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Tetrahydroquinolinyl Amido and Indolinyl Amido Complexes of Tantalum as Models for
Substrate—Catalyst Adducts in Hydrodenitrogenation Catalysis
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The reactions of TaGlwith Me3SiNCgH1 or LINCgH10, Where [NGH1g]~ = tetrahydroquinolinyl (the amido
anion of tetrahydroquinoline), afford selective preparative routes to the complete series of amido halide complexes
of tantalum(V) Ta(NGH10)nCls—, for n = 1—5 (compound4.—5, respectively). The monokis(tetrahydroquinolinyl)
complex is isolated as an ether adduct TagN£)Cl4(OEL) while the complexes Ta(NgEl10)nCls—n (n = 2—5)

are found to be base-free, monomeric species. The related complexes of indoligig]N@he amido anion

of indoline), Ta(NGHsg),Cls—n(THF) forn = 1 (6) or 2 (7), have been prepared from TgCMesSiNCgHg, and

THF. An X-ray structural determination of Ta(NB10).Cls (2) reveals that it adopts a trigonal bipyramidal
geometry with equatorial amido ligands that are closer to lying parallel (within) than perpendicular to the TBP
equatorial plane. Routes to mixed-ligand aryloxidenide complexes have been developed from either aryloxide
or amido precursors but not from both. Thus, TagNg)(OAr)CIx(OEL) (8), where Ar= 2,6-GH3Pr, and
Ta(NGsHg)(OAr)CI3(OEbL) (9) are available from reacting Ta(OANQDEL) with MesSiNCyH;0 and MeSiNCgHs,
respectively, while Ta(NgH10)2(OAr),Cl (10) is available from Ta(NgH10):Cls (2) and excess LIOAOE®.

The alkyl derivatives Ta(N§H10)(OAr)Me,Cl (11), Ta(NGH10)(OANELCI (12), Ta(NGH10)2(OAr).Me (13),

and Ta(NGH;gMe,Cl; (14) are prepared from AlRor ZnR, reagents and the appropriate precursor. Thermolyzing
compounds4, 5, and 11—14 in solution afforded no evidence for the formation of agd(N,C)-heterocyclic
complexes arising from metalation of a Bl ligand.

Introduction Scheme 1

The catalytic removal of nitrogen from petroleum is necessary N a b c
to reduce NQemissions upon combustion of its fuel products m E:(Nj ©\/N:2 ©/\/+ NH 3
and to reduce organonitrogen compounds, which can poison ; H
re-forming and hydrocracking catalysts used in petroleum E

s ) . : d
refining1~® Under standard hydrodenitrogenation (HDN) con- | f/,O/\\%: NH3
ditions (306-450°C, up to 200 atm of B), N-heterocycles are ! C(\/ .
readily hydrogenated, although they are slow to underg®C ) - L. —
bond hydrogenolysis reactiofisi® A generalized HDN reaction N N o NHp O/VJ' NH3
scheme for the model substrates quinoline and indole is H H
presented in Scheme®1112 The most efficient and selective O/\LNH
method of quinoline HDN involves the-a& b — ¢ pathway in 2

which the carbocyclic ring is not hydrogenated, however most \ 2 b <
of the quinoline follows the a> d — e — f pathway (perhaps ©\/l\? m ©§H2 ©A
H

| + NH3
involving f') where the carbocycle is also hydrogendabetore i+ H
C—N bonds are cleaved. In either case, the most facile step is d O/\+ NH 3
! f! g
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Figure 1. Binding modes and metalated forms of piperidine, tetrahy-
droquinoline, and indoline.

indole substrate¥,18-23 complexes of their hydrogenated
derivatives tetrahydroquinoline or indoline are scafc¥:%%In
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Results

Preparation and Properties of Tetrahydroquinolinyl Com-
plexes of Tantalum(V). By the reaction of TaGlwith 1 equiv
of MesSINGgH1o in CeH/ELO, intense burgundy-colored,
almost black crystalline rods of compoutdaan be isolated in

this report, we describe the preparation and properties of nearly quantitative yield, Scheme 2. Analytical and spectro-

tantalum aryloxide complexes containing #midoligands of
tetrahydroquinoline and indoline, namely tetrahydroquinolinyl
(INCgH1q]~, the anion of tetrahydroquinoline) and indolinyl
(INCgHg]~, the anion of indoline), Figure 1. (The amide of
indoline, indolinyl [NGHg]~, is not to be confused with the
amide of indole, the [NgHg] ~ ligand.) These compounds were

scopic data are consistent with the formulationlofis the
monokis(amido) complex Ta(NE10)Cl4(OEL). On the basis
of the structures observed or proposed for Ta[OSiR®1e)s]-
Cly(OEb),3! Ta(OAr)CL(OEL),%2 and M(NR,)Cl4(OEL) (M =
Nb, Ta)23 we formulate Ta(NGH10)Cl4(OEL) (1) as thetrans
isomer. ThéH and3C NMR data forl are entirely consistent

deemed worthy synthetic targets for two reasons. First, in an with the simpley(N) mode of amido bonding to the® thetal;

effort to closely model substrateatalyst complexes at the
active site in HDN, early transition metal compleX&sf these

e.g., the'H NMR resonances attributed to the H2 and H8 protons
of the NGHo ligand are shifted downfield with respect to those

partially hydrogenated ligands should be examined. Second,of the free tetrahydroquinoline ¢Ds, probe temperature). This

because the?(N,C) binding mode provides excellent reactivity
models for fundamental HDN reactions of pyri-
dines?’-3% we wanted to determine whethgt complexes of

shift appears to be a manifestation of these protons’ proximity
to the electrophilic @metal when the heterocycle is coordinated
in this fashiont® However, the!3C chemical shifts do not

tetrahydroquinoline, or of its amide, might serve as precursors consistently track the proton shifts, as demonstrated by the
to related;? species. We note that one mechanistic proposal HETCOR spectrum of (see Experimental Section).

for piperidine HDN includes an?(N,C)-piperidyl ligand, Figure
189 (Our terminology formetalatedorms of selected ligands
is also presented in Figure 1.)
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When Ta(NGH10)Cl4(OEL) (1) reacts with 1 equiv of Mg
SiNCgH1p in toluene, burgundy-colored, microcrystalline
Ta(NGH10)2Cls (2) is observed to precipitate in moderate yield,
Scheme 2. While samples of Ta(bli0).Cls (2) collected in
this fashion were found to be analytically pure, the dark red
filtrate obtained from isolating these microcrystals contains a
mixture of Ta(NGH10)Cl4(OEYL) (1), Ta(NGH10)2Cl3 (2), and
Ta(NGH10)3Cl2 (3) (vide infra). The last compound is obtained
in high yield from reacting TaGlwith excessMesSiNCgH1o
(toluene, 100 C), suggesting that the tris(amido) complex Ta-
(NCgH10)3Cl> (3) is a thermodynamic product that arises from
maximizing the total bond energies in the Ta@Wzo)nCls—n +
(5 — nN)MesSiNCgH19 + NMesSiCl mixtures. This feature is
confirmed by reacting Ta(NgEl10)s (vide infra) with 5 equiv
of MesSiCl, which affords the same mixture of Ta(bg)s-

Cl, (3), MesSIiCl, and MgSiNCgH1 as that obtained from Tagl
and 5 equiv of MgSiNCgH1p under identical conditions. These
observations demonstrate the kinetic accessibility of TgkNgs-

Cl, from either direction and suggest the series of facile
metathesis reactions shown in eq 1. This kinetic feature has
found considerable synthetic utility in early metal alkoxide and
amide chemistry?-39

(31) Bott, S. G.; Sullivan, A. CJ. Chem. Soc., Chem. Commu988
1577.

(32) Arney, D. J.; Wexler, P. A.; Wigley, D. EDrganometallics199Q 9,
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(33) Chao, Y.-W.; Polson, S.; Wigley, D. Polyhedron199Q 9, 2709.
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TaCl, + 5Me;SiNCH, ;= Scheme 3
Ta(NGH,oCl, + Me;SiCl + 4Me;SINCH, , = Q_X Q_X CZ_X Q_X
Ta(NGH,(),Cl; + 2Me,SiCl + 3Me;SINCH, , == 1 Tg_M a} o IgiM% al g
. . iMe3 ot o
Ta(NGH,()Cl, + 3Me;SiCl + 2Me;SINCH, , = TaCls ————— C"E"Cl _— CI’E‘CI
. . . CeHg / Et20 /
Ta(NGH,0),Cl + 4Me;SiCl + Me,SiNCH,, = O O CeHo O
Ta(NGH, s + 5Me;SIiCl (1) (6]
Both Ta(NGH10):Clz (2) and Ta(NGH10)zCl» (3) display Table 1. Crystallographic Data for Ta(Ngl10).Cls (2)2
equivalent NGH;o amido ligands in theifH and 13C NMR empirical CigHaoClsN,Ta  space monoclinic
spectra, suggesting either the static structures shown in Scheme formula group P2,/c (No. 14)
2, presumably with free rotation about AR, bonds, or fw 551.68 A T 20t£1°C
fluxional five-coordinate molecules. The solid state structure 2 15.409(1) A 0.71073 A
f Ta(NGH10),Cls (2) has been d ined to be that sh b 9.946(1) A Pealcd 1.96 g cr®
0 a(NG 10)2_ 3_( ) has been determined to be that shown . 12.310(1) A p 62.3 et
in Scheme 2yide infra. B 96.62(8} R 0.025
Since the reaction of any Ta(NBig)nCls—n (n = 0-—3) \% 1874.0(7) & R 0.034
z 4

complex with excess M&SiINCgH1 affords only Ta(NGH10)3-
Cly, further amidation of the metal center was attempted using 2R = S||Fo| — |Fe||/S|Fol; Ry = [SW(IFo| — [Fe)2/SW(Fo)3Y2

more nucleophilic reagents. When Ta(§z0)sCl, is reacted

with 1 equiv of LINGH:¢:2THF (in THF), orange crystals of  for this compound are also consistent with a simgig\) mode

the tetrakis(amido) complex Ta(NB1)4Cl (4) can be isolated ~ of amido bonding to the ©@metal. Further reaction of Ta-

in high yield, Scheme 2. Similarly, reacting Ta(bt;0)-Cls (NCgHg)Cl4g(THF) (6) with 1 equiv of MgSiNCgHs (in CgHe)

with 3 equiv of LINGH¢2THF (in GHe/THF) affords an ~ forms Ta(NGHs).Cly(THF) (7) as a brown powder. The
orange powder that analyzes as the pentakis(amido) complexinequivalent NGHg ligands observed in the NMR spectra of
Ta(NGH1g)s (5). Although samples of Ta(NgEl1g)s (5) isolated Ta(NGHs)-Cl3(THF) (7) support its formulation as thes-mer

in this manner are analytically pure, attempts to grow crystals isomer as shown in Scheme 3. The observation that Ta-
of this compound have failed. TH&l and3C NMR spectra ~ (NCgH10)2Clz (2) does not coordinate #D (vide suprg and

of 4 and5 reveal equivalent NgH1o ligands, implying fluxional appears to only loosely coordinate THF suggests that the
five-coordinate species. Compléxis also accessible from isolation of 7 may reflect the slight steric difference between
reacting Ta(NGH10)sCl, with 2 equiv of LINGH;¢-2THF. The coordinated NGH;o and NGHg amido ligands.

