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The reaction of [HB(3,5-Mezpz)3]Zr(O-t-Bu)Clz (pz = pyrazolyl ring) with excess MeMgBr, PhCH2MgCl, 
or LiCECR leads to the preparation of a new family of stable alkylzirconium complexes, [HB(3,5- 
Mezpz),]Zr(O-t-Bu)R The Me and CH,Ph derivatives react rapidly with t-BuNC to yield [HB(3,5- 
MeZpz),]Zr(O-t-Bu)($C(R)NCMe3)R complexes. The solid-state structure of [HB(3,5-Mezpz),]Zr(O-t- 
Bu)(q2-C(Me)NCMe3)Me has been determined crystallographically. The crystals form in the monoclinic 
space group P 2 J c  with a = 11.137 (3) A, b = 16.112 (2) A, c = 17.051 (4) A, p = 93.78 ( 2 ) O ,  V = 3053 A3, 
and 2 = 4. In addition to clearly defining the $-coordination of the iminoacyl ligand, the structure shows 
that the 0-t-Bu group enters into substantial multiple bonding with the electron-deficient Zr atom. The 
Zr-0-C bond angle is 174.4 (6)O, and the Zr-0 bond length is 1.924 (6) A. The monoalkyl complexes 
[HB(3,5-Mezpz)3]Zr(O-t-Bu)zR’ (R’ = Me, C=CR) are also readily prepared from [HB(3,5-Me2pz),]Zr- 
(O-t-Bu),Cl but do not react with t-BuNC. These complexes are also formed in reactions of the dialkyl 
complexes with 1 equiv of t-BuOH. 

Introduction 
The chemistry of zirconium alkyls has been of consid- 

erable recent interest. The starting material for a majority 
of this chemistry has been commercially available 
Cp,ZrClz.’ More recently, compounds in the Cp*Zr2 and 
Cp*,Zr3 (Cp* = q5-C5Me5) systems have been reported. 
Few reports of complexes containing auxilary ligands other 
than Cp or Cp* have a ~ p e a r e d . ~  

To this end, we have previously reported the preparation 
of a family of zirconium halide complexes containing a 
tris( 1-pyrazoly1)borate ligand.5 It is anticipated that these 
complexes will be useful starting materials for the ex- 
ploration of new organometallic chemistry. T o  date, the 
Zr complex showing the greatest potential for further de- 
rivatization is [HB(3,5-Me2pz),]Zr(O-t-Bu)ClZ6 (pz = py- 
razolyl ring). Presented in this paper is the conversion of 
this compound into [HB(3,5-Mezpz),]Zr(O-t-Bu)R, (R = 
Me, CH,Ph, C r C M e )  derivatives and the reactions of 
these new complexes with t-BuNC. The  solid-state 
structure of one of these insertion products, [HB(3,5- 
MeZpz),]Zr(O-t-Bu)(~*-C(Me)NCMe3)Me, has been char- 
acterized by a single-crystal X-ray structural investigation. 
The synthesis of [HB(3,5-Mezpz)3]Zr(O-t-Bu)2X (X = C1, 
Me, CGCMe) complexes is also reported. 

Results 
Synthesis of Alkyl Compounds. The preparation of 

the starting material for the dialkyl complexes prepared 
in this study, [HB(3,5-Mezpz)3]Zr(O-t-Bu)Clz (pz = pyra- 
zolyl ring), has been previously described.6 The reaction 
of this dihalide complex with a slight excess of RMgX (R 
= Me, CH2Ph; X = C1, Br) or a twofold excess of propy- 

(1) (a) Wailes, P. C.; Coutts, R. S. P.; Weigold, H. “Organometallic 
Chemistry of Titanium, Zirconium and Hafnium”; Academic Press: New 
York, 1974; Chapter IV. (b) Schwartz, J.; Labinger, J. A. Angew. Chem., 
Int. Ed.  Engl. 1976, 15, 33. 

(2) (a) Wengrovius, J. H.; Schrock, R. R. J.  Organomet. Chem. 1981, 
205, 319. (b) Wolczanski, P. T.; Bercaw, J. E. Organometallics 1982,1, 
793. (c) Blenkus, J.; De Liefde Meijer, H. J.; Teuben, J. H. J.  Organomet. 
Chem. 1981, 218, 383. 

(3) Wolczanski, P. T.; Bercaw, J. E. Acc. Chem. Res. 1980, 13, 121. 
(4) (a) Schrock, R. R.; Parshall, G. W. Chem. Reu. 1976, 76, 243. (b) 
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nyllithium in THF,  yields the desired dialkyl complexes 
as shown in eq 1. These complexes are extremely soluble, 

[ H B i  3.5  -Me,pz),]Zr(O - t -  B u  i R 2  

t;::;.. CHzPhl  

I H B ( 3 . 5  - Mezpz 1 3 ] Z r ( O  - t - B u ) C l z  (1) 
I H ~ C = C L I  

[HB(3.5-Me2~z)3]Zr (0 - t  - B u  I IC=CMe)z 

even in pentane, and proved difficult to crystallize. They 
have been characterized by ‘H and 13C NMR, mass spec- 
trometry, and the reaction chemistry described below. In 
the NMR, the expected 2:l pattern for each pyrazolyl ring 
type resonance is observed (one pyrazolyl group is trans 
to the tert-butoxide group while the remaining two pyra- 
zolyl groups are trans to the alkyl substituents in these 
pseudooctahedral molecules). The various resonances for 
the alkyl groups are equivalent except the methylene hy- 
drogen atoms of the benzyl groups that are diastereotopic 
and appear as an AB quartet. Mass spectra do not show 
molecular ions, but one observes characteristic clusters of 
peaks (R = Me, CECMe, M+ - 15 (CH,); R = CH2Ph, M+ 
- 91 (CH2Ph)) for these compounds with appropriate 
isotopic distributions as expected for Zr and B. 

All of these compounds are air and moisture sensitive 
but show surprising thermal stability in solution a t  70 “C. 
After 30 h, only [HB(~,~-M~,~~),]Z~(O-~-BU)(CH~P~)~ 
shows marked decomposition. Slight decomposition is 
noted for [HB(3,5-Me2pz),]Zr(0-t-Bu)Mez after 30 h 
whereas no decomposition is observed for [HB(3,5- 
Me2pz),]Zr( 0- t -Bu)  (C=CMe)z. 

Earlier6 it was noted that  it was difficult to isolate 
[HB(3,5-Me2pz)3]Zr(O-t-Bu)zCl free of either the mono or 
tributoxy analogues. It has now been shown (eq 2) that  

[HB(3,5-Me2pz),]ZrC13 + %KO-t-Bu refluk- 
[HB(3,5-Me2pz)3]Zr(O-t-Bu)zC1 + 2 KC1 (2) 

using a slight excess of KO-t-Bu in refluxing benzene leads 
to the desired complex just slightly contaminated with the 
tributoxy derivative. Crystallization of this mixture from 
hexane yields white crystalline material free of the more 
soluble tributoxy complex. Another route to this complex 

benzene 
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is the exchange reaction shown in eq 3. 
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the $-iminoacyl monoinsertion products shown in eq 6. In a similar 
[HB(3,5-Mezpz),]Zr(O-t-Bu)Clz + 

[HB(3,5-MeZpz),]Zr(O-t-Bu), - 
2[HB(3,5-Me,pz),]Zr(O-t-B~)~Cl (3) 

exchange reaction, i t  has been shown tha t  [HB(3,5- 
Mezpz),]Zr(O-t-Bu)ClZ can be prepared from [HB(3,5- 
Me2pz)3]ZrC13 and [HB(3,5-Me,p~)~]Zr(O-t-Bu)~Cl. 

When [HB(3,5-Mezpz)3]Zr(O-t-Bu)zCl is treated with 
excess RLi (R = Me, C d M e )  in THF,  the corresponding 
monoalkyl complexes are formed in good yield (eq 4). The 

[HB(3,5-Me2pz)3]Zr(O-t-Bu)zC1 THF- RLi 

[HB(3,5-Mezpz)3]Zr(O-t-Bu)zR + LiCl (4) 

R = Me, C F C M e  

monoalkyl complexes can be isolated as crystalline solids 
from pentane and show characteristic 'H and 13C NMR 
spectra. They are sensitive to air and moisture but exhibit 
good thermal stability, showing only slight decomposition 
at  70 "C after 30 h. 

