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Li, Ti(lll), and Ti(IV) Trisamidotriazacyclononane Complexes. Syntheses,
Reactivity, and Structures
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The preparations of 1,4,7-(NHPhSiMe,)s-1,4,7-triazacyclononane (HsNs-tacn) and its lithium and sodium derivatives
are described. The X-ray structure of the THF adduct of the lithium derivative, LisNs-tacn(THF),, shows that one
of the macrocycle pendant arms is bent to allow the coordination of the its lithium ion to two tacn amines. In
solution, a fluxional process makes all the pending arms magnetically equivalent. The reactions of LisNs-tacn or
NasNs-tacn with either TiCl, and TiCls(THF); led to the formation of [Ti(Ns-tacn)], 5. The oxidation of 5 with various
oxidizing reagents gave cationic complexes [Ti(Ns-tacn)]X, 6 (X = I, Cl, SCN, PFg, BPhy), that exist as a pair of
enantiomers, A(AAL)A(066), which interconvert in solution. The molecular structures of 5 and 6 (X = I, BPhy)
show the coordination of the six nitrogen donor set to the titanium. Due to the short length of the tacn pendant
arms, the hexadentate bonding mode of the ligand is mainly achieved through the sharpening of the N—Si-N
angles. The reaction of [Ti(Ns-tacn)]l, 6a, with W(CO)s led to the synthesis of [Ti(Ns-tacn)][W(CO)sl], 7.

Introduction ligands where at least one bonding moiety is an amido frag-
ment have been reported in the last 10 yédrslowever,

examples of functionalized 1,4,7-triazacyclononane (tacn)
and other saturated nitrogen macrocycles with anionic nitro-
. . ) gen moieties (amido or imido) are scarce. Despite the ex-
ligands proved to be a versatile approach since they ACensive study of transition metal complexes of polyaza

readily prepared and allow suitable combinations of elec- macrocyclic ligands bearing functionalized pendant arhis
tronic and stereochemical properties. New catalysts for olefin [M{1,4,7-(0-NH-benzylfacri] (M = Fe, Co, Mn) are thé
o 1o L g 4, , Co,
pogr?s rlzatt|%r.1|1,_ t?e aCtvaatIOI"It.Of the band ? tzjonds? sole reported examples of trisamido-tacn metal derivaties.
‘E)m 6 € sta |I|za '?n 0 re?c |vef unsupportg i ea”%t? On the other hand, suitable synthetic methods for monosub-
onas are refevant examples of new reactivity pattemns oy 1o tacn ligands have only recently been optimized, and
supported by such ligands. Several types of polyfunctional therefore, the study of metal derivatives of such compounds
To whom comesnondence <hould be addreseed. Emal. ana is still in its infancy!3-16 Aiming to synthesize a ligand able
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The search for new ligand frameworks able to promote
new reactivity pathways is a current topic in transition metal
organometallic chemistry. In this context, nitrogen donor

