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As our results indicate, the chain-extension reactions of 
enolate 4 provide convenient access to a wide range of 
P-[Cp(CO)2Fe]-alkenone derivatives. We are presently 
investigating applications of these compounds. Various 
cycloadditions and chiral modifications are the subjects 
of ongoing studies. The results of this further work will 
be reported in due course. 
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Summary: An unprecedented three-step synthetic route 
leading from Cp*W(NO)(CH,SiMe,), [Cp* = (v5-C5Me5)] 
to the asymmetric species Cp"W(NO)(CH,SiMe,)R (R = 
alkyl or aryl), is described. The three steps are (1) ex- 
posure of Cp'W(NO)(CH,SiMe,), to H, (1 atm) in aceto- 
nitrile to afford Cp" W(NO)(CH,SiMe,)(N==C(H)CH,) (l), 
probably via hydrotungstation of CH3CN by the initially 
formed hydrido complex, Cp' W(NO)(CH,SiMe,)H, (2) 
treatment of 1 with 2 equiv of HCI in Et20 to form Cp'W- 
(NO)(CH,SiMe,)CI (2), and (3) metathesis reactions of 2 
with organomagnesium reagents, R,Mg, to produce the 
mixed alkyl and alkyl-aryl complexes, Cp'W(N0)- 
(CH,SiMe,)R (3a, R = o-tolyl; 3b, R = CH,CMe,Ph; 3c, 
R = Me). 

We have reported the synthesis and aspects of the rich 
chemistry of 16-electron dialkyl complexes of tungsten of 
the type Cp'W(NO)R2 [Cp' = Cp ( T ~ - C ~ H ~ )  or Cp* (q5- 
C5Me,); R = alkyl].3 Until now, however, we have been 
unable to produce systematically the analogous 16-electron 
asymmetric species, Cp'W(NO)(R)R'. We now wish to 
report an unprecedented three-step synthetic route (sum- 

(1) Organometallic Nitrosyl Chemistry. 50. For part 49, see: Herring, 
F. G.; Legzdins, P.; McNeil, W. S.; Shaw, M. J.; Batchelor, R. J.; Einstein, 
F. W. B. J .  Am. Chem. SOC. 1991,113, 7049. 

(2) Presented in part at  the 74th Canadian Chemical Conference, 
Hamilton, Ontario, Canada, Jun 1991; Abstract 303. 

(3) (a) Legzdins, P.; Rettig, S. J.; SBnchez, L. Organometallics 1988, 
7,2394. (b) Legzdins, P.; Martin, J .  T.; Einstein, F. W. B.; Jones, R. H. 
Organometallics 1987, 6, 1826. 

marized in Scheme I) that leads from Cp*W(NO)- 
(CH2SiMe3), to the desired complexes, Cp*W(NO)- 
(CH2SiMe3)R (R = alkyl or aryl). This route involves the 
novel hydrotungstation of a nitrile and new reactivity of 
the resulting alkylideneamido complex. 

As shown in Scheme I, the ethylideneamido complex, 
1, is preparable in high yields by exposure of Cp*W- 
(NO)(CH2SiMe3)2 to H2 (1 atm) in acetonitrile. The 
transformation probably proceeds via the 16-electron hy- 
drido alkyl intermediate Cp* W(NO)(CH2SiMe,)H, which 
effects hydrotungstation of CH3CN to afford the yellow 
ethylideneamido complex, l .4 Support for the interme- 
diacy of Cp*W(NO)(CH2SiMe3)H in this process is pro- 
vided by our previous observation that treatment of 
CP*W(NO)(CH~S~M~~)~  with H2 in the presence of Lewis 
bases, L, produces the 1:l adducts trans-Cp*W(NO)- 
(CH2SiMe3)(H)L (L = P(OPh), or PMePh2).3b Addition 
of a metal hydride across a nitrile is more common for the 
early transition metals5 than for the later ones: but to our 
knowledge the initial step in Scheme I is the Fist example 
involving tungsten. The crystal structure of 1' revealed 

~ ~~~~ 

(4) All new compounds have been fully characterized by 'H and I3C{'H} 
NMR, IR, and low-resolution m a s  spectrometry as well as elemental 
analysis; characterization data are provided as supplementary material. 