The preparation of [HB(3,5-Mezpz),]ZrR, or [HB(3,5- 
Me,pz),] Zr(0-t-Bu)ClR complexes has been unsuccessful. 
Mixing [HB(3,5-Mezpz),]ZrC1, with 3 equiv or an excess 
of a variety of alkylating reagents consumes the starting 
material but has not yet led to the isolation of the desired 
trialkyl complexes. The reaction of [HB(3,5-Mezpz),]Zr- 
(O-t-Bu)Cl, with 1 equiv of RMgX or RLi reagents leads 
only to  the reisolation of starting material. The direct 
preparation of amido complexes has also been unsuccessful. 
The  reaction of [ H B  (3 ,5-Mezpz) ,] ZrC1, or [ HB( 3 3 -  
Me2pz),]Zr(O-t-Bu)C1, with LiNEt, or LiNHPh leads to  
the consumption of the starting material, but no amido 
complexes have been characterized. 

Reactions of [HB(3,5-MeZpz),]Zr(O-t-Bu)R2. 
Chemistry directed at  the zirconium-carbon bond has been 
carried out with variable success. I t  has been demon- 
strated that 1 equiv of t-BuOH reacts completely with 
[HB(3,5-Mezpz),]Zr(0-t-Bu)R2 (R = Me, CGCMe) yield- 
ing the [HB(3,5-Mezp~)~]Zr(O-t-Bu),R complexes as shown 
in eq 5. A simple extension of this reaction was employed 

[HB(3,5-Mezpz),]Zr(0-t-Bu)Rz + t-BuOH - 
[HB(3,5-Mezpz)3]Zr(O-t-Bu)2R + R H  (5) 

benzene 

R = Me, C r C M e  

in an effort to prepare a series of amido complexes. To  
date, the reaction of the dimethyl complex with 1 equiv 
of amine (t-BuNH,, Et,", PhNHJ  has failed to yield 
any detectable amido complex at  room temperature. Even 
after 22 h at 68 "C, the dimethyl complex fails to react with 
t-BuNH, to afford an amido complex. The 'H NMR re- 
veals only the starting dimethyl complex. 

Efforts to substitute halogen for methyl in [HB(3,5- 
Mezp~)~]Zr(O-t-Bu)Me~ have been unsuccessful. Reactions 
with HCl/diethyl ether or Br2/CH2C12 lead only to de- 
composition of the starting material. The  reaction of 
equimolar amounts of [HB(3,5-Mezpz),]Zr(0-t-Bu)Me2 
and [ H B  ( 3,5-Me2pz) ,] Zr (0-t-Bu) Clz yielded only starting 
materials and no trace of monoalkyl product. 

These new alkylzirconium complexes do not appear to 
react smoothly with CO. Clear, colorless solutions of the 
dimethyl complex turn yellow when placed under a CO 
atmosphere, but no immediate changes are observed in the 
NMR spectra. Eventually (38 h) some decomposition of 
the starting material is evident by NMR with trace 
amounts of acetone observed in the volatile products. 

In contrast, the dimethyl and dibenzyl compounds 
readily react with t-BuNC a t  room temperature to  form 

t-BuNC 
[HB(~,~-M~ZP~),IZ~(O-~-BU)RZ - 

[HB(3,5-Mezpz)3]Zr(O-t-Bu)($-C(R)NCMe3)R (6) 

R = Me, CHzPh 

These complexes crystallize from hydrocarbon solvents 
providing suitable crystals for an X-ray crystallographic 
study of the dimethyl adduct (vide infra). The 13C NMR 
spectra for both compounds show that all of the pyrazolyl 
groups are nonequivalent, as expected for these seven- 
coordinate complexes. The iminoacyl carbon atom reso- 
nance for these complexes is found at  high field in the 
243-244 ppm range, characteristic for iminoacyl  carbon^.^ 
The  I3C NMR spectrum for [HB(3,5-Mezpz),]Zr(O-t- 
Bu) (v2-C(CH,Ph)NCMe3) (CHzPh) shows two benzyl res- 
onances. The  gated decoupled I3C spectrum yields the 
JC-H values for the CH, of each benzyl group allowing for 
their assignment. The downfield resonance (49.6 ppm 
(Jc-H = 114.0 Hz)) is assigned to the methylene carbon of 
the CHzPh group coordinated to  the zirconium. This low 
values for J C - H  is similar to  that  measured for [HB(3,5- 
Me2pz)3]Zr(O-t-Bu)(CHzPh)z ( J C - H  = 113.0 Hz). The up- 
field resonance (43.7 ppm (JC-H = 124.4 Hz)) is assigned 
to the methylene carbon of the CHzPh group that is 
bonded to the carbon atom of the inserted isocyanide 
group. The 'H NMR spectrum also shows two different 
CHzPh groups for this molecule. A t  90 MHz the reso- 
nances for the methylene protons of the CH2Ph groups 
appear as an AB quartet (6 3.89 (J = 17.4 Hz)) and a broad 
singlet (6 2.83). At  400 MHz this broad singlet is resolved 
into an AB quartet. As noted most clearly in this 400-MHz 
spectrum, each resonance (except the complex P h  region) 
is flanked by a similar appearing resonance at  about 10% 
the integrated intensity. In the spectrum of [HB(3,5- 
Me2pz)3]Zr(O-t-Bu-d9)(~2-C(CD,Ph)NCMe3)(CDzPh), both 
the major and minor peaks of the appropriate resonances 
were absent. Similar peaks are noted in the 13C NMR 
spectrum. It is believed that these resonances arise from 
a second isomer of this complex in which the $-iminoacyl 
ligand is rotated differently than in the primary isomer. 
Upon heating to 70 "C, this compound gave no indication 
of interconversion of these two isomers. Small resonances 
in the 'H NMR spectrum of [HB(3,5-Mezpz),]Zr(0-t- 
Bu)(q2-C(Me)NCMe3)Me indicate the presence of a low 
concentration of a second rotamer in this case also. Similar 
rotational isomers were noted by Lappert e t  al. for 
Cp2Zr($-iminoacyl)R c o m p l e x e ~ . ~  

Excess t-BuNC a t  room temperature also yields the 
monoinsertion products. Heating with excess isocyanide 
does lead to changes in the NMR spectra, but no multiple 
insertion products have been characterized. The [ HB- 
(3,5-Mezpz)3]Zr(O-t-Bu)zR complexes do not react with 

Crystal Structure. The molecular structure for [HB- 
(3,5-Mezpz)3]Zr(0-t-Bu)(~2-C(Me)NCMe3)Me is shown in 
Figure 1. The t-BuNC group has inserted into one of the 
Zr-Me bonds of the starting material to  form the qz- 
iminoacyl ligand. Although other $-iminoacyl complexes 

t-BuNC. 

(7) Lappert, M. F.; Luong-Thi, N. T.; Milne, C. R. C. J .  Organornet. 
Chem. 1979,174, C35. 

(8) Analogous benzyl coupling constants in (?5:CSH5)Ta(CHzCMe3)- 
(CH2Ph)Clz are 126 (trans isomer) and 128 Hz (cis isomer)8a and range 
from 117 to 139 Hz for Ta(CHZPh),Cl5_, (n = 2-5) complexes,gb and the 
coupling constant is 112 Hz for [HzB(3,5-Me2pz)2]Ta(CH2Ph)3C1.'0 

(9) (a) Wood, C. D.; McLain, S. J.; Schrock, R. R. J .  Am. Chem. SOC. 
1979, 101, 3210. (b) Messerle, L. W.; Jennische, P.; Schrock, R. R.; 
Stucky, G. Ibid.  1980, 102, 6744. 

(10) Reger, D. L.; Swift, C. A., unpublished results. 
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[ C P ~ Z ~ O ] ~ - C , H ~ , ' ~ ~  molecules in which multiple Zr-0 
bonding has also been suggested. A bond length of 1.910 
8, has been reported for Cp2Zr(O-t-Bu)Ru(CO)zCp.'8 The 
Zr-O-C(4) bond angle is 174.4 (6)O, the largest M-0-C 
bond angle yet observed. A large M-0-C angle has been 
reported for [CpC1zTi]z02C2Me4 of 166.2019 and 169.6' for 
Cp2Zr(O-t-Bu)Ru(CO)zCp.18 More typical metal-t-but- 
oxide angles are in the range of 134-153' for a family of 
Mo and W complexes,20 and an angle of 132.4' is found 
for [HB(3,5-Me2pz)3]Mo(NO)Cl(OCHMe2).21 It does not 
appear that intramolecular contacts force this large angle. 
The CMe3 group is bent in the direction of C(7), and no 
Me-Me contacts with either C(7) or the other CMe, group 
are less than 4 A. 