Superior Tenico. (8) Gade, L. HJ. Chem. Soc., Chem. Comm200Q 173.
* Instituto Superior Tenico. (9) Costamagna, J.; Ferraudi, G.; Matsuhiro, B.; Vallette, M. C.; Canales,
(1) Yoshida, Y.; Saito, J.; Mitani, M.; Takagi, Y.; Matsui, S.; Ishii, S.; J.; Villagran, M.; Vargas, J.; Aguirre, M. oord. Chem. Re 200Q
Nakano, T.; Kashiwa, N.; Fujita, T. Chem. Soc., Chem. Commun. 196, 125.
2002 1298. (10) Danks, J. P.; Champness, N. R.; Sclem M. Coord. Chem. Re
(2) Schrock, R. R.; Baumann, R.; Reid, S. M.; Goodman J. T.; Stumpf, 1998 174, 417.
R.; Davis, W. M.Organometallics1999 18, 3649. (11) Wainwright, K. P.Coord. Chem. Re 1997, 166, 35.
(3) Cummins, C. CProg. Inorg. Chem1998 47, 685. (12) Schlager, O.; Wieghardt, K.; Nuber, Borg. Chem1995 34, 6456.
(4) Weisman, G. R.; Ho, S. C. H.; Van Johns@efrahedron Lett198Q (13) Bambirra, S.; Van Leusen, D.; Meetsma, A.; Hessen, B.; Teuben, J.
21, 335. H. J. Chem. Soc., Chem. Comm@001, 637.
(5) Fryzuk, M. D.; Johnson, S. ACoord. Chem. Re 200Q 200-202 (14) Giesbrecht, G. R.; Gebauer, A.; Shafir, A.; ArnoldJJChem. Soc.,
379. Chem. Commur200Q 4018.
(6) Gade, L. H.; Schubart, M.; Findeis, B.; Fabre, S.; Bezougli, |.; Lutz, (15) Male, N. A. H.; Skinner, M. E. G.; Bylikin, S. Y.; Wilson, P. J.;
M.; Scowen, I. J.; McPartlin, Mlnorg. Chem.1999 38, 5282. Mountford, P.; Schroder, Mnorg. Chem.200Q 39, 5483.
10.1021/ic026161g CCC: $25.00 © 2003 American Chemical Society Inorganic Chemistry, Vol. 42, No. 8, 2003 2675

Published on Web 03/19/2003



Dias et al.

Scheme 1 2@
ClMe,Si PhHNMe,Si )
y N i z \N/\\N,SiMezCl ; \N/\\N/SIMeQNHPh
=N /7 3HC — (\ . (\ \)
L » ,
H CIMGZSi/ PhHNMe,Si
1 2

Ph(E)NMe,Si
(EINMe \N/\\N/SiMezN(E)Ph

v

Ph(E)NMe,Si’

E=1Li 3;Na, 4
a (i) SiMexClp, NEts, CHyCl,, 0 °C; (ii) NaN(H)Ph, THF, toluenes-40 °C; (iii) 3, n-LiBu, hexane~78 °C; 4, NaH, THF,—40 °C, then 12 h at 50C.

a new balance of bonding features, we designed a trisamido-Scheme 2

triamine ligand precursor by introducing three Si(iW&) Ph
(H)Ph pendant arms on the nitrogen atoms of tacn. We /\s{ N\
became interested in the reactivity of “encapsulated” metals N~ / LN-SiMeN(Li)Ph
where structural features and oxidation states may be dictated \/N
by the metal/ligand match and report here the syntheses of SiMezN(LiPh
the ligand precursors and their titanium derivatives.
Results and Discussion Ph
. . N /

The ligand precursors gmg-tacn_, 3, and NaNg-ta_cn- Ph(LINMe,Si— - L,\ st\

(THF),, 4, were prepared according to the reaction se- N <

quence presented in Scheme 1. The addition of an excess of SiMe,N(Li)Ph
SiMeCl, and NE$ to a CHCI, suspension of tacBHCI at
0 °C led to the quantitative formation of 1,4,7-(CISipke
tacn,1, which was isolated as an off-white solid. Treatment

of 1 with NaN(H)Ph, prepared in situ by reacting PhiNH s|/—
and NaH, gave 1,4, 4-N(H)PH SiMe;]s-tacn (HNs-tacn,?2). N-Ns
The characterization data ftrand?2 are consistent with their A L j

. ‘ . = \ N SiMeN(LiPh
formulation as 1,4,7-tris-substituted tacn derivatives. The Ph(L)NMe,Si" MeN(Li)

and®C NMR spectra show singlets for the macrocyclic pro-
tons and carbons and three equivalent Sildied N(H)Ph
groups consistent wit@z, symmetry. The reactions @fwith
n-LiBu or NaH gave the corresponding lithium and sodium
anions, LiNs-tacn,3, and NaNs-tacn(THF), 4, respectively,
in quantitative yields.

