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Abstract 

The synthesis, structure and reactions of rhenium(Ill) 'qt-acyl complexes bearing a cyciopentadienyi (Cp) or a pentamethyicyclopenta- 
dienyi (Cp" ) ligand are described, Oxidation of the rhenium(l) acyi complex Li[CpRe(CO)2(ll t-PhCO)] (1) with one equivalent of PhIC! 2 
affords the rhenium(m) acyl complex trans-CpRe(CO)2('qt-PhCO)CI (wans-2a) The diphenylcarbene complex Cp(CO)2Re = CPh 2 (3) is 
also formed in this reaction. Similarly, oxidation of I with Br 2 gives cis/Irans-CpRe(CO)2('qt-PhCO)Br (cis/trans-2b), which can also 
be obtained from the alkoxycarbene complex Cp(CO)2Re=C(OEt)Ph (4) with one equivalent of Br 2. Oxidation of Li[Cp" Re(CO)2(~q I- 
PhCO)] (5) with one equivalent of PhlCl 2, Br 2 or 12 affords selectively the rhenium(Ill) acyl complexes cis/trans-Cp" Re(CO)2(ll L 
PhCO)X iX - el-l) [cis/trans-(6a-6e)]. Cleavage of the Re-Cacy t bond of trans-2a with PhiCI 2 and of cis/trans-2b with Br 2 offers a 
convenient way to fl~e rhenium(ill) dihalo complexes cis/trans-CpRe(CO)2CI 2 (cis/trans-Ta) and cis/trans-CpRe(CO)2Br 2 (cis/  
wans.7b) reslxctively. Reduction of cis/trans-7a with sodium/amalgam gives in the presence of RNC, the rhenium(1) isonitrile 
complexes CpR¢(CO)2(CNR)(8: R - Et; 9: R -iPr; 10: R ~tBu). Oxidation of 8-10 with one equivalent of bromine leads selectively to 
the rhenium(Ill) isonitrile complexes [wans-epRe(CO)2(CNR)Br]Br ill: R ,- Et; 12: R ~ iPr. 13: R -tBu). The crystal structure of the 
acyl complex Irans°2b and the carbonyl complex [CP2" Re.~(CO).t(I~°Br)][Re2(Ix-Br)~(CO)~,] (14) are described, complex 14 being fomled 
by the themtal decomposition of cis / transo6b. 

Kcyword, w Isoniu~ile complexes; Rheniul|l; Alkyl complexes 

1. Introduction 

Transition metal acyl complexes are a ubiquitous 
class of compounds, which have been studied exten- 
sively due to their involvement in many catalytic and 
stoichiometric reactions [1]. In this context several rhe- 
nium(l) acyi complexes have been prepared using three 
main methods. The first involves acylation of a suitable 
rhenate complex, as shown by the reactions of 
Na[Re(CO)5] with various acid halides [2]. The second 
involves addition of a nucleophile at the carbon atom of 
coordinated carbon monoxide. Illustrative examples of 
this approach are the reactions of the cationic carbonyl 
complexes [Re(CO)4L2] + (L = CO, PEt~, PPh~; L 2 = 
2.2'-bipy, ophen) with aikoxi&~s [3] and alkylamines [4], 
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or the reactions of the neutral carbonyl complexes 
Re(CO)so,L,X (n ~ 0, 2; L ~ PR ~, P(OR)~; X ~ CI, 
Br, I, Me, C(O)Me, SnPh 3) [5], CpRe(CO)~ [6] and 
Re2(CO)10 [7] with amines and alkyllithium reagents. 
The third is based on the well-known CO migratory 
insertion reaction of alkyl complexes [8]. In comparison, 
mononuclear rhenium(Ill) acyl complexes are rare [9]. 
Seeking for an efficient synthetic approach to this class 
of compounds, we have recently prepared the tech- 
netium(1) and rhenium(I) acyl complexes Li[Cp'- 
M(CO)2('qt-PhCO)] (Cp" = 'q~-CsMe~) and have shown 
these compounds to be useful starting materials for the 
synthesis of carbene, carbyne and ylide complexes [10]. 
In continuation of this work on Group VII transition 
metal complexes bearing metal-carbon multiple bonds, 
we describe below the oxidation reactions of the rhe- 
nium(1) acyi complexes Li[('qS-CsRs)Re(CO)2(~I I- 
PhCO)] (1: R = H; 5: R = Met with halogens and the 
stepwise transfomlation of the resulting rhenium(III) 
acyi complexes to rhenium(I) and rhenium(III) isonitrile 
complexes. 
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2. Results and discussion 

Oxidation of Li[CpRe(CO)z('qI-PhCO)] (1) with one 
equivalent of PhlC! 2 in CH2CI z at -30°C gives the 
Re m acyl complex trans-CpRe(CO)2(lqI-PhCO)Cl 
(trans-2a) (Eq. (1)). Formation of a minor product in 
this reaction is indicated by the IR spectra of the 
reaction solutions, which show besides the two v(CO) 
absorptions of the acyl complex trans-2a at 2046 and 
1975 cm -~, two other v(CO) absorptions of much 
lower intensity at 1970 and 1888 cm -~. The minor 
product was easily separated from the acyl complex 
trans-2a by column chromatography on silica at -20°C 
and was isolated in 15% yield as a light red, thermally 
stable microcrystailine solid, which is soluble in all 
common organic solvents. It was identified by IR and 
NMR spectroscopy, mass spectrometry and elemental 
analysis to be the diphenylcarbene complex 3 (Eq. (1)). 
The acyl complex trans-2a was isolated as an orange 
solid in 62% yield. It is soluble in CH2CI 2 and Et20, 
but sparingly soluble in pentane and decomposes in 
solution at room temperature. 

I 

I 
c,']~co I 

oe +"~N% ~p. 

(!) 

The unprecedented "oxide-aryl" replacement reac- 
tion leading from I to 3 offers a direct route from an 
aeyl complex to a diarylcarbcne complex [I 1]. Two 
other routes are known to give compounds analogous to 
3, The first involves the addition of a nucleophile to the 
carbyne carbon of a cationic carbyne complex. This is 
exemplified by the reactions of the rhenium complex 
[Cp(CO)aRe=CPh]BCI4 with LiMe and EtaAIH to af- 
ford the carbene complexes Cp(CO)~Re=C(R)Ph (R 
Me, H) [12], and by the reaction of the manganese 
carbyne complex [ClgCO)aMn~CMe]BC! a with LiMe 
to give the carbene complex Cp(CO),Mn=CMe~ [131. 
The second includes the carbcne transfer reaction of 
CpMn(CO)aTHF with PhaCN 2 [14]. 

Li + 
+ [Et3OIBF4 [ 

. . . . . . .  ~ .... , ~ l I R %  1°°7\/'1 oo / "% ..Ph 

1 

+, .jE  
,,Re. + 

° e" ore-P, #- o~c-p. 

cis~2b frans.2b 

Scheme I. 

Oxidation of 1 with one equivalent of bromine in 
CH2CI 2 at -30°C leads to the rhenium(Ill) acyi com- 
plex CpRe(CO),(~It.PhCO)Br (2b), which was obtained 
as a mixture of the cis and the trans isomer and 
isolated after purification by column chromatography on 
silica at - 20°C as a yellow solid in 75% yield (Scheme 
I). It is soluble in CH,C! 2 and Et20, but sparingly 
soluble in pentane, and decomposes in solution at room 
temperature. IR spectra of the reaction solutions and of 
the isolated yellow solid indicate that the trans 
stereoisomer (trans-2b) is predominantly formed in this 
re'lotion. The ralio trans-2b/cis.lb was determined 
l?om the relative intensity of the cyclopentadienyl pro. 
ton resonances in the ~I~1 NMR spectrum of the isolated 
solid, and was found to be 9: I. Alternatively, the 
rhenium(Ill) ,cyl complexes ci,s,°2b and trans.2b can be 
obtained by oxidation of the Fischer-type ethoxycarbene 
complex Cp(CO),Re=C(OEt)Ph (4) with one equiva. 
lent of bromine (Scheme I). Again the trans stereoiso- 
mer (trans-2b) is the main product of this unprece- 
dented oxidative carbene-acyl transformation reaction. 
Most oxidation reactions of Fischer-type carbene com- 
plexes proceed with a cleavage of the metal-carbon 
double bond [151. 

Treatment of Li[Cp'Re(CO)2(qLPhCO) ] (5) with 
one equivalent of PhlC! 2 in CH2CI 2 at -30°C affords 
a mixture of the rhenium(Ill) acyl complexes cis- and 
trans+Cp " Re(CO)~(rI~-PhCO)CI (cis / trans-6a) (Eq. 
(2)). Fon'aation of a rhenium diphenylcarbene byprod- 
uct was not observed in this reaction, in contrast to the 
oxidation reaction of 1 with PhlC! 2 (Eq. (I)). The 
mixture of stereoisomers cis.6a and trans-6a was iso- 
lated as an orange-yellow solid in 77% yield after 
evaporation of the solvent and extraction of the residue 
with CH2CI,/Et20 (1:5). Integration of the pen- 
tamethyicyciopentadienyl proton signals in thetH NMR 
spectrum of the isolated solid gave a trans-6a/cis.6a 
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ratio of 2.1 : 1. Alternatively, the reaction mixture can 
be purified by column chromatography on neutral alu- 
mina at - 20°C. Using an Et20/pentane (I : 1) mixture 
as eluent, the two stereoisomers can be separated, the 
less adsorbed and more soluble trans isomer being 
eluted first. Thereby the pure stereoisomers were iso- 
lated as orange-yellow, microcrystalline solids, which 
axe soluble in CHzC! 2 and Et20, but sparingly soluble 
in pentane, and decompose slowly in CH2CI 2 at room 
tenlperature without any sign of thermal isomerization. 