C(38) 

Figure 1. ORTEP dia ram showing the structure of [HB(3,5- 

of zirconium have been prepared,'," this appears to be the 
first for which the solid-state structure has been reported. 
The bond distances and angles of the q2-iminoacyl ligand 
are typical of similar ligands bound to other metals.12 The 
Zr-C(5) bond length of 2.20 (1) 8, is comparable to the 
Zr-C distance of 2.197 (6) and 2.186 (4) 8, for the q2-acyl 
complexes Cp2Zr(q2-C(Me)O)Me13 and Cp,Zr(q2-C(Me)- 
O)(OC),MoCp.14 The C(5)-N(6) distance of 1.27 (2) 8, is 
comparable to the 1.280 (61-A distance found in Cp2Ti- 
(q2-C(Ph)N-2,6-Me2C6H3).12 Essentially equal Zr-C(5) and 
Zr-N(6) bond distances are found here as was also ob- 
served for the above Ti  complex, clearly indicating an 
q2-coordination of the iminoacyl ligand. 

The overall coordination geometry about the Zr is rather 
irregular. We have previously reported the structures of 
two somewhat similar seven-coordinate T a  molecules, 
[ H B ~ Z , ] T ~ M ~ , C ~ ' ~  and [H(p-H)B( 3,5-Me2pz)2]TaMe3C1,16 
both of which adopt fairly regular capped octahedral 
structures. This seven-coordinate Zr molecule has a quite 
different structure that  is best described as a distorted 
octahedron with the q2-iminoacyl ligand occupying a single 
site (the N(6)-Zr-C(5) angle is 33.6 (4)'). The N-Zr-N 
angles formed from the pyrazolyl ring donor atoms are all 
essentially equal and are substantially less than 90' (76.4' 
average). This allows the face formed by the other three 
ligands to  open considerably. Particularly notable is the 
0(4)-Zr-C(7) angle of 101.4 (3)'. In fact, the Me ligand 
(C(7)) seems to be pushed away from the other ligands of 
this face by a close contact of 3.065 A with N(6). The 
C(5)-C(37) contact is also fairly close a t  3.287 A. The 
0(4)-C(7) and 0(4)-N(6) distances are normal a t  3.291 and 
2.974 A, respectively. The closest Me-Me contact (ex- 
cluding CMe3 contacts) is intramolecular between C(7) and 
C(17) a t  3.439 A, with all others greater than 3.58 8,. 

The Zr-0 bond length of 1.924 (6) 8, is very short and 
implies significant multiple bond character arising from 
p r -d r  donation from oxygen to the highly coordinatively 
unsaturated Zr atom. For comparison, the Zr-0 bond 
length is 1.94 8, in [CpzZrC1]z017a and averages 1.959 A in 

Me,pz),]Zr(O-t-Bu)(q f -C(Me)NCMeJMe. 

(11) (a) Wolczanski, P. T.; Bercaw, J. E. J.  Am. Chem. SOC. 1979, 101, 
6450. (b) Bristow, G. S.; Hitchcock, P. B.; Lappert, M. F. J.  Chem. Soc., 
Chem. Commun. 1982, 462. 

(12) von Bolhuis, F.; de Boer, E. J. M.; Teuben, J. H. J .  Organomet. 
Chem. 1979, 170, 299. 

(13) Fachinetti, G.; Fochi, G.; Floriani, C. J .  Chem. Soc., Dalton 
Trans. 1977, 1946. 

(14) Marsella, J. A.; Huffman, J. C.; Caulton, K. G.; Lonaato, B.; 
Norton, J. R. J .  Am. Chem. SOC. 1982, 104, 6360. 

(15) Reger, D. L.; Swift, C. A,; Lebioda, Inorg. Chem., in press. 
(16) Reger, D. L.; Swift, C. A.; Lebioda, L. J .  Am. Chem. SOC. 1983, 

105, 5343. 

Discussion 
Stable alkylzirconium complexes lacking @-hydrogen 

atoms are readily prepared with the auxiliary ligand com- 
bination of a [HB(3,5-Me2pz),] and one or two alkoxide 
groups. The preparation of polypyrazolylborate alkyl- 
zirconium complexes lacking the strongly electron-do- 
nating alkoxide ligands has been unsuccessful. Others have 
noted the ability of n-donating alkoxide and amide ligands 
to stabilize high valent or coordinatively unsaturated al- 
kylmetal complexes.22 

The strong donating ability of the alkoxide ligand is 
clearly demonstrated in the structure of [HB(3,5- 
Me2pz)3]Zr(O-t-Bu)(~2-C(Me)NCMe,)Me (a molecule with 
two additional electrons donated by the ligands than the 
simple alkyls) by a short M-O distance and a large M-0-C 
angle. With the assumption that the Zr-Me distance is 
a reference point for a pure single bond, a Zr-O single bond 
distance of 2.21 A is p r e d i ~ t e d , ~ ,  0.29 8, longer than ob- 
served. This short bond distance coupled with the nearly 
linear Zr-0-C group indicates substantial Zr-0 multiple 
bonding with possibly both lone pairs on oxygen being 
involved in pr-d?r donation to the metal. 

The inability to prepare analogous amido complexes is 
surprising. Numerous attempts to displace C1 ligands with 
amides for all of the [ poly(pyrazolyl)borato]zirconium 
complexes have failed. Even more surprising is the failure 
of primary and secondary amines to react with the new 
alkylzirconium complexes. In contrast, tert-butyl alcohol 
reacts rapidly (eq 5). The successful alkoxide-chloride 
exchange reactions (eq 3) suggest a possible route to these 
derivaitves may be the reaction of [HB(3,5-Me2pz),]ZrC13 
with known M-(NR2), complexes. Although these alk- 
oxidechloride exchange reactions are rapid, alkyl-chloride 
exchange was not observed. This presumably reflects the 
better bridging ability of alkoxide vs. alkyl groups. 

The [HB(3,5-Me2pz),]Zr(O-t-Bu)R2 (R = Me, CH2Ph) 
complexes react rapidly with t-BuNC to form q2-iminoacyl 

(17) (a) Clark, J. F.; Drew, M. G. B. Acta. Crystallogr., Sect. B 1974, 
830, 2267. (b) Fachinetti, G.; Floriani, C.; Chiesi-Villa, A,; Gustina, C. 
J .  Am. Chem. SOC. 1979, 101, 1767. 

(18) Casey, C. P.; Jordan, R. F.; Rheingold, A. L. J .  Am. Chem. SOC. 
1983, 105, 665. 

(19) Huffman, J. C.; Moloy, K. G.; Marsella, J. A.; Caulton, K. G. J.  
Am. Chem. SOC. 1980, 102, 3009. 

(20) (a) Chisholm, M. H.; Huffman, J. C.; Kelly, R. L. J.  Am. Chem. 
SOC. 1979,101,7615. (b) Chisholm, M. H.; Cotton, F. A,; Extine, M. W.; 
Kelly, R. L. Ibid. 1979, 101, 7645. (c) Chisholm, M. H.; Cotton, F. A.; 
Extine, M. W.; Kelly, R. L. Inorg. Chem. 1979, 18, 116. 

(21) McCleverty, J. A.; Seddon, D.; Bailey, N. A.; Walker, N. W. J .  
Chem. Soc., Dalton Trans. 1976, 898. 

(22) (a) Chetcuti, M. J.; Chisholm, M. H.; Folting, K.; Haitko, D. A.; 
Huffman, J. C.; Janos, J. J .  Am. Chem. SOC. 1983,105,1163. (b) Rock- 
lage, S. M.; Fellmann, J. D.; Repprecht, G. A,; Messerle, L. W.; Schrock, 
R. R. J .  Am. Chem. SOC. 1981, 103, 1440. 

