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Abstract: [N3N]Ta=PPh ([NsN]3~ = [(Me3SINCH,CH,)3N]3) reacts with excess lithium metal in tetrahydrofuran
to give “[N3N]Ta=PLi", as judged by NMR studies and by reactions with RX-&5 °C to afford the phosphinidene
complexes [NN]Ta=PR (R= Me, n-Bu, SiMe;, SiMe;Ph). [NsN]TaCl, reacts with 2 equiv of LIN(H)R (R= H,
CMe;, Ph) to produce 1 equiv of RNHand imido complexes [BN]Ta=NR and with 2 equiv of benzylmagnesium
chloride or ((trimethylsilyl)methyl)lithium to afford the alkylidene complexesifiTa=CHR (R = Ph or SiMe).

The ethylene complex [N]Ta(CHy) is formed quantitatively upon addition of 2 equiv of ethylmagnesium chloride
to [NsN]TaCk. [N3N]Ta(CHs) decomposes in a first-order manner in solution over a period of days at room
temperature to give a complex in which a-® bond in the TREN backbone has been cleaved. Alkylation of
[NsN]TaCl, with 2 equiv of RCHCH;MgX (R = CHs, CH,CHs, CH(CH)2, C(CHg)s; X = ClI or Br) produces a
mixture of alkylidene and products derived from decomposition of the incipient olefin complex. WhkerBu,
only an alkylidene complex is formed as a consequence of a sterically disfagaabdtraction process. [NJ-
TaCb reacts with 2 equiv of vinylmagnesium bromide to afford white crystalling\[Na(C,H,). An analogous
benzyne complex can be prepared by refluxingNN'aCl, with 2 equiv of phenyllithium in toluene. [MN]Ta-
(CHa) reacts with a catalytic amount of phenylphosphine to afforsNJNfa=CHMe, while reactions with ammonia,
aniline, or pentafluoroaniline yield [fW]Ta=NR complexes. In contrast, excess J8&AsH, reacts with [NN]Ta-
(CoH,) to afford [NsN]JTa=CHMe first, and then what is proposed to beglyTa=AsSiMes. [N3N]Ta(CH,) reacts
with dihydrogen to give [MN]Ta(H)(C:Hs) reversibly. [N\N]Ta(CgHa) reacts with ArNH (Ar = Ph, GFs) to give
[N3N]Ta=NAr complexes, but [ANN]Ta(CH,) is relatively unreactive. X-ray structures of {N]Ta(Me)Et and

[NsN]JTa(CH,) are included.

Introduction

Recent efforts in these laboratode® and others—1° have

focused on the preparation of complexes of metals in groups 4
5, and 6 that contain tetradentate triamidoamine ligands,
[(RNCH2CH,)3N]3~. When R is a bulky silyl group (usually

SiMe;), rare types of complexes can be prepared, e.g., a

tantalum(V) phosphinidenea V=NH species$,and molybde-
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num and tungsten terminal phosphido compleResKey
features of complexes that contain a [(RNCH)3N]3~ ligand
include the sterically protected “pocket” formed by the bulky

'R groups and the presence of an¢ype and two orthogonat

metal orbitals directed toward the remaining (fifth) coordination
site. This orbital arrangement is ideally suited for formirfg d
complexes that contain a triple bond or pseudo triple bond
between the metal and the ligand in the apical coordination site,
a double and a single bond, or (sterically least feasibly) three
single bonds. (The [(RNCHH,)3N]3~ ligand itself is only a
12-electron donor @2r) since one of the three linear combina-
tions of atomic orbitals constructed from the p orbitals on the
three amido nitrogens is a ligand-centered nonbonding orbital.)
In view of tantalum’s ability to form multiple bonds to C, N,

or O and because many starting materials are readily available,
we chose to explore the chemistry of [(M@NCH,CH,)3N]-
Ta(X) complexes that contain a multiple X bond. We first
reported that [NN]JTaCl, ([NaN]3~ = [(MesSiNCH,CH,)3N]37)
reacts with 2 equiv of a lithium phosphide LiP(H)R éRPh,

Cy, t-Bu) to afford 1 equiv of RPkHland gold crystalline Y
phosphinidene complexes, {N]Ta=PR, in moderate to high
yields3 An X-ray crystal structure of [fN]Ta=PCy revealed
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Table 1. 3P NMR Data and Yields for Phosphinidene Complexes

RX product 8 o) yield? (%)
Mel la 157 33
n-BuBr 1b 186 68
MesSiCl 1c 212 58
PhMeSiCl 1d 203F 77

aDetermined vidH NMR with a (M&Si),0 internal standard’. Avy,
~ 3600 Hz (23°C), 400 Hz 30 °C), 300 Hz 60 °C). ¢ Avy, =
3600 Hz (23°C), 800 Hz (30 °C), 400 Hz 60 °C).

an essentially linear FTaP—C angle and a TaP bond length

Freundlich et al.

ligands in related neutral °dcomplexes, [NN]JMo=P 10
[NaNJW=P 10 and [t-Bu)NAr]sMo=P?! (Ar = 3,5-M&CsH53),
range from 1080 to 1346 ppm. Therefore a chemical shift of
575 ppm, even though it is-400 ppm larger than that in a
typical Te=PR species~{200 ppm), we believe to be too small
to ascribe to a {{NsN]Ta=P} " species, i.e., one in which
lithium is not bound to the phosphorus. Since bent phosphin-
idenes are characterized by a more downfield resonance (335
ppm in t-BusSiO)Ta=PP¥2 and 606-800 ppm in CeM=PR
complexes (M= Mo, W, Zr)?3-29), a chemical shift of 575 ppm
would be more consistent with a “INIJlTa=PLi" species in

(2.145 A) consistent with a pseudo triple bond between Ta and which the Ta-P—Li bond angle is less than 180 Unfortu-
P. We subsequently turned to the synthesis and reactions ofhately, we could find no way to separate the sf§Ta=PLi"

alkylidene, olefin, and acetylene complexe&.ull details and
additional results in both areas are reported here.

Results

Synthesis of Tantalum Phosphinidene and Imido Com-
plexes. We became interested in the possibility of preparing
the parent phosphinidene complex, sfljTa=PH, or the
terminal phosphido compleX[NsN]Ta=P}~. We found that
[N3N]Ta=PPh reacts with excess lithium metal in tetrahydro-
furan to give a species who$&P NMR spectrum reveals a
resonance at 575 ppmy1,, ~ 600 Hz). This species reacts at
—35°C with alkyl and silyl halides to yield the phosphinidene
complexes [NN]Ta=PR (R= Me, n-Bu, SiMe&;, SiMe,Ph),
la—d (eq 1), according t¢'P NMR data. The yields of the

1. 5 equiv of Li, THF
2. 3 equiv of RX, THF—35°C
[N;NJTa=PR-+ PhR+ 2LiX (1)
la—d

[N,N]Ta=PPh

R = Me (1a), n-Bu (1b), SiMe, (1¢), SiMe,Ph (1d)

species from phenyllithium, the other product of the cleavage
reaction, and so could not isolate and structurally characterize
it.

All attempts to prepare [BN]Ta=PH so far have failed. For
example, the reaction of ENl]TaCl, with 2 equiv of LiPH in
1,2-dimethoxyethane at78 °C afforded intractable products,
while quenching “[NN]JTa=PLi" with proton sources such as
HNMesCl or 2,6-lutidinium triflate led to complex mixtures in
which no species could be identified.

[N3N]TaCl, reacts with 2 equiv of LiIN(H)R (R= H, CMe;,

Ph) to produce 1 equiv of RNHand imido complexe2a—cin
62—95% vyield (eq 3). The synthesis @h is noteworthy, as
parent imido complexes are relatively r&®2° NMR and IR
spectra ofa are similar to those for [BN]V=NH, which has
been structurally characteriz€dA notable difference is that
the imido proton resonance is observed as a broad 1:1:1 triplet
(XJ4yy = 50 Hz) in 2a whereas it is not seen in tHel NMR
spectrum of [NN]JV=NH, presumably as a consequence of
additional coupling t&V (I = 7/,, 99.75%). Resolved coupling
between the imido proton andN has also been observed in
Cp'MMe3(NH) (M = Mo, W) complexe¥-?8and was attributed
to a low electric field gradient about the imido nitrog&nThe

phosphinidene complexes, as judged by proton NMR versuswhite crystalline imido complexes are stable when heated as
an internal standard, are listed in Table 1. The NMR vyields ~0.1 M solutions in toluenes in sealed NMR tubes to 11T
are modest, and isolated yields are poor{20%) as a for several days. They do not react with benzaldehyde in
consequence of the extreme solubility of the phosphinidene benzeneds (~0.1 M in Ta, 2 days) at-25 °C to yield known

complexes in common organic solvents. The formulations of [N3N]Ta=023

la—d are confirmed by reactions with pivaldehyde to yield
[N3N]Ta=0 and the correspondirigansphosphaalkenes, which
were identified by'H and3P NMR, a reaction that is known
for several isolated tantalum phosphinidene compléx&¥e
have also prepared complék as shown in eq 2, although the

isolated yield is again low (10%) as a consequence of the high

solubility of 1b in common organic solvents.

2LiP(H)-n-Bu

[N;N]TaCl, “E%0, 35T

[N;N]JTa=Pn-Bu + n-BuPH, (2)
1b

2LIN(H)R
[N;N]TaCl, 00 (R CMew P [N5N]JTa=NR + RNH, (3)
THF (R=H) 2a—c
—35°C

R = H (2a), CMe, (2b), Ph ¢)

Synthesis and Reactivity of Tantalum Alkylidene Com-
plexes. [N3N]TaCl, reacts with 2 equiv of ((trimethylsilyl)-
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resonances ifdc and 1d have widths of 306400 Hz at—60

°C. We currently attribute the broadened phosphinidene

phosphorus resonances to coupling®¥a, but why coupling
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unclear. Broadened resonances are not found in proton NMR

spectra.

The intermediate whos&P NMR spectrum contains a
resonance at 575 ppm\{i> ~ 600 Hz) we propose to be
“IN3N]Ta=PLi", rather than{[N3sN]Ta=P}~. The primary
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Triamidoamine Complexes of Tantalum

methyl)lithium or benzylmagnesium chloride to afford the
alkylidene complexe8a and 3b (eq 4) in >90% vyield. We

dialkylation

[N;N]TaCl, “Eu0,—35°C

[N;N]Tae=CHR+ RCH; (4)
3a,b

R = SiMe, (3a; LiCH,SiMe,), Ph @b; PhCHMgCI)

J. Am. Chem. Soc., Vol. 118, No. 15, 36956

2EtMgClI

[NsN]TaCl, "ELo, —35°C [NsN]Tj(CzH4) (6)

NMR time scale, even at-90 °C. The ethylene ligand is
observed as a singlet at 2.15 ppm in the proton NMR spectrum
and a triplet {Jcy = 144 Hz) at 62.6 ppm in thé3C NMR
spectrum. We propose thédthas a structure similar to that of

propose that dialkyl complexes are intermediates in these [NaN]Ta(GHo) (vide infra) in the solid state, i.e., one in which

reactions for several reasons. First, if only 1 equiv of alkylating
agent is employed, [MN]Ta(CHPh)CI and [NN]Ta(CH;-
SiMe;)Cl can be isolated by fractional crystallization, and each
is converted into the expected alkylidene upon reaction with
an additional 1 equiv of the appropriate metal alkyl. Second,
reaction of LE[N3N] with Ta(CH;R),Cl; (R = Ph3! CMes*?)
gives3b and3c (eq 5) in yields of 86% and 56%, respectively.
Complexes3a—c show no signs of decomposition in toluene-
ds (~0.1 M) after being heated for days in sealed tubes at 110
°C. They react rapidly with aldehydes to afford a mixture of
[N3N]Ta=0 andcis- andtrans-isomers of the expected olefin.
A variety of tantalum alkylidene complexes are known to react
readily with aldehydes in this mann&33

Li[NN]
Ta(CHR),ClL oo —oc [N3N]TS=CHR +RCH, (5)
3b,c

R = Ph @b), CMe, (3¢)

Complexes3a—c all have NMR spectra consistent with 3-fold
symmetry on the NMR time scale. ;Hesonances are found
near 0 ppm in'H NMR spectra, a region characteristic of
alkylidenes that are highly “distorted” through anagostié*

CH interactior??3% and 13C NMR spectra show an alkylidene
carbon resonance in the range 2@15 ppm. We were
surprised by the unusually low values fdep, (~70 Hz), the
lowest known for 8 alkylidene complexe¥ The alkylidene
ligands are effectively pseudo triply bound to tantalum@2i
ligands. In spite of the fact that theinteractions in the apical
position are of two distinct types, all alkylidene complexes show
3-fold symmetry on the NMR time scale down 690 °C.
Apparently only steric constraints would lead to a breaking of
the d./dy, degeneracy and slowing of “rotation” of the alkylidene
about the TaC bond. Such steric constraints would seem to
be minimal, if the TeeC,—Cy angle is relatively large. No
crystals suitable for X-ray studies have yet been obtained,
although an X-ray study of a relatedsBiTREN alkylidene
complex of tantalum has recently confirmed that the=Tag—Cjg
angle is indeed large>(170°)%® and, therefore, that a large
Ta=C,—Cs angle should be expected for any alkylidene
complex in this category.

Synthesis of a Tantalum Ethylene Complex.o. versusf
Abstraction Processes. An ethylene complex4) is formed
guantitatively upon addition of 2 equiv of ethylmagnesium
chloride to [NsN]TaCl, (eq 6). An alternate route #consists
of alkylation of [NsN]Ta(Me)OT# with 1 equiv of ethylmag-
nesium chloride. Proton and carbon NMR spectradcdre
consistent with it being a 3-fold-symmetric complex on the
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Fellmann, J. DJ. Am. Chem. Sod.979 101, 1593.
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the C-C axis of the ethylene is lined up with one of the-Td
bonds, but that the ethylene rotates readily in solution to give
a Cs-symmetric species on the NMR time scale as a consequence
of the degeneracy of the.cand d, orbitals.

