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Abstract 

Replacement of CO ligands in the ~3-allyl complex [Cp*Re(CO),(n3-C,H,)][BF,] (1) has been accomplished by reacting 1 in 
acetonitrile with PhIO or Me,NO to yield endo isomers of [Cp*Re(COXNCMeXn3-C3Hs)][BF4] (2) and [Cp*Re(NCMe)2(q3- 
C,H,)][BF,] (3) respectively. The assignment of the ally1 proton resonances and the isomeric forms of 2 and 3 have been deduced 
with the aid of ‘H nuclear magnetic resonance nuclear Overhauser enhancement experiments. The X-ray crystal structures of 2 and 
3 confirm that these are endo isomers. Poor quality crystals of 2 (with 0.5 toluene solvate) are monoclinic, of space group P2,/c, 
with Z = 4, a = 8.381(2) L%, 21 = 15.389(2) k c = 17.161(3) 8, fi = 91.71(2)” and V= 2212.4 i3. The structure refined to R, = 0.060 
for 1950 data (I,, 2 2.5&,)). Crystals of 3 are orthorhombic, of space group P2,2t2,, with Z = 4, a = 11.296(2) & b = 12.012(2) 
& c = 14.760(2) ,k and V= 2082.7 K. The structure refined to R, = 0.027 for 1815 data (I,, 2 2.5a(I,)). The rhenium atom is 
bonded to the ally1 group in 3 with an Re-C(7) distance of 2.12411) A to the central carbon atom and an Re-C(6) distance of 
2.177(12) A and an Re-C(8) distance of 2.201(12) A to the terminal carbon atoms. The acetonitrile groups are bound with an 
Re-N(1) distance of 2.089(7) A and an Re-N(2) distance of 2.086(10) .&, and N=C with an NWc(9) distance of 1.125(11) A and 
an N(2)-C(ll) distance of 1.134(14) A. 
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1. Introduction 

Recently we [1,2] and others [3a] have reported the 
synthesis of the cationic cyclopentadienyl (Cp> or pen- 
tamethylcyclopentadienyl (Cp * > rhenium. (dicarbonyl) 
ally1 complexes [CpRe(CO),(n3-C3H5)1+ or [Cp*Re- 
(CO),(?73-C3H5)1+ using [Ph,C][BFJ or [Ph,CI[PF,l to 
abstract hydride from the corresponding propene com- 
plexes. These cationic ally1 complexes [3bl are of con- 
siderable interest with respect to (a) the barrier for 
exe-endo isomerization of the allyl.group and (b) the 
possibility of further elaboration of the ally1 group 
through reaction with nucleophiles, including which of 
the central or terminal carbon atoms is the preferred 
site for this addition. 

In order to explore more widely the chemistry of the * 
n3-ally1 ligand in half-sandwich rhenium complexes of 
this type, we have sought to replace the CO group in 

Correspondence to: Professor D. Sutton. 

0022-328X/94/$7.00 
SSDI 0022-328X(93)24057-C 

[Cp*Re(C0),(n3-C3H5)]+ (1) to prepare derivatives 
of the composition [Cp*Re(COXLXn3-C,H,II+ and 
[Cp*Re(L),(q3-C,H,)]+, where L is a 2e--donor lig- 
and other than CO. This paper reports the results of 
our initial attempts in this direction. We describe the 
synthesis, characterization and X-ray structure deter- 
mination of the mono- and bis-acetonitrile complexes 
[Cp * Re(CO)(NCMe)(q3-C3H ,)I[BF,l (2) and 
[Cp*Re(NCMe),(n3-C,H,)][BF,] (3). Aspects of the 
chemistry of these complexes will be the subject of a 
subsequent paper. 

2. Results and discussion 

2.1. Synthesis 
As mentioned in Section 1, the q3-ally1 complex 

[Cp * Re(CO>,(~3-C3H,>][BF4] (1) can be generated by 
treating the propene complex Cp * Re(C01,(n2-C,H,) 
with [Ph,C][BF,] [1,2]. We have not used this method 
in this work because the propene complex is available 
with only a low yield (about 28%) and must be sepa- 

0 1994 - Elsevier Sequoia. All rights resewed 



184 RJ. Batchelor et al. / Synthesis and X-ray structures of I(~5-C,Me,)Re(CO~,(q3-CsHs)I[BF,l derivatives 

1lV 
CHz=CHCH20H 

HBF, ,ETHER 

Scheme 1. 

rated from secondary products (e.g. the hydrido(ally1) 
complex Cp*Re(COXHXn3-C,Hs)) formed in the 
photolysis of Cp*Re(CO), with propene [l]. We have 
instead synthesized 1 by photolysing Cp * Re(CO), with 
ally1 alcohol in diethyl ether in the presence of HBF, 
(Scheme 1) [3b,41. The dicarbonyl complex 1 is ob- 
tained as an equilibrium mixture of both exe and endo 
isomers [2]. 

