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The reaction of (v3-C7H7)Fe(C0),- (1) with Ph3ECl (E = Sn, Pb) leads to the formation of (v3-C7H7)- 
Fe(CO)3EPhs (E = Sn, Pb) (3) complexes. This is in contrast to the reaction of 1 with Si- and Ge-based 
electrophiles, which has been shown previously to give ring-substituted derivatives, [v~-(R~E)C,H,]F~(CO)~ 
(2), thus establishing the subtle electrophilic discrimination of 1. The spectroscopic data on complexes 
3 are consistent with the fac-exo disposition of the ligands around the formally six-coordinate iron center. 
In solution the molecules are fluxional and exhibit both metal migration and carbonyl group scrambling 
processes. It is shown that the metal migration consists of a series of 1,2-shifts and that this movement 
is independent of the carbonyl exchange process. 

Introduction 
The effective stabilization of neighboring carbanions by 

polyhapto organometallic groups is by now a well-recog- 
nized phenomenon.2 The multiple nucleophilic sites made 
available by the delocalized nature of the negative charge 
in such molecules renders them potentially more useful 
and more versatile for the preparation of new organo- 
metallic species than the straightforward metal carbonyl 
anions.3 

A particularly striking example of this behavior is pro- 
vided by the organometallic anion obtained by proton 
abstraction from (~4-cycloheptatriene)tricarbonyliron4 
(Scheme I). The deprotonation can be affected by a 
variety of strong bases and indicates an acidity enhance- 
ment of the coordinated cycloheptatriene by some 17 pK, 
units over that of the free ligande2 The stabilization of the 
formal cycloheptatrienide anion, C,H7-, is achieved by 
formation of the closed-shell allyl anion complex (a3- 
C,H7)Fe(CO); (1). The latter bonding mode of the co- 
ordinated cycloheptatrienyl ring was confirmed by sin- 
gle-crystal X-ray ~rystallography.~ 

The potential for ambident nucleophilic behavior by 1 
is also indicated in Scheme I by showing the two obvious 
sites, ring carbon (path a) and iron center (path b), for 
electrophilic attack. Indeed there are reports in the lit- 
erature already that establish the ambident nucleophilicity 
of 1. We6 and have shown that carbon-, and 
silicon-, and germanium-based electrophiles react with 1 
to give ring-substituted compounds, (v4-C7H,R)Fe(CO),. 
The e x o  disposition of the ring substituent R is consistent 

(1) Current address: BASF Aktiengesellschaft, D-6700 Ludwigshafen, 

(2) Kerber, R. C. J .  Organomet. Chem. 1983, 254, 131. 
(3) (a) King, R. B. Acc. Chem. Res. 1970, 3, 417. (b) Ellis, J. E. J .  

Organomet. Chem. 1975,86, 1. 
(4) Maltz, H.; Kelly, B. A. J. Chem. SOC. D 1971, 1390. 
(5) Sepp, E.; Purzer, A.; Thiele, G.; Behrens, H. Z.  Naturforsch., B:  

Anorg. Chem., Org. Chem. 1978,33B, 261. 
(6) (a) LiShingMan, L. K. K.; Reuvers, J. G. A.; Takats, J.; Deganello, 

G. Organometallics 1983, 2, 28. (b) A ubiquitous byproduct in these 
reactions is the oxidized, dimeric compound [(V'-C~H,)F~(CO)~],. 

(7)  (a) Moll, M.; Behrens, H.; Kellner, R.; Knochel, H.; Wurstl, P. Z. 
Naturforsch., E Anorg. Chem., Org. Chem. 1976,318, 1019. (b) Behrens, 
H.; Geibel, K.; Kellner, R.; Knochel, H.; Sepp, E. Ibid. 1976, 31, 1021. 

(8) (a) Airoldi, M.; Deganello, G.; Dia, G.; Saccone, P.; Takats, J. Inorg. 
Chim. Acta 1980, 41, 171. (b) Airoldi, M.; Barbera, G.; Deganello, G.; 
Gennaro, G. Organometallics 1987, 6,  398. 

