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Summary 

Dodecacarbonyltetracobalt, Co, (CO), 2, &d dodecacarbonyltetrarhodi- 
um Rh, (CO), 2, react with olefins to give new olefin complexes, such as 
Rh, (CO), 4 (Diene), Rh, (CO),(NBD), (NBD = norbomadiene). Co,(CO), 
(CHT), Co4(CO)6(CHT)2 (CHT = cycloheptatriene), Co,(CO),(COT) and 
Rh,(CO), (COT), (COT‘= cy&ooctatetraene), in which the basic structures of 
the parent cluster carbonyls -are either retained or broken down. Plausible 
structures for these complexes are discussed on the basis of IR, NMR, and mass 
spectrometric data. 

Introduction 

Recently, many metal cluster complexes have been synthesized and their 
reactions described. However, there have been only a few studies on cobalt and 
rhodium carbonyl clusters. Substitution reactions of dodecacarbonyltetraco- 
bah =Q(CO), 2 3 and dodecacarbonyltetrarhodium, Rh, (CO), 2, with phos- 
phorus ligands [l - 43 and with alkynes [4 - 73 have been reported. Hexadeca- 
carbonylhexarhodiurn, Rh, (CO), 6, has been rep6rted to react with thiols, 
halogens and carboxylic acids IS]. We have now investigated the reactions of 
co* (CO), 2 and Rh,(CO), 2 with olefins. They react with diolefins, cyclohep- 
tatriene and cyclooctatetraene to give several new olefin complexes, and- we 
describe helow the preparation and characterization of these complexes. .. 

Results anddisCussion 

Reactions with diolefins 

Although the reactions of Co,(CO),, and RhB(mjZ2 with-monoolefins. 
such as l-h&xetie, acrylonitriJe and dimethyl. mdeate. did not afford any olefin 
complexes, they. reacted with. .diolefins to. give several .diene complexes: Reac- 
tions of Rh,(CO),.i-’ with diolefins, such as 1,5i;cyclooctadi&e, narlqmadiene, 
1,4_cyclohexa&en6 and’ 2,3dimethyl-1,3-butadiene. in refluxing ‘n-hexane gave 
crystalline c?mplex@s.: The&$ ‘complexes .were alsO:. d’btaitiec3 in Ijet&’ yields 
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TABLE 1. - 

PHYSICAL PROPERTIES AND ANALYTICAL DATA FOR R&(CO)14(Diene) 

Compound Physical properties Analysis. found 
(cald.) (%) 

Colour M.P. (“C) C H 

Mol. wt_e 

found 
(calcd.) 

Rh5(CC)I4(1&COD) =(I) 

Rhe(C0)14(NBD) ‘(II) 

Rh&O)i4(1&CHD) ‘(HI) 

Rh5(CO)I4(2.3-DM-lJ-BD)’ (IV) 

Dark brown ca. 140 23.65 1.04 1118f 

(dec.) (23.64) (1.08) (1118) 
Reddish ea. 145 23.13 0.64 1020 

brown (dec.) (22.89) (0.73) (1101) 
Dark brown. ca. 110 22.52 0.67 1033 

(dec.) (22.04) (0.74) (1090) 
Black ca. 135 22.20 0.98 1063 

(dec.) (22.00) (0.92) (1091) 

ol.5-COD = 1,5-cyclooctadiene. ‘NBD = norbornadiene. ‘i.4CHD = 1.4-c clohexadiene. 
‘2.3-DM-1.3-BD = 2.3-dimethyl-1.3-butadiene. ‘%PO method in CHs Cl2 _ Y Mass spectroscopy. 

from the reactions of Rh, (CO), 6 with diolefins in tetrahydrofuran under re- 
flux. Their physical properties and analytical data are shown in Table 1. The 
mass spectrum of the i,5cyclooctadiene complex (I) showed a molecular ion 
peak at m/e 1118. As the mass spectra of the other diene complexes were not 
obtained, their molecular weights were measured by the vapor pressure os- 
mometry method, which indicated values of about 1000. The IR spectra of the 
complexes showed absorptions at 1780 - 1790 cm-l indicating the presence of 
triply-bridging carbonyls, in addition to absorptions at 2000 - 2100 cm-l at- 
tributable to terminal carbonyls (Table 2). This pattern resembles that of 
Rh, (Co), s - 

From the above data, the diene complexes are formulated as Rh, (CO),, - 
(Diene) [ (I)-(IV)] . 

