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Abhstract
The diiodo complex civ-(°-CsMeJRe(CO), [, undergoes itution in with arylcopper (ArCu) to produce the
comesponding aryl-iodo pl trans-(’-C sMe;)JRe(CO)5(Ar)L, Ar = phenyl and tolyl. These complexes have been fully character-

ized by using a combination of elemental analyses and IR, 'H and °C NMR spectroscopy: additionally rrans-{n®-CsMe IR(CO).(PhH
was studied by X-ray crystallography. This complex crystallizes in the monoclinic space group P2, /m with a = 8.091(2). b= 17.471{4).
c= 12995(3)A, B=93.97(2F, V=183267A% and D, =2107Tgem™* for Z=4. The refined structure gave R=2.74% and
wh = 2.9 for 2858 observed reflections. Further reaction of the aryl-iodo complexes with MeLi yields the corresponding aryl-methyl
derivatives trans-(°-C MegJRe(CO),(ArMe. The full spectroscopic characterization of these complexes is also described in this paper.

Keywords: Rhenium; Cyclopentadienyls; Arylation; Crysial structure

1. Introduction

In recent years there has been an increasing interest
in exploring the ch y of the cyclop yl car-
bonyt halide rhenium complexes, CpRe(C0), X ,, Cp =
(n*-C;H;) X =Cl, Br and I. Of these dihalides, the
dibromide has received much attention. This complex
has been shown to be a versatile starting material for
either carbonyl or bromide substitution. In the first case,
King and Reimann [1] have shown that CpRe(CO), Br,
reacts thermally with different phosphites and rerr-butyl
isocyanide, to give the corresponding monocarbonyl
dibromide complex. The dibromide complex has also
been used as precursor of a series of complexes based
on the CpRe(CO), fragment, for example the following
compounds have been prepared directly or indirectly
from this complex: CpRe(CO),H, [2],
CpRe(CON(CH,(CH,),CH,), n=4 [2] and 5 [3],
CpRe(CO),(Me)Br [4], CpRe(CO),Me, [5],

: C‘u‘r;—%ponding author.

CpRe(CO),{MeXCOMe) (6] and CpRe(CO),(SnPh;).
[71.

Reactions of the pentamethylcyclopentadienyl ana-
logues are by far much less explored. Since 1986 when

liable and lective synih of these dihalides
were reported {8], very little work has been done on the
reactivity of these derivatives. In this regard, Richmond
and coworkers [9] reported the reactions of the dibso-
mide complex Cp*Re(CO),Br,, Cp~ ={»’-C Me,).
with different Grignard and organolithium reagents
leading to the formation of the monoanion
[Cp* Re(CO),Br]~ which could be isolated and studied
by X-ray crystallography. Based on in situ IR analyses.
the same authors found that the anion reacts with triffu-
oroacetic acid, methyl triflate and magic ethyl to yield
the cormresponding dicarbonyl monobromo derivative
trans-Cp " Re(CO),(BrX(R). R = H. Me and Et respec-
tively. More recently, and with the aim of preparing the
monocarbonyl phosphite derivatives
Cp* Re(COXP(OMe},}X,. X = Cl, Brand L, we studied
the thermal reactions of the corresponding
Cp’ Re(CO), X, with P(OMe);, but only for the dibro-
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mide complex was the substitution of CO successfully
achieved [10]. Very recently, we have reported the first
examples of the dicarbonyl dialkyl rhenium{HI} com-
plexes, Cp~Re(CO),R,. These compounds were ob-
tained by alkylation of ‘the dichloride Cp * Re(CO),Cl,
by using the corresponding organocopper reagent (RCu.
R = Me and Et). The diethyl complex was studied by
X-ray crystallography (1 1].

Continving with our interest in studying the chemical
and photochemical [12] reactions of the pentamethylcy-
clopentadienyl dicarbonyl dibalide rhenium complexes,
in the present work we would like to report the reac-
tions of the diiodo derivative Cp* Re{CO), I, with aryl-
copper {ArCu, Ar = Ph and Tol) leading to the monoaryl
complexes Cp~Re(CC)(ADIL The X-ray structure of
the phenyl complex is also included. Additionally, the
reactions of these monoiodo derivatives with MeLi
leading to the aryl-methyl complexes frans-
Cp " Re(CO).(Ari(Me) are also described.