Reaction of [NN]TaCl, with only 1 equiv of ethyl Grignard
reagent yields the yellow crystalline monoethyl derivatvia
72% vyield (eq 7). 5 reacts immediately with 1 equiv of
ethylmagnesium chloride to yielf and with 1 equiv of Cl-
CD,MgBr to afford a 5.7:1 mixture of [BN]Ta(C:H4) and
[NsN]JTa(CD4). The labeling experiment suggests that the
intramolecular isotope effect fg8 abstraction in the diethyl
intermediate is 5.7.

EtMgCl

[N;N]TaCl, o0, 35T

[N,N]Ta(Et)Cl @)
5

Although 4 is formed upon treatment of gNIJTa(Me)OTf
with 1 equiv of ethylmagnesium chloride over a period of 1
day, [NsN]Ta(Me)Cl reacts with 1 equiv of ethyl Grignard under
the same conditions to afford a 2:1 mixturedoéind [NsN]Ta-
(Me)Et (6, eq 8). [NsN]Ta(Me)Et can be isolated as a yellow

EtMgCl
Et;0, —35°C
[N;N]Ta(CH,) + [N;N]Ta(Me)Et (8)
4 6

[N,N]Ta(Me)Cl

crystalline solid via fractional recrystallization. It shows 3-fold
symmetry on the NMR time scale. Over a period of 1 day at
~25 °C, 6 decomposes to yield and methane. At 52C in
tolueneds, decomposition 06 was shown to follow first-order
kinetics withk = 2.4(1) x 1074 s~ (two runs). [NNN]Ta(Me)-

Et is also formed in the reaction betweersMTa(Et)Cl and 1
equiv of methylmagnesium chloride.

An X-ray structure o (Table 2; Figure 1) shows it to be a
six-coordinate species with methyl and ethyl ligands in apical
coordination sites that lie approximately in the Nf2)a—N(4)
plane. (Relevant bond lengths and angles are listed in Table
3.) The smaller methyl group is pointed toward N(2). Con-
sequently, the TaN(2)—Si(2) angle (138) is somewhat larger
than the other two TaN—Si angles (129 and 132), but all
are larger than the usual values of 286 °C in crystallo-
graphically characterized M| species.—36.9.10.19 Since the
ethyl ligand points away from the methyl group and between
N(1) and N(3), the N()yTa—N(3) angle opens to 133
compared to 104and 100 for the other two N-Ta—N angles.
The distance betweens®f the ethyl group and Ta is 3.14 A,
too far for anyp agostic interaction; in any case there is no
readily available orbital with which the methyl CH bond can
interact when the ethyl group is oriented in the observed manner.
Therefore we propose thAtabstraction first involves rotation
of the ethyl group past one SiMegroup, possibly with
concomitant “dissociation” of the amine nitrogen donor from
the metal, followed by activation of Hthrough an agostic
interaction with the remainingr orbital that lies in a plane
approximately 90to that containing Ta, C(9), and C(7). The
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Table 2. Crystallographic Data, Collection Parameters, and Table 3. Selected Intramolecular Distanéesd Angle for the
Refinement Parameters for {NJTa(Me)Et ©€) and Non-Hydrogen Atoms of [BN]Ta(Me)Et and [NN]Ta(CHz)
[N3N]Ta(CHz2) (8)

Bond Lengths
[NsN]Ta(Me)Et [NsN]Ta(CzH,)

rical f | GHNSHT CoHaNSHT [NsN]Ta(Me)Et [NsN]Ta(CoH2)
empirical formula 27NgoIz 1A 7M21NgSIz 1A
formula wt 584.80 566.74 Ta-N(1) 2.00(1) Ta-N(1) 2.07(1)
cryst color, habit yellow, plate colorless, needle Ta—N(2) 2.071(9) TaN(2) 2.02(1)
cryst dimens (mm) 0.158 0.150x  0.280x 0.120x %‘“8 %'3451?1% gmgg %ggg;
0.05 0.120 - - -
cryst syst monoclinic orthorhombic Ta—C(7) 2.21(1) TaC(7) 2.09(1)
no. refins used for unit 25 (14.0- 22.0) 25 (15.6- 25.0) Ta—C(9) 2.21(1) TaC(8) 2.10(1)
cell determination C(7)-C(8) 1.55(2) C(7yC(8) 1.26(2)
260 range, deg)
a(d) 10.0504(8) 17.154(1) Bond Angles
b (A) 15.010(1) 16.756(1) [NsN]Ta(Me)Et [NeNJTa(C2Hz)
C(ﬁ) 1975-97397(11) 3;%3(’)65(3) Ta-N(1)-Si(1)  131.6(5)  TaN(1)-Si(l)  126.1(6)
. . a— —l . a —l .
{5/( A‘ig) o~ 1( g o0 Ta-N(2)-Si(2)  136.1(5)  TaN(2)-Si(2)  125.7(6)
(A°) 2092. ®) o @ Ta-N(3)-Si(3)  128.8(5)  TaN(3)-Si(3)  126.4(6)
;pace group 2 vn 8 ca N(1)-Ta—N(2) 99.6(4) N(1}Ta-N(2)  110.5(5)
N(1)-Ta-N(3)  133.1(4)  N(1}Ta—N@3)  110.6(4)
Eca'c (glen) if;; 31552285 N(2)-Ta-N(3)  103.7(4)  N(2rTa-N(3)  122.5(5)
000 » Ta—C(7)-C(8)  112.0(9)
(Mo Kay) (cm?) 41.75 45.47
scan type w—20 w—20 2|n angstroms® In degrees.
temp €C) —86 =72
total no. of unique reflns 3679 9483 /CH3
no. of observations with 2270 5137 MesSi CH, .
> 3'0.(b(l) toluene-dg ’ -\NI | /SlMef’ )
no. of variables 235 439 [N;3N]Ta(C,Hy) 110°C Me3Si ;o Ta—N
R 0.041 0.048 4 N |
Ry 0.035 0.053 NV
GOF 1.25 3.42

b

ethyl ligand are found at 1.93 and 1.46 ppm, respectively.
Heating of a toluenes solution of [NsN]Ta(C:D,4) at 110°C

in a sealed tube yields a product analogoughidhat contains

a TaCDQCD;H group. At 70°C kp = 1.53(2) x 1074 s1 for
aky/kp of 0.89(2), consistent with a change in hybridization of
the ethylene carbon atoms from2dp sg@ in the rate-limiting
step3” Proton and carbon NMR spectral data are similar to
those for the product resulting from the thermolysis of {Et
SINCH,CH,)3N]Ta(CH,4), whose structure has been determined
in an X-ray study?® Thermolysis of [NN]Ta(C,D,) (0.03 M

Figure 1. X-ray crystal structure of [BN]Ta(Me)Et 6). MesSi CI-/IZ
3
. . . AN
Ta—N(4) distance (2.444 A) is comparable to that found in Me;Si N/ Ta==N—SiMe,
[NaNJTa=Te (2.487 A)!! but is somewhat longer than found N”

[N3N]Ta(Et)Cl reacts with 1 equiv of benzylmagnesium
chloride to yield4. If only 0.5 equiv of Grignard is used, the
proton NMR spectrum shows no evidence forl{Ta(CH,-
Ph)CI formed by alkyl exchange. ENJTa(CH,Ph)CI similarly in tolueneds) in the presence of 1 atm of ethylene produces
reacts with 1 equiv of ethylmagnesium chloride to affaed ~ Only a TaCRCD:H species. All of these data are consistent
We propose that [BN]Ta(Et)(CHPh) is the intermediate in each  With decomposition o#t by intramolecular abstraction of a
of these reactions. The benzylidene compi) {s not formed ~ Proton from the side chain of the amido ligand. The TREN
in either reaction. backbone must turn and flex to a considerable degree, possibly
[N3N]Ta(C:H,) is not stable in solution. After a period of  after dissociation of the apical nitrogen donor atom, in order to
several days at-25 °C, solutions of4 show signs of decom-  Present the €Hg bond to the metal for removal of Hand
position; the red color lightens, and NMR spectra consistent transfer to the ethylene ligand. Formation @b" would
with formation of the ye"ow ethy| Comp|eﬁb (eq 9) are constitute removal of & pI’Oton if the apical donor nitl’ogen

in [NaNJTa(HC=CH) (2.30 A; see later). Q‘LL \/
7b'

observed. Decomposition of a toluene solutiondof[4] = were not coordinated at the time.
0.0059, 0.0089, 0.010, 0.012 M) was followed by UVivis at ~ [NsN]TaMe;®> decomposes when heated above D to
494 nm and shown to be first order in tantalum witk 1.37- produce7a, according to'H and **C NMR spectra (eq 10).

(1) x 104 st at 70°C. Most prominent in théH NMR Thermolysis of [NN]Ta(CDs), produces CEH and 7a that
spectrum of7b are the vinyl resonances, a doublet of doublets contains a CBligand, according tdH and?H NMR spectra.
at 6.49 ppm and a doublet at 4.25 ppm. (The latter is obscured Therefore we can rule out fN]Ta(CD,) as an intermediate.

by the 4.07 ppm resonance for the diastereotopic ligand ™ (37) Carpenter, B. KOrganic Reaction Mechanismdohn Wiley &
methylene protons.) The triplet and quartet resonances for theSons: New York, 1984.
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Me
Me;Si
3 l\

Me;Si \.N“""Ta—

/
—_— N
110 °C, - MeH N '
Gt/
a

"

SiMe;
toluene-dg

[N3;N]TaMe, (10)

(IN3N]Ta(CHy) is still an unknown compound.) It is interesting
to note that in [NN]TaMe,, as in4, only two of the three orbitals
in the apical position are used for bonding to apical ligands,

i.e., one orbital is empty. Other species discussed in this paper

in which all three orbitals are involved in bonding to a ligand

in the apical position do not decompose upon heating for days

at 100°C.

Reactions between PNIJTaCl, and 2 equiv of RCHCH,-
MgX (X = Cl or Br) in which R is not a proton do not yield
olefin complexes analogous & but alkylidene complexes in

yields that correlate with the bulk of the R group, and products

whose NMR spectra are analogous to thoséaénd7b. We

propose that the latter products arise via facile decomposition

of intermediate olefin complexes. For exampigyropylmag-
nesium chloride affords a mixture of a propylidene complex
(39 in 32% yield and a decomposition produ@t) in 66%
yield, as determined byH NMR versus an internal standard
(eq 11). The spectra de are analogous to those of other
alkylidenes described here; in this casgisla triplet at—0.28
ppm in the proton NMR spectrum. We propose tBaand7c
arise via competitive. and 5 abstraction, respectively, in a
dipropyl intermediate.

Me;Si n-Pr

N
2 n-PiMgCl .
(NoNJTaCl, 2PMECL (N NiTamCHEL + MeySi NV Ta—

N
Et,0, -35 °C N ‘
3e
&I,N /
Tc

Increasing the size of the alkyl group in the alkylation reaction
affords the expected alkylidene complex formed aiabstrac-
tion and less of the decomposition product that ultimately is
formed as a consequence gf abstraction process (eq 12). As

R
/
CH,

Me;Si \CHZ

[N;N|Ta=CHCH,R + M%Sl\'b;;.,‘.,.'_n_
Et,0, 35°C A\

R = CH,CH; (3, CH(CH3), (3g), \ N
CMe; (3h).

SiMe;

N 12
)

(7d, 7e, and 7f, respectively)

2 RCH,CH,MgX
[N;N]TaCl, ——————»

shown in Table 4 the percent yield of alkylidene (by NMR)
increases from 32% (for R CHj) to 84% (for R= CHMey),
while the amount of decomposition product falls to 66% and
15%, respectively. The reaction betweersfiyraCl, and 2
equiv of MgCCH,CH,MgCI affords an 83% yield o8h and

no observable decomposition produte (<1% via'H NMR).
This last reaction contrasts markedly with that in which/R
H, in which no alkylidene is formed andlis isolated in 96%
yield.

Synthesis of a Tantalum Acetylene and a Benzyne Com-
plex. [N3N]TaCl, reacts with 2 equiv of vinylmagnesium
bromide to afford white crystallin® in 80% vyield (eq 13)8
also can be prepared in 61% yield by treatingNIi{ra(Me)-
OTf with 1 equiv of vinyl Grignard. The acetylene protons

J. Am. Chem. Soc., Vol. 118, No. 15, 3695

Table 4. Percent Yields of Alkylidene and Decomposition
Products Resulting from the Reaction betweesNN'aCl, and
2RCH,CH,MgX

% olefin
R % alkylidene or dec prod.
H 0 96
CHs 32 66
CH:Me 42 54
CHMe;, 84 (7€) 15
CMe; 83 (77) <1

a Determined byH NMR versus an internal standard of (A%g),0,
unless otherwise notefllsolated yield.

Figure 2. X-ray crystal structure of [BN]Ta(C:H,) (8).

scale at-90°C, consistent with rapid “rotation” of the acetylene
about the acetylergtantalum bond relative to the TREN ligand.
The IR spectrum 08 shows an acetylenic=€C stretch at 1725
cm L. [N3N]JTa(CHy) can be heated to 10 for weeks as a
0.01 M toluenedg solution in a sealed NMR tube with no sign
of decomposition.

2H,C=CHMgBr
[NNJTaCl,

oo s INNITa(CH,) + H,C=CH,
’ 8

(13)

An X-ray crystal study of8 revealed two independent
molecules in the unit cell. (See Table 2 for crystallographic
details and Table 3 for selected intramolecular distances and
angles.) A drawing of one of the two molecules is shown in
Figure 2. In the other, the acetylene ligand is disordered; the
site disorder is not imposed by any space group symmetry. Bond
distances and angles in the two molecules are not statistically
different. (For further information, see supporting information.)
8 is best described as a distorted trigonal bipyramid in which
the two axial sites are occupied by the acetylene and the amine
nitrogen donor. The tantaluaNeq distances of 2.022.07 A
and the Ta-Nax bond length of 2.30 A are similar to those found
in [NsN]JTa=PCy? and [NeN]Ta=Se (2.349 A}l The C-C
bond length in the acetylene ligand (1.26 A) is consistent with
a bond order of~2.5. The acetylene €C bond axis lines up
with the Ta(1)}-N(1) bond, therefore opening the N{Zya—

N(3) angle to 123 for steric reasons. The remaining two
N—Ta—N angles are 11’1 However, all three TaN—Si bond
angles are 126 Therefore we can say that steric crowding in
the trigonal pocket ir8 is not as severe as it is B

A white crystalline benzyne comple@)(can be prepared in
70% vyield by refluxing [NN]TaCl, with 2 equiv of phenyl-
lithium in toluene for 1 day (eq 14). [M]Ta(Ph)CI can be

are observed as a singlet at 12.22 ppm and the acetylenic carbofPserved as an intermediate in the reaction and can be generated

atoms as a doubletJey = 169 Hz) at 219.9 ppm (cB Cacet
at 217 ppm withlJcy = 169 Hz in ¢-BuzSiOkTa(GH2)%8). H
NMR spectra show tha is C3 symmetric on the NMR time

by treating9 with a stoichiometric amount of hydrochloric acid.