(5) (a) Erker, G.; Fromberg, W.; Atwood, J. L.; Hunter, W. E. Angew. 
Chem., Int. Ed. Engl. 1984,23, 68. (b) Churchill, M. R.; Wassermann, 
H. J.; Belmonte, P. A,; Schrock, R. R. Organometallics 1982, I ,  559. 

(6) (a) Mays, M. J.; Prest, D. W.; Raithby, P. R. J .  Chem. SOC., Chem. 
Commun. 1980,171. (b) Adams, R. D.; Katahira, D. A.; Yang, L.-W. J .  
Organomet. Chem. 1981, 219, 85. 
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Scheme I 

b 

1 2 

an ethylideneamido ligand attached via a W=N link which 
is disordered between two diastereomeric orientations in 
a 3:2 ratio, the principal one being shown in the ORTEP 
diagram in Scheme I. The existence of two sets of signals 
in the 'H and 13C NMR spectra of l4 indicates that these 
isomers also persist in solution in approximately the same 
ratio. The presence of the two diastereomers can be at- 
tributed to the existence of a large rotational barrier about 
the W=N bond. This observation, along with the essen- 
t i d y  linear W-N-C angles (168.4 and 171.7'), is consistent 
with the views that the ethylideneamide functions as a 
formal 3-electron donor and that 1 is an 18valence-electron 
complex. The intramolecular dimensions of 1 are com- 
parable to those of other complexes possessing linear al- 
kylideneamido ligands.8 

Treatment of 1 with 2 equiv of HCl in EbO leads to the 
formation of the deep blue alkyl chloro complex 2,4 and 
an air-sensitive white precipitate which is presumably the 
CH3C(H)=NH2+Cl- salt. This conversion is without 

(7) X-ray diffraction data were collected using an Enraf-Nonius 
CAD-4F diffractometer with a modified low-temperature attachment; 
radiation, Mo Ka, graphite monochromatized (A = 0.71069 A). Data for 
Cp*W(NO)(CH.,SiMe,,)(NC(H)CH:,) (1): monoclinic; P2, /n ;  T = 200 K; 
a = 9.515 (2) A,-b = 21.946 (3) A, c = 9.552 (2) A; ,¶ = 102.57 (2)"; V = 
1946.8 A:'; Z = 4; r(Mo Ka) = 61.2; transmission, 0.260-0.392; reflections 
= 2035 (4O I 28 6 48O, I, ,  2 2.5u(IC,)); R = 0.029, R, = 0.028; 106 param- 
eters. Data for Cp*W(NO)(CH,,SiMe:JCl 2): P2, /c ;  T = 200 K; a = 
11.068 (3) A, b = 9.092 (3) A, c = 18.128 (4) A; ,¶ = 96.76 (2)"; V = 1811.9 

2 = 4; ~ ( M o  Ka) = 67.2 cm-l; relative transmission, 0.79-1.00; re- 
flections = 2403 (4O 6 28 6 50°, I(, 2 2.5u(Ic,)); R = 0.031, R w p  = 0.036; 
145 parameters. Data for Cp*W(NO)(CH SiMeJ(o-toly1) (3a): ortho- 
rhombic; Pc2,b; T = 195 K; a = 14.079 (3) 1, b = 15.114 (2) A, c = 41.524 
(5) A; V = 8835.9 A:'; Z = 16; ~ ( M o  Ka) = 54.0 cm-l; transmission, 
0.2204.739; 4121 reflections (4' 5 28 5 45", I,, 2 25a(I,,)); 281 restraints; 
349 variables; Rc = 0.055; Rwp = 0.067 (unit weights); our current model 
is highly restrained with chemically reasonable parameters and relatively 
few variables. A false least-squares minimum, which we attribute to 
pseudosymmetry involving the heavy-atom coordinates has not been 
entirely resolved at this stage. Further work is in progress. Results of 
the structure determinations are provided as supplementary material. 

(8) (a) Adcock, P. A.; Keene, R.; Amythe, R. S.; Snow, M. R. Inorg. 
Chem. 1984,23,2336. (b) Shearer, H. M. M.; Sowerby, J. D. J. Chem. 
Soc., Dalton Tram.  1973,2629. (c) Werner, H.; Knaup, W.; Dziallas, M. 
Angew. Chem., Int. Ed.  Engl. 1987,26, 248. 

