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A. INTRODUCTION 

Organometallic intramolecular-coordination compounds are shown in for- 
mula 1 where Y represents either a coordinating atom or group. The 
compounds mainly have N, P, As, 0 or S as the coordinating atom when Y 
is a coordinating atom, and generally tend to form a five-membered ring 
structure (n = 3 in formula 1). When Y is a coordinating group, the 
compounds mainly have vinylene, ?r-allyl, cyclopentadienyl, or aryl as the 
coordinating group. These compounds are also generally stable when n is 3. 
In this review, the former compounds are termed a-coordination compounds 
and the latter are Ir-coordination compounds. 

I 1 
M-(C)n-Y M = metal 

Y = coordinating atom or group 

/-I21 

OOlO-8545/88,‘$10.85 0 1988 Elsevier Science Publishers B.V. 
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In 1986, the author published a monograph [l J on organometallic in- 
tramolecular-coordination compounds by compiling his twelve reviews [2-133 
and other articles until the end of 1984. This review is compiled mainly from 
articles published since 1985. 

B. NITROGEN COMPOUNDS 

Among the nitrogen, phosphorus, arsenic, oxygen, and sulfur compounds 
in the area of organometallic intramolecular-coordination compounds, there 
has been especial interest in the nitrogen compounds [14]. The cyclometala- 
tion reaction to form nitrogen compounds is fast and the isolation of these 
products relatively easy. These major nitrogen compounds are divided into 
ten groups depending on the nature of the ligand: benzylamines 2, tolyla- 
mines 3, benzamides 4, ferrocenylmethylamines 5, benzylideneamines 6, 
azobenzenes 7, phenyldiazene 8, heteroaromatic compounds 9, alkylamines 
10 and imines 11. 

2 

6 7 8 

11 

5 

9 

The benzylarnines 2 have been reported with palladium [H-21], chro- 
mium [22,23], manganese 1231, lithium [24,25], and gold 1263 as the metal. 
Structures of palladium [15,18,19], chromium [22] and gold [26] compounds 
have been determined by X-ray diffraction studies, e.g. 12. 
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In organometallic intramolecular-coordination compounds, the five-mem- 
bered ring is generally most stable because the ring size should have the 
most ideal geometry (bond angles and bond lengths) of all the possible ring 
sizes [13,14]. Generally the other membered rings are labile and the M-Y 
bonds are easily cleaved by other donor hgands such as amines and 
phosphines. The ci.s-benzylamine palladium compound with a seven-mem- 
bered ring 13 reacts with PMe,Ph to give 14 as the major product displacing 
the nitrogen atom of the seven-membered ring [19a]. However, reaction of 
the trans compound gives 16 as the major product displacing the nitrogen 
atom of the five-membered ring. Both products have been characterized by 
X-ray diffraction [19a]. It is evident that the seven-membered ring bond 
strengths are weaker than those of the five-membered ring from the data of 
Pd-C* and Pd-N bond lengths as shown in formulae 14 and 16. The latter 
reaction is a very rare case since rings other than a five-membered ring are, 
usually, at first cleaved by donor compounds such as phosphines and amines 
[l]. The five-membered ring in the &-compound 13 bonded with the 
hexafluorobutene moiety is almost as weak as the seven-membered ring in 
the same compound. Therefore, the author presumed that the five-mem- 
bered ring in the tram form of the same compound might be weaker than 
the seven-membered ring, because the same seven-membered ring (Pd-N = 
2.215 A, Pd-C = 2.016 A) in the compound having 8-methylquinoline 
bonded by hexafluorobut-2-yne shows stronger bonding than that in the 
five-membered ring of the above &-compound 13 [19b]. 

Compounds having a benzylamine carbon skeleton include [ o,o’-bis[(di- 
methylamino)methyl]phenyl]metal compounds (metal = Ni [27,28], Pd [29] 
or Pt [28-321) 17, [2-(1’~dimethylamino)ethylphenyl]diphenylborane 18 [33], 
[1-(1’-dimethylamino)ethyl-2-naphthyl]diphenylborane 19 [33], and 8-(di- 
methylamino)-1-naphthylsilane 20 [34-361. 

The compounds 17 with a tridentate ligand have a distorted square-planar 
(Pt) [29,31], square-pyramidal (Pt) [28] or octahedral (Ni) [27] geometry 
around the metal with the phenyl rings in the same plane as the N,N’,C 
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M = Ni, Pd, Pt 

17 

0 P /’ 
BPh2 

Me 
/N\ 

Me Me 

18 

19 20 

donor atom of the terdentate ligand and the metal. The square-planar 
platinum complex 21 reacts with methyl iodide to give the arenonium 
complex 22 [3’1]. The four-coordinate complex 22 also has square planar 
geometry, but the methylated phenyl ring makes a dihedral angle of 70.7 o 
with theOcoordination plane of the complex [31], and the Pt-Cl bond length 
(2.293 A) is longer than a Pt-phenyl bond (average Pt-phenyl 2.00 A) 
131,321. 

21 Pt-C’ = 2.293 A 

Pt-C2 = 2.005 A 
22 

When the five-membered ring of 8-(dimethylaminonaphthyl)silyl 23 is 
compared with the six-membered ring of 8-(dimethylaminomethyl- 
naphthyl)silyl 24 one notes that the former Si-N bond is stronger than the 
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latter since the former is about 0.08 A shorter, and the difference of the 
S29Si chemical shift in the former compound 23 to the chemical shift of a 
similar compound with no amino group, is larger than the corresponding 
difference in the latter compound 24 1361. 

23 24 

Si-N = 2.584 A Si-N = 2.66 A 

si-c = 1.881 A Si-C = 1.88 A 

62gSi = -44.16 ppm ?j2'Si E -25.84 ppm 

szgSi = -35.62 ppm(for l-C10H7(C6H5)SiH2) 

as2'Si = 8.54 ppm 

s2'Si = -19.81 ppm(for l-C10H7(C6H,)Si(Me)H) 

*&*'Si = 6.03 ppm 

Concerning tolylamines 3 and aminoferrocenes 5, there are [2-(dimethyl- 
amino)phenyl]methylpalladium 25 [37], and [(dimethylamino)methylferro- 
cene palladium 26 [38,39]. The latter aminoferrocene is frequently used as an 
intermediate for organic syntheses [13,39]. 