(38) Covert, K. J.; Neithamer, D. R.; Zonnevylle, M. C.; LaPointe, R.
E.; Schaller, C. P.; Wolczanski, P. Thorg. Chem.1991, 30, 2494.
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R"2 = 0.997

In (K/T)

-17 -

-18
0.0028

L]
0.0031 0.0032

(1/K)
Figure 3. Plot of In(/T) vs 1/T for the formation of [NN]Ta(CsHa)

(9) from [N3N]Ta(Me)Ph (0) (ten runs; see Experimental Section for
a list of individual values).

]
0.0030
1T

T
0.0029 0.0033

The proton NMR spectrum & exhibits the expected downfield

Freundlich et al.

Hq resonance is a quartet-a0.41 ppm, and the £resonance

is a doublet at 191.2 ppm withlcy = 69 Hz. We speculate
that the lower energy @&d relative to4 in this case is achieved
via the strong interaction between the ethylidene’sHg bond
and the metal. Like other alkylidene complexes in this class,
3d reacts with benzaldehyde to afforddN]Ta=0 and (in this
case) a mixture of theis- andtransisomers of3-methylstyrene.

RP
[NsN]Ta(CH,) ?;% [N3N]Ta=CHMe (15)
4 v

3d
R =H, n-Bu, Ph, Cy

Two equivalents of a 9:1 mixture of PhR@and PhPHD in
diethyl ether at~25 °C convertst (0.04 M) to3d over a period
of 2 days. In this sample &d the percent deuterium at the
alkylidene methyl and KHpositions is equal. Similarly, [BN]-
Ta(GD4) (0.02 M) reacts with 1 equiv of PhRHh diethyl ether
over a period of 1 day a+25 °C to provide3d with the H
label washed into both alkylidene positions equally. Monitoring
the same reaction in benzedgvia 'H NMR immediately after
PhPH has been added shows the initial buildup4ahat has

resonances for the benzyne ligand at 7.52 and 8.45 ppm, andorotons in the ethylene ligand. Finally, addition of 1 equiv of

the ipso carbon resonances are found intf8@ENMR spectrum

at 215.1 ppm. Cooling a toluerdg-solution of the benzyne
complex in the NMR probe to-90 °C does not lead to
significant broadening of the aromatic proton or carbon reso-
nances, and the compound maintainsGgssymmetry on the
NMR time scale.

2LiPh

[N3N]TaC|2 toluene, 80°C, 1 day

[NsNJTa(CH,) + CeHg (14)
9

Addition of 1 equiv of phenylmagnesium bromide in toluene
to [N3N]Ta(Me)ClI followed by heating of the mixture to 3&
also affords9 in 77% yield. In this case [fN]Ta(Me)Ph (0)

the 9:1 PhPRIPhPHD mixture to [NN]Ta=CHMe (0.04 M)

in diethyl ether for 2 days at25 °C leads to incorporation of
the deuterium label into the alkylideng, lind methyl locations

in roughly the same percentage. These results are consistent
with a mechanism in which all steps are reversible. We propose
the essential features to be those shown in eq 16. The key
intermediate is [MN]Ta(Et)(PHPh), in which arm hydrogen
migrates from the ethyl group back to the phosphide. In theory,
ethane could be lost to yield the known phenylphosphinidene
complex. However3d (0.02 M) does not react with 10 equiv

of phenylphosphine in toluends at 85°C over 24 h. (Both

3d and [NsN]Ta=PPh are stable in toluerdg-when solutions

are heated to 100C in sealed NMR tubes.) Loss of ethane

can be observed as an intermediate. If the reaction is conductedrom [N3N]Ta(Et)(PHPh) evidently is simply too slow.

at room temperature for8 h, mixtures containing-80% 10
can be obtained. Following the disappearancd®fn such
mixtures in toluendds in a sealed tube (ferrocene standard)
demonstrates that conversion dd to 9 is first order in10

through several half-lives. Data were collected between 31 and

74 °C (Figure 3). The resulting activation parametexsif =
21.3(5) kcal/mol andAS" = —11(1) cal/(mol K)) are comparable
to those for thermolysis of Cprli(Me)Ph to produce transient
Cp'2Ti(CeHs) (AH* = 23.0 kcal/mol,AS" = —9.8 cal/(mol
K)39). Labeling experiments conducted at %4 (see Experi-

mental Section) suggest that the primary isotope effect is 3.6-

(6), a value that is significantly smaller than that measured for
decomposition of CpTi(Me)(CeRs) (R = H or D; ky/kp = 5.1

at 80 °C in benzenak®®). A comparison of the rates of
decomposition of [MN]Ta(CHs)(CeHs) and [NsN]Ta(CDs)-

(CsHs) suggests that the secondary isotope effect is negligible

(2.1(2)).

Reactions of Ethylene, Acetylene, and Benzyne Complexes.
[N3N]Ta(CH,) has proven to be relatively reactive, probably
largely because one empty orbital is available to which
nucleophiles can bind. Fortunately, decompositiord ¢d 7b

(eq 9) is rarely a competitive reaction, although it sometimes is

a complication.

One unusual reaction is that betwekand a catalytic amount
of phenylphosphine (0.3 equiv) to afford the ethylidene complex
(3d) in 88% yield (eq 15). Less acidic phosphines RRR =
H, n-Bu, Cy) require longer reaction times. NMR studies
suggest thaBd is entirely analogous t8a—c; the alkylidene

(39) Luinstra, G. A.; Teuben, J. HDrganometallics1992 11, 1793.

Me

[N3N]Ta4

- +

PhPH,

[N3N]Ta—” /\ CH,CH;

+ <= [N;3N]Tq’
PhPH,

s

—= [N;N|Ta (16)

PH,Ph PHPh
[N3N]Ta(CH,) reacts differently with amines. Upon mixing

4 with ammonia, aniline, or pentafluoroanilin2g, 2¢, and2d

(eq 17) are formed in yields of 62/8%. 4 does not react with

RNH,
zoo INaNITa=NR
2a,c,d

[N 3N]T2(C2H4)

(17)

R = H (2a), Ph @0), C4Fs (20)

tert-butylamine under similar conditions3d is not observed

by 'H NMR during the reaction of with ArNH; (Ar = CgHs,
CeFs). The reaction of3d (0.05 M) with 1 equiv of aniline in
tolueneds at ~25 °C is slow; it is only 23% complete after 8
days, as determined vidd NMR (internal standard). These
two observations argue against the formation of imido com-
plexes via3d as an intermediate. We propose that ethane is
lost rapidly and irreversibly from [BN]Ta(CHCHsz)(NHR)
intermediates.

Addition of 10 equiv of MgSiAsH, to an NMR tube
containing a toluenés solution of4 (0.03 M) affords3d rapidly,
according to proton NMR. However, over a period of days at
~25 °C, 3d is converted into what we propose to be the
arsinidene complex, [MN]Ta=AsSiMe;, according to'H and



Triamidoamine Complexes of Tantalum

Scheme 1. Proposed Mechanism for Ethylene Complex
Reacting with EHR

/\\ /CH2CH3 .

—= [N3N]Td — > [N3N]Ta=ER
- CoHg
L b

EHR
EH,R + [NgN]Ta_J

Scheme 2. Some Reactions of [W]Ta(CHy) (4)
[N;N]Ta(C;Hs)(n'-C=CPh)

4 + EHR <—=[N3NIT

EH,R

E=N,P, As

Me

[N3N]Ta(C,Hs)OTf

LutHOTf Ph—=-H
CH,Cl,, -35 °C ether
+Hy C,H S
[NsN]Ta(CHs)(H) =—  [N;N]Ta(C,H,) 22 [N;N]Ta
-H, 4 Et,0 1
CsHsNO Me;SiCHN, Me;SiN;
THF pentane, -35 °C tol-dg

[N;3;N]Ta=0 [N3N]Ta=N-N=CHSiMe; [N3N]Ta=NSiMe;
13C NMR and its reaction with pivaldehyde to form the unstable
arsaalkene M&SiAs—=C(H)CMe;. If the mechanism of reaction

of MesSiAsH, with 4 is the same in principle as the reactions

J. Am. Chem. Soc., Vol. 118, No. 15, 3698

diazomethane instantly to form yellow crystalline 3]¥\-
Ta=NN=CHSiMe; in 91% yield. The doublet at 166.1 ppm
(Mch = 138 Hz) in the'3C NMR spectrum is characteristic of
diazoalkane addu&&>45 (cf. [NaN]V=NN=CHSiMef). Heat-

ing a 0.02 M toluenalg solution of [NsN][Ta=NN=CHSiMe;

in a sealed tube at 11TC for weeks failed to induce loss of
dinitrogen and formation of [fN]Ta=CHSiMes. In contrast,

4 (0.07 M in tolueneds) reacts with 1 equiv of trimethylsilyl
azide over a period of 3 weeks in a sealed NMR tube 25

°C to afford [NsN]Ta=NSiMe; (2d) quantitatively as determined
via IH NMR versus an internal standard. We presume that the
azide adduct [BN]Ta=NN=NSiMe; is an intermediate, as such
species have now been obserdeéf although we have not yet
observed an azide adduct in this case. The ethylene ligand in
4 does not exchange readily with free ethylene as determined
by monitoring vialH NMR a tolueneds solution of [NsN]Ta-
(CoDy) (0.03 M) under 1 atm of ethylene in a sealed tube at
~25°C.

[N3N]Ta(CHa) reacts with 0.5 atm of hydrogen gas to afford
white [NsN]JTa(H)(Et). The reversibility of addition of dihy-
drogen to [NN]JTa(CH,) is demonstrated by monitoring the
reactions of4 with 0.25 atm of B and [NsN]Ta(C:D,4) with
0.25 atm of H in tolueneds (~0.02 M in Ta) byH or 2H
NMR. In all cases, H and D are scrambled between the metal,
Cy and G sites. [NsN]Ta(H)(Et) can be obtained as a white
crystalline solid in 93% yield via fractional recrystallization from
diethyl ether. The hydride resonance at 24.77 ppm remains

of 4 with amines and phosphines (Scheme 1), then we must Sharp down to—-80 °C. The Ta-H stretch is found in the IR

conclude that path a is unobservable wherBP, path b is
slow relative to path a when E N, and both paths can be

spectrum at 1816 cm (vrap = 1301 cntl). A 0.40 M solution
of [NsN]Ta(H)(Et) in tolueneds decomposes at 10T over a

observed (with the rate of path b being greater than that of path Period of hours to yield MgsiH and a colorless oil whose proton

a) when E= As. These results should be compared with those
obtained by Wolczanski for a series of Ta(si{ER) complexes
prepared by loss of hydrogen from Ta(silgEHR)(H) com-
plexes?240

Two reactions in which ethylene is protonated to give an ethyl
complex are shown in Scheme 2. is cleanly protonated by
2,6-lutidinium triflate (LutHOTT) to afford [NN]Ta(CH,CHa)-
(OTf) in 91% yield. When [NN]Ta(C:D,4) is employed, the
product is [NN]Ta(CD,CD,H)(OTf), as judged byH and?H
NMR. 4 also is protonated cleanly by phenylacetylene to afford
yellow crystalline [NN]Ta(CH,CHa)(57*-C=CPh) in 87% vyield.
When [NsN]Ta(C:Dg) is employed in this reaction, the product
is [NaN]Ta(CD,CD,H)(51-C=CPh), according tdH and 2H
NMR. In contrast, acetylene itself adds tbto form the
metallacyclopentene compléxd in 91% yield. We assume that
phenylacetylene is sterically prohibited from adding to the
ethylene complex to form a similar tantalacyclopentene complex.
Similar reactivity toward acetylenes has been reported f65-Cp
Ti(CoH4).4142 Upon heating of a 0.03 M benzemg-solution
of 11to 70°C in a sealed tube for 1 day, ethylene is extruded
to yield [N3N]Ta(CH,) quantitatively (eql18).

==
[N;N]Ta,

1

-CH,
— o+ [N;N]Ta(HC=CH)
70°C

(18)

Several reactions of resulted in displacement of ethylene
(Scheme 2). Mixing of 2 equiv of pyridind-oxide with a 0.02
M tolueneds solution at room temperature in a sealed tube of
4 for 2 days afforded [AN]Ta=0 in 90% yield plus ethylene
and pyridine. [NN]JTa(C:Hjs) reacts with (trimethylsilyl)-

(40) Wolczanski, P. TPolyhedron1995 14, 3335.

(41) Cohen, S. A.; Bercaw, J. Rarganometallics1985 4, 1006.

(42) Cohen, S. A.; Ashburn, P. R.; Bercaw, J.E.Am. Chem. Soc.
1983 105, 1136.

and carbon NMR are consistent with it being “EtTa[(N£H
CHy)N(CH,CH;NSiMes);]”.  Unfortunately, we have been
unable to obtain crystals of “EtTa[(NGBH2)N(CH,CH,-
NSiMes),]” in order to provide further support for its formula-
tion. On the basis of its solubility and an X-ray structure of a
related monomeric complex of tungst®nwe assume at this
point that “EtTa[(NCHCH2)N(CH,CH;NSiMez),]" is a mono-
mer (eq 19). Loss of trimethylsilane is one example of what is
likely to be a general tendency to lose the silyl group in some
manner in silylated TREN complexes.