Complex 1 reacted with iodosylbenzene (PhIO) in 
acetonitrile solution at 0 “C over 2 h to effect the 
oxidative removal of only one CO group to produce 
endo-[Cp*Re(COXNCMeX~3-C3H,>][BF,J (2) with an 
80% yield after work-up as a yellowish solid. By con- 
trast, trimethylamine oxide (Me,NO) in acetonitrile 
solution reacted at room temperature with 1 to remove 
oxidatively both CO groups to give endo-[Cp*Re- 
(NCMe),(q3-C,H,)][BF,] (3) as a pale-yellow solid with 
a 90-94% yield after isolation (Scheme 1). Both 2 and 
3 were obtained only as the endo-n3-ally1 isomers, 
identified on the basis of rH nuclear magnetic reso- 

nance (NMR) nuclear Overhauser enhancement (NOE) 
data and the X-ray structure determinations described 
below. 

exo-( I ) 

2.2. Spectroscopic propfzrties 

endo-( II ) 

Complexes 2 and 3 have been characterized by 
microanalysis, IR, ‘H NMR and fast-atom bombard- 
ment (FAB) mass spectroscopy (MS) (Table 1). Com- 

TABLE 1. Spectroscopic data for l-3 

Complex 

la 

2 

3 

IR (CH2Cl,) 

vcco) (cm-‘) 

2053 8,1999 8 

1975 8 

FAB MS 
m/z (“‘Re) 

419 (M + 1,391 (M + - CO) (base), 
361 (M - 2C0 - 2H) 
432 (MC), 391 (M+- CH,CN), 

389 (M + - CH ,CN - 2H) (base), 
361 (M+- CH,CN - Co - 2H), 
359(M+-CH,CN-CO-4H) 

445 (M+), 
404 (M + - CH,CN) (base), 
361 (M+- 2CH,CN - 2H) 

‘H NMR (CDCI,) 

S (ppm) 
4.73 (m, H,), 3.82 (d, J, = 5.6 Hz, H,), 
2.21 (s, CsMes), 1.87 (d, J., = 9.9 H& H,) 
4.85 (m, H,), 3.21 (m, Hi), 
3.16 (m, H,), 2.80 (8, CH&N), 
2.04 (d, JBtE = 11.6 Hz, H,), 
1.98 (s, C,Me,), 1.33 (d, J, = 9.28 Hz, H,) 

3.81 (m, HJ, 2.80 (8, C&CN), 
2.47 (d, J, = 5.04 Hz, H,), 1.71 (8, C5Me5), 
1.47 (d, J,, = 6.30 Hz, H,) 

a IR and NMR data are for the endo isomer. 
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plex 2 exhibited the expected single v(C0) absorption 
in the IR spectrum and this occurs at 1975 cm-’ in 
CH,Cl, solution, shifted to a lower wavenumber in 
comparison with that of the dicarbonyl complex l(2053 
and 1999 cm-i in CHzCl, [2]) because MeCN is a 
poorer rr acid. Of course, no v(C0) absorption oc- 
curred for 3, indicating complete replacement of the 
CO ligands and no contamination with 2. Only very 
weak IR absorption bands were observed for 2 and 3 in 
the region of 2300 cm-’ where v(GN) would be 
expected to occur and none could be unambiguously 
assigned to this vibration. 

The positive-ion FAB MS of 2 gave a strong parent 
Mf peak at m/z = 432 for the cation, and the base 
peak at m/z = 389 corresponded to the loss of MeCN 
and 2H from M+. The loss of two H atoms from the 
C,Me, ligand in the fragmentation of pentamethylcy- 
clopentadienyl rhenium compounds is well docu- 
mented [1,5]. Notably, there was no peak at m/z = 404 
corresponding to loss of CO from M+. The FAB MS of 
3 gave a parent M+ peak at m/z = 445, but the 
intensity was weak in comparison with the parent peak 
for 2, presumably reflecting greater lability with a 
second MeCN ligand. A peak at m/z = 404 resulted 
from loss of one MeCN and the base peak for 3 at 
m/z = 361 corresponded to the loss of two MeCN 
ligands and two H atoms. 

The ‘H NMR spectrum for 3 is straightforward with 
singlets at 6 = 1.71 ppm (Cp*) and 6 = 2.80 ppm 
(MeCN) and three resonances corresponding to the H, 
(multiplet at 6 = 3.81 ppm), H, (doublet at S = 2.47 
ppm) and H, (doublet at S = 1.47 ppm) protons of the 
ally1 group because of the plane of symmetry. Notably, 
these resonances are all shifted upfield compared with 
the same resonances for 1 (en& isomer) (Table 1). 
The assignments for H,, H, and H, are straightfor- 

ward, and were confirmed by NOE experiments (see 
below). 

Complex 2 does not possess a plane of symmetry so 
that, in addition to the resonances for Cp* (6 = 1.98 
ppm) and MeCN (S = 2.80 ppm), all five protons of the 
ally1 group give individual resonances. Based on NOE 
data these have the assignments shown in Table 1, 
where H, and H, are the anti and syn protons on one 
terminal carbon atom and Hl, HL are on the other 
terminal carbon atom. 

2.3. ‘H nuclear magnetic resonance nuclear Overhauser 
enhancement experiments 

It is possible for the n3-ally1 ligand to adopt two 
different orientations with respect to the remaining 
ligand environment. These are termed exe (I) and 
endo (II) [6] as illustrated for piano-stool complexes of 
the type considered here. 

