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Examination of the slightly discolored solution by %Si NMR 
showed that only starting material was present. 

Photolysis of IsHSi(SiMe&. A pentane (15 mL) solution 
of bHSi(SiMe,), (100 mg) was photolyzed for 18 h at -60 OC. 
eraminntion of the elightly colored Bolution by Zesi NMR showed 
that only starting material was present. 

Photolysis of IsFSi(SiMe,)z (8) and IS( 1-pyrroly1)Si- 
(SiMe& (9). A pentane (15 mL) solution of 8 or 9 (100 mg) was 
photolyzed for 18 h at -60 OC. Examination of the colored so- 
lutions by 28si Nh4R showed only hexamethyldisilane. The signals 
in the lH NMR spectrum were broad, even at elevated temper- 
atures. 

Thermolysis of IsClSi(SiMe& (7). Trisilane 7 (115 mg) was 
heated in refluxing benzene (20 mL) for 2 days. No change was 
noted. Examination of the solution by %i NMR indicated that 
only trisilane 7 was present. 

X-ray Data Collection. Single crystals of (E)-1 were grown 
by slow cooling of a saturated solution in C P ,  to 10 "C. Single 
crystals of (E)-2 were grown by heating a concentrated solution 
of (2)-2 in hexane for 1 week, followed by slow cooling of this 
solution to 10 OC. Suitably sized crystale of (E)-1 and (E)-2 were 
taken from the solution under argon and immediately mounted 
on a thin g h  thread with cyanoacrylate cement. Single crystah 
of 3 were grown by slow cooling of a saturated solution in hexane 
to 0 O C  and mounted similarly. A thin coat of this cement was 
used to seal the surface of all the cryatah. Au studiea were carried 
out on a Siemens P3F diffradometer equipped with Cu Ka ra- 
diation (except Mo Ka for 3) and a graphite-crystal monochro- 
mator. Unit cell parameters were obtained from least-squares 
refinements based on the setting angles of 25 reflections. For 3 

the space group was uniquely determined by the systematic ab- 
sences in the data, for (E1-l and (E)-2 PI WBB assumed and 
confiied by sucadul structure solution and refinement Data 
collection and refinement parameters used for the structure de 
terminations are summarized in Table I. Throughout data col- 
lection standard reflections were measured every 100 reflections 
to monitor stabiiity. The atructurea were solved by direct methods 
using Siemens SNELXTL PLUS (VMS). E maps revealed the 
positions of the silicon and carbon atoms. For (E)-2, the p-iso- 
propyl group is disorded. Further electron d d t y  difference mape 
revealed the hydrogen atoms. In the final cycles of refinement 
all non-hydrogen atoms were assumed to vibrate anisotropically 
and all hydrogen atoms were assumed to vibrate ieotropically. 

Acknowledgment. This work was supported by the Air 
Force Office of Scientific Research, Air Force Systems 
Command, USAF, under Contract No. AFOSR-89-0004 
and the National Science Foundation (Grant No. CHE- 
8922737) with financial aid (Y.v.d.W.) from the Nether- 
lands Organization for Scientific Research (NWO). 

Supplementary Material Available: Tables of crystal data, 
bond length, bond angles, atomic coordbtm, equivalent isotropic 
dispacement Coefficients and occupancies, anisotropic displace 
ment coefficients, and hydrogen atom coordinatea for compounds 
(E)-l, (E)-2, and 3 (24 pagea). Ordering information is given on 
any current masthead page. 

OM910748D 

13C NMR Spectroscopic and EHMO Study of Slowed Tripodal 
Rotation In [ (Benzyl)Cr(CO),]+ and (Fuivene)Cr(CO), Systems: 

Metal-Stabilized Nonplanar Cations 

Patricia A. Downton, Brian 0. Sayer, and Michael J. McGIinchey" 
Depertment of Chemkby, McMBster ~ivmity, Memlylon. Ontarb LBS 4M1, Cam& 

ReceivedJenuery 16, 1992 

The variable-temperature '3c NMR spectsa of a wries of methyl- and methoxy-subetituted (benzyl)Cr(CO)s 
cations and neutral (ful~ene)Cr(CO)~ complexes reveal that the metal carbonyl resomcea are split at low 
temperature, the barriers to tripodal rotation are rationalized in terms of the degree of localization of charge 
at the aromatic or fulvene carbons. It is shown that primary benzyl cations require greater stabilization 
by the tricarbonylchromium fragment than do analogous secondary or tertiary benzyl cations. These 
experimental results are complemented by molecular orbital calculations at the extended HOckel level. 