(23) Pauling, L. "The Nature of the Chemical Bond"; 3rd ed.; Cornell 
University Press: Ithaca, NY, 1960; p 246. 
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derivatives, but CO does not. [HB(3,5-Me2pz),]Zr(O-t- 
B u ) ~ R  complexes will not react, even with t-BuNC. T h e  
ability of isocyanides to react more effectively than CO 
most likely reflects the greater basicity24 of the former 
ligands allowing the carbon lone pair to interact with the 
"hard" Zr do metal center. A similar explanation has re- 
cently been invoked to explain the  lack of reactivity of 
[ (q5-C5Me5)Zr(BH4)H(p-H)1, toward C0.2b The lack of 
reactivity of the [HB(3,5-Mezpz)3]Zr(O-t-Bu)2R complexes 
with isocyanides could be a simple steric problem but more 
likely is due t o  the effective multiple bonding of two alk- 
oxide ligands with the empty Zr orbitals. It has recently 
been established for Cp2ZrMe(X) complexes that the 
equilibrium constant for the formation of q2-acyl complexes 
in the presence of CO decreases in the order Me > C1> 

Experimental Section 
General Procedure. All operations were carried out under 

an atmosphere of prepurified nitrogen with the use of standard 
Schlenk techniques or an efficient drybox. All solvents were dried, 
degassed, and distilled prior to their use. Infrared spectra were 
recorded on a Perkin-Elmer 621 spectrometer. Proton NMR 
spectra were recorded on Varian EM-390 and Bruker WH-400 
spectrometers, and chemical shifts are reported in 6 vs. Me4%. 
Carbon-13 NMR spectra were recorded on a IBM NR-80 spec- 
trometer with c& or CDC13 as the solvent and internal standard. 
Chemical shifts are reported in ppm vs. Me4Si, with the CBD6 
resonance assigned at 128.0 ppm and the CDCl, resonance at 77.0 
ppm. All carbon-13 spectra were run with 'H decoupling (unless 
otherwise noted), and all resonances are singlets. Mass spectra 
were run as solids by using a Finnigan 4021 GC-mass spectrometer 
using an ionization voltage of 70 eV. [HB(3,5-Me2pz)3]ZrC13 and 
[HB(3,5-Me2pz)3]Zr(O-t-Bu)C12 were prepared as previously de- 
~ c r i b e d . ~ , ~  Elemental analyses were performed by Robertson 
Laboratory. Melting points were determined in sealed capillaries 
and are uncorrected. The MeMgBr (Aldrich) and PhCH2MgCl 
were standardized prior to use by a titration with isopropyl alcohol 
(1.0 M in xylene) using 2,2'-biquinoline (Me) and 1,lO- 
phenanthroline (PhCH2) as indicators.26 

[ Hydrotris( 3,5-dimethylpyrazolyl)borato]di-tert -butoxy- 
chlorozirconium( IV) 1 [ HB( 3,5-Me2pz)3]Zr( 0-t -Bu)2Cl). 
[HB(3,5-Me2pz),]ZrC13 (2.79 g, 5.62 mmol) was combined with 
potassium tert-butoxide (1.30 g, 11.6 mmol) in a 250-mL 
round-bottom flask. Benzene (150 mL) was added via syringe, 
and the reaction was heated at reflux for 1 h. After the solution 
was allowed to cool to room temperature, the cloudy, colorless 
solution was filtered through a medium-fritted disk, and all the 
volatiles were removed under vacuum, leaving a white solid residue 
(2.89 g, 90%). The analytical sample was obtained by recrys- 
tallizing twice from pentane: mp 254-256 "C; 'H NMR spectrum 
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(CDClJ 6 5.73, 5.64 (1, 2; S, S; 4-H(pZ)), 2.61, 2.53, 2.35, 2.28 (6, 
3,3,6; 9, S, S, S; 3-CH3,5-CH&z)), 1.34 (18, S, OC(CH3)J; 13C NMR 
spectrum (CDCl,, the rings in this compound are nonequivalent 
and are labeled A and B, the ratio of A B  is 2:l) 6 151.7 (A), 150.5 
(B), 145.4 (B), 144.0 (A) (3-C, 5-C(pZ)), 106.2 (A), 105.9 (B) (4- 
C(PZ)), 78.8 (OC), 31.9 (OC(CH3)3), 16.1 (A), 16.0 (B), 12.9 (B), 
12.8 (A) (3-CH,, 5-CH3(pz)); the mass spectrum shows multiple 
clusters at m/e 553 (M+ - 15, (CH,)) and 495 (M' - 73, (0-t-Bu)); 
no molecular ion (M+)was observed. Anal. Calcd for 
C2,H4,N6B02Zr: C, 48.46; H, 7.07. Found: C, 48.26; H, 7.25. 

[ Hydrotris(3,5-dimethylpyrazolyl)borato]- tert -butoxy- 
dimethylzirconium(1V) ([HB(3,5-Me2pz)3]Zr(O-t-Bu)Me2). 
[HB(3,5-Me2pz)3]Zr(O-t-Bu)C12 (3.00 g, 5.64 mmol) was dissolved 
in THF (50 mL) and cooled to -78 OC. MeMgBr (2.85 M in diethyl 
ether, 4.45 mL, 12.7 mmol) was added slowly via syringe. The 
reaction temperature was gradually allowed to reach room tem- 
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perature over 3 h where it stirred overnight (16 h). All volatiles 
were removed under vacuum. Benzene (50 mL) was added to 
dissolve the crude residue. Dioxane (2.2 mL) was then added 
dropwise, and the solution was allowed to stir for 1 h. The cloudy, 
white solution was fiitered through a medium-fritted disk, yielding 
a clear, colorless filtrate. All volatiles were removed under vacuum 
leaving the product as a white solid (2.58 g, 93%): mp 217-221 
"C dec; 'H NMR spectrum (benzene-d6) 6 5.63, 5.38 (1, 2; s, s; 

1.63 (9, s, OC(CH3)8), 0.63 (6, s, Zr(CH3)'s); 13C NMR spectrum 
(benzene-d,, the pz rings are nonequivalent in this compound and 
are labeled A and B, the ratio of AB is 2:l) 6 152.3 (B), 150.8 (A), 

4-H(pZ)), 2.59,2.42, 2.18, 2.04 (3,6,3,6; S, S, S, S; 3-CH3,5-CH3(p~)), 

144.8 (A), 143.7 (B) (3-C, s-C(pZ)), 107.3 (B), 106.2 (A) (4-c(pZ)), 
79.6 (OC), 36.7 (ZrCHis), 32.4 (OC(CH,)J, 15.3 (B), 14.8 (A), 13.0 
(B), 12.5 (A) (3-CH3, 5-CH3(pz)); the mass spectrum shows a 
cluster (base peak) at m/e 475 (M' - 15(CH3)); no molecular ion 
(M') was observed. 

[ Hydrotris( 3,5-dimethylpyrazolyl)borato]di- tert -butoxy- 
methylzirconium(1V) {[ HB(3,5-Me2pz),]Zr( 0-t -Bu),MeJ. 
[HB(3,5-Mezpz),]Zr(O-t-Bu)Me2 (0.50 g, 1.0 mmol) was dissolved 
in benzene (15 mL). tert-Butyl alcohol (96 pL, 1.0 mmol) was 
added slowly via microsyringe at room temperature. The evolution 
of a gas WBS noted. The reaction was stirred at room temperature 
for 15 min. All volatiles were removed in a vacuum leaving the 
product as a white solid (0.48 g, 86%). The analytical sample 
was obtained by crystallization from pentane. Pure [HB(3,5- 
Me,pz),]Zr(O-t-Bu),Me was obtained as clear, colorless crystals: 
mp 177-179 OC; 'H NMR spectrum (benzene-d6) 6 5.56,5.54 (2, 

5-CH3(pz)), 1.46 (18, s, OC(CH,),), 0.59 (3, s, ZrCHJ; 13C NMR 
spectrum (benzene-d,, the rings are nonequivalent in this com- 
pound and are labeled A and B, the ratio of A:B is 2:l) 6 151.3 

(B) (4-c(pz)), 77.3 (OC), 32.8 (OC(CH&), 24.6 (ZrCH3), 16.2 (A), 
15.9 (B), 12.9 (A), 12.6 (B) (3-CH3, 5-CH3(pz)); the high-resolution 
mass spectrum shows a cluster for M+ - 15 (CH,). Calcd for 
12C241H,,'4N6'oB160 2 90Zr ? 12C 24 'H 43 14N 6 11B160290Zr, '2C241H43- 
14N 6 l1Bl60 2 92Zr, 12C241H4,'4N611B'602g4Zr: 532.2389, 533.2353, 
535,2356,537,2369. Found 532.2320,533.2325,535.2299,537.2292. 
No molecular ion (M') was observed. This complex can also be 
prepared from [HB(3,5-Me2pz)3]Zr(O-t-Bu)2C1 and excess me- 
thyllithium. Anal. Calcd for C24H43N6B02Zr: C, 52.44; H, 7.88. 
Found: C, 51.91; H, 8.38. 