3a 

precedent for an alkylideneamido complex and is a key 
step on the route to the ultimately desired organometallic 
complexes. A crystallographic analysis of Z7 has estab- 
lished that the complex is a 16-electron monomer rather 
than a halide-bridged 18-electron dimer. The intramo- 
lecular dimensions of 2 generally resemble those of the 
related 16-electron complex CpW(NO)(CH2SiMe3)2.3a 

Jsolation of the alkyl chloro complex, 2, by crystallization 
from pentane and ita subsequent utilization in metathesis 
reactions with organomagnesium reagents (Scheme I) 
produce the mixed alkyl and alkyl-aryl complexes 3a, 3b, 
and 3c.4 The asymmetric 3a has been subjected to a sin- 
gle-crystal X-ray crystallographic analysis7 as a repre- 
sentative example of the mixed complexes. This analysis 
has confirmed its monomeric, three-legged piano-stool 
molecular structure, as depicted in Scheme I. Again, its 
intramolecular parameters are similar to those of CpW- 
(NO)(CH2SiMe3)2.3a 

The mixed Cp*W(NO)(CH2SiMe3)R complexes are in- 
teresting in their own right since they provide an oppor- 
tunity to compare directly the reactivities with various 
substrates of different alkyl and aryl groups on the same 
metal center. Equally significant is the fact that the 
synthetic route followed to produce them is unique, but 
may be quite generally applicable, and so we are currently 
investigating the trapping of the reactive hydride, Cp*W- 
(NO)(CH2SiMe3)H, by other unsaturated substrates in 
order to produce otherwise inaccessible ligands at the metal 
center. Furthermore, we are also extending the three-step 
synthetic methodology portrayed in Scheme I to encom- 
pass other dialkyl and diary1 analogues of Cp*W(NO)- 
(CH2SiMe&. 
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Supplementary Material Available: A textual presentation 

D
ow

nl
oa

de
d 

by
 N

A
T

 L
IB

 U
K

R
A

IN
E

 o
n 

Ju
ly

 3
1,

 2
00

9
Pu

bl
is

he
d 

on
 M

ay
 1

, 2
00

2 
on

 h
ttp

://
pu

bs
.a

cs
.o

rg
 | 

do
i: 

10
.1

02
1/

om
00

03
7a

00
4



8 Organometallics 1992, 11, 8-10 

of complete experimental details concerning the synthesis and 
characterization of complexes 1, 2, 38,  3b, and 3c  and ORTEP 
diagrams and tables of data acquisition and refinement details, 
fractional coordinates, selected intramolecular distances and 

angles, anisotropic thermal parameters, and isotropic or equivalent 
isotropic thermal parameters for 1 , 2 ,  and 3a (24 pages); listings 
of structure factors for 1 , 2 ,  and 3a (65 pages). Ordering infor- 
mation is given on any current masthead page. 
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Summary: Reaction of [Cp',ZrMe(NMe,Ph)] [XI (I; Cp' 
= C5H5 (a), (Me3Si)C5H4 (b), (Me3C)C5H, (c), rac-C2H4(in- 
denyl), (d); [XI- = [B(4-C6H4F)4]-) with excess 2-butyne 
gives [ Cpr2Zr(v5-CH2C(Me)=C(Me)C(Me)=CHMe)] [ X] 
(2a-d); an X-ray structure analysis of 2c shows that novel 
pentadienyl coordination occurs via a a-bond and two 
weak unconjugated q2-interactions with the double bonds. 
The reaction proceeds via observable, but unstable, alk- 
enyl and 1,3-alkadienyl complexes, followed by a 1,5-hy- 
drogen shift. Double alkyne insertion is unfavorable for 
crowded (C,Me,),ZrMe(X), which instead gives 
[C5Me5),Zr(q3-CH2C=Me)] [XI via a a-bond metathesis 
reaction. 

In contrast to the high polymerization reactivity of 
electrophilic do complexes, [Cp',MR]"+ ( n  = 0,' 12), with 
alkenes, multiple alkyne insertion into such M-alkyl bonds 
has not previously been reported. Either single alkyne 
insertion (into the M-R bond3 or an M-H bond formed 
on P-hydrogen el iminat i~n)~ to give alkenyl complexes or 
a-bond metathesis to give 1-alkynyl (HCECR')~"~~ or 2- 
alkynyl (MeC=CR')6 complexes (followed by further re- 
action) takes place. Our recent isolation of cationic Lew- 
is-base-free akenyl complexes, [Cp'2ZrC(R')=C(R2)Me]+,7 

(1) (a) Jeske, G.; Lauke, H.; Mauermann, H.; Swepston, P. N.; Schu- 
mann, H.; Marks, T. J. J. Am. Chem. SOC. 1985,107,8091. (b) Thompson, 
M. E.; Bercaw, J. E. Pure Appl .  Chem. 1984,56, 1. (c) Watson, P. L.; 
Parshall, G. W. Acc. Chem. Res. 1985, 18, 51. 