Introduction 
In complexes of the type (arene)Cr(CO),, the question 

of slowed tripodal rotation on the NMR time scale has 
aroused much controversy for nearly 20 years.' The fa- 
vored conformations in the solid state were enunciated by 
Carter, McPhail, and Sim as the result of a series of X-ray 
crystallographic determinations? While the staggered 
isomer la  is found for (ben~ene)Cr(CO)~ itself? incorpo- 
ration of electron-donating or electron-withdrawing sub- 
stituents yields the eclipsed rotamers lb and IC, respec- 
tively. The rationale offered to account for structure lb 
is that the electron-donating group, e.g., MezN or MeO, 
polarizes the charge distribution in the ring 80 as to render 
the ortho and para carbons relatively electron-rich. This 
makes the C(2), C(4), and C(6) positions better donors to 

(1) McGlinchey, M. J. Adv. Organomet. Chem. 1992,34,286. 
(2) Carter, 0. L; McPhail, A T.; Sim, G. A. J. Chm. SOC. A 1967,228. 
(3) Bailey, M. F.; Dahl, L. F. Znorg. Chem. 1966,5,1314. 

0276-7333/92/2311-3281$03.00/0 

C 
0 

the metal atom and, maintaining the preferred octahedral 
geometry at chromium, the carbonyl ligands are found to 
eclipse the C(l), C(3), and C(5) sites.' Conversely, com- 
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plexes bearing electron-withdrawing substituents, as in 
(C6H6C02Me)Cr(CO)3, adopt conformation lc? 

Extended Htickel molecular orbital calculations by Al- 
bright, Hoffmann, and Hofmann have shown that, in the 
absence of overwhelming steric or electronic factors, the 
energy barrier which must be surmounted to spin the 
Cr(CO), moiety about the Cr-ring-centroid axis is tiny;s 
thus, the chancea of detecting slowed tripodal rotation in 
solution on the NMR time scale in such a system are re- 
mote. Neverthelm, it has been established that the barrier 
to tripodal rotation in sterically hindered syetems such as 
(C"&r(C!O)L'L'', 2, where L' and L" are CO, CS, or 

Downton et al. 

2 

NO+, is approximately 9.6 kcal m01-l.~ Moreover, the 
elegant studies of SiegeP and of Hunter9 have demon- 
strated the existence of other molecular systems where 
bulky groups hinder rotation of Cr(CO)S moieties. 

The calculatory approach also suggested two scenarios 
in which electronic influences might be brought to bear.6 
The first possibility raised was that bond fixation in an 
arene ring would impose a substantial barrier to tripodal 
rotation. This concept was brilliantly exploited by Nambu 
and Siegel who synthesized the terphenylene complex 3.'" 

& > / 

3 
The crucial fadora here were (a) the partial bond fixation 
caused by the presence of the benzocyclobutadiene moie- 
ties and (b) the lowering of the symmetry from Ck to C, 
which readtad in a 2 1  splitting of the Cr(lQO), resonance 
at low temperature. Hoffmann et al. also proposed that 
[(benzyl)Cr(CO),]+ would preferentially adopt structure 
4, analogous to IC, which would be approximately 6.8 kcal 

A' 
4 5 

mol-' more stable than the rotamer 6. Moreover, it was 
suggeeted that the exocyclic methylene group should bend 
down by 1l0 toward the metal atom 80 as to optimize the 
overlap between the vacant p2 orbital on carbon and a 

(4) Cartar, 0. L.; MCPhail, k T.; Si, G. A. J. Chem. Soc. A 1966,822 
(5) Carter, 0. L.; McPhail, A. T.; Sim, G. A. J. Chem. SOC. A 1967, 

1619. 
(6) Albright, T. A,; Hof!", R.; Hofmann, P. Chem. Ber. 1978,111, 

1591. 
(7) (a) Downton, P. A.; Mailveganam, B.; Frampton, C. S.; Sayer, B. 