In some cases, only one of these isomers is observed, 
but often both isomers occur in solution and frequently 
there is rapid interconversion between them. Addition- 
ally, stereochemical non-rigidity in a given isomer may 
interconvert the H, and H, protons. In the case of the 
dicarbonyl complex 1, it was demonstrated that rapid 
interconversion of exe and endo isomers occurred in 
solution with no scrambling of the syn and anti pro- 
tons, and the X-ray crystal structure indicated both 
isomers to be present in the solid [2]. It was therefore 
of considerable interest to compare these properties of 
1 with those of the new cationic complexes 2 and 3 to 
evaluate the effect of replacing CO by MeCN in the 
rhenium coordination sphere. 

For 3, irradiation of the Cp* resonance resulted in 
a strong NOE enhancement of the H, resonance at 
6 = 1.47 ppm, indicating that this is the endo isomer 
(Fig. 1). Irradiation of the H, resonance at S = 2.47 

-&- I + 
+GN Re +,,,, 

MeCN8Ga 

I 
Ha 

“NCMe 

Hs 

V 

Hs 

Hc 

(1) (3) 
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ppm caused an enhancement of the H, and H, reso- 
nances and confirmed the correctness of the assign- 
ments. There was no indication of H,-H, exchange. 

For 2, irradiation of the Cp* resonance gave a 
strong enhancement of the H, resonance at S = 1.33 
ppm, indicating that the isomer is endo (Fig. 2). The 
resonance for the other anti proton HL is very close to 
the Cp* resonance position, so no enhancement could 
be observed for this signal. In fact, when irradiation of 
Cp* is conducted, HL is unavoidably irradiated also, 
and this gives rise to the observed enhancement of the 
geminal proton Hi signal at 6 = 3.21 ppm. Similarly, 
irradiation of H, at S = 1.33 ppm results in enhance- 
ment of the H, signal at 6 = 3.16 ppm. Again, there is 
no indication of H,-H, or Hl-Hi exchange, nor ex- 
change of the H,-HL or H,-H6 protons (i.e. no end- 
to-end interchange of the terminal ally1 protons). 

We had hoped that irradiation of the MeCN methyl 
resonance would allow us to observe which terminal 
ally1 proton signals are due to the protons closest in 
proximity to the MeCN ligand and therefore to assign 
uniquely all the ally1 protons. Unfortunately, this as- 
signment could not be made with any degree of cer- 
tainty, because irradiation of the MeCN signal could 
not be achieved without irradiating also the closely 
adjacent H, and Hi signals, which inevitably produced 
NOES to H, and Hi. In the inverse experiment, irradi- 

b 

-L- 

e 

PPm 4.5 4.0 3.5 3.0 25 2.0 I.5 1.0 

Fig. 2. Curve a, ‘H NMR spectrum of 2 in CDCI,; curve b, NOE 
difference spectrum with irradiation of Cp* at 1.98 ppm and H: at 
2.04 ppm; curve c, NOE difference spectrum with irradiation of H, 
at 1.33 ppm. 

b 

alI, , 
wm 3.5 3.0 2.5 2.0 1.5 

Fig. 1. Curve a, ‘H NMR spectrum of 3 in CDCI,; curve h, NOE 
difference spectrum with irradiation of Cp* at 1.71 ppm; curve c, 
NOE difference spectrum with irradiation of H, at 2.47 ppm. 

ation at 6 = 1.33 ppm (H,) did not give any NOE of 
the MeCN methyl signal; however, neither did irradia- 
tion at Cp* and HL (combined), and so no specific 
assignment of the two sets of ally1 terminal protons can 
be made. 

Irradiation of H, at S = 4.85 ppm gave the expected 
enhancement of H, and HI, confirming the assignment 
of the syn and anti protons. We conclude that both 2 
and 3 are produced only as the endo isomers (in 
contrast with the dicarbonyl 1) and that the ally1 group 
in each case is undergoing no rearrangement within 
the time scale of the ‘H NMR experiment. In order to 
confirm that the endo isomer is thermodynamically 
prefered, 2 was heated in mixed solvents CDCl,- 
toluene (1.5 : 1 by volume) to reflux (at 110 “0 for 12 h. 
The ‘H NMR confirmed the absence of the exe iso- 
mer. 

2.4. X-ray crystal structures of 2 and 3 
The X-ray crystallographic structure determinations 

for 2 and 3 confirm the compositions indicated by the 
above spectroscopic data and demonstrate that these 
are endo stereoisomers in both cases. The structures of 
the cations are illustrated in Figs. 3 and 4, and selected 
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C(l6) 

Fig. 3. The structure of the [Cp*Re(COXNCMeXn3-C,H,)]+ cation 
in 2. 50% enclosure thermal ellipsoids or spheres are shown. Hydro- 
gen atoms and one of the disordered orientations of the Cp* ligand 
have been omitted for clarity. 