2. Experimental

All reactions were carried out under nitrogen in
Schlenk apparatus connected to a double manifold pro-
viding low vacuum or nitrogen. Solvents were dried by
conventional methods, distilled under nitrogen and used
immediately. Infrared spectra were measured by using a
Perkin-Elmer Model FT 1603 intrument, in KBr solu-
tion cell. 'H and *C NMR specira were recorded on a
Bruker AC-2010 instrument at 200 and 50 MHz respec-
tively. Mass spectra were obtained on a Hewlett-Packard
Model 5985 mass spectrometer with electron impact.
Masses are based on the "'Re isotope. Microanalyses
were performed by M.K. Yang of the S.F.U. Microana-
lytical Laboratory. Cp~ Re(CO),I, [8] was prepared
according 1o a modified procedure, by Me;NO induced
decarbonylation of the cation [Cp”Re(CO),I]™ [13].
The arylcopper reagents were prepared in situ nccordmﬂ
to literature procedures [14].

2.1. Svntheses of trans-Cp* Re(COL(Ar)l. Ar = pheny{
and p-toivi

To a brown solution of the arylcopper reagent (pre-
pared from 150mg (0.73mmol) of CuBr - SMe, (Al-
drich) and 0.69 mmol of phenyllithium (1.8 M in cyclo-
hexane /ether. Aldrich) or p-tolylmagnesium bromide
(1.OM in diethyl ether. Aldrich), in 15ml of THF a
0°C). 200 mg (0.32mmol) of solid cis-Cp” Re(CO), 1,
was added. The resulting mixture was stirred at 0°C for
40 min and then warmed to room temperature and stirred
for an additional 30 min. The reaction mixture was then
concentrated under vacuum to about Sml and 0.5 ml of
water wus added to destroy the excess of ArCu. Filtra-

tion through Celite and evaporation of the solvent
yielded an orange-red solid, which was dissolved in
about 1 mi of CH,Cl, and chromatographed on a neu-
tral alumina column (prepared in hexane). Elution with
CH,Cl, /hexane (1:3) moved an orange band which
gave 110 mg (60% yield) of the phenyl complex trans-
Cp “Re(CO),(PW)I, and 81 mg (43% yield) of trans-
Cp* Re(CO),(p-ToDI respectively.

2.1.1. trans-Cp ™ Re(COL(PhII

Obtained as orange—red crystals after crystallization
from CH,Cl, /hexane (1:2) at —23°C. M.p. start de-
composmon at 168°C. IR (CH,ClL,): 2015 s and 1942
vsem™', »(CO). 'H NMR (CDCI,) &: 1.75 (s, I5H.
Cp*) and 7.20 (m, 5H, Ph). "C{'H) NMR (CDCI,) &:
10.70 (C4Mes), 102.06 (C;Me;), 125.02, 127.17, 128.78
and 145.10 (phenyl) and 194.46 (CO). Mass spectrum
(EL based on "“'Re) m/z: M* (582), M*— CO (554),
M*—2CO (526), M*— Ph (505) and M* — Phl (378).
Anal. Found: C, 37.37; H, 3.44. C ; H,,0,IRe Calc.: C.
37.18: H, 3.44%.

2.1.2. trans-Cp"* Re(CO)(p-Me~C H )

Red-orange microcrystals obtained as for the previ-
ous compound, melt with decomposition at 18? °C. IR
(CH,CI, )- 2015 aud 1942cm™', »(CO). 'H NMR
(CDCl) : 194 (s, 15H, Cp™), 2.29 (s, 3H, Me—
C4H,), 6.07 (d, 2H) and 7.45 (d, 2H) p-tolyl. “C{'H}
NMR (CDCl,) 8: 10.76 (C,Mes), 20.78 (Me—-C H,),
101.98 (C; Mes) 119.04, 130.21, 134.67 and 144 89
(Me—C H,) and 194.47 (CO). Mass spectrum (EI based

*'Re) m/" M* (596), M* — CO (568) and M* —
7CO (538). Anal. Found: C, 38.50; H. 3.77.
C,,H1,0,1Re Calc.: C, 38.30; H. 3.69%

2.2. Svntheses of trans-Cp" Re(COL(AriMe, Ar =
phenyl and 1olyl

To a stirred solution of 150 mg of rruns-
Cp~Re(CO),(AD), dissolved in 10ml of THF, was
added dropwise an excess of MeLi (0.5ml, 1.6 M ether
solutivr, Aldrich) at room temperature. The mixture
slowly changed from orange to colourless, and the IR
spectrum showed the complete disappearance of the
precursor iodo complex, and intense absorptions at 1995
and 1914cm ™' and weak bands at 1845 und 1724cm ™!
were observed. The latter bands disappeared after the
addition of 0.05 mi of Mel. A =nall amount of water (1
drop) was added to destroy the excess of MeLi, und the
solvent was evaporated under vacuum to dryness. The
residue was then dissolved in CH,Cl, and chromato-
graphed on a neutral alumina column (prepared in hex-
ane). Elution with hexane /CH,Cl, moved the product,
which was obtained as a white solid after solvent evapo-
ration under vacuum.