Rh,(CO),, + Diene 

Rh,KO),, + Diene 

Rh6(Cbl,,( Diene) 

TABLE 2 

IR AND NMR DATA FOR RHCDIHM COMPLEXES 

Compound IR data 

V(C0) (cnl-l ) 

(I) 2105 m, 2087 (sb). 2072 vs, 
2045 m. 2037 m. 1813 w (br) . 
1795 m (br). 1781 s(br). 1778 s(br) ’ 

(II) 2103 m. 2070 vs. 2059 vs. 
2035 s. 2024 s, 1815 m. 
1796 s(br). 1781 s(br), 1768 s(br) c 

(HI) 2103 rn. 2070 v% 2045 m. 
._ 2037-m. 2013 1820 (sh. br). 1792 s <br)b w, 

NMR data (6 ppm) o 

Olefinic Other 
protons protons 

4.70 (4H) 1.98 (4H) 
2.60 (4H) 

(r-w 2105 2083 2072 in. (sh). vs. 3.55 (4H) 2.19 (6H) 
.. (p 2045 2037 1816 m, m. br). 1801 m(br), 1777 s(br) 

(V). : -1828 vsc 

.<Ix, ._ 2002 vs(br),1763 s(br). 1741 s(br) d 4.96 (8H) 
5.05 (4H) 
6.12 (4H) 

oInCDCI3 .soIution. T&MS internal standard_ % CC14 solution_ =Ntiol muIL ‘in CH~CI~ solution. 
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Fig. 1. Proposed stm.hzt.Ure of Rh6<C0)14 (Diene). 

From scale models, it seems that the dienes in Rh, (CO), 4 (Diene). should 
be coordinated to one rhodium atom. A plausible structure consistent with the 
spectroscopic data is shown in Fig. 1. In these reactions, rearrangements of the 
metal atom cluster from tetranuclear to hexanuclear were observed. 

The reaction of Rh, (CO), s with norbornadiene at room temperature gave 
a dinuclear complex which was formulated as Rh, (CO), (C, Ha )a (V) from 
elemental analysis and mass spectral data. The mass spectrum showed a parent 
molecular ion peak [ Rh, (CO), (C, Ha )a ] +, together with peaks corresponding 
to the stepwise loss of two molecules of carbon monoxide and one molecule of 
norbornadiene giving [Rhs(C,H,),(CO),] + (IZ = 0, 1). and [Rhz(6,H,),] +. 
The IR spectrum showed the presence of bridging carbonyls only at 1828 cm-l 
(Table 2). The NMR spectrum w&s not obtained because of the low solubility 
of the complex. A plausible structure obtained from the above data is shown in 
Fig. 2. Other diolefins gave no corresponding complexes. 

The reactions of Co, (CO), s which had the same structure as Rh,(CO), a 
were also investigated. Reactions of Co,(CO),, with diolefins, such as nor- 
bornadiene, 1,3-cyclohexadiene, 1,4-cyclohexadiene and 2,3-dimethyl-1,3-buta- 
diene in n-hexane under reflux gave the complexes Co,(CO),(Diene), which 
were identical with those previously prepared from Co, (CO), and diolefins 
]9]_ The breakdown of the metal atom cluster to a dinuclear framework was 
observed in these cases. 

Co, (CO& + Diene ----+ Co, (CO),(Diene), 

Reactions with cycloheptatriene 
It has recently been reported that Co, (CO), s reacts with arenes to give 

Co,(CO), (Arene), in which arenes coordinate to one cobalt atom [lo]. The 

Fig. 2; Proposed StrU+I= Of Rh2(CO)2(C$&)J. 



1. .& 

reaction. of Co, (CO), s or Rh, (CO), 2 with cycloheptatriene is expected to 
give either-complexes similar to the above arene complexes or those in which 
cycloheptatriene coordinates to -three cobalt or rhodium atoms beneath the 
basal Ma (M = Co or Rh) triangle of M, (CO), 2. The reaction of Co, (CO), 2 
with cycloheptatriene in n-hexane under reflux gave two hinds of. cyclohepta- 
triene complexes, which were formulated as Co, (CO)a (C, Hs ) (VI) and 
cO,(CO), (C, H, )s (VII) respectively. The longer the reaction time;the higher 
the yield of (VII), but the yield of (VI) was almost unchanged. The reaction of 
(VI) with cycloheptatriene gave (VII), indicating the formation of (VII) via 
(VI). CompIex (VII) was also prepared in better yield in the reaction of 
Co, (CO), (P-C, Hq Me2 ) [lo] with cycloheptatriene. 