LI + I t" ÷ PMCl l 
~ - Phi, - LICI + 

c,. .7V.c o c % ,  c,.°,..:oc oct,.c, ,,,"',- 
(9 .c -p .  (9 c - p .  d d 

5 cis'6a trans-6a 

I 

oc j\Co 

I 
x 

cis.7a, b 

+ UPh 

EtlO. 29 °C 

I 
+ ,,Re,, x/ ,;co 

trans.Ta, b 

II:X:C! 
b:X=Br 

Scheme 2. 

Li* ioc,,  o 
1 

+ 3 PhlCli - PhC(O)X 
or+3Br 2 -LiX 

CHiCI 2, 20 ~C 

(2) 

In a similar reaction to that giving cis/trans-6a, 
oxidation of 5 with one equivalent of bromine or iodine 
affords selectively the rhenium(Ill) acyl complexes cis 
/ trans-Cp" Re(CO)2('qt-PhCO)Br (cis / trans-6b) and 
cis / trans-Cp" Re(CO)2('qI-PhCO)I (cis / trans-6e) re- 
spectively (Eq. (3)). Again IR spectra of the reaction 
solutions and the isolated solids indicate that the trans 
stereoisomers trans-6b and trans..6c are predominantly 
formed in these reactions. Purification of the reaction 
solution by low-temperature column chromatography on 
silica gives the mixture of isomers cis/trans-6b and 
cis/trans-6e as orange-yellow, microct3tstalline solids 
in 79 and 74% yields respectively. Integration of the 

ntamethyleyciopentadienyi proton resonances in the 
NMR spectrum of the obtained iodo isomers in 

C6D6 at room temperature [trans.6¢: 8 ( C p ' ) ~  !.72; 
cis-6¢: ~ ( C p ' ) ~  1.69] gave a trans-6e/cis-6e ratio of 
2.8:1. The iodo complexes cis.6¢ and trans-6e were 
found to be stable in CH2C! ~ at room temperature over 
at least 12 h. However, they decompose when heated in 
a sealed capillary in vacuo at 82°C. 

ki kOO ; , ~ l ~ / P h  ~ OHiOla,.20o ~ 
,,Re,, ÷ ,,Re,, 

oo . . . . . . . . .  

5 clo.6b. 0 frtlnt~6b. © 

b:XaBr 
©;Xal 

(3) 

In an attempt to determine the structure of the ther- 
mal decomposition products of the rhenium(Ill) acyl 
complexes 2a, 2b and 6a-6c, a saturated orange-yel- 
low solution of the isomers cis-6b and trans-6b in 
Et20 was allowed to crystallize at room temperature by 
slow evaporation of the solvent. Suitable green crystals 
for a single-crystal X-ray diffraction study separated 
from the resulting green solution and were shown to be 
the salt 14 of the homodinuclear complex cation 
[Cp~Re2(CO)4(ix-Br)]+ and the homodinuclear com- 
plex anion [Re2(p.-Br)a(CO)6]- (see crystal stnwture of 
14). 

Treatment of I with three equivalents of PhlCI~ in 
CH2CI 2 at -78°C and subsequerht warming of the 
reaction mixture to r,)om temperature gives, after oxidao 
tive cleavage of the Re-C,~¢~ bond, the rhenium(Ill) 
dichloro complexes c/s-and trans.CpRe(CO)zC! 2 ( cis / 
trans-7a) (Scheme 2). IR monitoring of this reaction 
reveals the intermediate formation of the rhenium(lli) 
acyl complex trans-2a according to Eq. (!). This reacts 
subsequently with additional PhlC! 2 to give cis / trans. 
7a. In the latter reaction benzoyl chloride is liberated, as 
evidenced by its two characteristic IR absorptions in 
CH 2Clz at 1775 and 1732 cm- t [16]. The stereoiso- 
mers cis-7a and trans-7a were separated by column 
chromatography on silica at - 15°C and isolated as red 
(trans-7a) and red-brown (cis-7a) microcrystalline 
solids in 30 and 35% yields respectively. 
The oxidation of I with PhlClz to give cis/trans- 
CpRe(CO)2Ci 2 (cis/trans-7a), combined with the 
quantitative transformation of CpRe(CO) 3 with LiPh to 
1, provides an efficient two-step synthesis of the dichloro 
complexes starting from CpRe(CO) 3 (Scheme 2). This 
synthetic procedure is more convenient than the previ- 
ously reported three-step synthesis of cis/trans- 
CpRe(CO)2C! 2 from CpRe(CO) 3, involving in the key 
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step the oxidation of CpRe(CO)2N 2 by HCI [17]. A 
direct oxidation of  CpRe(CO) 3 to cis / trans- 
CpRe(CO)2CI 2 has not succeeded so far, the reactions 
of CpRe(CO) 3 with 0 2 and SbCI 5 affording only the 
salts [CpRe(CO)3CI]Ci and [CpRe(CO)3CI]SbC16 re- 
spectively [18]. 

In a similar reaction to that yielding cis/trans-7a, 
treatment of I in CH2Cl 2 with slightly more than three 
equivalents of bromine gives a mixture of the 
rhenium(Ill) dibromo complexes cis- and trans- 
CpRe(CO)2Br2 (c i s / t rans-7b) (Scheme 2). This was 
isolated after purification by column chromatography as 
a brown solid in 76% yield. Again IR monitoring of this 
reaction revealed the intermediate formation of the rhe- 
nium(Ill) acyl complexes cis.2b and trans-2b accord- 
ing to Scheme I. These then react with additional 
bromine to give cis/trans-7b. In the latter reaction 
benzoyl bromide is liberated, as evidenced by its char- 
acteristic IR v(CO) absorption in CH 2 ° 2 at 1774 cm- t  
[161. An alternative method for the synthesis of c i s /  
trans-CpRe(CO) z Br 2 involves the direct brominat ion of 
CpRe(CO)~ with Br 2 in trifluoroacetic acid [19]. 

The dihalo complexes were found to be very useful 
starting materials for the synthesis of rhenium(I) and 
rhenium(Ill) isonitrile complexes bearing a cyclopenta- 
dienyl ligand (Scheme 3). Thus, reductive dehalogena- 

i 

# 

c i s q r a n s - T a  

8,11 : R=E I  ] 
O, 12 : R = ~Pr 

10,13 : R = 'Bu 

+ I ~  (~.),  ÷ RNC 
- 2 NaCl 

- r "  

• rIHF, .IO oc 

• . . . .Co Br" " ~  ] or 
11-13 

Scheme 3. 

I 
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oC ~ / \ C N n  

8-10 

I 
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I 

tion of cis/trans-7a with excess N a / H g  in the pres- 
ence of an alkyl isonitrile gives the rhenium(I) isonitrile 
complexes CpRe(CO)z(CNR) (8: R = Et; 9: R =ipr ;  
10: R - ' B u )  (Scheme 3). These were isolated in good 
yields as white, slightly air-sensitive solids, which are 
soluble in common organic solvents including paraffin 
hydrocarbons. The isonitrile complexes 9 and l0  have 
been obtained previously from the reaction of the 

Table 1 
v(C=--NR), t,(CO) and v(C=O)~t ab~orption~ (era- ' ) of 1=13; solvents: (a) CH.~CI~. (b) Et~O. (c) nopeatane 

Complex - ~C--=NI~) ,~CO) u(CoO)~, 

Lt[CpRe(CO)~('qtoPhCO)] ( i )  ~ 1918 s, 1908 s. -~ 
Solveat 

tean,~-CpR¢(CO) ~[ q* oPhCO]CI (lrun,~2a) 
ct~oCpRe(CO)~[ ~' oPhCO]Bt (ctso2b) 
tran~CpRe(CO)~[q* oPhCO]Br (tm,.~.~2b) 
Cp(CO)~ Re ~ C Ph ~ (3) 

Cp(CO)~ Re~ C(OEt)Ph (4) 

Lt[Cp ° Re(CO)~(~t °PhCO)] (5) 

ds-C'p' Re(CO)z[.q'.PhCO]CI (cls-6a) 
tr~ns-Ci~.' Re(CO)2['q'-PhCOICi (trans.6a) 
cts-Cp Re(C~)a[ ~l °PhC~)]Br (cts~Eb) 
truns~C~" Re(CO)a[.q t.PhCO]Br (eran~6b) 
t~s-CO Re(CO)~[~LPhCO]I (ctso6e) 
~ns~C'p' Re(CO)~[,ql.PhCO]! (trans.6e) 
ctsoCpRe(CO):Cl= (cis-Ta) 
tr~soCpae(CO)2CI a (~mns.?a) 
cts.CpRe(CO)aBr a (~-is.Tb) 
n'~s-Cl~e(CO) a Br: (tran,v-Tb) 
CI~e(CO)~(CI~O (8) 

C~e(C'O)a(('~l'Pr) (9) 

C~dCO) ~(CN ~ au) (10) 

a'~s~[CpRe(CO)a(CNEt)Br]Br ( 11 ) 

m 

2130 m. 2106 m 
212~ w. 2099 m 
2108 m. 2096 sh 
2106 sh. 2092 m 
2111 m. 2069 w. br 
2104 m. 2061 m 
2242 s 

1800 ~. 1787 s 
2046 ~. 1975 v~ 1617 m a 
2027 v,~, 1955 s -~ * a 
2041 ~, 1972 w 161X m a 
1970 vs, 1888 v~ .... a 
1978 vs. 1907 vs ~ c 
1951 vs. 1872 vs ~ a 
1963 vs, 1891 vs ~ e 
1898 s .  1890 s ,  ~ b 

1 7 8 4  v s  

2010 vs. 1935 s 1617 m a 

2033 s. 1955 vs 1606 m a 
2007 vs. 1935 s 1617 m a 
2030 s. 1954 vs 1609 m a 

2004 s. 1933 s 1617 m a 
2017 s. 1946 vs 1611 m a 

2 0 5 9  v s ,  1 9 8 4  s ~ a 

2 0 7 6  s ,  2 0 1  ! v s  ~ a 

2054 vs. 1892 s ~ a 

2067 s. 2003 vs ~ a 
! 945 vs, 1891 vs ~ b 
1952 vs, 1903 vs ~ c 
1 9 4 3  vs. 1892 vs ~ b 

1950 vs. 1904 vs ~ c 
1932 vs. 1874 vs ~ a 
1940 vs, 1891 vs ~ b 

2090 s. 2035 vs - -  a 
a 
a 

rr~ms~[CpRefCO)~(CN ~Pr)Br]Br (12) 2235 s 2089 s, 2035 vs - -  
~r~ms'[CPRe(CO)a(CN ~ Bo)Br]Br (13) 2.220 s 2088 s, 2034 vs 

The u(C-O)~cii abso~ion of cis-2b was not detected because of the low concentration of this isomer. 
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vinylidene complex C p ( C O ) z R e = C = C H  2 with the car- 
bodiimides R N = C = N R  (R = ' P r ,  'Bu)  [20]. 