(2) (a) Jordan, R. F.; Bajgur, C. S.; Willet, R.; Scott, B. J. Am. Chem. 
SOC. 1986,108,7410. (b) Hlatky, G. G.; Turner, H. W.; Eckman, R. R. 
J .  Am.  Chem. SOC. 1989, 111, 2728. (c) Taube, R.; Krukowka, L. J .  
Organomet. Chem. 1988, 347, C9. (d) Bochmann, M.; Jaggar, A. J.; 
Nicholls, N. J. Angew. Chem., Int .  Ed.  Engl. 1990, 29, 780. (e) Eshuis, 
J. J. W.; Tan, Y. Y.; Teuben, J. H.; Renkema, J. J .  Mol. Catal. 1990,62, 
277. (f) Christ, C. S.; Eyler, J. R.; Richardson, D. E. J. Am. Chem. SOC. 
1990, 112, 596. (9) Lin, Z.; Le Marechal, J.-F.; Sabat, M.; Marks, T. J. 
J. Am. Chem. SOC. 1987, 109, 4127. (h) Yang, X.; Stern, C. L.; Marks, 
T. J. Organometallics 1991, 10, 840. (i) J .  Am. Chem. SOC. 1991, 113, 
3623. 

(3) (a) Jordan, R. F.; Bradley, P. K.; Baenziger, N. C.; LaPointe, R. E. 
Organometallics 1989,8,2892. (b) Guram, A. S.; Jordan, R. F.; Taylor, 
D. F. J .  Am. Chem. SOC. 1991,113,1833. (c) Thompson, M. E.; Baxter, 
S. M.; Bulls, A. R.; Burger, B. J.; Nolan, M. C.; Santarsiero, B. D.; 
Schaefer, W. P.; Bercaw, J. E. J .  Am. Chem. SOC. 1987, 109, 203. (d) 
Eisch, J. J.; Piotrowski, A. M.; Brownstein, S. K.; Gabe, E. J.; Lee, F. L. 
J .  Am.  Chem. SOC. 1985,107, 7219. 

(4) Burger, B. J.; Thompson, M. E.; Cotter, W. D.; Bercaw, J. E. J.  Am. 
Chem. SOC. 1990,112, 1566. 

(5) (a) den Haan, K. H.; Wielstra, Y.; Teuben, J. H. Organometallics 
1987,6, 2053. (b) St. Clair, M.; Schaefer, W. P.; Bercaw, J. E. Organo- 
metallics 1991, 10, 526. 
(6) Heeres, H. J.; Heeres, A.; Teuben, J. H. Organometallics 1990,9, 

1508. 
(7) Horton, A. D.; Orpen, A. G. Organometallics 1991, 10, 3910. 
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Figure 1. Molecular geometry of 2c. Hydrogen atoms, except 
for those on C(1) and C(5), have been omitted for clarity. 

from the reaction of highly electrophilic cations with 
Me3SiC=CMe or PhCECPh, led us to believe that with 
more reactive alkynes novel multiple-insertion products, 
of relevance to alkyne oligomerization and polymerization,8 
could be obtained. We now report that double insertion 
of 2-butyne occurs for all but the most sterically crowded 
methylzirconocene cations studied, to give remarkable 
q5-pentadienyl compounds via ligand isomerization. 

Protonolysis7 of Cp',ZrMe2 using [PhMe2NH] [B(4- 
C&dF)4] gives unstable electrophilic complexes 
[Cp',ZrMe(NMe,Ph),] [B(4-C6H4F)4] (la-e), in which 
Nfl-dimethylaniline (n = 1; la-d) or the anion (Cp' = 
C,Me6; n = 0; le) is weakly coordinated. In situ reaction 

(8) Clarke, T. C.; Yannoni, C. S.; Katz, T. J. J .  Am. Chem. SOC. 1989, 
105, 7781. 
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