
E L S E V I E R  Joum~ of Organometallic Chemistt V 533 (1997) I-5 

Selenium-77 NMR studies of cyclopentadienylchromium selenium 
species 

Evidence of conformers 

Philip A.W. Dean ~ ' ,  Lai Yoong Goh b J, Ian D. Gay c, R.D. Sharma ¢ 
a Detriment of Chemistry. University of Western Ontario, Loluton, Ont N6A 5B6Z 

Department of Chemistry, Unit,ersily of Malaya, 59100 Kuala Lampur. Malaysia 
Department of Chemistr); Simon Fraser Unicersi~. Burnaby. B.C. V5A IS6, 

Received 8 Al~fil 1996~ revised 10 October 1996 

Abstract 

77 Vafiable-tampemture Se NMR spectroscopic studies of the complexes [CpO(CO)2]2Se (I) and [CpCr(CO)2]2Se 2 (2) have beam 
canied out. A singiet 77Se resonance is found for I at 213-296 IL but the broadness at the higher ~ seggests ll~ existance of 
rotamers exchanging at an intermediate rate on tl~ time scale of ASse. For 2, the observations l~n~ to the exist~ce of two cmffotme~ 
over the range 213-3301L with relative proportions varying from ca. 1".3.4 at 320 K m ca. 1:6.4 at 213 K. This c~chiskm is ~ by 
'3C NMR spectxa at 213 and 298K. Also ~ are "Se NMR data for Cp2Crz(CO)sSe 2 (3), ~ in site by thermolysis of 2 
solution, and solid-state CP-MAS 13C and Se NMR data for [CpCrSe L (4). 

Ke~rds:  Chromium: Selenium; NMR; Cyclopentedienyl; Carboa-13; Conformers 

1. Introduction 

There now exists an extensive range of  transition 
metal organometallic complexes containing selenide and 
polyselenide ligands [1,2]. However,  compared with the 
situation for organoselenium compounds (e.g. Refs. 
[3,4]), the use of  r i se  NMR for their characterization 
and further study has been infrequent (e.g. Ref. [1]). Of  
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the bonding modes that occur in these urgam3meml~ 
species, those that have been subjected to the ~Se  NMR 
probe include: ~Z-Se2~ - ,  n > 4 [5-8]  (and --S%S2-~ 
[9]); bent /zz-Se 2- [10,11], /z2-~l-'-Se 2-  [5]; /L2-q4-te - 
tradentate t~lging Se2, - [I]]. 

In this paper, we report variable-temperam~ ??Se 
and J3C NMR spectral data fur [CpCr(CO)2]2Se (I) ~I 
[CpCr(CO)z]2Se 2 (2) [12,13], which provide evidence 
for the existence of  confofme~ in ~ To provide 
a more complete set of  data for 
organometallic compounds o f  chromium, we have also 
measured the ~Se  NMR speel~  o f  Cp2Cr2(CO)sSe2 (3) 
[13] and Cp,Cr~Se4 (4) [14], the latter in the solid state. 
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The complexes 1, 2 and 4 were prepared from 
[CpCI~CO)3] 2 as previously reported [12-14]. Toluene 

was dried over 3A molecular sieves. 

All samples for solution N M R  were prepared in 
10ram tubes undex argon in a glove bag, and all solu- 
tion NMR spectra were obtained at UWO. Carbon-13 
N M R  spectra of  0.05 M solutions of  1 and 2 were 
measured on both Varian Gemini-200 and Varian XL- 
300 s~e t romete r  systems, at 50.30 and 75.42MHz, and 
the Se NMR spectra of  the same solutions were 
accumulated using the XL-300 system operating a t  

57.20MHz. In all cases the magnetic field was pre- 
shimmed, then the spectra were measured without a 
lock. (Field drift was negligible.) Probe temperatures 
were measured using a calibrated thermocouple probe in 
a stationary sample of  toluene. Solution NMR scans 
were obtained in the range 213-330  K, with the temper- 
ature variation as indicated in Table 1. The reference for 
13C was the P h C H  3 signal o f  the solvent (Sc(relative to 
internal T M S ) = 2 1 . 3 7  (297K),  21.44 (213K),  21.47 
(183 K)). For 77Se, external referencing was by sample 
interchange with Me2Se at ambient probe temperature. 
The transverse ~ S e  relaxation t ime o f  2 in toluene 
solution was measured using the inversion-recovery 
method. Typically, solution-stete " S e  NMR spectra 
were recorded using a spectral window of  20kHz,  