reaction of TaGg with 5 equiv of LINGH1¢:2THF also affords X-ray Structural Study of Ta(NC ¢H10).Cls. Red single
Ta(NGH1)s (5) in low yield, along with byproducts arising  crystals of Ta(NGH10)2Cls (2) suitable for an X-ray structural
from tantalum reduction; therefore, this direct synthesis is not determination were grown directly from the toluene reaction
the preferred route t&. Pentakis(amido) complexes of nio- solution at —35 °C. A summary of the crystal data and
biun?41 and tantalurfi42 have been reported from reacting structural analysis is given in Table 1, and relevant bond

MCIls with 5 LINRy, and the structures of Nb(NM)g,*® Nb- distances, bond angles, and torsional angles are provided in
(NCsH10)s5,*% and Ta(NEf)s* have been determined crystallo- Table 2. Figure 2 presents two views of Ta(i#z0)-Cls (2)
graphically. in which the complex can be seen to adopt a trigonal bipyramidal

Preparation and Properties of Indolinyl Complexes of geometry with equatorial N¢El;o amido ligands. The Cllia—
Tantalum(V). Indolinyl analogues of the tetrahydroquinolinyl  Ta—Cl3aa linkage is almost linear (170.27¢7) while the
complexes are also accessible from metathetical reactions using-axia— Ta—Lequatoriaiangles that span a narrow range of 84.92-
the appropriate (trimethylsilyl)amine. Thus, reacting Tadith (7)-93.6(2) (averaging 90.3 are clearly indicative of a
1 equiv of MgSiNCgHs (in CeHe/Et,0) affords a dark purple,  trigonal bipyramid.
insoluble solid presumed to be either [Ta@Hg)Cly], or Ta- The NGHjpamido ligands are closer to lying parallel (within)
(NCgHg)Cl4*OEL. (We note that moderately soluble [Ta(OAr)- than perpendicular to the equatorial plane of the trigonal
Cly]> readily forms adducts with THF or .39 Upon bipyramid. However, significant tilting of the N0 rings
dissolution of this solid in THF, a soluble monokis(amido) toward a propeller arrangement is apparent, as the phenyl rings
complex can be isolated in high yield as the dark purple adduct of both amido ligands are 35.9(3) and 21.8@)t-of-plane with
Ta(NGgHg)Cly(THF) (6), Scheme 3. ThéH and3C NMR data the best equatorial Tal8l plane for the N11 amide and the
N21 amide, respectively. The saturated ring of the N23H\G
(34) Handy, L. B.; Sharp, K. G.; Brinckman, F. Frorg. Chem1977, 11, ligand, however, is twisted more out-of-plane than that of the

523. N11 ligand, as judged from the torsional angles about the ClI

(35) Akiyama, M.; Chisholm, M. H.; Cotton, F. A.; Extine, M. W.; Murillo, N - ;
C. A. Inorg. Chem.1977 16, 2407, Ta—N-—C bonds, Table 2. Although Nfy—Ta(dr) bonding

(36) Bradley, D. C.; Mehrotra, R. C.; Gaur, D. Rletal Alkoxides from both amido ligands is possible if they are either parallel
Academic Press: London, 1978. or perpendicular to the TBP equatorial plane, a steric preference
@37) f8h5i3holm, M. H.; Huffman, J. C.; Tan, L.-810rg. Chem1981, 20, for parallel amido ligands (within the plane) seems more likely,
(38) Gibson, V. C.. Kee, T. P.; Shaw, Rolyhedron1988 7, 2217. since a nearly perpendicular orientation of these ligands would
(39) Gibson, V. C.; Kee, T. Rl. Chem. Soc., Chem. Comma889 656. eclipse the NGH1o H8 and H2 protons with the axial chloride
(40) Bradley, D. C.; Thomas, MCan. J. Chem1962 40, 449. ligands. However, steric restriction imposed by the neighboring

(41) Bradley, D. C.; Gitlitz, M. HJ. Chem. Soc. A969 980.

(42) Bradley, D. C.. Thomas, Moan. J. Chem1962 40, 1355. NCgH1p ligand does not allow both amides to lie completely
(43) Heath, C.; Hursthouse, M. B. Chem. Soc., Chem. Commads71, within the equatorial plane, thereby accounting for the observed
143. twisting.

(44) Heath, C. E.; Hursthouse, M. B. Unpublished results. As referenced i isting i i ysan —Ta—
in: Chisholm, M. H.; Rothwell, I. P. Il€omprehensie Coordination ngand twisting Is accompamed b allerN—Ta—N angle

Chemistry Wilkinson, G., Gillard, R. D., McCleverty, J. A., Eds.;  than one mi.ght expect: the N¥Ta—N21 angle of 116.8(2)
Pergamon Press: Oxford, U.K., 1987; Vol. 2, pp $aB8. contrasts with the CR2Ta—N angles of 121.4(1) and 121.8-
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Table 2. Selected Bond Distances (&), Bond Angles (deg), and
Torsional Angles (deg) in Ta(NgEl10).Cls (2)?

Bond Distances

Ta—CI1 2.381(2) C17#C18 1.37(1)
Ta—CI2 2.340(2) C18-C19 1.392(8)
Ta—CI3 2.383(2) N2+C21 1.498(8)
Ta—N11 1.932(5) N2+C29 1.429(8)
Ta—N21 1.932(5) C21C22 1.51(1)
N11-C11 1.493(7) c22cC23 1.51(1)
N11-C19 1.412(8) C23C24 1.49(2)
Cl1-C12 1.502(9) C24C29 1.399(8)
C12-C13 1.52(1) C24C25 1.39(1)
C13-C14 1.498(9) C25C26 1.39(1)
C14-C19 1.409(9) C26C27 1.36(1)
C14-C15 1.391(9) Cc27C28 1.369(9)
C15-C16 1.38(1) C28C29 1.395(9)
C16-C17 1.37(1)
Bond Angles
Cl1—-Ta—CI2 84.92(7) CI3-Ta—N21 92.7(2)
Cl1-Ta—CI3 170.27(7) N1+Ta—N21 116.8(2)
Cl1-Ta—N11 92.9(2) TaN11-C11 110.0(4)
Cl1-Ta—N21 90.8(2) TaN11-C19 135.3(4)
Cl2—-Ta—CI3 85.51(7) C1+N11-C19 114.5(5)
Cl2—-Ta—N11 121.4(1) TaN21-C21 112.4(4)
Cl2—Ta—N21 121.8(2) TaN21-C29 132.3(4)
CI3—Ta—N11 93.6(2) C2+N21-C29 115.1(5)
Torsional Angles
Cl1-Ta—N11-C11 100.44(34) CltTa—N21-C21 128.82(38)
Cl1-Ta—N11-C19 —84.62(52) CIt+Ta—N21-C29 —56.48(50)
Cl2-Ta—N11-C11 14.61(41) CI2Ta—N21-C21 -—146.68(33)
Cl2-Ta—N11-C19 -—170.45(46) Cl2Ta—N21-C29 28.02(57)
CI3—-Ta—N11-Cl11 —72.32(34) CI3-Ta—N21-C21 —60.26(38)
CI3—Ta—N11-C19 102.62(52) CI3Ta—N21-C29 114.44(50)
N21-Ta—N11-C11 —167.21(34) N1%Ta—N21-C21 35.16(45)
N21-Ta—N11-C19 7.72(60) N1%Ta—N21-C29 —150.14(48)

a2 Numbers in parentheses are estimated standard deviations in th

least significant digits.

Figure 2. Two views of the molecular structure of Ta(b0)-Cls
(2) with atoms represented as 50% ellipsoids.

