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Reaction of TaGlwith 2 equiv of an amine in the presence of sodium silicate and pyridine affords Ta(MR)2!

in good yield. Reaction of Nbglwith ZnCl, followed by addition of an amine RNHand pyridine affords
M(NR)Cl3(dme) (dme is 1,2-dimethoxyethane). For niobium this reaction proceeds smoothly regardless of the
amine but is ineffective with tantalum and alkyl amines. An alternative route involves reaction of WtiCB

equiv of RNH to form [RNHs]2[Ta(NR)CE], followed by reaction of this salt with ZnglIn the presence of dme.

The molecular structure of Nb{BU)Cls(dme) (formula GH14CIsNNbO,) was determined by X-ray crystallography
(monoclinic space grou@c with a = 30.565(4) A,b = 7.2406(13) A.c = 13.915(2) A, = 90.626(7}, V =
3079.4(8) B, Z = 8). The Nb-N bond length is 1.72 A with a NbBN—C bond angle of 177in a distorted
octahedral structure. In order to characterize theNVstretching frequencies in these compounds, IR data for
each compound are compared with calculated stretching frequencies using the commercially available Spartan
calculation package. These experiments reveal that there is no reldl $¢tetching frequency in these imidos.
Rather, the M-N modes are strongly coupled toXC and C-H or C—C modes in these imidos. IR active
modes are observed at1260 cnt? for tantalum alkyl imidos and-1350 cnt? for tantalum aryl imidos. These
correspond to a Fa(N—C) stretch coupled to the GRimbrella deformation.

Introduction reaction with silylarylamines in the presence of thf or dme (1,2-
dimethoxyethane), however, affords the etherated compdunds.
In this case, the aniline derivative produced is labile enough to
be replaced with the weakly coordinating dme. These materials
are much more useful for subsequent derivatizatioh.

Transition metal compounds containing imido ligands {RN
have become extremely important in inorganic chemistiigese
divalent ligands potentially provide a total of three bonds to a
metal center, one and twosr, depending on the ability of the
metal to form a total of three bonds to any given imido ligand. rol/dme
Early routes to Ta and Nb imido compounds involved reduction TaCls ~ + 2 Me;SiNHAr  —— iAfﬂfvTﬁcb(dme) 3)
of acetonitrile with MC} and zin& or reaction of tantalum :
neopentylidenes with imines in a Wittig-like reactibh. This . . . . -
method could be fairly general since a variety of imines could Finally, some clever reactions involving hexamethyldisilazane

be used, but the expense of preparing TARIHCK(th),, the with the metal halides afford sinI?midc?s.This result is directly
pregursor liJs unde)s(ip:able prepanng o(th)2 analogous to the above reactions and valuable due to the

instability of MeSiNH,,° making it impossible to prepare the
imido compound using the methods described below.

‘B Ph
Ta(NR)Cl;(th
lL_TaCb(tth + \:NR a(NR)Cly(thf), ()

NbCls + 2 (Me;Si),NH [(Me3SiN)NbCI,(NH,SiMe3)(u-Ch)1, (4

Somewhat later, Nielson reported that silated alkylamines

react with MCE (M = Nb, Ta) to give the dimeric (bridging Our interest in group 5 monoimido compounds stems from
halide) compounds shown: the extremely interesting properties of their photoexcited
states10-12 Examples of luminescence from solutions of these

NbCls + xs Me;SiNHCMes [(Me3CN)NbCl,(NH,CMey)(-CD];  (2) compounds at room temperature have been reported recently,
with emission quantum yields ranging from 0.25 to 0.0001 and
The coordinated amine in these compounds can be replaced witfemission lifetimes from 2@s to 20 ngl®!! We have found
small phosphines, but the resulting species were not isolatedthat the alkyl substituent has a substantial effect on the
due to their oily, tacky nature. This is particularly problematic absorption and emission energies in these compotfids3
since exchange of the amine with other bases is often difficult,
and its presence obviously detracts from the usefulness of these (6) Chao, Y.-W.; Wexler, P. A.; Wigley, D. Hnorg. Chem.1989 28,

materials in the synthesis of alkylated compounds. A similar
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Therefore access to a variety of these imidos is important in these reactions result in yields of 50% or less. Each of the
probing electronic structure. In our search for labile, electroni- tantalum alkylimido bis(pyridine)s, with the exception of
cally simple materials, we sought routes other than those abovecompound$a and6a (R = CMe,CH,CMes andn-Bu), can be
which lead to monoimido compounds containing simple, labile prepared directly from the amine and TaGh reasonable
ligands, specifically, M(NR)G[dme), directly from RNH. We isolated yields using N&iOs. Unfortunately, attempts at

were also interested in modifying the Wigley procedure, eq 3, preparation of the dme adducts of alkylimidos using this method
in order to avoid generation of the relatively expensive ere unsuccessful0% yield).

MesSiNHAr prior to reaction with the metal halide. Addition-

ally, th(_e_usefulness of thfe above methods will be limited by T,ci; , 2 RNH, &+ 25 NaSiO; + 2py ——= Ta(NR)Clipy,

our ability to prepare silated amines. We have found a ) ()
.. K . K 60 - 80 % yield

surprisingly simple reaction sequence that avoids these problems

and is effective for each amine we have investigated.

Finally, we are interested in establishing the metatrogen Use of Amines as Proton Acceptors.On the basis of the
stretching frequency in these compounds in order to judge therelated syntheses of group&6” and 281°imidos, it seemed
variation of the metatnitrogen interaction; there has been reasonable that pyridine or triethylamine could be used as an
significant controversy over the location of these absorptions external base in these reactions. Addition of, for example, a
in IR spectrat A number of assignments on group 5 imido  solution of aniline (PhNK 1 equiv) and pyridine to Tagln
compounds report two absorptions that can be attributed to Et,0ftoluene does not result in formation of the imido.
M—N modes'!* There is reportedlya low-frequency mode  However, pretreatment of the tantalum solution with 2 equiv
in the range 9061000 cnT* and a higher energy mode between  of znCl, results in formation of a fine white precipitate which
1100 and 1350 crt. Stréhle'* showed that the MN stretch  gissolves upon addition of the amine mixture and a high yield

moved from 1107 to 963 cnm upon changing X from Clto | ¢ Ta(NPh)Cy(dme) () after filtration and recrystallization (eq
in the series (XN)VG.15 The lower frequency mode changed 7). This method also affords compoungis12 (R = 2,6-

from 510 to 390 cm! in the same comparison. Furthermore, iPLCHa (An). 2.6-MeCeHa (Ar) 4-CNGH, 2-naphthvl
Stréhle predicts higher energy MN modes in alkylimido 2-;nfhri/l)(in)r’1igllu yielzz et (A1), GoHa, Py,

compounds? Several papers corroborate this conclusion;

however, Osborne makes an opposite assignment in (PhN)VCp dme

based orf*N labeling experiments. The NC mode is assigned TaCls + AryINH, + 2ZnCl, + 2py —— Ta(NAry)Cly(dme) (7)

to a 1330 cm? absorption, while the 934 cm absorption is

assigned to the MN absorption (&% compounds may be Perhaps the most valuable success of this route is in the

anomalous). We hope to clarify this argument. synthesis of compoundsl and12. Thus, 2-aminonaphthalene

(NapNH,) and 2-aminoanthracene (AnthMHcan be readily

) ) ) ) converted into the corresponding imidbkand12, respectively
The reaction of interest, eq 5, is a simple one, but the j, good yield. On the basis of these observations, this method

relatively poor solubility these M(NR)@lL, compounds makes  ¢houid smoothly provide arylimidos of the form Ta(NAryl)-

Cls(dme) regardless of the amine. Importantly, the lability of

the dme ligand makes these compounds valuable starting

e L _ materials for synthesis of other monoimido compouttisFor
purification difficult, even though conversion is generally high. example, addition of py to Ta(NANGdme) €)1 affords
We report two general ways of preparing these compounds byTa(NAr)élg(py)z quantitatively

reaction of primary amines with MgI(M = Nb, Ta). One ] ) )
approach is to use an insoluble inorganic base to remove the Unfortunately, this method is unsuccessful for synthesis of
byproduct HCI. The other is to use a combination of a soluble the corresponding alkylimidos using dme as the Lewis base,
organic base and zinc chloride for the same task. In each caseJ&(NR)Ck(dme),1c—6c. In some cases, the desired compound
precipitation of the salt byproducts from the reaction mixture could be isolated in low yields<{20%). Fortunately, addition
is key to purification of the imido product. of 3 equiv of tANH, to a solution of TaG in Et,O/toluene
Synthesis of Tantalum Imides. Generally, results for the ~ quantitatively affords the salt [tANK*[Ta(NtA)Cls]?~ (1b),
alkylamines were fairly consistent and somewhat different from eq 8. A related transformation has been observed recently for
the aniline derivatives. As examples, three compounds will be
discussed, Ta(NR)€ll; (R = CMesEt (tA), L = py (1a8), L = MCls  + 3 RNH,
1, dme (1c); R = CgHs, L = 1/, dme (7)).
Inorganic Bases as Proton Acceptors.Addition of anhy-
drous NaSiQ; to a solution of TaGlin Et,O/toluene followed
by 1 or 2 equiv oftert-amyl amine (tANH) results in a pale
yellow to yellow-green solution. Pyridine is then added to give
a yellow solution. After the mixture is stirred overnight at
ambient temperature, the product is filtered from the insoluble
salts, and excess amine is readily removed after concentration(16) Fox, H. H.; Yap, K. B.; Robbins, J.; Cai, S.; Schrock, R.liRorg.

in vacuowith a pentane wash. This procedure yields Ta(NtA)- 17 gﬂﬁfg;;lfgé %1'_ 2D2e8P71je R.T.: Feldman, J.: Yap, K. B.: Yang, D. C.:

Results

TaCls; + RNH, + 2L TaNR)ClL, +  2HCl (5

[RNH;]*, [M(NR)CL5]* ®)

[RNH;]*, [M(NR)CI5]* + ZnCl, + dme

M(NR)Cl;(dme) (9)

arylamineg® This salt can then be treated with Zn@h the
presence of dme to afford Ta(NtA¥dime) (Lc) in 86% yield,
eq 9. Reactions with other alkylamines also proceed in high

Cla(py)2 (1a) as a pure, in_ghtIy yeHOW pO_Wder- Consistently, Davis, W. M.; Park, L. Y.; DiMare, M.; Schofield, M.; Anhaus, J.;

use of only 1 equiv of amine results in yields of-480%, but Walborsky, E.; Evitt, E.; Kiger, C.; Betz, POrganometallics199Q

using 2 equiv increases the yield0%. We tried a number 9, 2262. s

of inorganic bases, includingX O3, N&B4O7, and CaH, but (18) Ifielé'éei'_’ Schrock, R. R.; Davis, W. M. Am. Chem. S0d.992
(19) Williams, D. S.; Schrock, R. ROrganometallics1993 12, 1148.