Oxidation of  the complexes  8 - 1 0  with one equiva- 
lent of  bromine in CH2CI  2 at - 2 5 ° C  yields  selectively 
the rhen ium(m)  isonitrile complexes  [ trans-CpRe-  
(CO)2(CNR)Br]Br (11: R =  Et; 12: R = ' P r ;  13: R -  
t Bu), which were isolated as yel low solids in 9 5 - 9 9 %  
yields (Scheme 3). These are soluble in CH2C! 2, but 
insoluble in Et20  and pentane, and decompose in solu- 
tion at room temperature. 

Analogous oxidat ion reactions to those of  8 - 1 0  have 
been reported previously  for the pentamethylcyclopenta-  
dienyl Re I complexes  C p * R e ( C O ) 2 L  [ L = P M e 3 ,  
P tOR)  3 (R = Me, Et, Ph)] [21]. 

3. Spec t roscopic  inves t iga t ions  

3.1. IR, tH N M R  and I'+C N M R  spectra 

The IR spectra of  the complexes  1 - 1 3  show, in the 
region 2 3 0 0 - 1 5 0 0  cm - I ,  characteristic v ( C ~ N R ) ,  

v(CO),  and v ( C O ) ~  I absorptions of the coordinated 
isonitrile, carbonyl and acyl ligands respectively (Table 
1). The number  and relative intensity of  the v(CO) 
absorptions of  the " ' four- legged p iano-s tool"  com- 
plexes 2a,  2b, 6 a - 7 b  and 1 1 - 1 3  indicate the number  of  
isomers and the relative posit ion of  the carbonyl ligands 
in the coordination sphere. Thus,  only two absorption 
bands are observed in the IR spectra of the complexes  
2a  and 11 -13 ,  the higher  energy absorption of  the 
symmetr ic  v(CO) vibration being less intense than the 
lower energy absorption of  the antisymmetric v(CO) 
vibration [19b, c]. This indicates the presence of  only 
the trans isomer. In comparison,  four v(CO) absorp- 
tions are found in the IR spectra of the complexes 2b 
and 6 a - 7 b ,  indicating the presence of a mixture of  
c i s / t r a n s  isomers. As expected,  the higher energy ab- 
sorption of  all cis isomers (cis.2b, cis-6a-cis-7b) is 
more intense than the lower  energy v(CO) absorption 
[19b, c]. The angle 20 between the two CO ligands has 
been calculated for the complex trans-2b, using the 
relationship l a / !  s = t a n  2 0, where / a and I s axe the 

Table 2 
I H NMR data of the complexes trans-2a-13; relative intensities and multiplicities in parentheses, coupling constants in hertz 

{2omplex C H3 CI~I 2 NC C s Me s CH 3C H 2 NC C +~ tt~ C o H 5 Solvent 
Me2CHNC Me2C tt NC; T (°C) 
Me3CNC 

~a~S. ~ . . . . . . .  ~ ~ ~ 5.67 (5, s) 7.44 (2, m) a, 7.51 (!, rn) b CDzCI 2 
7.71 (2, m) c - 30 

c i so2b  . . . .  5.98 (5, s) __ a CD~CI~ 
+ 20 

tran,,,olb . . . . .  5.67 (5, s) 7.44 (2, m) ". 7.51 (I, m) t, CD~C~ ~ 
7.09 (2, m) ' ~ 20 

3 . . . . . . . . . . . . . . . . .  5.42 (5, s) 7.49 (4, m) ~, 7.61 (2, m) t,, CD~CI~ 
7.76 (4, m) ' +o 211 

..... 7.39=7.60 (5. m)a C'D,CI: cts.aa ......... 1.99 ( 15, s) ~ 
2O 

=~ 7.39~7.00 (5, m) a CD~CI~ wans~6a ~ 1.94 ( 15, s) 20 

ciso6b ..... 2.03 (15, s) ~ ~ 7.30~7.61 (5, m) a CD~CI~ 
2O 

7.36-7.61 (5, m) ,t CD2CI~ tran,~.6b ~ 2.00 (15, s) 20 
7.34-7.61 (5, m) 't CD2CI2 cis-6¢ ~ 2.15 (15, s) e 

+ 20 
7.34-7.61 (5, m) d CD2CI2 trans-6¢ ~ 2.15 (15, s) e + 20 

8 0.61 (3, t) ~ 2.77 (2, q) 4.68 (5, s) ~ Ct, D~, 
"~J(HH) ~ 7.2 ~J(HH) ~ 7.2 + 20 

9 0.78 (6, d) ~ 3.32 (I, sept) 4.69 (5, s) ~ Ct, D(, 
3J(HH) ~ 6.5 ~J(HH) ~ 6.5 + 20 

4.68 (5, s) ~ C6D0 10 0.97 (9, s) + 20 

11 i.50 (3, t) o-- 4.52 (2, q) 6.42 (5, s) - -  CD2CI2 
++J(HH) ++ 7.2 ++J(HH) ++ 7.2 -50  

12 1.55 (6, d) - -  5. ! 3 ( I, sept) 6.49 (5, s) - -  CD2CI z 
3J(HH) ,~ 6.6 3J(HH) ~ 6.6 - 30 

13 1.67 (9, s) - -  - -  6.44 (5, s) J CD2CI 2 
-40  

a"b'~ Resonances of meta-, para- and ortho-protons of the phenyl group respectively; a the phenyl proton resonances of the cis trod trans isomer 
are superimposed; e the methyl protons of the Cp* ligand of the cis and trans isomer have, by accident, the same chemical shift. 
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intensities of the asymmetric and symmetric v(CO) 
bands respectively [19b, c]. The obtained value of 109" 
is very close to that found in the crystal structure of 
trans-2b [OC-Re-CO = 110.1(5) °] (see crystal struc- 
ture of trans-2b). 

The v(CO) absorptions of the acyl complexes trans- 
2a and trans-2b appear at lower wavenumbers than 
those of the dihalo complexes trans-7a and trans-7b 
respectively. This can be attributed to an enhancement 
of the electron density at the metal centre (stronger 
metal-carbonyl back-bonding), when the chloro or 
bromo ligand is replaced by the less electronegative 
benzoyl ligand (Table !). For the same reason, the 
v(CO) absorptions of the Cp'-substituted acyi com- 
plexes decrease in the series cis.6a > cis-6b > cis.6c 
and trans-6a > trans-6b > trans-6¢ and appear at lower 
wavenumbers than those of the corresponding Cp-sub- 
stituted acyl complexes (stronger electron releasing abil- 
ity of the Cp" iigand). The v(C---=NR) absorptions of 
the Re(Ill) isonitrile complexes 11-13 appear at consid- 
erably higher frequency than those of the uncoordinated 
alkyl isonitriles [v (C~NEt)~  2160 cm ~ I v(C~N~Pr) 
"~ 2149 cm ~l. p(C~NtBu) ~- 2140 cm ~l in CH2C12]. 

This indicates that the alkyl isonitrile acts only as a 

o--donor ligand towards the electron-poor rhenium cen- 
tre in these compounds. In comparison, two v(C-NR)  
absorptions are observed in the IR spectra of the Re(I) 
isonitrile complexes 8 - l 0  at lower frequency than those 
of the uncoordinated alkyl isonitriles, suggesting exten- 
sive metal-isonitrile back-donation in these compounds. 

All acyl complexes are distinguished by an absorp- 
tion of medium intensity between 1600 and 1620 cm- ~, 
which can be assigned to the v(C=O) absorption of the 
acyl ligand. This absorption appears in the same range 
as that of other neutral rhenium 'qLacyl complexes [2a, 
2d-f]. 

Finally, two v(CO) absorptions of almost equal in- 
tensity are observed in the IR spectra of the pseudo-oc- 
tahednd complexes 3, 4 and 8-10. These absoqations 
decrease in the series 3 > 4 > 8-10,  indicating the de- 
creasing ¢r-donor/~-acceptor ability of the ligand in the 
series diphenylcarbene > alkoxy(phenyl)carbene > alkyl 
isonitrile. 