[Hydrotris(3,5-dimethylpyrazolyl) boratol- tert -butoxy- 
[~2-l-(tert-butylimino)ethyl]methylzirconium(IV) {[HB- 
(3,5-Mezpz)3]Zr(0-t-Bu)(q2-C(Me)NCMe3)Me]. [HB(3,5- 
Me2pz),]Zr(O-t-Bu)Me2 (0.30 g, 0.61 mmol) was dissolved in 
benzene (3 mL) in a 25-mL round-bottom flask. tert-Butyl iso- 
cyanide (60 rL, 0.61 mmol) was added via a microsyringe. The 
reaction was stirred at room temperature for 15 min. The volatiles 
were removed under vacuum leaving a white residue. The residue 
was redissolved in pentane (50 mL) at room temperature, this 
solution was filtered, and the solvent was evaporated to a volume 
of about 15 mL. Cooling to 0 "C yielded clear, colorless crystals 
(0.21 g, 60%) that were collected and dried in an N2 stream: mp 
179-181 "C; 'H NMR spectrum (benzene-d6) 6 5.70, 5.47 (2, 1; 

1; S, S; 4-H(pZ)), 2.73, 2.53, 2.10, 2.06 (6, 3, 6, 3; 9, 9, S, S; 3-CH3, 

(A), 150.2 (B), 145.1 (B), 143.8 (A) (3-C, 5-C(pZ)), 106.4 (A), 105.7 

9, S; 4-H(pZ)), 2.78, 2.17, 2.16, 2.09 (3, 6, 3, 6; S, 9, S, S; 3-CH3, 
5-CH3(p~)), 1.94 (3, 9, NC(CH,)), 1.59 (9, S, OC(CHJJ, 1.24 (9, 
s, NC(CH3),), 0.38 (3, s, ZrCHJ; 13C NMR spectrum (benzene-& 
the rings in this compound are nonequivalent) 6 243.6 (ZrC(C- 
H3)N), 150.9, 149.4, 149.0, 143.7, 143.4, 143.0 (3-C, 5-C(pZ)), 106.3, 
106.0,105.7 (&C(pZ)), 76.0 (OC), 61.4 (NC), 32.8 (OC(CH,)J, 30.2 
(NC(CH,),), 23.9, 22.3 (ZrCH3, ZrC(CH,)N), 16.6, 15.9, 14.6, 13.0, 
12.8 (1, 1, 1, 2, 1 intensity ratio, 3-CH,, 5-CH3(pz)); IR spectrum 
(cm-' in CH2C12) u(C=N) 1542; the mass spectrum shows a 
multiple cluster at m/e 558 (M' - 15, (CH,)); the molecular ion 
(M+) was not observed. Anal. Calcd for CEH6N7BOZr: C, 54.34; 
H, 8.07. Found: C, 53.90; H, 8.52. 

[Hydrotris(3,5-dimethylpyrazolyl)borato]- tert -but- 
oxydi-1-propynylzirconium(1V) {[HB(3,5-Me2pz),]Zr(O-t - 
B u ) ( C = C M ~ ) ~ ] .  [HB(3,5-Me2pz)3]Zr(O-t-Bu)C12 (2.00 g, 3.76 
mmol) and propynyllithium (0.69 g, 15 mmol) were combined in 
a 250-mL round-bottom flask. THF (75 mL) was added via 
syringe to this mixture a t  -78 "C. The reaction temperature was 
allowed to gradually reach room temperature (3 h) where it stirred 
overnight (16 h). All volatiles were removed under vacuum leaving 

(24) Collman, J. P.; Hegedus, L. S. "Principles and Applications of 
Organotransition Metal Chemistry"; University Science Books: Mill 
Valley, Calif., 1979, p 105. 

(25) Marsella, J. A.; Moloy, K. G.; Caulton, K. G J.  Organornet. Chern. 
1980, 201, 389. 

(26) Waston, S. C.; Eastham, J. F. J.  Organornet. Chern. 1967,9,165. 



Synthesis of [HB( 3,5 - Mezpz)JZr (0 - t - Bu) R2 Complexes 

a yellow-orange residue. This residue was extracted with pentane 
(225 mL) at room temperature and filtered through a medium- 
fritted disk yielding a clear, yellow-orange filtrate. All volatiles 
were removed under vacuum a t  room temperature leaving a 
yellow-orange solid (1.71 g, 84%), mp 145-153 OC dec. The 
compound (1.0 g) was dissolved in hexane (100 mL) and filtered, 
and the volume of the filtrate was concentrated to ca. 30 mL. After 
the mixture was left standing a t  0 "C overnight, yellow-orange 
crystalline material was obtained (0.58 g, 58%): 'H NMR 
spectrum (benzene-ds) 6 5.57, 5.39 (1, 2; s, s; 4-H(pz)), 3.17, 2.76, 

(CH3)3), 1.61 (6, s, C=CCH3); 13C NMR spectrum (benzene-d,, 
the rings in this compound are nonequivalent and are labeled A 
and B, the ratio A:B is 2:l) 6 153.5 (B), 151.6 (A), 144.8 (A), 143.5 

2.09, 2.01 (3, 6, 3, 6; S, S, S, S; 3-CH3, 5-CH3(p~)), 1.73 (9, S, OC- 

(B) (3-C, 5-c(pZ)), 106.8 (B), 106.2 (A) (I-C(pZ)), 97.1,68.4 ( C S ) ,  
80.6 (OC), 32.5 (OC(CHJ,), 16.4 (B), 15.5 (A), 12.6 (B), 12.4 (A) 
(3-CH3, 5-CH3(pz)), 4.6 ( C 4 C H 3 ) ;  IR spectrum (cm-' in CH,CIz) 
v ( C 4 )  2093; the mass spectrum shows multiple clusters at m/e 
523 (M+ - 15, (CH3)) and 460 (M+ - 78, ( 2 M C H 3 ) ) ;  no molecular 
ion (M+) was observed. 

[Hydrotris(3,5-dimethylpyrazolyl)borato]di-tert -butoxy- 
1-propynylzirconium(1V) ([ HB(3,5-Mezpz)3]Zr( 0- t -Bu)*- 
(C=CMe)J. [HB(3,5-Mezpz)3]Zr(O-t-Bu)zC1 (2.00 g, 3.51 mmol) 
and propynyllithium (0.32 g, 7.02 mmol) were combined in a 
250-mL round-bottom flask. THF (75 mL) was added via syringe 
to this mixture at -78 "C. The temperature of the reaction was 
allowed to gradually (3 h) reach room temperature where it stirred 
overnight (16 h). All volatiles were removed under vacuum leaving 
a pale yellow residue. Benzene (50 mL) was used to extract this 
residue and after filtration gave a clear, colorless filtrate. All 
volatiles were removed under vacuum leaving an off-white residue 
(1.83 g, 91%). The analytical sample was obtained by crystal- 
lization twice from pentane. White crystals, mp 185-187 "C, were 
obtained that underwent sample degradation upon further 
crystallization attempts: 'H NMR spectrum (benzene-&) 6 5.54 

1.75 (3, s, CsCCH,), 1.49 (18, s, OC(CH3)J; 13C NMR spectrum 
(benzene-d6, the rings are nonequivalent in this compound and 
are labeled A and B, the ratio of A:B is 2:l) d 151.9 (A), 150.4 (B), 

98.1, 68.0 (C=C), 77.9 (OC), 32.7 (OC(CH,),), 16.7 (A), 16.0 (B), 
12.8 (A), 12.6 (B) (3-CH3, 5-CH3(pz)), 5.0 (CECCH,); the mass 
spectrum shows multiple clusters a t  m/e 572 (M'), 557 (M+ - 
15, (CH,)), 532 (M' - 40, (HC-CCH,)) and 499 (M+ - 73, (O- 
t-Bu)); IR spectrum (cm-' in CHZClz) v ( C 4 )  2105. Anal. Calcd 
for C26H43N6B02Zr: C, 54.43; H, 7.55. Found: C, 52.89; H, 7.47. 

