
95 

Journal of Organometallic Chemistry,~212 (1981) 95-105 

Elsevier Sequoia S.A., Lausanne - Printed in The Netherlands 

q-C,H5(CO)LFe-SUBSTITUTED IMIDATES OF ACRYLIC ACID. SYNTHESIS 

AND STRUCTURE 

L.V. RYBIN, E.A. PETROVSKAYA, AS. BATSANOV, Yu.T. STRUCHKOV and M.I. 
RYBINSKAYA l 

Nesmayanov Institute of Organo-Element Compounds of the Academy of Sciences of the 
U.S.S.R., Vavilova St. 28, Moscow B-334 (U.S.S.R.) 

(Received December 2nd, 1980) 

Summary 

Ethylation of Cp(CO)2FeCH=CHCONR, (I) yields the imidates [Cp(CO),- 
FeCH=CHC(3Etb=NRJ’X- (II). A photochemical reaction between I and 
PPh3 yields Cp(C0) (PPh3)FeCH=CHCONR, (III) from which the corresponding 
imidates (IV) can be obtained. 

Spectral data suggest that the positive charge in II and IV is localized mainly 
at the imidate group and that the participation of the Cp(CO)LFe substituent in 
the stabilization of the positive charge is insignificant, particularly in the case of 
cations II. 

This conclusion is confirmed by X-ray analysis of IIb. Determination of the 
exact structure of IIb also reveals the absence of a direct interaction between 
the metal and the cationic center even though the complex has cis geometry. A 
reaction between Ic and Fe,(C0)9 yields a binuclear complex (IV). The initial 
complexes I were obtained by substitution of the anion [CpFe(C0)2 J- for 
chlorine in CICH=CHCONR2. These reactions are stereospecific. 

Introduction 

Ethylation of $-vinyl derivatives of Cp(CO)LFeCH=CHCOX yields the 
cations[Cp(CO)LFe-CH=C(X)OEt]‘. Formally, these can be regarded as ally1 
cations in which one of the substituents is the o-bonded Cp(CO)LFe group_ The 
contribution of this group to the positive charge distribution depends, on the 
one hand, on its own electron-donating ability, which becomes more pro- 
nounced as one goes from complexes with L = CO to those with L = PPh3 and, 
on the other, on the capacity of the other terminal substituent X to interact 
with the electron-deficient carbon atom. 

As was shown in the previous paper [I], for X = alkyl or aryl groups, the 
effect of the Cp(C0) (PPh,)Fe group on the positive charge distribution is rather 
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strong. In the present work, cationic complexes with X = NR2 (imidates) were 
synthesized and their structure examined. 

Results and discussion 

The ethyiation of amides I according to the method of Meerwein [Z] yields 
imidates (II): 

/&Et 
Cp(C0)2FeCH=CHCONR, + Et3 O”BF; + Cp(CO)2FeCH=CHC,/+ 

kNR2 
BF,- 

(Ia, R = H, frans; 
Ilb, R = H, cis; IIc, Rz = (CH,), , trans) 

The amides I were, in turn, synthesized through the interaction of [Cp(CO),Fe] - 
with the amides of trans- and cis-P-chloroacrylic acids: 

CICH=CHCONR2 + [Cp(C0)2Fe]- + Ia-Ic 

These reactions, in which nucleophilic substitution of the CpFe(CO), group 
for chlorine takes place, proceed without any change in the configuration at the 
vinyl carbon atom. 

The CO ligand in complexes I can be photochemically replaced by triphenyl- 
phosphine. The phosphine derivatives (III) are also readily ethylated to imidates 
(IV): 

I. + PPh3 + Cp(CO)(PPh3)FeCH = CHCONR* a 

(III) 
/Et 

Cp(CO)(PPh3)FeCH=CHC* 
\NR, 

BF,- 

(IVa, R = H; 
IV6 Rz = (CH,),) 

Complexes I-IV are yellow (I and II) or orange (III and IV) solids, stabIe in 
air. Tables 1 and 2 give the spectral characteristics of these compounds, which 
are consistent with the structure assigned to them. 