Further support for the structures assigned to the 
complexes is given by the t H NMR spectra (Table 2). 
Thus, one singlet reson,-mce is observed for the cy- 
clopentadienyl protons of the complexes 2a and I 1-13, 
indicating the presence of only one isomer (trans iso- 

Table 3 
J~C NMR data of the complexes trtmso2a= 13; coupling con,~tants in hertz 

Compl¢~ C~Me~ CH~CH,NC CH~CH~NC C~FI~ C¢,H s 
Me~CHNC M % C H N C  C s Me s 
Me~CNC Me ~CNC 

tran,~ola . . . . . . . .  96.7 1211.5 ~. 128,6 ", 
132,0 ~. 152~7 a 

tran,~2b . . . . . . . . . .  96, I 121~,5 ~, 12~1,6 " 
132.0 % 152.3 ~ 

3 . . . . . . . . . . . . . . .  93,1 128,3 '~, 130ol " 
132,5 ", 164,5 ~ 

t'l,~'.611 9,9 . . . . . . . . . . . . .  108,1 128,0 *. 129.1 h 
131,4 ~, 147,7 d 

tran,~,Cm 9.7 :=  : 105,0 126,5 ' ,  128,0 " 
! 30,8 c, 155,0 a 

cts.6b 10,2 ~ ~ 107,7 128,1 *, 129.3 b 
I. ~: .5 c, 149.1 a 

tran,~.6b 10,0 ~ ~ 105,2 126,6 a, 128.0 t, 
130,7 ¢, 154, ' /~ 

cts.6¢ I0.8 ~--~ ~ 107.3 128.1 ~, 130.0 b 
131.0 ¢, 153.3 d 

trana',6¢ I 1,0 ~ ~ 105,0 126.9 ' ,  128,3 b 
130,8 ~, 156,2 d 

8 == 15,6 39,2 83,0 

CH ~CH 2 NC CO PhCO Solvent 
M % C H N C  Re= C T (°C) 
Me ~CNC 

m 

145.7 

197,9 2143 

195,7 213.0 

205.3 296.0 

206,7, 208.2 227.8 

2(~).0 223.7 

205.3, 207.2 224.6 

198.3 222.1 

203,0, 207,0 221,4 

196.7 220.3 

199,2 

9 °= 23.8 48.6 83,1 146,6 199.2 

l0  .......... 30,9 57,0 83, I 148.'/ 199. I 

II - -  14,5 44,2 95,4 ,-~ 102.6 179.9 

12 - -  22.5 54.3 95.7 - -  102.3 180.2 

13 - -  30, ! 63,5 96,5 103.7 180.2 

~ C . .  C .... C,.: and- C. , , . -~sonances  of the ph'enyl group respectively. 

CD;CI~ 
= 30 

CD~CI~ 
.... 3O 

CD~CI,  
~- 20 

CD~CI~ 
= 20 

CDzCI~ 
- 20 
CD2CI.. 
- 1 0  

CD~CI~ 
- 1 0  
C D : C I ,  
20 
CD2CI~ 
2O 
C6D6 
+ 20 
C6D6 
+ 2O 
C6D6 
+ 2O 
CD2CI 2 
- 50 
CD2CI 2 
~= 30 

CD2Ci 2 
- 4 0  
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mer). In comparison, the 'H NMR spectra of 2b and 
6 a - 7 b  display two cyclopentadienyl or pentamethylcy- 
clopentadienyl proton resonances, indicating the pres- 
ence of a mixture of c i s / t r a n s  isomers, 

The ~SC NMR spectra are also consistent with the 
proposed su'uctures of the new compounds (Table 3). 
Thus, only one carbonyl carbon resonance is observed 
in the tSC NMR spectra of the complexes 2a and 11-13 
indicating, in agreement with the IR spectra, a trans 
arrangement of the two carbonyl ligands in these com- 
pounds. In comparison, the LaC NMR spectra of the 
complexes 6a-6c  display three carbonyl carbon reso- 
nances, giving evidence of a mixture of c i s / t r a n s  
isomers. Both carbonyl carbon resonances of the cis 
isomer appear at lower field than the carbonyl carbon 
resonance of the con'esponding trans isomer (Table 3). 
This trend is the same as that observed for Group VI 
transition metal carbonyl complexes, where a stronger 
metal-carbonyl back-bonding causes a deshielding of 
the carbonyl carbon nucleus [22]. For the same reason, 
the carbonyl carbon resonances of the Re' isonitrile 
complexes 8-10 appear at lower field (8 199.1 - 199.2) 
than those of the Re m isonitrile complexes 11-13 (8  

179.9-180.2). Also, the metal-bound isonitrile carbon 
resonances of the Re j complexes 8-10 (8 145.7-148.7) 
appear at lower field than those of the Re m complexes 
1 I -  13 (8 102.3-103.7), because of the stronger metal- 
isonitrile back-bonding in the former compounds. All 
flaenium(lll) "q~-acyl complexes ate distinguished by an 
acyl carbon resonance at ~ 213.0-227.8, which appears 
at higher field than tlmse of pentacarbonyh'henium(1) 
~'°acyl complexes [2f, 23]. 

4, Crystal structures of t ra , s . 2b  and 14 

The structure of the acyl complex transo2b was 
determined by a singleocrystal Xoray diffraction study. 
A PLATON plot of the structure of t ra , s -2b  is given in 
Fig. 1. Selected bond lengths and angles are listed in 
Table 4. The coordination geometry around the rhenium 

m 

i i  

i i  

\ 
t~,:2: 2; 

Fig. I. Crystal stnlcture of the acyl complex trans-2b (PtA'n)N plot). 
Hydrogen atoms are omitted for clarity. 

atom is typical for four-legged piano-stool complexes of 
the type CpML 4 [24], and can be described as square 
pyramidal with the cyclopentadienyl ligand at the apex. 
A trans-arrangement of the acyi and the bromo iigat~d 
is observed. The basal plane of the pyramid, defined by 
the atoms Br, CI, C2 and C3, is essentially parallel to 
the cyclopentadienyl ring plane, the dihedral angles 
between the best planes being 4.7 °. The Re-Cp,,,,,,,., 
distance (I.916/~) is slightly shorter than that of transo 
CpRe(CO)2(~II-MeCO)Me [d(Re~(?p,,~.,~,) ~ 1.94li ,~] 
9 [~b]. ' l ' l le  Re=C,,,ho,rl ~ bond lengths [Re=CI ~ !.94(2) 

A; Re-C2 = !.944(12) /'~] are close to those of other 
r!,~enium(lll) carbonyl complexes [gb,17b], and the Re~ 
(,,~yi bond length [Re~(?3 ~ 2.212( I I)/~] similar to that 
of the rhenium(Ill)acyl complex tra,soCpRe(CO)~(~q ~o 
MeCO)Me [d(Re~oC,,,~s)= 2.192(4)/~] [gb]o A comparo 
ison of the angles around the spthybridized acyl carbon 
atom excludes any interaction of the acyl oxygen atom 
with the rhenium centre, as predicted on the basis of 
electron counting formalisms. 

Table 4 
Selected bond lengths (A) and bo,d angles (o) with estimated standard deviations ;a trans.2b ~ 

Re-C( I ) 1.94(2) C( I )-Re- Br 
Re-C(2) 1.944(! 2) C(2)-Re- Br 
Re-C(3) 2.212(I I) C(3)-Re-Br 
Re- Br 2.60 ! 9(14) C( I )- Re - C(2) 
Re-C(10) 2.238( I I ) C( I )- Re- C(3) 
Re-C( i I) 2.3 ! 5( ! I ) C(2)-Re-C(3) 
Re-C(12) 2.273(13) Re-C(3)- O(3) 
Re-C(13) 2.252( ! 3) Re- C(3)-C(4) 
Re-C(14) 2.212(12) O(3) C(3)C(4) 
Re-cp i.916 cp-Re-Br 
C(3)-O(3) 1.22(2) cp-Re-C(3) 

77AX3) 
81,2(3) 

138.6(3) 
110.1(5) 
79.5(5) 
74.6(5) 

! 2O.5(9) 
121.9(8) 
117.6(io) 
111.6 
109.8 

a cp denotes the centre of the cyclopentadienyi ring. 
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C4! Ol 

i~ '.C ! 

/[7" b 

CSi 

Fig. 2, Crystal structure of the cation [Cp~ Re2(CO),,(~-Br)]" in 14 
(l~Yl~ plot). Hydrogen atoms are omitted for clarity. 

The structure of 14 was also determined by a single- 
crystal X-ray diffraction study. A PLATON plot of the 
cation in 14 is given in Fig. 2, that of the anion in Fig. 
3. Selected bond lengths and angles are listed in Table 
5. The cation in 14 consists of two Cp" Re(CO)2 frag- 
ments, which are linked together by an Re-Re single 
bond and a bromo iigand forming a symmetric bridge 
between the two formally divalent rhenium centres. The 
two Cp'Re(CO)~ fragments are t r a n s  arranged with 
respect to the plane defined by the bromo and the two 
rhenium atoms. The Re-Re distance of the cation in 14 
[2.9927(147 ,~] is similar to those observed for other 
dinuclear rhenium cacbonyi complexes bearing an Re~ 

O5 km.~ O8 
B~-2 

Fig. 3. Crystal structure of the anion [Rez(ix-Br)3(CO)t~]- in 14 
(K.A'rON plot). 