(2)°. This structural feature was also noted in Ta[N(SiMle-
Cl3,*5 the structure of which has been communicdted.
Ta[N(SiMe&;),].Cl; also adopts a trigonal bipyramidal geometry
with equatorial N(SiMg), ligands and a propeller-like twisting

Fox et al.
Scheme 4
% i Clo..| N
Cl.,.| SiMe3 g @ ZnR) |
a-s ———— A R Ta—0
b En0 0 CeHg/ CI7 R
'/ W ‘/ W heptane IEI R =Me
R=Et
a 2LiO§;> oK Y@YO
é N-T'a‘"% 2 Nf1ia‘; CIE D) AlMe3 84,5,‘1\%
[ kN
c cl CeHe / Q toluene / o Me
EO )tj/k heptane

of the amido ligands out of the equatorial plane. Likewise, the
equatorial N-Ta—N angle in Ta[N(SiMg),].Cl; measures only
115°. While the small N-Ta—N angle may reflect an enhance-
ment in N(pr)y—Ta(dr) overlap, the authors suggest that
interactions between the equatorial chloride and methyl groups
from both N(SiMe), ligands inducelarger than expected
equatorial C+Ta—N angles and simultaneously reduce the
equatorial N-Ta—N angle to minimize these interactioffs.
Preparation and Properties of Aryloxide and Alkyl
Derivatives of Ta(NCgH10)nCls—n (n = 1, 2). Recently, we
described excellent structural and reactivity HDN model com-
plexes supported by aryloxide ancillary ligands, in particular
[772(N,C)-2,4,6-NG_,tBU3H2]Ta(OAI’)2C| (Ar = 2,6—(23H3iPr2) that
was used to uncover the mechanistic details 6fNCbond
scission reaction¥3° We set out, therefore, to prepané-
(N)-NCgH1p compounds containing ancillary O-2,6#3Pr,
ligands, with a particular view to develop routes to alkyl

Somplexes of the form Ta(NgEl10«(OAryR,. These species

would allow us to test whether their thermolysis would lead to
NCgH1 cyclometalation and alkane elimination and thereby
afford %(N,C) heterocycles such as those in Figure 1.

The most facile entry into mixed-ligand compounds was
determined to be from the aryloxide chlorides. Thus, a®Et
solution of Ta(OAr)C{(OEL)32 reacts with MgSiNCgH 1o to
provide dark red crystals of Ta(NB10)(OAr)Cl3(OE®b) (8), one
possible structure of which is shown in Scheme 4. Taffig)-
(OAnNCI3(OEL) (8), however, hasnot been prepared from
reacting Ta(NGH10)Cl4(OEb) (1) with MesSiOAr or LiOAr-
OEt, although this preparative route would seem viable. We
previously reported a similar reactivity feature in the preparation
of Ta(NEL)(OAr)CI3(OEL), a complex that is accessible from
Ta(OAr)ClL(OEb) and MeSINEbL but not from Ta(NE)Cl4(OEb)
and MeSIiOAr or LiOAr-OEL.3® Similarly, the indolinyl
compound Ta(NgHg)(OAr)Cl3(OEb) (9) may be prepared from
Ta(OAr)ClL(OEt) and MgSiNCgHsg in E,O, eq 2. Attempts

+ Me3SiCl )

to further alkoxylate Ta(NeH10)(OAr)Cl3(OEL) (8) using
LiOAr-OEt, led to disproportionation products, since the
principal species isolable from this reaction was identified as
Ta(NGH10)2(OAr).Cl (10); this complex is readily accessible
from its bis(amide) precursor. When Ta(biGg).Cls (2) is

(45) Andersen, R. Alnorg. Chem.1979 18, 3622.
(46) Bradley, D. C.; Hursthouse, M. B.; Malik, K. M. A.; Vuru, G. B. C.
Inorg. Chim. Actal98Q 44, L5.
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reacted with excess LIOADEL (in CeHo/ELO), Ta(NGH10)2-
(OAnn),CI (10) can be isolated in essentially quantitative yield.
When less than 1 equiv of LIOADE®L is employed in this
reaction, 10 is simply isolated in lower yield along with
unreacted. Ta(NGH1g)2(OAn),CI (10) is also available, but
in low yield, from reacting Ta(OABCIz(OE®)32 with 2 equiv

of LINCgH1¢-2THF.

The desired alkyl complexes were accessed from reacting
compounds8 and 10 with AlRz or ZnR, reagents, which
afforded more tractable reactions and higher yields than alkyl-
lithium or Grignard reagents. When a benzene solution of Ta-
(NCgH10)(OANCI3(OEL) (8) is treated with excess ZnMe
yellow crystals of Ta(NGH10)(OAr)Me,Cl (11) can be obtained
in 64% yield, Scheme 4. Ta(NB1g)(OAr)Cl3(OEL) and excess
ZnEt, react to afford Ta(NGH10)(OANELCI (12) in comparable
yield. Attempts to either monoalkylate or exhaustively alkylate
Ta(NGH;10)(OAr)CI3(OEL) (8) led simply to lower yields of
the dialkyl complexes. Th& and13C NMR spectra of these
compounds reveal equivalent alkyl groups, most likely indicating
fluxional species in solution. Treating toluene solutions of Ta-
(NCgH10)2(OAI)Cl (10) with AlMes (1 equiv) affords yellow
crystals of Ta(NGH10)2(OAr),Me (13) in 77% yield. The'H
and’3C NMR data for this compound reveal equivalentdNg,
and equivalent OAr ligands at probe temperature.

An interesting spectroscopic feature of the ethyl derivative
Ta(NGH10)(OANELCI (12) is the coincidence of the methylene
CH, and methyl ®&13 protons of the ethyl ligand @ 2.11 in its
'H NMR spectrum (250 MHz, €Ds, probe temperature). The
13C NMR spectrum (62.9 MHz, §D¢) of 12 clearly shows
inequivalentmethyleneCH, and methylCH3; carbon atoms (at
0 78.08 and 15.68, respectively), and the HETCOR spectrum
of 12 correlates bothCH, and CH3 carbons with the single
CH,CH3 H NMR resonance. To confirm this assignment, the
500 MHz 'H NMR spectrum ofl12 was obtained where the
methylene €1, and methyl Gl protons are observed @.112
and 2.104, respectively ¢Ds, probe temperature).

We additionally prepared one amido alkyl complex without
aryloxide ancillary ligands. Ta(NgEl10)Cl4(OEL) (1) can be
smoothly alkylated with 2 equiv of ZnMen benzene solution
to provide high yields of orange, crystalline Ta(btGo)Me,-

Cl; (14), eq 3. Attempts to prepare the ethyl analod.4from

’ N
Me:- Ta\CI +ZnClp

a” “Me

Ta(NGH10)Cl4(OEL) and ZnE$ afforded a thermally unstable
complex that could not be completely characterized.
Attempts To Prepare p?(N,C)-Heterocyclic Ligands by
Cyclometalation. The alkyl derivatives Ta(NgH10)(OAr)Me,-
Cl (11), Ta(NGH10)(OArELCI (12), and Ta(NGH10)2(OAr),-
Me (13), as well as the amido derivatives Ta(MGo)4Cl (4),
Ta(NGH10)s (5), and Ta(NGH10)MexCl, (14), were all ther-
molyzed in an attempt to cyclometalate a §{g ligand and
eliminate alkane or HN@H;0, much in the way that Ta(NEg
undergoes thermolysis to form tieethylethanimine complex
Ta@?*-EtN=CHCHs)(NEt)s, Scheme 81:42:47:48 The proposed
complex arising from cyclometalation of an amido ligand in
Ta(NGHao)s (5), viz. Ta@>-NCgHg)(NCoH10)3 (A), is presented

3

(47) Takahashi, Y.; Onoyama, N.; Ishikawa, Y.; Motojima, S.; Sugiyama,
K. Chem. Lett1978 525.
(48) Bradley, D. C.; Thomas, |. MProc. Chem. Soc., Londd®59 225.
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Scheme 5
A NN A
Ta(NEtp)5 ~ (EtzN)3Ta\k ﬁ- (EtpN)3Ta=NEt

)
BAdh 5 308
T %ﬂe/f@
N

P

in Scheme 5 for comparison. Similar amido cyclometalations
were observed more recently iff-CsMes-supported tantalum
complexes; for example, Cp*Tgd-MeN=CH_)Me; is isolated
when solutions of Cp*Ta(NMgMe; are warmed to room
temperaturé? and Cp%Ta@>-MeN=CH,)H is formed as the
kinetic product from [CpiTa(NMey)].5%51 Moreover, Gam-
barotta and co-workers have found a similar cyclometalation
reaction in the preparation of NiFCyN=CgH10(NCy-).Cl (Cy
= CgHyy) from NbCL(THF), and LiINCy°2 and in the prepara-
tion of its tantalum analog Taf-CyN=CgH10](NCy,).Cl from
TaCk and LiINCy.>3

Unfortunately, thermolyzind1—14in CgDg solution (80°C,
up to 24 h) afforded no evidence for the formation of agfy
(N,C) heterocycles; intractable mixtures that included paramag-
netic species were slowly formed. While thermolysis of
Ta(NGH10)4Cl (4) and Ta(NGH10)s (5) under similar conditions
(CeDs, =80 °C) produced free tetrahydroquinoline, HjHGo,
no evidence for the formation of an?(N,C) complex was
obtained in either case; intractable, paramagnetic products were
again obtained. In order to test whetheeaersiblemetalation
of a NGHjp ligand occurs under these conditicii§>a sample
of Ta(NGH10)s (5) was thermolyzed in the presence of excess
DNCgH30 and examined byH and3C NMR .56 No incorpora-
tion of deuterium into either H2 or H8 (or any position) of the
coordinated NgH;o amide ligand was observed. When the
reaction mixture was hydrolyzed with aqueous base (which
exchanged any N-bound deuterium), a GC/mass spectral analysis
of the organic phase revealed that no significant deuterium
incorporation into HNG@H;o occurred, thereby precluding a
reversible C-H activation of this ligand.

A

Discussion

We recently prepared niobium and tantalum complexes (M
= Nb, Ta) of the form M(NEf)CI4OEb), [M(NEt,).Cls]o,
Ta(NEb).ClsL (L OEb, THF, py), and [Nb(NE).Cl3],
directly from the halides and M8INEt% under the appropriate
conditions®357 This synthetic procedure allows selective forma-
tion of the mixed amido halides and circumvents any reduction

(49) Mayer, J. M.; Curtis, C. J.; Bercaw, J. £. Am. Chem. Sod.983
105 2651.

(50) Parkin, G.; Bunel, B. J.; Trimmer, M. S.; van Asselt, A.; Bercaw, J.
E. J. Mol. Catal.1987, 41, 21.

(51) We note that most2-imine compounds of tantalum are prepared from
C=NR insertions into metalalkyl bonds. See: Durfee, L. D;
Rothwell, I. P.Chem. Re. 1988 88, 1059.

(52) Berno, P.; Gambarotta, Srganometallics1995 14, 2159.