(91 Williams, G. M.; Rudisill, D. E. Tetrahedron Lett. 1986, 30. 3465. 
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with direct ring attack (path a) for the formation of these 
compounds. In contrast to this, the reaction of 1 with 
transition-metal carbonyl halides appears to proceed via 
iron attack (path b) and gives cycloheptatrienyl-bridged 
heterobimetallic complexes, (F-C,H~)F~(CO)~MLL' (M = 
Rh, Ir; L, L' = 2 CO, cyclooctadiene; L = CO, L' = PR3).10,11 

(10) (a) Bennett, M. J.; Pratt, J. L.; Simpson, K. A.; LiShingMan, L. 
K. K.; Takats, J. J .  Am. Chem. SOC. 1976, 98, 4810. (b) Ball, R. G.; 
Edelmann, F.; Kiel, G.-Y.; Takats, J. Organometallics 1986,5, 829. (c) 
Edelmann, F.; Takats, J. J .  Organomet. Chem. 1988,344,351. (d) Astley, 
S. T.; Takats, J. J .  Organomet. Chem. 1989, 363, 167. 
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Table I.  lH a n d  13C NMR Dataa for (q3-C7H,)Fe(C0)3EPh3 (E = Sn (3a), P b  (3b)) 

assigntb fast-exchange limite 
C,H, temp, " C  comud H(1) H(2) H(3) H(4) 

~~ 

3a 3.36 4.36 6.40 5.71 -105 5.18 
3b 3.46 4.59 6.32 5.68 -100 5.15 

assigntC fast-exchange limit 
temp, OC compd C(1) C(2) C(3) C(4) co temp, "C C7H7 co 

3a 58.5 67.4 135.2 121.9 208.5 (1) -103 103.0 212.5 33 
213.5 (2) 

213.2 (2) 

a Chemical shifts ( 6 )  in ppm from MelSi by appropriate conversion from the internal reference solvent CD,Cl,. *Assignment based on 
homonuclear spin-decoupling experiments, which established the following coupling pattern: JI2 = 5.9, JZ3 = 6.9, J34 = 10.0, and J34, = 2.4 
Hz. P h  resonances are at 6 7.3-7.7 ppm. cAssignment based on heteronuclear decoupling experiments; relative intensities of the CO signals 
are in uarentheses. Ph resonances are as follows: 3a, 6 128.2 (21, 128.7 (1, p), 136.1 (2), 138.6 (1, ipso) ppm; 3b, 6 128.2 (1, p), 129.2 (21, 136.9 

3b 60.7 68.4 d 122.2 208.9 (1) -95 103.1 212.2 30 

(2), 150.5 (1, ipso) ppm. dResonance hidden by Ph signals. 

I t  may be argued that in view of the very different nature 
of the two classes of electrophiles the change in reactivity 
is not that unusual, nor should it be totally unexpected. 

Here we wish to report on the reaction of 1 with Ph,SnCl 
and Ph,PbnCl, which reveals that the electrophilic dis- 
crimination of 1 is stronger and more subtle than hitherto 
anticipated. 

"C. 

Results and Discussion 
Due to its ambident nucleophilicity the reaction of 1 

with group 14 halides can give rise to two distinct struc- 
tural isomers with vastly different properties (Scheme 11). 
These can be easily distinguished on the basis of spec- 
troscopic data. As discussed above, direct ring attack (path 
a) leads to ring-substituted derivatives 2 and this is the 
exclusive reaction product that has been observed with 
carbon-, silicon-, and germanium-based halides, including 
Ph3GeBr.6 Compounds 2 show complex 'H and 13C NMR 
spectra due to the asymmetric nature of the v4-bonded, 
substituted cycloheptatriene ring6 and carry the typical 
IR signature of (v4-diene)Fe(C0), type molecules, three 
strong terminal CO stretching bands, two of which are close 
together due to their doubly degenerate, E-mode, paren- 
tage under local C,, symmetry.12 On the other hand, 
attack on iron (path b) results in the formation of an 
Fe-to-element bond, maintains the v3-bonded cyclo- 
heptatrienyl ring, and gives (q3-C7H7)Fe(CO),ER3 (3). 
Such species are typically fluxionall, and exhibit a single 
time-averaged C7H7 signal in their NMR spectra a t  room 
temperature. The IR spectrum shows at  least three 
well-separated terminal CO stretching bands due to the 
maximum C, local symmetry;12 extra bands may appear 
due to conformational effects. 

Synthetic and Spectral Studies. The reaction of 
Ph3SnCl and Ph,PbCl with 1 in THF at room temperature 
resulted in the formation of red, air-stable solids that, on 
the basis of elemental analysis and their mass spectra (see 
Experimental Section), are formulated as Fe(CO),- 
(C,H,)EPh, (E = Sn (3a), P b  (3b)). The yields range from 
moderate (43%) for 3b to good (72%) for 3a. 

The infrared spectra of complexes 3 display three, 
well-separated, strong absorption bands in the terminal 
carbonyl region (2039,1987, and 1958 cm-' (3a); 2034,1984, 
and 1958 cm-l (3b)). The 'H and 13C NMR spectra a t  

(11) Salzer, A.; Egolf, T.; von Philipsborn, W. Helu. Chim. Acta 1982, 
65, 1145. 