26 

?5 
Benzylideneamines 6 [40-431 are used as intermediates for syntheses of 

ortho-derivatives of benzaldehyde. This synthetic method was developed by 
Murahasbi et al. [44] in 1974. For example, benzylideneamine palladium 27 
prepared from Pd(OAc) 2 and the condensation product of benzaldehyde 
and aniline, reacts with 2-thienylmagnesium bromide to give 2-(2- 
thienyl)benzaldehyde 28 [40] by the replacement of the metal with the 
2-thienyl group. 
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28 

27 

Generally cyclometalated palladium compounds [45-481 are more reactive 
than the corresponding platinum compounds. For example, azobenzenepal- 
ladium compounds easily react with cyclopentadienylthallium to give the 
cyclopentadienylpalladium compound 30. On the other hand, treatment of 
the azobenzeneplatinum compound 31 causes no reaction, but the carbonyl 
derivative 32, obtained by reaction with carbon monoxide, immediately 
reacts with cyclopentadienylthallium to give cyclopentadienylplatinum com- 
pounds 33 [46]. 

‘Q - 0 / Cl 

N*NPt \ 

.6_ 0 

31 32 33 

J 

2co 
- 

- 

2 

+ CpTl 

30 

Heteroaromatic compounds 9 have been reported containing 2,4’-bipyri- 
dyl [49-531, quinoline [54-571 and phenanthroline compounds [52,53], e.g., 

CpT l 

- 2co 
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34 [49], 35 [56], and 36 [53], respectively. 
include pyrazine compounds [53], e.g. 37, 
e.g. 38 [59] and 39 [60]. 
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Other heteroaromatic compounds 
and pyridine compounds [58-601, 

The reaction of N, N-dimethylaminoalkyltri-n-butyltin (n-Bu ,Sn(CH,) n 
NMe,; n = 2, 3, 4) with bis(benzonitrile)dichloropalladium gives only a 
cyclopalladated N, N-dimethylaminopropyl compound having a five-mem- 
bered ring 40 (n = 3), but the reactions (n = 2 or 4) at room temperature, 
produced only palladium metal [57]. In the similar reaction of organotin 
esters (Br,Sn(CH,),COOMe, n = 1, 2, 3), the formation of four- or six- 
membered rings is difficult [l]. Suggs and Lee [57] have determined the 
structure of N, N-dimethylaminopropylpalladium 40 and point out that it is 
possible that the conformations of organometallic five-membered rings seen 
in crystal structures such as 40 represent true energy minima and are not 
dominated by crystal packing [l]. 

n-Bu3Sn(CH2)nNMe2 + (PhCNJ2PdC12 - 

n = 2-4 n=3 

40 

Pd-N = 2.085 A 

Pd-C = 1.998 fi (the sum of covalent radii is 2.08 A) 

Alkylamines 10, other than 40, have been reported for silicon [61], lithium 
[62], palladium [63], and manganese [64]. 

Concerning the imines 11 [65,66], cyclopalladation of oxime 41 has been 
reported, and the product 42 is easily converted to the derivative 43 having a 
functional group at the y-position to the nitrogen atom by a replacement 
reaction at the palladium atom [65]. This reaction has been applied to the 
synthesis of a lupanone otie derivative [65,66]. 



HO
 \ 
N 

HO
 \ 
N 

OC
OM

e 

+ 
Na

2P
dC

14
 -
 

41
 

42
 

43
 

Et
 

M
c lM

’ 
N

 \ PdjC' A
 f\
 

X 
X 

q
 
Cl

, 
CH

2C
1,

 CH
20

Et
, 

CH
3,

 C
H2

0M
e 



147 

Other nitrogen compounds include an aminoacyl compound 44 [67], 
IV, N-dimethylaminobutenylpalladium 45 [68], etc. [20]. 

C. PHOSPHORUS COMPOUNDS 

Phosphorus compounds have include benzylphosphines [69], tolylphos- 
phines [60,70] and alkylphosphines [69,71] corresponding to the nitrogen 
compounds 2, 3, and IO, respectively. 

Jones and Feher [69] studied the kinetics and thermodynamics of intra- 
and intermolecular carbon-hydrogen bond activation by equilibration of 
both the benzylphosphine compound 46 and its cyclometalated analogue 47, 
and the alkylphosphine 4% and its analogue 49. A moderately high thermo- 
dynamic preference for intramolecular C-H bond activation was found for 
both aromatic and alkyl C-H bonds. On the other hand, in both cases the 
kinetics selectively favour inter- over intra-molecular reaction when neat 
solvent is the competing reactant. Therefore, unimolecular reaction to form 
small unstrained rings is favored over bimolecular reactions thermodynami- 
cally but not kinetically [69]. 

C,Me,(Ph)(H)RhPMe,CH,Ph 

- C6tt6 
L 

in C6H6 

46 

AGo = -2.32 kcal/mol 

Keq = 36.7 at 51.2OC 

C5Me5(Pr)(H)RhPMe2CH2CH2CH3 

48 

- C3H8 

- C5Me5(H)Rh- PMe 

U 
2 

in C3H8 

49 
at least AGo = -4 kcal/mol 

The reaction of the trifluoromethyliridium compound 50 with boron 
trichloride gives the cationic dichlorocarbene compound 51, which im- 
mediately undergoes metallacycle formation by electrophilic attack of the 
CC1 2 ligand on a benzene ring of one PPh, ligand to give the cyclometa- 
lated o-dichloromethyl compound 52. The two cu-chlorine atoms of 52 are 
reactive, as demonstrated by the extreme moisture-sensitivity of 52, which 
readily hydrolyses to the metallacyclic acyl compound 53 [72,73]. The 
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structures of 53 and the other acyl compound 54 [74] have been determined 
by X-ray diffraction [72,74]. 

2 BClg 
b [(Cl ),(PPh,),(CO)Ir=CC123+BC14 

50 51 

- Ii+ Ir(C1 12(PPh3) (CO) 
Cl Cl 52 

PPh2 \ 
Ir(C112(PPh3)(CO) 0 

C/ 

8 53 54 

The other five-membered ring phosphorus compounds include another 
acyl compound 55 [75] and imine 56 [76]. The other ring phosphorus 
compounds include the seven- 57 [71], eight- 58 [71], four- [77-791 (e.g. 59 
[77]), and three- [80-821 (e.g. 60 [so]), etc. [83-861. 