The ethylene bond in I is capable of n-complexing with iron carbonyls. When 
Ic is heated together with Fe,(C0)9, a binuclear complex (V) is formed, analo- 
gous to the complexes yielded earlier by the interaction between o-vinyl deriva- 
tives of cyclopentadienyl iron dicarbonyl and Fe2(CO)9 [3] : 

Cp(CO),FeCH=CHCON(CH,), + Fez(C0)9 --f Cp(CO)FeCH=CHCON(CH& 

(Ic) C b\/ Fe(CO), 

CV) 
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TABLE 1 

IR SPECTRA OF COMPLEXES I-V <cm-‘) 

Complex v<c=cj u<NONR2)= 6<NH)= V<CGO) b 

la 1550 1650 - 

lb 1535 1665 

IC 1540 1615 - 

Ila 1510 1670 

IIb 6 1505 1670 

IIC 1550 1625 

Illa 1545 1670 
Illb 1535 1615 
IVa 1500 1680 
IVb 1500 1650 

V 1440 1610 

=KBrpellet.' In CHC13. fHexafluorophosphatesaIt. 

2025 
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Imidates II and IV are very stable towards hydrolysis. They can be precipi- 
tated from aqueous or water/alcohol solutions in the form of hexafluorophos- 
phates. When an aqueous. solution of IIb is heated only cis-tram isomerization, 
rather than hydrolysis of the imidate group, takes place. 

Comparison of the IR and NMR spectra of cations II and IV with those of 
theirneutralprecursors1 andIII,as wellas thea-ketovinylderivatives Cp(CO)- 
(PPh3)FeCH=CHCOR (VI) and their ethylation products [Cp(CO)(PPh3)- 
FeCH-%Il?C( RF*Et]‘X- (VII) [ 11, enables some conclusions to be drawn 
concerning the role of the Cp(CO)LFe group in the electron density distribution 
in ally1 cations of the [Cp(CO)LFeCIl=%Il?CXEt]+ type. The effect of this 
group is particularly pronounced in cases where the other terminal substituent 
X exhibits a slight electron-donating effect. We have previously studied such a 
situation for the salts VII. In the 13C NMR spectra of complexes VII the signal 
due to the carbon atom bonded to the metal (C,) is shifted to weak field 
(6 - 300 ppm) and is found in a region of carbocations [4] or carbene com- 
plexes [ 53. 

A different picture is observed in the case of acrylimidate complexes II and 
IV. In these compounds the positive charge is localized mainly within the 
imidate group. Therefore, the Cp(CO)LFe substituent plays only an insignificant 
role in the stabilization of the charge at the ally1 cation. This conclusion agrees 
with the slight towards higher frequency of the stretching vibrations of the 
C=-0 ligand (Av - 10-15 cm-‘) and with that to the low field of tlne signals of 
the cyclopentadienyl protons (A3 - 0.3 ppm) when going from I to II or from 
III to IV. Note, for comparison, that the corresponding values in going.&om VI 
to VII are 35 to 40 cm-’ and 0.6 ppm [ 11. 
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In the 13C NMR spectra of cations II and IV the signals of C, are shifted to 
weak field compared to the initial neutral amides I and III, but this shift is 
insignificant. 

As expected, the greater electron-donating ability of the metal-containing 
group, exhibited in the case of substitution of triphenylphosphine for the CO 
ligand (i.e. in going from II to IV), results in a more active participation of this 
group in the stabilization of the ally1 cation, which manifests itself in the 
increased low-field shift of the C, signal. 

For a more accurate determination of the nature of the bonding in cations.11, 
the hexafluophosphate (IIb) was subjected to X-ray analysis. This cis isomeri 
was selected for X-ray analysis because determination of its structure would 
also provide an answer to the question of whether the cationic center interacts 
directly with the metal. The cis geometry of the molecule must presumably 
promote such an interaction. 