Table 1

Crystal data and structure refinement for rrans-Cp” Re(CO)(Ph)

Empirical formula
Formula weight
Temperature
Wavelengih

Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calc.)

Absorption coetficient
FI000)

26 range for data collection
Index range

Reflections coliecred
Independent reflections
Observed reflections
Retinement method
Quantity minimized
Weights

Number of parameters refined
Final R indices (abs. data)
R indices (all data}
Goodness-of-fit

Largest and mean A/
Duta-to-purameter ratio

Largest diff. peak and hole

CxHI0,Re
581.4

298K
0.71073A
Monoclinic
P2 /m
¢=809HDA
b=1747HHA
299530 A
B=919702F
1832.6(7)A°

4

=

2.107gem ™
8.319mm™'

1088

3.010 50.0°

O<h<y. —8<k<20,
~13<i<15

3340

3227¢R,y, = 0.53%)
2858(F > 2.00(F)
Full-matrix least-squares
LWl F,—F)

wl = o (F)+00010F
200

R=274% wR=2198%
R=1322G wR=303%
113

0.001. 0.000

431

121 and ~0.732A ™"

Tuble 2

Atomic coordinates { X 10%) and eyuivatent isotropic displacement
coefficients (AX 10%) for the non-hydrogen wtoms of  frans-

Cp Re{CO),(Ph}

Atom X ¥

H U,

Re HY(1)

8435(1) T98141) LN

1 1854(1) 71141 94201 601)
on - 328(8) 876%) 100394} 8D
o2 ~ 12147 7221(3) 6962(5) 9242y
c) 191(8) 8623(3) 9280(5) 472y
@) -391(8) 76791} TITHS) H4%2)
c@3) 384D 8717(4) 81535) 452}
C(4) 3015(M 94033} 7949(4) 42(2)
C(5) 222%7) 937143 6948(5) H(2)
C6) 2558(4) 8632(4) 6526(:4) 452
Cc(mn 3351(8) 8233(3) 7259(5) 46(2)
C(8) S041(9) B335(3) 9063(6} 783}
W 3I2%40) 101174} 8621(6) 753}
(&[] 1-:48(10) 10022(5) 624647} BIK3}
can 2072111) B38H(S) 5438(5) 833
Cc(12) 4388(10} A4 T076(7Y 81(3}
ca3) ~99%7) 9191(3} FARYIEY] 38(2)
C(14) — 125((8) IRGHI ROSKSY 532)
C(15) — 249910} 10382(4) 77647 743)
c(l6) — 3538010} 10242(3) 6904(7) 7¥3)
cumn = 331435) 95866} 63635(6) 63)
C(i8) - 2076(7) 906N+ 66675) 49(2)

" Equivalent isotropic U defined as one third of the trace of the

orthogonalized U,, tensor.
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2.2.1. trans-Cp " Rel COL(C, H )Me

Crystallization from hexane at —23°C, yield 87 mg
(72%) of white microcrystal. which decomposed above
150°C. Anal. Found: C. 48.51: H. 5.05. C,,H,,0,Re
Calc.: C, 48.61: H. 4.90%. IR (hexane): 2003 s and
1928 vsem™'. »(CO). 'H NMR (CDCI,) 8: 0.73 (s,
3H. Me), 1.65 (s. 15H. Cp " ). 7.03 (m, 3H. Ph} and 7.65
{m. 2H. Ph). “C{'H} NMR (CDCI,) 5: —21.24 (Me),
9.19 (C, Me,). 99.48 (C;Me,). 12401, 128.34, 131.26
and 146.54 ( Ph) and 201.23 (CO). Mass spectrum (El,
based on "“"Re) m/z: M~ (470), M* ~ CO (442).