Table 1 
V~dabtg-temperature E3C and 77Se NMR data for some cyclopentadicoylchromium selenites 

Compo~d Temperatme/K 6s ~ a (Avl/2(approx)/Hz) BC b (Aul/2(approx)/Hz) 

[CpCdCO)2]2Se (!) 213 2572.3 (60) 88.7 ¢ 
286 2568 (720) 
296 -- 2574 (1400) 88.8 c 

[CpCdCO)2],Se~ " (2) 213 - 144,7 (75)° - 263.7 (80) o,c 91,2 r,g 91.3 f,s. 90.5 d.f.g 
298 - 136.6 (30), -259.6 (15) d,h,i 91.6 (70) J, 90,8 (6) dj 
309 - 135.3 (65), -258,7 (30) ~k 
320 - 134 (160), -258.1 (70) o.i 
330 --258 m 

Cp2Cr2(CO)5~ 2 (3) 296 122.1 (90) n 23.4 (60) n 93.1 c 90.1 c 

[CpC.xSe]4 (4) o ca. 303 1079 P, 1018 p 90.8 

* Rel ive to ex~'nal Me2Se at ambient probe temperature. 
b Cyclop~,~licoyl region only. Relative to internal SiM¢ 4. (P~mmy reference PhCH3), 
© Cwbo~-13 NMR dsa have been reported in [13]. The data presented hare arc consistent with the earlier data. 

e In~ ratio ca. 1:6.4. 
f See Fig. 1(b). 
s Imso~ty ~/(91.2):/(91,3):I(90.5) ~ 1:1:14. 

~ r ~  ca. 1:3.7. 
! T~ : 0.42 :t: 0.02 s. 
J See Fig. l(a). 
R ~ ' i ~ y r ~ i o c a .  1:3.6. 
' ~rl~oc~. 1:3.4. 

The r~gber i~lucmcy signal could not be observed with certainty (very b ~ l ) .  
n rum a Uxnue pn~.~ced by d~fmolysis of 2 in tolueP~. Im~sity ralJo ca. I:1. See Fig. 2. 
° C ~ - ~  s ~  ~ ~ 1 4 .  
P ~ Fig. 3. 
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pulsewidth of 16 p.s (tip angle ca. 80 ~) and an acquisi- 
tion and recycle time of 0.75 s. 

The solid state t3C and ~Se NMR spectra of 4 at 
ambient probe temperature were measured at SFU at 
frequencies of 37.55 and 28.51 MI-Iz, using a home-befit 
spectrometer with a field of 3.5 T. The general proce- 
dure and analysis of results was as described previously 
[15]. Harmmnn-Habn cross-polarization was achieved 
using matched r.f. fields of 41 and 40kHz for t3C and 
~Se. The contact times were 2 and 4ms  and the spin- 
ning rates were 2.0 and 2.5-2.9 kHz. For the CP-MAS 
~TSe NMR, the recycle time was 1 s and 65000 tran- 
sients were collected. 

3. Results and  discussion 

In a VT " %  NMR spectral study of I (Table 11, the 
spectrum at 296K shows an extremely broad signal 
(Ax,~/2 ca. 1400Hz) at Bso - 2574. This signal sharp- 
ens at 213K to Avl/2 60Hz. with 8se = 2572.3. Thus 
no evidence was found for a second species in the 
213K spectrum; from the signal:noise ~ any 
such species must have been < 1% of the main signal 
(assuming the same A~,t/2). Nevertheless, the most 
plausible explanation for the broad signal found at 
296K is the occunenee at this temperature of two 
coofonners, e.g. the anti- and gauabe-conformars dis- 
cussed below, that are undergoing exchange at an inter- 
mediate rate. The VT a3C NMR spectra of 1 (Table I) 
provide no evidence for an exchange process, but such a 
process may well be rapid on the flute scale of A v c 
under all temperature conditions used. The ~3C spectra 
of 1 measured here are consistent with earlier ambient 
temperature ~H and ~3C NMR spectra of [CpCr(CO)2 ]2E 
(E = S, Se), which showed magnetically equivalent Cp 
rings and CO ligands in the moh~ules on the lime ~.ale 
of A v ,  and A~ c in the experiments [13,16,17]. From 
the variation of Avn/2(~Se) with temperature, A H  z = 
17-29kJmol  -~ for rotation about the CrmScmCr axis 
of [CpC~CO)2]zSe, for assumed viscosity broadenings 
of 0 - 5 0 H z  for the signal at 213K. 

