
FULL PAPER 

A Novel Synthetic Route to Tantalum - Zinc Neophylidyne Complexes 
Stabilized by ortho-Chelating Arylamine Ligands; The X-ray Structure of 
[TaCl2(p-C,H,CH,NMe,-2)(p-CCMe,Ph)ZnC1(THF)] 

Marco H. P. Rietveld, Pierre Lohner, Marije G. Nijkamp, David M. Grove, Nora Veldman, 
Anthony L. Spek, Michel Pfeffer* and Gerard van Koten* 
Dedicated to Professor Wolfgang Beck on the occasion of his 65th birthday 

Abstract: A dimeric tantalum-zinc neophylidyne complex proposed to be [{ {Ta- 
C12(p-CCMe2Ph)(p-CI)(THF)2}{Zn(p-C1)}},] (5a), which can be prepared easily on a 
scale of ~ 5 0  mmol, is an ideal starting material for the synthesis of mono- and 
bis(o7thu)-chelated arylamine alkylidyne species such as the red Ta- Zn neophylidyne 

{p-C,H3(CH2NMe2),-2,6)(p-CCMe,Ph)ZnC1] (7), which have been isolated in 
high yields. Reaction of 7 with tmeda affords the Ta" alkylidene complex 
[TaC1(=CHCMe2Ph){C,H3(CH2N(Me)CH,)-2-(CH2NMe2)-6}] (8), which shows cat- 
alytic activity in the ring-opening metathesis polymerization of norbornene. 
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Introduction 

Alkylidyne complexes that contain a metal in its highest possible 
formal oxidation state are known for metal ions like MoV1, W"', 
Re"" and even OS"~'.[~] Some Ta" alkylidyne complexes have 
also been reported,r23 3a1 including, for example, the Ta-Zn 
neopentylidyne complexes 1 and 2IZa1 shown schematically in 
Figure 1. We have recently found that the aryldiamine ligand 
[C,H3(CH,NMe,),-2,6]- is also suitable for stabilizing tanta- 
lum alkylidyne species, and we have reported in a previous pa- 
per the tantalum-zinc neopentylidyne complex [TaCI,{p- 
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Figure 1. The Ta-Zn neopentylidyne complexes 1 and 2 (R = tBu). 

C,H,(CH,NMe,),-2,6}(p-CtBu)ZnC1] (3), in which both a 
neopentylidyne group and an aryldiamine ligand bridge be- 
tween the metal atoms of the TaCI, and ZnCl units.[3a1 The 
reactivity of complex 3 is interesting: for example, the ZnC1, 
could be removed from it with tmeda to afford a very reactive 
alkylidyne species. Addition of tmeda to 3 in the presence of 
[Pd(C,H,CH,NMe,-2)(p-I)1, led to a new palladium-mediated 
alkylidyne functionalization reaction that afforded the func- 
tionalized alkylidene complex [TaCI,(C,H4CH,NMe,-2)(=C- 
tBu{C,H,(CH,NMe,),-2,6})] .[3a1 This was the first example of 
a metal-mediated C-C bond formation between a high-oxida- 
tion-state Schrock-type alkylidyne complex and a late-transi- 
tion-metal organometallic complex. This type of carbon-car- 
bon coupling between organopaIladium(ii) complexes and 
low-oxidation-state Fischer-type metallacarbynes (the metal be- 
ing Mo or W) has been extensively studied.[41 

The available syntheses of 3 are associated with some practi- 
cal problems that hamper the further study of its reactivity. 
First, the high-yield formation of 3 from the alkylidene complex 
[T~C~,(=CH~BU)(C,H,(CH~NM~,)~-~,~]] and neopentylzinc 
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chloride takes 5 days to reach completion,[331 whereas an alter- 
native approach, comprising the transmetallation reaction of 2 
with the aryllithium reagent [(Li(C,H3(CH,NMe,),-2,6} af- 
fords complex 3 in a poor yield of less than 50Y0.[~"] Conse- 
quently, we searched for a more convenient preparative route 
for the large-scale synthesis of tantalum alkylidyne complexes 
containing the [C,H,(CH,NMe,),-2,6] ligand. At the same 
time we changed from a neopentylidyne (-CtBu) to a neophyl- 
idyne (=CCMe,Ph) functionality not only to reduce costs but 
also because neophyl derivatives are generally more crystalline 
and more easily handled than their neopentyl the 
methyl groups in the neophylidyne ligand also offer an addition- 
al stereochemical NMR probe. 

We now report a new, fast, easy and low-cost synthetic proce- 
dure for synthesis of Ta-Zn neophylidyne complexes that con- 
tain [C,H,(CH,NMe,),-2,6]- and the mono(ortho)-chelating 
arylamine ligand [C,H,CH,NMe2-2]-. One neophylidyne com- 
plex stabilized by the latter ligand has been shown by an X-ray 
molecular structure determination to have zinc and tanlalum 
centres bridged by both the alkylidyne functionality and the aryl 
Cips,, carbon of [C,H,CH,NMe,-2]- with the nitrogen donor 
atom coordinated to tantalum. 