(14) Dehnicke, K.; Stilale, J.Angew. Chem., Int. Ed. Endl981, 20, 413. (20) Jayaratne, K. C.; Yap, G. P.; Haggerty, B. S.; Rheingold, A. L.; Winter,

(15) Dehnicke, K.; Stilale, J.Chem. Re. 1993 93, 981. C. H. Inorg. Chem.1996 35, 4910.
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yield to form the pentachloride salt8{—6b) and, subsequently, Fa

the corresponding dme adducfc{-6c¢). k| é‘ !
This final method is highly desirable since the amine N/

substituent does not seem to affect the course of the reaction

and the product, formed in good yield, is a labile, useful starting |

material for further syntheses. .N

Synthesis of Niobium Imides. Our results for the Nb
compounds differ somewhat. We have been successful in
preparing all of the niobium imidos according to eq 7. Both 4
the pyridine and dme adducts are thus available directly from
NbCls, the amine, pyridine or Ngtand ZnC} in high yield. .um .C i)
Reaction of alkylimido pentachloride salts with Za@hd dme ] Cy3)
also results in good yields of Nb(NtA)gtme) (L3¢ and the L
other alkylimides. This method affords the desired compounds L ij
in somewhat better yield. Finally, attempts at using inorganic Yy 3
bases to prepare the niobium imidos generally fail, particularly it
using CaH as base. We attribute this to the greater tendency £ )
for Nb to reduce compared to Ta and to the greater lability of _.
second-row elements compared to their heavier congeners. Figure 1. Molecular structure of Nb(NCMgCls(dme) 44)

Spectroscopic Properties. The geometry of these species
is clear from'H NMR and consistent with previous observations o
by Wigley$ In 1a, for example, the tA geminal methyl groups 2
are equivalent as are the geminal protons on the methylene .
carbon, indicating a plane of symmetry containing the-Wa-C

axis. The pyridine ligands are inequivalent, however, and one
of the pyridines exchanges rapidly on the NMR time scale with
free pyridine in solution. It seems clear then that the chlorides
are allcis to the imido group and that the pyridines anis.
Presumably, the pyridingans to the imido is the one which Q
exchanges with free pyridine. NMR data for all of the bis-
(pyridine) adducts are similar. Furthermore, data for the dme @ .
adducts are also consistent with thgs,merM(NR)ClsL» :
geometry.

Molecular Structure of Nb(N'Bu)Clz(dme). One of the
earliest structural studies on a transition metal imido compound
involved the dimeric diimido Nbcompound [NbClg(NCMe)-

(7>-NC(Me)C(Me)CN)F~, which was prepared by reduction of ' ’
NbCl, in acetonitrile? This was taken advantage of in a later ) | .
paper on synthesis of bridging imidos from imines using’Nb y. . w

A small number of other structures of group 5 imido compounds ‘/ |
exist formulated as [M(NR)GL]~, where R is an alkyl
substituent. Structures of compounds with weakly coordinating .

Lewis bases, such as THF or dme, are rare. Also, we are

interested in structural effects on excited state properties. Figure 2. Assigned [Ta-N-CJ medium frequency vibrational mode
Therefore, we crystallographically characterized the molecular \(l’i’bfatligz%ch(gg‘;aéfgggée%ﬁoél;iycMQC'& The magnitude of the
structure of Nb(NBu)Cl;(dme) (L4), shown in Figure 1. There '

are two chemically identical molecules (see Experimental Table 1. Crystallographic Data for No(NCMCls(dme) (14)

Details), of which molecule A is discussed. Crystallographic formula GH1eNO,Cl:Nb
data and relevant bond lengths and angles are listed in Tables  fw 360.50

1 and 2, respectively. The structure is intriguing in a number cryst system monoclinic
of ways. The niobiurmnitrogen bond length is 1.722(7) A, Spac?&group Cc

short for an imido ligand, but within-0.04 A of the average ae 30.905¢1), 7.2406(13). 13.915(2)
~ A)l As expected, the NBN—C angle is essentiall f.qe 526(7)
(~1.76 A): pected, tf g ially v, A3 3079.4(8)
linear, 176.8(7). Also typical of compounds containing z

multiply bonded ligands, the equatorial ligands are “pushed Dy, gcnm3 1.555

back” from the equatorial plane by the electronic influence of A“('XO Ka), cm 12.9

the imido, resulting in N-Nb—L angles of between 95 and 100 ’} K 247910 73

The halides are slightly distorted from perfect octahedral R(F), R(WF),2 % 3.92,10.25

geometry in the plane as well; CI@Nb—CI(2) and CI(3)>
Nb—CI(2) angles are 94.92(10) and 92.93(1Iespectively.
This occurs even though the equatorial-ND bond is signifi-
cantly shorter (by 0.2 A) than the NiD bondtrans to the imido. The latter may be attributed toteans influence and
has been observed in the structure of closely related Mo(N)-
(21) Roskamp, E. J.; Pedersen, SJFAm. Chem. Sod.987, 109, 3152. Cl3(dme)??

2 Quantity minimized= R(F) = YA/3 (Fo); RWP) = Y [w(Fo? —
FAZI(WF?)TY% A = |Fo — Fdl.
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Table 2. Selected Bond Distances (&) and Angles (deg) for of the normal coordinate analysis. Visual inspection of the
Nb(NCMe;)Cls(dme) (4) animated vibrational modes more clearly shows the atomic
molecule A molecule B motions involved in each predicted vibrational mode. Modes
Lengths in which both Ta and N atoms are significantly distorted from
Nb—N 1.722(7) 1.730(8) their equilibrium positions were taken as (¥id)-containing
Nb—CI(1) 2.400(3) 2.385(3) modes. These modes are fairly unambiguous since, in the
mg—g:gg %-32283 gzgig 1000-1400 cnt! region of the spectrum, few modes involve
Nb—O(1) 2.389(6) 2.375(7) the Tg atom, and only one .to three involve both Ta and N to a
Nb—0(2) 2.187(6) 2.208(6) significant degree, depending on the molecule.
N—C(5) 1.463(1) 1.463(1) As the group bonded to nitrogen changes, a noticeable change
Angles in the frequency of the mode which is mainly-¥a in character
CI(1)—-Nb—Cl(2) 94.9(1) 95.7(1) occurs. For the nitride, the FaN stretching mode is observed
CI(1)—Nb—CI(3) 162.2(1) 162.4(1) at 1120 (1008) cmt, where one would predict on the basis of
CI(2)—Nb—CI(3) 92.9(1) 92.1(1) previous literaturé4 In the protioimide, this stretching fre-
Cl(1)-Nb—N 95.8(3) 95.9(3) quency decreases to 1083 (975) ¢ncloser to that expected
CI(1)~Nb—0(1) 81.4(2) 81.7(2) ; . .
CI(1)~Nb—0(2) 85.4(2) 85.7(2) for an oxo and c0n5|stent. with what §hpu|d bg a (slight) bpnd
Cl(2)~Nb—N 100.8(3) 100.6(3) weakening upon protonation of the nitride. This mode mainly
CI(2)—Nb—0(1) 91.0(2) 90.4(2) involves a Ta and N symmetric stretch, coupled with a small
CI(2)-Nb—0(2) 161.7(2) 161.6(2) contribution from the N-H stretch.
“:“E:ggg égi(léf) é?%?s(;’ ) In the methylimido, however, this mode drastically increases
O(1)-Nb—0(2) 70.9(2) 71.7(2) in energy to~1300 (1170) cm®. This is due to coupling with
Nb—N-C 176.8(7) 176.5(7) modes which are mainly NC and C-H in character and close

o ) to what is observed experimentallyide infra). This mode is
Table 3. Calculated Energies in crihfor Ta—N—C Modes in

now best visualized as an umbrella deformation of thes CH
ch(jNT)g(bN(T:ﬁggl)ﬁ;ng(NMe)Cb, Ta(NCMe)Cls, Ta(NPh)C4, group coupled with the TaN mode. At higher frequency is

predicted a mainly N-C stretching mode which involves some

alkyl ; ;
sym deforma- antisym N-C—R tantalum charactefthls can be' thought of' as an asymmetric
compound TaN stretch tion stretch  bending [Ta—N—C] stretching mode, in which significant nitrogen
Ta(N)Ch 1120 motion occurs along the FeN—C axis. Finally, a symmetric
Ta(NH)Ck 1083 3569 [Ta—N—C] mode, in which the Ta and C atoms distort along
Ta(NCHy)Cls 661 1296 1508 989 (E) this axis, is predicted to occur at 661 (595)n On the basis
Ta(NPh)C4 710 1211  1475,1645 993,1076  of these results, there are three main stretching modes predicted
Ta(NCMe)Cls 634 1171 1500 1292, 1292

for an alkyl imido: a low-energy symmetric vibratidra—N—
C, a medium energya—(N—C) mode, and a higher energy