55 56 

I 
(CO)qMjPI;(CHZ) 

Ph Ph 

I 1 
(CO),Mn;P<CH,),-C=O 

Ph Ph 

M = Mn, Re 

57 58 

59 60 



D. ARSENIC COMPOUNDS 

The ortho-metalation reactivity of benzylarsines is lower than that of 
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benzylamines 2 or benzylphosphines. Hence, active intermediates such as 
o-lithiobenzylarsines, prepared by lithiation of o-bromobenzylarsine, are 
often used as starting compounds. 

The o-lithiobenzyldiorganoarsines 61 react with palladium or platinum 
chloride to give the bicyclic benzylarsine compounds 62, of which the 
diphenylarsine derivative 62 (R = Ph) are converted to chloro-bridged bi- 
nuclear compounds 63 by reaction with palladium chloride_ Further, reac- 

AsR2 n-BuLi AsR2 MC12-2Et2S 

M = Pd, Pt 

R = Me, Ph 
61 62 

PdCl 2’ 2Et2S 

R = Ph 

tions of the chloro-bridged 

R’ ‘R 
2 

63 

compounds 63’ and 63” with o-lithiobenzyla- 
mines or o-lithiobenzylphosphine form the asymmetric metallacycles 64-66 
with two different donor atoms in the molecule [87]. 

The arsinetitanium compound coordinated with a cyclopentadienyl group 
67 has been prepared by the replacement reaction of trimethylsilyl with 
trichlorotitanium [88]. 



63’ PPh2 65 

64 

NMe2 

63” 
R = Me, Ph 

M = Pd, Pt 
66 
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AS CpSiMeg 
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E. OXYGEN COMPOUNDS 
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Oxygen ligands consist mainly of ttio kinds of groups, i.e. carbonyl and 
alkoxy or aryloxy groups. The carbonyl groups are ester carbonyl, keto 
carbonyl, and, rarely, carboxyhc acid carbonyl and aldehyde carbonyl as a 
ligand group. 

The other specific example, sulfinyl group, is shown in formula 68 [89]. 

F3SiCH2CH2SR + H202 - F3Si - 

t 

R = Me, Et, CH2Ph I 
R 

68 
The ring-opening reaction of I-siloxy-1-alkoxycyclopropane with main- 

group metal halides gives the chelate ester 69 [90,91]. On the other hand, the 
ring-opening reaction of 1-siloxy-1-alkyl (or aryl)cyclopropane gives the 
corresponding chelate ketones derivatives 70. The subsequent treatment of 
the ketones 70 with dimethyl sulfoxide results in facile dehydrostannation to 
give a good yield of 2-methylene ketones 71 [92]. 

OR 
(k-“” 

+ MCl, - c’“-l 
M-0 

OSiMe3 
69 

MCln = TiC14, SnC14, SbC15 

R 
f7f” 

+ SnC14 Cl$n- 0 

OSiMeg 

70 

Me2S0 

- v” 
0 

R = t-Bu, i-Pr, Ph, etc. 
71 
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The reaction of a benzene osmium diiodide derivative with alkyne esters 
gives the five-membered metallacyclic compounds 72 by insertion of the 
alkyne into one of the OS-I bonds. The OS-Cl bond in the compound 72 is 
considered to be a canonical form with a metal-carbene bond, since the 
distance (2.02 A) lies between that of an OS-C single and Os=C double 
bond [93]. 

&jHS)Os(P (i-Pr)3)12 + 
&PFs 

RCXCOOMe p (c&-) 
+ 0 

(P(i-Pr),)OsC’(R)=C(~)~O~~-PF6 

OS-C’ = 2.02 i 
72 

Other esters or ketones having a five-membered ring structure include 
molybdenum [94], ruthenium [95], tungsten [96,97], and tellurium com- 
pounds [98]. There is also a four-membered ring aldehyde [993 and a 
5.5-membered ring ketone (e.g. 73 [lOO]). 

Me 

73 

The ether oxygen is capable of coordination to a metal to form a chelate 
compound, but this metal-oxygen bond is rather labile since it reacts readily 
with a large variety of reagents. For example, the reaction between l- 
methoxynaphthalene and n-butyllithium gives 8-lithio derivatives 74. The 
lithium compound 74 reacts with PdCl,(SEt 2)2 to give the metal-exchange 
compound 75. The chelate palladium compound 75 reacts readily with 
Co,(CO),, acyl chloride, benzoyl chloride, styrene, etc. to give the g-sub- 
stituted derivatives 76-78 of l-methoxynaphthalene, respectively [loll. 

Molybdenum cationic trihydride 79 reacts with 2-methylallyl alcohol to 
give the five-membered ring compound 80 with coordinated hydroxy oxygen 
at the terminal carbon atom [102]. 
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MSPh + 

- 

MeOH/Na2C03 led 

Ph j: , 

Na2PdC14 

3% H202 

Me0 

SPh 

59% 81 79% 82 

Another five-membered ring compound 84 is obtained by reaction of the 
carbene anion 83 with carbon disulfide and by ethylation [105]. 

Three-membered [106,107] and 5.5membered ring compounds (e.g., 85 
[108]) have also been reported, and the latter ring structure determined by 
X-ray crystal structure analysis [108]_ 

OEt 

/ 
OEt 

(CO),Cr=C, _ 

CH2 Li+ 

I 
1. cs* 
2. [Et301[BF41 

XH 

- (CO14Cr II 

z /K 
SEt SEt 

83 84 

CH3-> 
/CH2 \ C(CH3j2 

/ 

There have also been reports concerning antimony, halogen and hydrogen 
as the donor atom [l]. The hydrogen donor ligand contains a carbon-hydro- 
gen-transition-metal bond. This kind of bond is not so strong as coordina- 
tion bonds in the compounds described in previous sections, and it is 
considered to be an intramolecular interaction [l]. In the absence of any 
suitable lone pairs, the C-H bonding pair is donated to the metal in a 
two-electron, three-center bond 11093. 

0 - 
Cl - Pt-iH 

I CH2 
CH2Cl 

85 
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These three-center M-H-C interactions [llO] consist of an open form 86 
(e.g. [Ru(PPh,) ,Cl 2] 88 [ill]) and a closed form 87 (e.g. 89 [112]). 

Recently, in extended-Hiickel calculations on the cycloalkenyl metal 
compound, e.g. [Fe(C,H,)(CO),]+ 90, the M-H-C interaction is considered 
to be, electronically, a highly bent open system rather than a three-mem- 
bered ring [llO]. 