Results and Discussion 

Preparation and Characterization of Complexes 5 a  and 5 b: Ad- 
dition of one molar equivalent of neophylzinc chloride to a 
purple-red suspension of [TaC13(=CHCMe,Ph)(THF),1 (4) in 
diethyl ether gave a clear red solution from which a pink-purple 
precipitate of a new tantalum neophylidyne complex (5 a) 
formed (Scheme 1). Crude 5 a  was isolated by removal of the 

4 5b 
Scheme 1. Reactivity of complex 4 with neophylzinc chloride (R = CMe,Ph). Re- 
action conditions: i )  [ZnCI(CH,CMe,Ph)]. E t20 ,  RT, -CMe,Ph ii) THF, RT. 

solvent under reduced pressure followed by washing with pen- 
tane. Unfortunately 5 a has poor solubility in organic solvents 
such as benzene, chloroform and dichloromethane, and we have 
not been able to characterize it by solution NMR spectroscopy. 
Based on its further reactions (see below) we tentatively propose 
that 5 a  has the dimeric formulation shown schematically in 
Figure 2. Complex 5 a  can be prepared in batches of up to 
.= 50 mmol in approximately one day without any difficulty in 
conventional Schlenk equipment, and it was used for the high 

yield preparation of or- 
-. f? -, tho-chelated arylarnine 
LI : : LI 

tantalum-zinc com- 
plexes described below. 

Complex 5 a  dis- THF 
THF 

solved in THF to af- 

5 a. the solvent under re- 

5a 
Figure 2 Postulated structure for complex after Of 

duced pressure, a new red solid complex 5 b  (Scheme I ) ,  which 
could be obtained as large block-shaped red crystals by re- 
crystallization from a saturated THF solution at - 30 "C. Spec- 
troscopic and elemental microanalysis data for 5 b are in agree- 
ment with its formulation as a bimetallic Ta-Zn species 
[TaC12(THF),(p-CCMe2Ph)(p-C1)ZnCl(THF)]. The structure 
of 5 b  proposed in Scheme 1 is similar to that established for 
[TaCl,(dme)(p-CtBu)(pCl)ZnCH,rBu] (1) (Figure 1)  In this 
structure of 5 b the neopentyl group and dme of 1 are replaced 
by a neophyl group and THF, respectively, and the ZnCH,tBu 
unit is replaced by a ZnCl(THF) unit. Complex 5 b  was soluble 
not only in the coordinating solvent THF but also in weakly 
coordinating or noncoordinating solvents like diethyl ether, 
dichloromethane and benzene. However, in the latter solvents 
after ca. ten minutes a pink-purple precipitate of what appears 
to be 5 a  formed; this behaviour strongly indicates a solution 
equilibrium betwecn 5 a and 5 b. 

The 'HNMR (200.13 MHz, CD,CI,) spectrum for 5 b  at 
room temperature shows signals for three THF molecules, of 
which two are equivalent, and a clearly broadened Me reso- 
nance of the CMe,Ph unit at 6 = 1.72; this latter feature points 
to fluxional behaviour. The 'HNMR spectrum at -84°C is 
very complicated and shows broad signals for at least four dif- 
ferent THF molecules but unfortunately, owing to severe over- 
lap of the peaks in this spectrum, a full assignment was not 
possible. The 13C NMR spectrum of 5 b  at -84°C shows two 
CMc,Ph signals at 6 = 32.8 and 36.7 and three different THF 
molecules. Upon raising the temperature the CMe,Ph signals 
broaden and eventually become homotopic ( T ,  = - 70 "C, 
AG* = 37 kJmol-I); at room temperature there is only one 
signal at 6 = 34.6 for the CMe,Ph group. In the room tempera- 
ture 13C NMR spectrum there is a characteristic signal for the 
alkylidyne CI carbon at  6 = 275.2; this position is similar to that 
found for related tantalum -zinc neopentylidyne complexes : for 
complexes 1 and 2 these resonances occur at 6 = 277.7 and 
279.5, respectively.['"' 

The temperature-dependent solution NMR data for 5 b indi- 
cate a process in which the stereogenic zinc centre racemizes and 
one pair of THF molecules is rendered equivalent. Two process- 
es, both involving prior THF dissociation either from Zn or 
from Ta, are feasible. The first process involves dissociation of 
the THF molecule from the tetrahedrally surrounded stereo- 
genic Zn atom to lead to an intermediate in which the three-co- 
ordinate zinc atom adopts a planar geometry. This step is fol- 
lowed by association of THF on the opposite side of this plane 
to afford a four-coordinate zinc atom with an opposite stereo- 
chemistry. 