[Hydrotris(3,5-dimethylpyrazolyl)borato]-tert -butoxy- 
dibenzylzirconium( IV) { [HB(3,5-Me2pz),]Zr( 0- t -Bu)-  
(CH,Ph),J. [HB(3,5-Mezpz)3]Zr(O-t-Bu)Clz (1.71 g, 3.21 mmol) 
was dissolved in THF (50 mL) and cooled to -78 OC. PhCHzMgCl 
(0.61 M in diethyl ether; 12.0 mL, 7.32 mmol) was added dropwise. 
The reaction temperature was allowed to gradually warm up to 
room temperature where it stirred overnight (16 h). All volatiles 
were removed under vacuum leaving a bright yellow residue. 
Benzene (50 mL) was added to dissolve this residue, and dioxane 
(1.3 mL) was added dropwise forming an insoluble magnesium 
chloride-dioxane complex that was removed by filtration of the 
cloudy, yellow solution through a medium-fritted disk. All volatiles 
were removed under vacuum leaving the crude product. Further 
purification is effected by extracting the crude compound (0.75 
g) with pentane (200 mL) at room temperature. After a filtration 
and removal of the pentane under vacuum, the product can be 
obtained as a bright yellow solid (0.45 g, 60%). Examination of 
the insoluble material determined that all of the desired compound 
had been extracted: 'H NMR spectrum (benzene-d,) 6 6.94 (10, 
m, Ph), 5.55, 5.37 (1, 2; s, s; 4-H(pz)), 2.76 (4, AB quartet, J = 

5-CH3(pz)), 1.35 (9, s, OC(CH3),); 13C NMR spectrum (CDCl,, 
the rings in this compound are nonequivalent and are labeled A 
and B, the ratio of A:B is 2:l) 6 152.2 (B), 151.2 (A), 145.2 (A), 

(3, S, 4-H(pZ)), 2.99, 2.57, 2.08 (6, 3, 9; S, S, S; 3-CH3, 5-CH,(pz)), 

145.8 (B), 143.8 (A) (3-C, &C(pZ)), 106.3 (A), 106.0 (B) (4-c(pZ)), 

12.0 Hz, CHzPh), 2.43, 2.24, 2.15, 2.03 (3, 6, 3, 6; S, S, S, S; 3-CH3, 

144.2 (B) (3-C, 4-c(pZ)), 151.2 (Cl(Ph)), 127.4, 126.7 (C2, 3, 5, 
6(Ph)), 120.2 (C4(Ph)), 107.7 (B), 106.0 (A) (4-c(pZ)), 81.8 (OC), 
67.5 (CHZPh), 31.8 (OC(CH,)J, 16.2 (B), 15.3 (A), 13.3 (B), 12.9 
(A) (3-CH3, 5-CH3(pz)); the mass spectrum shows a multiple 
cluster a t  m/e 551 (M' - 91, (CH,Ph)); no molecular ion (M+) 
was observed. 
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Table I. Coordinates of Non-Hydrogen Atoms with 
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Estimated Standard Deviations in Parentheses' 

atom X Y z Be,  
Zr(1) 0.1869 (1) 0.2129 (1) 0.0665 (1) 
O(4) 0.2693 (5) 0.2852 (4)  -0.0018 (3) 
C(4) 0.3208 (10) 0.3447 (7)  -0.0539 (7)  
C(41) 0.4568 (11) 0.3173 (8) -0.0593 (8) 
C(42) 0.3124 (13) 0.4310 (7)  -0.0176 (8) 
C(43) 0.2509 (13) 0.3398 (8) -0.1337 (7)  
C(5) 0.0246 (10) 0.1702 (8) -0.0028 (6)  
C(51) -0.0649 (9)  0.1081 (7)  -0.0439 (6)  

C(61) -0.0907 (11) 0.3055 (7)  -0.0138 (7) 
C(62) -0.2045 (10) 0.2856 (9) 0.0320 (8) 
C(63) -0.1222 (13) 0.3017 (9) -0.1035 (8) 
C(64) -0.0412 (12) 0.3946 (7)  0.0086 (9)  

N(6) 0.0105 (7)  0.2470 (6)  0.0110 (5)  

C(7) 0.1415 (9)  0.3033 (6)  0.1658 (6) 
N(11) 0.3706 (7) 0.1914 (5)  0.1490 (4)  
N(12) 0.4078 (7)  0.1144 (4) 0.1762 (4) 
C(13) 0.5105 (9)  0.1212 (7)  0.2223 (5)  
C(14) 0.5435 (9)  0.2032 (8) 0.2253 (6)  
C(15) 0.4562 (10) 0.2462 (7)  0.1797 (6) 
C(16) 0.5684 (10) 0.0521 (7) 0.2638 (6) 
C(17) 0.4469 (12) 0.3402 (6)  0.1649 (8) 
N(21) 0.1310 (8) 0.1054 (5)  0.1579 (4) 
N(22) 0.2076 (7)  0.0434 (5)  0.1823 (4)  

C(24) 0.0390 (11) 0.0199 (8 )  0.2383 (6)  
C(25) 0.0282 (11) 0.0916 (8) 0.1915 (6) 

C(23) 0.1528 (11) -0.0089 (7)  0.2306 (6)  

C(26) 0.2133 (12) -0.0861 (7)  0.2656 (7)  
C(27) -0.0791 (10) 0.1445 (8) 0.1812 (6)  
N(31) 0.2693 (7)  0.0890 (5)  0.0152 (4) 
N(32) 0.3247 (6) 0.0290 (5) 0.0623 (5)  
C(33) 0.3587 (8) -0.0364 (6)  0.0186 (7)  
C(34) 0.3242 (10) -0.0180 (7)  -0.0579 (7) 
C(35) 0.2678 (9)  0.0609 (7)  -0.0579 (6)  
C(36) 0.4204 (9) -0.1115 (6)  0.0510 (7)  
C(37) 0.2217 (10)  0.1094 (7 )  -0.1274 (6)  
B(1) 0.3347 (11) 0.0369 (7 )  0.1536 (7)  

Equivalent isotropic temperature factors B = 
n2XiZ,ui,ai*aj*aiaj in A'. 

3.10 
4.06 
5.57 
8.29 
7.91 
7.72 
4.53 
5.44 
3.78 
5.92 
7.92 
8.79 
8.71 
4.99 
3.50 
2.87 
3.52 
4.71 
4.37 
5.19 
6.60 
3.65 
3.15 
4.56 
5.25 
4.44 
6.61 
5.99 
3.17 
3.35 
3.83 
4.22 
4.07 
5.07 
5.43 
3.75 

Table 11. Bond Distances ( A )  with Estimated Standard 
Deviations in Parentheses 

Zr(1)-N(6) 2.194 (8) Zr(1)-C(7) 2.32 (1) 
Zr(l)-N(11) 2.430 (7)  Zr(1)-N(21) 2.439 (8) 
Zr(1)-N(31) 2.389 (8) 0(4)-C(4) 1.45 (1) 
C(4)-C(41) 1.59 (2)  C(4)-C(42) 1.53 (2)  
C(4)-C(43) 1.52 (2 )  C(5)-C(51) 1.55 (2) 
C(5 )-N(6) 1.27 (2)  N(6)-C(61) 1.51 (1) 
C(6l)-C(62) 1.57 (2)  C(61)-C(63) 1.55 (2)  
C(61)-C(64) 1.58 (2)  N(ll)-N(12) 1.38 (1) 
N(ll)-C(15) 1.38 (1) N(12)-C(13) 1.35 (1) 
N(12)-B(1) 1.53 (1) C(13)-C(14) 1.37 (2)  
C(13)-C(16) 1.45 (2)  C(14)-C(15) 1.39 (2)  
C(15)-C(17) 1.54 (2) N(21)-N(22) 1.36 (1) 
N(21)-C(25) 1.33 (1) N(22)-C(23) 1.35 (1) 
N(22)-B(1) 1.53 (1) C(23)-C(24) 1.37 (2)  
C(23)-C(26) 1.52 (2)  C(24)-C(25) 1.40 (2)  
C(25)-C(27) 1.47 (2)  N(31)-N(32) 1.38 (1) 
N(31)-C(35) 1.32 (1) N(32)-C(33) 1.36 (1) 
N(32)-B(1) 1.56 (2 )  C(33)-C(34) 1.37 (2) 
C(33)-C(36) 1.48 (1) C(34)-C(35) 1.42 (2)  
C(35)-C(37) 1.48 (2)  

Zr(l)-0(4) 1.924 (6)  Zr(1)-C(5) 2.20 (1) 

[ Hydrotris(3,5-dimethylpyrazolyl)borato]- tert -butoxy- 
[v2-1-( tert -butylimino)benzylmethyl]benzylzirconium( IV) 
{[ HB ( 3,5-Me2pz)3]Zr( 0- t -Bu) ( q2-C(CH2Ph)NCMe3)CH2PhJ. 
[HB(3,5-Me2pz)3]Zr(O-t-Bu)(CH,Ph), (1.30 g, 2.02 mmol) was 
dissolved in benzene (10 mL). tert-Butyl isocyanide (212 pL, 2.02 
mmol) was added via microsyringe. The reaction was stirred at 
room temperature for 15 min. The volatiles were removed under 
vacuum leaving a light yellow residue (1.28 g, 87%). The analytical 
sample was obtained by dissolving the crude product (0.50 g) in 
hexane (75 mL) at room temperature followed by filtration and 
reduction of the filtrate to a volume of about 20 mL. Light yellow 
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Table 111. Bond Angles (deg) with Estimated Standard Deviations in Parentheses 