Infrared Data and the Metal —Nitrogen Stretching Fre- asymetric TerN—C moade, using italics to indicate atomic
guency. There has been significant controversy over metal motion. o _
nitrogen stretching frequencies in transition metal imido com-  In the tert-butylimido, the predicted umbrelf&a—(N—C)
poundst?3 The main problem is that this mode is strongly Stretching frequency drops again to 1171 (1054) trsome-
coupled to the N-C stretching frequency in these compouitls.  What lower than actually observed. This may be due in part to
A secondary problem that we have discovered is significant 9€0metric considerations; the F&l bond length is predicted
coupling to carborrcarbon or carborhydrogen modes in the 10 be~1.77 A, significantly longer than that observed i
alkyl group®® In order to gain insight into this problem, we and in Ta(NAPB(THF) (1.71 A)7 Predicted modes at 634
have carried out semi-empirical calculations using the Spartan(571) cnt* for the symmetric Ta-N—C] mode and 1500
calculation packadé on a Silicon Graphics Indigo computer ~ (1350) cnt* for the asymmetric [TaN—C] mode are again
(PM3(tm) parameters) and compared the calculated vibrational ©bserved.
modes with the observed absorptions. A simple series was con- In our model of an actual compound, Ta(NC#elz(dme),
structed: Ta(N)G Ta(NH)Ck, Ta(NCH;)Cls, Ta(NCMe)Cls, the Ta-N mode is predicted to be 1171 (1054) ¢hyunchanged
and Ta(NPh)G Finally, a calculation was carried out for as the coordination number increases from 4 to 6. The geometry
Ta(NCMe)Cls(dme) for comparison with actual spectra ac- of this compound is predicted to be very similar to that observed
quired in a Nujol mull. The molecular geometries were inthe structure ol4. In the phenylimido trichloride, the picture
optimized, molecular orbitals calculated, and vibrational fre- is more complicated. There are a number of modes in the region
quencies (normal modes) estimated with a frequency calculation.1000-1500 cnt? that have varying degrees of N and Ta
These modes are typically assumed to be overestimated by 10%gontributions, but there are two main contributors to—Na
so values quoted here are followed parenthetically with the stretches, one at 1211 (1090) chand another at 1475 (1327)
calculated frequency scaled by 0.9. We consider these valuescm 1. Results for Ta(NPh)Glare similar, with coupling of aryl
as upper and lower estimates of the vibrational frequencies. C—C stretches and the Fa stretch being the main distortions

The results are tabulated in Table 3. There is a significant in the medium-frequency analog to the umbrella mode in the
change in the mode which is mainly F&l in character as one  alkylimidos.
proceeds from nitride to the imides. This mode was selected With these results in mind, infrared data for the imido
from the tabulated data (available as Supporting Information) compounds were scrutinized in order to find evidence for these
three modes, Table 4. Observation of a strong absorption at
(22) Rentschler, E.; Dehnicke, . Naturforsch.1993 48b, 1841. ~1250-1280 cnT?in otherwise fairly bleak spectra of the salts
(23) ng\?ve\r(lgrl\(lv.légsMayer, J. MMetal-Ligand Multiple BondsWiley: [Ta(NR)Cb]Z‘ (1b—6b) is perhaps the most convincing evi-

(24) Wavefunction Spartan4.0 ed.; Wavefunction, Inc.: 18401 Von dence for the medium frequendie—(N—C) mode in these
Karman Ave, No. 370, Irvine, CA 92715, 1995. compounds. This value is close to that predicted for the

Ta(NCMe)Cls(dme) 635 1171 1499
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Table 4. Observed Infrareq Absorptions for “FaN—CRy” (in amine RNH as a Lewis base ligarfe?®> Replacement of RN
cm™) in the Ta and Nb Imido Compourfis in these compounds with weakly coordinating ligands such as
no. compound medium high pyridine does not occur smoothlyCoordinated dme is highly
la Ta(NCMeE)Cli(py). 1255 desirable due to its ready loss in further reaction chemistry, such

1b [Ta(NCMeEt)Clg]?~ 1263 1589 as in Grignard reactions'®17 Of more immediate interest to

1c Ta(NCMeEt)Cly(dme) 1255 1589 us is the simplicity of the electronic structure of these

2a Ta(NCMe)Cls(py). 1283 compound4%12 The imido ligand is the dominant factor, while

2c Ta(NCMe)Cly(dme) 1275 1586 the chlorides and simple Lewis base ligands essentially serve

3a Ta(NCH(CHMe))Cly(py). 1263 , L

pk to fill out the coordination sphere.

3b [Ta(NCH(CHMe),)Clg] 1268 1592 X ; . -

3c Ta(NCH(CHMe),)Cls(dme) 1266 1603 There are a variety of six-coordinate Nb and Ta imidos of

4a Ta(NAda)Ch(py). 1286 the form M(NR)ChL, where L is RNH or PR.15 On the basis

4c Ta(NAda)Ck(dme) 1281 1585 of the previous literature, it appeared difficult to avoid incor-

5a Ta(NOCtCh(py). 1255 poration of the amine when more than 1 equiv was added to

5b [Ta(NOct)Ck] 1263 1589 the metal halide, so we attempted to use nitrogen bases as HCI

5c Ta(N'Oct)Ck(dme) 1261 1599 . .

6b [Ta(NBu)CKJ> 1300 1585 scavengers. None of these preparations met with reasonable

6c Ta(NBu)Ck(dme) 1306 1580 success in the absence of ZaCHowever, addition of ZnGl

7 Ta(NPh)Ci(dme) 1359 1583 to MClIs prior to amine and py results in good to excellent yields

8 Ta(NAr)Cly(dme) 1354 1606 of the arylimidos. For preparation of the alkylimidos, best

9 Ta(NAr)Cls(dme) 1336 1608 results are obtained by reaction of the halide with 3 equiv of

10 Ta(NPhCN)Ci(dme) 1370 1593 ) ; . " o

1 Ta(NNap)Ci(dme) 1322 1501 amine and isolation of [RNg"2[M(NR)CIs]?~ followed by

13a Nb(NCMeEt)Cls(py). 1218 treatment with ZnGlin the presence of Lewis base. Niobium

13b [Nb(NCMeEt)Cls]>~ 1236 alkylimidos may also be prepared in a one-pot reaction between

13c Nb(NCMeEt)Cly(dme) 1225 1594 MCls, ZnCl, RNH,, and NE% in somewhat lower yield.

ig mg(“ga"?%‘idme) %‘21% 1282 We tried a variety of insoluble inorganic bases such #30x,

17 NbEN Ar))cégdmg 1332 1584 NaB4O;, and LIBO,. Use of these bases results in only modest

18 Nb(NPhCN)C(dme) 1336 1591 (< 50%) yields. However, N&iO; works well in the presence

19 Nb(NNap)Ck(dme) 1308 1590 of pyridine, giving 66-80% yields of M(NR)Ci(py). when 2

2In Nujol mulls. Abbreviations: Ada= 1-adamantyl,Oct = equiv_of amin_e is used, _but only 40% or so in the presence 01_‘
CMe,CH,CMes, Ar = 2.6:PrLCeHs, Ar' = 2.6-MexCeHs ﬁhCN _ 1 equiv of amine. Even in the presence of excess base, 1 equiv
4-CNGH,, Nap= 2-naphthyl, Anth= 2-anthryl. of amine is apparently lost as the ammonium salt. Itis possible

that some significant concentration of a soluble base is necessary
methylimido trichloride and somewhat higher than the calculated to deprotonate the initially formed amine (M(MR)Cls) and
value for thetert-butylimido. Previously, Schrock reported that amide (M(NHR)C§™) complexes, but it is not clear why the
only one absorption in the IR of Ta(NPh)}hf), (at 1360 resulting ammonium salt is not efficiently deprotonated by the
cm2) shifted upontSN labeling. In agreement with this, the  insoluble base.
midenergy Ta-N stretch in9 is observed at 1359 crh, and Syntheses of Imidos Using Amines as Starting Materials.
the energy of this mode is predicted tob&475 (1327) cm?. There are now simple, high-yield syntheses fvile adducts
A mode is observed in this region of the spectrum for all the Of d° imido chloride compounds of Nb, Ta, M§,W,'" and
arylimido compounds, while the lowest energy absorption occurs Re*®**for almost any alkyl or aryl substituent. Itis interesting
for 11, the least electron-donating arylimido, at 1322ém  to compare these syntheses since they are so similar. For Mo,
Another feature that we are able to establish is a weak absorptionV, and Re, the most readily available starting materials are
for all of these compounds at approximately 1600¢émThe  Oxides, and CISiMgis used as an oxygen scavenger. The
energy of this absorption appears to be invariant with metal, Simplest synthesis involves rhenium bis- and tris(imidos).
and it Corresponds to the h|gher energy (main|y)®|mode in Rhenium heptoxide reacts with 6 eqUiV of an aniline derivative
these compounds. We were unable to reliably pick out a low in the presence of either pyridine or triethylamine to afford
frequency mode predicted by the calculations in the-6T80 Re(NArClspy*® or Re(NArkCL'® respectively. In reactions
cm™? region, corresponding to a low energy symmetiia{ with alkyl amines, the amine serves as base to give RefNR)
N—C] stretch. Similar data were obtained for a series of (OSiMes), which can be isolated or reacteusitu with 3 equiv
vanadium, molybdenum, tungsten, and rhenium halo imido Of HCI to give Re(NR)Clz.*® The generality of these reactions
compoundg? is not known but is probably similar to those described here