=q&=% Co,CCOl,C p - C6H,Me2) 

’ k Co iOl&H& Cq,(CO)9(C7H8) - 4 

WE) (VIII * 

Ih the .mass spectra, the parent molecular ions [Co,(CO),(C,H,)] + and 
[Coq(CO)i(C1 H, )z ] *, together with peaks corresponding to the stepwise loss 
of nine or six carbonyl groups giving [Co,(C,H,)]+ or [Co,(C,H,),]+ are 
readily. identifiable. These results indicated that both complexes retained the 
parent metal atom cluster, and that three or six carbonyl groups had been 
replaced by one or two cycloheptatriene molecules, respectively. The IR and 
NMR. spectral data for these complexes are shown in Table 3. The NMR spec- 
trum of complex (VI) is very similar to that of (C,Hs)Cr(CO), which has 
signals at .6 6.01 (2H), 4.83 (2H), 3.4 (2H), 2.9 (1H) and 1.73 (1H) ppm in 
Ccl, [ll] . The carbonyl stretching frequencies are also similar to those ob- 
served in the spectrum of Co,(CO),(in-C,H,Me,) [2080 m, 2040 vs, 2022 vs, 
1999 s, 1993 s, 1967 w and 1818 vs cm-l. in Ccl,]. These results suggest that 
cycloheptatriene coordinates to one cobalt atom as a tridentate ligkd. A plau- 
sible structure is shown in Fig. 3. Complex (VII) was moderately stable in the 
solid state under nitrogen, but decomposed gradually in solution. The IR spec- 
trum showed the presence of both terminal and bridging carbonyl groups 

TABLE 3 

IR AND NMR. DATA FOR COBALT COMPLEXES 

Compund Ik da+ NMR data (6 ppm) a 

v(CO) (cm--’ ) - Olefinic Other 
protons protc+s 

WI) 2082 m, 2066 w.. 2043 vs_ 3.85 (2H) 1.18 (1H) 
2025 vs. 2000 s. 995 s. 

i 
5.53 (2H) 2.45 <lH) 

1855 w. 1820 OS 6.85 (2H) 
<VII) 2050 w, 2065 w. 2009 9 

1985 vs (lx), 1736 s {br) 
<VIII) 2078 <sb). 2065 s, 2033 vs. 4.29 C8H) 

2015 qs 1999 vs. I986 m. 
1965 w. 1837 vs c 
-. 

a ti,-CD& .&tion. TMS internal standard. b In CC4 solution. c In n-hexane solution. _ -. 

. . . . . .: . . 
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Fig. 3. Proposed structure of Co4<CO)g(C7HS). 

(Table 3). The NMR spectrum could not be obtained because of the instability 
of the complex in solutions, and so the coordination mode of the cyclohepta- 
triene could not be determined. ‘. 

The reaction of Rh,(CO),, with cycloheptatriene in refluxing benzene 
gave no corresponding cycloheptatriene complexes, and Rh, (CO), e was the 
only isolated product. 

Reactions with cyclooctatetraene 
It has been reported that the reaction of PhCCo,(CO), with cyclooctatet- 

raene gave PhCCo, (CO), (C, H, ), which has the ligand bound to three cobalt 
atoms beneath the basal Co, triangle [12, 133. Both Co,(CO),,- and 
Rh4(CO), s have the similar basal M, (M = Co or Rh) triangles, and it may be 
expected that their reactions with cyclooctatetraene lead to the formation of 
complexes similar to PhCCo,(CO),(CsH,). When the reaction of Co,(CO),, 
with cyclooctatetraene was carried out in refluxing benzene, a black crystalline 
complex was isolated. -This complex was also obtained in a better yield in the 
reaction of Co, (CO), (P-C, H, Me, ) with cyclooctatetraene. From elemental 
analysis and mass spectral data, the complex. was found to be the dinuclear 
complex Co,(CO),(C,H,) (VIII). 