2.2.2. trans-Cp " RelCO)(p-MeC, H  )Me

This complex was obtained as colourless microcrys-
tals in 42% yield, which decomposed over 134°C. Anal.
Found: C, 50.36; H, 5.28. C,,H,,0,Re Calc.: C. 49.61;
H. 5.17%. IR (hexane): 2002 s and 1928 vscm™',
»(CO). 'H NMR (CDCL,) 8: 0.60 (s, 3H, Me), 1.55 (s,
15H. Cp~), 2.60 (s. 3H. McC,H,). 6.89 (d. 2H, toly)
and 7.55 (d. 2H. tolyl). “C{'H} NMR (CDCI,) &:
—6.12 (Me). 9.20 (C;Me;). 20.78 (MeC.H,), 9.47
(C;Me;). 126.00, 129.54, 133.45 and 145.34 (rofv!) and
201.18 (€CO). Mass spectrum (EL based on "'Re) m/z:
M™ (484). M™ — CO (456).

2.3. Crystal structure determination

A rted prismatic shaped crystal of rtrans-
Cp Re(CO)L(PWL. ca. 0.44 X 0.20 X 0.20 mm’
mounted on a glass fibre was used for crystallographic

The i ity data were collected at
298K on a Siemens R3 /V diffractometer using graphite
monochromated Mo Ka radiation in the 26/6 scan
mode with two standard reflections monitored every
100 reflections. Lattice parameters and their e.s.d.s were
derived from the setting angles of 23 reflections with
5° < 20 < 40°. The structure was solved by direct phase
determination. The positional and anisotropic thermal
parameters for all non-hydrogen atoms were refined by
full-matrix least-square cycles. The hydrogen atom posi-
tions were calculated geometrically and they were let to
ride on their parent carbon atoms with fixed isotropic
U. The atomic scattering factors were taken from the
SHELXTL PLUS program. Table 1 summarizes the crystal
data and data collection conditions. The final positional
and equivalent isotropic thermal parameters of all non-
hydrogen atoms are listed in Table 2. Selected inter-
atomic distances and bond angles are included in Table
3

3. Results and discussion

3.1. Arvl-iodo complexes trans-Cp’ Re(COL(AP. Ar
= pheny! and 1olvl

The syntheses of the aryl-iodo derivatives were car-
ried out following the recommended methodology for
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Table 3 .
Bond lengths {(A) and angles () with esd.s in parentheses for
trans-Cp” Re(CO)-(Ph)I

Re-I 2.803(1)
Re-C(1) 1.913(6)
Re-C(2) 1.916(6)
Re-C(3) 2,278(6}
Re-C(3) 2.299(6}
Re-C(5)

Re-C(6}

Re-C(7) 2.285(7}
Re—C(13) 2.191(3)
om-cm 1152(9)
O-C(2) 1.152(9)
C(3)-Cl4) 1.391(8)
CR)-C(n L4449
C(2)-C(8) 1.500(10)
CH-C(5} 1. 410(8)
C(4H-C(9) 1.522010)
C(3)-Cle) 1.435(9)
C(3)}-C(10) 1495010}
C6)-C(N 1.390(9}
Cla)}-cOn 1.503(9)
CNH-C1D 1.500010)
Ci3-cUs 1.393(9)
CUI3-CAUR) 1.39%(%)
C(1H-CUS 1.397(10)
C15)-CU6) 1.37112)
c6}-cumn 136112
CUN-CUS) 1.388(10)
1-Re-C(1) 75.5(2)
I-Re-C(2)

C(1-Re-C(2)

Ci4)-Re-C(3) 3[4
C(3)-Re-C(6) 59.5(2).
C(4)-Re-C(6) 59.6(2)
C{5)-Re-C(6) 35.8(2)
C{3)-Re-C(7} 36.92)
Cl4)-Re-C(7} 59.8(2)
C(5)-Re-C(7} 59.H2)
C(6)-Re-C(7) 3510
I-Re-C(13) 140.8(2)
C{1}-Re-C{13) 78.1(2)
C(2)-Re-Cl13} 31.8(2)
Re-C(1)-G(1) 177.0(6)
Re-C(2)-0(2) 175.5(6)
CH)-C3)-C(N 107.5(5)
C(4)-C(3)-C(®) 126.1(6)
C(7)-C(3)-C(8) 125.8(6)
C(3)-C)-C(5) 108.9(5)
C(3)-C(4)-C(9) 125.96)
C(5)-C(4)-C(9) 124.6(6)
CH-C(5)-C(6) 107.U5)
Ct4)-C(5)-C10} 126.8(6)
C6}-C(5)-C10) 124,616}
C(5)-Cl6)-C(7) 107.7(5)
C(5)-Ct6)-C(11}) 124.8(6)
CN-CO)-C(1 1) 127.1(6)
C3)-C(N-CX6) 108.2(5)
CE3)-C(-C(12) 126.0(6)
C(6)-C(T-C12} 125.1¢6)
Re-C(13)-C(14) 120.8(4)
Re-C{13)-C(18) 123.29)
CO1-C(13)-C(18} 115.9(5}
CU13)-CaN-C15) 121.6(6)