The niobium compounds show similar trends, with the aryl (BU, Ar, and At were used previously).

compounds having higher energy stretching frequencies thanre,0, + 6AMNH, + 17MeSiCl + 14NEy Re(NAr),Cl
their alkyl analogues. The NN stretching frequencies are 95 %
consistently observed30 cnT red of their heavier congeners.
In conclusion, these observed stretching frequencies appear to
vary as a function of vibrational mode energies rather than bond
strength, for which we have, at this point, little accurate measure, Re207 + 20 -BuNH, + 17 Me;SiCl

Re(NAr),Clypy  (10)
75-85%
2 Re(Nt-Bu);(0OSiMe5)
83 %
Discussion 6 HCI an

14 py

Our primary interest in this work was to find a high yield 2 Re(NR),Cl; 79 %
route to alkylimido compounds of the form M(NR}YCL, where
L is a labile Lewis base. These materials are highly desirable
for a number of reasons. The most obvious is their utility as

starting materials for group 5 imido chemistry. Known (35) jones, T. C.; Nielson, A. J.; Rickard, C. E.Chem. Soc., Chem.
examples of M(NR)GL,, (R is alkyl) contain the corresponding Commun.1984 205.

Synthesis of molybdenum bis(imido)s is somewhat more
general® Reaction of [NH];[M0,0;] with a variety of aniline
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derivatives in the presence of NEh refluxing dme affords
high to excellent yields (7599%) of Mo(NAr)%Cl,(dme). For
t-BuNH,, again no additional base is required, and yields are
somewhat lower~{60%).

(NH,),M0,0; + 4 AINH, + 8 NEt; + 17 Me;SiCl —
2 Mo(NAr),Cl,(dme)

75-99 9% az)

Tungsten is perhaps the most complicated. WQ€Used
as the starting material with otherwise similar conditions to those
for molybdate'’?6 This reaction is somewhat more variable,
since precise reflux times seem more important for high-yield
reactiong® Additionally, the noncoordinating base 2,6-lutidine
must be used, since NEtloes not give good yields.

WOCl, + 2 ArNH, + 5 2,6-lutidine + 5 Me;SiCl
— W(NATI),Cly(dme)

75 % a3

Korolev et al.

Amylamine, tert-octylamine, tert-butylamine, and 2,4-dimethyl-3-
aminopentane were dried over Gafdr 24 h. Zinc chloride, TaG)
and NbC} (Strem), adamantyl amine (Aldrich), 2-aminonaphtalene,
2-aminoanthracene, and 4-aminobenzonitrile (Acros) were purchased
and used as received. All NMR data were recorded in GBECsDg
at approximately 22C on a Varian Gemini 300 MHz spectrometer.
All chemical shifts were referenced to internal solvent and reported in
ppm downfield from TMS {H, *°C). CDC}k was stirred with Cakl
for 24 h, vacuum transferred, and stored in a black bottle over activated
alumina inside the drybox. Activated alumina was prepared by heating
at 100°C on a high vacuum line for 24 h. Deuterated solvents were
filtered through Celite immediately before use. Microanalyses (C, H,
N) were obtained from Midwest Microlab, 7212 N. Shadeland Ave.,
Indianapolis, IN, 46250. A number of these compounds were
consistently give variable results in combustion analysis. This has been
noted previously for other ®dgroup 5 compounds, in particular
Ta(CHR)ChL,2® and a sufficient number of examples analyze satis-
factorily.

Preparation of Compounds. Ta(NCMeEt)Cls(py). (1a). Method
A. TaCk (3.00 g, 8.38 mmol) was dissolved in toluene/ether (30 mL,
5:1 by volume). Anhydrous N&iO; (2.05 g, 16.8 mmol) was added

By contrast, for tantalum and niobium we use the halides as to it followed by the dropwise addition of neatNCMe;Et (1.96 mL,
starting materials. We have found that aniline derivatives react 16.8 mmol). The solution turned yellow-green, lightening to pale-green

smoothly with niobium or tantalum pentachloride in the presence
of pyridine, ZnC}, and dme to give good to excellent yields of
M(NAr)Cls(dme), eq 7. Alkyl amines react similarly with
NbCls, giving somewhat lower yields. The best way to make
mono(alkylimido)niobium and tantalum compounds (eqs 8 and
9) is to react the pentachloride with 3 equiv of amine, generating
[RNH3]2[M(NR)CIs], and treating this salt with Znglin the
presence of dme. This affords the compounds M(NE}Dhe)

in high yields.

at the end of the amine addition. Pyridine was added in exce8s (
mL) producing a yellow solution. The mixture was stirred for 18 h,
filtered through Celite, and evaporatedvacua The resulting solid
was washed with pentane and driadacuoto give 3.18 g of a yellow
powder (72%). Analytically pure samples were recrystallized from
CH.Cl,/pentane.

Method B. TaCk (500 mg, 1.40 mmol) was dissolved in toluene/
Et,O (8 mL, 4:1 by volume). Anhydrous M&iO; (341 mg, 2.79 mmol)
was added to the solution followed by the additiortet-amylamine
(163 mL, 1.40 mmol). The solution became colorless and was stirred

Note that, in each of these reactions, an amine, an externalfor 3 min. Pyridine was added-l mL), producing a yellow solution.
base’ and a Lewis acid are used to generate the |m|d0 In theThe mixture was stirred for 30 min, filtered through Ce”te, and chilled

oxide reactiond®18 Me;sSiCl acts as a Lewis acid to accept
the oxygen, forming (Ms5i);O. In the halide reactions here,
ZnCl, is the Lewis acid, reacting with the ammonium chloride
byproduct to form [pyH][ZnCi(solvent)] or [RNH][ZNnCl3s-

to —40 °C. A white precipitate was filtered off and the solution
concentratedn vacuoto give a yellow oil which crystallized after
standing under pentane, giving 0.342 g (46%) of a yellow sotid.
NMR (CDCls) 6 9.01 (d, 2, px-Ho), 8.94 (d, 2, py-Ho), 7.93 (i, 1,
pya-Hp), 7.83 (tt, 1, py-Hp), 7.41 (m, 4, pyHn), 1.66 (q, 2, CMeCH,-

(solvent)]. In either situation, the Lewis acid drives the reaction \je) 1.32 (s, 6, ®e,CH,Me), 1.10 (t, 3, CMgCH,Me): *C NMR
to completion. This point of view can be extended to the silated (cDCl) 6 152.9 (py-Co), 151.4 (py-Co), 140.0 (py-C,), 138.4
amines reacting with the group 5 halides, in which the (pysC,), 124.5 (py-Cn), 124.3 (py-Cn), 69.1 CMe.CH; Me), 37.8

silyl group is the Lewis acid, removing chloride to form
MegsiC|.5'6'25'27

Finally, we have investigated the infrared spectra of these
simple imido compounds in order to determine the observed
mode which is mainly M-N in character. The wording is
carefully chosen because theragssingle mode which is solely
M—N in character. The mode which isainly M—N in each

of these compounds is not observed at energies similar to thal

(CMexCH:Me), 29.2 (Me,CH;Me), 9.2 (CMeCH;Me). Anal. Calcd
for TaCsH2:CIsNs: C, 33.95; H, 3.99; N, 7.92. Found: C, 33.88; H,
4.23; N, 7.68.

[HsNCMezEt][Ta(NCMe,Et)Cls] (1b). TaCk (500 mg, 1.40
mmol) was dissolved in toluene (8 mL) by adding,@&t(1 mL).
H.NCMeEt (489 mL, 4.19 mmol) was added slowly giving a yellow
solution which was stirred for 4 h. This produced a small amount of
white precipitate. The mixture was evaporaitedacuoleaving a pale-

tyeIIow powder which was washed with pentane and dimedacuoto

of a terminal M-O stretch in an oxo compound, around 1000 give 860 mg (99%) of the productH NMR (CDCL) 6 7.14 (bs, 6,

cm™l. Substantial mixing of €N and G-C or C—H modes
raises the energy of this modeta.300 cnm? (50 cnT?). In

HaNCMeEt), 1.74 (q, 4, HNCMe;CH,CHs), 1.61 (q, 2, NCMgCH,-
CHy), 1.39 (s, 12, INCMe&,CH,CHs), 1.31 (s, 6, N®e ,CH,CHz),

fact, there are at least three modes in imido compounds which1.10 (t, 3, NCMeCH;CHg), 0.99 (t, 6, HNCMe,CH,CH3); 1*C NMR

contain a significant degree of metalitrogen character.

Experimental Details

General Details. All manipulations were carried out under a dry
dinitrogen atmosphere in a Vacuum/Atmospheres drybox. All solvents
and liquid reagents were distilled under dry argon over sodium/
benzophenone ketyl (THF, ether, pentane), molten sodium (toluene
pyridine), or CaH (dichloromethane, NEX Pentane was washed using
5% HNGy/H,SOs and dried over CaGlprior to distillation, with
tetraglyme added to dissolve the ketyl. (2,6-Dimethylphenyl)amine and
aniline were distilled from Caffafter predrying with solid KOH.tert-

(26) Williams, D. S. Ph. D. Thesis, Massachusetts Institute of Technology,
1993.