Re single bond, such as R%(CO)lo[d(Re-Re)= 
3.0413(117 ,g,] [25] and Cp2Re2(CO)s [d(Re-Re)= 
2.957(1) A] [26]. As expected this distance is consider- 
ably shorter than the Re-Re distance in the anion of 14 
[Re( l ) . . .  Re(2) = 3.475(2) A], where any bonding in- 
teraction between the two rhenium centres can be ex- 
cluded on the basis of electron counting formalisms. 
The Re-Br bond lengths of the cation [2.515(2) and 
2.517(2) ~] are shorter than those of bromo-bridged 
rhenium(It carbonyl complexes, such as Re2Br2(CO) 6- 
(THF), [d(Re-Br),~.--2,643 A] [27], Re2Br2(CO) 6- 
(P:Ph4) [d(Re-Br)~ 2.649 ,~,J [28], or Re2Br2(CO) 6- 
(Se~Ph 2) [d(Re-Br) ~ 2.656 A] [29]. This may be as- 
cribed to the difference in the covalence radii of a 
rhenium(ll) and a rhenium(I) atom. The structure of the 

Table 
Selected bond lengths (/~) and bond angles C) with estimated ~londard deviations for 14 ~ 

Carom in 14 
R¢(3)= R¢(4) 2,9927(14) R¢(3)- Rc(4)~Bt(4) 
Rc(3)~-Br(4) 2,515(2) Rc(4)=Rc(3)-Br(4) 
Re(4)~ Br(4) 2,517(21 Br(4)= Re( 3)~C(12) 
R¢(3)= C(12) 1,923(I0) BK4)- Re(3)-C(13) 
R¢(3)~C(13) 1.912( I I ) Rc(4)-R¢(3)-C(12) 
Re(4) ~ C(14) 1.916( I I ) Rc(4)-R¢(3)-C( 13 ) 
R¢(4)~ C(15) 1,925(12) BI~4)-Re(4)-C(14) 
Rc(3)~cp ' ( I ) 1,958 Br(4)= R~4)~C(15) 
Rc(4)=cp' (2) 1,963 Rc(3)-Re(4)-C(14) 
Rc(3)~Br(4)-Re(4) 72.99(5) Re(4)-Re(3)~C(15) 

Ani¢m in 14 
Re( I )=BI( I ) 2,648(2) Bt(l )-Re(l)-Br(2) 
R¢(I )=Br(2) 2,650(2) BI(I)-R¢( I)o~ Br(3) 
Re( I )= Br(3) 2,643(2) B~2)=Re( I)= Bt{3) 
Re( 2)= Br( I ) 2,656(2) BI( I )- Re( I )-C(20) 
Rd2)=Br(2) 2.645(2) Bo(2)-Re(l )-C(22) 
R¢(2)~ Br(3) 2,645(2) Br(3)-R~ I)-C(19) 
Re( 1)=(:~ 19) !.864(I0) Re(I)-BK i)-R¢(2) 
Re(1).=C(20) 1,896(I0) Re(I)-BK2)-Rd2) 
Re(I )-C(22) 1,883(I0) Re(I)-Bg3)-Rd2) 
R~ 2)-C( ! 6) 1.896(10) B~ ! )-Re(2)-C(18) 
Rd 2)-C( I ?) 1,912(12) BI(2) = Rd 2)~-C(I 7) 
Re(2)=C(18) 1,876(10) Bi(3)-Re(2)-C(I O) 

53.48(4) 
53.53(4) 
123.8(3) 
86.5(3) 
77.70) 
108.7(3) 
122.5(3) 
86.8(4) 
77.6(3) 

109,5(3) 

80.19(6) 
82.01(5) 
82.69(5) 

174.4(3) 
174.2(3) 
176.2(3) 
81.87(5) 
82.03(5) 
82.16(5) 

173.3(3) 
173,(~3) 
! 76.5(3) 

cp" (I) and cp" (2) denote the ¢¢ntres of the pentamethylcyclopentadienyl rings. 
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anion in 14 has been determined previously as its 
[(~q6-C6HsMe)Re(CO)a] salt [30] and is therefore not 
discussed here. 

5 .  Experimental 

Standard Schlenk procedures were used for all syn- 
theses and sample manipulations. The solvents were 
dried by standard methods (n-pentane over Call 2, Et20, 
THF and toluene over Na/benzophenone; CH:,CI2 over 
P205 and Na/Pb alloy), distilled under nitrogen and 
stored over 4 A molecular sieves prior to use. All 
column chromatography was carded out in a thermostat- 
ted column of 20 cm length and 2.0 em diameter. The 
stationary phase was silica (Merck, 0.063-0.2 mm) 
which was degassesd, dried in vacuo at room tempera- 
ture and saturated with nitrogen. 

Elemental analyses were performed by the Microana- 
lytical Laboratory of the Humboldt-Universit~tt zu 
Berlin. IR spectra were recorded on a Bruker IFS-55 
spectrometer. ~H and ~3C{'H} NMR spectra were 
recorded on a Broker AM-300 spectrometer in dry 
deoxygenated methylene-d2-chloride or benzene-d 6. 
Chemical shifts were referenced to residual solvent 
signals (methylene-d2-chloride, BH 5.32 and B c 53.8 
ppm; benzene-d 6, B n 7.15 and B c 128.0). Mass spectra 
were obtained with a HP 5995A spectrometer; m/z  
values are given relative to the mTRe, 35C1 and 79Br 
isotopes. 

The acyi complexes I and 5 were prepared from 
CpRo(CO)~ and Cp" Re(CO) 3 respectively, following 
the procedures described previously [6,10]. 
CpRe(CO)~ +C(OEt)Ph was obtained fi'om I by reac- 
tion with [Et~O]B[~ in CH 2CI2. PhlCla, ethyl isonitrile, 
isopropy! isonitrile, and tert+butyl isonitrile were preo 
pared according to published procedures [31,32]. Ele- 
mentary bromine was distilled and stored under nitro- 
gen. 

5.1. trans-CpRe(CO)2l~l-PhCO]Cl (trans.2a) and 
Cp(CO)2Re:+ CPh 2 (3) 

210 mg (0.76 retool) of freshly prepared PhICl 2 was 
added at -40°C m +: ~,uspension of 320 mg (0.76 
retool) of I in 30 ml of CH 2Ci 2. The mixture w,,; then 
allowed to warm to + 30°C and stirred for 2 h at this 
temperature. T~e resulting brown suspension was evap- 
orated to dryne~;s at - 20°(: and the residue was purified 
by column chromatography on silica at -20°C. Elution 
with Et20/pentane (l :2) afforded first an orange band, 
from which complex 3 was obtained as a light red, 
microcrystalline solid after removal of the solvent in 
vacuo and crystallization of the residue from pentane. 
Yield: 55 mg (15%). Anal. Found: C, 50.30; H, 3.00. 
C2o H 1502~e (473.55) Calc.: C, 50.73; H, 3.19%. EI-MS 
(70 ev): m/z 474 ([M] +), 446 ([M-COl +), 418 ([M- 
2CO] ÷ ). 

Further elution with Et20/n-pentane (2:1) gave a 
yellow fraction, which was concentrated in vacuo at 
- 20°(2 and treated with cold pentane ( - 70°C) to bring 
about complete precipitation of the complex trans-2a. 
Orange solid. Yield: 210 mg (62%). Anal. Found: C, 
37.23; H, 2.10; CI, 7.66. C ~4H ,oCIO3Re (447.89) Calc.: 
C, 37.54; H, 2.25; CI, 7.92%. EI-MS (70 eV): m / z  412 
( [M-Hal+) ,  384 ([M-HCI-CO]+), 356 ([M-HCI- 
2CO] +), 336 ([M-C6HsCI] +), 328 ([M-HCI-3CO] +), 
308 ([M-C6HsCI-CO]+), 280 ([M-C6HsCI-2CO]+), 
252 ([M-C6HsCI-3CO] +). 

5.2. cis / trans-CpRe(CO) 2 IT t-PhCO]Br (cis / trans-2b) 
from I and Br 2 

A suspension of 820 mg (1.96 mmol) of 1 in 50 mi 
of CH2Ci 2 was treated at -78°C with a solution of 0. I 
ml (1.94 mmol) of Brr in 10 ml of CH2C!2. The 
mixture was allowed to warm to -30°C and stirred for 
2 h. The solvent was then removed in vacuo at -30°C 
and the residue purified by colunm chromatography on 
silica at -20°C. Elution with Et20 afforded a yellow 
fraction, which was concentrated in vacuo and treated 
with cold pentane ( -  78°C) to bring about precipitation 
of cis/trans-2b as a yellow solid. Yield: 720 mg 
(75%). Anal. Found: C, 33.90; H, 2.10. Ci4HioBrO3Re 
(492.34) Calc.: C, 34.15; H, 2.05%. EI-MS (70 eV): 
m/z  412 ([M-HBr]+), 384 ([M-HBr-CO]+), 356 
([M-HBr-2CO] +), 328 ([M-HBr-3CO] +). 

5.3. cis / trans°CpRefCO),l~lt,PhCOJBr (cis / trans+2b) 
from Cp(CO)~ Re= C(OEt)Ph (4) aml Br~ 

A solution of 220 mg (0.50 mnlol) of 4 in 30 ml of 
CHzCI2 was treated at - 78°C with a solution of 0.026 
ml (0.50 retool) of Br 2 in 5 ml of CH2CI 2 and stirred 
ibr 2 h at 0°C. After removal of the solvent at - 10°C° 
the residue was purified by column chromatography o11 
silica at + 20°C. Some unreacted starling material was 
first washed away with pentane. The mixture of isomers 
cis/trans-2b was then eluted with Et20 and isolated as 
a yellow solid. Yield: 150 mg (61%). The product was 
characterized by IR and t H NMR spectroscopy. 

5.4. cis / trans-Cp" Re(CO)2[~t-PhCOlCl (cis / trans- 
6a) 

A suspension of 380 mg (0.78 mmol) of 5 in 30 mi 
of CH2C! 2 was treated at -78°C with 215 mg (0.78 
retool) of freshly prepared PhlCl 2. The mixture was 
then allowed to warm to - 30°C and stirred for 2 h. The 
orange-brown suspension was evaporated to dryness 
and the residue was taken up at +30°C in a 
CHzClz/Et20 mixture (I :5). The solution was filtered 
with a filter canula and the yellow filtrate evaporated to 
dryness at -30°C. The residue was washed with cold 
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pentane ( -  78°C) to give cis/trans-6a as an intense 
yellow, microcrystalline solid. Yield: 310 mg (77%). 
Anal. Found: C, 43.80; H, 3.59. C 19 H,0CIO3Re (518.02) 
Calc.: C, 44.05; H, 3.89%. El-MS (70 eV): m/z  468 
([M-MeCI]"), 440 ([M-MeCI-CO] +). 406 ([M- 
C6HsCI] +). 378 ([M-C6HsCI-CO] +), 350 ([M- 
C~, H 5 CI-2CO] + ). 