(53) Gambarotta, SAbstracts of Paperdnternational Chemical Congress
of Pacific Basin Societies, Honolulu, HI, 1995; American Chemical
Society: Washington, DC, 1995; INOR 631.

(54) Fish, R. H.; Baralt, E.; Smith, S. @rganometallics1991, 10, 54.

(55) Giandomenico, C. M.; Eisenstadt, A.; Fredericks, M. F.; Hirschon,
A. S.; Laine, R. M. InCatalysis of Organic Reactionfugustine, R.

L., Ed.; Marcel Dekker, Inc.: New York, 1955; pp #32.

(56) Nugent, W. A.; Ovenall, D. W.; Holmes, S.Qrganometallics1983

2, 161.
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Scheme 6 of the NCy; amides relative to NgH; 0, as well as possible one-
electron pathways that are operative in the niobium system.
H- attack
O - at Carbon Ney H Experimental Section
N = H’@H il wh du General DeFails. All experiments were performed L_mder a nitrogen
H Moy (_> 2 3 atmosphere either by standard Schlenk technRjumsin a Vacuum
H- ?“a‘?k H N? Atmospheres HE-493 drybox at room temperature (unless otherwise
atNitrogen  H indicated). Solvents were distilled undes fkom an appropriate drying
agent® and were transferred to the drybox without exposure to air.
N\ N 7\ NMR_ solvents were passed down a short@cm) column of activ_ated
N LiBEGH N \ H alumina prior to use. The “cold” solvents used to wash isolated
\Ta\C| I\ S products were typically cooled te35 °C before use. In all preparations

Ta— —_— ;
@0 \ THF io {~H o"T‘ Ar = 2,6-GH3'Prz, [NCgHg] ~ = the amido anion of indoline (indolinyl),
% % % and [NGH.¢]~ = the amido anion of tetrahydroquinoline (tetrahydro-
quinolinyl). Ring numbering:

problems or the formation of product mixtures that can arise 549 2 43,3

when the more powerful alkali metal amidating agents are used. 6 3 > ©E>2

The viability of this approach is evident in the present work % 8aITJ] 2 6 7 7a N1

since the entire series of mixed-ligand complexes are selectively M M

prepared; thus, sequential amidation of Ta@king Me- )

SiNCoH1o affords the Ta(NGH10)-Cls_n for n = 1—3 complexes Physical Measurements.'H and*3C NMR spectra were recorded

. f . . . at probe temperature (unless otherwise specified) on a Bruker AM-
and subsequent reaction with Lib; o provides selective routes 250, Varian Gemini 200, or Varian Unity 300 spectrometer #DC

to then = 4 and 5 species. CDCls, or tolueneds solvent. Chemical shifts are referenced to protio
The impetus for preparing these complexes is suggested inimpurities ¢: 7.15, GDs; 7.24, CDC); 2.09, tolueneds) or solvent
Scheme 1, where quinoline HDN is shown to proceidthe 13C resonancesd)( 128.0, GDe; 77.0, CDCH; 20.4, tolueneds) and
intermediacy of tetrahydroquinoline. The motivation for at- are reported downfield of SiMe Routine coupling constants are not
tempting the cyclometalation reactions suggested in Scheme 5réported. NMR assignments were assisted by COSY, APT, HETCOR,
is realized by examining the Laine proposal forB bond or gated*C{'H} decoupled spectra. THel NMR multiplet signals
cleavage in piperidine, outlined in Schem&%An important [0 2 and H3 of both NHio and NGHs ligands often appear as

- . . . pseudotriplets but are nominally recorded as multiplets throughout.
feature of this proposal is the initial formation of a#(N,C)- Electron ionization mass spectra (70 eV) were recorded/= 999

piperidyl amine complex B8 of Scheme 6) that arises from  on 5 Hewlett Packard 5970 mass selective detector and RTE-6/VM
metalation of a piperidine ligand. If the subsequenrtNCbond data system. For GC mass spectra, the sample was introduced into
cleavage results from hydride transfer tg, @en formation of the mass spectrometer by a Hewlett Packard Model 5890 gas chro-
a ring-opene@midocomplex C) occurs. In our model studies,  matograph equipped with an HP-5 column. Microanalytical samples
we have observed that @ﬁ(N,C)_pyridine CompleX, Containing were handled under nitrogen and were combusted Witl’g‘(‘l@sert

a formalamidonitrogen, can be transformed to a fornraido Analytics, Tucson, AZ). .

complex upon &N scission. Specifically, we observed that re;ﬁiggg '\Tﬂggr']alj;o Tﬁgsli‘r’]vss ﬁgg'ne?nfégmeceﬁﬁéﬂd u:ﬁg as
hydride can attack the metal and migrate to & [53(N,C)- ' yarog ’ g ’ N

A Y chlorotrimethylsilane, MgSiCl, were obtained from Aldrich and distilled
2,4,6-NG'BusH,]Ta(OAr),Cl to afford the C-N bond scission  pior to use. n-Butyllithium (1.6 M in hexanes) was obtained from

! ! Aldrich and used as received. ZnMgAlfa), ZnEt, (Aldrich), and
R = = ' ;
product Ta=NC'Bu=CHCBU=CHCHBU)(OAT); (2), shown AlMe; (Aldrich) were obtained from commercial sources and prepared

in Scheme 623° A complex such as Tag-NCoHo)(NCoH10)s _as either 1.0 or 2.0 M solutions in heptane. [Ta(OA)£} and

(A) of Scheme 5 was desired to test whether nucleophilic | joAr-OEL>” were prepared as previously described.

addition would cleave the €N bond of they2-NCgHg ligand Ligand Preparations. LINCgH;0:2THF. A solution of tetrahy-

in a substrate more relevant to HDN. Furthermore, the droquinoline (40.2 mL, 42.6 g, 0.320 mol) in 500 mL of pentane was
likelihood of protonatingthe heterocycle nitrogen of amé- prepared and cooled to . This cold solution was stirred rapidly
NCgHg complex likeA (Scheme 5) to afford a direct analog of while 1 equiv of n-butyllithium (1.6_M in hexanes, 20_0 mL, 0.320
the Laine intermediatB (Scheme 6) was an attractive prospect. M0l was added slowly. After this mixture was stirred at room
Unfortunately, in our hands, the initial cyclometalation step was temperature for 21 h, the reaction volatiles were removed under reduced

. j . pressure to afford a pale yellow powder that was dissolved in THF
not realized and therefore reactions$NCoHo complexes with (5 "500 mL), and the solution was stirred for an additional 2 h. The

electrophiles and nucleophiles could not be carried out. reaction volatiles were removed from this solution under reduced
Finally, we note that Gambarotta and co-workers recently pressure, _and the resulting light yellow sglid was placed on a frit,
described the preparation of NBB[N,C)-CyN=CgH10(NCy>),- washed with pentane (ca. 125 mL), and dried in vacuo to yield 71.16

Cl (Cy = CgH11) from NbCL(THF), and LiNCys, containing g of LINCgH;:2THF as a pale yellow, almost white solid. An
one metalated cyclohexyl rirf§. The proposal is made that additional 5.61 g of product was obtained by concentrating the filtrate

. - : . to ca. 25 mL in volume, adding minimal THF (ca. 2 mL) to redissolve
intermediate Nb(NCyCl is formed, which undergoes a formal the precipitate that formed during concentration of the solution, and

elimination of hydrogen; therefore, under the appropriate cogjling to—35 °C for a total yield of 76.77 g (0.271 mol, 85%) of
conditions, these cyclometalations are faéfleGambarotta has LiNCoH12THF. Analytically pure compound was obtained as large

also described the tantalum analog 724N, C)-CyN=C¢H1(]- white crystals by recrystallization from THF/pentane solutions 2%
(NCy,)Cl from TaCk and LiNCy,, which could form by °C. H NMR (CsDg): 0 7.086, 7.00 (overlapping t and @ H each, H6
HNCys, elimination from the intermediate Ta(NgyCl.5® These and H8), 6.42, 6.40 (overlapping t anddH each, H7 and H5), 3.69

reactions are perhaps facilitated by the greater steric congestion

(58) Shriver, D. F.; Drezdzon, M. AThe Manipulation of Air-Sensité
Compounds2nd ed.; John Wiley and Sons: New York, 1986.

(57) Chao, Y.-W.; Wexler, P. A.; Wigley, D. Hnorg. Chem.1989 28, (59) Perrin, D. D.; Armarego, W. L. FPurification of Laboratory
3860. Chemicals 3rd ed.; Pergamon Press: Oxford, U.K., 1988.
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(m, 2 H, H2), 3.38 (m, 8 H, Il THF), 2.97 (t, 2 H, H4), 1.95 (m, 2 H,
H3), 1.25 (m, 8 H, B THF). 3C NMR (GsDe): 6 159.05 (C8a), 130.53
(C8 or C6), 127.68 (C6 or C8), 120.77 (C4a), 112.88, 109.41 (CS5,
C7), 68.11 (@ THF), 48.40 (C2), 30.29 (€ THF), 25.43 (C4), 24.82
(C3). Anal. Calcd for GH26LINO2: C, 72.07; H, 9.25; N, 4.93.
Found: C, 72.03; H, 8.89; N, 5.58.