P = PPh3 

_.___- H -c 

Mu 
86 

88 

87 

89 

Transition metals capable of participating in the above M-H-C interac- 
tion include Ti [109], Cr [llO], Mn [24,109,110], Fe [109], Co [24], MO [109], 
Ru [113,114], Pd [109], Ta [109], OS [109,115] and Ir [1091. 
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G. T~XORDINATION COMPOUNDS 

(i) Vinylene compounds 

There are two types of vinylene compound Pit?-(C)n-Y (Y = vinylene 
group), i.e. u, v-type ($, q3-type) and v,v-type ( TJ*, q*-type). 

The former are mainly cyclooctenyl 91, dicyclopentenyl 92, and 
norbornenyl 93 compounds, and the latter are mainly cyclooctadienyl 94, 
dicyclopentadienyl 95, norbornadienyl 96 and cyclooctatetraenyl 97 metal 
compounds. 

91 92 93 

94 95 96 

97 

There are several reports of vinylene compounds containing metals: Ru 
[116] in 91, OS [117] in 92 and 95, Fe 1221, Co [24], Rh [118,122], W [123], Re 
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[124], Ir [125] and Pt [126] in 94 11171, OS in 95 [117], Rh [122], W 11231, Ir 
[127] and Pt [128] in 96, and Ni [129], W (1231 and Ir [I271 in 97. 

Of these, the U,V( $,#) compounds having n = 3 in a-(C),-Y (Y = 
vinylene) are cyclooctenyl91 and dicyclopentadienyl92 compounds, and the 
others having n = 3 are e.g. cyclononenyl 98 [130], and pentenyl 99 com- 
pounds [131a]. 

K _ /‘~ pr/C1 1 
‘\c,/ k 

Cl / 

Q 

Cl h \ 

I Pd \ 

Cl 2 

98 99 

The n,w(q2,n2)-coordination compounds (M(C=C-CC),,--C=C) having n 
= 2, such as 94, 95 and 97, are stable. However, ~,m-coordination com- 
pounds having n = 1 require a bridge such as norbornadiene 96 or tetraflu- 
oro-1,4-dihydro-1,4_ethenonaphthalene 100 or must form a semiquinone 
[132,133] (e.g. 101 [131]) to have stable metal-olefin v-bonds. 

Another compound in this group is the n2,q4-compound, e.g. 102 [134,135]. 

F 

Ir- 12(phen) 

F H 

F Rh(acac) 

Dhen = 1, lo-phenanthrol i ne 101 

100 
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(ii) ?r-Aliyl compoundi 

The Ir-ally1 compounds #I--(C),-Y (Y = rrr-ally1 group) are of two types, _ _ 
similar to the vinylene compounds, i.e. o,n(q1,q3)-type and m,~( q3,q3)-type 
compounds, where n = 1 [136], 2 [137,138], 3 [139,140], 4 [141] or 5 [142-1441. 
Generally compounds with n = 3 are stable. For example, cyclooctatetraene 
reacts with cyclopropenium ion to yield the q2,q3-bonded product 103, and 
subsequently reduction of compound 103 with sodium borohydride gives 
D,V( #,q3)-type compounds 104 (n = 3). The X-ray structure of 104 shows 
the ring-opened cyclopropenium ion which is bonded to the original 
cyclooctatetraene ring via three new carbon-carbon bonds 11391. 

k = H,Ph M’ = Fe(C0)3, RUG 

103 104 

The reactions between butadiene or its derivatives and metal compounds 
such as bis(dibenzylideneacetone)palladium or cyclooctadienenickel give 
r,n( q3,q3)-type compounds (e.g. 105 [142]) by dimerization and isomeriza- 
tion of butadiene [24,142,144-1461. 

Ni(COC) + PPh3 + 2 e../ - a f ph3pn 

105 106 

Other ?~,m-type compounds include q2,q3-coordination [139,143-1481, e.g. 
103 and $,$-coordination 107 (which is not a ~-ally1 compound). This is 
prepared by the carbonyliron-assisted coupling reaction of cycloheptatriene 
with methyl acrylate [140]. 
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OOMe 

107 

There are also two types of or,n( #,q’)- and v,v( $,$)-coordination 
compounds containing the ~yclopentadienyl group (l?&--(C),-Y, (Y = 
cyclopentadienyl group). In the former a,?r-compounds n = 1 [149,1X3], 2 
[Ml-1531, 3 f153,154] or 4 [155]. Compounds with n = 1 or 2 are strained, 
but those with 3 or more are almost strain free. 

Sterically hindered compounds having n = 2 in the formation reaction are 
susceptible to carbonyl insertion with carbon monoxide or the carbonyl of 
metal carbonyl compounds and then less hindered compounds with p1= 3 
are formed; e.g. the ring opening reaction product 108 between Fez(C0}_9 
and 1,2-dimethylspirof2.4]hepta-4,6-diene, and its carbonyl insertion product 
10.9 [153]. 

108 109 

Near-XIV irradiation of the be~ylcyclopenta~enyl iron compound 110 
yields the cyclometalated product 111 (n = 3) by oxidative addition of the 
L&ZO C-H bond of the coordinated benzyl group with loss of methane [154]. 
Blaha et al. [154] propose a four-step process: (i) elimination of CO, (ii) 
oxidative addition of the o&zro C-H bond, (iii) elimination of CH,, and (iv) 
back reaction of CO. This process is presumed from the following evidence: 
PPh, or added CO at low concentration can efficiently capture the CO loss 
product and suppress the oxidation addition process completely, and the 
quantum efficiency for CO loss to yield the oxidative addition product 
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bb366nm = 0.40) is found to be nearly the same as the quantum efficiency for 
CO loss in the presence of PPh, to yield the substitution product ( $- 
C,Me,CH,Ph)Fe(CO)(PPh,)Me ( +366nm = 0.46) [154]. 

Me Me 

Me CH2Ph hv 

- Ct$ 
Me 

Fe(Me) 

(CO)2 

110 111 

Compounds with n = 1 in the cyclopentadienyl compounds 112 have been 
prepared by the reaction of 6,6-dimethyl- or 6,6-diphenylfulvene with bis( q- 
benzene)molybdenum, bis( q-benzene)tungsten or bis( q-toluene)titanium. 

The X-ray crystal structure determinations of 112 reveal that the exocyclic 
carbon of the fulvene ligands is strongly bent (8 = 36-39 O ) out of the plane 
of the C,-ring carbon and bonds directly to the metal [149]. 