Table 3 (continued)

C(14)-C(15)-C(16) 121,17
C(15)-C(16)-C(17) 118.2(7)
C(16)-C(17)-C(18) 121.6(7)
CU3-Cag)-cun 121.7(6)

direct aryl/halide exchange in cyclopentadieny! rhe-
nium halide complexes, reported by Sweet and Graham
[15]. that is, by using an excess of arylcopper (ArCu) as
arylating agent. Treatment of ¢is-Cp~Re(CO),1, with
excess of ArCu (Ar = Ph and tolyl) in THF affords the
corresponding  monosubstituted products  trans-
Cp “Re(CO),(ADI. These orange-red crystalline prod-
ucts are air stable as a solid or in organic solvents such
as CH.Cl,. THF and toluene. in which they are highly
soluble. They are also very stable with respect to ther-
mal isomerization. No isomerization was observed even
in boiling THF or toluene, though the complexes do not
survive for long at these temperatures. Both compounds
exhibit only two »(CO) absorptions in the IR spectra at
2015 and 1942cm™' (in CH.CI, solution). and the
fower wavenumber one is much more intense. On this
criterion, as well as the correspondence between our IR
values and those reported for trans-Cp~ Re(CO), 1, [8],
trans-Cp "~ Re(CO),[PO(OMe), I [16}, and trans-
Cp * Re(CO),(Et)Br [9], we consider that our products
are also the frans isomers. The '"H NMR spectra, in
addition to the Cp*, show the expected resonances for
the aryl ligands. The appearance of a single resonance
for the CO in the “C{'H} NMR spectra is further
evidence for the wuns orientation of the carbonyi lig-
ands in this type of molecule. Furthermore, thc X-ray
structure of trans-Cp " Re(CO),(Ph)i (see below and
Fig. 1) confirms the above assumption.

The use of an excess of ArCu in reaction with the
diiodo complex should produce the disubstituted com-
plex Cp " Re(CO), Ar, in a similar manner to the reac-
tion of Cp * Re(CO),Cl, with alkylcopper (RCu, R = Me

Fig. 1. Perspective view {oriie plot) of a molecule of raumy-
Cp *Re{CO),(PhN showing the atem labelling (hydrogen atoms are
ominted for clarity).



AH. Klahn et al. / Journal of Organometallic Chemistry 532 11997) 39-44 43

and Et) from which Cp~ Re(CO),R, could be isolated
and fully characterized [11). It is now clear that the
formation of the dialkyl (or diaryD) products occurs
stepwise, and the reactivity of the alkyl-halide (or
aryl-halide) intermediate Cp~ Re(CO).(RIX, toward
substitution of the remaining halide ligand. depends on
the nature of X. the chloro being more reactive com-
pared to the iodo analogue. This result suggests that the
reaction of Cp " Re(CO).(R)X is facilitated by increased
polarity of the Re®*-X“" bond. Similar arguments
were used by Sweet and Graham [15] to explain the low
yield of CpRe(COXNO)Ar) by using CpRe(COXNON
instead of the chloro analogue, in reaction with excess
of ArCu.

Steric factors, which can also affect the halide substi-
tution of Cp " Re(CO).(R)X, R = alkyl or aryl. can be
ruled out since preliminary results on methylation of
Cp Re(CO),I, and phenylation of Cp~Re(CO).Cl,
(using an excess of the corresponding organocopper)
yield Cp“Re(CO),(Me)l and Cp’ Re(CO),(Ph). re-
spectively [17].

3.2. Arvl-methyl complexes trans-Cp™ Re(CO).LAriMe.
Ar = phenyl and tolxl

These complexes were prepared from the reaction of
the corresponding aryl-iodo complex with methyl-
lithium in THF at room temperature. IR monitoring of
the reaction mixture showed. in addition to the v(CO)
of the product. small bands at about 1845 and 1742cm ™!
(THF solution). These bands disuppeared after addition
of Mel. Taking into account reports on the reaction of
Cp'Re(CO),Br,. Cp'=Cp [4] and Cp° [9]. und
Cp " Re(CO),Cl, with MeLi [11} we tentatively as-
signed these [R absorptions to the anionic complex
[Cp ' Re(CO).(AN]~. which then reacts with Mel to
yield the observed product. The less plausible formation
of the anion [Cp’ Re(CO),[]” which could form in the
reaction can be ruled out since we do not observe any of
the methyl-iodo complex Cp Re(CO).{MeXD) {(ex-
pected product [rom the reaction of the anion and Mel).