(12) Braterman, P. S. Metal Carbonyl Spectra; Academic Press: New 
York, 1975. 

(13) Mann, B. E. In Comprehensiue Organometallic Chemistry; 
Wilkinson, G., Stone, F. G. A. Abel, E. W., Eds.; Pergamon: New York, 
1982; Vol. 3, Chapter 20, p 89. 

room temperature show only a single time-averaged signal 
for the cycloheptatrienyl ring (Table I). The fluxional 
behavior of the molecules was proved by the temperature 
dependence of the NMR line shapes. The low-temperature 
limiting spectra exhibited four resonances for the seven- 
membered ring in a 2:2:2:1 ratio. As detailed above, these 
observations uniquely identify 3 as (v3-C,H,)Fe(CO),EPh3 
type molecules. 

With the usual convention of counting the v3-C7H7 
moiety as occupying two coordination positions, these 
formally six-coordinate molecules can in principle exist as 
two geometrical isomers, fac-3 and mer-3. The former 

EPh, 
0 
c 

0 
C 

fac-exo fac-endo mer 

isomer may also exhibit conformational mobility of the 
seven-membered ring and, as for the related (q3-allyl)Fe- 
(CO),X molecules,14 present endo and exo orientations of 
the ring with respect to the EPh, moiety. The presence 
of isomers and/or conformers in solution can be easily 
diagnosed from IR and NMR spectroscopies. Faller and 
Adams14 have shown that the (q3-allyl)Fe(C0),X (X = 
halides and pseudohalides) compounds exist exclusively 
as the fac isomer with the endo conformer predominating, 
although a different type of geometry, perhaps best de- 
scribed as a distorted mer-coordination mode, has been 
discovered for (v3-C3H5)Fe(CO),AuPPh,. Conformational 
isomerism was also detected in C ~ M O ( C O ) ~ ( ~ ~ - C ~ H , ) . ' ~  

In the present context the simple three-band IR spectra 
and the appearance of the low-temperature limiting lH and 
13C NMR spectra, exhibiting four signals for the q3-C7H7 
moiety in 2:2:2:1 ratio (see Figures 1 and 2),  uniquely 
identify compounds 3 as existing in the single fac isomeric 
form. Spectroscopy does not allow a distinction to be made 
between the exo and endo conformers since both have C, 
point group symmetry. But the strong steric crowding 
between the large EPh, moiety and the uncoordinated 
diene part of the seven-membered ring in the fac-endo 
conformer leads to the confident prediction that the al- 
ternate fac-eno orientation is the preferred situation for 
compounds 3.17 

(14) Faller, J. W.; Adams, M. A. J. Organomet. Chem. 1979, 170, 71. 
(15) Simon, F. E.; Lauher, J. W. Inorg. Chem. 1980, 19, 2338. 
(16) Faller, J. W. Inorg. Chem. 1969, 8, 767. 
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Figure 1. Variable-temperature 'H NMR spectra of (q3- 
C7H7)Fe(CO)3SnPh3 (3a) in CD2C12 (*). 

Fluxional Behavior of Compounds 3a and 3b in 
Solution. The variable-temperature 'H and 13C NMR 
spectra of compound 3a are shown in Figures 1 and 2, 
respectively. The temperature behavior of the analogous 
PbPhs derivative 3b is very similar. The NMR data are 
collected in Table I. 

Clearly the molecules are fluxional. As the temperature 
is lowered, the single, sharp, time-averaged signal of the 
v3-C7H7 ring broadens, disappears, and finally reemerges 
as four distinct signals. The resolution of spin-spin cou- 
pling in the lH NMR spectrum suggests that we are indeed 
close to the low-temperature limiting spectrum. The 
temperature behavior of the line shapes is reversible and 
is independent of the concentration of 3 and of the solvent 
used, establishing that the rearrangement process is in- 
tramolecular. 

As discussed before, the observation of four signals for 
the v3-C7H7 moiety a t  low temperature in a 2:2:2:1 ratio 
is consistent with the fuc-exo disposition of the ligands 

(17) An attempt was made to corroborate the solid-state structure of 
3a by X-ray crystallography. However, disorder problems prevented 
satisfactory refinement of the structure. The q3-bonding mode of the 
C7H7 ring and the exo-fac disposition of the ligands were established in 
the related (q3-C7H7)Fe(CO)3SnPhC12 (obtained from the reaction of 3a 
with HCl in diethyl ether: Gittawong, S. Unpublished results). Details 
about the X-ray results can be obtained from V. W. Day, Department of 
Chemistry, University of Nebraska. 