~(23) 

Fig. 4. The structure of the [Cp*Re(NCMe),(n3-C,H,)1+ cation in 
3.50% enclosure thermal ellipsoids are shown. Hydrogen atoms have 
been omitted for clarity. 

TABLE 2. Selected intramolecular distances and angles for the 
complex cation of [Cp*Re(COXNCMeXn3-C,Hs)][BFJ. $toluene 

Distance 

(‘Q 

Re-C(l) 2.26(l) 
Re-C(2) 2.21(l) 
Re-C(3) 2.21(l) 
Re-C(4) 2.260) 
Re-C(5) 2.29(l) 
Re-C(101) 2.280) 
Re-C(102) 2.290) 
Re-C(103) 2.23(l) 
Re-C(104) 2.200) 
C(lO)-CU6) 1X(3) 

Angle 
(“) 

N-Re-C(8) 79.4(6) 
N-Re-C(9) 84.X7) 
Cp -Re- ally1 130 
Cp-Re-C(9) 120 
Cp-Re-N 115 
C(9)-Re- ally1 97 

Re-C(105) 
Re-Cp a 
Re-C(6) 
Re-C(7) 
Re-C(8) 
Re-ally1 b 
Re-C(9) 
Re-N 
O-G91 
N-C(10) 

N-Re- ally1 

C(8)-CU-c(6) 
0-C(9)-Re 
C(lO)-N-Re 
C(16)-C(10~-N 

Distance 

(A, 

2.23(l) 
1.90 
2.24(2) 
2.21(2) 
2.27(2) 
1.99 
1.90(2) 
2.06(2) 
1.21(2) 
1.09(2) 

Angle 
(“I 

100 
124X2) 
169.(2) 
177.(2) 
179X3) 

a Cp denotes the centre of mass of the ten half-occupied ring carbon 
atom sites of the disordered Cp* ring. 
ballyl denotes the centre of mass of the carbon atoms of the ally1 
group. 

bond lengths and interbond angles are listed in Tables 
2 and 3. 

The structures of 2 and 3 consist of discrete molecu- 
lar ions with 2 having disordered solvent of crystalliza- 
tion. Although neither of the complex cations has 
crystallographic symmetry, there is, in 3, an approxi- 
mate mirror plane equating the two MeCN ligands and 
the two termini of the n3-ally1 ligand. For 3 the Re-C(7) 
bond length to the central carbon of the ally1 group is 
shorter than the Re-C(termina1) distances, as has been 
observed previously, for example in the exe isomer of 
Cp*Re(COXHXn3-C,H,) [7]. The dimensions for the 
coordinated MeCN groups are not exceptional [8*]. 

For 2 there are no significant intermolecular inter- 
actions. Such an open structure is consistent with the 
apparent high thermal motion and/or disorder found. 
For 3 there are a few interionic separations involving 
the disordered BF,-ion which are slightly less than 
the sum of the appropriate pairs of van der Waals 
radii, and one which appears to be markedly short: 
F(4)- - -C(lO)* 2.59(3) A (where the asterisk indicates 
the symmetry equivalent position 1 +x, y, z). Since 
F(4) belongs to the least partially occupied (0.18(l)) 
orientation of the disordered anion, it is unlikely that 
this represents a significant hydrogen-bonded interac- 
tion. 

* A reference number with an asterisk indicates a note in the list of 
references. 
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TABLE 3. Selected intramolecular distances and angles for the 
complex cation of [Cp* Re(NCMe),(T3-C,H,)][BF,] (3) 

Distances Distance 

(A, (A, 

Re-C(1) 2.313(9) CWC(21) 1.51906) 

Re-C(2) 2.28500) C(2)-C(3) 1.405(15) 
Re-C(3) 2.196(11) CWC(22) 1.545(17) 

Re-C(4) 2.199(12) C(3)-C(4) 1.436(17) 
Re-C(5) 2.249(10) C(3)-C(23) 1.529(18) 

Re-Cp a 1.898 C(4)-C(5) 1.472(16) 

Re-C(6) 2.17702) C(4)-C(24) 1.502(20) 

Re-C(7) 2.124Ul) CW-c(25) 1.505-w?) 

Re-C(8) 2.201(12) C(6)-C(7) 1.439(19) 

Re-ally1 b 1.906 CWC(8) 1.405(17) 

Re-N(1) 2.089(7) N(lkC(9) 1.125(11) 

Re-N(2) 2.08600) C(9)-c(10) 1.470(11) 

C(l)-C(2) 1.382(15) N(2)-C(ll) 1.134(14) 

C(l)-C(5) 1.394(15) C(ll)-C(12) 1.47007) 

Angle Angle 

(“I (“I 

N(2)-Re-N(1) 80.6(3) C(23)-C(3)-C(2) 125.3(11) 
N(l)-Re-Cp 118.1 C(23)-C(3)-C(4) 126.301) 

N(2)-Re- Cp 117.7 C(S)-C(4)-C(3) 105.900) 

NW-Re-ally1 97.2 C(24)-C(4)-C(3) 126.2(12) 
N(2)-Re-ally1 97.2 C(24)-C(4)-C(5) 126.9(13) 
Cp -Re- ally1 132.6 C(4)-C(5)-C(l) 107.0(10) 