MesSINCgH10. (i) A solution of LINCgH;:2THF (40.0 g, 0.141
mol) in 400 mL of EtO was prepared and cooled tc°G. A slight
excess of neat MS8ICl (18.8 mL, 16.09 g, 0.148 mol) was added
dropwise to this rapidly stirred solution, whereupon an exothermic yet

Inorganic Chemistry, Vol. 35, No. 21, 1996033

stir at room temperature. Over several minutes, a precipitate was
observed to form, and after 18 h, the reaction volatiles were removed
under reduced pressure to yield an oily residue. This product was
transferred to a short-path distillation apparatus and vacuum distilled
(ca. 102 Torr, 80°C) to afford the product as a white crystalline solid
(27.55 g, 0.144 mol, 90%)*H NMR (CsDe): 6 7.08-7.02 (overlapping

m, 2 H total, H7 and H5), 6.74 (t, 1 H, H6), 6.66 (d, 1 H, H4), 3.25 (t,

2 H, H2), 2.70 (t, 2 H, H3), 0.15 (s, 9 H, SiMe *3C NMR (C¢Dg):

0 142.95 (C7a), 131.91 (C3a), 127.57 (C7), 124.82 (C5), 117.56 (C6),
109.36 (C4), 49.09 (C2), 30.19 (C3);,0.75 (SiMe). Anal. Calcd

smooth reaction ensued as the pale yellow solution decolorized and afor CuiHiZNSi: C, 69.00; H, 8.88; N, 7.32. Found: C, 69.08; H, 8.96;

white precipitate formed. After 17 h, solvent was removed from the
mixture in vacuo to form a clear oil and a white solid. The product

N, 7.53.
Complex Preparations. Ta(NGH10)Cl4(OEt,) (1). Neat Me-

was extracted from this residue with pentane (ca. 300 mL), the extract SiNCgH;0 (4.60 g, 22.4 mmol) was slowly added to a rapidly stirred

was filtered through Celite to remove the large amount of white solid,
and the clear, pale yellow filtrate was stripped of solvent to yield a

clear yellow oil. This product was distilled under reduced pressure to

afford 25.40 g (0.124 mol, 84%) M-(trimethylsilyl)-1,2,3,4-tetrahy-
droquinoline (MgSiNCgH,0) as a clear oil with a boiling range of 64
67 °C atca. 1072 Torr.

(i) A solution of tetrahydroquinoline (40.2 mL, 42.6 g, 0.320 mol)
in 500 mL of pentane was prepared and cooled t&C0 This cold
solution was stirred rapidly while 1 equiv afbutyllithium (1.6 M in
hexanes, 200 mL, 0.320 mol) was added slowly. After this mixture

was stirred at room temperature for 24 h, the reaction mixture was

stripped of solvent to afford a pale yellow powder, which was dissolved
in 400 mL of EtO and 100 mL of THF. This orange solution was
cooled to 0°C, and a slight excess of M®CI (45.0 mL, 38.52 g,
0.355 mol) was added dropwise over the course of 30 min, which
induced rapid bleaching of the solution and formation of a white
precipitate. After 24 h, the solvent was removed from the mixture in
vacuo to provide a clear oil and a white solid. The product was

solution of TaC4 (8.00 g, 22.3 mmol) in 70 mL of benzene and 10 mL
of Et,O. The clear TaGlsolution turned deep red instantly upon Me
SiNCgH1 addition. The mixture was stirred for 20 h, after which the
reaction volatiles were removed under reduced pressure to yield the
product as a burgundy-colored powder. This powder was washed with
cold pentane (2« 25 mL) and dried in vacuo to yield 11.47 g (21.7
mmol, 97%) of Ta(NGH10)Cls(OEL) as an analytically pure, intense
burgundy-colored solid. Samples of Ta(MGo)Cls(OEL) can be
readily recrystallized as black rods from,@tat —35 °C. H NMR
(CsDg): 0 8.59 (d, 1 H, H8), 7.22 (t, 1 H, H6), 6.86 (d, 1 H, H5), 6.64
(t, 1 H, H7), 5.13 (m, 2 H, H2), 4.19 (q, 4 H, ®GCH), 2.48 (t, 2 H,
H4), 1.88 (m, 2 H, H3), 0.96 (t, 6 H, OGIBH3). °C NMR (CDCh):
0 148.30 (C8a), 130.82 (C8), 128.80 (C4a), 128.18 (C5), 127.45 (C7),
125.27 (C6), 67.75 (OH,CHs), 55.05 (C2), 25.75 (C4), 20.97 (C3),
12.70 (OCHCHg). Anal. Calcd for GsH2CluNOTa: C, 29.51; H,
3.81; N, 2.65. Found: C, 29.07; H, 3.66; N, 2.67.

Ta(NCgH10)2Cl3 (2). A toluene solution of MgSiNCsH1 (1.17 g,
5.70 mmol in 7 mL of toluene) was added dropwise to a rapidly stirred

extracted from this residue with pentane (ca. 100 mL), the extract was solution of Ta(NGH10)Cl4(Et,0) (3.00 g, 5.67 mmol) in 10 mL of

filtered through Celite, and the pale yellow filtrate was stripped of
solvent to afford a clear yellow oil. This oil was distilled under reduced
pressure as described above to yield 59.84 g (0.291 mol, 91%) of Me
SiNCgH1p as a clear oil.'H NMR (C¢Dg): 6 7.03, 6.98 (overlapping
tand d, 1 H each, H6 and H8), 6.88, 6.78 (overlapping d and t, 2 H,
H5 and H7), 3.01 (m, 2 H, H2), 2.58 (t, 2 H, H4), 1.54 (m, 2 H, H3),
0.20 (s, 9 H, SiMg). °C NMR (CsDg): 6 146.50 (C8a), 130.18, 126.19
(C6 and C8), 125.65 (C4a), 118.35 (coincident C5, C7), 44.73 (C2),
28.14 (C4), 24.28 (C3), 0.97 (SiMe One resonance of the C5, C7
pair is not observed and is presumed to be coincident with tHE8.35
resonance. Anal. Calcd fori@1oNSi: C, 70.11; H, 9.25; N, 6.81.
Found: C, 70.28; H, 9.26; N, 7.16.

LINC gHg-2THF. A solution of 5.00 g (41.9 mmol) of indoline in
40 mL of pentane was prepared and cooled f&€0dn a ice bath. To

toluene. During MgSiNCoH10 addition, the reaction solution underwent

a rapid but subtle color change as it darkened slightly. Afteg-Me
SiINGgH; addition was complete, the mixture was set aside without
stirring for 2 d, after which the solution was cooled-t@5 °C for 24

h. The dark burgundy-colored crystals that formed were collected by
filtration, washed with cold pentane (ca. 10 mL), and dried in vacuo
to afford 2.20 g (3.99 mmol, 70%) of Ta(NB10).Cl; as an analytically
pure, deep burgundy-colored microcrystalline product. Solvent was
removed from the dark red filtrate under reduced pressure to provide
a red solid that was shown B{1 NMR spectroscopy to consist of a
mixture of Ta(NQHlo)C|4(OEt2), Ta(NCQH]_o)zClg, and Ta(NGHlo)s-

Cl. *H NMR (CgDg): 6 7.76 (d, 1 H, H8), 6.91 (t, 1 H, H6), 6.81 (d,

1 H, H5), 6.66 (t, 1 H, H7), 3.88 (m, 2 H, H2), 2.23 (t, 2 H, H4), 1.59
(m, 2 H, H3). 3C NMR (GsDg): d 144.33 (C8a), 129.66 (C5), 126.66

this rapidly stirred, cold solution was added over several minutes a (overlapping C6, C8), 126.24 (C7), 125.60 (C4a), 44.26 (C2), 25.29

26.2 mL (41.9 mmol) aliquot ofi-butyllithium solution (1.6 M in

(C4), 20.12 (C3). Anal. Calcd forfH2ClsN.Ta: C, 39.19; H, 3.65;

hexanes). Within minutes, a white precipitate was observed, and overN, 5.08. Found: C, 39.02; H, 3.68; N, 4.92.

the next few hours, the mixture became a pasty, off-white suspension.

After 3 h, the precipitate was collected by filtration and washed with

Ta(NCgH10)3Cl; (3). A solution of TaCé (5.00 g, 14.0 mmol) in
75 mL of toluene and 15 mL of BED was rapidly stirred while an

pentane to remove any unreacted starting materials. This product (baseexcess of neat M&INCyH1o (17.2 g, 0.084 mol, 6 equiv) was slowly

free LINGgHg) was then dissolved in a minimal volume of THF, and
the solution was cooled te-35 °C, during which 8.60 g (31.9 mmol,
76%) of white crystals formed, were collected by filtration, and dried
in vacuo. *H NMR (CgDe): 6 7.24 (d, 1 H, H7), 7.12 (t, 1 H, H5),
6.48, 6.47 (overlapping t and d H each, H6 and H4), 3.87 (t, 2 H,
H2), 3.44 (m, 8 H, . THF), 3.15 (t, 1 H, H3), 1.29 (m, 8 H, B
THF). 3C NMR(CsDe): 6 147.35 (C7a), 131.86 (C3a), 128.21, 124.19,
110.22, 104.39 (C4, C5, C6, and C7), 67.96(THF), 53.30 (C2),
33.29 (C3), 25.57 (B THF). Anal. Calcd for GeH24LiINO2: C, 71.32;

H, 8.91; N, 5.20. Found: C, 71.50; H, 9.14; N, 5.55.

MesSiNCgHs (N-(Trimethylsilyl)indoline). A large Schlenk tube
was charged with 18.70 g (0.157 mol) of indoline (H§g) and 200
mL of Et,O and cooled to-78 °C. To this rapidly stirred solution
was slowly added 98.0 mL (0.157 mmol) ofbutyllithium solution
(1.6 M in hexanes). After this mixture was stirred for 5 min, a solution
of MesSiCl (20.3 mL, 17.38 g, 0.160 mol) in 100 mL of £t was

added, whereupon the solution rapidly changed from pale yellow to
dark red. This mixture was heated in a 1@ oil bath for 22 h, after
which it was allowed to cool and the reaction volatiles were removed
in vacuo to provide an oily, bright red solid. Trituration of this mixture
with ca. 25 mL of cold {35 °C) pentane afforded a bright red solid,
which was quickly filtered off, washed with cold pentane{25 mL),

and dried in vacuo. This procedure provided 8.60 g (13.3 mmol, 95%)
of Ta(NGH10)sCl, as a bright orange-red powder. The red pentane
filtrate was stripped of solvent to yield a red oil, shown'byNMR to

be relatively pure MgSINCHio with a trace of Ta(NGH1g)sClz
impurity. The excess M&INCsH1o reagent could be reclaimed and
purified by vacuum distillation. Performing this synthesis with only 3
equiv of MgSiNCgH1g yields inseparable mixtures of Ta(Mdig).Cls

and Ta(NGH10)sClz, even under high temperatures (120) and/or
long reaction times (3 d)H NMR (CgDs): 6 8.15 (d, 1 H, H8), 7.10

(t, 1 H, H6), 6.96 (d, 1 H, H5), 6.80 (t, 1 H, H7), 3.81 (m, 2 H, H2),

added over a period of several minutes. When the addition was 2.35 (t, 2 H, H4), 1.71 (m, 2 H, H3)13C NMR (CsD¢): 6 146.87
complete, the solution was removed from the cold bath and allowed to (C8a), 130.10 (C5), 126.57 (C6), 124.65 (C4a), 124.48 (C8), 124.14
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(C7), 46.19 (C2), 26.19 (C4), 19.22 (C3). Anal. Calcd forHGe-
ClNsTa: C, 50.01; H, 4.66; N, 6.48. Found: C, 49.54; H, 4.86; N,
6.10.