Reger, Tarquini, and Lebioda 

O( 4)-Zr( 1)-C( 5) 
O( 4)-Zr( 1)-C( 7) 
0(4)-Zr(l)-N(21) 
C( 5)-Zr( 1)-N( 6) 
C( 5)-Zr( 1)-N( 11) 
C( 5 )-Zr( 1 )-N( 3 1 ) 
N(6)-Zr( 1)-N(11) 
N( 6)-Zr(1)-N( 31) 
C( 7)-Zr( 1)-N(21) 
N(ll)-Zr( 1)-N( 21) 
N(21)-Zr(l)-N(31) 
0(4)-C(4)-C(41) 
O(4)-C( 4)-C(43) 
C(41)-C(4)-C(43) 
Zr( 1)-C( 5)-C( 51) 

Zr(1)-N(6)-C( 61) 
C( 51)-C( 5)-N( 6) 

N( 6)-C( 61)-C( 62) 
N(6)-C( 61)-C( 64) 
C(62)-C( 61)-C(64) 

N(l2)-N(ll)-C(l5) 
N(ll)-N(l2)-B(l) 
N( 12)-C(13)-C(14) 
C( 14)-C( 13 )-C( 16) 
N(ll)-C(l5)-C(l4) 

Zr(1)-N( 11)-N(12) 

C(14)-C(15)-C(17) 
Zr( 1 )-N( 2 1 )-C( 2 5 ) 

105.8 (3) 
101.4 (3) 
165.9 (3) 
33.6 (4) 
153.6 (3) 
82.2 (3) 
168.9 (3) 
114.0 (3). 
84.4 (3) 
7 6.7 (3) 
76.2 (3) 
105.7 (8) 
108.2 (9) 
111.5 (9) 
157.8 (8) 
129 (1) 
155.4 (7) 
110.3 (9) 
105.0 (9) 
110.4 (9) 
123.1 (5) 
105.3 (7) 
120.6 (7) 
108.4 (9) 
127.8 (9) 
109.5 (9) 
128 (1) 
131.0 (7) 

N( 21)-N(22)-C(23) 
C(23)-N(22)-B(l) 
N( 22 )-C( 2 3 )-C( 26) 

N( 2 1 )-C( 2 5)-C( 27 ) 

N(32)-N(31)-C(35) 
N( 31)-N(32)-B(1) 
N(32)-C(33)-C(34) 
C( 34)-C( 33)-C( 36) 
N(31)-C(35)-C(34) 

N( 12)-B( 1)-N( 32) 

C(23)-C(24)-C(25) 

Zr(l)-N(31)-N(32) 

C( 34)-C( 35)-C( 37) 

O( 4)-Zr( 1)-N( 6) 
0(4)-Zr(l)-N(ll) 
0(4)-Zr( l)-N(31) 
C(5)-Zr(l)-C(7) 
C( 5)-Zr( 1)-N( 21) 
N(6)-Zr(l)-C(7) 
N(6)-Zr(l)-N(21) 
C( 7)-Zr( 1)-N( 11) 
C( 7)-Zr( 1)-N( 31) 
N( 11 )-Zr( 1 )-N( 31) 
Zr( 1)-O( 4)-C( 4) 

C( 41)-c(4)-c(42) 
C( 42 )-C( 4)-C(43) 

0(4)-C(4)-C( 42) 

crystals (0.29 g, 58%) were isolated from the solution: mp 167-169 
"C dec; 'H NMR spectrum (benzene-d6) b 6.77, 6.34 (10, m, m; 
Ph), 5.43, 5.28, 5.24 (1, 1, 1; s, s, s; 4-H(pz)), 3.89 (2, AB quartet, 
J = 17.4 Hz, (ZrCH,Ph)), 2.83 (2, br s, NC(CH,Ph)), 2.52, 2.25, 

(9, s, NC(CH3)3), 1.31 (9, s, oC(c&)& 13C NMR spectrum (CDC13, 
the rings in this compound are nonequivalent) b 244.0 (C- 

2.14, 1.88, 1.58 (3, 3, 6, 3, 3; 9, 9, S, 9, 9, 3-CH3, 5-CH3(p~)), 1.66 

(CH,Ph)N), 154.0, 137.1 (C-l(Ph)), 150.4,149.5, 149.1, 143.4, 143.2, 
143.0 (3-C, 5-c(pZ)), 128.5, 127.2, 126.8, 126.3 (C2, 3, 5, 6(Ph)), 
125.1, 118.4 (C4(Ph)), 106.1, 105.5 (1:2 intensity ratio, (4-c(pz)), 
77.1 (OC), 62.2 (NC), 49.6 (ZrCH,Ph), 43.7 (C(CH,Ph)N), 32.3, 
30.7 (C(CH3),), 16.9, 16.0, 15.1, 13.0, 12.8 (1, 1, 1, 2, 1 intensity 
ratio, 3-CH3, 5-CH3(pz)); IR spectrum (cm-' in CH,Cl,) u(C=N) 
1539; the mass spectrum shows a multiple cluster at m/e 634 (M' 
- 91, (CH,Ph)); no molecular ion (M') was observed. Anal. Calcd 
for C,BH,N7BOZr: C, 62.79; H, 7.49. Found: C, 62.84; H, 7.42. 
The deuterated analogues were prepared by the identical pro- 
cedure as the nondeuterated complexes. LiA1D4 reduction of 
methyl benzoate yielded PhCDzOH which was converted to 
PhCDzCl by treatment with SOCl,. The tert-butyl-d9 group was 
introduced from potassium tert-butoxide prepared from KH and 
the commercially available (Aldrich) perdeuterioalcohol. 

X-ray Structure Determination. The crystals grown from 
pentane were predominantly in the form of plates bounded by 
(201) and (011) with (201) and (201) being the most developed faces. 
Few crystals were in the form of a bipyramid bounded by (110) 
and (011). The agreement between the unit cell dimensions of 
the two crystals of the different habits was about 0.01 A. The 
bipyramidal crystals were more convenient for the X-ray analysis 
(see more uniform absorption corrections) and therefore were used 
first. When the first crystal decomposed in the X-ray beam, we 
could not find any more bipyramid specimens of sufficiently high 
quality and thus used a plate type crystal to finish the data 
collection. The crystals are monoclinic of space grou P2,/c with 
unit cell dimensions: for a bipyramid, a = 11.144 (3) 1, b = 16.117 
(2) A, c = 17.048 (3) A, p = 93.84 (2)', V = 3055 A3; for a plate, 
a = 11.131 (3) A, b = 16.108 (2) 8, c = 17.055 (4) A, (3 = 93.72 
(2)O, V = 3051 A3, 2 = 4, D(ca1cd) = 1.25 g ~ m - ~ ,  X(Mo Ka) = 
0.710 73 A, linear absorption coefficient ~1 = 3.81 cm-', F(000) = 
1216, T = 291 K. 

The data were collected with an Enraf-Nonius CAD-4 dif- 
fractometer: graphite monochromator; w-20 scan mode; 0.9' + 
0.35' tan 0 scan range; variable scan speed; orientation checked 
every 100 reflections; intensity of three standard reflections were 
monitored every 2.5 h of exposure time. The unit cell parameters 
were obtained from a least-squares fit to the setting angles 6, x, 

110.1 (8) 
128.1 (8) 
123 (1) 
106 (1) 
125 (1) 
122.8 (5) 
106.6 (7) 
121.6 (7) 
106.5 (9) 
128.8 (9) 
109.2 (9) 
127.1 (9) 
108.7 ( 8 )  
92.2 (3) 
91.1 (2) 
94.2 (2) 
112.1 (4) 
83.4 (3) 
85.6 (3) 
101.2 (3) 
83.3 (3) 
154.5 (3) 
76.3 (3) 
174.4 (6) 
108.4 (9) 
111.2 (9) 
112 (1) 

Zr(l)-C(5)-N(6) 
Zr( 1)-N( 6)-C(5) 
C( 5)-N( 6)-C( 61) 
N( 6)-C( 61)-C(63) 
C(62)-C(61)-C(63) 
C( 63)-C(61)-C( 64) 

N( 11)-N( 12)-C( 13) 
C(l3)-N(l2)-B(l) 
N(12)-C(13)-C(16) 

N( 11 )-C( 15)-C( 17) 

