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Tantalum hydrides are known to mediate a number of interesting
catalytic transformations including olefin polymerizatibalkane
hydrogenolysig, and arene hydrogenatidrin these processes, a
somewhat limited range of ancillary ligands have been employed
in tuning the chemical properties of the tantalum complexalk.
though considerable recent research has focused on development
of the tantalum chemistry of imido ligan8snly a few imido-hy-
dride complexes have been reporfe®iThe few such species that
are known exhibit high reactivities and have been found to mediate
interesting G-H and Si-H bond activation$.In the exploration
of imido-tantalum complexes in potentially useful transformations
involving hydride transfers, we have employed sterically demanding
aryl-imido ligands in attempts to stabilize monomeric, highly reac-
tive tantalum hydrides. In this communication, we report use of
the [2,6-MesCeH3N=]2" ([Ar*N =]?~, Mes= 2,4,6-MegCsH>) lig-
and in generation of the tantalum hydride [(ArN(Ar*NH)Ta- >

(H)OTH] (4, OTf = OSOCK), which rapidly rearranges to ays- Figure 1. ORTEP diagram of (ArN2)[2-(75-2,4,6-MeCeHz)-6-MesGHaNH]-
cyclohexadienyl tantalum imido complex (Ars8[2-(17°-2,4,6-Me- Ta(OTf) (3).

CeH3)-6-MesGH3NH]Ta(OTf) (3). The latter species exists in equi-
librium with 4, such that it behaves as a “masked hydride” in its
reaction chemistry. This reaction is therefore relevant to the mech- fr f\r

ani_sm of Rothwgll’s tantalum-catalyzc_ed_ arene hydrogenaﬁ'bns, H=N LoTt + Hy (D) H-N oTf
which appear to involve an analogous, initial migration of hydrogen Ta' ST

CH
from tantalum to an arene rirfg. N e “ CH‘;D) N’ \H o)
The imido-amido complex (Ar*&=)(Ar*NH)TaMe, (1) was A’ Ar/

prepared in 71% yield by the treatment of TaJ@& with 2 equiv 2 4 (4-d)

n-hexane

of LINHAr* (prepared via modification of a literature procedifje L

Scheme 1

Attempts to convert to a hydride complex by the reaction with H;

H, (e.g., at 1 atm in benzerdg) resulted in complex reaction mix-

tures containing the free amine Ar*NHWe therefore attempted 1-hexene H
to obtain a tantalum complex with a more reactive-€Me bond, !

by conversion ofl to the triflate derivative (Ar*N=)(Ar*NH)Ta- H-N o OTf
(Me)OTf (2) via reaction with 1 equiv of AgOT#12 Heating a PN Ta N
bromobenzene solution of compléto 95°C over 2 d in thepre- /N/ N d EMes,Né by es

sence of H (1 atm) provided a red-orange crystalline soBjhich Ar orf
was purified by recrystallization from toluene-a85 °C (Scheme
1). TheH NMR spectrum of3 contains two coupled doublets at
3.53 and 4.54 ppmJ(= 16 Hz), consistent with the presence of a the bond lengths from Ta(1) to C(2E(6) range from 2.349(6) to
methylene group with diastereotopic protons. However, this spec- 2.830(6) A. The internal angles of the cyclohexadieny! ligand
trum appears to be devoid of a resonance attributable to a Ta hydridginvolving C(2)—C(6) range from 116.2(6) to 121.0{(6uggesting

3 (3-d)

ligand?13 sp? hybridization, whereas the C(61C(1)—C(2) angle (109.6(6)
The identity of3 was established by X-ray crystallography, which is consistent with sphybridization. o
revealed a structure containing giacyclohexadienyl ligand (Figure Complex3 presumably forms via the tantalum hydride interme-

1). This complex contains a normal imido ligand, as indicated by diate [(Ar*N=)(Ar*NH)Ta(H)OTf] species 4, Scheme 1), and

the Ta(1)-N(2)—C(25) bond angle of 175.6(5nd the Ta=N bond evidence for the existence of this species was obtained by trapping
length of 1.788(5) A The amido ligand ir8 is metalated via the ~ €xperiments. When a bromobenzefesolution of2 was treated
transfer of a hydrogen atom to one mesityl group, to give rise to With Hz in the presence of 1-hexene (1 equiv), methane was pro-
anzs-cyclohexadienyl ligand. The reduced mesityl ring is puckered duced along with quantitative amounts ehexane and complex

at C(1), such that the Ta(t)C(1) distance is 3.141(7) A, while 3. This observation suggests thateacted with 1-hexene to give

*To whom correspondence should be addressed. E-mail: tdtilley@socrates. a hexy! triflate complex), which then reacted W'th, o g{ve
berkeley.edu. n-hexane and compleX(Scheme 1). In fact, the reaction ®fvith
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H, (1 atm) in the presence of 10 equiv of 1-hexene (in bromoben-
zene, 95°C, over 2 d) produced the-hexyl derivative (Ar*N=)-
(Ar*NH)Ta(Hex)OTf (5) as yellow crystals in 66% yield. The
diastereotopic TaCkhydrogens are clearly identified by two triplets
of doublets appearing at 0.58 and 1.00 ppm. T&NMR signal
for this methylene group occurs at 66.9 ppm, in approximately the
same region as those for the related carbon atonisaind 2.