Table 11. 'H NMR Data for q3-C7H7 and Related q'-C& 
Compoundsa 

compdb H(1) H(2) H(3) H(4) solvent ref 
3a 3.36 4.36 6.40 5.71 CD2C12 this work 
3b 3.46 4.59 6.32 5.68 CD2C12 this work 
4 3.5 4.95 6.5 5.8 CFpCl2 18 
5 3.08 4.75 6.10 5.15 CD2C12 19 
6 2.32 4.59 6.50 5.40 CHC12F 16 

4.99 6.65 5.40 7 2.26 4.63 6.48 5.35 acetone-& 20 
a 4.91 3.66 
9 3.08 2.60 
10 4.73 2.89 

21 
22 
23 

OChemical shifts in ppm from TMS. *Legend: 4, (v3-C7H7)Co- 
(CO),; 5, (v3-C7H7)Fe(v5-C5H5)(CO); 6, (v3-C7H7)Mo(rl6-C5H5)(C0)2; 
7, ( v3-C7H7)Mo(CO)2(en)C1; 8, (v3-C3H&o(C0)3; 9, (v3-C3H5)Mo- 
(v5-C5H5)(CO)2; 10, (v3-C3H5)Re(C0),. 

Chart I. Frontier MO's of C3H5 and C7H7 Fragments 
h 

9 

around the iron atom in compounds 3. This conclusion 
is further corroborated by the appearance of two CO sig- 
nals in a 2:l ratio, representing the two equivalent equa- 
torial CO groups and the unique axial CO ligand, respec- 
tively. The temperature-dependent line-shape changes of 
the CO ligands indicate that, in addition to  the ring- 
whizzing motion, carbonyl group scrambling is also fea- 
tured in these formally six-coordinate molecules. 

In order to deduce the mechanism governing the rear- 
rangement process, an unambiguous assignment of the 
resonances of the q3-C7H7 ring is necessary. The high-field 
signal, with a relative intensity of 1, can be easily assigned 
to the H(l) /C(l)  sites. With the aid of this assignment, 
homo- ('H-IH) and heteronuclear ( lH-13C) decoupling 
experiments led uniquely to the assignments appearing in 
Figures 1 and 2 and Table I. The assignment is in 
agreement with previous studies on q3-C7H7 compounds 
and confirms the unusual chemical shifts of the ring hy- 
drogen atoms, namely the high-field position of H( l )  and 
the deshielding of the outer protons of the v3-enylic unit, 
H(2), which is the reverse of the order normally found in 
v3-allyl complexes. The relevant data are summarized in 
Table 11. From the present study it  is clear that the 13C 
chemical shifts follow the same trend. 

I t  has been argued that the anomalous chemical shifts 
of the H( l )  and H(2) protons are due to the anisotropy 
effects of the uncomplexed diene portion of the seven- 
membered ring.18 The reciprocal effect of the bound 
q3-allyl part is cited as responsible for the downfield 
position of H(3) relative to that of H(4) in the free diene 
portion.lg No doubt these factors are important, but 
perhaps equally important is the different nature of the 
ligand molecular orbitals that are potentially involved in 
the interactions between the metal and the q3-allyl and the 
v3-cycloheptatrieny1 moieties, respectively. The relevant 
frontier molecular orbitals of the allyl and cyclo- 
heptatrienyl ligands are shown in Chart I. Although the 

(18) Bennett, M. A.; Bramley, R.; Watt, R. J.  Am. Chyem. SOC. 1969, 

(19) Ciappenelli, D.; Rosenblum, M. J. Am. Chem. Soc. 1969,91,6876. 
(20) Brown, R. A.; Endud, S.; Friend, J.; Hill, J. M.; Whiteley, M. W. 

(21) McClellan, W. R.; Hoehn, H. H.; Cripps, H. N.; Muetterties, E. 

(22) Davison, A.; Rode, W. C. Inorg. Chem. 1967,6, 2124. 
(23) Brisdon, B. J.; Edwards, D. A.; White, J. W. J. Organomet. Chem. 

91, 3089. 

J. Organomet. Chem. 1988,339,283. 

L.; Howk, B. W. J.  Am. Chem. SOC. 1961,83,1604. 

1979, 175, 113. 