N( 2 2)-N( 2 1 )-C( 2 5) 
N( 2 1 )-N( 2 2)-B( 1 ) 
N(22)-C(23)-C(24) 
C(24)-C(23)-C(26) 
N( 21)-C(25)-C(24) 

Zr( 1 )-N( 11)-C( 15)  

C(13)-C(14)-C(15) 

Zr( 1 )-N( 21)-N( 22) 

C( 24)-c(25)-c(27) 
Zr( 1)-N( 31)-C( 35) 
N( 31)-N(32)-C(33) 
C(33)-N(32)-B(l) 
N(32)-C(33)-C(36) 
C( 33)-C( 34)-C( 35) 
N(31)-C(35)-C(37) 
N(12)-B(l)-N(22) 
N(22)-B(l)-N( 32) 

72.8 (6) 
73.6 (6) 
131.0 (9) 
111.6 (9) 
110.3 (9) 

131.6 (6) 
110.3 (7) 
129.1 (8) 
123.7 (9) 
106.5 (9) 
122.1 (9) 
122.3 (6) 
106.6 (8) 
121.8 (8) 
107.9 (9) 
129 (1) 
110 (1) 
126 (1) 
130.5 (6) 
110.9 (7) 
127.4 (8) 
124.7 (9) 
106.9 (9) 
123.6 (9) 
110.6 (8) 
108.6 (8) 

109 (1) 

w ,  and 0 for 25 general reflections. The crystals, sealed in a glass 
capillary, showed monotonic, isotropic decay in the X-ray beam, 
and therefore the data were measured in several concentric shells 
by using two crystals: bipyramid 0.2 x 0.2 x 0.2 mm, 20 range 
4-36', 2019 reflections measured, 1364 observed with I > 3~44, 
decay correction maximum 1.146, average 1.067, absorption 
corrections made maximum and minimum transmission 0.948 
and 0.934; plate 0.2 X 0.2 X 0.1 mm, 20 range 30-48", 3678 re- 
flections measured, 1188 observed with I > 3u(4, decay correction 
maximum 1.065, average 1.031, absorption corrections made 
maximum and minimum transmission 0.966 and 0.938. In the 
last 20 shell 43-48' less than 20% of the reflections were observed. 
The data from the two crystals were scaled togehter by using 459 
common reflections and showed a good agreement with a dis- 
crepancy factor of R = 0.025. All together 2093 observed and 
symmetry independent reflections were available. 

The Zr position was determined from a Patterson map, and 
the rest of the structure was found in difference Fourier maps. 
The structure was refined by full-matrix least-squares minimizing 
CwlFo - FCl2, w = (u2(F) + 0.0007F)-' with anisotropic temper- 
ature facton for all non-hydrogen atoms. In the difference Fourier 
maps all non-methyl H atoms were found as well as those on the 
methyl bound to Zr and half of the methyls on the tris(pyraz0- 
1yl)borate ligand (C-H distances were in the range 0.83-1.22 A). 
Although the highest remaining maxima were close to the other 
methyl groups, they did not form consistent patterns and the other 
H atoms could not be located with sufficient confidence. The 
located H atoms were used in structure factor calculations but 
not refined. The final R = 0.055, w R  = 0.068, and S = 2.85 where 
R = CllFol - l~cl l /CI~ol t  wR = (C.w(lFol - l~c1)2/CwlF,12)"2, and 
S = (xw(lFol - IFc1)2/Cw)"2. On the final difference Fourier map 
maximum and minimum were 0.40 and -0.41 e A-3, respecti~ely.~~ 
The non-hydrogen atomic coordinates are listed in Table I, and 
important bond distances and angles are in Tables I1 and 111. An 
ORTEP,~ drawing of the molecule is shown in Figure 1. 
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Syntheses of Cp2Zr(C1)CH2PPh2 (1) and CpzZr(CHzPPh2)2 (4) are described as is the X-ray crystal structure 
determination of the latter: monoclinic, space group P2,/a,  a = 17.377 (1) A, b = 12.844 (1) 8, c = 13.250 
(1) A, p = 96.084 (6); V = 2940.6 (3) A3, 2 = 4. As was found earlier for 1, the geometry about Zr is normal, 
and no Zr-P interaction is evident. Reduction of 1 with Na/Hg produces a fairly stable paramagnetic 
Zr(II1) species formulated as Cp2ZrCH2PPhz. The latter is monomeric and, similar to a simple Zr(II1) alkyl 
model compound, decomposes in solution mostly via intermolecular H transfer from a Cp ring to Zr-bound 
carbon. Mechanisms for the chemistry of these Zr(II1) species are suggested on the basis of an isotopic 
labeling study. Reaction of 1 with Cr(CO)6THF produces crystalline Cp2Zr(C1)CHzPPh2Cr(C0)5: monoclinic, 
space group P2,/n, a = 11.346 (9) A, b = 13.696 (7) A, c = 17.609 (13) A, p = 99.88 (6)O, V = 2696 (3) A3, 
2 = 4. Reaction of 4 with (n~rbornadiene)Cr(CO)~ produces Cp,Zr(pCH2PPhZ),Cr(CO),, containing a 
severely hindered six-membered ring in a twist-boat conformation: monoclinic, space group E 1 / n ,  a = 
12.932 (5) A, b = 16.966 (3) A, c = 19.160 (5) A, p = 97.88 (3) A, V = 4164 A3, 2 = 4. Both Cr complexes 
display relatively normal Zr and Cr geometric environments with no unexpected interactions evident. 

Introduction 
As one part  of an  ongoing study of compounds con- 

taining both “early” and “late” transition metals, we re- 
cently reported the synthesis and some chemistry of zir- 
conocene derivatives containing t h e  (diphenyl-  
phosphino)methyl ligand.2 These compounds are the first 
examples of such complexes containing either a group 4 
or 5 metal and are unique in displaying exclusively 7’ 
bonding between ligand and metal (compounds 1-4). By 

,CHzP ( C s H  5 ) ~  

C p z Z r  
‘R 

1, R =  C1 
2, R =  n-C,H, ,  
3, R = (CH,) ,CH=CH, 
4, R = CH,P(C,H,) ,  

way of comparison, Schmidbaur and others have reported 
the preparation of a number of phosphinomethyl com- 

(1) Camille and Henry Dreyfus Teacher-Scholar, 1981-1985. 
(2) Schore, N. E.; Hope, H. J .  A m .  Chem. SOC. 1980, 102, 4251. 

plexes of group 8 metals, all of which display exclusively 
v2 bonding in a three-membered M-C-P ring.3 Related 
structures containing sulfur or nitrogen in place of phos- 
phorus have also been r e p ~ r t e d ; ~  only in the case of a single 
nitrogen system has evidence been obtained for a n  8’- 
bonded species as well (compound 5).4c A theoretical 

/ P ( C 6 H 5 ) 3  
C p N i  

‘cH,N(cH,), 
5 

(3) (a) Bresciani, N.; Calligaris, M.; Delise, P.; Nardin, G.; Randaccio, 
L. J. Am.  Chem. SOC. 1974, 96, 5642. (b) Cotton, F. A.; Frenz, B. A.; 
Hunter, D. L. J. Chem. SOC., Chem. Comrnun. 1974, 755. (c) Karsch, H. 
H.; Klein, H.-F.; Schmidbaur, H. Angew. Chem. 1975, 87, 630; Angew. 
Chem., Znt. Ed.  Engl. 1975, 14, 637. (d) Rathke, J. W.; Muetterties, E. 
L. J. Am.  Chem. SOC. 1976,97,3272. (e) Karsch, H. H.; Schmidbaur, H. 
Z .  Naturforsch., B: Anorg. Chem., Org. Chern. 1977,328,762. (0 Kmch,  
H. H. Chem. Ber.  1978, 111, 1650. (9) Klein, H.-F.; Wenninger, J.; 
Schubert, U. 2. Naturforsch., B: Anorg. Chem., Org. Chem. 1979,348, 
1391. (h) Schmidbaur, H.; Blaschke, G. Zbid. 1980,358, 584. 

(4) (a) Abel, E. W.; Rowley, R. J.; Mason, R.; Thomas, K. M. J. Chem. 
SOC., Chem. Commun. 1974, 72. (b) de Gil, E. R.; Dahl, L. F. J .  A m .  
Chem. SOC. 1969,91, 3751. (c) Sepelak, D.; Pierpoint, C. G.; Barefield, 
E. K.; Budz, J. T.; Poffenberger, C. A. Zbid. 1978, 98, 6178. 
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