The mass spectrum showed a parent molecular ion [Co, (CO), (C, H, )] +, 
together with peaks corresponding.to the stepwise loss of four carbonyl groups 
giving CCo,(CsHs )I +. The NMR spectrum consisted of one sharp line (5 4.29 
ppm) suggesting fluxional behavior. Because of its instability, further investiga- 
tion of its fluxionality was difficult. Since (CsH, )z Ru, (CO), [14,15J and 
(C, H, )Fe, (CO), [16] are both fluxional molecules, it is not surprising that in 
complex (VIII), in which there is similar metal--ring bonding, fluxional behav- 
ior is also observed. The IR spect$um indicated the. presence of terminal and 
bridging carbonyl groups (Table a).. Structure (a) inFig. 4- is suggested by the 
above observations.:-However, the IR spectrum in. k-hexane showed seven ab- 
sorptions in the terminal carbonyl stiekhing region, which is not explieab1e.m 
terms of structure (a) alone. It can .be accounted_ for by postulating, the pres- 
e’nce of isomeric structures (b), (c) and (d) in .&olution. .’ ’ .. -m- 



Fig. 4. Isomeric structures of fXq(C0)4(CsHg) in solution. 

The reaction of Rh, (CO), 2 with cyclooctatetraene in benzene under re- 

flux gave a dark brown complex. Although its mass spectrum could not be 

obtained, the complex was formulated as Rh,(CO)s (Cs H, )s (IX) from ele- 
mental analysis and the molecular weight measurement by vapor pressure os- 
mometry. The NMR spectrum in Table 2 indicates that the two cyclooctatetra- 
ene ligands coordinate to the rhodium cluster in two different ways. It is 
thought that one cyclooctatetraene molecule is bonded to the rhodium cluster 
through the 1,5-diene system [6 6.12 (4H) and 5.05 (4H) ppm], while the other 
is bonded through the 1,3-diene system and exhibits fluxional behavior [6 4.96 

. - 

Fig. 5:P+fbl& structures for. Rh$tiO)g(CgHg)~ - 
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(8H) ppm] . For further investigation of the fluxionality, the temperature de- 
pendence of the -NMR spectrum ‘was studied, but no appreciable change of the 
signals was observed, even though the temperature was taken down to -70”. 
The 1.R spectrum indicated the presence of terminal and bridging car-bony1 
groups. However, no further information on the structure was obtained because 
of the broadness- of the carbonyl absorptions (Table 2). From scale models, 
structures in which cyclooctatetraene coordinates to two rhodium-metals as a 
bridge type ligand can be eliminated. Three structures may be postulated in the 
light of the available data (Fig. 5), and we cannot yet distinguish between 
them. X-Ray crystallography will be necessary to determine the structure un- 
ambiguously. 

Rha (CO),2 + G Hs --, Rh4(Coh (CsHs 12 

(IX) 

Experimental 

General comments 
All reactions were carried out under dry nitrogen. The IR spectra of the 

products were recorded on a Jasco Model DS-402G grating spectrometer. 
NMR spectra were recorded on a Hitachi-Perkin-Elmer R-20 instrument with 
tetramethylsilane as internal standard, and mass spectra were recorded on a 
JEOL Model JMS 06 mass spectrometer. The molecular weights were measured 
in methylene dichloride solutions with a Knauer vapor pressure osmometer. 

Reactions of diolefins 
(a) With Rh, (CO), 2. A typical procedure was as follows: A mixture of 

Rh,(CO), 2 ( 0.3 g, 0.40 mmol) and 1,5-cyclooctadiene (0.9 g, 8.33 mmol) in 
n-hexane was refluxed for 3 h. Evaporation, and extraction of the residue with 
l/3 benzene/n-hexane was followed by chromatography of the extract (silica 
gel). Elution with l/3 benzene/n-hexane gave a dark brown fraction_ Evapora- 
tion, followed by recrystallization from hot n-hexane, gave air-stable dark 
brown crystals of Rh,(C0)1*(1,5-COD) (0.184 g, 62%). Subsequent elution 
with methylene dichloride gave Rh,(CO),, ( 0.052 g, 18%), which was identi- 
fied by its IR spectrum. Rh,(CO), s reacted with norbornadiene, 1,4-cyclo- 
hexadiene, and 2,3-&methyl-1,3-butadiene under similar conditions. The yields 
were 40, 51 and 88%, respectively. 

(b) With RhJCO), s . A typical procedure was as follows. A mixture of 
Rh, (CO), 6 ( 0.2 g, 0.188 mmol) and 1,5-cyclooctadiene (2 g, 18.5 mmol) in 
tetrahydrofuran was refluxed for 2 h. Evaporation, and extraction of the-resi- 

-_._ 
: due with- l/2 benzene/n-hexane was followed by chromatography -(siliti gel). 