G.; McGliuchey, M. J. J. Am. Chem. Soc. 1990,112,27. (b) Mailvaganam, 
B.; Frampton, C. S.; Top, 5.; Sayer, B. G.; McGlinchey, M. J. J. Am. 
Chem. SOC. 1991,113, 1177. 

(8) Kilway, K. V.; Siegel, J. 5. J. Am. Chem. SOC. 1991, 113, 2332. 
(9) (a) Chudek, J. A.; Hunter, G.; MacKny, R. L.; Fnrber, G.; Weie- 

enateher, W. J. Organomet. Chem. 1989,377, C69. (b) Kremminger, P.; 
Wehmteiner, W.; Kratky, C.; Hunter, G.; MncKay, R. L. hfonatsh. 
Chem. 1989,120,1175. 

(10) Nambu, M.; Siegel, J. S. J.  Am. Chem. Soc. 1988, 110, 3675. 

suitable filled d orbital on chromium? (X-ray cryatallo- 
graphic data on the closely analogous ferrocenyl cation 6 
revealed a methylene bend angle of 2O0;" moreover NMR 
data on the tricobalt cluster 7 have confi ied that the 
C=CR2 moiety leans toward a Co(CO), vertex.12) 

To investigate further these phenomena, we have syn- 
theaized a series of cationic [(benzyl)Cr(CO),]+ complexes 
and recorded their variabletemperature l9C NMR spectra. 
These data are complemented by studies on the closely 
analogous (fulvene)Cr(C0)3 systems, and the barriers to 
tripodal rotation have been evaluated both by experi- 
mental means and by use of EHMO calculations. 

Rssults and Discussion 
Benzyl Complexes. The enhanced reactivity of tri- 

carbonylchromium complexes of benzyl halides toward 
nucleophilic substitution has been attributed to stabili- 
zation of the cationic intermediates by delocalization of 
the positive charge onto the metal.', It has been proposed 
that such a stabilization would be enhanced if the exocyclic 
methylene were to bend down through - 1 1 O  toward the 
metal, thus increasing overlap between the vacant benzylic 
p2 orbital and a filled orbital on chromium? Earlier INDO 
calculations by Clack and Kane-Maguire had also led to 
the conclusion that the methylene fragment would bend 
toward the metal; these data suggested a bend angle of 
-a0 and also that a staggered structure of type la would 
be favored.14 By means of EHMO calculations, we find 
a minimum ener structure 4 when the chromium is 

methylene bend angle is 22O. As shown in Figures 1 and 
2, the principal stabilizing interaction allows the delo- 
calization of the positive charge onto the Cr(CO), unit via 
overlap of the vacant pz orbital of the benzylic carbon with 
the filled dxlyl orbital on chromium. This orbital is marked 
with an asterisk (*) in Figure 1 and is seen to be gradually 
stabilized as the exocyclic methylene fragment bends down 
toward the tripod. The corresponding out-of-phase com- 
bination of benzylic p2 and chromium d,? orbitals is the 
LUMO and, of course, is gradually raised m energy as the 
Walsh diagram clearly shows. The two highest occupied 
orbitals are of mostly chromium 3d and carbonyl ?r* 
character and are little affected by geometric changes of 
the exocyclic methylene moiety. At the optimum position, 
the overlap population between the benzylic carbon and 
the chromium is 0.046 and the gain in stability resulting 
from the bending of the methylene carbon is -1.7 kcal 

displaced by 0.12 T toward the benzylic carbon and the 

(11) (a) Lupon, S.; Kapon, M.; Cab, M.; Herbatein, F. H. Angew. 
Chem., Znt. Ed. Engl. 1972, 11, 1026. (b) Behrene, U. J. Organomet. 
Chem. 1979,182,89. 