The second process that could also explain the observed com- 
plexity of the THF patterns in the 'HNMR spectrum at low 
temperature involves addition and dissociation reactions of 
THF with the tantalum centre (Scheme 2). This type of process 
was reported by Schrock and co-workers for the octahedral 
alkylidene complex [T~CI,(=CH~BU)(THF),].[~~ In solution 
there is an equilibrium between two species containing cis,rner 
and trans,mer bonded THF molecules that involves a five-coor- 
dinate tantalum intermediate (Scheme 2). The fluxionality oc- 
curring with 5 b  could also be explained by a different type of 
process, shown in Scheme 3, in which reversible TajCl 
bond dissociation/association together with rotation of the 
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Scheme 2. Possible interconversion mechanism of the &- and rruns-bonded T H F  
molecules o n  tantalum in complex 5b (R = CMe,Ph). 

t 1 Rotation 

THF I CI 
TH F 

5b' 
Scheme 3. Proposed mechanism for the racemiration of complex 5b by Ta C1 
dissociation (R = CMe,Ph). 

ZnCI,(THF) unit around the Zn-C bond could afford inver- 
sion of the Zn configuration. We have not carried out any 
detailed experiments to identify the operative mechanism with 
5b,  but we suspect that more than one of these processes is 
operative. 

The way in which 5 b is formed from 5 a by simple dissolution 
in THF led us to the structure proposed for 5 a (Figure 2), based 
on a dimeric species with the formula [{TaCI,(p-CCMe,Ph)- 
(p-Cl)(THF),Zn(p-Cl)},] . In this dimeric structure the two tan- 
talum neophylidyne units are connected by a central Zn- 
(p-CI),Zn unit and consequently the bulky neophyl substituents 
are well separated from each other. We consider alternative 
structures for 5 a based on the trimetallic ditantalazinc complex 
2 as unlikely. 

Preparation and Characterization of Complexes 6 and 7: The 
reaction of 5a  (vide supra) with [Zn(C,H,CH,NMe,-2),] af- 
fords the complex [TaCI2(p-C,H,CH,NMe,-2)(p-CCMe,Ph)- 
ZnCl(THF)] (6), and its reaction with [{ Li{C6H3(CH,NMe,),- 
2 ,6 ) ) , ]  similarly affords the species [TaCl,{p-C,H3(CH,- 
NMe,),-2,6}(p-CCMe2Ph)ZnC1] (7). These two new neophyl- 
idyne complexes have been isolated as red solids in high yield 
and have the overall structures shown in Scheme 4. The fact that 
batches of 7 in quantities of ca. 50 mmol can be prepared with- 
out difficulty and in high yield underlines the synthetic potential 
of 5 a  for the preparation of such ortho-chelated arylamine stabi- 
lized tantalum-zinc complexes. Complexes 6 and 7 are air- and 
moisture-sensitive but can be stored without noticeable decom- 
position under a nitrogen atmosphere at  room temperature for 
months. They are soluble in THF and moderately soluble in 
benzene and toluene, but insoluble in more apolar solvents like 

817 -822 

5a 
r2 

THF 

Schenie4. Preparation of the Ta-Zn neophylidyne complexea 6 and 7 ( R  = 
CMe,Ph). Reaction conditions: i )  [Zn(C,H,CH2NMe,-2),]. Et,O, -78 'C .  
-ZnCI,, -2THF.  ii) [{Li(C,H,(CH,NMe2),-2,6j),l. Et,O. -78 C, - 2  LICI. 
-4THE 

diethyl ether, pentane and hexane. Complex 6 crystallizes from 
a saturated THF solution at  - 30 "C, while 7 can be recrystal- 
lized by layering a benzene solution with pentane. Complex 6 
has been characterized in the solid state by an X-ray crystal 
diffraction study. 

Molecular Structure of Complex 6: The molecular structure of 6 
is shown in Figure3, and relevant bond distances and bond 
angles are given in Table 1 .  Complex 6 exists in the solid state as 
a neutral heterobimetallic species in which the Ta and Zn centres 

c1 

3 
C 4  

Figure 3. ORTEP plot'"' (drawn at SO% probability level) of [TaCI,- 
(p-C,H,CH,NMe,-2)(fi-CCMe2Ph)ZnC1(THF)] (6). 

Table 1. Selected geometrical data (bond lengths In A, bond angles In ') for 
[TaC1,(p-C,H,CH,NMe,-2)(fi-CCMe2Ph)ZnCI(THF)] (6 ) .  

T a - C 1 4  1.84(2) Zn-C 1 ?.2?(2) 

Ta-C1 2.23(2) Z n - 0 1  1 988(18) 
Ta-N1 2.26(2) Zn-C14 2.14 (2) 

Ta-C13 2.346(7) Zn-Cll  2.188 (7) 
Ta-CI2 2.354(7) Ta Zn 2.?40(5) 

Nl-Ta-CIZ 

C1-Ta-C14 
C 14-Ta-CI 3 
C1-Ta-C12 

C13-Ta-Cl2 
C I-Ta-N 1 
CI 3-Ta-N I 

C 1 -?d-C13 

C f4-Td-CI 2 

151.7(5) 
147.5 (7) 
103.4(9) 
106.0(7) 
90.6 (6) 

106.5 (8) 
94.1 (2) 
?S.2(8) 
86.0(5) 