C(5)-C(l)-C(2) 109.8(9) C(25)-C(5)-C(1) 125.2(11) 

C(21)-C(l)-C(2) 127.9(11) C(25)-C(5)-C(4) 127.4(12) 
C(21)-CW-c(5) 122.3(10) CX8)-C(7)-C(6) 112.1(12) 

C(3)-C(2)-C(l) 109.400) C(lO)-C(9)-N(1) 179.1(9) 

C(22)-C(2)-C(1) 127.4(11) C(12)-C(ll)-N(2) 179.103) 

C(22)-C(2)-C(3) 123.1(11) C(9)-N(l)-Re 178.4(8) 

C(4)-C(3)-C(2) 107.8(10) C(ll)-N(2kRe 176.3(8) 

a Cp denotes the centre of mass of the five carbon atoms of the Cp* 
ring. 
ballyl denotes the centre of mass of the carbon atoms of the ally1 
group. 

3. Experimental details 

All reactions were carried out under dry nitrogen in 
a Schlenk apparatus. Solvents were purified by stan- 
dard methods and were freshly distilled under dry 
nitrogen. Me,NO .2H,O was obtained from Aldrich 
and was purified by sublimation. Fourier transform IR 
spectra were recorded on a Bomem Michelson-120 
instrument for CH,Cl, solutions. ‘H NMR and NOE 
spectra were recorded in the Simon Fraser University 
(SFU) NMR Service by Mrs. M.M. Tracey using a 
Bruker WM-400 instrument operating at 400.13 MHz. 
FAB mass spectra were obtained by Mr. G. Owen on a 
Hewlett-Packard model 5985 gas chromatography-MS 
instrument, equipped with a Phrasor Inc. FAB acces- 
sory. The source gas was xenon, and samples were 
dispersed in m-nitrobenzyl alcohol. Masses are given 
for the ls7Re isotope. Correct isotopic distribution 
patterns were observed for all parent peaks. Micro- 

analyses were performed by Mr. M.K. Yang of the 
SFU Microanalytical Laboratory. 

3.1. Preparation of [(q5-C5Me5)Re(CO),(q3-C,H,)]- 
[B&l (Z) 

A solution of Cp* Re(CO), (216 mg, 0.53 mmol) in 
freshly distilled ether (40 ml) was placed in a Schlenk 
tube equipped with an inner condenser. 0.1 ml of ally1 
alcohol (Aldrich; 1.47 mmol) and 0.1 ml of HBF, * 
O(C,H,), (Aldrich; 85%; 0.68 mmol) were added to 
this solution and then photolysed under UV light at 
the temperature of refluxing ether for 8 h. The result- 
ing white precipitate was filtered off, washed with 
ether and recrystallized from CH,Cl,-hexane as a 
white solid (yield, 140 mg, 0.277 mmol (52.2%)). 

3.2. Preparation of [(q5-C5Me5)Re(CO)(NCMe)(q3- 
C, H,)l[BF,l (2) 

To a solution of 1 (79 mg, 0.156 mmol) in 8 ml of 
acetonitrile (which was dried with CaH, and freshly 
distilled under dry nitrogen) was added 93.3 mg (0.424 
mmol) of PhIO [9]. The mixture was stirred for 2 h at 0 
“C and monitored by IR spectroscopy. The solution 
was filtered through Celite; then the solvent was 
pumped off and the residue was washed with ether. 
Recrystallization from CH,Cl,-hexane gave the prod- 
uct as a yellowish solid (yield, 65.1 mg, 0.126 mmol 
(80.6%); melting point (m.p.), 132-133 “0. Anal. Calcd 
for C,,H,ONReBF,: C, 37.01; H, 4.47; N, 2.70. Found: 
C, 37.04; H, 4.50; N, 2.68%. 

3.3. Preparation of [(q5-CjMe5)Re(NCMe),(q3-C,H,)]- 

[BF,] (3) 
A solution of 1 (75 mg, 0.148 mmol) in freshly 

distilled acetonitrile (5 ml) was placed in a Schlenk 
tube and 4.5 ml (0.34 mmol) of Me,NO solution in 
acetonitrile (5.71 mg ml-‘) was added during 0.5 h. 
The solution was stirred at room temperature for 2 h 
and was monitored by IR spectroscopy, which showed 
disappearance of the v(C0) absorption bands for 1 and 
the growth and subsequent disappearance of the v(CO) 
absorption for 2 (1971 cm-’ in CH,CN) by this time. 
The solvent was pumped off and the residue was 
washed with ether. It was then dissolved in tetrahydro- 
furan (THF) and recrystallized by careful addition of 
hexane. The product was obtained as a pale-yellow 
solid (yield, 90-94%; m.p. 142-143 “0. Anal. Calcd 
for C,,H,,N,ReBF,: C, 38.36; H, 4.92; N, 5.27%. 
Found: C, 38.36; H, 4.94; N, 5.38. 