(12) Edidin, R. T.; Norton, J. R.; Mielow, K. Organometallicu 1982, 
1, 561. 

therein. 

145,201. 

(13) SolladiWavallo, A. Polyhedron 1985, 4, 910 and references 

(14) Clnck, D. W.; KancMaguire, L. A. P. J. Organomet. Chem. 1978, 
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Rotation in [(Eenzyl)Cr(CO)J+ and (Fuluene)Cr(CO)3 

\ 
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-1 1 
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-1 3 

a" 

a' 

a* 
a" 

i 10" 30° 

Methylene Bend Angle 
Figure 1. Walsh diagram showing how the orbital marked by 
an asterisk (*) is stabilized by bending the exocyclic methylene 
group in 4 toward the Cr(CO):, moiety (see text). The variation 
in total energy (Wed line) is plotted on a different scale (which 
is inset). 

mol-'. To the extent that we choose to believe the charge 
diatribution given by the EHMO calculations, the benzylic 
carbon in the planar cation bears a charge of +0.34 but 
thia is reduced to +0.23 as a result of methylene bending 
and charge transfer from the chromium center. 
As pointed out by Siegel,l0 the barrier to tripodal rota- 

tion in 3 can be related to the degree of bond fixation in 
the central aromatic ring. Likewise, the extent of charge 
localization in [(benzyl)Cr(CO),]+ should control the 
barrier to Cr(CO)S rotation. We are aware of only one 
claim of slowed carbonyl exchange in such a system; 
Ceccon has reported that the 22.6MHz W O  spectrum of 
the cation 8, derived by protonating (methyl-p-tolyl- 

RC' I 

8 :  R1 E H e ;  R 2  = H ;  R 3  = He 

9;  R 1  HeO; R2 H ;  R3 = H 

10; R 1  H ;  R2 HeO; R 3  = H 

11; R1 H ;  R 2  He;  R 3  H 

12; R 1  = H e ;  R2 = H ;  R 3  H 

carbinol)Cr(CO), with FSO,H, shows three carbonyl res- 
onances at low temperature.16 However, since no spectra 
were shown nor wm an activation energy barrier calculated, 
we have repeated this experiment to verify the result. 
Figure 3 depicts the 125.7-MHz 'X! spectrum of 8 over the 
range -60 to -25 O C  (at which point the coordinated cation 
shows clear signs of decomposition) and fully confirms 
Ceccon's original claim. Simulation of the spectrum yields 
a AGSm value of 11.7 f 0.4 kcal mol-' for the tripodal 
rotation process. This experimentally determined acti- 

(15) Acampora, M.; Ceccon, A.; Dal Farra, M.; Gmmmetti, G.; Rigatti, 
G. J .  Chem. SOC., Perkin Tram. 2 1977,483. 
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Figure 2. CACAO plot of the orbital in 4, marked with an estetisk 
(*) in Figure 1, showing the interaction of the vacant p orbital 
on the electron-deficient carbon with the filled d+,s orbital on 
chromium. 

n ic 

I I I I I I 
228 226 PPm 

Figure 3. 125.7-MHz 'W variable-temperature NMR spectra of 
[ (4-MeC6H4CHMe)Cr(CO)3]+ (8) in the metal carbonyl region. 

vation energy presumably includes not only the barrier to 
rotation of the tricarbonylchromium moiety through 120° 
but also the bending of the methylene fragment. The 
EHMO derived barrier for this fluxional process in 
[(benzyl)Cr(CO),]+ was calculated to be 7.4 kcal mol-' and 
is shown in Figure 4. 