Electrophilic Discrimination of (~3-C7H,)Fe(CO)f  

T=-97'C 

+I I t  I 

T=+33'C 

I 1 
200 150 100 50 

Gppm 

F i g u r e  2. Variable-temperature 13C NMR spectra of 
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degeneracy of the two C7H7 MOs in compounds 3 is lifted, 
both may still contribute to the metal-ligand bonding. 
Clearly, the net result of these interactions is the transfer 
of electron density to all three carbon atoms of the .r13-enyl 
portion, C(1) and C(2) of the seven-membered ring. On 
the other hand, the nodal properties of the unique 7r2 MO 
of the allyl fragment is such that metal electrons are 
transferred to the end carbons C(2) only. In line with these 
arguments the 13C chemical shifts of C(1) and C(2) in 
(.r13-C3H5)Mn(CO),, a molecule isoelectronic with 3, are a t  
93.8 and 43.2 ppm, r e s p e c t i ~ e l y , ~ ~  some 35 ppm to the 
low-field side and 24 ppm to the high-field side of the 
corresponding resonances in 3a. 

With an unambiguous assignment of the NMR spectra 
at our disposal, the mechanism for the metal migration can 
now be elucidated. From Figures 1 and 2 it is evident that 
the resonances which are assigned to H(4) and C(4), the 
inner sites of the uncomplexed diene part of the seven- 
membered ring, collapse at  a much slower rate than the 
remaining three signals. This immediately rules out a 
random shift of the Fe(CO),SnPh, fragment as a plausible 
mechanism. A delineation between the remaining distinct 
1,2-, 1,3-, and 1,4-Fe shifts can be made by careful exam- 
ination of the exchanges in environments produced by the 

(24) Oudeman, A.; Sorensen, T. S. J. Organomet. Chem. 1978, 156, 
259. 
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Scheme 111 

F e  

Table 111. Rate ConstantsaVb for 1,2-Fe Migration (k12) and 
for Carbonyl Scrambling (kc,,) in (q3-C7H7)Fe(CO)&hPh3 

( 3 4  
T.  "C k j v -  s - ~  k m .  S-' T. O C  k t o -  s - ~  kon. S-' 

-103 9.5 -72 305 27.0 
-97 16.5 -60 1025 90.0 
-91 33.0 3.5 -48 265 
-85 67.5 6.5 -36 700 
-79 150 13.5 -18 2650 

a Rate constant is defined as the one-way rate by which the par- 
ticular moiety (Fe or CO) leaves one site. bActivation parameters 
from Eyring plots are as follows (input uncertainties were *lo% 
for k and f1.0 O C  for T): A?PlZ = 31.8 (1.0) kJ mol-', A S l 2  = -35 
(5) J mol-' K-', AG'lz = 40.6 kJ mol-' (T ,  = -20 "C); AWc0 = 35.6 
(1.0) kJ mol-', A S c o  = -36 (5) J mol-' K-', AC'co = 43.6 kJ mol-' 

different metal-shift processes. This is shown in Scheme 
111. It is clear from the scheme that the 1,2-Fe shift leaves 
one of the H(4)/C(4) sites unchanged, whereas the 1,3-Fe 
and 1,4-Fe shifts do not change the environment of one 
of the H(2)/C(2) and H(3)/C(3) sites, respectively. Since 
the resonances from which the nuclei leave faster will also 
broaden faster, the analysis shows that a sharper H(4)/C(4) 
resonance during the initial stages of line broadening is 
indicative of 1,2-Fe shift mechanism. It is evident that 
the experimental observations are thus compatible with 
a 1,2-Fe shift as the major rearrangement process in 3a. 
The similar line broadening observed in the analogous lead 
complex indicates a 1,2-Fe shift in 3b as well. These results 
are not surprising, since in all .r13-C7H7 complexes studied 
so far it has been established that 1,2-metal shifts are 
responsible for the dynamic behavior.13 

The energetics of the rearrangement have been deter- 
mined by visually matching computer-simulated NMR 
spectra, based on the 1,2-Fe shift mechanism, with those 
obtained experimentally. The rate data and the associated 
activation energies for compound 3a, obtained from the 
variable-temperature 13C NMR study (Figure 2), are listed 
in Table 111. In general, the larger chemical shift dif- 
ferences and especially the absence of coupling between 
resonances in the 13C NMR spectra render these spectra 
much more amenable to line-shape analysis and the de- 
termination of accurate activation parameters than the 'H 
NMR s p e ~ t r a . ~ ~ ~ ~ ~  

(T ,  = -50 "C). 

(25) For compound 3b only the 'H NMR spectra were simulated. 
Although the parameters so derived are expected to be less accurate, since 
no explicit account was taken of spin-spin coupling, the relative ordering 
of the AG' values should be reliable. On this basis it can be concluded 
that 3b (AG*Tc = 46 kJ mol-', T, == -70 "C) is somewhat less fluxional 
than 3a (AG'T = 41 kJ mol-', T, = -60 "C). Note that for 3a AG' from 
the 'H NMR dits is in acceptable agreement with the value in Table 111. 