M = Ti, MO, W 

R = Me, Ph 112 

The general formula of the v,q-type compounds is M($-C,-(C)n-$-C,) 
(M = Ti [156], Zr [156], Hf El], Fe [157], Ru [l], Sn [l]; n = 2 [156-1581, 3 
[158-1631, 4 [159,160,164] or 5 [159]). The [2]ferrocenophane (M = Fe, 
n = 2) has considerable strain and the two cyclopentadienyl rings are tilted 
23-24”; the j3lferrocenophane (n = 3) has only a small amount of strain 
and the rings are tilted 10 O. The [4]- and [5]-ferrocenophanes have no strain 

PI- 
The two cyclopentadicnyl rings of tetramethyl[2]ferrocenophanium tri- 

iodide 113 ( n = 2) are tilted by 41 O and the large tilt is considered to be due 
to the difference of the electronic states of the iron atom from the neutral 
[2]ferrocenophane [156]. 
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MeM% 

I- 

Fe-I = 2.64 A 

113 

Hisatome et al. [164] have prepared the penta-bridged ferrocenophane 
(per-bridged ferrocenophane or superbridged ferrocenophane), 
[4.4.4.4.4](1,2,3,4,5)ferrocenophane 114 and determined the crystal structure. 

114 

Other ferrocenophanes have been reported such as those having bis- 
(naphthyl)methylene bridges 115 [165] and also the ferrocenophane analog, 
trimethylene linked (arene)-ferracarbene 116 [l&j. 

l CH, c 
0 BH 

115 116 

Other +coordination compounds include the aryl compounds a-(C),-Y 
(Y = aryl group). The metal atom is usually chromium. but molybdenum 
and tungsten [I], and gallium (e.g., 117 [167]) are known. 



162 

117 

ACKNOWLEDGMENT 

The author express his gratitude to Dr. Sumio Chubachi for critical 
reading of the manuscript. 

REFERENCES 

1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

16 
17 
18 

19 

20 

I. Omae, OrganometaUic Intramolecular-coordination Compounds, J. Organomet. Chem. 
Library 18, Elsevier, Amsterdam, 1986, 402 pp. 
I. Omae, Rev. Silicon, Germanium, Tin Lead Comp., 1 (1972) 59. 
I. Omae, Chem. Rev., 79 (1979) 287. 
I. Omae, Coord. Chem. Rev., 28 (1979) 97. 
I. Omae, Jpn. J. Chem., 33 (1979) 767. 
I. Omae, Coord. Chem. Rev., 32 (1980) 235. 
I. Omae, Coord. Chem. Rev., 42 (1982) 31. 
I. Omae, J. Synth. Org. Chem. Jpn., 40 (1982) 147. 
I. Omae, Coord. Chem. Rev., 42 (1982) 239. 
I. Omae, Chem. Ind. Jpn., 33 (1982) 989. 
I. Omae, Angew. Chem., 94 (1982) 902; Angew. Chem., Int. Ed. EngI., 21 (1982) 889. 
I. Omae, Coord. Chem. Rev., 51 (1983) 1. 
I. Omae, Coord. Chem. Rev., 53 (1984) 261. 
G.R. Newkome, W.E. Puckett, V.K. Gupta and G.E. Kiefer, Chem. Rev., 86 (1986) 451. 
P. Braunstein, D. Matt, D. Nobel, S.-E. Bouaoud and D. Grandjean, J. Organomet. 
Chem., 301 (1986) 401. 
P.W. Clark and S.F. Dyke, J. Organomet. Chem., 281 (1985) 386. 
E. Ambach and W. Beck, Chem. Ber., 118 (1985) 2722. 
N. Barr, S.F. Dyke, G. Smith, C.H.L. Kennard and V. McKee, J. Organomet. Chem., 
288 (1985) 109. 
(a) C. Arlen, M. Pfeffer, 0. 
359. 
(b) C. Arlen, M. Pfeffer, 0. 
1535. 
F. Maassarani, M. Pfeffer, 
1511. 

Bars and G. Le Borgne, J. Chem. Sot., Dalton Trans., (1986) 

Bars and D. Grandjean, J. Chem. Sot., Dalton Trans., (1983) 

G. Le Borgne and D. Grandjean, Organometallics, 5 (1986) 



163 

21 A.D. Ryabov, I.K. Sakodinskaya and A.K. Yatsirnirsky, J. Chem. Sot., Dalton Trans., 
(1985) 2629. 

22 K. Angermund, K.H. Claus, R. Goddard and C. Kruger, Angew. Chem., Int. Ed. Engl., 
24 (1985) 237. 

23 K. Jonas, Angew. Chem., Int. Ed. EngI., 24 (1985) 295. 
24 E. Kalbarczyk and S. Pasynkiewicz, J. Organomet. Chem., 292 (1985) 119. 
25 D.J. Hlasta and M.R. Bell, Tetrahedron Lett., (1985) 2151. 
26 J. Vicente, M.-T_ Chicote, M.-D. Bermudez, P.G. Jones and G.M. Sheldrick, J. Chem. 

Res. S, (1985) 72. 
27 D.M. Grove, G. van Koten, W-P. Mul, A.A.H. van der Zeijden, J. Terheijden, M.C. 

Zoutberg and C.H. Stam, OrganometaIIics, 5 (1986) 322. 
28 J. Terheijden, G. van Koten, W.P. Mul, D.J. St&kens, F. MuIler and C.H. Stam, 

Organometahics, 5 (1986) 519. 
29 D.M. Grove, G. van Koten, H.J.C. Ubbels, K. Vrieze, L.C. Niemann and C.H. Stam, J. 

Chem. Sot., Dalton Trans., (1986) 717. 
30 R.J. Cross, Chem. Sot. Rev., (1985) 197. 
31 J. Terheijden, G. van Koten, I.C. Vinke and A.L. Spek, J. Am. Chem. Sot., 107 (1985) 

2891. 
32 G. WiIkinson, F.G.A. Stone and E.W. Abel, Comprehensive Organometahic Chemistry, 

Vol. 6, Pergamon, London, 1982. 
33 L. Homer, U. Kaps and G. Simons, J. Organomet. Chem., 287 (1985) 1. 
34 J. Boyer, R.J.P. Corriu, A. Kpoton, M. Mazhar, M. Poirier and G. Royo, J. Organomet. 