C 14-Td-N I 
Zn-C I-Ta 
Zn-C 14-Ta 
0 I-Zn-C 14 
0 I-Zn-C 1 
0 I-Zn-CI 1 
C 14-Zn-C 1 
C I4-Zn-CI1 
C I-Zn-CI 1 

51 . I  ( 7 )  
75.0(7)  
Xh.7(9) 

115.1(8) 
106.9 (8) 
102.5 ( 5 )  
93.0(8) 

127.3 (6) 
110.3(6) 
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are bridged by the carbyne carbon C(14) of the neophylidyne 
functionality and the Cipso atom C(1) of the monoanionic aryl- 
aniine ligand. The four-coordinate zinc atom completes its lig- 
and coordination sphere with a chloride ligand and a donor 
THF molecule. whereas the five-coordinate Ta" centre is further 
ligatcd by two chloride ligands and the N donor atom of the 
aryldiamine; the latter is thus p-C,N chelatcd. The geometry 
around zinc can be described as being distorted tetrahedral, and 
that of tantalum is between square pyramidal and trigonal 
bipyramidal. The structure of 6 is closely related to that of the 
[C,H,(CH,NMe2),-2,6]--stabiIized neopentylidyne complex 
[TaCI,(,u-C6H,(CH,NMe~),-2,6}(p-CtBu)ZnCl] (3);[3a1 in par- 
ticular, in the bimetallic bridged moiety of 6 the bond distance 
between tantalum and the aikylidyne C, carbon, C(14), and the 
tantalum-zinc distance (with values of 1.84(2) and 2.740(5) A, 
respectively) compare closely to those of the corresponding 
bonds in 3.[3a1 

N M R  spectroscopy ofcomplexes 6 u n d  7 :  The solution 'H NMR 
data (300.13 MHz, CDCI,) of 6 are consistent with bidentate 
C,  N coordination of the ortho-chelating arylamine ligand ; coor- 
dination of the nitrogen donor and stereogenicity of the tanta- 
lum and zinc centres render the CH,NMe, groupings 
diastereotopic, thus resulting in an AB spin system for the CH, 
hydrogen atoms and two singlets for the NMe, groups. The 
diastereotopic CMe,Ph unit gives rise to two Me signals at 
ii = 1.66 and 1.74. In the I3C NMR spectrum (75.47 MHz. CD- 
C1,. 25 'C) the resonances for the bridging alkylidyne C, and the 
Cinao carbon of the arylamine ligand are found at 6 = 287.9 and 
171.7, respectively; these values are similar to those found for 
complex 3,[3al 

The 'HNMR spectrum (300.13MHz, CDCI,, 25°C) for 
aryldiamine complex 7 shows this complex to be highly asym- 
metric, and there are four methyl resonances for the two NMe, 
units and an AX pattern for each of the two CH,N units; that 
is, the two anisochronous CH,NMe, substituents each contain 
diastereotopic NMe, and CH, units. Furthermore, the two res- 
onances for the Me groups of the CMe,Ph unit at 6 = 1.72 and 
1.91 are also indicative of the presence of at least one stereogenic 
centre. These data are in accordance with a structure for 7 
(shown in Scheme 4) that is similar to that of 6, but in which the 
THF has been replaced by a nitrogen donor of the second 
CH,NMe, substitueiit of the aryldiamine ligand. Such an asym- 
metric structure with two chiral centres, tantalum and zinc, was 
found earlier for the analogous neopentylidyne complex 3.[3a1 
The '3C NMR (75.47 MHz, CDCI,, 25 "C) spectrum of 7 shows 
a resonance for the bridging alkylidyne C, carbon at 6 = 291.7, 
a value which is comparable to that found for complexes 6 
(287.9) and 3 (295.4).13"' The resonance for the Cipso carbon 
of the aryldiamine ligand at 6 =175.4 shows a highfield shift 
that indicates a C,,,, carbon bridging between tantalum and 
zinc (nonbridging Cipro carbons are found in the range 
190 5 6 ~ 2 1 0 ) . [ ~ !  

Reactivity of 7 with trneda: Treatment of the bimetallic neo- 
pentylidyne 7 with excess tmeda at 60 "C leads to clean elimina- 
tion of [ZnCI,(tnieda)] with concomitant formation of the tan- 
talum neophylidene complex [TaCI( =CHCMe,Ph){C,,H,- 
(CHZN(Me)CH,)-2-(CH,NMe,)-6}] (8), as depicted in 
Scheme 5.  Monitoring of this NMe C-H activation by 

820 ___ CC C'CN Verl~i~.~gcs~llschuft  mh H, D-(iY4.5/ Weiriheirn 

7 8 
Scheme 5 Formation of complex 8 by treatment of 7 with excess tmeda 
(R = CMe,Ph). 

'H NMR spectroscopy (300.13 MHz, C6D6, 60°C) shows the 
reaction to be highly selective. though isolated yields of 8 are 
low (40 %) primarily as a result of the difficulty of separating the 
product from the excess tmeda. Complex 8 is a yellow solid that 
is readily soluble in benzene and diethyl ether but is only mod- 
erately soluble in more apolar solvents like pentane or hexane. 