3.4. X-ray crystallography 
Crystals of 2 were grown as small colourless plates, 

and 3 as yellow needles, both from solutions in THF- 
toluene (1: 5 by volume). Those of 2 were of low 
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quality and proved to be the 0.5 toluene solvate by the 
subsequent structure determination. The presence of 
toluene in the sample from which the crystal was 
selected was confirmed by ‘H NMR spectroscopy (in- 
tegration, 0.5). Numerous attempts to grow crystals of 
[Cp*Re(COXNCMeXr13-C3H5)][BF41 using various 
solvent systems (CH,Cl,-hexane; CH,Cl,-ether; 
CH,Cl,-THF) failed to yield good single crystals. 

A crystal of 2 was mounted on a glass filament using 
epoxy resin as adhesive. A crystal of 3 was cleaved and 
a fragment was mounted in a glass capilliary using 
Apiezon grease as adhesive. Data were recorded at 
ambient temperature with an Enraf-Nonius CAD4F 
diffractometer using graphite monochromated MO Ka 
radiation. Unit-cell dimensions were determined from 
25 well-centred reflections (2, 30” G 28 G 34”; 3, 36” Q 
20 G 44”). Two intensity standards were measured ev- 
ery hour of exposure time and those for 2 declined 
systematically in intensity by 23% while those for 3 
showed no significant variations during the course of 
the measurements. The data were corrected for ab- 
sorption by the gaussian integration method, and cor- 
rections were carefully checked against measured I) 
scans. Data reduction also included corrections for 
intensity scale variation and for Lorentz and polariza- 
tion effects. 

The programs used for absorption corrections, data 
reduction, structure solution, refinement and plot gen- 
eration were from the NRCVAX Crystal Structure Sys- 
tem [lo]. Final refinement was made using CRYSTALS 

[ll]. Complex scattering factors for neutral atoms [12] 
were used in the calculation of structure factors. Com- 
putations were carried out on a MicroVAX-II and on 
80486 processor-based computers. Crystallographic de- 
tails are summarized in Table 4. Final fractional atomic 
coordinates for the non-hydrogen atoms of the com- 
plex cation of 2 are listed in Table 5 and those of 3 in 
Table 6. 

3.5. Structure determination for 2 
In the case of 2 the systematic conditions led us to 

attempt solution in the space group P2,/c, although 
there were 17 weak but observed (Z, > 2Sa(Z,)) reflec- 
tions which violated the condition for the c glide. The 
structure was solved routinely from the Patterson map 
by the heavy-atom method. All non-hydrogen atoms of 
the molecular ions were located from electron density 
difference maps. 

The entire structure displays rather high thermal 
parameters. Anisotropic thermal parameters were re- 
fined for Re which none the less remained relatively 
isotropic. Refined anisotropic thermal parameters for 
the methyl carbon atoms of the Cp* group were ex- 
treme (although not unreasonable in terms of the over- 

TABLE 4. Crystallographic data for the structure determinations of 
[Cp*Re(COXNCM,Xq3-C3H,)~BFJ. itoluene (2) and [Cp*Re- 
(NCMe),(l13-C3H,)uBF41 (3) 

Formula 
Formula weight 
Crystal system 
Space group 

a a (A) 

b a (& 

c = (A, 
p (“I 

v (A33> 
Z 
PC (g cmm3) 
A(Mo Ka,) (A, 
~(Mo KU) (cm-‘) 
Minimum 20 P); 

2 3 

ReF@N%~BH~7 ReF,N&BHz, 
564.44 531.42 
Monoclinic Orthorhombic 

Q/c PV,& 
8.381(2) 11.296(2) 

15.389(2) 12.012(2) 

17.161(3) 14.760(2) 
91.71(2) 

2212.4 2002.7 
4 4 
1.695 1.762 

0.70930 0.70930 
56.1 61.9 

maximum 28 P) 
Transmission b 
Crystal dimensions 

4; 44 4; 50 
0.579 - 0.753 0.231- 0.329 

(mm X mm X mm) 0.11 x0.27x 0.30 0.30 x 0.35 x 0.38 

R~ 
c 

0.060 0.027 
R d WF 0.081 0.034 

a Cell dimensions were determined from 25 reflections (2,30” d 213 Q 
34”; 3, 36” Q 20 < 44”). 
b The data were corrected for the effects of absorption by the 
gaussian integration method. 
’ R, = ZI( 1 F, I- 1 F, I) j/El F, I (2, 1950; 3, 1815 data (I,, > 2.5&J. 
dRwF= [Mw(l F, I- (F, I)*I/~(wF~)I’/* for data (1, > 2.5uUJ) (2, 
w=[a(F0)*+0.0005F,Z1-‘; 3, w=[cr~~,~*+0.ooO4F,2]-‘~. 

all thermal motion of the complex) and this entire 
group was finally modelled, instead, with two half-oc- 
cupancy sites for each atom and two isotropic thermal 
parameters, one for the methyl groups and another for 
the ring carbon atoms. Chemically equivalent C-C 
bond lengths and C-C-C bond angles within this group 
were restrained toward their respective mean values 
during refinement. Hydrogen atoms for the Cp* and 
ally1 groups were included in calculated positions (C-H, 
0.95 A> with appropriate occupancies and their coordi- 
nate shifts were linked during refinement with those 
for the carbon atoms to which they were bound. A 
single parameter was refined for the isotropic thermal 
motion of the hydrogen atoms of the Cp* group and 
another for those of the ally1 group. 