/CH3
Me;Si CH,
c toluene-dg M S'\N"’ T N 19)
[N3NITa(H)(C;Hs) S S (
3 5T 100°C N
- Me,SiH

Ol

In contrast8 and9 are relatively unreactive. For example,
8 does not react with ethylene, pyriditNoxide, phenylphos-
phine, or ArNH (Ar = Ph or GFs) at 100°C for weeks, while
9 does not react with PH(1 atm; 1 week in diethyl ether at
~25°C) or 10 equiv of phenylphosphine (toluedgat 110°C
for 3 weeks). Solutions 09 in tolueneds (0.01 M) also do
not react with 1 atm of ethylene or acetylene at 2@0for 3
days in sealed NMR tubes. However, solution® af toluene-

(43) Roland, E.; Walborsky, E. C.; Dewan, J. C.; Schrock, Rl.RAm.
Chem. Soc1985 107, 5795.

(44) Chisholm, M. H.; Folting, K.; Huffman, J. C.; Raterman, Alhorg.
Chem.1984 23, 2303.

(45) Hillhouse, G. L.; Haymore, B. LJ. Am. Chem. Sod 982 104,
1537.

(46) Fickes, M. G.; Davis, W. M.; Cummins, C. @. Am. Chem. Soc.
1995 117, 6384.

(47) Proulx, G.; Bergman, R. Gl. Am. Chem. Sod 995 117, 6382.

(48) Dobbs, D. A.; Davis, W. M.; Schrock, R. R. unpublished results.
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ds (0.02-0.03 M) do react with 1 equiv of ArNKH(Ar = Ph, of a pseudo triple bond between the metal and the apical ligand.

CeFs) in sealed NMR tubes over a period of days at 2COto It is interesting to note that bonding to an apical ligand in

give 2c and 2d, respectively, in quantitative yields (eq 20). Ta(silox complexe®’is considerably weaker than in §N]Ta
complexes, judging from the fact that the phosphinidene ligand

[N N]Ta(CH,) RNH, [N,N]Ta=NR (20) in (Si'OX)3Ta=PR complexes is bent_ rather than Iinear._ Anoth_er
tolueneds 2¢.d way to increase “steric pressure” in the pocket, by increasing
’ the size of the amide nitrogen silyl substituent, will be described
R = Ph 0), C4Fs (2d) in a forthcoming publicatiof®
The demonstration that elimination or abstraction processes
Discussion are preferred over analogofprocesses in a sterically crowded

environment can be taken as evidence that alkylidene ligands

One of the themes that runs through the chemistry reported could be formed in classical olefin metathesis systérfiem

here is the stability and re_latively low r_eactivity of {N]'I_'a— alkyls that haves protons. There is other evidence in the
(X) complexes that contain pseudo triply bound X ligands literature thato and § processes in Ta complexes can be

(whgre X= CHR, O, NR, PR, or alkyne). .SUCh. compoundg competitive. An equilibrium between Ta(CHCMK)EEL)Cly-
attain an 18-electron count as long as the apical nitrogen remalns(PM )> and Ta(CHCMes)(CoHa)Clo(PMes); has been demon-
bound to the metal, and they are sterically protected against". .2 Co)l arla) AP NIEs)2

intermolecular decomposition reactions by the bulky TMS strated via magnetization transfer experiméat®ecomposition

* — H . H 5- _
groups. (Only twor bonds can form between the three nitrogen of Cp'A(H)Ta=C—CH; is believed to involve Cify>CsMe,

p orbital combinations and the metal; the third is a ligand-based Crﬂé%?fngg(z)?rsa:agF:gtgrgsd(ia;_eé If\sl(;”; ;\r’]r:jiiueﬂ,:sel:r:f_tic
nonbonding orbital.) Intramolecular reactions, such as CH P 2= P75 VIes

i i 5_ — 53 E£j
activation of a methyl group in a TMS substituérare also _?_yngmgl\amdaagwcml Qle(e4CH2CtH CHZt)Ta.:'H"I Fmally,f
slow in such species. Conversely, 16-electrogNNa(olefin) 31( I t%)(ff)( d tﬁ)s ?4'3 I.nqwr:. 0 rea((:j th T (gﬂ'\éo
complexes decompose relatively easily by abstraction gf a ethylene to afior m-54§5|m|na ion product Ta[CH( _H
proton in the TREN backbone to give species in which the cage FHZ)"CMQ”]%H)(PM;?HZ‘ ~> There are other %xamples in the
structure of the TREN ligand is disrupted and a vinyl amido 'terature whereo-H processes are proposed to occur pre-

i 54-57 inci i _
ligand is formed. Attempts to reduce {NJTaCl, to [N3N]Ta, }‘ek;erll_tlally. . Mosthrecentrl]y andb;o?w_n(:ln_gl%/geutilrlsvm
or to prepare species such asgliyTaH, so far have been abeling experiments have shown thaelimination in [NsN]W-

unsuccessful, possibly for the same reason. It should also be(€ycloPentyl) to give [NN]W(cyclopentylidene)(H) proceeds

noted that [NNJTa(H)(C:Hs) does not lose ethane to give MOre rapidly tharp e_I|m|nat|o_n, the slowest step being loss of

“INsNJTa.” Ultimate decomposition of [BN]Ta(H)(C,Hs) via cyclopentene from intermediate §N]W(cyclopentene)(H) to

loss of trimethylsilane points out a pervasive and not entirely 9'V€ [NsNJW(H).

unexpected problem with the M®i-substituted TREN system Several extensions of the work reported here currently are

that also will limit the utility of this ligand system, at least for ~being pursued. For example, we would like to isolate and

preparing complexes in which the metal is aggressively reactive. determine the structure of an arsinidene complex in order to
Another characteristic of the chemistry reported here is the compare it with thebent arsinidene (107 in (silox)s-

“steric pressure” that the three TMS substituents exert on ligands Ta=AsPh?240we expect the T&AsR linkage in [NN]Ta=AsR

bound in the apical position. The degree of steric hindrance in to be linear, as is the FP—R linkage in [NsN]Ta=PCy3 We

the apical “pocket” is evident from the structure ®{Figure also hope to find a way to generate gN|Ta=PLi" cleanly

1) and also from the tendency to form alkylidene complexes and isolate it in high yield. However, the main focus will be

by a abstraction instead of olefin complexes Bybstraction on new TREN-like ligands. On the basis of the decomposition

as the size of the R group increases in the hypothetical reactions described here, it seems likely that complexes that

intermediate [NN]Ta(CH,CH;R), species formed by alkylation =~ contain aggressively reactive metal centers, e.g., “trigonal

of [N3N]TaCl,. The question is still open as to whether ligands monopyramidal” [NN]Ta, are likely to be short-lived and to

that could be bent instead of linear (alkylidene and phosphin- decompose readily in an intramolecular fashion. Therefore it

idene species, in particular) are lineswolely for electronic is imperative to design TREN-like ligands that are more resistant

reasons, or whether steric factors also play a major role in to cage decomposition reactions, metalation reactions involving

stabilizing the linear form. At this stage we believe that the the substituents on the amido nitrogen atdros)oss of amido

metalx orbitals involved in formation of a pseudo triple bond  substituents than is [{N]3".

to a ligand in the apical position are extraordinarily electrophilic,

and thatr donation to give a pseudo triple bond is an important Experimental Section

stabilizing feature of such compounds. For example, alkylidene

complexes of Ta(V) that contajftprotons are raf&°because General Procedures. All experiments were carried out under a

they usually rearrange to the olefin complex readily. They are nitrogen atmosphere in a Vacuum Atmospheres drybox or by standard

stable in [NN]Ta=CHR complexes because the-8, electron Schlenk techniqu_gs, unless otherwise ment_ioned. Reagent grade

pair is strongly donated to the metal. Steric repulsion between Slvents were purified by standard methodsg[N4NJ,*® [NaN]TaCl.?

the substituent on a "bent” apical ligand and the bulky TMS e =g mie e ion - demic: New York, 1983,

groups is believed simply to re'nforc_e linearity, although we (52) Fellmann, J. D.; Schrock, R. R.; Traficante, D.@rganometallics

have not been able to prepare a species such N Te=CH, 1982 1, 481.

that would allow us to test this supposition. We suspect that A .(5B3) Pafkigy (E3j: ?Auf}el,CE-;lBllggsrhlB-le-; Trimmer, M. S;; Van Asselt,

the methylene ligand in [fN]Ta=CH, would be “T-shaped”, .’(SE)r(':I'a:JVIYI"Ier., HW. éch?é?:k, R. R. Am. Chem. S0d.982 104, 2331.

as observed in unstable Cp*N&=CH,,* a result that would (55) Turner, H. W.; Schrock, R. R.; Fellmann, J. D.; Holmes, SI.J.

confirm that electronic factors alone can account for formation Am. Chem. Sod 983 105, 4942.
(56) Kiel, W. A.; Lin, G.-Y.; Gladysz, J. AJ. Am. Chem. Sod.98Q
(49) Sharp, P. R.; Schrock, R. B. Organomet. Chenl979 171, 43. 102 3299.
(50) Liu, A. H.; Murray, R. C.; Dewan, J. C.; Santarsiero, B. D.; Schrock, (57) Burk, M. J.; McGrath, M. P.; Crabtree, R. Bl. Am. Chem. Soc.
R. R.J. Am. Chem. S0d.987, 109 4282. 1988 110, 620.




Triamidoamine Complexes of Tantalum

Ta(CHCMe;).Cls,%2 and Ta(CHPh)CI3®! were prepared according to
literature methods.
1H and*3C NMR data are listed in parts per million downfield from

J. Am. Chem. Soc., Vol. 118, No. 15, 368596

Sample Procedure for Reaction of a Phosphinidene [W]Ta=PR
with Me3CCHO. Observation of trans-Me;C(H)C=PMe by NMR.
Pivaldehyde (2L, 0.194 mmol) was added via syringe to an NMR

TMS while 3P NMR data are listed in parts per million downfield tube containing [MNNJTa=PMe (57 mg, 0.0971 mmol) in 706L of

from triphenylphosphined —4.51), and'®*F NMR data are listed in CeDe.  Within minutes the red-brown solution turned colorlesst

parts per million downfield from trifluoroacetic acid (—76.53). NMR (CgDg) 0 8.56 (dg,?Jen = 25, 1, B=CHCMe3), 1.34 (m, 3,
Routine coupling constants are usually not reported; those listed are inMeP=C), 1.12 (d,*Jp = 2, 9, P=CHCMey); 3P{*H} (CeDs) 0 229.
units of hertz. IR spectra were recorded on a Perkin-Elmer 1600 FT-  trans-Me3;C(H)C=P(n-Bu): *H NMR (Ce¢Ds¢) 6 8.65 (m,2Jpy =

IR spectrometer. Elemental analyses (C, H, N) were performed by 25, 1, P~=CHCMe3), 1.85 (m, 2, P®,CH,CH,CHs), 1.59 (m, 2,
Oneida Research Services, Whitesboro, NY, or in our laboratory using PCHCH,CH,CHs), 1.30 (m, 2, PCHCH,CH,CHj), 1.16 (d,3Jpn = 2,
a Perkin-Elmer 2400 CHN analyzer. X-ray data were collected on an 9, P=CHCMe3), 0.81 (t, 3, PCHCH,CH,CHj3); 31P{'H} (CeDg) 0 243.
Enraf-Nonius CAD-4 diffractometer. A complete description of data trans-Me3;C(H)C=PSiMe;: 'H NMR (C¢Dg) 6 9.52 (d,?Jpy = 24,
collection, structure solution, and structure refinement can be found in 1, P=CHCMej), 1.18 (d, 9, CHCMes), 0.21 (d, 9, PSiMg); 3'P{1H}

the supporting information. NMR tube reactions were carried out in a (CsDg) 6 244.

Wilmad 512-7 in. or 512-9 in. NMR tube sealed to a 14/20 outer joint. trans-MesC(H)C=PSiMe;Ph: H NMR (CD,Cly) 6 9.44 (d,2Jpn
This joint was connected to a gas adapter outfitted with a 28/15 ball = 24, 1, B=CHCMe3), 7.56 (m, 2, Ph), 7.37 (m, 3, Ph), 1.16 {dsn
joint and a Teflon stopcock. The contents of the tube were degassed= 2, 9, B=CHCMe), 0.56 (d,Jpw = 3, 6, PSMe;Ph); 31P{1H} (CD,-

on a high-vacuum line using three freez&06 °C)—pump-thaw cycles
before flame-sealing under a static vacuum.
Kinetic Studies via*H NMR Spectroscopy. An NMR tube sealed

Cly) 6 238.
[N3N]Ta=NH (2a). [NsN]TaCl, (200 mg, 0.327 mmol) was added
to a—35 °C slurry of lithium amide (16 mg, 0.687 mmol) in 12 mL of

to a 14/20 outer joint was charged with a solution of the reactant and tetrahydrofuran. After 23 h, the solvents were removed from the

ferrocene (internal standard) in 1 mL of toluetigand then fitted with

reaction mixture in vacuo and the residue was extracted with 50 mL

a gas adapter. The tube was sealed according to the above proceduref pentane. The extract was filtered through Celite, and the pale yellow
and placed in the preshimmed NMR probe for monitoring. Probe filtrate was taken to dryness in vacuo to yield a pale yellow solid.
temperature was calibrated prior to the run utilizing neat ethylene glycol Recrystallization of the solid from pentane -a85 °C gave 112 mg

and was maintained to withi#0.1 °C of the set point.