The incorporation of electron-donating or -withdrawing 
substituents in the r-complexed phenyl ring should modify 
the electron density distribution at  the ring carbons and 
80 affect the barrier to tripodal rotation. Thus, placement 
of a methyl or methoxy group para to the benzylic cation 
should help to localize the relatively electron-rich sites at 
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 figure^ 4. EHMO calculated energy profile showing the chaugea 
brought about by initially bending the exocyclic methylene 
through angle 4 and then rotating the Cr(CO)3 tripod through 
angle 6 in [(benzyl)Cr(CO),]+. 

the C(l), C(3), and C(5) positions. Iil contrast, incorpo- 
ration of a methyl or methoxy substituent meta to the 
benzyl cation would be expected to counteract the charge 
localization and lower the barrier to rotation of the Cr(CO), 
fragment since no single orientation is greatly favored over 
the others. This picture gains support from EHMO cal- 
culations which yield rotational barriers of 7.6 and 5.1 kcal 
mol-', respectively, for the p-  and m-methoxybenzyl-cr- 
(CO), cations. Indeed, tripodal rotation in the p-meth- 
oxybenzyl complex 9 is slowed at -70 OC, but the onset of 
decoalescence appears only at -100 OC for the analogous 
m-methoxy system 10. Them primary cations are stable 
only below -40 "C, 80 there is only a narrow temperature 
range over which changes in the NMR spectra can be 
followed. Therefore, our experimental AG* values (= 11 
and = 10 kcal mol-' for 9 and 10, respectively) arise from 
simulations based on rather small changes in rate constants 
and should not be regarded as precise values. 

Interestingly, an EHMO calculation on the tertiary 
cation [(C6H5CMe2)Cr(C0),]+ shows that bending of the 
a-carbon toward the metal is energetically slightly disfa- 
vored.'6 There are no major steric problems, and one 
might speculate that the tertiary cation has much lees.need 
for anchimeric assistance from the chromium than does 
a primary cation. Such a proposal has been advanced 
previously with respect to cluster-stabilized cations such 
as [CO&O)~CC~+.~~J~  We have ale0 obtained l3C NMR 
spectra of the primary cations [(3-methylben~yl)Cr(CO)~]+ 
(11) and [(4-methylbenz~l)Cr(CO)~]+ (12), which are stable 
below -50 OC; a spectrum of 11 appears as Figure 5. 

Unambiguous assignment of all the aromatic nuclei in 
these cationic benzyl-chromium complexes would require 
ti"ing two-dimensional 'H-lH COSY and 'H-W 

(16)It may 8oon be poePible to verify this since we have 
recently belated the cation [*-Cr(CO)&H6)&]+ and are attempting to 
grow X-ray-quality crystale: Wim, K. L.; McGlinchey, M. J. Un- 
published mub. 

1987,109,5749. 

nomet. Chem. 1990,394,145. 

(17) Schreiber, S. L.; Klimae, M. T.; Sammakia, T.  J. Am. Chem. Soc. 

(18) D'Agostino, M. F.; Frampton, C. S.; McGlinchey, M. J. J.  Orga- 

Downton et ai. 

- I ' I - I ~ I -  
230 210 120 loo vpm 

Figure 5. 125.7-MHz NMR spectrum of the cation [(3- 
methylben~yl)Cr(CO)~]+ (11) at -90 "C. 

shiftrcorrelated experiments, and this was not our primary 
objective. We chose instead to focus on the carbonyl 
resonances which in each case split at low temperature. 
With the limited data set available, the rotational barrier 
in 11 is estimated to be -12.5 kcal mol-'-perhaps indi- 
cating an interaction of the primary cationic center with 
the electron-rich metal atom slightly stronger than is the 
case for the secondary cation in 8. We note also that the 
obaervation of 21 patterns for the 'WO resonance in the 
para-substituted complexea supporta the eclipsed rotamer 
4 originally proposed by Hoffmann et aL6 rather than the 
staggered orientation for the tripod suggei3ted previ~uely.~~ 
The latter scenario should yield three carbonyl p e h  at 
low temperatures, but we only see such 1:l:l patterns in 
cases where the arene is unsymmetrically substituted. 
Olah haa reported a marked deghielding ofthe benzylic 