Experimental data suggest that in solution, complekesnd 4
exist in equilibrium. Thus3 reacts with 1-hexene (1 equiv, in the
absence of b) in bromobenzenes at 95°C to form then-hexyl
derivative5 (Scheme 1). However, attempts to obset\® moni-
toring the reaction of complexwith H, (1 atm) by'H NMR spec-
troscopy in bromobenzergs-at 95 °C were unsuccessful; only
resonances due to complex2sand 3 were observed. Thuf is
highly favored in its equilibrium with4.

Further insight into the mechanism of formation3of/as gained
by a deuterium-labeling experiment. Treatmen2 @fith D, (1 atm)
in bromobenzene at 95C over 3 d provided3-d as red-orange
crystals from toluene (Scheme 1). TH& NMR spectrum of3-d
has no signal at+3.5 ppm (unlike3), but contains a broad singlet
at 4.52 ppm integrating to 1 H. TRel NMR spectrum, as expected,

The results described here provide further evidence that imido-
hydride complexes are accessible, potentially reactive species that
can give rise to novel chemistry. Compl&xwith an imido-amido
ligand set featuring the sterically demanding 2,6-Mxkl; aryl
group, represents an arene hydrogenation intermediate resulting
from the transfer of hydride from tantalum to one of the mesityl
rings. This complex reacts with small molecules via its more
reactive isome#, with which it is in equilibrium. Continuing studies
focus on the development of imido-hydrides that are highly reactive
in o-bond metathesis processes.
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contains a single, broad resonance at 3.48 ppm, consistent withReferences

deuterium incorporation into only one position of the molecule.
The 13C{1H} NMR spectrum contains a 1:1:1 triplet at 34.5 ppm
due to C-D coupling &Jcp = 20 Hz). No further deuterium incor-
poration was observed after heating a bromobenzgrsslution

of complex3-d with D, (1 atm) to 95°C for 3 d. Furthermore,
complex3-d was found to undergo H/D exchange to yi@ldipon
exposure to K (1 atm) in bromobenzends at 95°C (24 h). This

is believed to proceed via@bond metathesis pathway involving
the postulated intermediate(or 4-d).

To determine the fate of the hydrogen atom that is introduced
in the formation of3, the through-space couplings involving the
reduced mesityl ring ir8 were determined. AH ROESY NMR
experiment (mixing time= 1 s) was used to observe an ROE (ro-
tating frame Overhauser effect) between the singlet at 4.26 ppm
(Hwmes = H bonded to C(3), Figure 1) and the doublet at 4.54 ppm
(Hexo bonded to C(1), Figure 1). However, no ROE was observed
between hhesand Hngo(bonded to C(1), Figure 1). In the structure
of complex3, the puckered;5-cyclohexadienyl ring places Jds
closer to Hyothan Hingo(3.53 A vs 4.06 A). Therefore, the doublet
at 4.54 ppm is due to &, and the doublet at 3.53 ppm is due to
Hendo Furthermore, since the deuterium-labeling experiment incor-
porates deuterium into only one position of the molecule (theH
position), the hydride transfer proceeds ineardofashion.

Complex3 results from the insertion of an arene ring into aM
bond, to give a stablg®-cyclohexadienyl complex. Complexes of
this type have been postulated by Rothwell and co-workers as
intermediates in the intramolecular hydrogenation of aryl oxide
phenyl substituents to cyclohexyl groubks previous work aimed
at the characterization of potential arene hydrogenation intermedi-
ates, intramolecular transfers of two and four hydrides to aryl oxide
phenyl substituents were obsen/d.

The observed stoichiometric hydrogenation of 1-hexene @ith

suggested the use of this complex as a hydrogenation catalyst. Treat-

ment of bromobenzends solutions of 1-hexene (10 equiv) and
cyclohexene (5 equiv) with catalyst precur@and H at 95°C (7

and 12 d, respectively) gave high conversionsntbexane and
cyclohexane, respectively. This system was also found to effect
the catalytic reductive cyclization of 1,5-hexadiene (14 equiv) to
methylcyclopentane (9 d, quantitative conversion, 50% yi€ldhe
slow rates of these hydrogenations probably reflect the sterically
encumbered nature of the catalyst.
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