Sample Procedure for Synthesis of [AN]Ta=PR via P—Ph
Cleavage: Preparation of [N\N]Ta=PSiMe; (1c). A yellow solution
of [N3N]Ta=PPh (0.500 g, 0.771 mmol) in 50 of mL tetrahydrofuran

(0.201 mmol, 62%) of white crystalline productH NMR (CgsDs¢) 0
5.59 (br t (1:1:1) ey = 50, NH), 3.39 (t, 6, Ch), 2.22 (t, 6, CH),
0.40 (s, 27, SiMg; 3C NMR (CsDg) 6 53.9 (t, CH), 49.2 (t, CH),
3.3 (g, SiMe); IR (diethyl ether solution, KBr cells, background

was transfered via cannula to a 100 mL Schlenk flask containing clean subtracted) cmt 3436 (s,» NH). Anal. Calcd for TaSNsCisHao: C,

Li ribbon (27 mg, 3.89 mmol). The reaction mixture was stirred at

room temperature for 19 h and was then decanted from the remaining

Li ribbon. Trimethylsilyl chloride (0.250 g, 2.31 mmol) was added to
the red-brown liquid at-35 °C, and the mixture was allowed to warm
to 25°C. After 45 min, the reaction mixture was taken to dryness in

32.42; H, 7.25; N, 12.60. Found: C, 32.35; H, 7.36; N, 12.37.
[NsN]JTa=NCMes (2b). [N3N]TaCl; (1.00 g, 1.64 mmol) was added

to a—35 °C solution of LiN(H)CMe (271 mg, 3.43 mmol) in 60 mL

of diethyl ether. After 15 h, the pale yellow-orange mixture was filtered

through Celite. The pale yellow filtrate was taken to dryness in vacuo

vacuo and the residue was extracted with 30 mL of pentane. The extractto yield a pale yellow solid. Recrystallization of the yellow solid from

was filtered through a bed of Celite to remove LiCl, and the filtrate
was concentrated in vacuo to yield a red-brown solid. The solid was
recrystallized from pentane at35 °C to yield 37 mg (0.060 mmol,
8%) of a gold powder:*H NMR (C¢Dg) 6 3.51 (t, 6, CH), 2.05 (t, 6,
CHy), 0.63 (s, 27, NSiMg, 0.55 (d,3Jpn = 5, 9, PSiMeg); 3C{H}
NMR (CgDg) 6 53.7 (s, CH), 51.7 (d,2Jpc = 6, CH,), 6.0 (d,*Jpc =

4, NSiMe), 5.3 (d,2Jpc = 6, PSiMe); 3'P{*H} NMR (tolueneds, —60

°C) 6 212 (Avi, = 300).

“INsN]JTa=PLi" can be observed as an intermediate in reactions
of this general typeH NMR (CsDg) 6 3.75 (t, 6, CH), 3.60 (br t, 4,
THF), 2.13 (t, 6, CH), 1.42 (br t, 4, THF), 0.91 (s, 27, SiMe 13C{ H}
NMR (C¢Dg) 6 68.5 (THF), 54.4 (CH), 51.3 (CH), 25.8 (THF), 6.5
(SIMeg), 31P{1H} NMR (CGDG) 0 575 (A’Vl/z ~ 600)

[N3N]Ta=PMe (1a): *H NMR (CsDg) 0 3.49 (t, 6, CH), 2.56 (d,
2Jpn =20, 3, CH), 2.18 (t, 6, CH), 0.56 (s, 27, SiMg); *C{*H} NMR
(CeéDg) 0 54.1 (s, CH), 51.0 (d,3Jpc = 9, CHp), 30.8 (d,'Jpc = 33,
CHs), 5.8 (s, SiMg); 3%P{*H} NMR (C¢Ds) 6 157.

[NsN]Ta=P-n-Bu (1b). [NsN]TaCl, (1.500 g, 2.45 mmol) was
added to a suspension of LiP(iH)Bu (0.500 g, 5.15 mmol) in 100
mL of diethyl ether at-35°C. The reaction mixture turned dark red
immediately. After 19 h the mixture was filtered through a bed of
Celite, and the filtrate was taken to dryness in vacuo. The red solid
was recrystallized from pentane at35 °C to yield 150 mg (0.239
mmol, 10%) of a gold powder*H NMR (CsDg) 6 3.51 (t, 6, CH),
3.20 (m, 2, PEI,CH,CH,CHg), 2.14 (t, 6, CH), 1.86 (m, 2, PChICH,-
CH,CHs), 1.42 (m, 2, PChHCH,CH,CHs), 0.88 (t, 3, PCHCH,-
CHxCHjs), 0.61 (s, 27, SiMg; 3C{*H} NMR (CsDs) 6 53.8 (s, CH),
51.1 (s, CH), 48.0 (d,2Jpc = 29, PCH), 33.4 (s, PCHCH,), 24.1 (s,
PCH.CH,CH), 13.8 (s, PCHCH,CH,CH3), 6.1 (s, SiMe); 3P{H}
NMR (CeDs) 6 186.

[NsN]Ta=PSiMe,Ph (1d): *H NMR (CD.Cly) ¢ 7.65 (m, 2, Ph),
7.33 (m, 3, Ph), 3.80 (t, 6, Gii 2.76 (t, 6, CH), 0.66 (d,3Jpn = 4,
SiMePh), 0.27 (s, 27, SiMg °C{*H} NMR (CD,Cl,) 6 140.3 (d,
2Jpc = 12, Ph), 134.5 (s, Ph), 129.0 (s, Ph), 127.9 (s, Ph), 54.9 (s,
CHy), 51.8 (s, CH), 5.25 (s, SiMeg), 3.76 (d,?Jpc = 7, SiMePh);
S1P{1H} NMR (CD,Clp, —60 °C) 6 203 (Avy, = 400).

pentane at—35 °C gave 727 mg (1.19 mmol, 73%) of off-white
crystalline product:*H NMR (CsDg) 6 3.22 (t, 6, CH), 2.18 (t, 6,
CHy), 1.66 (s, 9, CMg), 0.37 (s, 27, SiMg); 3C NMR (CsDg) 0 64.8
(s,CMe3), 60.1 (t, CH), 47.6 (t, CH), 35.4 (g, CMe), 2.9 (q, SiMs).
Anal. Calcd for TaSNsCigHag: C, 37.30; H, 7.91; N, 11.45. Found:
C, 37.55; H, 7.87; N, 11.37.

[N3N]Ta=NPh (2c). [N3N]TaCl; (250 mg, 0.409 mmol) was added
to a—35 °C solution of LiIN(H)Ph (85 mg, 0.858 mmol) in 12 mL of
diethyl ether. After 22 h, the cloudy white mixture was passed through
Celite. The solvents were removed from the filtrate in vacuo to provide
an off-white solid. Recrystallization of this solid from diethyl ether at
—35°C gave 246 mg (0.389 mmol, 95%) of white crystalline product:
IH NMR (CsDg) 6 7.42 (m, 2, Ph), 7.34 (m, 3, Ph), 3.42 (t, 6, §H
2.23 (t, 6, CH), 0.40 (s, 27, SiMg; °C NMR (CD:Cl,) 6 159.5 (s,
Ph), 128.7 (dt, Ph), 127.6 (dd, Ph), 56.0 (t, ;H9.8 (t, CH), 3.2 (q,
SiMe;). Anal. Calcd for TaSNsCyiHag: C, 39.92; H, 7.02; N, 11.08.
Found: C, 39.91; H, 7.03; N, 10.95.

[NsN]TaMe,. Methyllithium (2.34 mL, 1.4 M in diethyl ether, 3.28
mmol) was added via syringe to-&35 °C solution of [NsN]TaCl, (910
mg, 1.49 mmol) in 50 mL of diethyl ether. A white LiCl precipitate
was observed in a few minutes. After 3 h, the reaction mixture was
taken to dryness in vacuo. The off-white solid was extracted with 40
mL of pentane, the extract was filtered through Celite, and the pentane
was removed from the filtrate in vacuo to provide 840 mg (1.47 mmol,
99%) of a waxy, beige solid. The complex may be isolated as colorless
crystals by recrystallization from pentane-&85°C: 'H NMR (C¢Dg)

0 3.34 (t, 6, CH), 2.09 (t, 6, CH), 1.27 (s, 6, TaMg, 0.29 (s, 27,
SiMes); 13C NMR (CsDg) 0 64.6 (q,%Jcn = 117, TaMe), 60.3 (t,%Jch
= 138, CH), 50.3 (t,%cy = 136, CH), 2.3 (q,%Jcy = 118, SiMe).
Anal. Calcd for TaSIN4Ci7/Hss: C, 35.77; H, 7.95; N, 9.82. Found:
C, 35.40; H, 8.40; N, 9.68.

[N3N]Ta(Me)OTf. [FeCp][OsSCR] (373 mg, 1.11 mmol) was
added to a—35 °C solution of [N\N]TaMe, (607 mg, 1.11 mmol) in
50 mL of tetrahydrofuran. The color of the stirred reaction mixture
changed to gold as the blue [Fefi@sSCF] dissolved. After 1 h,
the reaction mixture was concentrated in vacuo. The residue was
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washed with 40 mL of pentane, collected on a frit, and dried to afford
585 mg (0.83 mmol, 75%) of a tan powder. The complex may be

Freundlich et al.

—35 °C solution of [N\N]TaCl, (187 mg, 0.306 mmol) in 8 mL of
diethyl ether. After 17 h, the cloudy orange mixture was filtered

isolated as colorless crystals by recrystallization from diethyl ether at through Celite and the orange filtrate concentrated in vacuo to yield

—35°C: H NMR (CsDg) 6 3.53 (t, 6, CH), 2.04 (t, 6, CH), 1.42 (s,

3, Me), 0.27 (s, 27, SiMg; °C NMR (CsDe) 0 67.0 (g, TaMe), 60.4
(t, CHy), 53.0 (t, CH), 1.8 (g, SiMe). Anal. Calcd for TaSN4Os-
SKCi/Ha2: C, 28.97; H, 6.01; N, 7.95. Found: C, 28.93; H, 6.14; N,
7.67.

[NsN]Ta(Me)Cl. To a—35 °C solution of [NsN]Ta(Me)OTf (300
mg, 0.426 mmol) in 8 mL of methylene chloride was added tetraethy-
lammonium chloride (71 mg, 0.426 mmol). After 23 h, the yellow
solution was concentrated in vacuo, extracted with 30 mL of diethyl
ether, and filtered through Celite. The yellow filtrate was concentrated
in vacuo to provide 175 mg (0.296 mmol, 69%) of yellow powder.
The complex may be isolated as yellow crystals by recrystallization
from diethyl ether at-35 °C: H NMR (CsDg) 0 3.56 (t, 6, CH),
2.04 (t, 6, CH), 1.49 (s, 3, Me), 0.35 (s, 27, SiMe*3C NMR (C¢Dg)

0 64.4 (q,lJCH =118, TaMe), 61.7 (t}JCH =136, Cl‘k), 53.6 (t,lJCH

= 136, CH), 2.0 (q,"Jcn = 119, SiMe). Anal. Calcd for TaSN,-
CICiH42: C, 32.51; H, 7.16; N, 9.48. Found: C, 32.55; H, 7.21; N,
9.54.

[NsN]Ta(Et)ClI (5). Ethylmagnesium chloride (164L, 2.27 M in
diethyl ether, 0.373 mmol) was added via syringe to a solution §fi[N
TaCk (228 mg, 0.373 mmol) in 30 mL of diethyl ether a35 °C.
After 45 h, the light orange reaction mixture was taken to dryness in

an orange solid. The solid was recrystallized from diethyl ether at
—35°C, and two crops of orange needles were collected to yield 175
mg (0.277 mmol, 91%) of productH NMR (CeDg) 6 7.34 (m, 3,
Ph), 6.80 (m, 2, Ph), 3.39 (t, 6, G112.16 (t, 6, CH), 2.01 (s, 1, EPh),
0.39 (s, 27, SiM&; 3C NMR (CsD¢) 0 201.4 (d,2Jcy = 72, CHPh),
152.6 (s, Ph), 129.5 (d, Ph), 127.4 (d, Ph), 122.4 (m, Ph), 56.4 ¢),CH
49.8 (t, CH), 3.7 (q, SiMg). Anal. Calcd for TaSN4CzHss: C,
41.89; H, 7.19; N, 8.88. Found: C, 41.68; H, 7.09; N, 8.81.

If only 1 equiv of PhCHMgCI is added to [NN]TaCl,, then[N3N]-
Ta(CH2Ph)CI can be isolated by fractional crystallizatiod4 NMR
(CéDs) 6 7.21 (t, 2, Ph), 6.98 (d, 2, Ph), 6.74 (t, 1, Ph), 3.45 (t, 6,
CHy), 3.13 (s, 2, €I,Ph), 2.10 (t, 6, Ch), 0.42 (s, 27, SiMg); °C
NMR (CsDg) 6 149.0 (s, Ph), 131.9 (ddJcn = 156 Hz, Ph), 127.0
(dd, Ph), 121.7 (dfJcy = 157 Hz, Ph), 91.4 (&Jcy = 129 Hz,CH,-

Ph), 57.5 (t}Jcn = 138 Hz, CH), 52.4 (t,*Jcy = 136 Hz, CH), 3.3
(9, Y¥en = 119 Hz, SiMa).

(b) From Ta(CH2Ph),Cls. Ta(CHPh)Cls (250 mg, 0.532 mmol)
was added to a35 °C solution of Lg[N3N] (203 mg, 0.532 mmol) in
10 mL of diethyl ether. After 20 h, the reaction mixture was filtered
through Celite and the solvents were removed from the red-orange
filtrate in vacuo to afford a red-brown solid. Recrystallization of the
red-brown solid from diethyl ether at35 °C gave several crops of

vacuo and the residue was extracted with 30 mL of pentane. The extractorange needles; yield 288 mg (0.456 mmol, 86%).

was filtered through Celite, and the filtrate was concentrated in vacuo

[N3N]Ta=CHCMej (3c). A solution of Ta(CHCMe;),Cl3 (2.41 g,

to give a yellow-orange solid that was recrystallized from pentane at 5.61 mmol) in 40 mL of diethyl ether was prepared, as was a solution

—35 °C to afford 163 mg (0.269 mmol, 72%) of yellow-orange
crystals: 'H NMR (C¢Dg) 6 3.58 (t, 6, CH), 2.60 (t, 3, CH), 2.07 (t,

6, CHb), 1.86 (g, 2, CH), 0.37 (s, 27, SiMg); °C NMR (CsDs) 6 76.8

(t, 1~]CH = 114, CH2CH3), 61.8 (t,lJCH = 136, Cl‘k), 53.6 (t, lJCH =
136, CH), 21.2 (9,%Jch = 125, CHCHa), 2.1 (q,%Jcn = 119, SiMe).
Anal. Calcd for TaSIN4CICi7Has: C, 33.74; H, 7.33; N, 9.26.
Found: C, 33.51; H, 7.49; N, 8.82.