Chem., 301 (1986) 131. 
35 R.J.P. Corriu, M. Mazhar, M. Poirier and G. Royo, J. Organomet. Chem., 306 (1986) C5. 
36 C. BreII&re, F. Cam!, R.J.P. Corriu, M. Poirier and G. Royo, Organometallics, 5 (1986) 

388. 
37 M. Pfeffer, E. Wehman and G. van Koten, J. Organomet. Chem., 282 (1985) 127. 
38 J.C. Kotz, E-E. Getty and L. Lin, OrganometaIIics, 4 (1985) 610. 
39 L.L. Troitskaya and V.I. Sokolov, J. Organomet. Chem., 285 (1985) 389. 
40 G.D. Hartman, W. Halczeuko and B.T. Phillips, J. Org. Chem., 51 (1986) 142. 
41 H. Adams, N.A. Bailey, T.N. Briggs, J.A. McCleverty, H.M. Colquhoun and D.J. 

Williams, J. Chem. Sot., Dalton Trans., (1986) 813. 
42 R.M. Ceder and J. Sales, J. Organomet. Chem., 294 (1985) 389. 
43 R.M. Ceder, J. Sales, X. Solans and M. Font-Altaba, J. Chem. Sot., Dalton Trans., 

(1986) 1351. 
44 S. Murahashi, Y. Tanabe, M. Yamamura and I. Moritani, Tetrahedron Lett., (1974) 

3479. 
45 M.A.K. Ahmed, A.E. McCarthy, W.R. McWhinnie and F.J. Berry, J. Chem. Sot., Dalton 

Trans., (1986) 771. 
46 R.J. Cross, N.H. Tennent and G.M. Warden, J. Chem. Sot., Dalton Trans., (1986) 1059. 
47 A.K. Mahapatra, D. Bandyopadhyay, P. Bandyopadhyay and A. Chakravorty, Inorg. 

Chem., 25 (1986) 2214. 
48 Y. Wakatsuki, H. Yamazaki, P.A. Grutsch, M. Santhanam and C. KutaI, J. Am. Chem. 

Sot., 107 (1985) 8153. 
49 E.C. Constable, J. Chem. Sot., Dalton Trans., (1985) 1719. 
50 P. Reveco, R-H. SchmehI, W.R. Cherry, F-R. Fronczek and J. Selbin, Inorg. Chem., 24 

(1985) 4078. 
51 E.C. Constable, J. Chem. Sot., Dalton Trans., (1985) 2687. 
52 G-R. Newkome, G.E. Kiefer, Y.A. Frere, M. On&hi, V.K. Gupta and F.R. Fronczek, 

Organometahics, 5 (1986) 348. 



164 

53 G.R. Newkome, W.E. Puckett, G.E. Kiefer, V.K. Gupta, F.R. Fronczek, DC. Pantaleo, 
G.L. McClure, J-3. Simpson and W.A. Deutsch, Inorg. Chem., 24 (1985) 811. 

54 J.J. Koh, W.-H. Lee, P.G. Williard and W.M. Risen, Jr., J. Organomet. Chem., 284 
(1985) 409. 

55 J.W. Suggs, M.J. Wovkulich, P.G. Will&d and K.S. Lee, J. Organomet. Chem., 307 
(1986) 71. 

56 J.W. Suggs, M.J. Wovkuhch and S.D. Cox, Organometalhcs, 4 (1985) 1101. 
57 J.W. Suggs and KS. Lee, J. Organomet. Chem., 299 (1986) 297. 
58 V-A. Polyakov and A.D. Ryabov, J. Chem. Sot., Dalton Trans., (1986) 589. 
59 G. Minghetti, M.A. Cinellu, G. Chelucci, S. Glad&, F. Demartin and M. Manassero, J. 

Organomet. Chem., 307 (1986) 107. 
60 S.I. Bailey, D. Colgan, L.M. Engelbardt, W.-P_ Leung, RI. Papasergio, C.L. Raston and 

A.H. White, J. Chem. Sot., Dalton Trans., (1986) 603. 
61 K. Jurkschat, C. Mugge, J. Schmidt and A. Tzschach, J. Organomet. Chem., 287 (1985) 

Cl. 
62 KS. Lee, P.G. Williard and J.W. Suggs, J. Organomet. Chem., 299 (1986) 311. 
63 R.A. Holton and J.R. Zoeller, J. Am. Chem. Sot., 107 (1985) 2124. 
64 G.D. Vaughn and J-A. Gladysz, J. Am. Chem. Sot., 108 (1986) 1473. 
65 J.E. Baldwin, C. Nhjera and M. Yust, J. Chem. Sot., Chem. Commun., (1985) 126. 
66 J-E. Baldwin, R.H. Jones, C. Najera and M. Yus, Tetrahedron, 41 (1985) 699. 
67 F. Ozawa, M. Nakano, I. Aoyama, T. Yamamoto and A. Yamamoto, J. Chem. Sot., 

Chem. Commun., (1986) 382. 
68 R. McCrindle and D.W. Sneddon, J. Organomet. Chem., 282 (1985) 413. 
69 W.D. Jones and F.J. Feher, J. Am. Chem. Sot., 107 (1985) 620. 
70 G.D. Vaughn, C.E. Strouse and J-A. Gladysz, J. Am. Chem. Sot., 108 (1986) 1462. 
71 E. Lindner, F. Zinsser, W. Hiller and R. Fawzi, J. Organomet. Chem., 288 (1985) 317. 
72 G.R. Clark, T.R. Greene and W.R. Roper, J. Organomet. Chem., 293 (1985) C25. 
73 W.R. Roper, J. Organomet. Chem., 300 (1986) 167. 
74 J.J. Koh, W-H. Lee, P.G. Williard and W.M. Risen, Jr., J. Organomet, Chem., 284 (1985) 

409. 
75 D-J. Darensboug, R. Kudaroski and T. Delord, Organometallics, 4 (1985) 1094. 
76 R. Uson, J. Fomies, P. Espinet, A. Garcia, M. Toma, C. Faces-Faces and F.H. Cane, J. 

Organomet. Chem., 282 (1985) C35. 
77 L. Andreucci, P. Divesi, G. Ingrosso, A. Lucherini, F. Marchetti, V. Adovasio and M. 