Ta(NCgH10)4Cl (4). A solution of LiINCH:02THF (0.88 g, 3.10
mmol) in 5 mL of THF was added dropwise to a stirred solution of
Ta(NGH10)sClz (2.00 g, 3.10 mmol) in 20 mL of THF. This mixture
was stirred for 20 h, during which the solution developed an lighter,
orange color. Removing the reaction volatiles in vacuo afforded an
orange-red oil from which the product was extracted witfOE¢100
mL). This extract was filtered through Celite, the Celite was washed
with ELO (ca. 50 mL) until the washings were colorless, and the

Fox et al.

32.86 (C3), 31.72 (C} 25.61 (G THF). Anal. Calcd for GoHas-
CI;N,OTa: C, 40.32; H, 4.06; N, 4.70. Found C, 40.06; H, 4.07; N,
4.60.

Ta(NCgH10)(OAr)CI 3(OEty) (8). A solution of 10.00 mmol of Ta-
(OAr)Cl4(OEt) was prepared by dissolving 5.00 g (5.00 mmol) of [Ta-
(OAIr)Cl4)z in 60 mL of ELO. This mixture was stirred rapidly while
a solution of 2.00 g (9.74 mmol) of M8INCgH;0 in 40 mL of ELO
was added dropwise. Over the course of the addition, the yellow-orange
solution became dark red-orange and rafteh had developed a dark
cherry red color. After 24 h, the reaction solution was filtered through
Celite, and the reaction volatiles were removed in vacuo to provide an

volatiles were removed from the orange filtrate under reduced pressure,orange, iridescent foam. This product was dissolved in ca. 75 mL of

yielding an orange crystalline solid. This solid was washed with cold
pentane (2 25 mL) and dried in vacuo to provide 2.02 g (2.71 mmol,
87%) of Ta(NGH10)4Cl as a bright orange solid. Analytically pure
samples were obtained by recrystallization frors(Eat—35°C. H
NMR (C¢Dg): 6 7.42 (d, 1 H, H8), 6.90, 6.86 (overlapping t and d, 2
H total, H6 and H5), 6.68 (t, 1 H, H7), 4.23 (m, 2 H, H2), 2.53 (t, 2
H, H4), 1.85 (m, 2 H, H3).13C NMR (CsD¢): 0 149.73 (C8a), 129.15
(C5), 127.30 (C4a), 125.20 (C6), 124.12 (C8), 123.33 (C7), 51.64 (C2),
26.61 (C4), 23.26 (C3). Anal. Calcd forgl4CINsTa: C, 58.03; H,
5.41; N, 7.52. Found: C, 57.91; H, 5.51; N, 7.46.

Ta(NCgH10)s (5). A solution of 0.31 g (1.09 mmol) of LiNgH1¢°
2THF in 10 mL of benzene was added to a rapidly stirred solution of
0.20 g (0.36 mmol) of Ta(N§H10)-Clz in 10 mL of benzene, whereupon
the solution changed from dark red to orange. After the addition was
complete, the mixture was stirred for 20 h, after which it was filtered

through Celite and the reaction volatiles were removed under reducedAnal.

Et,O, and the mixture was stored at35 °C to afford the desired
compound as analytically pure, dark red crystals; these were collected
by filtration and dried in vacuo; yield 5.85 g (8.72 mmol, 87%H
NMR (CsDg): 6 8.11 (d, 1 H, H8), 6.90 (d, 2 H, Hm OAr), 6.8%.74
(overlapping m 3 H total, Hp OAr, H5, and H6), 6.48 (t, 1 H, H7),
5.09 (m, 2 H, H2), 3.89 (g, 4 H, O&:CHz), 3.80 (spt, 2 H, EIMe,),
2.49 (t, 2 H, H4), 1.94 (m, 2 H, H3), 1.11 (d, 12 H, ®4,), 0.95 (t,

6 H, OCHCHz). 'H NMR (CDCL): ¢ 7.68 (d, 1 H, H8), 7.11 (d, 1
H, H5), 7.01-6.83 (overlapping m4 H total, Hyy OAr, H6), 6.73 (t,

1 H, H7), 5.19 (m, 2 H, H2), 4.01 (q, 4 H, @GCHz), 3.54 (spt, 2 H,
CHMey), 3.00 (t, 2 H, H4), 2.31 (m, 2 H, H3), 1.28 (t, 6 H, OGEHs3),
1.02 (d, 12 H, CHley). 3C NMR (GsDe): 6 155.10 (Gpso), 147.12
(C8a), 141.44 (Co), 129.06 & 128.27 (C4a), 126.26 (C7), 125.83
(C6), 125.75 (Cp), 124.11 (Cm), 66.68@QH,CHjs), 56.14 (C2), 26.35
(CHMe,), 26.12 (C4), 25.04 (CMe,), 21.18 (C3), 12.63 (OCHCH3).
Calcd for GsH3CIsNO,Ta: C, 44.75; H, 5.56; N, 2.09.

pressure to afford the product as an orange powder; yield 0.256 g (0.304Found: C, 44.44; H, 5.69; N, 2.17.

mmol, 84%). Samples of Ta(NB1q)s obtained in this fashion were
analytically pure.*H NMR (C¢Dg): 6 7.38 (d, 1 H, H8), 6.87, 6.83
(overlapping t and d2 H total, H6 and H5), 6.65 (t, 1 H, H7), 4.26 (t,
2 H, H2), 2.51 (t, 2 H, H4), 1.72 (m, 2 H, H3)}*C NMR (CgDg): 0

Ta(NCgHg)(OAr)CI 3(OEty) (9). A solution of 4.28 mmol of Ta-
(OAr)CI4(OEt) was prepared by dissolving 2.14 g (2.14 mmol) of [Ta-
(OAI)Clg)z in 10 mL of E&O. This mixture was stirred rapidly while
a solution of 0.82 g (4.29 mmol) of M8INGgHg in 10 mL of ELO

150.40 (C8a), 128.79 (C5), 126.90 (C4a), 125.37 (C6), 124.45 (C8), was added dropwise. Over the course of the addition, the pale yellow
121.58 (C7), 51.30 (C2), 27.48 (C4), 24.50 (C3). Anal. Calcd for solution became dark red, and after 24 h of stirring, the reaction volatiles
CssHsoNsTa: C, 64.20; H, 5.99; N, 8.32. Found: C, 64.18; H, 5.88; were removed in vacuo to afford a dark red solid. This solid was

N, 8.10.

Ta(NCgHg)Cl4(THF) (6). A solution of 1.49 g (7.79 mmol) of Me
SiNGgHg in 10 mL of benzene was added dropwise to a rapidly stirred
solution of 2.78 g (7.76 mmol) of Ta€In 10 mL of benzene and 1
mL of EO. Upon MeSiNCgHg addition, the tantalum solution rapidly
changed from pale yellow to dark purple. After 24 h, the volatiles

washed with pentane, filtered off, and dried in vacuo to afford 1.90 g
(2.89 mmol, 68% yield) of product as a microcrystalline burgundy-
colored solid. Samples of Ta(NBg)(OAr)Cl3(OEL) prepared in this
fashion were sufficiently pure for futher reactions; analytically pure
samples were obtained by recrystallization frors(Eat —35 °C. H
NMR (CeDg): 6 7.53 (d, 1 H, H7), 6.99 (d, 2 H, Hm), 6.856.76

were removed from the solution under reduced pressure, the dark residugoverlapping m 3 H total, Hp OAr, H4, H6), 6.44 (t, 1 H, H5), 6.02

was dissolved in 5 mL of THF, and this solvent was removed in vacuo
to afford 3.85 g (7.50 mmol, 96%) of dark purple, solid TagNig)-
Cli(THF). Analytically pure samples were obtained by recrystallization
from 3:1 (v/v) EtO/THF solutions.*H NMR (C¢Dg): ¢ 8.10 (d, 1 H,
H7), 7.27 (t, 1 H, H6), 6.88 (d, 1 H, H4), 6.65 (m, 2 H, H2), 6.51 (t,
1 H, H5), 4.31 (m, 4 H, . THF), 2.98 (m, 2 H, H3), 1.07 (M, 4 H,
HB THF). 3C NMR (GsDg): 6 149.79 (C7a), 133.01 (C3a), 127.39,
126.97, 122.72 (C4, C5, C6, C7), 77.25 (C2), 63.68 {F), 31.45
(C3), 25.41 (@ THF). One resonance from the C4, C5, C6, C7 set s

(m, 2 H, H2), 4.06 (q, 4 H, OB,CH;), 3.81 (spt, 2 H, EIMe,), 2.83
(m, 2 H, H3), 1.11 (d, 12 H, CMe,), 0.93 (t, 6 H, OCHCH3). 13C
NMR (CeDe): O 155.40 (Gpso), 147.20 (C7a), 141.20 (Co), 132.70
(C3a), 127.20, 126.32, 125.72, 124.32, 123.52, 122.49 (Cm, Cp, C4,
C5, C6, C7), 67.19 (C2), 63.05 @H,CHs), 31.77 (C3), 26.17
(CHMey), 24.99 (CHMey), 12.43 (OCHCHs). Anal. Calcd for G,
HasClsNO,Ta: C, 43.89; H, 5.37; N, 2.13. Found: C, 44.29; H, 5.54;
N, 2.15.