Mo1ecularstructureofcomplexI.b 

The crystal structure of IIb comprises discrete [ ($-C5-H5) (CO)ZFeCH= CHC- 
(NH,)OEt]’ and PF; ions (Fig. 1) whose most important bond lengths and 
valence angles are summarized in Table 3. 

The iron atom is coordinated by the $-cyclopentadienyl Cp ring, being 
located at 1.74 A from its mean plane (the average Fe...C(Cp) distance is 
Z-098(8) A), by two CO groups, and by the C(3) atom of the o-vinyl ligand. The 
Fe-G(3) bond is somewhat shorter (l-943(5) A) than in trans-[Cp(CO),- 
FeCH=CH-_I. (VIII) (x,987(5) A) [6], but is practically the same (1.93- 
1.94 A) as in the a-vinyl ligands containing strong electron-accepting substi- 
tuents (F, CF,) [7]_ In IIh such a substituent is the cationic center. 

The C(3) atom is in eclipsed conformation with the C(9) atom of the Cp ring, 
whereas the carbonyl C(1) and C(2) atoms are above the C(lO)-C(ll) and 
C(8)-C(12) bonds, respectively, so that the immediate environment of the Fe 
atom has an approximate m local symmetry plane passing through the Fe, C(3), 

Fig. 1. The structure of complex ILb. 
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TABLE3 

20NDLENGTHSd(&ANDANGLESw(" ) 

Bond d Bond d Bond d 
____ 

Fe-C(l) 
F&(2) 
Fe-G(3) 
Fe-G(8) 

Fe-C@) 
Fe--C(lO) 
Fe-C(ll) 
Fe-C(l2) 

C(l)--o(l) 

l-755(5) 
l-754(5) 
1.943(5) 
2_103(7) 

2.10(l) 
2.092(7) 
2.112(7) 
2.088(6) 
l-133(6) 

C<2)-0(2) 
C<3)--c<4) 
C(4)-C(5) 
c!<5+0<3~ 

C(5)-N 
N--II(l) 
N-H(2) 

0(3)-C(6) 
C(6bC(7) 

l-143(6) 
l-343(7) 
l-444(7) 
1.303<5) 

l-305(7) 

O-92(6) 
O-88(7) 
l-462(6) 
1.48(l) 

(3(8)-(W) 
C<S)-c<12) 
c<9)-c(lo) 
c<1o)-c<l1) 

C(ll)-C(12) 
A"era@-s 
P-F 
C<S~*)-H 
C(sp3)-H 

Angle w _4ngle w Angie w 

1.39(l) 
1.38(l) 
i.38<2) 
1.41(l) 

1.38(l) 

l-52(3) 
0.92<14) 
1.02(7) 

C(lIFeC(2) 96.3(2) C<4)C<5)0<3) 118.2<4) H<l)NH<P) 118(6) 

C(l)FeC(3) 90.3(2) C(4)C(5)N 120.2(5) C(9)C(6W(l2) 105.8(7) 

C(2)FeC(3) 90.3(2) 0(3)C(5)N 121.7(4) C(6)C(9)C(lO) 109.7(9) 

F&(1)0(1) 177.1(5) C(5)0(3)C(6) 121.4(4) c(9)c(1o)c(11) 107.3(8) 
FeC(2)0(2) 178.4(5) 0(3)C(6)C(7) 107.3(5) c(lo)c(ll)c(3 2) 106_2(7) 

FeC(3)C(4) 138.4(4) C(S)NHU) 121(4) c(8Mx12)c(ll) llLl(6) 

C(3)C(4)C(5) 128_4(5) C(S)NH(2) 121<5) 

C(9) atoms and the midpoint of the C(ll)-C(12) bond. A similar conformation 
also occurs in VIII. 