We note that two different forms of [CpCr(CO)2]2Se, 
thought to be rotamers, can be isolated by fractional 
orystalliT~tiou, though they equilibrate rapidly on the 
preparative time scale in solution [18]. The latter obser- 
vation suggests ready rotation about Cr~Se~Cr ,  consis- 
tent with our results. Nouempirical molecular orbital 
calculations [19] show virtually no electronic barrier to 
inlramolecular rotation about the C r ~ S ~ C r  axis of 
[CpCdCO)2],S (for which rotation about the C r ~ S ~ C r  
bond is rapid on the time scales of Av  u and At, c [16]). 
Thus the sum of eigenvalues (energies) of  the occupied 
molecular mbitals was found to be identical for both the 
anti- and gancbe-confonnafions. 

The highly de~e lded  " S e  reu~a~ce zf 1 places it 
close to the high freoFency limit of the r ~ g e  
for " S e  [3-5]. Most prebably 0 ~  extreme d e ~ t e ~ g  
derives from the involvement of 0 ~  ~'-ek~i~m~ of Se in 
the unusual cumulated C r ~ S e ~ C r  linkage [3,4]. 

~T 13C ~ T/S~ NMR ~ C ~ t ~ [ ~  of a 
solution of 2 in tol~'no (Table 1) me coesistent with the 
existence of two conformers with a molar ratio of  ca. 
1:3.4 (at 320K) to 1:6.4 (at 213K). The 
conformer possesses 8s~ ra~ging from - 2 6 3 . 7  (2131O 
to - 2 5 8  (330K), with con 'espom~g peak hal f -wkk~ 
ranging from 80Hz to 175 Hz, wi~  a min~mun (15Hz) 
at 298 IC For this resonanoc, T t = 0.42 + 0.02s at 2981L 
Such a value is at the lower end of  " S e  leegiwdiml 
relaxatioa times that have been rep~ntod [3,4]. The 
abundant conforogr possc~scs 8s~ at higher fn:quoncy, 
ranging from -144.7 (AI t l / 2=75Hz)  ~ 213K to 

- 134 (Av~/2 = 160Hz) at 320K; at 330K the peak is 
too broad for observation. Evidently i n a ~ o e v e ~ e a  of  
the two conformers occurs at an increasing tare as the 
temperatare is raised. From the linewidth ~ of  
the two isomers in the range 298-330K,  A/ /* , , ,  
58 kJ tool- t (asstml~g the uo-exch~g~ va le~  of  Ab't/2 
axe negligible). 

The indication from the " S e  NMR spectra that two 
conformers of 2 occur is comfistent with ~3C NMR 
spectroscopic observations, which ~ e  illuswated in Fig. 

d . . . . , - - f f . . . . . .~- , . . . iV-r . .a-~. . .a  

Fig. I. The cyc~xmadie~.l ~ of l e  50.3Oh~.lz a3C lq]~t 
specna of [CIf_~(CO):]2Se ~ (2) at (a) 298K. (b) 2DI~ A 
[CpO(CO)2LSe 111, n / w  = 7,A/~, C =[Ct~Cr2(CO)sSe2] (31. 
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Fig. 2. (a) The cyclopemedienyl region of the 75.42MHz 13C NMR 
a t  2 9 ~ K  o f  a s o l . o n  O f  [ C p C I ( C O ) 2 ] 2 S e 2  ( '~ )  in toluene, 

~ "  heming to 330K. (b) The 57.20MHz ~TSe NMR specmnn at 
296K of the same solution. (The resonance of [CpCt<CO)2]~Se (1) 
could not he observed at 296K.) Labelling in (a) and (b), A = 1, 
~/n" = x~/~B, c = |Cp~Cr~(CO)~Se 2] O). 