(27) Chao, Y.-W.; Wexler, P. A.; Wigley, D. Hnorg. Chem.199Q 29,
4592.

(CDCl;) 6 69.5 (NCMe,CH,CHs), 56.7 (HiNCMe,CH,CHg), 37.5
(NCMexCH,CHg), 33.3 (HNCMe,CH,CHjg), 29.1 (NOMe,CH,CH),
25.0 (WNCMeCH,CH3), 9.1 (NCMeCH,CHs), 8.0 (HsNCMex-
CH.CHg3). Anal. Calcd for Ta@H3sClsNg: C, 29.07; H, 6.34; N, 6.78.
Found: C, 28.68, H, 6.42; N, 7.06.

Ta(NCMezEt)Cls(dme) (1c). Compoundlb (1.00 g, 1.61 mmol)
was dissolved in toluene (8 mL) by adding 167 mL (1.61 mmol) of

"dme. ZnC} (660 mg, 4.84 mmol) was added last. The mixture was

stirred for 18 h, during which time the pale-yellow solution became
colorless. The solution was filtered through Celite and evaporiated
vacuo. This provided a colorless oil which crystallized upon standing
under pentane to give 640 mg (86%) of a white solid:NMR (CDCls)

0 4.22 (s, 3, ®leyn), 4.17 (M, 2, O(Ely)a), 4.03 (M, 2, O(El,)s), 3.91

(28) Rupprecht, G. A.; Messerle, L. W.; Fellman, J. D.; Schrock, RI.R.
Am. Chem. Sod98Q 102, 6236.
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(s, 3, Mes), 1.62 (g, 2, CMgCH,CHs), 1.30 (s, 6, ®1e;CH,CH), 152.6 (py_Co), 151.7 (py-Co), 140.0 (py-Cy), 138.3 (py-Cp), 124.6
1.11 (CMeCH,CHs); *C NMR (CDCk) & 76.0 (OCHz)a), 71.0 (Pya-Cn), 124.2 (pg-Cr), 82.7 CH(CHMe),), 34.0 (CHCHMe,),),
(O(CHy)g), 70.6 ((Men), 69.7 CMe,CH,CHs), 62.2 ((Mes), 37.9 20.9 (CH(CHVeMe),), 18.8 (CH(CHMeéMe),). Anal. Calcd for

(CMexCH,CHs), 29.3 (QMie:CH,CH3), 9.1 (CMeCH,CH3). Anal. TaG7H.sClsN3: C, 36.55; H, 4.51; N, 7.52. Found: C, 36.38; H, 4.80;
Calcd for TaGH.ClNOy: C, 23.37; H, 4.58; N, 3.03. Found: C, N, 7.68.
23.22; H, 4.58; N, 3.07. [H3NCHPr,][Ta(NCHPr,)Cls] (3b). TaCk (0.500 g, 1.40 mmol)

Ta(NCMe;)Cls(py)2 (2a). Method A. Ta(NCMe)Cls(py), was was dissolved in toluene (8 mL) by adding,@t(1 mL). HNCH-
synthesized in 72% yield using the procedure¥armethod A) with (CHMey), (0.622 mL, 4.19 mmol) was added slowly giving a yellow
tert-butylamine. solution which was stirred for 4 h. This produced a small amount of

Method C. TaCk (500 mg, 1.40 mmol) was dissolved in of GE» white precipitate. The mixture was evaporaiedacuoleaving a pale-
(10 mL) by adding~0.3 mL of pyridine. To this solution was added  yellow powder which was washed with pentane and difedacuoto
of ZnCl; (380 mg, 2.79 mmol) producing a white precipitate. The give 0.978 g (99%) of the productH NMR (CDCl) 6 7.06 (bs, 6,
mixture was cooled t6-40 °C, and a solution of EN'Bu (150 mL, H3NCH(CHMe,),), 4.65 (t, 1, NGI(CHMey),), 2.80 (t, 2, H-
1.40 mmol) and NEt(0.389 mL, 2.79 mmol) in CkCl, was added NCH(CHMe),), 2.05 (m, 4, HNCH(CHMe,),), 1.91 (m, 2, NCH-
dropwise, dissolving the precipitate. The reaction mixture was stirred (CHMe,),), 1.23 (d, 6, NCH(CHMM®I€),), 1.06 (m, 30, NCH-
for 18 h and evaporated vacuoleaving yellow oil. This was extracted (CHMeMe'), and HNCH(CHMey),); °C NMR (CDCk) 6 83.4
with toluene/pentane (4:1 by volume), concentratedvacug and (NCH(CHMey),), 64.2 (NCH(CHMey)), 34.0 (NCHCHMe,),), 28.2
crystallized from CHCI,/Et;O/pentane to give 344 mg (48%) yellow  (HsNCH(CHMey),), 20.7 (NCH(CHMévie),), 19.8 (HNCH-

crystals: 'H NMR (CDCls) 6 9.06 (d, 2, py-Ho), 8.97 (d, 2, py-Ho), (CHMeME)y), 18.7 (NCH(CHVeME'),), 17.5 (HNCH(CHMeMe')y).
7.95 (tt, 1, px-Hp), 7.85 (tt, 1, py-Hy), 7.44 (m, 4, pyHn), 1.38 (s, 9, Anal. Calcd for TaGHsNsCls: C, 35.83; H, 7.30; N, 5.97. Found:
CMey); *C NMR (CDCE) 6 152.9 (py-Co), 151.5 (py-Co), 140.1 (py- C, 35.29, H, 6.94, N, 5.99.

Cp), 138.5 (py-Cy), 124.6 (py-Cm), 124.4 (py-Cm), 66.3 CMey), 31.6 Ta(NCHIPr,)Cls(dme) (3c). Compound3b (500 mg, 710 mmol)
(CMes). Anal. Caled for TaGeHiClsNs: C, 32.55;H, 3.71)N, 8.13. 55 dissolved in toluene (8 mL) by adding 74 mL (710 mmol) of dme.
Found: C, 32.53; H, 3.80; N, 7.97. ZnCl, (0.290 g, 2.13 mmol) was added last. The mixture was stirred

[HsNCMeg][Ta(NCMe3)Cls] (2b). Attempts to synthesize this o 18 h during which time the pale-yellow solution became colorless.
compound using the procedure fbo gave the yellow-green powder  The solution was decanted from an oily, sticky solid and evaporated
which was characterized by NMR as a mixture of two products: Ta- 4 yacuo. This provided a yellow oil which crystallized upon standing
(Nt-Bu)Cl(HNt-Bu)(HNt-Bu)*® and the above compound. Several nder pentane to give 291 mg (83%) of a white solid:NMR (CDCly)
washes of this mixture with pentane/Btyielded the white solid. NMR 5 432 (t, 1, G(CHMey),), 4.19 (s, 3, Mea, and m, 2, O(El)a),
spectra suggest it to be the mixture of the above compound and 4 02 (m, 2, O(®i)s), 3.90 (s, 3, Mes), 1.92 (M, 2, CH(EIMey),),
t-BUNH,CI. Crystallization from CHCl,/pentane gave crystals which 1 25 (4, 6, CH(CHEMe),), 1.07 (d, 6, CH{CHM&Me),); 13C NMR
were characterized by NMR:!H NMR (CDCl) ¢ 7.30 (bs, 6, (CDCl) 6 83.1 CH(CHMe),), 76.0 (OCH2)a), 70.4 (OCH2)g), 70.1

HsNCMes), 1.48 (s, 18, ENCMes), 1.36 (s, 9, N®les); *C NMR (OMey), 62.3 ((Mes), 34.1 (CHCHMey),), 20.9 (CH(CHVIEMe)y),
(CDCls) 6 54.0 (HNCMes), 31.4 (NQVes), 27.9 (HNCMes); NCMes, 18.6 (CH(CHMeMe),). Anal. Calcd for TaGH2sClsNO,: C, 26.93;
n/a. H, 5.14; N, 2.85. Found: C, 26.89; H, 5.20; N, 2.85.

Ta(NCMej3)Cls(dme) (2c). TaCk (1.00 g, 2.79 mmol) was dissolved
in ~30 mL of toluene/BE mixture (8:1 by volume).tert-Butylamine
(880 ml, 8.38 mmol) was added to this solution. It was allowed to stir
for 15 min, during which time was formed a white precipitate. A 290
mL volume of 1,2-dimethoxyethane was added to this mixture followed
by the addition of ZnGl(1.52 g, 11.2 mmol). The reaction mixture
was stirred for 18 h, filtered through Celite, and evaporatedacuo

leaving a yellowish oil which was treated with three 4 mL portions of
Et,O. The extracts were combined, evaporatedacug and crystal- C(CH,CHCHo)s), 1.96 (d, 6, C(E1.CHCH,)s), 1.60 (m, 6, C(Ch

: : : CHCHy)s); 3C NMR (CDCE) 6 153.0 (py-Co), 151.4 (py-Co), 139.9
lized under pentane to give 1.06 g (84%) of the white product. 2

Analytically pure samples were obtained by the CH/pentane re- (Pya-Cy), 138.6 (py-Cp), 124.5 (p%-Crr), 124.3 (py-Cr), 67.1 C(CH-
crystallization: 'H NMR (CDCL) & 4.23 (s, 3, Oley), 4.17 (m, 2, ~ CHCHs), 44.7 (C(CHCHCH,);), 36.2 (CCH.CHCHy)s), 29.5

Ta(N-1-adamantyl)Ck(py). (4a). Method A. This compound was
synthesized in 66% yield using the procedureXa{method A) with
adamantylamine.

