the dative Sn +-- S bond in the thiourea adducts of dimethyl- and diphenyltin 
dichlorides (2.729 and 2.686 A, respectively) [32]. The N-C, bonds [7.350(4), 
1.362(4) A] in the title compound are virtually of the same length. The pyridine-N- 
oxide plane is twisted with respect to the Sn-O-N plane by 32.8(3)“, in contrast to 
the sterically favored, near-orthogonal disposition of these planes in TBP complexes 
of tin and transition metals with monodentate pyridine (or quinoline) -N-oxide 
ligands [24427]. The phenyl ring of the apical benzyl group is approximately parallel 
to the pyridine-N-oxide ring [dihedral angle 4.7(4)“] and is 3.321 A from the pyridyl 
nitrogen. 

The molecules of the title compound are packed in the crystal lattice in such a 
way as to leave a vacant sixth coordination site opposite to the Sn-C(20) bond, 
rather reminiscent of the structure of square pyramidal pentaphenylantimony [33]; 
the shortest intermolecular contacts of tin are Sn . . . Sn’ 5.205 and Sn . . . S’ 4.147 
A, where the primed atoms are at (-X, -.v, -z). Although the extent of influence 

of packing forces on the present structure is unknown, we note that they have been 



invoked to explain the SP preference of the antimon). atom in [ K( 1X-crown- 

6)][(PhSb12 ),I] [34]. 
The Miissbauer spectral data f(or the title compound have bc~n c(~mpi1r~d with 

the triphenyl- and tricyclohexyl-tin analogues and with some selected tribrnzvltin 
svstems in Table 7. l-he magnitudes of the isomer shift values of the triorganotin 
compounds of 2_pyridinethic7lato-,“L’-oxide are awn to increase in the ortier (,, 11, <- 
c‘, H < CH , < cycle-C,, HI,. consistent with the a-donor propc‘~ tic\ of the tqanic 
moieties. The yuadrupole splitting (QS) values. ho\ve\cr. do not pcrmlt an unam- 
biguous assignment of the coordination number elf tin in these h~.htcm~ Ncwrthc- 
less. \ve are inclined to view the geomctq of the triqclohex>ltin dcri\;ltivc’ ;I> 
essential11 tetrahedral rather than ci.c-TRP b> analog) with other tric\clohe\\ltin 
systems. The Miisshauer data for the title compound wcw t_wentialI\ uwhanged 
when recorded for frozen wmplea in benzene or pyridinc. Th< Q.4 L,A~UC for 
[(C‘,H.CI-f~)ISnC1~(C‘,f-I~)~AsO] IS in the range csprctcd fi)r TI3P >tr‘ucturcx u ith 

equatorial locations of the swganiz groups 1351. The QS l‘c\r thz ;i~.‘ct\Incr’totl;ltc‘ 

derivative appears to he eutrtmely &mall for a CYY-TBP c~~nfiguration. 
In solution the tribenzqltin compounds appear to tw e~hcntiall~ i‘~~,ilr-C~),)rdinatl’ 

except for the adduct [(CCfH.CH.) ,%(‘I (C,,H<) ,AsOl. ah dcducccf fr-om their ‘H 
NMR spectra compared to the sp&rum of [(C,I-I,(‘H,):Sn(‘l]. IL: ‘.I( ““Sn <‘ ‘H) 
value of 66.3 Hz in the parent [(C,H5CH ,),SnC’I] is r-a&cd II, ca. 71 H/ in pkridinc. 
but this solvent exerts little <hangtz on thi title compound. I‘hc I’<‘ “i\fK &t;r fol 
the title compound and of related derivatives confirm thib finding. Thux onI\ on? 
benzylic carbon signal is observed. instead of the tv,w w.pected if cither A c,E~,-‘I%I’ or 
an SP geometry were retained in solution. Indeed. the I’(‘ NMR spc?c~trum of the 

title compound remained unchanged zvcn at -- ‘10 ” C‘. I’hc m;ipnittrde of 

1./(““Sn~-‘7C‘) is 311.3 Hz, much smaller than that of 429.1 H/ recorded for- the 
adduct [(C,H,CH~),SnCl !C‘,,H, )~AaO]. For the triphen?It!n analngutz. the ‘J of 
619.1 Hz similarly implies a four-coordinated tin envirc,nmrnt in b01ut1trn: c~f. 614.-q 
Hz for [(C‘,Hs)lSnCl] [36]. 

Acknowledgements 

We gratefully acknowledge the support of the Tin Industry (Rexarch and 
Development) Hoard. Malaysia. the Institute of Advanced Studies. I~niv~~sit~ of 
Malaya and the Ming Yu Cultural Foundation. Hong Kong t<;r:mt No. 63601 1000). 