The 'HNMR (300.13 MHz, C,D,, 25 "C) spectrum for 8 
agrees with the structure depicted in Scheme 5 ,  that is, a six- 
coordinate Ta" alkylidene species in which a metalla-azacyclo- 
propane moiety TaCH,NMe is present. For example, there are 
two Me resonances for a diastereotopic NMe, unit, a Me reso- 
nance for the ArCH,N( Me)CH, unit, and three well-resolved 
AB patterns for the three CH, groups. The Me signals for the 
diastereotopic CMe,Ph unit are found as two singlets at 6 = 

1.51 and 1.54. The I3C NMR spectrum (50.32MHz, C,D,, 
25 "C) shows a signal for the Cipro carbon of the aryldiamine 
ligand [C,H3(CH2NMe,),-2,6] at S = 193.1, which is the same 
value as found for the neopentylidene analogue of 8, [TaCI- 
(=CH~SU){C,H,(CH,N(M~)CH,)-~-(CH,NM~~)-~}].[~~~ The 
alkylidene C,  carbon signal at 6 = 250.5 has a small 'J(C,H) 
value of 84 Hz, which is typical for electron-deficient alkylidene 
compIexe~. [~~ 71 The formation of 8 probably involves a 0-bond 
metathesis reaction between a carbyne function and a NMe, 
C-H bond in an initially formed tantalacarbyne intermediate. 
Similar C- H bond activation of a NMe, group has been report- 
ed for the formation of [TaCI,(C,H4(CH(Me)N(Me)CH,)-2)- 
(CH,Ph)(THF)] ,[8a1 [TaCI,{ 1-C,,H,(N(Me)CH,)-X)(CH,Ph)- 
(THF),][*"I and [Ir"'(C6H,NEt(CHMe)-2-C,N,C')I(cod)] .[8bl 

Recently a related C-H activation reaction has been reported 
by Roy0 and co-workers,ISC1 who found that addition of one 
equivalent of [Li{C,H,CH,NMe,-2}] to the trichloroaryltanta- 
lum(v) complex [TaCp*C1,(C,H4CH,NMe2-2)] caused C-H 
bond activation at one of the NMe, methyl groups with 8-H 
elimination, leading to the formation of the cyclometalated 
complex [TaCp*CI,{ C,H,CH,N(Me)CH,-2}]. Further reac- 
tion of this complex with 2 equivalents of [Li(C,H,CH,NMe,- 
2)] affords the alkylidene complex [TaCp*C1(C,H4CH,NMe,- 
2){C,H4CH,N(Me)CH-2}]. This type of C- H activation has 
also been shown to play a key role in the ligand rearrangements 
of some Ru" and Ir' species, namely in the conversion of 
[ R U C I - I C , H , ( C H , N M ~ , ) , - ~ , ~ } { ~ ~ - ( M ~ C , H , - ~ - ~ P ~ } ] [ ~ ~ ~  and 
[1r{C,H,(CH,NMe,),-2,6)(c0d)][*~~ to the more stable spe- 
cies [RuCI{C,H,(CH,NMe,),-2,4) iq6-(MeC,H,-4-iPr}] and 
[Ir{C6H,(CH,NMe,),-2,4}(cod)], respectively. 

Finally, preliminary reactivity studies of alkylidene complex 8 
have shown that it has activity as a ROMP catalyst; in 2 days 
250 equivalents of norbornene were polymerized to polycy- 
clopentenameric materials containing approximately 50 % cis- 
vinylene bonds. 
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Conclusions 

Tantalum -zinc neophylidyne complexes containing ortho- 
chelating arylamine ligands are readily accessible and can be 
obtained in high yield by a new, fast and easy synthetic proce- 
dure. We have shown that this procedure is not restricted to the 
N,C,N-terdentate aryldiamine ligand [C,H,(CH,NMe,),-2,6] - 

but can be extended to C,N-bonding arylamine ligand systems. 
We are currently investigating the C-C bond formation reac- 
tions between the high-oxidation-state metal alkylidyne corn- 
plexes described here and late-transition-metal species; the re- 
sults of this study will be reported in a subsequent paper.@I 

Experimental Section 

General: All experiments were performed in a dry nitrogen atmosphere with 
standard Schlenk techniques. Solvents were stored over sodium benzophc- 
none ketyl and distilled prior to  use. Elemental analyses were carried out by 
Dornis und Kolbe, Microanalytisches Labordtorium, Mulheim a.d. Ruhr 
(Germany) and the Service de Microanalyse, Strasbourg (France). 'H  and 
I 'C NMR spectra were rccorded on a Bruker AC 200 or  AC 300 spectrometer. 
Complex [TaCl,(CH,CMe,Ph),] was synthesized from TaC1, and [Zn(CH,- 
CMe,Ph),] in toluene at 0 ' C  following thc literature procedure""' for its 
neopentyl analogue at 25 "C. The lower temperature prevents formation of 
[TaCI,(CH,CMc,Ph),J. [TaCl,(CH,CMe,Ph),] was isolated in near-quanti- 
tativc yields as a yellow oil and characterized by comparison of its spcctro- 
scopic data with [TaCl,(CH,tBu),] ,[In1 The complexes [Zn(C,H,CH,NMc,- 
2),] and [{Li{C,H,(CH,NMe2),-2,6} ),] were prepared according to 
literature procedures.'", IZ1 