Ta(NCngo)z(OAr) zcl (lO) A solution of Ta(NQHlo)zclg (187

not observed and is presumed to be coincident with another resonanceg, 3.39 mmol) in 10 mL of benzene was rapidly stirred while a solution

Anal. Calcd for G.H16CIsNOTa: C, 28.09; H, 3.14; N, 2.73. Found:
C, 27.59; H, 3.11; H, 2.58.

Ta(NCgHsg) Cl3(THF) (7). A solution of 0.36 g (1.88 mmol) of
MesSINCgHg in 10 mL of benzene was added slowly to a solution of
1.00 g (1.95 mmol) of Ta(NgHs)Cl4(THF) in 10 mL of benzene. Upon
Me;SiNCgHg addition, the Ta(NgHg)Cly(THF) solution rapidly changed
from dark purple to orange-brown. After 46 h, the volatiles were
removed in vacuo to afford a brown powder, which was washed with
pentane (10 mL) to yield 1.12 g (1.88 mmol; 96% based upon tantalum,
guantitative based on MB8INCgHs) of Ta(NGsHs).Cls(THF) as a brown
powder. Analytically pure samples were obtained by recrystallization
from THF at—35°C. *H NMR (C¢Dg): 6 7.27—7.19 (overlapping d,

2 H total, H7, H7), 7.11-7.03 (m, 2 H, H4, HH, 6.92-6.83
(overlapping m2 H total, H4, H6), 6.66, 6.53 (t1 H each, H§ H5),
5.88, 4.99 (m2 H each, H2, H), 4.06 (m, 4 H, ki« THF), 2.90, 2.82
(t, 2 H each, H3 H3), 1.11 (m, 4 H, I8 THF). 13C NMR (CsDe): 0
151.10, 150.83 (C7a, C%al33.11, 132.30 (C3a, C3al27.11 (C6),
126.97 (C6), 125.69 (C5), 124.84 (Cp 123.67 (C4), 123.29 (Ch
123.06 (C7), 122.14 (CY, 75.93 (@ THF), 60.92 (C2), 58.81 (C},

of 1.75 g (6.78 mmol) of LIOATOEL in 10 mL of EtO was added
dropwise. Over the course of the addition, the reaction solution
underwent a subtle color change from dark red to yellow-orange, with
the concomitant formation of a precipitate. The mixture was stirred at
room temperature for 24 h and filtered through Celite, and the solvent
was removed from the filtrate in vacuo to afford the product as a yellow-
orange solid (2.77 g, 3.32 mmol, 98%) sufficiently pure for further
reactions. Analytically pure, yellow-orange needles were obtained by
recrystallization from pentane at35 °C. *H NMR (CsDg): 6 7.59
(d, 2 H, H8), 7.08-6.81 (overlapping m, 10 H total, & OAr, H6,
H5) 6.62 (t, 2 H, H7), 4.54 (m, 4 H, H2), 3.46 (spt, 4 H{ilWe;), 2.59
(t, 4 H, H4), 1.89 (m, 4 H, H3), 1.20 (d, 24 H, Gk&;). °C NMR
(CeDe): 0 156.34 (Gpso), 148.50 (C8a), 138.93 (Co), 129.56 (C5),
126.82 (C4a), 126.30 (C6), 124.77 (C8), 124.00 (C7), 123.78 (overlap-
ping Cm and Cp), 53.44 (C2), 27.58KIMe;), 26.79 (C4), 25.05 (C3),
24.95 (CHMe;). Anal. Calcd for GHs/CIN,O.Ta: C, 60.39; H, 6.52;
N, 3.35. Found: C, 60.00; H, 6.68; N, 3.22.

Ta(NCyH10)(OArMe .Cl (11). A 2.88 mL aliquot of ZnMe (1.0
M in heptane, 2.88 mmol) was added to a rapidly stirred solution of
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1.00 g (1.49 mmol) of Ta(NgH10)(OArCIs(OEL) in 18 mL of benzene, ~ H5, H7), 6.667 (t, 1 H, H5), 3.507 (m, 2 H, H2), 2.285 (t, 2 H, H4),
whereupon the mixture changed from dark red to yellow. After the 1.822 (s, 6 H, TaMe), 1.579 (m, 2 H, HFC NMR (CsDg): 6 141.51
solution was stirred for 1 h, the solvent was removed in vacuo to provide (C8a), 130.24 (C5), 126.89 (C6), 125.63 (C7), 125.25 (C4a), 121.70
a pale yellow, oily solid. The product was extracted with ca. 20 mL (C8), 37.34 (C2), 25.55 (C4), 19.56 (C3). The CFHg carbon
of pentane, the extract was filtered through Celite, and the filtrate was resonances were not observed. Anal. Calcd foHGCIL,NTa: C,
stripped of solvent to afford the yellow microcrystalline product. The 31.95; H, 3.87; N, 3.34. Found: C, 32.14; H, 3.86; N, 3.27.
crystals were collected on a frit, washed with coteB6 °C) pentane, Equilibration Experiments of Ta(NC gH10)nCls—n + (5 — n)Mes-
and dried in vacuo to afford 0.53 g (0.95 mmol, 64%) of analytically SiNCgH 10 + nMe3SiCl (n = 0, 5) Mixtures. (i) A5 mm NMR tube
pure, golden yellow crystals’H NMR (CsDe): 6 7.26 (d, 1 H, H8), was charged with 0.024 g (0.028 mmol) of Ta(®¥zo)s in 400uL of
7.06-6.86 (overlapping m5 H total, Hyy OAr, H5, HE), 6.66 (t, 1 H, tolueneds. A 17.5uL (0.149 mmol) aliquot of MgSiCl was added,
H7), 3.51 (m, 2 H, H2), 3.36 (spt, 2 H,HMe), 2.37 (t, 2 H, H4), the solution was frozen in liquid nitrogen, and the tube was flame-
1.66 (m, 2 H, H3), 1.53 (s, 6 H, TaMe), 1.02 (d, 12 H, KIk). 3C sealed. The dark, red-orange solution was heated in 82@0 bath
NMR (CeDe): 0 155.85 (Gpso), 139.58 (Co), 130.35 (C5), 126.88 (C6),  for 36 h. Examining the solution bYH NMR indicated the presence
124.35 (Cm), 124.17 (C4a), 123.89 (Cp), 122.75 (C7), 120.29 (C8), of Ta(NGyH10)sCl,, MesSiNCH10, and MeSiCl in an approximate 1:2:3
66.10 (TaMe), 38.84 (C2), 27.1€HMe;), 23.95 (C4), 23.73 (CMe,), ratio.
20.81 (C3). The resonance for C8a was not observed. Anal. Calcd (i) A5 mm NMR tube was charged with 0.010 g (0.028 mmol) of
for CosH3CINOTa: C, 49.69; H, 5.98; N, 2.52. Found: C, 49.89; H, TaCk in 400 uL of tolueneds. A 30.2 uL (0.140 mmol) aliquot of
6.17; N, 2.58. MesSiNCoH1o was added, the solution was frozen in liquid nitrogen,
Ta(NCgyH10)(OAr)EL .Cl (12). A 2.00 mL aliquot of ZnE£ (1.0 M and the tube was flame-sealed. The dark red solution was heated in a
in heptane, 2.00 mmol) was added dropwise to a rapidly stirred solution 100°C oil bath for 24 h. Examining the solution B4 NMR indicated
of 1.00 g (1.49 mmol) of Ta(N&H10)(OAr)CIs(OEL) in 20 mL of the the presence of Ta(NB1o)sCl,, MesSINCyH1, and MeSiCl in
benzene. Over the course of the addition, the solution changed from approximately a 1:2:3 molar ratio.
deep red to pale yellow with the concomitant formation of a precipitate. ~ Thermolysis Experiments of Ta(NGH10)4Cl (4) and Ta(NCgH10)s
After 5 min, the mixture was filtered through Celite, and the solvent (5). (i) A5 mm NMR tube was charged with 0.020 g (0.027 mmol)
was removed from the filtrate in vacuo to afford a yellow, oily solid.  of Ta(NGH10)4Cl (4) and 0.60 mL of GDs and was sealed in vacuo.
The product was extracted from this solid with 25 mL of pentane, the The sample was heated in an 8D oil bath for 30 h and examined by
pentane extract was filtered, and the filtrate was concentrated in vacuo,'H NMR; the formation of HNGH;o was observed, along with a small
whereupon a bright yellow microcrystalline solid formed. This product amount of Ta(NGH10)3Cl,. The tube was then opened, the mixture
was collected by filtration and dried in vacuo to afford 0.55 g (0.94 was hydrolyzed with 10 mL of 0.5 M aqueous NaOH, and the organic
mmol, 63%) of product. Analytically pure samples were obtained by products were extracted with 10 mL of;BX Examining this organic
recrystallization from pentane at35 °C. 'H NMR (CeDg): 6 7.23 phase by GC/mass spectroscopy confirmed the presence o§HHbC

(d,J=7.9 Hz, 1 H, H8), 6.89-7.07 (overlapping m5 H total, Huy along with quinoline as a minor component (H¥Go:quinoline~ 100:
OAr, H5, H6), 6.68 (tJ= 7.5 Hz, 1 H, H7), 351 (J =59 Hz, 2H,  8).
H2), 3.44 (spt, 2 H, EIMey), 2.43 (t,J = 6.5 Hz, 2 H, H4), 2.11 (br (ii) The thermolysis of 0.020 g (0.024 mmol) of Ta(hdi0)s (5)

s, 10 H, TaEt), 1.77 (m, 2 H, H3), 1.06 (d, 12 H, ®lg,). °C NMR was carried outri a 5 mm NMRtube in a manner identical with that
(CéDe): 0 154.5 (Gpso), 139.45 (Co), 130.45 (C5), 126.82 (C6), 124.88  described above for Ta(NB10)4Cl (4), except that the sample was
(C4a), 124.00 (Cm), 123.89 (Cp), 122.55 (C7), 120.02 (C8), 78.08 examined by*H NMR after 14 h (80°C oil bath). The presence of