Method F. This compound was synthesized in 30% vyield using
the procedure foda (method B) with adamantylamine and.®Os:

IH NMR (CDCls) 6 9.04 (d, 2, px-Ho), 8.97 (d, 2, py-Ho), 7.93 (it,
1, pya-Hp), 7.86 (tt, 1, py-Hy), 7.43 (M, 4, pyHn), 2.13 (bs, 3,

O(CHz)A), 4.03 (m’ 2’ O((B|2)B)y 3.91 (S, 3’ (NI%), 1.34 (S, 97 wles), (C(C"‘ZCHCHz)3) Anal. Calcd for Ta@)H25N3CI3: C, 4039, H,
13C NMR (CDCh) 6 76.1 (OCH5)a), 71.2 (OCH,)s), 70.7 ((Me), 4.24; N, 7.07. Found: C, 40.95; H, 4.38; N, 6.69. .

66.9 CMes), 62.2 ((Meg), 31.6 (Me;). Anal. Calcd for Ta@H1o [HsN-1-adamantylL[Ta(N-1-adamantyl)Cls] (4b). This compound
NO.Cls: C, 21.42: H, 4.27: N, 3.12. Found: C, 21.34: H, 4.07; N, Was synthesized in quantitative yield using the procedurd ffowith

3.27. 1-adamantylamine. We were not able to assign Bidthnd’3C NMR

Ta(NCHPry)Cls(py). (3a). Method A. This compound was  SPectra, partially because of low solubility in NMR solvents (CDCI
synthesized in 64% yield using the procedurelfatmethod A), except ~ CDzClz, GeDs). However, it was successfully used as a starting material
H.NCH(CHMe), was used instead ¢ért-amylamine and the product i the further synthesis of Ta(N-1-adamantyb@me).

was purified using hot ether extraction. Ta(N-1-adamantyl)Ck(dme) (4c). This compound was synthesized
Method B. This compound was synthesized in 40% yield using in 78% yield using the procedure fdrc with [HsN-1-adamantyl-

the procedure fofla (method B) with HNCH(CHMe&)». [Ta(N-1-adamantyl)G]: *H NMR (CsDe) 6 3.48 (s, 3, Men), 3.43
Method D. This compound was synthesized in 44% vyield using (S, 3, Mes), 3.03 (bm, 4, O@i), 2.00 (d, 6, C(CGI.CHCH)3), 1.94

the procedure fota (method B) with HNCH(CHMey), and NaB4O;. (bs, 3, C(CHCHCH,)3), 1.42 (m, 6, C(CHCHCH>)3); **C NMR (CiDs)
Method E. TaCk (500 mg, 1.40 mmol) was dissolved in of GHl, 0 75.4 (OC H)a), 70.7 (OC Ha)s), 70.2 (Men), 67.7 € (CHz-

(8 mL) by adding~0.3 mL of pyridine. HNCH(CHMey), (207 mL, CHCHp)s), 61.7 (QMeg), 45.4 (C(CHCHCHy)s), 36.4 (CC Hz

1.40 mmol) was added slowly to give a yellow solution. G468 CHCH,)3), 29.9 (C(CHCHCHz)3). Anal. Calcd for TaGuH2sNO--
mg, 1.40 mmol) was added, and the reaction mixture was stirred for 5 Cls: C, 31.93; H, 4.78; N, 2.66. Found: C, 31.41; H, 4.82; N, 2.62.
h, filtered through Celite, and chilled t640 °C. A white precipitate Ta(NCMe,CH,CMej3)Cls(py)2 (5a). This compound was synthe-
was filtered off, and the mother liquor was concentratedacuoto sized by the ligand exchange reaction B¢ with pyridine and
give a reddish oil and a white precipitate. The oil was dissolved in characterized by NMR*H NMR (CDCl) 6 9.00 (tt, 4, pyH,), 7.93
Et,O, layered with pentane, and chilled t040 °C to give 388 mg (tt, 1, pya-Hp), 7.83 (tt, 1, pg-Hy), 7.41 (m, 4, pyHn), 1.69 (s, 2,
(50%) of red-yellow crystalstH NMR (CDCls) 6 9.01 (d, 2, px-Ho), CMe,CH.CMe3), 1.47 (s, 6, ®1e,CH.CMe3), 1.05 (s, 9, CMg
8.89 (d, 2, p¥-Ho), 7.93 (tt, 1, px-Hp), 7.83 (tt, 1, py-Hy), 7.41 (m, CH,CMes); 13C NMR (CDCbk) 6 153.0 (py-Co), 151.5 (pg-C,), 139.9

4, pyHm), 4.56 (t, 1, Gi-Pr), 1.96 (m, 2, CH(EIMe,),), 1.20 (d, 6, (PYa-Cyp), 138.3 (py-Cyp), 124.5 (p%-Crn), 124.2 (py-Cr), 70.3 CMey-
CH(CHMEMe),), 1.03 (d, 6, CH(CHM&Me),); 13C NMR (CDCk) 6 CH.CMe3), 56.1 (CMeCH.CMes), 31.7 ((Me,CH,CMe; and CMe-
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CH.CMe3), 31.3 (CMeCH,CMes). Anal. Calcd for TaGgH27N3Cls:
C, 37.75; H, 4.75; N, 7.34. Found: C, 37.65; H, 4.80; N, 7.35.

[H3NCM€2CH2CM€3]2[T3.(NCMeZCHzCMe3)C|5] (5b) This com-

pound was synthesized in 96% yield using the procedurdliorith
tert-octylamine: *H NMR (CDCl) 6 7.10 (bs, 6Hs3NCMe,CH,CMe3),
1.75 (s, 4, HNCMe,CH,CMe;), 1.59 (s, 2, NCMgCH,CMes), 1.52
(s, 12, HNCMe,CH.CMe3), 1.47 (s, 6, N&Me,CH,CMes), 1.09 (s, 9,
NCMe,CH,CMes), 1.05 (s, 18, INCMe,CH,CMes); °C NMR (CDCl)
0 71.1 (NCMe;CH,CMey), 58.2 (HNCMe,CH,CMe), 55.9 (NCMeCH2-
CMes), 52.5 (HNCMeCH,CMe;), 32.1 (NQVie;CH.CMe;), 31.8
(NCMe,CH.CMes), 31.3 (HENCMe,CH.CMe;), 27.4 (Hl(NCMe,-
CH.CMe;); NCMe,CH,CMe; and HHENCMe,CH,CMe3, n/a.

Ta(NCMe,CH,CMej3)Cls(dme) (5¢). This compound was synthe-
sized in 75% yield using the procedure fbc with [HsNCMe,CH,-
CMe;][Ta(NCMeCH,CMe;)Cls]. *H NMR (CDCl) 6 4.22 (s, 3,
OMen), 4.17 (m, 2, O(E€i2)a), 4.02 (m, 2, O(El2)g), 3.90 (S, 3, Meg),
1.64 (s, 2, CMgCH,CMe3), 1.45 (s, 6, G1e,CH.CMe3), 1.06 (s, 9,
CMe,CH,CMes); 13C NMR (CDCk) ¢ 76.1 (OCH2)a), 71.0 (OCH>)g),
70.9 CMeCH,CMe;), 70.6 (QMen), 62.2 ((Meg), 56.2 (CMeCH-
CMe;), 31.8 (QMe,CH,CMe;), 31.7 (CMeCH,CMes), 31.3 (CMe-
CHszea).

[H3aN(CH32)sCHg],[Ta(N(CH2)sCH3)Cls] (6b). This compound was

synthesized in quantitative yield using the procedurelfowith n-
butylamine: 'H NMR (CDCl) 6 7.65 (bs, 6H3N(CH,)sCHz), 5.16 (t,
2, NCH3(CH,),CHg), 3.04 (m, 4, HNCH,(CH,).CMe3), 1.74 (m, 6,
HsNCH,CH,CH,CH; and NCHCH,CH,CHjs), 1.45 (m, 6, HNCH,-
CH,CH,CHs; and NCHCH,CH,CHjs), 0.95 (m, 9, HNCH,CH,CH3 and
NCH,CH,CHs); 13C NMR (CDCk) 6 61.0 (NCH5(CH,),CHs), 40.3
(HsNCH2(CH,)2CHs), 34.8 (NCHCH,CH;CHs), 29.4 (HNCH,CHo-
CH,CHj), 20.4 (NCHCH,CH,CHj), 19.8 (HNCH,CH,CH,CH3), 13.8
(NCH,CH2CH,CH3), 13.4 (ENCH,CH,CH,CH3).

Ta(N(CH2)sCH3)Cls(dme) (6¢). This compound was synthesized
in 87% vyield using the procedure fdtc with [H3N(CH.)sCHg)2-
[Ta(N(CH,)sCH3)Cls]: 'H NMR (CDCls) 6 4.88 (t, 2, NGH5(CHy)x-
CH3), 4.18 (S, 3, CMEA), 4.16 (m, 2, O((Eiz)A), 4.03 (m, 2, O((Hz)B),
3.91 (s, 3, ™leg), 1.58 (M, 4, NCHCH,CH,CH3), 0.93 (t, 3, NCH-
CH,CHj3); 3C NMR (CDCk) 6 75.9 (OCH2)a), 70.7(0OCH>)g), 70.3
(OMen), 62.4 (Meg), 61.3 (NCH,(CH;).,CHs), 34.7 (NCHCH,CH,-
CHs), 20.3 (NCHCH,CH,CHj), 13.7 (NCHCH,CH,CH3).