The vinyl moiety has a cis configuration with respect to the double C(3)- 
C(4) bond, and is planar, forming a dihedral angle of 99.5” with the Cp ring. 
The C(5)-0(3) (l-303(5) A) and 6(5)-N (1.305(7) A) bonds are shorter than 
the normal C-O bonds in esters (1.358 a) and C-N bonds in amides (1.333 A), 
respectively [S]. The C(5) and N atoms have a planar-trigonal (sp’) geometry 
(their coordination planes coinciding within experimental error), the C(5)0(3)- 
C(6) angle of 121.4(4)” also corresponding to the sp*-hybridization of the O(3) 
atom. Hence, the delocahzation of the positive charge occurs along the 
NC(5)0(3) moiety aind does not extend over the FeC(3)C(4)C(5) moiety 
inclined to it at 23.3”, since the C(4)-C(5) bond length of 1.444(7) BL 
approaches the standard length of the normal bond between sp*-hybridized car- 
bon atoms, which is equal to 1.465 A [S]. 

No direct interaction exists between the cationic center and Fe,* as indicated 
by large Fe...C(5) (3.695(5) a) and Fe...0(3) (3.419(3) a) distances and the 
large FeC(3)C(4) and C(3)C(4)C(5) angles (138.4(4)” and 128.4(5)“, respec- 
tively, as compared to the ideal value of 120”) typical of nonchelate o-vinyl 
complexes of iron ]6,7,9], as WeII as by the absence of perceptible distortions 
of the bond angles at the Fe atcm. Only the C(l)FeC(2) angle of 96.3(2)” is 
markedly different from the ideal 90” for the octahedral geometry of the 
metal, but this can also be explained by the steric repulsion due to short intra- 
molecular 0(3).--C(l) (Z-846(6) .A) and 0(3).X(2) (2.797(6) A) distances. 

The octahedral PF,- anion is disordered and distributed with equal occupan- 
cies between two orientations differing from each other by rotation about the 
F(l)PF(B) axis by ea. 45”. The F(3), F(4), F(5) and F(6) atoms thus occupy 
two positions denoted F(31) and F(32), and so on. The ellipsoids of thermal 
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TABLE 4 

HYDROGEN BONDS 

D-H...A Distances (A) Angle D-H-A (“) 

D...A H...A 

N-H(l)...F(l) = 2.98(l) 2.11(6) 158(5) 

N-H(2)...F(41) b 3.19(l) 2.3X7) 160(6) 

N-H(2)...F<42) b 3.09(l) _ 2.26(7) 159(7) 

Atoms. obtained from the basic by symmetry operations: a 1 -x. Y + 112. 112 - 2. b X. 112 - Y. 2 - 112. 

vibrations of the F atoms, strongly elongated in a tangential direction, suggest 
the possibility of a more complex disordering or intense libration-induced vibra- 
tions of the anion, which accounts for the poor accuracy of its determined 
geometric parameters. 

The H(2) atom of the amino group forms a hydrogen bond with the F(4) 
atom at both of its positions (Table 4), whereas H(1) forms a bond with the 
F(2) atom of another anion generated from the first one by the symmetry 
center l/2, l/2, 0. As a result, cycles are formed in the structure around this 
center, including two anions and two cations each. 

Experimental 

The starting materials were prepared by literature procedures: frans-3-chloro- 
acrylic acid [lo], its chloride and amide 1111, cis-3-chloroacrylic acid, its 
chloride and amide [lZ] . The complexes were synthesized and purified in an 
argon atmosphere. 

The IR spectra were recorded with a UR-20 spectrometer in KBr pellets or 
CHCl, solution; the ‘H NMR spectra were obtained with a Hitachi-Perkin Elmer 
R-20 spectrometer (60 MHz); and the i3C NMR spectra were obtained with a 
Bruker HX-90 spectrometer (22.63 MHz). 