Nardelli, J. Chem. Sot., Dalton Trans., (1986) 803. 
78 H. Werner and J. Gotzig, J. Organomet. Chem., 284 (1985) 73. 
79 P.E. Garrou, Chem. Rev., 85 (1985) 171. 
80 V.C. Gibson, C.E. Graimann, P.M. Hare, M.L.H. Green, J.A. Bandy, P.D. Grebenik and 

K. Prout, J. Chem. Sot., Dalton Trans., (1985) 2025. 
81 N. Hovnanian, L.G. Hubert-PfaIzgraf and G. Le Borgne, Iaorg. Chem., 24 (1985) 4647. 
82 G.D. Vaughn, K.A. Krein and J.A. Gladysz, Organometallics, 5 (1986) 936. 
83 M.A. Bennett and C. Chiraratvatana, J. Organomet. Chem., 296 (1985) 255. 
84 H. Kletzin and H. Werner, J. Organomet. Chem., 291 (1985) 213. 
85 E. Lindner, C. Scheytt and P. Wegner, J. Organomet. Chem., 308 (1986) 311. 
86 T. Kauffmann and J. Olbrich, Tetrahedron Lett., (1984) 1967. 
87 H.-P. Abicht and K. Issleib, J. Grganomet. Chem., 289 (1985) 201. 
88 T. Kauffmann, J. EMen and K. Berghus, Tetrahedron Lett., (1984) 1971. 
89 V.A. Pestunovich, M.F. Latin, M.S. Sorokin, AI. Albanov and M.G. Voronkov, J. 

Organomet. Chem., 280 (1985) C17. 



165 

90 E. Nakamura, J. Shimada and I. Kuwajima, Organometallics, 4 (1985) 641. 
91 E. Nakamura, H. Oshino and I. Kuwajima, J. Am. Chem. Sot., 108 (1986) 3745. 
92 I. Ryu, S. Murai and N. Sonoda, J. Org. Chem., 51 (1986) 2391. 
93 H. Werner, R. Weinand and H. Otto, J. Organomet. Chem., 307 (1986) 49. 
94 T. Ito, H. Tosaka, S. Yoshida, K. Mita and A. Yamamoto, OrganometaIlics, 5 (1986) 

735. 
95 MI. Bruce, D.N. Duffy, M.G. Humphrey and A-G. Swincer, J. Organomet. Chem., 282 

(1985) 383. 
96 H.G. Ah and H.I. Hayen, Angew. Chem., Int. Ed. Engl., 24 (1985) 497. 
97 G. Erker, U. Dorf, R. Mynott, Y.-H. Tsay and C. Kriiger, Angew. Chem., Int. Ed. Engl., 

24 (1985) 584. 
98 M.R. Detty, H.R. Luss, J.M. McKelvey and SM. Geer, J. Org. Chem., 51 (1986) 1692. 
99 G.L. Hillhouse, J. Am. Chem. Sot., 107 (1985) 7772. 

100 E. Boyar, A.J. Deeming, I.P. RothweB, K. Henrick and M. McPartlin, J. Chem. Sot., 
Dalton Trans., (1986) 1437. 

101 H. Ossor and M. Pfeffer, J. Chem. Sot., Chem. Commun., (1985) 1540. 
102 T. Igarashi and T. Ito, Chem. Lett., (1985) 1699. 
103 R. McCrindle, D.K. Stephenson, A.J. McAlees and J.M. Willson, J. Chem. Sot., Dalton 

Trans., (1986) 641. 
104 T. Kauffmann and K.-R. Gaydoul, Tetrahedron Lett., (1985) 4071. 
105 H.G. Raubenheimer, G.J. Kruger and H.W. Viljoen, J. Chem. Sot., Dalton Trans., 

(1985) 1963. 
106 H. Werner and 0. Kolb, Chem. Ber., 118 (1985) 880. 
107 H. Werner, 0. Kolb, U. Schubert and K. Ackermann, Chem. Ber., 118 (1985) 873. 
108 R. McCrindle, G. Ferguson, G.J. Arsenault, A.J. McAlees, B.L. Ruhl and D.W. Sned- 

don, OrganometaIlics, 5 (1985) 1171. 
109 R.H. Crabtree, Chem. Rev., 85 (1985) 245. 
110 N.J. Fitzpatrick and M.A. McGinn, J. Chem. Sot., Dalton Trans., (1985) 1637. 
111 S.J. La Placa and J.A. Ibers, Inorg. Chem., 4 (1965) 778. 
112 M. Brookhart, W. Lamanna and M-B. Humphrey, J_ Am. Chem. Sot., 104 (1982) 2117. 
113 T.V. Ashworth, A-A. Chalmers, E. Meintjies, H. Oosthuizen and E. Singleton, J. 

Organomet. Chem., 286 (1985) 237. 
114 M. Grassi, B.E. Mann, P. Manning and C.M. Spencer, J. Organomet. Chem., 307 (1986) 

c55. 
115 M.A. Bennett, 1-J. McMahon, S. Pelling, G.B. Robertson and W.A. Wickramasinghe, 

Organometalhcs, 4 (1985) 754. 
116 A.A. Chalmers, D.C. Liles, E. Meintjies, H.E. Oosthuizen, J.A. Pretorius and E. 

Singleton, J. Chem. Sot., Chem. Commun., (1985) 1340. 
117 M.A. Bennett, I.J. McMahon, S. Pelling, G.B. Robertson and W.A. Wickramasinghe, 

OrganometaIlics, 4 (1985) 754. 
118 T.S. Targos, G.L. Geoffroy and A.L. Rheingold, OrganometaIlics, 5 (1986) 12. 
119 A.W. Colemann, P.B. Hitchcock, M.F. Lappert, R.K. MaskeIl and J.H. Miiller, J. 

Organomet. Chem., 296 (1985) 173. 
120 R.G. Ball, F. Edelmann, G.-Y. Kiel, J. Takats and R. Drews, Organometallics, 5 (1986) 

829. 
121 B. Delavaux, B. Chaudret, F. Dahan and R. Pollblanc, Organometalhcs, 4 (1985) 935. 
122 H.M. Colquhoun, SM. Doughty, J.F. Stoddart, A.M.Z., Slawin and D.J. Williams, J. 

Chem. Sot., Dalton Trans., (1986) 1639. 
123 J-L. Davidson and G. VasapoIlo, J. Chem. Sot., Dalton Trans., (1985) 2231. 