Ta(NCeHs)Cls(dme) (7). TaCk (500 mg, 1.40 mmol) was dissolved
in dichloromethane (10 mL) by adding0.25 mL of dimethoxyethane.
ZnCl, (380 mg, 2.79 mmol) was added to the solution, forming a white
precipitate. This was cooled t640 °C, and a solution of ENPh (130
mg, 1.40 mmol) and pyridine (226 mL, 2.79 mmol) in g, was
added slowly. This dissolved the precipitate and produced a yellow
solution. The mixture was stirred for 17 h. A precipitate formed and
was filtered off. The mother liquor was concentratadvacuoto a
yellow solid. This was recrystallized from G&l./pentane to give 610
mg (93%) yellow crystals:!H NMR (CDCl) 6 7.35 (t, 2, PhHy),
7.07 (d, 2, PHH,), 6.89 (t, 1, PHHy), 4.20 (M, 2, O(Ely)a), 4.13 (s, 3,
OMen), 4.11 (m, 2, O(@l2)s), 4.02 (s, 3, Meg); 1°C NMR (CDCE) 0
153.2 (Phc), 127.9 (PhEy), 126.7 (PhS,), 126.0 (Phe,), 76.0
(O(CHy)a), 71.2 (OCH>)g), 69.9 ((Men), 63.2 ((Meg). Anal. Calcd
for TaCoH1sNClsO,: C, 25.63; H, 3.23; N, 2.99. Found: C, 25.29;
H, 3.21; N, 3.01.

Ta(N-2,64-Pr,C¢H3)Cls(dme) (8). This compound was synthesized
in 99% yield using the procedure farwith 2,6-diisopropylphenyl-
amine: *H NMR (CDCl) 6 7.18 (d, 2, ArHy), 6.83 (t, 1, ArH,),
4.32 (m, 2, GiMey), 4.23 (m, 2, O(E€l,)a), 4.12 (m, 2, O(Ei,)g), 4.10
(s, 3, Men), 4.02 (s, 3, Mes), 1.31 (d, 12, Ciey); 13C NMR (CDCL)

o Ar-C; was not observed, 148.7 (&m), 126.0 (ArC,), 121.9 (Ar-
Cp), 76.0 (OCHy)a), 70.8 (OCH.)g), 69.9 ((Men), 62.9 (Meg), 27.4
(CHMey), 24.7 (CHMe,). This compound has been reported previ-
ously$

Ta(N-2,6-MexCgH3)Cls(dme) (9). This compound was synthesized
in 68% yield using the procedure f@rwith 2,6-dimethylaniline: *H
NMR (CDCl;) 6 7.03 (d, 2, ArHy), 6.63 (t, 1, ArHp), 4.22 (m, 2,
O(CHy)a), 4.12 (s, 3, Men), 4.11 (M, 2, O(El,)s), 4.01 (s, 3, Mes),
2.82 (s, 6, ArMe); 13C NMR (CDCk) 6 Ci n/a, 138.5 (Arc,), 126.8
(Ar-Cp), 125.4 (ArCy), 76.0 (OCH2)a), 70.9 (OCH2)g), 70.2 (Men),
62.9 ((Meg), 19.1 (ArCHs). Anal. Calcd for Ta@H1CIsNO2: C,
29.02; H, 3.86; N, 2.82. Found: C, 28.83; H, 3.81; N, 2.96.
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Ta(N-4-CNCgH4)Cl3(dme) (10). This compound was synthesized
in 86% yield using the procedure f@rwith 4-aminobenzonitrile:*H
NMR (CDCl) 6 7.64 (d, 2, ArHy), 7.14 (d, 2, ArH,), 4.24 (m, 2,
O(CH2)a), 4.17 (M, 2, O(Ely)s), 4.14 (s, 3, Men), 4.09 (s, 3, Mes);
13C NMR (CDCE) 6 C;, Cp, CN, n/a, 132.3 (Ar€y), 127.4 (ArC,),
76.1 (OC Hy)a), 71.3 (OC Hy)g), 69.9 ((Men), 63.6 (Mes). Anal.
Calcd for TaGiH14CIsN2O,: C, 26.77; H, 2.86; N, 5.68. Found: C,
26.25; H, 2.86; N, 5.51.

Ta(N-2-naphthyl)Cls(dme) (11). This compound was synthesized
in 90% vyield using the procedure f@rwith 2-aminonaphthaleneH
NMR (CDCl;) 6 7.81 (d, 1, ArHs), 7.77 (d, 1, ArHs), 7.69 (d, 1,
Ar-Ha), 7.46 (m, 2, ArH,, Hy), 7.31 (m, 2, ArHgHs), 4.22 (m, 2,
O(CHy)a), 4.17 (s, 3, Men), 4.15 (M, 2, O(®l2)s), 4.07 (s, 3, Mes);
13C NMR (CDCk) 6 150.7 (ArCy), 132.5 (ArCyg), 131.7 (ArCo), 128.0
(Ar-Cy), 127.9 (ArCs), 127.2 (ArCs), 126.0 (ArCy), 125.9 (ArCy),
125.7 (ArCs), 124.7 (ArCs), 75.9 (OC Ha)a), 71.1 (OC Hy)s), 69.8
(OMen), 63.2 ((Meg). Anal. Calcd for TagH1/NOCls: C, 32.42;
H, 3.30; N, 2.70. Found: C, 31.77; H, 3.12; N, 3.17.

Ta(N-2-anthryl)Cl 3(dme) (12). This compound was synthesized
in 96% yield using the procedure fa@rwith 2-aminoanthraceneH
NMR (CDCl) 6 8.36 (s, 1, ArHi), 8.21 (s, 1, ArHy), 7.98 (m, 2,
Ar-Hg, Hs), 7.92 (d, 1, ArHs), 7.53 (s, 1, ArHg), 7.47 (m, 1, ArHy),
7.37 (m, 2, ArHg,Hg). Anal. Calcd for TagH:o0NOCls: C, 38.02;
H, 3.37; N, 2.46. Found: C, 36.90; H, 3.35; N, 2.45.

Nb(NCMe2Et)Cl3(py)2 (13a). This compound was synthesized in
19% vyield using the procedure fdma (method A) with NbCl. H
NMR (CDCls) 6 9.02 (dt, 2, py-Ho), 8.86 (dt, 2, py-Ho), 7.89 (it, 1,
pya-Hp), 7.82 (tt, 1, pg-Hp), 7.39 (m, 4, pyHn), 1.74 (q, 2, CMeCH--
Me), 1.40 (s, 6, ®Me;CH.Me), 1.13 (t, 3, CMeCH;Me); 1°C NMR
(CDCls) 6 152.7 (py-Co), 151.2 (pg-Co), 139.7 (py-Cp), 138.2 (pg-
Cp), 124.3 (py-Cw), 124.1 (pg-Ci), MeCH:Me,C, n/a, 35.9 (CMgC
H.Me), 26.9 (Me;CH:Me), 9.2 (CMeCH, Me). Anal. Calcd for
NbCisH21NsCls: C, 40.70; H, 4.78; N, 9.49. Found: C, 39.55; H, 4.86;
N, 9.13.

[HsNCMezEt][Nb(NCMe,Et)Cls] (13b). This compound was
synthesized in quantitative yield using the procedure Xbrwith
NbCls: *H NMR (CDCly) ¢ 6.53 (bs, 6HsNCMesEt), 1.77 (q, 4, H
NCMe,CH,CHs), 1.68 (g, 2, NCMgCH,CHj3), 1.43 (s, 12, INCMe,-
CH,CHg), 1.38 (s, 6, N®Me,CH,CHg), 1.11 (t, 3, NCMeCH,CHs), 1.00
(t, 6, kENCMe,CH,CHs3); *C NMR (CDCk) 6 NCMe,CH,CHjs, n/a,
56.6 (HNCMe,CH,CH), 35.6 (NCMeCH,CHj), 33.3 (HNCMe,CH,-
CHs), 26.7 (NQMe,CH,CHg), 25.0 (HNCMe ,CH,CHg), 9.1 (NCMe-
CHzCH3), 8.1 ("bNCME‘zCHzCHa}) Anal. Calcd for GsHzgN3ClsNb:

C, 33.89; H, 7.39; N, 7.90. Found: C, 33.87; H, 7.41; N, 7.89.