X-ray experiments were carried out using a Syntex P2i 4-circle automatic 
diffractometer, graphite monochromated MO-& radiation, and the computa- 
tions were made with an Eclipse computer using EXTL software. 

The crystals of IIb are monoclinic, at 20°C (I = 6580(l), b = 9.652(l), c = 
26.111(4) A, /? = 92.50(2)“, V = 1656.8(5) a”, M = 421.1, dcalc = 1.69 g/cm3, 
2 = 4, space group p2i/c. 

The intensities of 3201 reflections were measured by the e/28 scan technique 
(1 < 8 G 25”), and 2116 reflections with I > 20 were used in the calculations. 
The structure was determined by the heavy atom technique and refined by the 
least squares method in an isotropic approximation to R = 0.131. A more accu- 
rate definition of the population factors for different positions of disordered F 
atoms did not reveal any perceptible deviations from 0.5, therefore in further 
refinement they were ascribed fixed values of 0.5. Refinement of all non-hydro- 
gen atoms in an anisotropic approximation reduced R to 0.067. All H atoms 
were determined objectively by difference synthesis of the electron density and 
refined in an isotropic approximation. The final values R = 0.052 and R, = 
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0.050 were obtained with the use of weighting scheme W-’ = d(P) + (0.01F~)2. 

For atomic coordinates see Tables 5 and 6. 

Preparation of frans-ClCH=CHCON(CH,), 
A solution of 17 g (0.2 mol) of piperidine in 50 ml of absolute ether was 

added dropwise to a solution of 12.65 g (0.1 mol) of the chloride of trans-3- 
chloroacrylic acid in 50 ml of absolute ether with stirring and cooling with ice. 
2.5 hours later the reaction mixture was allowed to warm to room temperature 
and the precipitate was filtered off. Ether was removed from the filtrate and 
the residue was distilled in vacuum. 5.2 g (ca. 30%) of the piperidide of trans-3- 
chloroacrylic acid were obtained, b-p. 142”C/14 mmHg. Found: C, 55.80; H, 
7.15; Cl, 19.87; N, 8.14. CsH&lNO, calcd.: C, 55.33; H, 6.97; Cl, 20.42; N, 
8.06%. 

Preparation of trans-CpFe(CO),CH= CHCONH, (Ia) 
A solution of NaFe(CO),Cp obtained from 13.6 g (0.04 mol) of [CpFe(CO)z], 

in 200 ml of THF was added dropwise with stirring at -78°C for one hour to a 
solution of 7.75 g (0.075 mol) of ClCH=CHCONH, in 50 ml of THF. The reac- 
tion mixture was allowed to warm to room temperature, and the solvent was 
removed in vacuum. The residue was chromatographed twice on a column with 
A1203 (eluent CH2C12). Yield: 12.2 g (ca. 70%) of a complex Ia, m.p. 147-149OC 

(dec.) (toluene). Found: C, 48.57; H, 3.82; Fe, 22.65; N, 5.63. ClOHgFeNO,, 
&cd.: C, 48.62; H, 3.67; Fe, 22.61; N, 5.67%. 

Preparation of cis-CpFe(CO)2CH=CHCONH2 (Ib) 
A solution of NaFe(CO),Cp obtained from 5.5 g (0.015 mol) of [CpFe(C0)2]2 

in 50 ml of THF was added dropwise with stirring at -78°C for one hour to a 
solution of 3.25 g (0.03 mol) of cis-ClCH=CHCONH, in 50 ml of THF. The 
reaction mixture was allowed to warm to room temperature, and the solvent 
was removed in vacuum. The residue was chromatographed twice on a column 
with A1209 (eluent CH,Cl,). Yield: 4.85 g (64%) of Ib, m.p. 135-137°C (dec.) 

TABLE6 

Atom X Y Z B . 