5.5. cis / trans-Cp" Re(CO)z[rlt-PhCO]Br (cis / trans- 
6b) 

A solution of 660 mg (I.35 retool) of 5 in 30 ml of 
CH2CI~ was treated at -78°C with a solution of 0.069 
ml ( 1 .34 retool)  o f  Br 2 in 5 ml  of CH zCI 2. The mixture 
was allowed to warm to -20°C and stirred for ! h. The 
solvent was then removed in vacuo at - 20°C  and the 
residue chromatographed on silica at -20°C.  Elution 
with Et,O/pentane (3 : ! )  afforded an orange fraction, 
which was evaporated to dryness to afford the mixture 
of isomers cis/trans-6b as an orange-yellow, micro- 

crystalline solid. Yield: 600 mg (79%). Anal. Found: C, 
40.00; H, 3.37. C 19H20BrO3Re (562.48)Calc.: C, 40.57; 
H, 3.58%. EI-MS (70 eV): m/z  534 ([M-CO] +), 506 
([M-2CO] +), 478 ([M-3CO] +), 468 ([M-MeBr] ÷), 440 
([M-MeBr-COI+), 406 ([M-C6HsBr]+), 378 ([M- 
C6HsBr-CO]+), 350 ([M-C6HsBr-CO]+). 

5.6 cis ! trans-Cp* Re(CO)2[rlI-PhCOll (cis I trans-6c) 

A suspension of 365 mg (0.75 mmol) of 5 in 30 ml 
of CH2C!  2 was treated at - 3 0 ° C  with a solution of 190 
mg (0.75 retool) of 12 in lO ml of CH2C! 2. The mixture 
was then allowed to warm to room temperature and 
stirred for 15 rain. The resulting red-brown suspension 
was evaporated to dryness and the residue chro- 
matographed on silica at - IO°C.  Elution with 
Et:,O/pentane (3: I) gave an orange fraction, which 
after removal of the solvent at -10°(2 afforded the 
mixture of isomers cis/trans-6c as an orange-yellow 
microcrystalline solid. M.p. 82°C (dec.). Yield: 335 mg 

Table 6 
Crystallographic data for trans-2b and 14 

trans.2b 14 

Cry,~ml data 
Molecular formula C t4 H toBrO~Re C~ol1 ~o Br4OioRe 4 
Molecular weight 492,34 1614.98 
CD'~Ial ~i~e (ram ~) 0,1 × 0,2 × 0,15 0.5 x 0.7 x 0.9 
Crystal ~y~tem monoclmic triclinic 
Space group P 2 t/c p'~ 
g 4 2 
a (,~) 7.459(2) 9.818(6) 
l~ (~,) 15.207(7) 12,75~6) 

c (~) II ,93X(21 16,5 IX(9) 
a(°) 75.09(4) 
BU) 94,73(2) 76,73(4) 
~(~) 86.92(4) 
V (~)) 1349.5(8) 1945(2) 
P~ate (gcm- ~ ) 2.423 2.757 
F(O~) 912 1460 
~(Mo Ka Xmm i ) 1 !,964 16,071 

Data t~dlectton 

/'(g) 165(5) 193(2) 

Radiation (Mo K~ ) (~) 0,7069 0,71073 
20 min./max, (°) 4. 45 3.48 
Total data 2333 6108 
Data unique ! 712 5347 

Rc'~Pl¢,nt~lt 
No, of reflections 1662 (! > 2tri ) 5332 (/> 4oH) 
No, of par',uneter~ refined 172 433 
Absorption correction oli~At~s DIFAaS 
mia,/max, 0,78/1,347 0.795/1.34 
rain,/max, density (e A - ~ ) ~ !,569/1,413 - 1.262/1.294 
Rj * 0,0459 0.031 i 
wR~ b 0,1215 0.0758 
GOF ¢ 0,956 1,072 

~, ~ EI IFo - I F, I I/El Fo I, ~ ,,.R, = [EI,,,(F~ - F~)2I/EI.,(F~)'.ll':~:" goodness of fit = [E[,,,(~'~ 2 - F,2)21/(n - ?)I'"L 
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(74%). Anal. Found: C, 37.66: H, 3.31. Ci9H2010~Re 
(609.47) Calc.: C, 37.44; H, 3.31%. El-MS (70 eV): 
m / z  505 ( [ M - C O - C 6 H 5 ]  ÷), 406 ( [M-C6HsI ]  +), 378 
([M-C6H51--CO]+).  

5.7. cis / rrans-CpRetCO),.Cl2 (cis / trans-7a) from 1 
and PhlCl, 

A suspension of 495 mg (1.18 mmol) of 1 in 30 ml 
of CH,CI  ?. was treated at - 78°C with a solution of 970 
mg (3.53 mmol) of freshly prepared PhlCI 2 in 20 ml of 
CH2C! 2 and the mixture was allowed to warm to room 
temperature and stirred for 5 h. The resulting brown 
solution was diluted with 20 ml of E t20  and filtered 
with a filter canula from the insoluble lithium salts. The 
filtrate was evaporated to dryness and the residue puri- 
fied by column chromatography on silica at -15°C.  
Eht ion  with E t20  gave an orange fraction, which was 
evaporated to dryness to give trans-7a as a red, micro- 
crystalline solid. Yield: 135 mg (30%). Further elution 
with acetone/CH2Cl  2 (1 :1 )  gave a brown fraction, 
which was evaporated to dryness. The residue was 
washed once with a cold ( -  78°C) E t20 /pen tane  ( l :  2) 
mixture to afford cis-7a as a red-brown,  microcrys- 
tailine solid. Yield: 155 mg (35%). CTHsCI202Re 
(378.23). The two isomers were characterized by IR and 
t H NMR spectroscopy. 

5.8. cis / trans-CpRetCO):Br2 (cis / trans-7b) from 1 
and Br, 

A suspension of 330 nag (0.79 mmol) of I in 30 ml 
0 o1' CH~CI~ was treated at ~ 7 8  C with a sohttion of 

0.041 ml (0.79 mmol) of Br, in 5 ml of CIt_~CI: and 
stirred for 2 h at -10°C .  Selective formation of the 
benzoyi complexes cis-2b and trans-2b was confirmed 
by IR spectroscopy. A solution of 0.09 ml (1.75 retool) 
of Br, in 10 ml of CH2CI 2 was then added to the 
ye l low-brown suspension and the mixture was allowed 
to warm to room temperature and stirred for 3 h. 
Completion of the reaction was observed by IR spec- 
troscopy. The resulting brown solution was diluted with 
20 ml of Et:,O and filtered with a filter canula from the 
insoluble lithium salts. The filtrate was evaporated to 
dryness and the residue washed twice with a cold 
( - 7 8 ° C )  E t20 /pen tane  (1"3)  mixture and recrystal- 
iized from Et20 to afford cis/trans-7b as a brown. 
microcrystalline solid. Yield: 280 mg (76%). Anal. 
Found: C, 17.56; H, 0.99. CTHsBr202Re (467.13) Calc.: 
C, 18.00; H, 1.08%. The product was characterized by 
IR and I H NMR spectroscopy. 

5.9. CpRe(CO)2CNEt (8) 

A solution of 180 mg (0.48 mmol) of cis/trans-7a 
in 30 ml of THF was treated at - 10°C with 0.06 mi 
(0.81 mmol) of EtNC and 0.30 ml (1.50 mmol Na) of 
0.85% ( w / w )  sodium amalgam and the mixture stin'ed 
for 5 h. The resulting yellow solutiofi was filtered with 
a filter canula from the grey precipitate consisting of 
NaC! and residual sodium amalgam, and the filtrate was 
evaporated to dryness. The residue was taken up in an 
Et~O/pentane  (3 :1 )  mixture and the solution was illo 
tered with a filter canula. The solvent was stripped off 
in vacuo and the residue was crystallized from a mini° 
mum amount of pentane at o~ 78°C to aftbrd complex 8 

Table 7 
Atomic coordinates (x 104) and equivalent isotropic displacement parameters (/~2 x 10 ~) for trata-21) __ 

Atom x y z U~.,I " 
Re 5037(I) 3537(I) 1709( I ) ! 4( ! ) 
Br 6273(2) 3444(i) - 263(!) 31( I ) 
C( I ) 5293( ! 6) 2282(10) 151 I( ! 0) 28(3) 
O( I ) 5608(13) ! 550(6) 1410(8) 32(2) 
C(2) 2927(18) 3963(8) 806(9) 22(3) 
0(2) ! 706( i 2) 4238(6) 323(7) 30(2) 
C(3) 2706(I 5) 3055(8) 2563(10) 22(3) 
0(3) 2232(14) 3434(6) 3386(8) 36(3) 
C/4) 162 i( ! 5) 2269(8) 2137(9) 20(3) 
C(5) 1435( ! 6) ! 974(9) 1046(10) 28(3) 
C(6) 428(16) 1251(9) 733(10) 23(3) 
C(7) - 463(16) 797(8) ! 532(I0) 23(3) 
C(8) - 32 i(15) 1078(8) 2622(!0) 22(3) 
C(9) 688(15) 18 ! 8(9) 29 ! 0( i O) 24(3) 
C( ! O) 6074(16) 3794(8) 3492( ! O) 23(3) 
(7( I I ) 7628(19) 3649(9) 2910(15) 39(4) 
C(12) 7638(17) 4302(9) 2078( ! i ) 34(3) 
C(I 3) 6207(19) 4870(8) 2152( ! ! ) 33(3) 
(7.(! 4) 5230(17) 4583(8) 3002(10) 26(3) 

a Uc q is defined as one thhd of file trace of the orthogonalized Uij tensor. 
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as a whtte, microcrystal l ine solid. Yield: 100 mg (58%). 
Anal. Found: C, 33.01; H, 2.96. C 10 H t0NO2 Re (362.40) 
Calc.: C, 33.14; H, 2.78%. 