Elution -with l/2 benzene/n-hexane gave ti brown fraction. Evaporation;-fol- 
lowed by recrystallization from hot n-hexane, gave air-stable dark brown crys- 

_r tals of Rh&(CO),.(l,5-COD) (0.034 g; 16%). This was identified by compari- 
- ‘, 
.:I 

son Of its IR spectrum and melting point -with those of the complex obtained 
. . froti the reaction-of Rh,(CO), 2 with 1,5cycloo&adiene. 
. 

‘- 1: 
R&(CO),, reacted with norbomadiene, 1,4-cyclohexadieie, . and- 2,3- 

:. dimethyl-1,3-butadiene ‘under similar conditions to give the corresponding; 
’ ah tCfb\ - . (Diene). The yields were 81,58 and 88% respectively. ... 
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(cl- Wit+..Rh,(CO),, . A mixture of Rh,(CO), 2. (0.06 g, O-OS-mmol) and 
norbornadiene (2. g, 21.74 mmol) .in benzene was stirred for 5 min at room. 
temper&r& -The unreacted Rh, (CO), 2 was. removed by filtration. ,The red 
~fihrate. was allowed to-stand -for a few hours, and air-stable-pale yellow needles 
of. Rhi(CO),(NBD); (0.025 g, 30%), m.p. 185 - 189” (dec.), were deposited. 
They were filtered off, washed with n-hexane, dried in vacua and recrystallized 
from hot benzene. (Found:. C, 51.46; H, 4.46%; mol. wt. in CH, Cl, 540; fiI+, 
538: Cz3H2.4Rh202 calcd.: .C, 51.32; H, 4.50%; mol. wt., 538.) 

(d) With Co, (CO), 2 . A typical procedure was as follows: A mixture of 
Co,(CC), 2 (0.318 g, 0.556 mmol) and l,$-cyclohexadiene (1.78 .g, 22.3 
mmol) in n-hexane was refluxed for 7 h. The resulting dark brown solution was 
chromatogr~phed on a column of silica gel. The unreacted CO,(CO)~ z (dark 
brown band) was removed by the first elution tiith n-hexane. Further elution 
with l/4 benzene/n-hexane gave a yellow fraction. Evaporation, followed by 
the recrystallization from benzenejhexane, gave orange-yellow crystals of 
Co,(CO)~(1,4-CHD), (0.09 g, 21%), which were identified by IR spectros- 
COPY- 

Co,(CO),. reacted with norbornadiene, 1,3-cyclohexadiene or 2,3- 
dimethyl-1,3-butadiene under similar conditions to give orange-yellow crystal- 
line complexes. The yields were 48,63 and 4% respectively.. 

Reactickof &oheptatrieAe with Cb,(CO), 2 
A mixture qf Co,(CO),, (0.93 g, 1.63 mmol) and cycloheptatriene (5 g, 

54.35 mmol) in n-hexane was refluxed for 9 h. After removal of the solvent, 
the black residue was chromatographed on a column of silica gel. Elution with 
n-hexane gave a reddish brown fraction, but this was too. unstable to be iso- 
lated. Further elution with l/4 benzene/n-hexane gave a greenish brown frac- 
tiqn. Evapomtion, followed by recrystallization from benzene/hexane, gave. 
air-stable black crystals of Co,(CO)e(C,H,) (0.1. g, ll%), m-p. 103 - 105” 
(dec.).. (Found: C, 33.38; H, 1.35%; mol. wt;, in CH,Cl,, 606; M+, 580. 
C,eHsCo40e calcd.: C 33.13; H, 1.39%; mol. wt., 580.) Elution with benzene 
then gave an air-sensitive green fraction. After evaporation was followed by 
recrystallization from benzene/n-hexane, dark green crystals of Co, (CO), 
(C,Hs)* (0.148 g, 23%) were obtained.- (Found: C, 40.86; H, 2.84%; mol. wt., 
in CH,Cli, 611; M.?, 588. C,,H, 6 Co,O, calcd.: C, 40.85; H, 2.74%; mol. wt., 
588.). ..- 

The reaction of Co, (CO), (P-C, H, Me2 ) with cycloheptatriene under simi- 
lar conditions gave Co,(.CO), (C, H,), (yield 47%). 