The aryl-methyl derivatives Cp " Re(CO).(Ar{Me)
are white crystalline materials, very soluble in most
organic solvents, in which they are fairly stable. Like
their predecessors. the IR spectra of these compounds
also show two bands, the highest wavenumber v(CO)
(at about 2002cm ™", in hexane) being less intense than
the »,(CO) observed at lower wavenumber. From the
intensity pattern of these bands we conclude that the
carbonyl groups are oriented in a diagonal or trans
position. The OC—-Re—CO interbond angles, estimated
from the »(CO) intensities. are in both cases ca. 115°.
The trans stercochemistry is confirmed by “C{'H}
NMR spectra, where lht. COs appear as a single reso-
nance at 201 ppm. The 'H and “C NMR spectra clearly
show the presence of the methyl ligand in the high field

region. following the same trend observed for other
analogous complexes containing an sp* carbon bound to
the metal [11].

3.3, X-ray structure of trans-Cp ' Ref COW(Phil

The structure of the phenyi-iodo complex has been
confirmed by single-crystal X-ray diffraction analysis.
Orange-red crystals of trans-Cp ™ Re(CO),(Ph) were
grown from a mixture CH.Cl. /hexane (1:1) at —30°C.
The complex exists as discrete molecules in the unit cell
with no unusually short inter- or intramolecular con-
tacts. An ORTEP diagram with the atom labelling scheme
is shown in Fig. |. Table 1 summarizes the crystal data
and data collection conditions. Atom coordinates are in
Table 2. and selected bond distances and angles in
Table 3.

The rhenium atom is formally in the HI oxidation
state and seven coordinated if the Cp ™ group is consid-
ered as a three-coordinate monoanion. and the overall
ceometry is of four-legged piano-stoo! type Cp” ML,
[18]. The Re-C(CO) bond lengths are in the expected
range of 1.9-2.0 A observed previously in
Cp Re(CO).X.. X = I {cis isomer) and X = Br {trans
isomer) [8]. srans-Cp RelCO),Et, [11] and rrans-
Cp Re(CO)[PO(OMe), Ji [19]. The Re--I bond length
is unremarkable and almost identical to that found in
trans-Cp Re(CO).[PO{OMe), }I [19]. The Cp ™ ring is
closely planar with the C atom of the methy! groups.
displaced an average of 0. A away from the mean
plane. The distance Re-Cp~ {centroid) of 1 965 A and
the C-O bond lengths are unexceptional in comparison
to those found in other cyclopentadieny! rhenium com-
plexes. The interbond angle relating the carbonyls OC-
Re—CO. 102.2(3). which cleasly establishes the trans
orientation of these ligands. is quite similar to that
observed in several other dicarbonyl rhenium complexes
possessing the same stereochemistry (rrans-

Cp "Re(CO),Et. 103.1(4)° [it] rtrans-
CpRe(CO).(COMe}Me) 101.2H17F [6]. rrans-
Cp "Re(CO),Br, 104.3(6)° [8] and 1rans-

CpRe(CO), (SuPh,), 100-45)° {7]). As expected, the
Re—C(Ph) bond length of 2 191(6)A is shorter than
those in the corresponding alkyl complexes trams-
CpRe(CO),(COMeXMe) (2.245(4) A) [6]. rrans-
CpRe(CO),(HXCH .Ph) (2. lg(l)A) [20] and trans-
Cp " Re(CO) Et, (2.262(10) A) [11]. These differences
can largely be atributed to the hond contraction com-
monly observed upon replacing an sp* carbon by an sp?
carbon [21]. On the other hand. the Re-C(Ph) distance
found for this complex is slightly larger than that ob-
served for CpRe(NOXPPh XPh) (2.13%(6) A) [22]. The
smaller contribution Re~C w-bonding from the Re atom
in a formal oxidation state of H). compared to the Re(D)
in CpRe(NOXPPh,XPh). can account for the lengthen-
ing of the Re—Ph bond. This urgument is in good
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agreement with the length of 2.22 A estimated for an
Re—C(sp*) single bond [23].
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