References 



293 

10 E.M. Holt, F.A.K. Nasser, A. Wilson and J.J. Zuckerman, Organometallics, 4 (1985) 2073. 

11 R.G. Swisher, J.F. Vollano, R.O. Day and R.R. Holmes, Inorg. Chem., 23 (1984) 3147. 

12 J.F. Vollano, R.O. Day, D.N. Rau. V. Chandraaekhar and R.R. Holmes. Inorg. Chem., 23 (1984) 

3153. 
13 R.R. Holmes and J.A. Deiters, J. Amer. Chem. Sot., 99 (1977) 331. 

14 J.J. Harland. R.O. Day, J.F. Vollano, A.C. Sau and R.R. Holmes, J. Amer. Chem. Sot.. 103 (1981) 

5269. 

15 R.R. Holmes, R.O. Day, J.J. Harland. A.C. Sau and J.M. Holmes, Organometallics. 3 (1984) 341. 
16 R.R. Holmes, R.O. Day, J.J. Harland, J.M. Holmes, Organometallics, 3 (1984) 347. 

17 R.S. Berry, J. Chem. Phys., 32 (1960) 933. 

18 R.H. Hoppe, H. Riihrborn and H. Walker, Naturwissenschaften. 51 (1964) 86; B.M. Gatehouse and 

D.J. Lloyd, J. Solid State Chem., 2 (1970) 410. 

19 N.N. Maksimova and V.V. Ilyukhin, Sov. Phys:Crystallogr. (Engl. Transl.), 12 (1967) 105; W.G. 

Mumme, Amer. Mineral., 55 (1970) 367. 

20 A.C. Sau. R.O. Day, and R.R. Holmes, J. Amer. Chem. Sot., 103 (1981) 1264. 

21 S.W. Ng. Chen Wei, V.G. Kumar Das and T.C.W. Mak, J. Organomet. Chem., 326 (1987) C61. 

22 R.C. Poller, The Chemistry of Organotin Compounds, Academic Press. New York. 1970. 

23 (a) R.A. Sparks, in F.R. Ahmed (Ed.). Crystallographic Computing Techniques. Munksgaard, 

Copenhagen, 1976, p. 452; (b) G. Kopfmann and R. Huber. Acta Crystallogr., Sect. A, A24 (1968) 

348; (c) A.C.T. North, D.C. Phillips and F.S. Mathews, Acta Crystallogr., Sect. A, A24 (1968) 351; (d) 

R. Diamond, Acta Crystallogr., Sect. A, A25 (1969) 43; (e) G.M. Sheldrick. in D. Sayre (Ed.), 

Computational Crystallography, Oxford University Press, New York, 1982. p. 506: (f) International 

Tables for X-Ray Crystallography, Vol. 4. Kynoch Press, Birmingham, England. 1973, pp. 55, 99, 149; 

(g) J.W. Schilling, in F.R. Ahmed (Ed.), Crystallographic Computing, Munksgaard, Copenhagen, 

1970, p. 201. 

24 V.G. Kumar Das, C.K. Yap. SW. Ng, Chen Wei and T.C.W. Mak, J. Organomet. Chem., 311 (1986) 

289. 

25 A.L. Rheingold, SW. Ng and J.J. Zuckerman, Organometallics, 3 (1984) 233. 

26 C. Pelizzi, G. Pelizzi and P. Tarasconi, J. Organomet. Chem., 124 (1977) 151. 

27 G. Pelizzi, Inorg. Chim. Acta, 24 (1977) L24. 

28 E.L. Muetterties and L.J. Guggenberger, J. Amer. Chem. Sot., 96 (1974) 1748. 

29 G.R. Davies, J.A.J. Jarvis and B.T. Kilbourn, J. Chem. Sot.. Chem. Commun., (1971) 1511. 

30 C. Glidewell and D.C. Liles, Acta Crystallogr., Sect. B. B35 (1979) 1689. 

31 O.A. D’yachenko, A.B. Zolotoi, L.O. Atovmyan. R.G. Mirskov and M.G. Voronkov, Proc Acad. Sci. 

USSR (Chem. Sect.) (Engl. Transl.), 237 (1977) 1142. 

32 S. Calogero, G. Valle and U. Russo, Organometallics, 3 (1984) 1205. 

33 A.L. Beauchamp, M.J. Bennett and F.A. Cotton, J. Amer. Chem. Sot.. 90 (1968) 6675. 

34 J. van Seyerl. 0. Scheidsteger, H. Berke, and G. Huttner, J. Organomet. Chem., 311 (1986) 85. 

35 V.G. Kumar Das, SW. Ng, P.J. Smith and R. Hill. J. Chem. Sot.. Dalton Trans., (1981) 552. 

36 J. HoleEek, M. Nadvornik, K. Handlif and A. LyEka, J. Organomet. Chem., 241 (1983) 177. 