carbon when going from (cumyl alcohol)Cr(CO),, 6 = 71.42, 
to [(CJ4&Me&r(CO),]+, 6 = 170.92; however, the com- 
plexed cumyl cation is still shielded by 83 ppm relative to 
the noncoordinated system, viz., [C,&CMe# it~wlf.'~ It 
was suggested that this downfield shift of only 100 ppm 
could be interpreted in terms of decreased localization of 
the poeitive charge on the benzylic site since the electron 
deficiency could be alleviated by donation from the tri- 
carbonylchromium moiety. Seyferth" and Ceccon16 have 
noted that transformation of secondary alcohol complexes 
into secondary carbocations, e.g., the mono- or bis(Cr(C0)d 
complexes of [ (MeC$I$,CH]+, brings about a deshielding 
of the benzylic carbon nucleus of -65 ppm. We see from 
the present data that protonation of primary alcohols to 
yield the corresponding primary carbocation complexes, 
such as 9 through 12, results in a deshielding of only =25 
ppm. This is a clear indication that the delocalization of 
positive charge onto the Cr(CO), fragment is very con- 
siderable in the primary carbocation complexes. 

It appears, therefore, that the '9c NMR chemical shifta 
of the benzylic carbons together with the activation energy 
barriers toward tripodal rotation are useful probes of the 
localized nature of the arene-to-chromium interactions. 
Fulvene Complexes. As noted above, the ferrocenyl 

cation adopts a bent geometry" such that one extreme 

(19) Olah, G. A.; Yu, S. H. J. Org. Chem. 1976,41, 1694. 
(20) Seyferth, D.; Merola, J. S.; Eschbach, J. S. J. Am. Chem. SOC. 

1978, 100,4124. 
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240 235 ppm 
Figure 6. 125.7-MHz ’% variable-temperature NMR spectra of 
(6-methyl-6-phenylf~lvene)Cr(CO)~ (15) in the metal carbonyl 
region. 

canonical form would represent the cation as a (C,H&Fe+ 
fragment bonded to a nonplanar fulvene ligand. This 
concept is buttressed by the X-ray crystallographically 
determined structure of (6,6-diphenylf~lvene)Cr(CO)~ in 
which the exocyclic carbon is bent down through 30°.21 
Hoffmann et al. have calculated that for (fulvene)Cr(CO)3 
the staggered rotamer 13a should be 7.3 kcal mol-l more 

yCfS’ 
13a 1 3 b  

stable than the eclipsed rotamer 13b; this difference is 
augmented to 9.3 kcal mol-l when the exocyclic methylene 
is bent down by 30’ toward the metal? Preliminary results 
by Kreiter22 and by B e h r e n ~ ~ ~  suggest that tripodal rota- 
tion may be slowed on the NMR time scale at low tem- 
perature. 

The ‘%O NMR spectra of (6,&diphenyl€d~ene)Cr(CO)~ 
(14) and of (6-methyl-6-phenylful~ene)Cr(CO)~ (15) each 
show decoalescence behavior at low temperature. The 
former yields a 1:2 peak pattern, while the latter, as befits 
a chiral molecule, exhibits three carbonyl resonances; the 
variable-temperature spectra for 15 are shown in Figure 

(21) Andrianov, V. G.; Struchkov, Yu. T. J. Struct. Chem. 1977,18, 

(22) Kreiter, C. G. Personal communication, quoted in ref 6. 
(23) Koch, 0.; Edelmann, F.; Behrens, U. Chem. Ber. 1982,115,1313. 

251. 

14: R 1  = P h ;  R2 P h ;  L z C O  

15: R 1  = P h ;  R2 z Me; L = C O  

16: R 1  P h ;  R2 = He; L NO’ 

6. The AG* value in each case is 11 i 0.5 kcal mol-l. 
These data on tripodal rotation barriers support the con- 
cept of parallelism between benzyl and fulvene ligands. 