.5.10. CpRe(CO) z CN ~Pr (9) 

A solution of  250 mg (0.66 mmol)  of  cis/ trans-7a 
in 40 ml of  T H F  was treated at - IO°C with 0.09 ml 
(0.99 retool) of  iPrNC and 0.50 ml (2.5 mmol  Na) of  
0.85% ( w / w )  sodium amalgam and the mixture worked 

up as described above for the synthesis of  8 to afford 
complex  9 as a white, microcrystal l ine solid. Yield: 130 
mg  (52%).  Anal.  Found:  C, 34.57; H, 3.04. 
C I I H I 2 N O 2 R e  (376.43) Calc.: C, 35.10; H, 3.21%. 

5.11. CpRe(CO):CN'Bu (lO) 

A solution of  200 mg (0.53 mmol)  of  cis/ trans-Ta 
in 40 ml of  T H F  was treated at - 10°C with 0.09 ml 
(0.80 mmoi)  of  tBuNC and 0.40 ml (2.0 mmol  Na) of  

Table 8 
Fractional atomic coordinates ( x 10 ~) and equivalent isotropic displacement parameters (,g, x 103) for 14 

Atom x y z Ueq a 

Re( ! ) 2099(! ) 3827(I) 1329(I) 2 I( I ) 
Re(2) ! 183(I ) 3894( ! ) 3476(I) 25(I) 
Br(1) - 381(1) 3958(i) 2348(!) 28(I) 
Br(2) 2427(i) 2375(!) 2740(I) 30(I) 
Br(3) 2791(!) 5200(!) 2126(I) 34(I) 
Rd3) 644f(!) 160(!) 2855(I) 22(!) 
Re(4) 6515(I) - 2026(i) 2491(i) 24(I) 
Bf(4) 68 i 7( I ) - 1630( ! ) 3856( I ) 39( I ) 
C( I ) 4550(9) - 3094(7) 3343(6) 25(2) 
C( ! I ) 3935(I0) - 3274(8) 4292(6) 37(2) 
C(2) 5634(9) - 3732(7) 2952(6) 23(2) 
C(21 ) 6322(!0) - 4704(7) 3440(6) 29(2) 
C(3) 5791(9) - 3368(7) 2044(5) 23(2) 
C(3 ! ) 6666(I ! ) - 3905(8) ! 389(6) 37(2) 
C(4) 4839(i0) - 2478(7) 1875(6) 29(2) 
C(41 ) 456 I(13) - 1945(8) i 007(7) 46(3) 
C(5) 4069(10) = 2329(7) 2690(6) 27(2) 
t~S I ) 2786( 1 O) ~ 1629(8) 2832(8) 43(3) 
C(6) 882 !(!0) 630(7) 2242(7) 36(2) 
C(61 ) 9984( I I ) ~ 30(8) 1892(9) 53(3) 
C(7) 7930(I0) 13?9(?) 1807(6) 3 I(2) 
C(71 ) 7992(12) 1702(8) 848(6) 41(3) 
C(8) 7074(9) 1917(7) 2409(0) 26(2) 
C(81 ) 6183(10) 2889(7) 218~7) 30(2) 
C(9) 7440( I O) 149 I(?) 322 I(6) 28(2) 
~91 ) 6903(14) 1903(9) 4007(7) 49(3) 
C(I0) 8523([ O) ?09(7) 312 I(7) 34(2) 

I01) 9322(I 2) 153(9) 3779(8) 56(4) 
0(I) 4544(8) 561(6) 1567(5) 47(2) 
C(I 2) 5223(I0) 353(7) 2069(6) 29(2) 
0(2) 3787(9) 372(7) 418"/(5) 57(2) 
C( ! 3) 4766( i ! ) 269(8) 3686(6) 35(2) 
0(3) 7691(I0) - 646(6) 677(5) 59(2) 
C(14) 7 2 ( ~  11 ) ~ 1102(8) 1378('~) 38(2) 
0(4) 9487(8) - 2942(7) 2236(6) 64(2) 
C(I 5) 8397(I 2) - 2574(8) 2365(8) 44(3) 
0(5) - 544(8) 2273(7) 5016(5) 52(2) 
C(16) 89(9) 2884(9) 4422(6) 33(2) 
0(6) = 331(I I)  5781(7) 4121(5) 69(3) 
C(I 7) 249(I 2) 5075(9) 3885(6) 42(3) 
0(7) 3297(8) 3884(7) 45? 1(5) 53(2) 
C( t 8) 2462( l t ) 389~9) 4 i 63(6) 39(2) 
0(8 ) 1268(9) 2 ! 56(0) 505(5) 54(2) 
C(19) 1561(I O) 2799(8) 839(6) 33(2) 
0(9) 5079(7) 3711(6) 285(4) 44(2) 
C(20) 3953(I0) 3760(7) 685(5) 30(2) 
0(I0) 1493(8) 5581(6) - 185(5) 44(2) 
C(22) 1724(9) 4923(8) 400(6) 3 I(2) 
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0.85% (w/w) sodium amalgam and the mixture worked 
up as described above for the synthesis of 8 to afford 
complex 10 as a white, microcrystalline solid. Yield: 
125 mg (61%). Anal. Found: C, 36.71; H, 3.83. 
Ci2HI4NO2Re (390.46) Calc.: C, 36.91; H, 3.61%. 

5.12. I trans-CpRe(CO)2tCNEt)Br]Br (11) 

A solution of 160 mg (0.44 mmol) of 8 in 20 ml of 
CH2CI 2 was treated at -78°C with a solution of 0.023 
ml (0.44 mmol) of Br 2 in 5 ml of CH2Ci 2 and stirred 
for 1 h at -25°(2. Completion of the reaction was 
revealed by IR spectroscopy. The resulting yellow solu- 
tion was concentrated in vacuo, and cold Et20 ( -  78°C) 
was added to precipitate complex 11. Yellow solid. 
Yield: 220 mg (95%). Anal. Found: C, 22.75; H, 1.76. 
CioHioBraNOzRe (522.21) Calc.: C, 23.00; H, 1.93%. 

5.13. [trans-CpRe(CO) 2(CN iPr)Br]Br (12) 

were collected in the to-20 scan mode. After every 200 
reflections for trans-2b and every 2 h for 14, three 
standard reflections were monitored and the crystal 
reoriented in case of deviation between 0.1 ° and 0.15 °. 
Intensity data were corrected for Lorentz and polariza- 
tion effects. Structure solution was performed by Patter- 
son methods (SI-mLXS-86) [34] and subsequent difference 
Fourier synthesis (StmLXL-93) [35]. Refinement on F 2 
was carried out by full-man-ix least-squares techniques 
(SHELXL-93). Non-hydrogen atoms were refined with 
anisotropic thermal parameters. Hydrogen atoms were 
included using a .riding model with d(C-H)= 0.96 ,g, 
and Uis o = 0.08 A2). Neutral atom scattering factors 
were taken from Cromer and Mann [36]. Geometrical 
calculations and illustrations were performed with PLA- 
TON [37]. Final !.ositional and equivalent isotropic ther- 
mal parameters are given in Table "/for trans-2b and in 
Table 8 for 14. 

A solution of 60 mg (0.16 mmol) of 9 in 10 mi of 
CHaCi 2 was treated at -78°(2 with a solution of 8.2 ttl 
(0.16 mmol) of Br, in 5 ml of CH ~Ci 2, stin'ed for ! h 
at -25°C and the resulting yellow solution worked up 
as described above for the synthesis of 11 to afford 
complex 12 as a yellow solid. Yield: 85 mg (99%). 
Anal. Found: C, 24.37; H, 2.15. C~H~2Br2NO2Re 
(536.24) Calc.: C, 24.64; H, 2.26%. 

5.14./trans-CpRe(CO)JCN'Bu)BrlBr (13) 

A solution of 150 mg (0.38 mmol) of 10 in 20 ml of 
CIt~CI~ was treated at ~ 78°C with a sohttion of 0.02 
ml (0.38 retool) of Br 2 in 5 ml of CH 2CI2, stirred for ! 
h at .... 25°C, and the resulting yellow solution worked 
up as described above for the synthesis of 11 to afford 
complex 13 as a yellow solid. Yield: 200 mg (95%). 
Anal. Found: C, 25.58; H, 2.30. C~2Ht4Br2NO2Re 
(550.27) Calc.: C, 26.19; H, 2.56%. 

7. Supplementary material available 

Further details of the crystal structure investigation 
are available on request from the Faehinformationszen- 
trum Karlsruhe, D-76344 Eggenstein-Leopoldshafen, on 
quoting the depository number CSD-405501 for trans- 
2b and CSD-405500 for 14, the names of the authors, 
and the journal citation. 
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Crystals suitable for X-ray structure determination were 
selected using a modified device, similar to that of 
Veith and B~mighausen [33]. The crystals were mounted 
on a glass fibre and transferred to an Enraf-Nonius 
CAD4 four circle diffractometer (for trans-2b) and a 
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eters derived from the setting angles of 25 reflections in 
tile range 18°< 20 • 30 ° for 2b and 30 reflections in 
the range 27°~ 20 < 29 ° for 14 were obtained. Data 

[!] J.P. Colhnan, L.S. Hegedus, J.R. Norton and R.G. Finke, Prin. 
ciples and Applications uf Organotransition Metal Chemistry, 
University Science Books, Mill Valley, USA, 1987. 