[TaCl,(=CHCMe,Ph)(THF),I (4): Complex 4 was rynthesized by a proce- 
dure similar to that dcscribed for its ncopentyl analogue,r61 A solution of 
[TaCI,(CH,CMc,Ph),] (7.99 g, 14 mmol) in a mixture of Et,O (50 mL) and 
T H F  (10 mL) was stirred for 12 h and the solvent then removed in vacuo. 
Washing of the residue with pentane (3 x 30 mL) yielded 4 as a purple micro- 
crystalline solid in >99% yield (8.14g). ' H N M R  (200.13 MH7, C,D,, 
25°C): 6 =1.25(in,8H:O(CH2CH,),), 1.74(~,6H:CMe,Ph),3.90(m, 8 H :  
O(CH,CH,),), 4.06 (s, 1 H;  Ta=CH),  7.08 (t. ,J(H,H) = 8 Hz, 1 H; Ar-H),  
7.22 (m. 2H, Ar-H), 7.62 (d, 'J(H,H) = 8 Hz, 2 H ;  Ar-H).  

[{TaCl,(p-CCMe,Ph)(p-CI)(THF),}ZnCI(THF)l (5b): A suspcnsion of 
[Zn(CH,CMe,Ph),] (1.69 g, 5.12 mmol) and ZnCI, (0.69 g. 5.06 mmol) in 
Et,O (30mL) was added over 5min to a purple-red suspension of 
[TaCl,(=CHCMe,Ph)(THF),] (4) (5.78 g, 10.25 mmol) in Et,O (100 mL). 
After ca. 1 h a clear red solution was formed, and stirring for a further 1 h 
resulted in the formation of a pink-purple precipitate. This suspension was 
stirred for 18 h, after which the solvent was removed in vacuo to afford a pale 
pink-purple solid. This solid, assumcd to be the Ta Zn neophylidyne com- 
plex [{ {TaC1,(pCCMe,Ph)(p-CI)(THF),}{Zn(p-CI)}},] (5a), was washed 
with pentane (2 x 50 mL) and used in the transmetallation reactions described 
below. Dissolution of 5 a  in THF affords a dark red solution. This solution 
was stirred for 1 h and the solvent then removed under reduced pressure to 
afford a dark red oil. Washing of this oil with pentane (3 x 20 mL) to remove 
excess T H F  and subsequent rigorous drying in vacuo afforded 5b as a dark 
red solid: yield 6.58 g (87% calculated from 4). Block-shaped red crystals of 
5b were obtained by cooling down a saturated solution in T H F  to -30°C. 
Anal. calcd. for 5b, C,,H,,CI,O,TaZn: C 35.92, H 4.80; found: C 35.67, H 
4.73; ' H N M R  (200.13 MHz, CD,CI,, 25°C): 6 ~ 1 . 7 2  (brs, 6H:  CMe,Ph), 
1.82 (m, 8 H ;  O(CH,CH,),), 2.10 (m, 4H:  O(CH,CH,),), 3.S3 (m, 8 H ;  
O(CH,CH,),), 4.51 (m, 4 H ;  O(CH,CH,),), 7.17 (t. 'J(H,H) = 6 Hz, 1 H ;  
Ar-H),  7.30 (m. 2H,  Ar-H), 7.65 (d, 'J(H,H) = 5 Hz, 2 H ;  Ar-H);  
13C{1H} NMR (75.47 MHz, CD,CI,, 25 'C):  6 = 25.6 (O(CH,CH,),), 26.6 
(O(CH,CH,),), 34.6 (CMr,Ph), 56.2 (CMe,Ph), 70.4 (O(CH,CH,),), 81.1 
(O(CH,CH,),), 126.1 (Ar), 127.1 (Ar), 127.5 (Ar), 153.1 (Ar), 275.2 
(Ta=C). 