(26) Modern pulse methods have been supplanting classical line-shape 
analysis both as a mechanistic probe and for rate analysi~.~' The use of 
the nucleus is not of prime concern with these newer methods. 
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The low value of the activation energy for Fe migration 
in 3a and 3b is in line with the high fluxionality observed 
previously in related mononuclear complexes containing 
the q3-C7H7 moiety.', Some relevant data are as follows: 
(AG* k J  mol-'): (q3-C7H7)Fe(~5-C,H,)(CO) (51, -55 < 
(q3-C7H,)Mo(q5-C5H,)(CO)Z (61, -40 = (q3-C7H7)Fe- 
(CO),SnPh, (3a), 41 < (q3-C7H7)Co(CO), (41, -30. The 
breakdown of conjugation between the allyl and uncom- 
plexed diene portions of the seven-membered ring, as re- 
flected by the C-C distances and the dihedral angle be- 
tween the two planes, was cited as a most important 
electronic factor modulating AG* for metal migration.2s 
In the absence of structural data, except for 6, it is difficult 
to argue about the respective positions of the compounds 
in the above series. The very small AG* value for 4 per- 
haps reflects its five-coordinate structure and absence of 
steric congestion. The importance of electronic and steric 
factors on fluxionality in compounds 3 is evidenced by a 
lowering of the coalescence temperature upon stepwise 
substitution of the Ph  group by C1 in 3a; in ($-C7H7)Fe- 
(C0)3SnC13 the coalescence temperature is below -100 0C.29 

Also shown in Table I11 are the rate data and activation 
energies for carbonyl scrambling in 3a. Such processes are 
well documented in compounds containing the M(CO), 
unit, and values of 35-50 kJ mol-' for the free energy of 
activation are common.30 The magnitude of AG* varies 
with the nature of the metal and its coordination number. 
Typically, as the "six-coordinate'' nature of the complex 
increases, so does AG*. For instance, in the related (q3- 
allyl)Fe(CO),X c ~ m p l e x e s , ~ ~  slow-exchange spectra are 
already observed a t  +10 "C.  The carbonyl-exchange 
process in 3a is therefore more facile than anticipated, and 
a possible reason for this could be sought in the metal 
migration, also featured in the molecule. Reference to 
Table I11 shows that, although the energetics for the two 
processes are similar, the differences in rates a t  specific 
temperatures are large, the carbonyl scrambling being some 
10 times slower than metal migration. This leaves little 
doubt that the carbonyl exchange in 3a is not coupled to 
the 1,2-Fe shifts around the ring. We shall comment fully 
on the implication of this concerning the intimate motion 
associated with metal migration in cycloheptatrienyl com- 
plexes in a future report on the fluxionality of the analo- 
gous osmium complex32 (q3-C7H7)Os(CO),SnPh3. 

Experimental Section 
General Considerations. All manipulations were carried out 

under a static atmosphere of rigorously purified nitrogen or ar- 
gon,'@ with use of standard Schlenk techniques. All solvents were 
dried by refluxing under nitrogen with the appropriate drying 
agent and distilled just prior to use. 

(1-4-q-Cycloheptatriene)tricarbonyliron, (q4-C7H8)Fe(C0),, and 
potassium (l-3-q-cycloheptatrienyl)tricarbonylferrate(l-), K- 
( T ~ - C ~ H , ) F ~ ( C O ) ~ ,  were prepared by literature procedures.6 
Triphenyltin chloride from Alfa/Ventron Corp. and triphenyllead 
chloride from Strem Chemicals were used without further pu- 
rification. 
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Infrared spectra were obtained with a Perkin-Elmer Model 337 
grating spectrometer and recorded in expanded form on a Hew- 
let-Packard 7127A recorder. The spectra were measured in 
matched NaCl or KBr cells and were calibrated with gaseous 
carbon monoxide. NMR spectra were obtained on Varian HA-100 
('H) and Bruker HFX-90 and WP-400 (',C) spectrometers. 
Chemical shifts are reported in units of parts per million (ppm), 
6, from tetramethylsilane (TMS) by application of the accepted 
shifts of the internal solvent resonances. Mass spectra were taken 
with an AEI MS-12 spectrometer operating a t  70 or 16 eV. The 
samples were introduced into the ion source by using the direct 
inlet technique a t  a temperature just sufficient to record the data. 
Field ionization mass spectra were obtained on an AEI MS-9 
spectrometer. Elemental analyses were performed by the Mi- 
croanalytical Laboratory of this department or by the Analytische 
Laboratorien, Engelskirchen, West Germany. 