Finally, we note that in his pioneering studies on half- 
sandwich molecules Rausch reported the lH and l3C NMR 
spectra of a series of [ (C5H4CR’R’’)Cr(C0)2N0]+ com- 
plexes, 16.” It was noted that in some cases the carbonyl 
ligands gave rise to two resonances even at ambient tem- 
perature; this was interpreted in terms of restricted rota- 
tion of the ML3 tripod. In view of the low barriers to 
Cr(C0)3 rotation observed in the benzyl and fulvene com- 
plexes discussed here, the splitting of the CO’s in the 
nitrosyl systems requires an explanation. In fact, we note 
that the only cations 16 which yield two 13C0 peaks are 
those in which R’ # R”; such molecules are chiral and the 
CO ligands are rendered diastereotopic. Thus, these 
carbonyls are always different and one cannot use this 
observation as a valid argument for restricted rotation of 
the tripod. It does, however, support Rausch’s assertion 
that there is restricted rotation about the C(5)-C(6) bond. 
Likewise, as shown by Ceccon,15 rotation about the aryl- 
CR2 bond in benzyl systems has a very high barrier. In- 
deed, the retention of stereochemical integrity in such 
cations has been exploited ~ynthetically.~~ 

EHMO calculations on 16, where IC’ = R” = H, show 
that the symmetric isomer 17a is favored by 2.7 kcal mol-l 
over the unsymmetrical rotamer 17b and also that the 
barrier to rotation is only 7.3 kcal mol-l. This is consistent 

N O  CO 

with observations that rotation of CI(CO)~, [Cr(CO),NO]+, 
Cr(CO),CS, and [Cr(CO)(CS)NO]+ tripods attached to 
hindered arenes have very similar barriers.’ The calculated 
preference for the symmetrical isomer 17a is related to the 
ability of the exocyclic double bond to donate electron 
density to the chromium such that it is trans to the better 
.rr-accepting ligand, i.e., NO+. It is interesting that in the 
X-ray structure of (~~-fluorenyl)Cr(CO)~NO the nitrosyl 
ligand is sited trans to the unique ring carbon at  C(9); in 
contrast, in (~~-cyclopentadienyl)Cr( CO)%NO the nitrosyl 
and carbonyl ligands are crystallographically disordered.% 

To conclude, we have described the syntheses and NMFt 
characterizations of a series of tricarbonylchromium com- 
plexes of benzylic cations and of fulvenes. The barriers 
to tripodal rotation may be rationalized in terms of the 
degree of charge localization at the aromatic or fulvene 

~ ~~~ ~~~ ~~ 

(24) Rausch, M. D.; Kowalski, D. J.; Mintz, E. A. J. Organomet. Chem. 
1988,342, 201. 

(25) Top, S.; Jaouen, G.; McGlinchey, M. J. J. Chem. SOC., Chem. 
Commun. 1980,1110. 

(26) Atwood, J. L.; Shakir, R.; Malito, J. T.; Herberhold, M.; Kremnitz, 
W.; Bernhagen, W. P.; Alt, H. G. J. Organomet. Chem. 1979,165,65. 
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carbons. Perhaps it is appropriate to remind ourselvea that 
EHMO dculations do not take into account charge in- 
teractions and the energy variations associated with par- 
ticular motions are primarily a reflection of the frontier 
orbital interactions of the two fragments. Thus, when we 
raise the ground-state energy of one of the fragments, we 
are increasing the likelihood of observing fluxional be- 
havior. Clearly, a detailed picture of the electron density 
distribution in these systems would be very valuable. 
However, not being experta in the field, we defer to our 
more knowledgeable colleagues for further exegesis. 

Experimental Section 
All s y n t h w  were carried out under an atmosphere of dry 

nitrogen employing conventional benchtop and glovebag tech- 
niques. All mlventa were dried according to standard procedurea 
before useen '8c NMR spectra were recorded at 125.7 MHz by 
using a Bruker AM 500 spectrometer equipped with a 5-mm 
dual-frequency 'H/lV probe. All spectra were measured in 
methylene chloride-d2 and chemical shifts are reported relative 
ta tetrmethyldane. NMR simulations were carried out by using 
the multinite EXCHANGE program generously provided by 
profeeeor R E. D. McClung (University of Alberta at Edmonton). 
The (benzyl alcohol)(CrCO)B and (fulvene)Cr(CO):, complexes 

were prepared by heating the appropriate benzyl alcohol or fulvene 
with chromium hexawbonyl in dibutyl ether tetrahydrofuran 