[NsN]Ta(Me)Et (6). A —35 °C solution of [NsN]Ta(Et)Cl (166
mg, 0.274 mmol) in 5 mL of diethyl ether was subjected to the addition
of methylmagnesium chloride (10@L, 0.302 mmol, 3.0 M in
tetrahydrofuran) via syringe. The orange mixture was stirred for 3.5 h

of Lig[N3N] (2.14 g, 5.61 mmol) in 40 mL of diethyl ether. Both
solutions were chilled to-35 °C and then combined. After 2.5 h, the
yellow reaction mixture was filtered through a bed of Celite and the
filtrate was concentrated in vacuo to yield an orange solid. Recrys-
tallization of the orange solid from pentane-&85 °C yielded several
crops of crystals; yield 1.92 g (3.14 mmol, 56%3}1 NMR (CgDs)
3.25 (t, 6, CH), 2.12 (t, 6, CH), 1.54 (s, 9, CH®™e3), 0.93 (s, 1,
CHCMej), 0.39 (s, 27, SiMg); 13C NMR (GDg) 6 213.3 (d,%Jcy =

72, CHCMes), 59.4 (t, CH), 48.7 (t, CH), 47.7 (s,CMe3), 35.7 (q,
CHMe3), 3.0 (q, SiMg). Anal. Calcd for TaSN4CooHag: C, 39.33;

H, 8.09; N, 9.17. Found: C, 39.05; H, 7.95; N, 9.02.

and was then taken to dryness in vacuo. The resulting orange solid  Observation of [NsN]JTa=CHCH,CHj3 (3e). n-Propylmagnesium

was extracted with 5 mL of diethyl ether and filtered through Celite to

chloride (700uL, 2.5 M in diethyl ether, 1.75 mmol) was added via

afford an orange solution. The filtrate was concentrated in vacuo to syringe to a—35 °C solution of [N\N]TaCl, (510 mg, 0.834 mmol) in
afford 151 mg of an orange solid, which was shown to be an 8:1 mixture 10 mL of diethyl ether. After 23 h, the mixture was taken to dryness

of [N3N]Ta(Me)Et 6) and [NsN]Ta(C:Hs) (4) by 'H NMR. Four
recrystallizations from pentane aB85 °C afforded X-ray quality yellow
plates of6: 'H NMR (CsDg) 0 3.42 (t, 6, CH), 2.16 (t, 6, CH), 1.89
(t, 3, CHCHj3), 1.69 (q, 2, CHCH), 1.35 (s, 3, CH), 0.28 (s, 27,
SiMes); 3C NMR (CsDe) 6 78.7 (t,2Jcn = 117, CH,CHs), 65.6 (q,
Wen =117, CH), 59.7 (t,33cy = 136, CH), 51.1 (t,%Jcy = 135, CH),

17.0 (9,%cn = 123, CHCHa), 2.6 (q,%Jcn = 118, SiMe).

[NsN]Ta=CHSiMe; (3a). ((Trimethylsilyl)methyl)lithium (96 mg,
1.02 mmol) was added to a solution of N|]TaCl, (250 mg, 0.409
mmol) in 8 mL of diethyl ether at-35 °C. After 24 h, the cloudy
yellow solution was filtered through Celite and the yellow filtrate
concentrated in vacuo to provide a yellow solid. The solid was
recrystallized from diethyl ether at35 °C to afford 234 mg (0.373
mmol, 91%) of yellow crystalline product:H NMR (CsDs) 6 3.29 (t,

6, CHy), 2.55 (s, 1, EiSiMes), 2.03 (t, 6, CH), 0.47 (s, 9, CHSVle3),
0.41 (s, 27, NSiMg; 3C NMR (CsDg) ¢ 206.5 (d, e = 72,
CHSiMe3), 57.9 (t,%Jch = 135, CH), 49.6 (t,2Jcn = 136, CH), 5.2
(g, e = 118, CHSMe;), 3.4 (q,3Jch = 118, NSiMe). Anal. Calcd
for TaSgN4CooHas: C, 36.40; H, 7.88; N, 8.94. Found: C, 36.18; H,
7.53; N, 8.92.

If only 1 equiv of (trimethylsilyl)methyl)lithium is added, thgNsN]-
Ta(CH,SiMe3)ClI can be isolated by fractional crystallizatiold NMR
(CsDg) 0 3.63 (t, 6, CH), 2.12 (t, 6, CH), 1.29 (s, 2, E1;SiMe3), 0.50
(s, 9, CHSIiMes), 0.36 (s, 27, NSiMg; 13C NMR (CsDe) 6 76.8 (t,
CH,SiMe3), 62.1 (t,%3Jcy = 136 Hz, CH), 53.7 (t,%Jcy = 136 Hz,
CH,), 4.7 (9, Ycn = 119 Hz, CHSMey), 2.5 (g, WJcn = 118 Hz,
NSiMes).

[NsN]Ta=CHPh (3b). (a) From [NsN]TaCl,. PhCHMgCI (642
uL, 1.0 M in diethyl ether, 0.642 mmol) was added via syringe to a

in vacuo and the residue was extracted with 40 mL of pentane. The
extract was filtered through Celite, and the solvent was removed from
the yellow filtrate in vacuo to afford a yellow solid. VigtH NMR
with a (Me;Si),0 internal standard, the solid was determined to contain
[NaN]Ta=CHCH,CH;s (3¢) and (-Pr)Ta[N(CHCH:NSiMe3);][N(SiMe3)-
(CH=CHy)] (7¢) in 32% and 66% yields, respectively. {N|[Ta=
CHCH,CHs (36: *H NMR (CgDg) 6 3.43 (t, 6, CH), 3.29 (m, 2,
TaCHQH,), 2.21 (t, 6, CH), 1.19 (t, 3, TaCHCKCHS3), 0.38 (s, 27,
SiMes), —0.28 (t, 1, Ta®l); 3C NMR (CsDg) 6 201.5 (d,*Jcr = 68,
TaCH), 54.2 (t,%Jcn = 136, CH), 50.3 (t,'Jcn = 135, CH), 38.5 {t,
LJen = 125, TaCHCH,), 18.1 (g,2Jcn = 121, TaCHCHCHS), 4.5 (q,
ey = 117, SiMe). (n-Pr)Ta[N(CHCH:NSiMes),]IN(SiMe3)(CH=
CHp)] (70): H NMR (CeDg) 0 6.61 (dd, 1, Gi=CH,), 4.20 (d, 1,
CH=CH,), 4.06 (m, 3, CH and CH=CH,), 3.87 (m, 4, CH), 3.65

(m, 2, CH), 2.21 (m, 2, TaChCH,CH), 1.45 (t, 2, Ta®l,CH,CH),
1.04 (t, 3, TaCHCH,CH3), 0.22 (s, 18, NSiMg), 0.20 (s, 9, NSiMg);

13C NMR (tolueneds) ¢ 137.9 (d,*Jcy = 159,CH=CH,), 92.8 (t,*Jcn

= 157, CH=CHy), 73.1 (t,2Jcn = 116, T&H,CH,CH), 66.7 (t, Jcn
=133, CH), 55.7 (t,"Jcy = 133, CH), 26.7 (t,%Jcy = 127, TaCHCH-
CHs), 21.3 (q, ey = 125, TaCHCH,CH3), 1.8 (q, Uey = 118,
NSiMes), 0.06 (g,%Jcn = 119, NSiMe).

Observation of [NsN]Ta=CHCH ,CH,CH3; (3f). n-Butylmagne-
sium chloride (692:L, 2.5 M in diethyl ether, 1.73 mmol) was added
via syringe to a-35 °C solution of [N\N]TaCl, (504 mg, 0.834 mmol)
in 10 mL of diethyl ether. After 23 h, the mixture was taken to dryness
in vacuo and the residue was extracted with 40 mL of pentane. The
extract was filtered through Celite, and the solvents were removed from
the yellow filtrate in vacuo to afford a yellow solid. VigtH NMR
with a (Me;Si),0 internal standard, the solid was determined to contain
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[NaNJTa=CHCH,CH,CH; (3f) and @-Bu)Ta[N(CH.CH,NSiMe;),]-
[N(SiMe3)(CH=CH,)] (7d) in 42% and 54% yields, respectively.
[N3N]Ta=CHCH,CH,CHjs (3f): H NMR (C¢Dg) 6 3.42 (t, 6, CH),
3.26 (m, 2, TaCHEly), 2.20 (t, 6, CH), 1.71 (m, 2, TaCHCLCH)),
0.95 (t, 3, TaCHCHCH,CH3), 0.41 (s, 27, SiMg, —0.20 (t, 1, Ta®l);
13C NMR (CsDg) 6 199.7 (d,"Jcn = 70, TeCH), 53.5 (t,%Jcn = 136,
CHz), 50.3 (t,l.](;H = 135, CHz), 48.4 (t,lJCH = 126, TaCH:Hg), 27.1
(t, Yon = 126, TaCHCHCH,), 14.8 (q, ¥Jen = 125, TaCHCH-
CH,CHs), 4.4 (q,Ycn = 117, SiMe). (n-Bu)Ta[N(CH.CH:NSiMes),]-
[N(SiMes)(CH=CH,)] (7d): *H NMR (CgDs) 6 6.64 (dd, 1, EBI=CH,),
4.21 (d, 1, CH=CH,), 4.07 (m, 3, CH and CH=CH,), 3.87 (m, 4,
CH,), 3.66 (m, 2, CH), 2.21 (m, 2, TaCkCH,CH,CHs), 1.47 (t, 2,
TaCH,CH,CH,CH3), 1.36 (m, 2, TaChlCH,CH,CHs), 0.94 (t, 3,
TaCHCH,CH,CHg), 0.23 (s, 18, NSiMg, 0.20 (s, 9, NSiMg); 13C
NMR (tolueneds) 6 137.8 (d,"Jcy = 160, CH=CH,), 92.8 (t,"Jcn =
156, CH=CH,), 69.9 (t,*Jcyy = 117, Ta&CH,CH,CH,CHj), 66.7 (t,"Jcn
=134, CH), 55.7 (t,"Jcy = 134, CH), 35.7 (t,"Jch = 125, TaCHCH-
CH2CH3), 29.6 (t,lJCH = 124, TaCHCH2CH20H3), 14.1 (q,l\]CH =
124, TaCHCH2CH2CH3), 1.8 (q,lJCH = 118, NSiMQ), 0.05 (q,lJCH
= 119, NSiMe).

[NsN]Ta=CHCH ;CHMe, (3g). A —35°C solution of [Ns\N]TaCl,
(318 mg, 0.520 mmol) in 10 mL of diethyl ether was subjected to the
addition of isopentylmagnesium bromide (642, 1.7 M in diethyl
ether, 1.09 mmol) via syringe. After 23 h, the cloudy yellow mixture

was concentrated in vacuo, extracted with 30 mL of pentane, and filtered

through Celite. The filtrate was concentrated in vacuo to afford a
yellow solid, which was determined vidl NMR spectroscopy with a
(MesSi),0 internal standard to contain {N]Ta=CHCH,CH(CH). (3¢)

and (MeCHCH,CH,) Ta[N(CH,CH,NSiMes),][N(SiMes)(CH=CH,)]

(7€) in 84% and 15% yields, respectively. The crude reaction product
was recrystallized to provide gN]Ta=CHCH,CHMe; (3¢) free of the
decomposition product. Yellow crystals of the alkylidene were
collected to afford 242 mg (0.396 mmol, 76%) of produ&tli NMR
(CsDe) 6 3.41 (t, 6, CH), 3.37 (dd, 2, TaCHB,CHMe,), 2.15 (t, 6,
CHy), 2.03 (m, 1, GiMey), 1.14 (d, 6, CHe,), 0.46 (s, 27, NSiMg,
0.10 (t, 1, TaGICH,CHMey); 3C NMR (CsDg) 6 199.7 (d,XJch = 71,
TaCHCH,CHMey), 54.9 (t, {Jcy = 122, TaCHCH.CHMe,), 54.8 (t,
lJCH = 136, Cl‘k), 50.1 (t, lJCH = 135, Cl‘h), 31.3 (d,l.](;H = 129,
CHMeg), 23.7 (q,lJCH =125, CH\/lez), 4.3 (q,lJCH =118, NSIMQ)
Anal. Calcd for TaSiN4CooHag: C, 39.33; H, 8.09; N, 9.17. Found:
C, 39.18; H, 8.25; N, 9.03.

[N3N]JTa=CHCHCMe; (3h). A —35 °C solution of [NsN]TaCl,
(500 mg, 0.818 mmol) in 8 mL of diethyl ether was subjected to the
addition of neohexylmagnesium chloride (8&B, 2.1 M in diethyl
ether, 1.72 mmol) via syringe. After 23 h, the cloudy yellow-orange

mixture was concentrated in vacuo, extracted with 30 mL of pentane,

and filtered through Celite. The filtrate was concentrated in vacuo to
afford an orange solid, which was determined to bgNNa=CHCH,-
CMe; (3h) contaminated by a trace<(%) amount of (MeCCH,-
CHy)Ta[N(SiMe;)(CH=CH,)][IN(CHCH;NSiMe3);] (7f) via *H NMR
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Anal. Calcd for TaSIN4Ci7/Has: C, 35.90; H, 7.62; N, 9.85. Found:
C, 35.94; H, 7.41; N, 9.61.

EtTa[N(SiMe3)(CH=CH,)][N(CH ;CH,NSiMes);] (7b). A solution

of [N3N]Ta(CHs4) (82 mg, 0.144 mmol) in~1 mL of tolueneds was
added to an NMR tube, which was then sealed. The tube was then
heated to 5C°C in an oil bath for 24 h.*H NMR demonstrated the
sole reaction product to beb: *H NMR (tolueneds) 6 6.59 (dd, 1,
CH=CHy), 4.25 (d, 1, CH=CHy), 4.07 (m, 3, CH and CH=CH)),
3.87 (m, 4, CH), 3.67 (m, 2, CH), 1.99 (t, 3, CHCH3), 1.46 (q, 2,
CH,CHg), 0.23 (s, 18, NSiMg), 0.21 (s, 9, NSiMg; 3C NMR (toluene-
dg) 6 137.1 (d,XJcy = 160,CH=CH), 92.9 (t,"Jcy = 158, CH=CH,),
66.7 (t,Jcn = 133, CH), 60.4 (t,"Jcn = 118,CH,CHs), 55.7 (t,%Jcn
= 135, CH), 18.0 (g,%Jcn = 125, CHCHa), 1.7 (g, XJcn = 118,
NSiMe), 0.08 (g,Jc+ = 118, NSiMe).