(TaCH,CH), 40.66 (C2), 26.95GHMe,), 26.42 (C4), 24.13 (CMey), HNCsH;0 and unreacted Ta(NfB10)s was noted. After hydrolysis (as

20.49 (C3), 15.68 (TaCi€H3). Anal. Calcd for GsH3/CINOTa: C, described above for Ta(NH10)4Cl), an examination of the organic

51.42; H, 6.39; N, 2.40. Found: C, 51.39; H, 6.14; N, 2.36. phase by GC/mass spectroscopy confirmed the presence o§HHpC
Ta(NCgyH10)2(OAr) .Me (13). A 1.20 mL aliquot of AlMe (1.0 M along with quinoline as a minor component (H¥Go:quinoline~x 100:

in heptane, 1.20 mmol) was added dropwise to a rapidly stirred solution 3).

of 1.00 g (1.20 mmol) of Ta(NgH10)2(OAr)2Cl in 20 mL of toluene. (iiiy A sample of DNGH;o was prepared by quenching 0.046 mL

This yellow-orange solution was stirred for 24 h, during which it (0.214 mmol) of M@SiNCyH 10 with 0.040 mL (2.00 mmol) of BO in
gradually darkened. The reaction volatiles were removed in vacuo to THF/benzene solution (1:1 by volume). The resulting BN was
afford an orange oil. The product was extracted with pentane, the isolated as an oil by removing the reaction volatiles in vacuo. The
extract was filtered through Celite, and the solvent was removed from DNCgH;, was added to a solution of 0.036 g (0.042 mmol) of Ta-
the filtrate (in vacuo) to yield an oily orange solid. This solid was (NCeHo)s (5) and ca. 0.50 mL of €D in @ 5 mm NMRtube, and the
dissolved in minimal pentane and the solution cooled-&6 °C to tube was sealed under partial vacuum. The sample was heated in an
provide the product as yellow crystals, which were filtered off and dried 80 °C oil bath for 18 h and examined B and'3C NMR; the formation

in vacuo; yield 0.75 g (0.92 mmol, 77%)}H NMR (C¢Dg): 6 7.37 of HNCoH;0 was observed, along with a corresponding decrease in the
(d, 2 H, H8), 7.06-6.83 (overlapping m, 10 H total, 4 OAr, H6, concentration of Ta(NgHiq)s, but no incorporation of deuterium into
H5), 6.61 (t, 2 H, H7), 3.92 (m, 4 H, H2), 3.71 (spt, 4 HHW™E,), the H2 or H8 positions of the coordinated tetrahydroquinolinybN{

2.51 (t, 4 H, H4), 1.68 (m, 4 H, H3), 1.63 (s, 3 H, TaMe), 1.09 (d, 24 amide ligand was observed. The NMR tube was then opened, the
H, CHMe,). 3C NMR (CsDg): ¢ 156.25 (Gpso), 148.78 (C8a), 139.31 mixture was hydrolyzed with 10 mL of 0.5 M aqueous NaOH (thereby
(Co), 129.77 (C8), 124.66 (C4a), 123.84 (Cm), 126.25, 122.89, 121.77, exchanging the N-bound deuterium only), and the organic products
121.37 (C5, C6, C7, Cp), 55.11 (TaMe), 47.21 (C2), 27.04 (C4), 26.79 were extracted with 10 mL of &D. Examining this organic phase by

(CHMey), 24.59 (CHVigy), 24.04 (C3). Anal. Calcd for £Hs7NO;- GC/mass spectroscopy confirmed that no significant deuterium incor-
Ta: C, 63.38; H, 7.05; N, 3.44. Found: C, 62.70; H, 7.12; N, 3.32. poration into HNGH10 had occurred.
Ta(NCyH19)Me,Cl, (14). A solution of 0.500 g (0.945 mmol) of X-ray Structural Determination of Ta(NC gH10).Cls (2). A red

Ta(NGH10)Cl4(OEL) in 20 mL of benzene was prepared and stirred hexagonal block-shaped crystal ofs8,0CIsN2Ta (grown directly from
rapidly while a 0.945 mL aliquot of ZnMsesolution (2.0 M in heptane, the toluene reaction solution aB5 °C) having approximate dimensions
1.89 mmol) was added dropwise. Upon ZnMeddition, the dark of 0.21x 0.21x 0.16 mm was mounted in a glass capillary in a random
purple solution smoothly developed a light orange color with the orientation. Preliminary examination and data collection were per-
simultaneous formation of a sticky precipitate. After 24 h, the orange formed with Mo Ko radiation ¢ = 0.710 73 A) on a Syntex R2
solution was decanted from the precipitate, the reaction volatiles were diffractometer equipped with a graphite monochromator and a Crystal
removed in vacuo, and the product was extracted from the residue with Logics computer control system. Cell constants and an orientation
minimal pentane. This extract was filtered through Celite, and the matrix for data collection were obtained from least-squares refinement,
filtrate was stripped of solvent in vacuo to provide 0.34 g (0.82 mmol, using the setting angles of 53 reflections in the range<2Zp < 30°.
87%) of product as an orange solid. Analytically pure Ta§Nfg)Me,- The monoclinic cell parameters and calculated volumearel5.409-

Cl, was obtained by recrystallization from pentane solutior 35 °C. (1) A, b=9.946(1) A,c = 12.310(1) A8 = 96.62(8}, V = 1874.0

IH NMR (CgDg): 0 7.331 (d, 1 H, H8), 6.766.94 (unresolved, 2 H, A3 ForzZ =4 and fw= 551.68, the calculated density is 1.96 gfcm
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As a check on crystal qualityy scans of several intense reflections parameters and converged (largest parameter shift was 0.00 times its
were measured; the width at half-height was 0,2Bdicating good esd) with agreement factors Bf= 0.025,R,, = 0.034, andS= 0.98.

crystal quality. From the systematic absencekGdf| = 2n + 1, and There were three correlation coefficients greater than 0.50. The highest
0ko, k = 2n + 1, and from subsequent least-squares refinement, the correlations were between the scale factor and theUkg Uzz, Uss)
space group was determined to B2/c (No. 14). parameters. The highest peak in the final difference Fourier map had
The data were collected at 201 °C using thew—26 scan technique a height of 0.84(12) e/&62 the minimum negative peak had a height
(octants+h,+k,£l). The scan rate was fixed at 3/tin. Data were of —0.26(12) e/R. The maximum peaks were in the vicinity of the
collected to a maximum@of 50.C°. The scan range was determined Ta and CI positions. Plots giw(|Fo| — |Fc|)? versus|F,|, reflection
as a function of) to correct for the separation of theokdoublet; the order in data collection, (sif))/A, and various classes of indices showed
scan width was calculated fromfd@a,) — 1.30) to (B(Ka) + 1.60). no unusual trends. All calculations were performed on a VAX computer

The diameter of the incident beam collimator was 0.75 mm. A total using MolENS%*

of 3693 reflections were collected, of which 3308 were unique and

not systematically absent. As a check on crystal and electronic stability, ~Acknowledgment is made to the Division of Chemical

3 representative reflections were measured after every 97 reflections.Sciences, Office of Basic Energy Sciences, Office of Energy
The intensities of these standards remained constant within experimentaResearch, U. S. Department of Energy (Contract DE-FG03-
error throughout data collection; therefore, no decay correction was 93ER14349), for support of this research and to the donors of
applied. Lorentz and polarization corrections were applied to the data. the Petroleum Research Fund, Administered by the American
The linear absorption coefficient is 62.3 chfor Mo Ko radiation. Chemical Society, for partial support of this work. We also

An absorption correction based grscan data was applied (minimum 5y the Materials Characterization Program (State of Arizona)
1.00, maximum 1.35, average 1.20). Intensities of equivalent reflections for partial support

were averaged. The agreement factors for the averaging of the 276
observed and accepted reflections was 1.5% based on intensity and Supporting Information Available: Text giving details of the

1.1% based oifro. ) structure solution and refinement, tables of crystal data and data
The structure was solved using the Patterson heavy-atom method,qiection parameters, atomic positional and thermal parameters, bond
which revealed the position of the Ta atom. The remaining atoms were distances, bond angles, least-squares planes, and torsional angles, and

located in succeeding difference Fourier syntheses. Hydrogen atomgogTep figures for Ta(N€H10):Cls (17 pages). Ordering information
positions were visible in a difference map after anisotropic refinement ;o given on any current masthead page.

of the non-hydrogen atoms. Hydrogen atoms were added at idealized
positions. Hydrogen atoms were included in the refinement but 1C960298N

constrained to ride on the atom to which they are bonded. The structure

was refined in full-matrix least-squares procedures, where the function (60) cromer, D. T.; Waber, J. Toternational Tables for X-Ray Crystal-

minimized wasy wW(|Fo| — |F¢|)? and the weightv is defined as By lography, The Kynoch Press: Birmingham, England, 1974; Vol. IV,
2(F). Table 2.2B. _

Scattering factors were taken from Cromer and Wé&beknomalous ~ (61) Ibers, J. A;; Hamilton, W. CActa Crystallogr.1964 7, 781.
dispersion effects were included ;¢! the values forAf and Af"” (62) Cromer, D. TlInternational Tables for X-Ray Crystallographyhe

. S . K h P . Birmingham, England, 1974; Vol. IV, Table 2.3.1.
were those of Cromé®. Only the 2427 reflections having intensities (63) C):Ei%ish;rflst. &LWH&%tST:rys?e%liEr.l%Q 2 1054. ave

greater than 3.0 times their standard deviation were used in the (64) MolEN: An Interactbe Structure Solution ProcedyrEnraf-Nonius:
refinements. The final cycle of refinement included 217 variable Delft, The Netherlands, 1990.