H(1) 166(9) 627(6) 32(2) 8(2) 
H(2) 354<10) 594<8) 67(3) lW2) 
H(3) 388(6) 816<4) 210(2) 4(l) 
H(4) 368<6) 663(4) 151(2) 3(l) 
H(61) -127(7) 705(5) 33(2) 5(l) 
W62) -10(7) 842<5) lW2) 6(l) 
H(71) -375(7) 855<5) 78(2) 6(l) 
~(72) -371(9) 881(6) 19(2) 8(2) 
H(73) -241(10) 987(7) 6W3) lO(2) 
H(8) 562(11) 1158(8) 189(3) 1x2) 
H(9) 426(1Oj 1017<7) 261(3) 8(2) 

HW) 72(10) 1041(7) 284(3) %2) 
W11) -=<g, 1221(7) 231(2) 9(2j 
H(12j 225(8) 1296(6) 179<2) 6(2) 
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(toluene). Found: C, 48.66; H, 3.64; Fe, 22.70; N, 5.68. CloH9FeNOs, &cd.: 
C, 48.62; H, 3.6’7; Fe, 22.61; N, 5.67%. 

Preparation of trans-CpFe(CO)zCH=CHCON(CH~)5 (Ic) 
A solution of NaFe(CO),Cp obtained from 5.35 g (0.015 mol) of [CpFe- 

(CO),12 in 50 ml of THF was added dropwise with stirring at -78°C for one 
hour to a solution of 5.22 g (0.03 mol) of CICH= CHCON(CH,),. The reaction 
mixture was allowed to warm to room temperature and the solvent was removed 
in vacuum_ The residue was chromatographed on a column with AlzOs 
(eluent CH,CI,). Yield: 4.9 g (52%) of complex Ic, m-p. 132-134°C (dec.) 
(petroleum ether)_ Found: C, 57.80; H, 5.40; Fe, 18.09; N, 3.98. Ci5H1,FeN03, 
&cd.: C, 57.16; H, 5.44; Fe, 17.72; N, 4.44%. 

Preparation of trans-CpFe(C0) (PPh,)CH=CHCONH, (IHa) and CpFe(CO)- 
(PPh,)CH= CHCON(CH,), (IIIb) 

A mixture of 5 mm01 of Ia ard 6 mmol of PPh, in 50 ml of THF was exposed 
to ultraviolet light for 20 hours at 20°C. The precipitate was filtered off. Yield: 
1.95 g (80%) of IIIa, m-p. 195-197°C (dec.) (methanol). Found: C, 67.01; H, 
4.96; Fe, 11.90; N, 2.71. CZ7HZ4FeN02P, calcd.: C, 67.37; H, 5.03; Fe, 11.60; 
N, 2.91%. 

In a sir&r manner IIIb was synthesized from Ic; yield: 80%, m-p. 197-199°C 
(dec_) (methanol). Found: .C, 69.97; H, ‘5.96; Fe, 9.99; N, 2.33. C32H32FeN02P, 
calcd.: C, 69.95; H, 5.87; Fe, 10.16; N, 2.55%. 

Preparation of complex V 
A mixture of 3.15 g (O-01 mol) of CpFe(CO),CH=CHCON(CH,), (Ic) and 

3.64 g (0.01 mol) of Fe,(C0)9 in 50 ml of absolute benzene was stirred for two 
hours at 36-38°C. The solvent was removed in vacuum. The precipitate was 
washed with methanol. The yield was 1.6 g of complex V. Methanol was 
removed in vacuum, and 1.3 g of complex V were additionally separated from 
the residue by means of thin-layer chromatography (A1203, eluent CH&). 
Total yield: 64%, m-p. 127-129°C (dec.). Found: C, 47.46; H, 3.98; Fe, 
24.93; N, 3.10. C18H1,FeZN06, calcd.: C, 47.51; H, 3.77; Fe, 24.55; N, 3.08%. 