MeTa[N(SiMes)(CH=CH,)][N(CH >CH:NSiMe3),] (7a). A solu-
tion of [N3N]TaMe, (277 mg, 0.485 mmol) in~1 mL of tolueneds
was added to an NMR tube, which was then sealed. The tube was
then heated to 116C in an oil bath for 24 h.*H NMR demonstrated
the sole reaction products to be methaded(17) and7a: 'H NMR
(tolueneds) 6 6.55 (dd, 1, GI=CH,), 4.27 (d, 1, CH=CH>), 4.10 (d,

1, CH=CH,), 3.97 (m, 2, CH), 3.83 (m, 4, CH), 3.68 (m, 2, CH),

0.75 (s, 3, CH), 0.19 (s, 9, NSiMg), 0.16 (s, 18, NSiMg); 13C NMR

(tOl-dg) o 135.2 (d,lJCH = 160, CH=CH2), 93.7 (t, IJCH = 157,
CH=CHy), 67.0 (t,%Jcn = 132, CH), 55.4 (t,*Jcn = 136, CH), 40.5
(9, YUew = 120, CHy), 1.6 (q,Ycn = 119, NSiMe), —0.1 (q,Jcn =

120, NSiMe). Anal. Calcd for TaSN4CieHaz: C, 34.64; H, 7.45;
N, 10.10. Found: C, 34.38; H, 6.90; N, 9.94.

[N3N]Ta(C2Hy) (8). Vinylmagnesium bromide (1.37 mL, 1.0 M in
tetrahydrofuran, 1.37 mmol) was added to35 °C solution of [NsN]-
TaCk (400 mg, 0.654 mmol) in 25 mL of diethyl ether. After 17 h,
the pale gold mixture was concentracted in vacuo and the residue was
extracted with 50 mL of pentane. The extract was filtered through
Celite, and the pale gold filtrate was taken to dryness in vacuo to yield
an off-white solid, which was recrystallized from pentane-&5 °C
to afford 298 mg (0.526 mmol, 80%) of colorless needles. X-ray quality
needle crystals were obtained by recrystallization of the product from
pentane at-35°C: *H NMR (CgDg) 6 12.22 (s, 2HCCH), 3.51 (t, 6,
CH;,), 2.42 (t, 6, CH), 0.20 (s, 27, SiMg; *C NMR (CsDs) 6 219.9
(dd, Wcn = 169, HCCH), 54.2 (t,'Jcn = 136, CH), 51.0 (t,%Jcy =
134, CH), 4.3 (q, YJcn 118, SiMe); IR (Nujol, background
subtracted) cm' 1725 (s,vc=c). Anal. Calcd for TaSN4Ci/Haz: C,
36.03; H, 7.29; N, 9.89. Found: C, 35.97; H, 7.19; N, 10.01.

[N3N]Ta(CeH4) (9). (a) From [N3N]TaCl,. A mixture of [NsN]-
TaCk (257 mg, 0.420 mmol) and phenyllithium (81 mg, 92 mol %
solid, 0.882 mmol) in 10 mL of toluene was heated-&0 °C for 24
h. The reaction mixture was taken to dryness in vacuo, and the residue
was extracted with 10 mL of pentane. The extract was filtered through
Celite, and the solvents were removed in vacuo from the yellow-orange
filtrate to give a solid. Recrystallization of this solid from pentane at
—35 °C provided 166 mg (0.269 mmol, 64%) of white crystaksi
NMR (CsDe) 6 8.45 (m, 2, Ph), 7.52 (m, 2, Ph), 3.59 (t, 6, §H2.49

spectroscopy. The crude reaction product was recrystallized to provide(, 6, CH,), 0.06 (s, 27, SiMg; 3C NMR (CsDg) 6 215.1 (d,2Jcn =
3hfree of the decomposition product. Orange crystals of the alkylidene ¢ CyH,), 136.5 (d,XJcy = 158, GHa), 132.6 (d,%Jcn = 156, GHay,

were collected to afford 393 mg (0.629 mmol, 77%) of produi:
NMR (CsDg) 6 3.71 (d, 2, TaCHE,.CMe3), 3.34 (t, 6, CH), 2.13 (t,
6, CHy), 1.21 (s, 9, Mes), 0.75 (t, 1, TEHCH,CMes), 0.41 (s, 27,
NSiMes); 13C NMR (CsDe) 0 200.6 (d,2Jcy = 75, TECHCH,CMes),
58.6 (t,%Jcn = 124, TaCHCH.CMes), 57.5 (t,%Jcn = 135, CH), 49.3
(t, 3Jcn = 135, CH), 34.3 (s,CMe3), 30.5 (q,%Jcn = 124, QVie3), 3.9
(9, YJcn = 118, NSiMe). Anal. Calcd for TaSN4Cy:Hs1: C, 40.37,
H, 8.23; N, 8.97. Found: C, 40.43; H, 8.25; N, 8.62.
[NsN]Ta(CzH4) (4). Ethylmagnesium chloride (1.17 mL, 2.2 M in
diethyl ether, 2.58 mmol) was added via syringe t02b °C solution
of [N3N]TaCl; (750 mg, 1.23 mmol) in 30 mL of diethyl ether. After

55.7 (t, 1\]CH = 136, Cl‘k), 51.2 (t,lJCH = 136, Cl‘k), 3.2 (q,lJCH =
118, SiMe). Anal. Calcd for TaSN4CoiHss: C, 40.89; H, 7.03; N,
9.08. Found: C, 40.89; H, 7.02; N, 8.84.

[NsN]Ta(Ph)Cl can be observed as an intermediate in the reaction
to form 9. It can be generated by treatifgin toluene or benzene
with a stoichiometric amount of ethereal hydrochloric acith NMR
(CeDg) 0 7.37 (t, 3, Ph), 7.15 (m, 2, Ph), 3.68 (t, 6, §H2.32 (t, 6,
CHy), 0.21 (s, 27, SiMg.

(b) From [N3N]Ta(Me)Cl. Phenylmagnesium bromide (204.,
3.5 M in tetrahydrofuran, 0.731 mmol) was added to a solution ¢{[N
Ta(Me)CI (393 mg, 0.665 mmol) in 10 mL of toluene. The mixture

1 h, the mixture was taken to dryness in vacuo and the residue waswas heated at 55C for 2 days. The cloudy yellow-orange solution

extracted with 60 mL of pentane. The extract was filtered through
Celite, the solvents were removed from the red filtrate in vacuo, and
the red solid was recrystallized from pentane-&5 °C to provide
673 mg (1.18 mmol, 96%) of magenta crystaléi NMR (CsD¢) 0
3.38 (t, 6, CH), 2.29 (t, 6, CH), 2.15 (s, 4H.C=CH,), 0.20 (s, 27,
SiMes); 13C NMR (CsDg) 6 62.6 (t,2Jcn = 144, HC=CH,), 59.7 (t,

Jen = 135, CH), 49.7 (t,"Jch = 135, CH), 3.2 (9,%Jcn = 118, SiMe).

was subsequently concentrated in vacuo, and the residue was extracted

with 20 mL of diethyl ether. The orange extract was filtered through

Celite, and the filtrate was concentrated in vacuo to yield a light orange

solid, which was recrystallized from pentane-ad5 °C to produce

316 mg (0.512 mmol, 77%) of product as white crystals.
[N3N]Ta(Me)Ph (10) can be observed as an intermediate in this

reaction. If the reaction is conducted at room temperature-®ih,



3654 J. Am. Chem. Soc., Vol. 118, No. 15, 1996

mixtures containing~80% 10 can be obtainedH NMR (C¢Dg) 0
8.11 (dd, 2, Ph), 7.44 (t, 2, Ph), 7.24 (t, 1, Ph), 3.43 (t, 6)CRL24
(t, 6, CHy), 1.81 (s, 3, Ch), 0.11 (s, 27, SiMg.

Kinetics of Decomposition of [NsN]Ta(CH3)(CeHs). Decomposi-
tion reactions were followed by NMR (see earlier description). The
individual values for runs at a given temperature (K) d&re (10° s7%)

Freundlich et al.

was then added via syringe, and the tube was sealed. After 24 h at
~25 °C, the mixture was found byH NMR to contain a 62% yield of
[NsN]Ta=NPh (vs ferrocene internal standard).

(f) With 2,6-Lutidinium Triflate To Give [N 3N]Ta(Et)OTf. 2,6-
Lutidinium triflate (226 mg, 0.879 mmol) was added to-&85 °C
solution of [NsN]Ta(C:Hs) (500 mg, 0.879 mmol) in 20 mL of

304 (9.58, 9.84), 315 (36.8, 36.8), 325 (110, 119), 335 (250, 337), 347 dichloromethane. The red solution immediately turned orange. After

(858, 937). The resulting activation parameters A = 21.3(5)
kcal/mol andAS* = —11 (1) cal/(mol K).

The rate of decomposition of fNIJTa(CHs)(CsHs) was found to be
1.4 times faster than that of fN]Ta(CDs)(CeHs) for a secondary
isotope effect (per D) of1.4(2} % or 1.1(1), while comparison of the
rates of decomposition of [N]Ta(CHs)(CsHs) and [NsN]Ta(CHs)-
(CeDs) yielded a primary isotope effect of 3.6(6).

8 h the solvents were removed in vacuo, and the resulting solid was
extracted with 40 mL of diethyl ether. The extract was filtered through
Celite, and the filtrate was taken to dryness in vacuo to yield a yellow
solid. Recrystallization of the yellow solid from diethyl ether-a85

°C gave 578 mg (0.804 mmol, 91%) of yellow crystalline produét:
NMR (CgsDg) 6 3.62 (t, 6, CH), 2.26 (t, 6, CH), 2.11 (t, 3, CH), 1.78

(g, 2, CH), 0.30 (s, 27, SiMg; 3C NMR (CgDg) 6 80.0 (t, Jcn =

In order to calculate the uncertainties in the reported rate constants, 112, CH,CHj), 60.8 (t,'Jcn = 137, CH), 54.1 (t,%Jcy = 137, CH),
kinetic isotope effects, and activation parameters, methods similar to 17.5 (q,"Jcn = 126, CHCHj3), 2.0 (q,%Jcy = 119, SiMe). Anal. Calcd

those described in a recent paper by Xuwere employed. A

for TaSEN4OsSFCigHas: C, 30.08; H, 6.17; N, 7.79. Found: C, 29.77;

systematic uncertainty of 5% was averaged with the calculated randomH, 6.50; N, 7.75.

uncertainty in root-mean-square fashion to determine the total uncer-

tainty in k. This value was utilized in error propagation formulas
derived by Girolami and co-workéfsto calculate the uncertainties in
AH* and AS',

Reactions of [N\N]Ta(C2H4). (a) With PPhH; To Give [N3N]-
Ta=CHCH3 (3d). Phenylphosphine (1L, 0.158 mmol) was added
via syringe to a solution of [BN]Ta(CH4) (300 mg, 0.527 mmol) in
2 mL of diethyl ether. After 24 h, the gold solution was filtered through
Celite and the gold filtrate was concentrated in vacuo to yield an oily
yellow solid. The oily solid was recrystallized from pentane-&5
°C to afford 264 mg (0.464 mmol, 88%) of product as yellow crystals:
H NMR (CgDg) 0 3.42 (t, 6, CH), 2.84 (d, 3, CH), 2.16 (t, 6, CH),
0.44 (s, 27, SiMg, —0.41 (g, 1, GICHs); *3C NMR (CsDg) 0 191.2
(d, e = 69, CHCH), 53.9 (t, CH), 50.1 (t, CH), 30.5 (dg,"Jcn =
126, CH), 4.1 (g, SiMg). Anal. Calcd for TaSN4Ci7H4s: C, 35.90;

H, 7.62; N, 9.85. Found: C, 36.08; H, 7.75; N, 9.73.

(b) With AsSiMe3H; to give [NsN]Ta=AsSiMes: *H NMR (C¢Ds)

0 3.52 (t, 6, CH), 2.05 (t, 6, CH), 0.65 (s, 27, NSiMg), 0.63 (s, 9,
AsSiMe); 13C NMR (CsDg) 6 53.6 (t,'Jch = 136, CH), 51.3 (t,"Jcn
= 136, CH), 6.4 (q, *Jch = 118, NSiMe), 6.3 (g, {Jcy = 118,
AsSiMe;).

Addition of pivaldehyde to [MN]Ta=AsTMS at—35°C yields Me-
SiAs=C(H)CMe;: H NMR (CsDg) 6 11.46 (s, 1, EICMe3), 1.20 (s,

9, CHQMe;), 0.29 (s, 9, AsSiMg.

(c) With Ammonia To Give [N3N]Ta=NH. A 100 mL glass bomb
fitted with a Teflon stopcock was charged with a solution ofNIN
Ta(GHa) (42 mg, 0.0738 mmol) in 5 mL of diethyl ether. The mixture
was subjected to three freeze{96 °C)—pump-thaw cycles. Am-
monia (0.148 mmol) was condensed into the bomb- 896 °C. The
reaction mixture was allowed to warm to room temperature and stirred
for 19 h. The resulting light orange solution was filtered through Celite
and concentrated in vacuo to afford a light yellow solid. The reaction
product was determined Y4 NMR spectroscopy with a (MSi),O
internal standard to contain a 78% vyield of;fl§Ta=NH.