166 

124 A-E. Derome, M.L.H. Green and D. O’Hara, J. Chem. Sot., Dalton Trans., (1986) 343. 
125 G.S. Rodman and K-R. Mann, Inorg. Chem., 24 (1985) 3507. 
126 R.E. Hollands, A.G. Osborne, R.H. Whiteley and C.J. Cardin, J. Chem. Sot., Dalton 

Trans., (1985) 1527. 
127 R. Ros, A. Scrivanti and R. Toulet, J. Organomet. Chem., 303 (1986) 273. 
128 T.G. Appleton, J-R. Hail and M.A. Williams, J. Organomet. Chem., 303 (1986) 139. 
129 R.P. Hughes, R.T. Carl, D.E. Samkoff, R-E. Davis and K.D. Holland, Organometalhcs, 

5 (1986) 1053. 
130 E.J. Parsons, R.D. Larsen and P.W. Jennings, J. Am. Chem. Sot., 107 (1985) 1793. 
131 (a) M. Parra-Hake, M.F. Rettig, J.L. Williams and R.M. Wing, Organometallics, 5 (1986) 

1032. 
(b) L.A. Oro, D. Carmona, M-A. Esteruelas, C. Faces-Feces and F.H. Cano, J. 
Organomet. Chem., 307 (1986) 83. 

132 V.A. Nikanorov, V.I. Rozenberg, A.I. Yanovsky, Yu.T. Struchkov, 0-A. Reutov, B.I. 
Ginzburg, V.V. Kaverin and V.P. Yur’ev, J. Organomet. Chem., 307 (1986) 363. 

133 V.A. Nikanorov, V.I. Rozenberg, V.I. Bakhmutov, 0-A. Reutov, B.I. Ginzburg, V.V. 
Kaverin and V.P. Yur’ev, J. Organomet. Chem., 307 (1986) 351. 

134 F.J. Liotta, Jr. and B.K. Carpenter, J. Am. Chem. Sot., 107 (1985) 6426. 
135 E. Michels, W.S. Sheldrick and C.G. Kreiter, Chem. Ber., 118 (1985) 964. 
136 T. Mitsudo, A. Ishihara, M. Kadokura and Y. Watanabe, OrganometaBics, 5 (1986) 238. 
137 2. Goldschmidt and E. Genizi, Synthesis, (1985) 949. 
138 2. Goldschmidt, H.E. Gottheb, E. Genizi, D. Cohen and I. Goldberg, J. Organomet. 

Chem., 301 (1986) 337. 
139 K. Broadley, N.G. CormeIly, P.G. Graham, J.A.K. Howard, W. Risse and M.W. 

Whiteley, J. Chem. Sot., Dalton Trans., (1985) 777. 
140 R. Goddard, F.-W. Grevels and R. Schrader, Angew, Chem., Int. Ed. Engl, 24 (1985) 

353. 
141 R. Berm, G. Gabor, P.W. Jolly, R. Mynott and B. Raspel, J. Organomet. Chem., 296 

(1985) 443. 
142 R. Berm, B. Btissemeier, S. HoIle, P.W. Jolly, R. Mynott, I. Tkatchenko and G. WiBce, J. 

Organomet. Chem., 279 (1985) 63. 
143 R. Berm, P.W. Jolly, R. Mynott, 3. Raspel, G. Schenker, K.-P. Schick and G. Schroth, 

Organometalhcs, 4 (1985) 1945. 
144 P.W. Jolly, Angew. Chem., Int. Ed. Engl., 24 (1985) 283. 
145 R. Benn, P.W. Jolly, R. Mynott and G. Schenker, Organometalhcs, 4 (1985) 1136. 
146 C. Jiabi, L. Guixin, X. Weihua, J. Xianglin, S. Meicheng and T. Youqi, J. Organomet. 

Chem., 286 (1985) 55. 
147 B. Akermark and A. Vitagliano, Organometalhcs, 4 (1985) 1275. 
148 P.W. Jolly, R. Mynott, B. Raspel and K.-P. Schick, Organometalhcs, 5 (1986) 473. 
149 J.A. Bandy, V.S.B. Mtetwa, K. Prout, J.C. Green, C.E. Davies, M.L.H. Green, N.J. 

Hazel, A. Izqierdo and J.J. Martin-Polo, J. Chem. Sot., Dalton Trans., (1985) 2037. 
150 J.C. Green, R.A. Grieves and J. Mason, J. Chem. Sot., Dalton Trans., (1986) 1313. 
151 M.L.H. Green and L.-L. Wong, J. Chem. Sot., Chem. Cormnun., (1984) 1442. 
152 M.L.H. Green and D. O’Hare, J. Chem. Sot., Dalton Trans., (1985) 1585. 
153 P. Eilbracht, W. Fassmann and W. Diehl, Chem. Ber., 118 (1985) 2314. 
154 J.P. Blaha, J.C. Dewan and M.S. Wrighton, Organometallics, 5 (1986) 899. 
155 T.Yu. Orlova, V.N. Setkina, P.V. Petrovsky, A.I. Yanovsky, A.S. Batsanov and Yu.T. 

Struchkov, J. Organomet. Chem., 304 (1986) 331. 
156 F. Wochner, L. Zsolnai, G. Huttner and H.H. Brintzinger, J. Organomet. Chem., 288 

(1985) 69. 



167 

157 K. Sato, S. Nakashima, M. Watanabe, I. Motoyama and H. Sano, Nippon Kagaku 
Kaishi, (1985) 580. 

158 M. Watanabe, I. Motoyarna and H. Sano, Bull. Chem. Sot. Jpn., 59 (1986) 2109. 
159 S. Toma, E. Sol&niov~ and A-G. Nagy, J. Organomet. Chem., 288 (1985) 331. 
160 M. Hisatome, J. Watanabe, K. Yamakawa, K. Kozawa and T. Uchida, Nippon Kagaku 

Kaishi, (1985) 572. 
161 M. Hillman, J.D. Austin and A. Kvick, Organometallics, 4 (1985) 316. 
162 M. Hillman and A.C. Larson, J. Organome$ Chem., 280 (1985) 389. 
163 N-J. Singletary, M. Hillman, HI. Dauplaise, A. Kvick and R-C. Kerber, Organometallics, 

3 (1984) 1472. 
164 M. Hisatome, J. Watanabe, K. Yamakawa and Y. Iitaka, J. Am. Chem. Sot., 108 (1986) 

1333. 
165 A. Kasahara, T. Izumi, I. Shimizu, T. Oikawa, H. Umezawa, M. Murakami and 0. 

Watanabe, Bull. Chem. Sot. Jpn., 58 (1985) 1560. 
166 R.G. Swisher, E. Sinn and R.N. Grimes, Organometalhcs, 4 (1985) 890. 
167 H. Schmidbaur, Angew. Chem., Int. Ed. Engl., 24 (1985) 893. 