Nb(NCMezEt)Cl3(dme) (13c). NbCls (500 mg, 1.85 mmol) was
dissolved in 10 mL of toluene by adding dimethoxyethane (192 mL,
1.85 mmol). To this yellow colored solution was slowly added-
amylamine (649 mL, 5.55 mmol). The solution became foggy in 3
min. An excess of ZnGI(1.01 g, 7.40 mmol) was added, and the
reaction mixture was stirred for 4 h. It was then chilled+40 °C for
3 h, filtered through Celite, and concentratadvacua The resulting
powder was washed with pentane and diiedacuoto give 651 mg
(94%) of a yellow solid: *H NMR (CDCl3) 6 4.08 (m, 2, O(Ei,)a),
4.05 (s, 3, ™ean), 4.02 (M, 2, O(El2)s), 3.87 (s, 3, Mes), 1.69 (q, 2,
CMe;CH,CHg), 1.37 (s, 6, ®1e:CH,CHs), 1.14 (CMeCH,CHg); 1°C
NMR (CDCl;) 6 75.5 (OCH2)a), 70.4 (OCH.)s), 69.6 ((Men), 61.9
(OMes), CMe,CH,CHs not observed, 36.0 (C(MgJH,CH3), 27.1
(CMe,CH,CHg), 9.1 (CMeCH,CHs). Anal. Calcd for Nb@H21NO--

Clz: C, 28.86; H, 5.65; N, 3.74. Found: C, 26.83; H, 5.54; N, 4.04.
Nb(NCMe3)Cls(dme) (14). NbCls (1.00 g, 3.70 mmol) was
dissolved in dichloromethane (30 mL) by adding dimethoxyethane (384
mL, 3.70 mmol). ZnGi(1.01 g, 7.40 mmol) was added to the solution,

forming a white precipitate. This was cooled+td0°C, and a solution

of tert-butylamine (389 mL, 3.70 mmol) and triethylamine (1.03 mL,
7.40 mmol) in CHCI, (10 mL) was slowly added. The precipitate
dissolved, and the yellow solution was stirred for 18 h, during which
time it darkened. It was concentratéd vacuoto a dark green oil,
which was extracted with toluene, filtered through Celite, and concen-
tratedin vacuo. The resulting yellow oil crystallized after standing
with pentane to give 933 mg (70%) of a yellow solitH NMR (CDCls)

0 4.08 (m, 2, O(E1,)a), 4.06 (s, 3, Mea), 4.02 (M, 2, O(El2)s), 3.89



Labile Niobium and Tantalum®Monoimides

(s, 3, Meg), 1.42 (AVez); *C NMR (CDCk) 6 75.4 (OCHy),), 70.5
(OCH,)g), 69.7 (QMen), 61.9 (QVies) CMes, n/a, 29.4 (BGhe;).

Nb(N-1-adamantyl)Clk(py). (15a). Compoundl5c (250 mg, 57.0
mmol) was dissolved in CiI; (5 mL). Pyridine was added~0.3
mL) and the solution stirred for 3 h. It was concentraitedacuoto
give a yellow oil which crystallized upon standing under pentane to a
yellow solid quantitative yield:'H NMR (CDCl) 6 9.04 (d, 2, p%-

Ho), 8.88 (d, 2, py-Ho), 7.87 (M, 2, pyHy), 7.41 (m, 4, pyHy), 2.13

(s, 9, C(CHCHCH,)s and C(GH,CHCH,)s), 1.63 (m, 6, C(CH
CHCH,)3); 13C NMR (CDCk) 6 152.8 (py-Co), 151.1 (py-Co), 139.7
(pya-Cyp), 138.3 (py-Cp), 124.3 (p%-Cm), 124.2 (pg-Cr), C(CH,-
CHCH,); not observed, 42.2 (C(GIBHCHy)3), 36.0 (CCH.CHCH,)3),
29.1 (C(CHCHCH_y)3). Anal. Calcd for NbGoH2sN3Cls: C, 47.39;

H, 4.98; N, 8.29. Found: C, 46.85; H, 5.18; N, 8.12. This compound
consistently analyzed low in carbon.

Nb(N-1-adamantyl)Cls(dme) (15c). NbCls (500 mg, 1.85 mmol)
was dissolved in CkCl, (10 mL) by adding~0.3 mL of dimethoxy-
ethane. ZnGlI(504 mg, 3.70 mmol) was added, and a white precipitate
formed. This was cooled t640°C, and a solution of adamantylamine
(280 mg, 1.85 mmol) and triethylamine (516 mL, 3.70 mmol) in,€H
Cl, (5 mL) was slowly added. The reaction mixture was stirred for 16
h, during which time the precipitate dissolved and a yellow-brown
solution formed. This was evaporatgdvacuoto give a yellow solid
and a black oil which was treated two times with 5 mL of toluene/
CH.CI; (4:1 by volume) in order to extract the product. The extracts
were combined, concentratén vacuq and recrystallized from CH
Clo/pentane to give 578 mg (71%) of a yellow solitd NMR (CDCls)
04.09 (s, 3, ®len), 4.07 (M, 2, O(E12)a), 4.01 (m, 2, O(El2)s), 3.88
(s, 3, Meg), 2.09 (bs, 3, C(CHCHCH,)3), 2.06 (s, 6, C(EI,CHCH,)3),
1.61 (m, 6, C(CHCHCHy,)3); *3C NMR (CDCk) 6 75.4 (OCH2)a),
70.4 (OCH.g), 70.1 (Men), 61.8 (Meg), C(CH,CHCH;,); not
observed, 42.5 (C(C}£HCH,)3), 35.8 (CCH,CHCH,)3), 29.1 (C(CH-
CHCH,)3). Anal. Calcd for NbGsH2sNCls02: C, 38.33; H, 5.75; N,
3.19. Found: C, 37.34; H, 5.66; N, 3.19. This compound consistently
analyzed low in carbon.

Nb(NCgHs)Cls(dme) (16). This compound was synthesized in
guantitative yield using the procedure férwith NbCls. *H NMR
(CDCly) 6 7.35 (m, 4, PHHo,Hr), 7.11 (tt, 1, PhHp), 4.12 (m, 4, OE1,),
4.02 (s, 3, Men), 4.00 (s, 3, Meg); 1*C NMR (CDCk) 0 Ph-Ci not
observed, 128.4 (PBy), 127.4 (PhE,), 125.2 (PhEry), 75.3 (OC H2)a),
70.9 (OC Hy)g), 68.6 ((Men), 62.8 (Meg).

Nb(N-2,64-Pr,CsH3)Cls(dme) (17). This compound was synthe-
sized in quantitative yield using the procedure &with NbCls: H
NMR (CDCl) 6 7.11 (d, 2, ArHy), 7.00 (t, 1, ArH,), 4.40 (m, 2, G
Mey), 4.16 (m, 2, O(€l,)n), 4.10 (M, 2, O(El)s), 3.97 (s, 3, Men),
3.96 (s, 3, Meg), 1.32 (d, 12, CHley); °C NMR (CDCk) 6 Ar-Ci
not observed, 148.6 (AGm), 127.3 (ArC.,), 122.7 (ArCy), 75.6
(OCHa)a), 70.6 (OCH2)g), 68.7 ((Men), 62.5 ((Mes), 27.9 CHMe,),
24.7 (CHMe). This compound has been reported previodly.

Nb(N-4-CNCgH4)Cls(dme) (18). This compound was synthesized
in 75% yield using the procedure fadwith NbCls: *H NMR (CDCls)

0 7.63 (d, 2, ArHy), 7.43 (d, 2, ArH,), 4.15 (bs, 4, O€l,), 4.04 (s,
3, OMen), 3.97 (s, 3, Meg); 1*C NMR (CDCk) 6 155.9 (ArC), 132.7
(Ar-Cn), 125.8 (ArCy), 118.2 (ArCN), 110.0 (ArCy), 75.4 (OCH2)a),
71.1 (OCHy)s), 68.7 (Men), 63.2 (Mes). Anal. Calcd for
NbC;;H14N,O,Cls: C, 32.58; H, 3.48; N, 6.91. Found: C, 31.66; H,
3.33; N, 6.82.
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Nb(N-2-naphthyl)Cls(dme) (19). This compound was synthesized
in quantitative yield using the procedure fot with NbCls: *H NMR
(CDCls) 6 7.78 (m, 4, ArHa,Hs,Hs, Hi), 7.54 (dd, 1, ArHg), 7.49 (m,

1, Ar-Hy), 7.40 (m, 1, ArHg), 4.13 (m, 4, OEl,), 4.03 (s, 3, Men),
4.01 (s, 3, MMes); °C NMR (CDCE) 0 Ar-C,, n/a, 132.6 (Ar€y),
132.2 (ArCq), 128.5 (ArCys), 128.2 (ArCs), 127.6 (ArCs), 126.73
(Ar-Cy), 126.66 (ArCy), 124.0 (ArCs), 123.2 (ArCg), 75.3 (OCH2)a),
70.9 (OCHg), 68.6 ((Men), 62.8 (Mes). Anal. Calcd for
NbCiH17/NOLCls: C, 39.05; H, 3.98; N, 3.25. Found: C, 38.87; H,
3.94; N, 3.21.

Nb(N-2-anthryl)Cl 3(dme) (20). This compound was synthesized
in quantitative yield using the procedure ft2 with NbCls: *H NMR
(CDCl) 6 8.36 (s, 1, ArHyg), 8.33 (s, 1, ArHy), 7.96 (m, 4,
Ar-HgHs,Ha,Ho), 7.47 (M, 1, ArHy), 7.37 (m, 2, ArHg,Hg), 4.16 (s, 4,
OCH,), 4.06 (s, 6, ™e).

Crystallographic Structure Determination. Crystallographic data
are collected in Table 3. Yellow-green rod-shaped crystals were
photographically characterized and determined to belong to the mono-
clinic crystal system. Systematic absences in the diffraction data
indicated that space group was eiti@2/c or Cc. The noncentrosym-
metric alternative was ultimately chosen on the basis of the absence of
either inversional or 2-fold rotational relationships between molecules
in the unit cell. The asymmetric unit consists of two uncorrelated
chemically identical molecules. An empirical correction for absorption
was applied to the diffraction dat@{asmin= 1.11). The structure was
solved by direct methods, completed from difference Fourier maps,
and refined with anisotropic thermal parameters for all non-hydrogen
atoms except for carbon to conserve data. Hydrogen atoms were
idealized. All computations used SHELXTL 4.2 software (G. Sheldrick,
Siemens XRD, Madison, WI).

Spartan Calculations. The molecules were constructed in the
builder application of Spartan 4.0 on a Silicon Graphics Indigo
workstation. The molecules were then geometry-optimized using the
PM3(TM) parameter set. An MO calculation was then performed (not
necessary), followed by a frequency calculation to obtain the predicted
normal vibrational modes. These were tabulated and examined with
the animated modes using the Spartan graphical interface.
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