Syn thes i s  of ( v ~ - C ~ H , ) F ~ ( C O ) ~ S ~ P ~ ~  (3a). A solution of 
K(C,H7)Fe(C0)3 ( [Kl l )  (35.00 mmol) in 130 mL of T H F  was 
added dropwise, at  room temperature, over 3 h to a magnetically 
stirred solution of Ph,SnCl (13.46 g, 35.00 mmol) in 100 mL of 
THF. After the addition was completed, the red reaction mixture 
was stirred for an additional 2 h and inverse-filtered. Solvent 
was removed from the dark red solution in vacuo, and the resulting 
sticky residue was dried in vacuo overnight. Trituration with 
pentane (2  X 25 mL) and removal of the supernatant liquid via 
inverse filtration gave 3a as a fine orange-red powder (14.56 g, 
72%). The material so obtained is sufficiently pure for further 
reactions. Crystallization from saturated pentane solution a t  -20 
"C gave analytically pure, red crystals of 3a melting a t  122-123 
"C. Anal. Calcd for CzaH2z03SnFe: C, 57.93; H, 3.79; 0, 8.28. 
Found: C, 57.96; H ,  3.84; 0, 8.20. Mass spectrum (70 eV, 130 
"C; m / e  (relative intensity)): 582 (M', O . l ) ,  554 (M' - CO, 0.51, 
526 (M' - 2C0, 4.11, 498 (M' - 3C0, 33.4), 351 (SnPh3', 15.6), 
330 (FeSnPh,', 12.6) 224 (C7H7FePht, 100.0). The parent peak 
was confirmed by field-desorption mass spectrometry. Infrared 
spectrum (pentane, room temperature, cm-'): uco 2039 vs, 1987 
s, 1958 vs. 

Various amounts of Ph3SnOSnPh3 were obtained in this re- 
action. The purpose of the trituration with pentane is to remove 
this byproduct. If this is not sufficient, 3a can be easily freed 
from this impurity by fractional crystallization. Attempts to purify 
3a by chromatography on Flor id  (hexane) or alumina I1 (hexane 
or benzene) led to decomposition. 3a could be chromatographed 
on a short column of silica gel with benzene as eluant, but with 
no improvement of purity over fractional crystallization. 

Synthesis of (q3-C7H7)Fe(C0),PbPh, (3b). The reaction was 
carried out as described for 3a with use of 7.41 mmol of [K]1 in 
40 mL of T H F  and 3.20 g (6.78 mmol) of triphenyllead chloride 
in 80 mL of THF.  At  the completion of the reaction the solvent 
was removed in vacuo, the residue extracted with 50 mL of toluene, 
and the red solution inverse-filtered. The volume of the solution 
was reduced to ca. 20 mL in vacuo, 50 mL of hexane added, and 
the mixture filtered over Celite. Cooling the solution to -15 "C 
gave 3b as dark red crystals (1.94 g, 43%). Analytical samples 
were obtained by recrystallization from a toluene-hexane (1:2) 
solvent mixture. Anal. Calcd for C2aH2203PbFe: C, 50.22; H, 
3.29; 0,7.17. Found: C, 49.94; H, 3.35; 0, 7.40. Mass spectrum 
(70 eV, 125 "C; m / e  (relative intensity)): 439 (PbPh3', 4.3), 224 
(C7H7FePht, 28.21, 208 (Pb+, 1.7). Infrared spectrum (hexane, 
room temperature, cm-I); vco 2034 vs, 1984 s, 1958 vs. 

Solution Dynamics of Compounds 3a and  3b. Samples for 
variable-temperature NMR studies were sealed under vacuum 
following repeated freeze-pump-thaw cycles. Several spectra (see 
Table 111) a t  6-12 "C intervals were obtained in the exchange 
region. Temperature measurements were made with either a 
copper/constantan thermocouple ('H NMR spectroscopy) or a 
Bruker temperature control unit, Model B-5T 100/700, and are 
believed to be accurate to f l  OC. Exchange rates were determined 
by visual comparison of the observed and computer-simulated 
(DNMR4) by G. Binsch, QCPE, Bloomington, IN) spectra.% Rate 

(34) (a) Binsch, G. In Dynamic Nuclear Magnetic Resonance Spec- 
troscopy; Jackman, L. M., Cotton, F. A,, Eds.; Academic Press: New 
York, 1975; p 45. (b) Faller, J. W. Adu. Organomet. Chem. 1977, 16, 213. 
(c) Sandstrom, J. Dynamic NMR Spectroscopy; Academic Press: Lon- 
don, 1982. 