[TaCl,(p-C,H4CH,NMe,-2)(p-CCMe,Ph)ZnC1(THF)I (6): A solution of 
[Zn(C,H,CH2NMe,-2),] (2.01 g, 7.20 mmol) in Et,O (50 mL) was added to 

a suspension of 5a (9.45 g, 7.12 mniol; prepared in situ as described above) 
in Et,O (100 mL) at -78 "C over 5 min. The resulting thick pink suspension 
was allowed to warm to room temperature and stirred for 3 h. during which 
time the colour gradually changed to red. Reinoval of the solvent i n  ~ a c u o  
gave a red solid, which was extracted with C,H, (3 x 50 inL). Subsequent 
removal of C,H, from the combined extracts in vacuo and washing of the 
solid residue with pcntane ( 2  x 30 mL) and cold Et,O (1 x -30 mL) affordcd 6 
as a red solid; yield 6.92 g (70%). Complex 6 can be recrystallized as block- 
shaped bright red crystals by cooling down a saturated T H F  solution 
from +25 to -30°C. Anal. calcd. for C,,H,,CI,NOTaZn: C 40.03, H 4.53, 
N 2.03; found: C 39.88, H 4.50, N 1.95: ' H N M R  (300.13 MHz, CDCI,, 
25 "C): b =1.66 (s, 3 H ;  C M q P h ) ,  1.74 (s, 3 H ;  CMe,Ph), 1.70-~ 1.80 (m, 4 H ;  
O(CH,CII,),), 2.48 (s, 3H;  NMe,), 3.04 (s, 3 H ;  NA4e2), 3.50 3.65 (m, 4 H ;  
O(CH,CH,),), 3.74 (d, 'J(H,H) = 14 Hz, 1 H, ArCHLN). 4.88 (d, 
,J(H,H) =14Hz,  1 H,  ArCH,N), 7.05-7.40 (in, 6H: Ar H ) ,  7.64 (d. 
,J(H,H) = 8 Hz, 2 H ;  CMe,Ph), 7.87 (d, ,.I(H,W) =7.1 Hz, 2H.  Ar -H) ;  

(CMe,Ph), 32.7 (CMe,Ph), 48.2 (NMe,), 53 3 (NMe,), 56.9 (CMe,Ph), 70.6 
(O(CH,CH,),), 72.6 (CH,N), 125.2 (Ar), 125.7 (Ar). 126.4 (Ar), 126.6 (Ar). 
128.2(Ar). 132.2(Ar), 150.2(Ar), 152.0(Ar). 153.1 (Ar), 171.7(C,,,,,),287.9 
(Ta = C) . 

[TaCl2{p-C,H,(CH,NMe,),-2,6}(p-CCMe,Ph)ZnCII (7): A solution of 
[{Li{C,H,(CH2NMe,),-2,6}),] (1.70 g, 8.60 mmol) in Et,O (50 mL) was 
added over 5 min to a suspension of 5 a  (5.65 g, 4.26 mmol; prepared i n  situ 
as described above) in Et,O (100 mL) at -78 "C. The suspension was allowed 
to warm up to room temperature, during which time the colour gradually 
changed from pink to brown-red. After 3 h the solvent was removed in ~ a c t i o  
and the dark red solid was extracted with C,H, ( 3  x 50 mL). The solvent was 
removed from the combined extracts in vacuo and washing of the residue with 
cold Et,O (3 x 10 mL) yieldcd 7 as a red solid: yield 4.99 g (87u/u). After 
recrystallization by layering a benzene solution with pentane, complex 7 IS  

obtained as block-shaped red crystals. Anal. calcd. for C,,H,,CI,N,TaZn: C 
39.14, H 4.48, N 4.15; found: C 39.02, H 4.45. N 4.09, ' H N M R  
(300.13 MHir, CDCI,, 25'C): 6 =1.72 ( 5 ,  3 H ,  CMc,Ph). 1.91 (s, 311; 
CMe,Ph), 2.00 (s, 3H; N M e ) ,  2.12 (s, 3 H :  NMe). 2.69 (s. 3 H ;  NM(>). 2.76 
(d, ' . I (H,H)=l3Hz,  I H ,  ArCH,N), 3.24 (s. 3 H ;  NMe). 3.79 (d,  
*J(H,H) = 13 Hz, 1 H;  ArCH,N), 4.72 (d, 'J(H,H) = 13 H7. 1 H ;  ArCH2N). 
4.86(d, 'J(H,H) =13Hz,  lH;ArCH,N),7.11 -7 .17 (m,3H:  Ar-H),7.23-  
7.36 (m, 3 H ;  Ar-H),  7.73 (d, ,J(H,H) = 8 Hz, 2H:  CMe,Ph): "C['H/ 
NMR (75.47 MHz, CDCI,, 25 C): 6 = 31.7 (CMe,Ph), 36.3 (CMr,Ph), 17.3 
(NMe), 47.6 (NMe), 49.0 ( N M r ) ,  54.3 ( N M P ) .  56.9 (CMe,Ph), 67.2 
(ArCH,N), 71.6 (ArCH,N), 125.8 (Ar), 126.4 (Ar), 126.6 (Ar), 129.0 (Ar), 
130.3(Ar), 131.1 (Ar),151.4(Ar), 152.3(Ar),153.7(Ar),175.4(C,,,,,),291.7 

"C{'H} NMR (75.47 MHz, CDCI,, 25'C): d = 25.1 (O(CH,CH,),), 36.1 

(TXEC). 