An electron density difference map also suggested 
disorder of the BF,-ion and it was finally modelled as 
two half-occupancy rigid groups, with a single isotropic 
thermal parameter for the fluorine atoms and another 
for boron. A region of electron density in a plane in 
the vicinity of the inversion centre at 0, i, 0 was 
ultimately modelled as two rigid toluene groups (in- 
cluding the H atoms on the rings) with refined partial 
occupancies. A single isotropic thermal parameter was 
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refined for the ring carbon atoms and another for the 
H atoms and the methyl carbon atoms. The methyl H 
atoms of the toluene, as well as of the acetonitrile 
ligand, were omitted as no clear evidence as to their 
locations could be obtained from electron density dif- 
ference maps. 

The possibility of lower symmetry (in particular, the 
space group P2,) was investigated at some length, but 
an improved model was not obtained. A complete 
spherical shell of data (22” Q 20 G 27”) was measured 
as a test of the assumed Laue symmetry. Rmerge = 0.039 
for 179 sets (166 of which were observed) of ‘equiv- 
alent’ data, after absorption correction, assuming Laue 

symmetry 2/m, Rmerge = 0.032 for 359 sets (321 of 
which were observed), assuming Laue symmetry m, 

and Rmerge = 0.041 for 356 sets (314 of which were 
observed), assuming Laue symmetry 2. In no case did a 
reflection differ by as much as lOa from the mean 
value for the set of symmetry equated data. 

TABLE 5. Atomic coordinates and isotropic or equivalent isotropic 
temperature factors for the non-hydrogen atoms of the complex 
cation of [Cp*Re(COXNCMeX~33-C,Hs)1[BF,l.ttoluene (2) 

Atom x Y z Y,, 

&2, 

Re 

C(1) b 
C(2) b 
C(3) b 
c(4) b 
c(5) b 
C(H) b 
C(12) b 
C(13) b 
C(14) b 
CC151 b 
C(101) b 
C(102) b 
C(103) b 
C(104) b 
C(105) b 
C(111) b 
CC1121 b 
C(113) b 
CC1 14) b 
c(115) b 

C(6) 

C(7) 

C(8) 
0 

C(9) 
N 

C(lO) 

C(l6) 

0.38476(g) 
0.165(2) 
0.129(2) 
0.218(2) 
0.308(2) 
0.273(2) 
0.080(Z) 

- 0.002(2) 
0.203(2) 
0.404(2) 
0.325(2) 
0.132(2) 
0.135(2) 
0.244(2) 
0.309(2) 
0.238(2) 
0.015(2) 
0.027(2) 
0.277(2) 
0.416(2) 
0.253(3) 
0.593(2) 
0.559(2) 
0.417(2) 
0.638(2) 
0.548(2) 
0.333(2) 
0.299(2) 
0.248(3) 

0.11060(4) 0.23038(4) 0.0639 a 
0.159G 
0.0830) 
0.014(l) 
0.047(l) 
0.1370) 
0.246(2) 
0.075(2) 

-0.082(l) 
- 0.006(2) 

0.197(2) 
0.1450) 
0.056(l) 
0.015(l) 
0.078(l) 
0.1590) 
0.213(2) 
0.010(2) 

- 0.0830) 
0.060(2) 
0.242(2) 
0.186(l) 
0.213(l) 
0.2460) 

- 0.0340) 
0.027(l) 
0.0870(9) 
0.076(l) 
0.060(2) 

0.2902& 0.067(2) 
0.2457(9) 0.067(2) 
0.2786(9) 0.067(2) 
0.3418(9) 0.067(2) 
0.3483(9) 0.067(2) 
0.2830) 0.111(5) 
0.182(l) 0.111(5) 
0.257(l) 0.111(5) 
0.401(l) 0.111(5) 
0.4160) O.lll(5) 

0.2651(9) 0.067(2) 
0.2468(9) 0.067(2) 
0.2982(9) 0.067(2) 
0.3482(8) 0.067(2) 
0.3274(9) 0.067(2) 
0.231(l) O.lll(5) 
0.186(l) O.lll(5) 
0.303(l) O.lll(5) 
0.4190) 0.111(5) 
0.374(l) 0.111(5) 
0.279(l) 0.098(6) 
0.2040) 0.102(6) 
0.1800) 0.099(6) 
0.2190(9) 0.132(5) 
0.2180) 0.095(6) 
0.1143(9) 0.079(4) 
0.053(l) 0.088(S) 

- 0.0340) 0.130(8) 

a U,, value, where U,, is the cube root of the product of the 
principal components of the thermal ellipsoid. 
b Site occupancy, 0.5. 