Ethylation of com&exes I and III_ Preparation of II and IV 
1.23 g (5 mmol) of Ia and 0.95 g (5 mmol) of Et,O’BF,- were stirred at room 

temperature for 30 minutes and the solvent was removed in vacuum. The residue 
was reprecipitated from CH,CI, with petroleum ether. Yield: 1.5 g (80%) of 
IIa, m-p. 153-155°C (dec.). Found: C, 39.49; H, 3.97; Fe, 14.95; N, 3.71. 
C12H14BF4FeNOs, c&d.: C, 39.71; H, 3.89; Fe, 15.39; N, 3-86s. 

Similarly, ethylation of Ib, Ic, IIIa and IIIb yielded 80% of IIb, IIc, IVa and 
IVb, respectively. 

Complex IIb. Hexafluorophosphtite, m-p. 158-160°C (dec.). Found: C, 
34-34; H, 3.30; Fe, 13.97; N, 3.39. C12H14FeF6N03P, calcd.: C, 34.23; H, 3.35; 
Fe, 13.26; N, 3.33%. 

Complex IIc_ Hexafluorophosphate, m.p. 110°C (dec,) Found: C, 41.63; H, 
4.56; Fe, 11.52; N, 3.89. C,,H,,FeF,NO,P, c&d.: C, 41.74; H, 4.53; Fe, 
11-42; N, 2.86%. 
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Complex IVa. Fluoroboride, m-p. 109-113°C (dec.). Found: C, 59.74; H, 
5.38; Fe, 8.99. C;117H22BF4FeNOZP, c&d_: C, 58.32; H, 4.89; Fe, 9.35%. 

CompZe3c IVb. Hexafluorophosphate, m.p. 136-138°C (dec.). Found: C, 
56.28; H, 5.49; Fe, 8.06. C34H37FeN02P2F6, c&d.: C, 56.44; H, 5.15; Fe, 
7.72%. 

References 

1 

2 

3 

4 

5 

6 
7 

8 

9 
10 
11 

12 

A-N. Nesmeyanov. E.A. Petrovskaya, L.V. Rybin and M.I. Rybinskaya. Izv. Akad. Nauk. SSSR, Ser. 
Khim.. (1979) 2045. 
H. Meermein. Oxoniumsalze. in Houben-Weyl (Ed.). Methoden der organ&hen Chemie. Vol. 6. Verlag 

Chemie. Weinheim. Bergstrasse, (1965). p. 325. 
A.N. Nesmeyanov. 1cI.I. Rybinskaya. L.V. Rybin. VS. Kaganovich and P.V. Petrovskii. J. Organometal. 
Chem.. 31 <1971) 257. 
G.A. Olah and A.M. White. J. Amer. Chem. Sot., 91 (1969) 5801. 

D.J. Cardin. 8. Cetinkaya and M.F. Lappert, Chem. Revs.. 72 (1972) 545. 
M.R. Churchill and J. Wormaid. Inorg. Chem. 8 (1969) 1936. 
V.G. Andrianov. M.A. Khomutov. I.B. Zlotina. N.Ye. Kolobova and Yu.T. Struchkov. Koord. 
Khimiya. 5 (1979) 283. 
L-E. Sutton (Ed.). Tables of Interatomic Distances and Configurations in Molecules and Ions, Chemical 

Society. Special Publication. No. 18. London. 1965. 
M-R. Churchill and J. WormaId, J. Amer. Chem SOL 93 (1971) 354. 
H-J. Backer and A.E. Beute. Rec. Trav. Chim. Pays-Bas. 54 (1935) 167. 
M.M_E. Gryszkielvicz-Trochimowski. W. Schmidt and O_ Gryszfiiewicz-Trochimowski. Bull. Sot. 
Chim. France. (1948) 593. 
A.N. Kurtz. W.W. Biups, R.B. Greenlee. H.F. Hamil and W-T. Pace, J. Org. Chem.. 30 (1965) 3141. 