(TaCI(= CHCMe, Ph){ C6H,(CH,N(Me)CH,)-2-(CH,NiMe,)-6} I (8) : To a 
stirrcd purple-red solution of 7 (6.81 g, 10 mmol) in C,H, (100 m L )  iit  room 
temperature was added tmeda (6 mL, 26 mmol). The suspension was first 
stirred for 1 h at 60°C and then for 12 h at room temperaturc. during which 
the colour gradually changed from purple-red to yellow-broww. The solvent 
was removed in vacuo and the brown sticky solid residue was extracted with 
hexane (3 x 100 mL). The combined extracts were concentrated in voctio to 
10 mL, from which 7 crystallized overnight at - 30'C as sniall needle-shaped 
yellow crystals. Yield: 2.1 g (40%); Anal. calcd. for C,,H,,CIN,Ta- C 49.03, 
H 5.61, N 5.20; found: C 48.93, H 5.55, N 5.18: ' H N M R  (200.13 MHz, 

TaCH,NMe). 1.51 (s, 3H,  CMe,Ph), 1.54 (s, 3H.  CMelPh). 2.05 (s, 3H: 
NMe),2.66(~,3H;NMe),2.73(~,3H;NMe),3.07(d,'J(H,H)=IO Hz.1H: 
TaCH,NMe), 3.18-3.34 (m, 2 H ;  ArCH,N). 4.11 (d, ,J(H.H) = 16 Hz, 1 H: 
ArCH'N), 4.40 (d. 'J(H,H) = I 3  Hz, 1 H ;  ArCH,N), 693-7.03 (m. 3H:  
Ar-H),  7.09-7.17 (m, 3 H ;  Ar-H),  7.40 (d. , J (H.H)=XHz,  2 H ;  
CMe,Ph); I3C{'H} N M R  (50.32 MHz, C,D,, 25 ~ C ) :  h = 32.9 (CMe,Ph). 
34.1 (CMe,Ph), 47.1 ( N M r ) ,  51.8 (NMe). 52.7 (TaCH,N(Me)), 58.2 ( N M e ) ,  
73.0 (ArCH,N), 73.5 (ArCId2N), 84.9 (CMe,Ph). 121.4 (Ar). 122.4 (Ar). 
125.4 (Ar), 126.01 (Ar), 327.6 (Ar), 129.3 (Ar). 148.7(Ar), 152.2 (Ar), 153.0 
(Ar), 193.1 (Ci,,J, 250.5 (Ta=CH, ' J  (C,H) = 84 Hz). 

X-ray Data Collection and Structure Refinement for Complex 6:'' 'I Crystals 
were sampled and handled in inert oil (R3000). A suitablc red crystal was cut 
to shape and transrerrcd into the cold nitrogen stream (1 50 K)  of an Enraf 
Nouius C A D 4 T  diffractometer with rotating anode. Pertincnt data tire given 
in Table 2. Reflection profiles were structured. The somewhat higher than 

C,D,, 25 C ) :  6=1.11 (s, 1 H ;  Ta=CH),  1.32 (d, ' J (H.H)=IOHz,  I H ;  
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Table 2. Crystallographic data lor 6 
~~-~ 

formula 
mol wt 
crystal system 
space group 
(1. 1). c (A)  
p ( 
I '  ( A 3 j  

P..,k (pc111 ~ 3 ,  

Z 

F(000) [electrons) 
d M o K g )  (em-')  
crystal size (mm) 
T (K) 
radiation (A) 
L". L ( ) 
scan type. scan (' ) 
horiz. and vert. aperture [mm) 
reference [reflection 
data set 
total and unique rcils. 
obserbed reflr (1>2.Ori(l)j 

max. and a\'. shift;error 
mm max. resid. dens. (eiA') 

C,,H,,CI,NOTaZn 
690.20 
monoclinic 
P2Jr (No. 14) 
10.110[10). 12.98(2), 19.751 (16) 
105.65(9) 
249 6 ( 5 )  
4 
1837 
1352 
56.8 
0.30 x 0.30 x 0.30 
150 
Mo,, (monochroni.) 0.71073 
1.9. 25.3 
w, 0.80 t0 .35  tg (0) 
3.00, 4.00 
-3  - 3  2 
-11.11:  - l l : 0 ,  -23:23 
7982. 4048 
1877 
4042, 215 
0 0829, 0.2270. 1.04 

- 2.65, 1.90 
0.000. 0.000 

[a] ii = I , ( o z ( F ~ )  + (0.0632P)'). where P = (F,?+2F*'j/3 

usual R value reached is related to the nonideal quality of  the crystals avail- 
able. Data were corrected for absorption with the DIFABS"31 algorithm as  
implemented in PLATON.""' T h e  structure was  solved by automated l'atter- 
somFourier techniques with DlRDIF-92"s1 and  refined o n  F 2  with 
SHELXL-Y3.1161 Non-hydrogen atoms were refined with anisotropic dis- 
placement parameters. Hydrogen atoms were introduced at calculated posi- 
tions and refined riding on their carrier atoms with U,,,'s related to  U,, of the 
a tom to which they are altached. Geometrical calculations and the O R T E P  
plots wcrc done with PLATON."41 
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