[2] (a) W. Hiebcr, G. Braun and W. Beck, Chem. Ber., 93 (1960) 
901; (b) H.D. Kaesz, R.B. King and F.G.A. Stone, Z. Natur- 
fi~rsch., 15b (1960) 763; (c) A.N. Nesmeyanov, K.N. Anisimov, 
N.E. Kolobova and A.A. loganson, Doki. Chem., 175 (1967) 
742; (d) DJ. Desrosiers and R.P. Hugles, J. Am. Chem. Sot., 
103 (1981) 5593; (e) M.J. Schweiger, U. Nagel and W. Beck, J. 
Organomet. Chem., 355 (1988) 289; (0 J.M. Andersen and J.R. 
Moss, J. Organomet. Chem., 494 (1995) 105. 

[3] (a) T. Knick and M. Noack, Chem. Ber., 97 (1964) 1693; (b) 
A.M. Brodie, G. Hulley, B.F.G. Johnson and J. Lewis, J. 
Organomet. Chem., 24 (1970) 201. 



146 A.C. Filippou et ai. / Journal t$'Organometallic Chemistry 524 (1996) 133-146 

[4] (a) R.W. Brink and RJ. Angelici. lnorg. Chem., 12 (1973) 
1062; (b) R.J, Angelici and R.W. Brink, inorg. Chem., 12 
(1973) 1067; (cl H. Behrens. R.-J. Lampe. P. Merbach and M. 
Moll. J. Organomet. Chem.. 159 (1978) 201. 

[5] (al H. Behrens, E. Lindner and P. Piissler, Z. Anorg. Allg. 
Chem.. 365 (1969) 137; (b) R.J. Angelici and A.E. Kruse, J. 
Organomet. Chem.. 22 (1970) 461; (c) C.M. Lukehart and J.V. 
Zeile. J. Am. Chem. Soc., 98 (1976) 2365; (d) K.P. Darst and 
C.M. Lukehart, J. Organomet. Chem., 171 (1979) 65; (e) A.C. 
Filippou. E.O. Fischer, G. Miiller and H.G. Alt. J. Organomet. 
Chem.. 329 (1987) 223; (O S. Feracin, H.-U. Hund, H.W. 
Bosch. E. Lippmann. W. Beck and H. Berke, Helv, Chim. Acta, 
75 (1992) 1305. 

[6] E.G. Fischer and A. Riedel, Chem. Ber.. I01 (1968) 156. 
[7] (a) E.G. Fischer, E. Offhaus, J. Mtiller and D. NiSthe. Chem. 

Ber. 105 (1972) 3027; (b) E,O. Fischer, T.L. Lindner, H. 
Fischer, G. Huttner, P. Friedrich and F.R. Kreil31. Z. Natur- 
for.wh.. 32b (1977) 648, 

[81 (a) C.P. Casey. C.R. Cyr. R.L. Anderson and D.F. Marten. J. 
Am, Chem, &Jc.. 97 (19751 3053; (b) C.P. Casey and D.M. 
Scheck, J. Am. Chem. Soc.. 102 (1980) 2723. 

[9] (al A.N. Nesmeyanov. N.E. Kolobova, Y.V. Makarov, E.I. 
Kazimirchuk and K.N. Anisimov, lzv. Akad. Nauk SSSR, Ser. 
Khim.. (1976) 159; (b) K.I. Goldberg and R.G. Bergman, J. Am. 
Chem. Sot.. 1 ! 1 (! 989) ! 285. 

[10] E.O, Fischer. C, Apostolidis. E. Dornberger. A.C. Filippou. B. 
Kanellakopulos, B. Lungwitz. J. Mtiller. B. Powietzka, J. Re- 
bizant and W. Roth. Z, Namrforsch., 50b t1995) 1382. 

[11] (a) E.O. Fischer, W. Held, F.R. Kieil31, A. Frank and G. 
Huttner. Chem. Ber.. 110 (1977~ 656; (b) C.P. Casey and T.J. 
Burkhardt. C.A. Bunnell and J.C. Calabrese. J. Am. Chem. ,~w., 
99 (1977) 2127. 

[I 2] (a) ff..O. Fischer, R,L, Clough and P. Sttlekler. J. Organomet. 
Chem,. 120 (1976) C6; (b) E,O. Fischer and A. Frank. Chem. 
Ber,, I l l  (1978) 3740, 

[131 (a) E,O, Fischer, R,L, CIr~ugh, G, Besl and F,R. Kreittt, Angcw, 
Chem, 88 (1976)594: A,te~-'.', ~,~+,~,, mr. !.'d. Engl.. 13 (1976) 
-543. 

[14] W.A, Herin|ann, Ch~'m, Ih,r,, lObl (1975)41~, 
[15] (a) C,P, Casey, R,A, Bo~g~ aod R,L, Anderson, J, Am, Clwm, 

&,c,, 94 (1972) 8947; (b) E O, Fischer and S. Riedmttllo ~, 
Chem, Bet,, 107 (1974) 915; (c) C.M, Lukel~art and J,V, Zcile, 
J. Orgam~met, Chem,, ~? (1975) 421; (d) W.D, Wulff and D,C. 
Y~g ,  J, Am, Chem, Sot,, 103 (1983) 6726, 

[16] C,J, Pouchert (ed,), The Aldrich Library of FT.IR Sl~'ctra, Vol, 
2. 1985, p, 340. 

[17] (a)C,.F. BaffientosoPenna, F,W,B, Einstein, D, Sutton and A.C. 
Willis, Inorg, Chem,, 19 (1980) 2740; (b) F,W,B, Einstein, 
A,H. Klahn,Oliva, D, Sutton and K.G, Tyers, Organomemll&',~ ~, 
$ (1986) 53, 

[18] (al N.E. Kolobova, Z.P. Zalueva and E.I. Kazimirchuk, lzv. 
Akad. Nauk SSSR, Ser. Khim., (1981) 408; (b) R.B. King, J. 
lnorg. Nucl. Chem., 29 (1967) 2119. 

[19] (a) A.N. Nesmeyanov, N.E. Kolobova, Y.V. Makarov and K.N. 
Anisimov, lzv. Akad. Nauk SSSR, Ser. Khim., (1969) 1826; (bt 
R.B. King, R.H. Reimann and D.J. Darensbourg, J. Organomet. 
Chem., 93 (19751 C23; (c) R.B. King and R.H. Reimann, inorg. 
Chem., 15 (1976) 183. 

[20] M.R. Terry, L.A. Mercando, C. Kelley, G.L. Geoffroy, P. 
Nombel, N. Lugan, R. Mathieu, R.L. Ostrander, B.E. Owens- 
Waltermire and A.L. Rheingold, Organometailic.s', 13 (19941 
843. 

[21] (a) A.H. Klahn-Oliva, R.D. Singer, J.M. Aramini and D. Sutton, 
Inorg. Chem., 28 (1989) 4217; (b) C. Leiva, K. Mossert, A.H. 
Klahn and D. Sutton, J. Organomet. Chem., 469 (1994) 69. 

[22] L.J. Todd and J.R. Wilkinson, J. Organomet. Chem., 77 (19741 
1. 

[23] M.J. Webb and W.A.G. Graham, J. Orgammwt. Chem., 93 
(1975) i 19. 

[24] P ~ ubacek, R. Hoffmann and Z. Havlas, Organometallics, l 
.) 180. 

[25] ,, ,~,. Churchill, K.N. Amoh and H.J. Wasserman. lnorg. Chem., 
20 (1981) 1609. 

[26] A.S. Foust, J.K. Hoyano and W.A.G. Graham, J. Organomet. 
Chem., 32 ( ! 971 ) C65. 

[27] F. Calderazzo, I.P. Mavani, D. Vitali, i. Bemal, J.D. Korp and 
J.L. Atwood, J. Organomet. Chem., 160 (1978) 207. 

[28] J.L. Atwood, J.K. Newell, W.E, Hunter, !. Bemal, F. Calder° 
azzo, I.P. Mavani and D. Vitali, J. Chem. Soc., Chem. Commun., 
(1976) 441. 

[29] J.D. Korp, !. Bemal, J.L. Atwood, F. Calderazzo and D. Vitali, 
J. Chem. Y~t'., Dahon Trans'., (1979) ! 492. 

[30] R.L. Davis and N.C. Baenziger, hu~rg. Natl. Chem. Lea., 13 
(1977) 475. 

[31] H.J, Lucas and E.R, Kennedy. Org, Synth, (~,lh.ct,, 3 (1976) 
482. 

[32] (a) J+ Casanova, Jr,, R,TL Schuster and N,D, Wether, J, Chem, 
Sue,, (1903) 4280; (b) R,I~, Schuster, J.E, Scott attd J, Casimova, 
Jr,, Or~, ,~vmh,, 40 (1900) 75, 

[33] M, Veith and H, B~irnigh:~u;'en, Acza CI3,,~talloh.r, B, 30 (1974) 
1800, 

134] G,M Shekhick, stii~loXS-800 Pro~¢~un fi~r {"r),,~/a/Su'm'no~v 5~, 
haion, Universltat GOttingen, Germany, 1986. 

[351 G,M, Sheldrick, s|tla~x.93, Program for 03:~ud Su'uc',."e i)c~ 
t,,rminaaitm, University of Cambridge, UK, 1993, 

[36] D,T, Cromer and J.B. Mann, Acre Cry,~tMIogr, A, 24 (1968) 
321, 

[37] (a) A,L, Spek, Pt.trmN°92 and i~'mN-93, Graphh',~ program, 
Universitat Utrecht, Netherlands, 1992 and 1993; (bl A,L, Spck, 
Acta Crystallogr, A. 46 (1990) C34, 