Pawn .  The complexea were purified by flash chromatography 
on silica gel and identified by comparison of their maas spectra, 
infnved and NhfR epectra, and melting points with the literature 
data."~*w 

Preparation of Benzyl Cations. In a typical preparation, 
(3-methoxybenwl alcohol)Cr(CO)s'(50 mg) wes diaeolved in CD2C4 
(1 mL) and carefully fiitered through glass wool into an NMR 
tube h i d e  a nitrogen-fiied glovebag. The sample was cooled 
in a dry ice/acetone bath, and a few drop of CF$03H were slowly 

accordy  to the method of Top and Jaouen 2 l  or Mahaffy and 

Downton et al. 

added; the initially yellow solution became red-violet upon pro- 
tonation and the NMR spectrum was immediately recorded at 
-70 "C. The cations decomposed slowly over a period of a few 
hours or more rapidly above -40 OC. 

[(4-MeC6H4CHMe)Cr(CO),]+ (8). '% NMR data at -60 'C: 
6 227.0 [l], 226.6 [l], 226.1 [l] (Cr-COs), 127.3 (benzylic C), 107.0, 
103.4,102.1,101.4 (aromatic CHa), 106.2 (C(l)), 115.5 (C(4)), 21.0 
(ring Me), 16.7 (Me). 

[(3-MeOC6H,CHI)Cr(CO)8]+ (10). '% NMR data at -80 O C :  

6 226.9 [3] broad peak (Cr-COs), 144.7 (C(3)), 116.0 (C(l)), 106.3, 
99.5, 89.7, 86.3 (aromatic CHs), 89.1 (benzylic C), 57.9 (MeO). 

[(3-MeC6H4CHt)Cr(CO),1+ (11). lac NMR data at -60 OC: 
6 225.9 [2], 225.2 [l] (Cr-COs), 118.0 (C(l)), 115.2 (C(3)), 109.3, 
108.8,100.6,98.6 (aromatic CHs), 90.6 (benzylic C), 20.7 (Me). 

[(4-MeC6H4CHz)Cr(C0),1+ (12). 13C NMR data at -70 "C: 
6 226.1 [2], 225.2 [2] (Cr-COs), 118.2 (C(l)), 113.0 (c(4)), 109.1 
[2], 102.3 [2] (aromatic CHs), 91.7 (benzylic C), 21.0 (Me). 

[(Ph2C=C,H,)Cr(CO)8] (14). lSC NMR data at -80 "C: 6 
240.8 [l], 236.5 [2] (CI-CO'S), 141.2 (11 (ipso-phenyl), 128.5 [2], 
128.2 [2], 128.1 [ l ]  (phenyl), 128.2 (C(6)), 107.7 (C(5)), 94.1 [21 
(C(2), C(3)), 89.5 (CW, C(4)). 

[(Ph(Me)C=C5H4)Cr(CO),] (15). '% NMR data at -80 "C: 
6 240.2 [l], 236.7 [l], 235.5 [l] (Cr-CO's), 141.8 [l] (ipso-phenyl), 
129.4 [2], 128.0 [2], 126.9 [l] (phenyl), 130.5 (C(6)), 104.3 (C(5)), 
95.2, 92.4 (C(2), C(3)), 90.4, 87.4 (C(l), C(4)), 25.4 (Me). 
Extended Hackel Molecular Orbital Calculations. Mo- 

lecular orbital calculations were performed via the extended 
HCickel with use of weighted Hiis.38 These were 
accomplished by using the program CACAO (Computer Aided 
Composition of Atomic Orbitals)sB which also generated the Walsh 
diagrams and orbital pictures. The parameters wed are taken 
from ref 40. The following distances were used Cr-arene ring 
centroid = 1.73 A, Cr-CO = 1.84 A, C-0 = 1.14 A, C-C = 1.41 
A, C-H = 1.09 A. 
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