Reactions of cycl~octatetraene 
-(a) With Co,(CO), 2 _ A xhxture -of Co,(CO),Z~ (0.5 .g,. 0.87. mmoi) and 

cyciooctatetraene (0.5’ g, 4.80 mmol) in benzene was refluxed for -8 h. After 
removal. bf the. s@vent,..the black residue was chromatographed-on a..column of 
silica gel.. Elution. with. n-hexsne gave a dark .brown -&action, QQ(CQ)~ ,;~Fur- 
ther.‘eJutionl%th l/3 benzene/n-hexane gave. a purplish red fraction. Evapora- 
tion,.‘followed by re~rysi&lizat~on from. n,hexane,‘ gave.*-sensitive i$ack ,crp- 

.tala.of: C0,(CO)~(C~~~).(O~Oll~g,~2%))j‘rn.p. 92-950.~(dec.).,(F~~~:.C,..;43.28; 
H/2-60%;. m-o!. +t., m. G-Z&1,,: 38.3;,@+,.334, C,,H&o,Qi +lcd.::c;--43.15; 
H,‘2:~~%j~~~.wt.,334.) ..r_,;.:. -.._ : ..,. _: ..-<;. ~: .:. -: .,:i,:~_f,._:~_ _-‘:_~/:._.:-:_._ 
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The reaction of cyclooctitetraene with Co, (CO), (P-C, H, Me, ) under 
similar conditions gave Co, (CO), (C, H, ) (yield 26%). 

(b) With Rh,(CO), 2. A mixture of Rh,(CO),, (0.2 g, 0.27 mmol) and 
cyclooctatetrtiene (0.3 g, 2.88 mmol) in benzene was refIuxed for 3 h. Evapora- 
tion and extraction of the residue with 2/l benzene/n-hexane was followed by 
chromatography (silica gel). Elution with 2/l benzene/n-hexane gave a dark 
brown fraction. Evaporation, followed by recrystallization from benzene/n- 
hexane, gave dark brown crystals of Rh,(CO),(CsH,), (0.173 g, 77%), m.p. 
148-152” (dec.). (Found: C, 34.04; H, 2.18%; mol. wt., in CH,Cl;, 816. 
C,,H,,0,Rh4 &cd.: C, 34.15; H, 1.91%; mol. wt., 8.44). 

References 

1 W. Hieher and R. Brea. Chem. Ber.. 90 (1957) 1259. 
2 G. CetinI, 0. Grambina. R. Rossetti and P.L. StangheIIIni. Inorg. Chem.. 7 (1968) 609. 
3 R. Whyman. Chem. Commun.. (1970) 230; R. Whyman. J. Chem. Sot.. Dalton. Trans.. (1972) 1375. 
4 B.L. Booth, MJ. Eke. R. FreIds and R.N. Haezeldine. J. Organometal. Chem.. 27 (1971) 119. 
5 U. Kriierhe and W. Hiibel. Chem. Ber.. 94 (1961) 2829. 
6 R.S. Dickson and G.R. TaiIby. Aust. J. Chem.. 23 (1970) 229. 
7 Y. Iwashita and F. Tamura. Bull. Chem. Sot. Japan, 42 (1970) 1517. 
8 B-F-G. Johnson. .I- LewIs and P.W. Robinson. J. Chem. Sot. A. (1970) 1100. 
9 G. Winkhaus and G. Wilkinson, J. Chem. Sot.. (1961) 602_ 

10 I.U. Khan& G.R. Knox. P.L. Pauson and W.E. Watts. Chem. Commun.. (1971) 36. 
11 M.A. Bennett. L. Pratt and G. Wilkinson. J. Chem. Sot.. (1961) 2037. 
12 B-H. Robinson and J. Spencer, J. OrganometaI. Chem.. 33 (1971) 97. 
13 M.D. Brice. R.J. Dellace and B.R. Penfold. Chem. Commun., (1971) 72. 
14 F.A. Cotton. A. Davison and A. Musco, J. Amer. Chem. Sot.. 89 (1967) 6796. 
15 M.J. Bennett. F.A. Cotton and P. Legzdins, J. Amer. Chem- Sot.. 89 (1967) 6797. 
16 F.B. Fleischer. A.L. Stone, R.B.K. Dewar, J.D. Wright. C.E. Keller and R. Pettit. J. Amer. Chem.Soc.. 

88 (1966) 3158. 