Organometallics 1990, 9, 583-588 583 

constants with an estimated 10% error and temperatures (A1 "C) 
could be correlated at a confidence level greater than 99% with 
use of the Eyring and Arrhenius equations. 

activation at the coalescence temperature, AGIT,, was also cal- 
culated by using the approximate expressions applicable to the 
two-site exchange problem.35 
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The insertion of CNBut into the Ni-C bond of the alkyls trans-Ni(R)C1(PMeJ2 gives the 7'-alkaneimidoyls 
N ~ [ ~ ' - C ( N B U ~ ) R ] C ~ ( P M ~ ~ ) ~  (R = CH, (I), CH2CMe2Ph (211, but for R = CH2SiMe3 and CH2CMe3, both 
7' and v2 species can be isolated, Ni[q1-C(NBut)R]C1(PMeJ2 (R = CH2SiMe3 (3), CHzCMe3 (4)), Ni[q2- 
C(NBut)R]C1(PMe,) (R = CH2SiMe3 ( 5 ) ,  CH2CMe, (6)). Facile $-v2 interconversions can be achieved; 
addition of PMe3 to solutions of 5 or 6 produces 3 or 4, respectively, while PMe, removal from the 7' 
compounds affords the corresponding $-alkaneimidoyls. The analogous insertion of CNBut into the Ni-C 
bond of the alkyl-pyrrolyls Ni(R)(NC4H2X2)(PMe3)2 affords only 02-alkaneimidoyl structures, Ni[ q2-C- 
(NBut)R](NC4H2X2)(PMe3) (X = H, R = Me (7); X = Me, R = Me (81, CH2SiMe, (9), CH2CMe3 (10)). 
On the other hand, the 18-electron V'-alkaneimidoyls CpNi[7'-C(NBut)R]PMe3 (R = Me (1 l), CH2CMe2Ph 
(12)) can be obtained by the reaction of NaCp with 1 and 2 respectively, while the interaction of 1 with 
NaS2CNMe2 yields Ni[$-C(NBut)Me] (S2CNMe2)PMe3 (13). The 7'-alkaneimidoyls also undergo facile 
protonation to the corresponding cationic aminocarbene complexes, e.g., [N~(C(NHBU~)M~)C~(PM~~)~]C~ 
(l4a). All the 7'-alkaneimidoyls display v(C=N) in the range 163C-1590 cm-', while for the V2-alkaneimidoyls 
a shorter and higher frequency range is observed (1730-1710 cm-'). In the 7'-alkaneimidoyls, the nickel-bound 
carbon atom resonates at ca. 190-185 ppm (with the exception of the 18-electron complexes 11 and 12, 
for which G(Ni-C) N 177 ppm), while in the q2-alkaneimidoyls this resonance appears at ca. 170 ppm. 

The migratory insertion of isocyanides, CNR, into 
transition metal-carbon bonds is a commonly observed 
reaction that has received considerable attention in recent 
years, due in part to  its similarity to  the analogous, and 
technically more important, carbon monoxide insertion. 
Both ql- and q2-alkaneimidoyl functionalities' can in 
principle be obtained. The lanthanides, actinides, and the 
early transition metals (groups 3d to  5d) frequently yield 
q2 structures,24 possibly as a reflection of the high affinity 
that these elements exhibit toward nitrogen. Conversely, 
the softer later transition metals (groups 8d to 10d) provide 
mainly 7' structures, and in fact there seems to be no fully 
characterized q2-alkaneimidoyl (or acyl) complexes of the 
elements to the right of the iron triad.la q2-Alkaneimidoyl 
complexes of Fe and Ru and Co have been r e p ~ r t e d , ~  and 
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Collman, J. P.; Hegedus, L. S.; Norton, J. R.; Finke, R. G. Principles and 
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(4) Chamberlain, L. R.; Durfee, L. D.; Fanwick, P. E.; Kobriger, L.; 
Latesky, S. L.; McMullen, A. K.; Rothwell, I. P.; Folting, K.; Huffman, 
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(5) (a) Roper, W. R.; Taylor, G. E.; Waters, J. M.; Wright, L. J. J.  
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bridging q2-alkaneimidoyl structures have recently been 
ascertained,6 but to our knowledge no mononuclear q2- 
alkaneimidoyl complexes are presently known for the el- 
ements of the nickel triad. Furthermore, while the single 
and the multiple insertions of isocyanides into Pd-C and 
Pt-C bonds have been intensively studied,Is8 information 
on the analogous nickel systems is more restri~ted.~JO 

With the above considerations in mind and as a natural 
extension of our earlier work on the insertion of CO into 
nickel-carbon bonds," we have undertaken an investiga- 
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