(d) With Pentafluoroaniline To Give [N3N]Ta=NC¢Fs (2d).
Pentafluoroaniline (66 mg, 0.362 mmol) was added +e8& °C solution
of [N3N]Ta(CH4) (206 mg, 0.362 mmol) in 5 mL of diethyl ether.
Over a period of 3 days the red solution turned light yellow. The

(g) With Phenylacetylene To Give [NN]Ta(CH,CH3)(C=CPh).
Phenylacetylene (24.8L, 0.211 mmol) was added via syringe to a
solution of [NsN]JTa(C:H,) (100 mg, 0.176 mmol) in 4 mL of diethyl
ether. After 45 h, the gold solution was filtered through Celite and
the filtrate was stripped to yield a yellow oily solid. Recrystallization
of the solid from pentane at35 °C afforded 103 mg (0.153 mmol,
87%) of yellow crystalline product!H NMR (CD,Cl,) 6 7.38 (m, 2,
Ph), 7.27 (m, 2, Ph), 7.20 (m, 1, Ph), 3.86 (t, 6,42.95 (t, 6, CH),
1.85 (q, 2, G1.CHs), 1.66 (t, 3, CHCH3), 0.24 (s, 27, SiMg; °C
NMR (CD,Cl;) 6 172.0 (s,CCPh), 132.1 (s, Ph), 129.4 (m, Ph), 128.5
(m, Ph), 128.1 (s, CPh), 126.1 (m, Ph), 79.5 (tlcu = 124, CH-
CH3), 59.1 (t,lJCH = 136, Cl‘b), 52.0 (t,lJCH = 136, Cl‘b), 16.1 (q,
Jen = 122, CHCH3), 3.0 (g,%Jcn = 118, SiMe); IR (diethyl ether
solution, KBr cells, background subtracted) ¢m963 (syc=c). Anal.
Calcd for TaSIN4CosHag: C, 44.76; H, 7.36; N, 8.35. Found: C, 44.26;
H, 7.26; N, 8.35.

(h) With Pyridine N-Oxide To Give [N3N]Ta=O. Pyridine
N-oxide (12 mg, 0.127 mmol) was added to a solution of{NNa-
(CzH4) (36 mg, 0.0633 mmol) in 3 mL of tetrahydrofuran. After 2
days, the gold reaction mixture was stripped, to afford a light yellow
solid, which by"H NMR spectroscopy with a (M8&i).0 internal standard
was determined to contain a 90% yield of;fyTa=0. The!H and
3C NMR spectra for [NN]Ta=O have been reported previously.

(i) With (Trimethylsilyl)diazomethane To Give [N sN]Ta=NN=
CHSiMes. (Trimethylsilyl)diazomethane (500L, 2.0 M in hexanes,
1.00 mmol) was added via syringe to-85 °C solution of [NsN]Ta-
(CoH4) (400 mg, 0.703 mmol) in 5 mL of pentane. The red solution
immediately turned bright yellow and was stirred for 45 min. The
yellow solution was filtered through Celite, and the filtrate was
concentrated in vacuo to provide a yellow solid, which was recrystal-
lized from pentane at35°C. Yellow crystals were collected to afford
422 mg (0.644 mmol, 91%) of productH NMR (C¢De) 6 8.39 (s, 1,
CHSiMes), 3.44 (t, 6, CH), 2.27 (t, 6, CH), 0.43 (s, 27, NSiMg,
0.32 (s, 9, CHSiIMg; 3C NMR (CsD¢) & 166.1 (d, Jcy = 138,
CHSiMe;), 54.2 (t,%3Jcn = 135, CH), 49.7 (t,%Jcw = 135, CH), 3.5
(g, YJcn = 118, NSiMe), —1.8 (9, Jcr = 120, CHSIiMg). Anal. Calcd
for TaSkNgCigHag: C, 34.84; H, 7.54; N, 12.83. Found: C, 34.99; H,
7.48; N, 12.86.

solvents were removed in vacuo, and the resulting solid was extracted  (j) with Trimethylsilyl Azide To Give [N sNJTa=NSiMes. [N3sN]-

with 5 mL of pentane. The extract was filtered through Celite, and
the solvents were removed from the filtrate to provide a light yellow
solid. The solid was recrystallized from pentane-&5 °C to afford
191 mg (0.264 mmol, 73%) of productH NMR (CsDs) 6 3.36 (t, 6,
CHy), 2.25 (t, 6, CH), 0.22 (s, 27, SiMg); °C NMR (CsDe) 6 56.9 (t,
Jen = 136, CH), 49.3 (t,"Jcn = 136, CH), 2.3 (9,%Jcn = 119, SiMe);
19F NMR (CeDe) 0 —146.6 (d,sJFF = 24, Qng), —165.2 (dt,s.]p:p: = 24,
CGFS), —168.2 (dt,BJFF = 23, QFs) Anal. Calcd for TaSFsNsCoi-
Hso: C, 34.95; H, 5.45; N, 9.70. Found: C, 35.15; H, 5.62; N, 9.64.
(e) With Aniline To Give [N sN]JTa=NPh. [N3N]Ta(CH.) (15 mg,
0.0264 mmol) and ferrocene (5 mg, 0.0269 mmol) were dissolved in
~1 mL of toluenedg in an NMR tube. Aniline (2.4L, 0.0264 mmol)

(58) Li, L.; Hung, M.; Xue, Z.J. Am. Chem. S0d.995 117, 12746.
(59) Morse, P. M.; Spencer, M. D.; Wilson, S. R.; Girolami, G. S.
Organometallics1994 13, 1646.

Ta(GH,4) (30 mg, 0.0527 mmol) and ferrocene (10 mg, 0.0580 mmol)
were dissolved inv1 mL of tolueneds in an NMR tube. Trimethylsilyl
azide (8.QuL, 0.0580 mmol) was then added via syringe, and the tube
was sealed. After 3 weeks at25 °C, the mixture was found biH
NMR to contain a>99% yield of [NsN]Ta=NSiMe; (vs ferrocene
internal standard)*H NMR (CsDg) 0 3.26 (t, 6, CH), 2.17 (t, 6, CH),
0.45 (s, 9=NSiMey), 0.34 (s, 27, NSiMg); 3C{*H} NMR (CsD¢) 0
58.7 (CH), 48.6 (CH), 5.7 ENSiMe;), 2.8 (NSiMe).

(k) With Acetylene To Give [N3N]Ta(CHCHCH ,CHy) (11). A
100 mL glass bomb fitted with a Teflon stopcock was charged with a
solution of [NsN]Ta(C:H,) (381 mg, 0.670 mmol) in 10 mL of diethyl
ether. The mixture was subjected to three freed®6 °C)—pump—
thaw cycles. Acetylene (1.61 mmol) was condensed into the bomb at
—196 °C. The reaction vessel was allowed to warm to room
temperature and was stirred for 19 h. The purple reaction mixture was
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filtered through Celite in order to remove the polyacetylene, and the
solvents were removed from the yellow-orange filtrate. The resulting
solid was recrystallized from pentane-a85 °C to give yellow crystals
(364 mg, 0.612 mmol, 91%)*H NMR (CsDs) 6 8.62 (dd,J = 9, 1.6,

1, TaCH), 8.12 (ddJ =9, 2, 1, TaCH®®), 3.64 (m, 2, TaCHCHC),
3.35(t, 6, CH), 2.17 (t, 6, CHl), 2.14 (t, 2, TaCHCHCECH,), 0.25

(s, 27, SiMg); *3C NMR (CsDs) 6 208.4 (dt,\Jcr = 126, TaCH), 159.2

(d, Jcn = 145, TaCHCH), 80.3 (t,)Jcy = 116, TaCHCHCH), 60.0 (t,

1~]CH = 136, CHz), 50.1 (t, lJCH = 135, Cl‘k), 44.0 (t, lJCH = 124,
TaCHCHCHCH,), 2.5 (9, Jch = 118, SiMe). Anal. Calcd for Ta-
SisN4CioHss: C, 38.37; H, 7.62; N, 9.42. Found: C, 38.50; H, 7.60;
N, 9.35.

() With Dihydrogen To Give [N sN]Ta(H)(C2Hs). A 100 mL glass
bomb fitted with a Teflon stopcock was charged with a solution of
[NaN]Ta(CH.) (319 mg, 0.561 mmol) in 10 mL of diethyl ether. The
mixture was subjected to three freezd06 °C)—pump—thaw cycles,

and 0.5 atm of hydrogen gas was then added. The magenta color o

the solution bleached over a periofiloh toyield a colorless solution.
After 2 h, the solution was filtered through Celite and the filtrate was
concentrated in vacuo to provide a white solid containing small amounts
of red solid. Examination of the product mixture vid NMR revealed
that the white [NN]Ta(H)(Et) was contaminated with'5% [NsN]Ta-
(CoH4). Recrystallization of the mixture from diethyl ether-a85 °C
afforded [NsN]Ta(H)(Et) as a white crystalline solid; yield 298 mg
(0.522 mmol, 93%):*H NMR (CsDe) 6 24.77 (s, 1, TaH), 3.44 (t, 6,
CH,), 2.26 (t, 8, CH and (H,CHj), 1.50 (t, 3, CHCH3), 0.25 (s, 27,
SiMe3); 3C NMR (CsDg) 6 62.4 (t,3Jcn = 124, T&LH,CHz), 56.3 (t,
Wen = 137, CH), 51.1 (t, ey = 134, CH), 11.2 (g, Jcn = 123,
TaCH,CHs), 2.3 (,}cn = 119, SiMe); IR (Nujol) c™ 1816 (Sv1an)-
Under a dynamic vacuum BNIJTa(Et)H loses hydrogen gas slowly in
solution at 25°C to regenerate [MWN]Ta(CH4) quantitatively.

A 0.40 M tolueneds solution of [NsN]Ta(Et)H in a sealed NMR
tube decomposed upon heating in an oil bath at ®@or 5 h. The
IH NMR was consistent with formation of EtTa[N(GEH;NSiMe;),-
(CH.CH;N)] and M&SiH [6 4.12 (m, 1, MgSiH), 0.02 (d,3Jun = 4,
9, Me;SiH)], contaminated by a small amount§%) of EtTa-
[N(SiMe3)(CH=CH,)][N(CH2CH;NSiMe3).] resulting from dihydrogen
loss to give [NN]Ta(CH,4) followed by decomposition of [BN]Ta-
(C:Ha). The light yellow reaction mixture was concentrated in vacuo
to provide a yellow oil. Recrystallization of the yellow oil from diethyl
ether at —35 °C afforded EtTa[N(SiMg(CH=CH,)][N(CHCH.-
NSiMe;);] as yellow crystals. The mother liquor was concentrated in
vacuo to afford “EtTa[N(CHCH,NSiMe;)(CH.CH;N)]" as a colorless
oil: 'H NMR (CgD¢) 6 4.40 (br m, 2, CH)), 3.74 (br m, 2, CH), 3.58
(br m, 2, CH), 3.37 (br m, 2, CH), 2.58 (br s, 4, Ch), 2.07 (t, 3,
CH,CHj3), 1.08 (g, 2, ®.,CHj), 0.46 (s, 18, NSiMg); *C NMR (CsDe)
0 54.6 (t,cn = 141,=NCH,), 52.6 (t,Jcn = 134, CH), 51.7 (1,
e = 135, CH), 49.5 (t,%Jcn = 135, CH), 46.2 (t,*Jcn = 115,CHo-
CH3), 18.3 (q,lJCH = 124, CHCHg), 3.4 (q,lJCH = 115, SIMQ)
“EtTa[N(CH.CH.NSiMe;)(CH.CH:N)]" could not be induced to
crystallize.

Kinetics of Decomposition of [NsN]Ta(CzH4). Decomposition
reactions were followed by UV/vis spectroscopy. In UV/vis runs a

f.
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Hellma 221-QS quartz cell (path length 10 mm) sealed to a gas
adapter fitted with a Teflon stopcock was charged with 2 mL of a stock
solution of [NsN]Ta(CH,) (4) via syringe. The cell was placed in the
HP 8452 diode array spectrophotometer, and the temperature was then
set utilizing a HP 89090A Peltier temperature control accessory. Upon
reaching the desired temperature, the reaction was monitored by
observing the decrease in the absorbance of the solution at 494 nm at
fixed time intervals via an interface to a HP 9000 Series 300 computer.
The reaction temperature was maintained to withih2 °C of the set
point. Decomposition of a toluene solutiondf[4] = 0.0059, 0.0089,
0.010, 0.012 M) was shown to be first order in tantalum wkith
1.37(1)x 104stat 70°C. At 70°Ckp = 1.53(2) x 10 s71, for
a ku/kp of 0.89(2). The fractional uncertainty in the measured rate
constants was assumed to be 1% on the basis of inspection of the
sensitivity of the fits to the absorbance versus time plots.
Reactions of [Ns\N]JTa(CsHa). () With Aniline To Give [N 3N]-
Ta=NPh. An NMR tube was charged with a solution of {N|Ta-
(CsH4) (20 mg, 0.0324 mmol) and ferrocene (3 mg, 0.0161 mmol) in
~1 mL of tolueneds. Aniline (2.9uL, 0.0324 mmol) was then added
via syringe, and the tube was sealed and placed in an oil bath°& 90
for 4 days. The reaction mixture was determined ¥ NMR
spectroscopy with a ferrocene internal standard to contai@3% yield
of [NsN]Ta=NPh.

(b) With Pentafluoroaniline To Give [N3N]Ta=NCgFs. An NMR
tube was charged with a solution of JNJTa(CsH,4) (10 mg, 0.0162
mmol), pentafluoroaniline (3 mg, 0.0162 mmol), and ferrocene (2 mg,
0.0122 mmol) in~1 mL of tolueneds. The tube was then sealed and
placed in an oil bath at 119C for 7 days. The reaction mixture was
shown by*H NMR spectroscopy with a ferrocene internal standard to
contain a 98% vyield of [AN]Ta=NCsFs.

Acknowledgment. R.R.S. thanks the National Science
Foundation for research support (CHE 91 22827). J.S.F. thanks
Professor Christopher C. Cummins, Dr. Harold H. Fox, Profes-
sor Klaus H. Theopold, and Professor Peter T. Wolczanski for
helpful discussions.

Supporting Information Available: A detailed description
of X-ray data collection, structure solution, and refinement,
labeled ORTEP diagrams, and tables of fractional coordinates,
isotropic and anisotropic thermal parameters, intramolecular
distances, intramolecular angles, and torsional angles #]fN
Ta(Me)Et and [NN]Ta(C:H2) (26 pages). This material is
contained in many libraries on microfiche, immediately follows
this article in the microfilm edition of this journal, can be ordered
from the ACS, and can be downloaded from the Internet; see
any current masthead page for ordering information and Internet
access instructions.

JA953826N