i(a) and Fig. l(b) for 298 K and 213 K. In Fig. I(a) are 
shown the Cp resonances B, 8 c 90.8 (Avl/2 ~ 6Hz)) 
and B' (tic 91.6 (Avl/2 ~ 70Hz)) for the two conform- 
ers. On changing to 213I( (Fig. l(b)), resonance B only 

shifts slightly (to ~c 90.5). However, the broad reso- 
nance B' is reduced in overall intensity relative to A 
(consistent with the diminution in the minor:major ratio 
observed in the ?TSe NMR spec1~ra as the temperature is 
reduced (see Table 11) and resolved into two sharp lines 
(8 c 91.2 and 91.3, each ca. 1 /14  of the major signal 
B). This result suggests that the resonances labelled B' 
are those of a frozen-out structure containing two mag- 
nedcally inequivalent Cp rings. We suggest that the 
major and minor conformers of [CpCr(CO)2]2Se are 2A 
and 2B, with magnetically equi~,'alent and inequivalent 
Cp rings respectively. (Fi~ l(b) also shows weak sig- 
nals from ! (labelled A) and 3 (labelled C). Based on 
previous demonstrations of the extraordinary ease of 
inter-Wansformadons of the complexes 1 -3  [13], the 
formation of I and 3 in a solution of 2 is not surprising.) 

Earlier authors [13] appear to have overlooked the 
broad resonance B' in the 13C NMR spectrum of 2 at 
ambient temperature. Both 13C and IH spectra of the 
complex were inte,-preted [13] as showing that it, like 
the sulfur analogue [20], possessed magnetically equiva- 
lent Cp rings and CO ligands at ambient temperature. 

The " S e  NMR signals (Table 1) of the ~,~2:~2-Se2 
group in the conformers of 2, - 137 and - 2 6 0 p p m  at 
298 K, are more shielded than those observed for /z 2- 
~2-Se 2 groups in either organic diselenides, R2Se 2 
(Ssc ~ ! i 0 - 5 5 0  [3]) or [(PriCp)2Ti]2Se2 (Sse=  1412 
[5]). 

The ambient-temperature UC and " S e  NMR speclra 
of a solution of 2 after heating to 330 K (Fig. 2(a) and 
Fig. 2(b)) show signlals of 1 and 2, and also of 3, 
identified through its 3C NMR spectrum [13]. In Fig. 2, 
*,he signals of 1, 2 and 3 are labelled A ,B/B '  and C. We 

I I I 
1500 .0  1340 .0  

I 
1180 ,0  1020 .0  

6~  
I I 

8600  7000  

Fig. 3. Tim 28.51MHz ~Se CP-MAS NMR spectrum of solid [CpCrSe] 4 (4) at ambient probe temperature and a spinning rate of 2600Hz. The 
is~opic chemical shifts, indicated by the arrows, were continued using spinning rates from 2.5-2.9kHz. 
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note again that the formation of  I and 3 from 2 is not 
unex~cted.  Since 3 is known to be now present from 
the C NMR spectrum, the two new approximately 
equally intense resonances observed in the ~Se  NMR 
spectrum can be assigned to this species, ~s~ 122.1 
( A r t / 2  ~ 9 0 H z )  and 23.4 (Av~/2 ~ 6 0 H z ) .  We were 
unable to assign these resonances further. Their separa- 
tion is remarkably small for the two differently bonded 
atoms of  a ll/,,~l:~2-S~ 2- ligand, less than ABS~ ob- 
served for the two conformers of  2, in which the 
bonding mode to the two chromium centres is, presum- 
ably, identical. 

Compound 4 is insuffidently soluble for a solution 
study by either t3C or ?TSe NMR. Therefore solid-state 
NMR spectra of  4 were obtained at ambient t e ~  
by the CP-MAS technique. The results are included in 
Table 1, and the CP-MAS ~Se  NMR spectrum is 
shown in Fig. 3. The t3C NMR spectrum shows a single 
Cp resonance with an unexceptional chemical shift. The 
solid-state ~ Se  NMR spectrum reveals two approxi* 
mately axially symmetric resonances, with isotopic 
chemical shifts 8se = 1018 and 1079 (both ± l p p m ) .  
The approximate axial symmetry is consistent with a 
cubane structure for [CpCrSe] 4, but in the absence of  
crystal structure data it is not clear wbether the two 
shifts represent different [CpCrSe]4 molecules or  differ- 
ent Se environments within a single distorted [ c p c r s e L  
molecule. Both ~Se resonances are less shielded by 
700-800ppm than those observed for R3Se + [3,4]. 
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