TABLE 6. Atomic coordinates and equivalent isotropic temperature 

factors for the non-hydrogen atoms of the complex cation of 

[CP*R~(NCM~),(~~~-C~H~)I[BF,I (3) 

Atom x Y z u = 

& 

Re 0.15352(3) 0.09565(3) 0.13110(2) 0.0458 

C(l) 0.1492(9) 0.0761(8) 0.2870(6) 0.0580 

C(2) 0.2223(9) - 0.0051(9) 0.25146) 0.0546 

C(3) 0.3150(9) 0.0457(10) 0.2032(7) 0.0592 

C(4) 0.3008(9) 0.1641(10) 0.2110(8) 0.0651 

C(5) 0.1916(9) 0.1812(9) 0.2635(7) 0.0579 

C(21) 0.038202) 0.0601(13) 0.3436(7) 0.0857 

C(22) 0.2117(15) -0.1324(10) 0.2637(g) 0.0804 

Cc231 0.4212(9) - 0.0152(15) 0.1622(10) 0.0858 

Cc241 0.391203) 0.2507(13) 0.1862(11) 0.0978 

C(25) 0.1408(14) 0.290001) 0.2958(9) 0.0864 

C(6) 0.254902) 0.1329(12) 0.0094(7) 0.0744 

C(7) 0.135601) 0.1741(10) 0.0029(7) 0.0677 

C(8) 0.112003) 0.2568(10) 0.0678(8) 0.0721 

NW - 0.0312(6) 0.0870(6) 0.1337(5) 0.0493 

C(9) - 0.1307(7) 0.0842(7) 0.1336(6) 0.0554 

C(10) - 0.2607(7) 0.0785(9) 0.1331(8) 0.0687 

N(2) 0.1297(g) - 0.0548(8) 0.0630(6) 0.0606 

C(U) 0.1166(10) - 0.1335(8) 0.0217(7) 0.0624 

C(12) 0.0991(13) - 0.2363(10) - 0.0305(9) 0.0903 

a U,, is the cube root of the product of the principal components of 

the thermal ellipsoid. 

The final full-matrix least-squares refinement in- 
volved 136 parameters, using 1950 data (I,> 2Sa(lJ) 
and 62 restraints. An empirical weighting scheme based 
on counting statistics was applied such that (w(( F, ( 
- 1 F, 1j2) was near constant as a function of both IF, I 
and (sin 0)/h. The refinement converged at R, = 0.060 
and R,,= 0.081. Large peaks near Re in the final 
difference map (maximum, 1.9(2) electrons A-‘; 1.1 A 
from Re) are more probably attributable to unmod- 
elled disorder or twinning, or perhaps to errors in the 
data as a consequence of the considerable sample 
decay, than to unrecognized lower symmetry and we 
feel that a better result is probably not obtainable from 
these data. 

3.6. Structure determination for 3 
The structure of 3 was solved from the Patterson 

map by the heavy-atom method. Coordinates and 
anisotropic thermal parameters were refined initially 
for all non-hydrogen atoms. Hydrogen atoms were in- 
cluded in calculated positions (C-H, 0.95 A). In subse- 
quent cycles of refinement their coordinate shifts were 
linked with those for the carbon atoms to which they 
were bound, except those of the acetonitrile ligands for 
which the CH, fragments were refined as rigid groups 
restrained to axial symmetry about their C-C bonds. A 
single parameter was refined for the isotropic thermal 
motion of the hydrogen atoms of the Cp* group, 
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another for those of the ally1 group and another for 
those of the acetonitrile ligands. 

The BF,-ion displayed extremely anisotropic ther- 
mal parameters and was ultimately modelled with four 
regularly tetrahedral rigid groups of refined partial 
occupancies restrained to a net occupancy for the site 
of 1. A single isotropic thermal parameter was refined 
for all fluorine atoms and another for the boron atoms. 
This gives significantly better agreement, for fewer 
variables, and a flatter electron density difference map 
for this region than does an ordered model with 
anisotropic thermal parameters for all F and B atoms. 

The handedness of the structure was confirmed by 
measurement of all symmetry equivalent plus Friedel 
non-equivalent data for the 37 reflections for which 
1 F,’ - I;,- I/a(F,) is largest (ranging from 61.6 down to 
8.8). In every case the sign of 1 F,’ - F; 1 was the same 
as that of IF,’ - Fee I, for the handedness given here. 

The final full-matrix least-squares refinement in- 
volved 220 parameters, using 1815 data (1, & 2Sa(I,,)) 
and seven restraints. An empirical weighting scheme 
based on counting statistics was applied such that 

Ml&l -IF,l)2) was nearly constant as a function of 
both 1 F, 1 and ( sin 13)/h. The refinement converged at 
R, = 0.027 and R,, = 0.034. 

4. Supplementary material 

4.1. For 2 
Additional crystallographic details (one page), boron, 

fluorine and hydrogen atom parameters and carbon 
atom parameters of the solvent of crystallization (two 
pages), anisotropic thermal parameters (one page), 
least-squares planes (one page), observed and calcu- 
lated structure factors (14 pages) and a plot of the 
complex cation showing both disordered sets of the 
Cp* ligand are available from the authors. 

4.2. For 3 
Additional crystallographic details (one page), boron, 

fluorine and hydrogen atom parameters (two pages), 
anisotropic thermal parameters (one page), torsion an- 
gles (one page), least-squares planes (one page) and 
observed and calculated structure factors (14 pages) 
are available from the authors. 
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