The'H NMR spectra of3, its THF adduct - THF), and
4 show two resonances for the macrocyclic protons that NOE
experiments identified as @ and Hig, respectively. As
observed for2, the three pendant arms and the macro-
cyclic carbon atoms of kNs-tacn, LsNs-tacn(THF), and
NagNs-tacn(THF) are magnetically equivalent. The inter-
pretation of the NMR data requires the assumption of a
fluxional process that renders the three pendant arms
equivalent and simultaneously differentiates th@ Bnd Hiy
macrocyclic protons. Attempts to study by Yl NMR the
exchange process ind-toluene solution o3 and 3-THF
were unsuccessful unti-90 °C.Y” However, taking in
account the solid state structure ofMi-tacn(THF) (Figure
2) where one of the lithium centers is bonded to two macro-
cyclic amines, we tentatively suggest the exchange process

represented in Scheme 2, where the sequential coordina-
tion of the lithium ions to the tacn amines would be
responsible for the appare@s symmetry observed in the
NMR spectrum.

Treatment, at room temperature, of a toluene solution of
TiCl, with a solution of3 in the same solvent led to the
synthesis of [TiN(Ph)SiMe} s-tacn] ([Ti(Ns-tacn)], 5), in
variable yields (2545%). The reduction of the metal,
frequently reported in transition metal halide metathesis
reactions, hampers the reproducibility of the substitution
reaction. In the present case, the homolytic cleavage of a
titanium—chloride bond at a trisamido-chloro intermediate
is most likely occurring, as has been claimed in the reaction
of [TiICI{ (EtsSINCH,CH,)3N}] with Li'Bu.*®

The solution EPR 05 consists of a symmetrical line with
line width of 0.9 mT andjy,, of 1.958. Anisotropy was shown
by the powder spectrum, of tetragonal symmetry, gtk
1.986 andg;=1.940%°

The oxidation of5 is readily accomplished with a wide
range of oxidants leading to the synthesis of{ N{Ph)-

(18) Schrock, R. R.; Cummins, C. C.; Wilhelm, T.; Lin, S.; Reid, S. M.;

(16) Watkins, S. E.; Craig, A. S.; Colbran, S. B.Chem., Soc., Dalton Kol, M.; Davis, W. M. Organometallics1996 15, 1470.
Trans.2002 2423. (19) Spannenberg, A.; Tillack, A.; Arndt, P.; Kirmse, R.; Kempe, R.
(17) Gade, L. H.; Becker, C.; Lauher, J. Worg. Chem1993 32, 2308. Polyhedron1998 17, 845.
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Scheme 3 from the clockwise or anticlockwise shift of the amido
Ph(E)NMezSi\N/‘\N/SiMezN(E)Ph nitrpgen plane by an ang&in relation t_o the trigonal pl_ane
(\ \) defined by the_ amine mtrogg?’?sthat, in turn, determines
Ph(E)NMeZSi/N the conformation of thel TNCH,CH,N five member
E=Li3;Na4 metallocycles?! as shown in Scheme 4.
l Complete line shape analysis of the coalescence process
involving the methyl silyl protons 06a, performed with a

N\ Pph modified version of DNMR5 Prograr?,yielded the follow-

s}:‘ P ing activation parametersAH* 39.3 £ 2.6 ktmol™%; AS

Ph%NZ;itN;Si\ —35.7 & 11.3 IJmol*K™% AG¥9s 49.9 + 0.8 kImol ™.
g Ch These values are of the same order of magnitude as those

calculated for other metal tacn derivativ@s.

At room temperature, the NMR spectra of catio@s
discussed in preceding paragraphs differ considerably from
that of a comparable hexadentate tacn titanium(lV) cation
([Ti(Os-tacn)]Pk = titanium 1,4,7-tris(Sert-butyl-2-oxy-

\. Ph + benzyl)-1,4,7-triazacyclononane hexafluorophosphate) for

S‘,ih y which static proton and carbon spectra were registér€éte
Ph—(N'/:Ti\CN}S'\ different solution behavior between cations [Tiftdcn)]"
/s’F h and [Ti(Gs-tacn)]t is most probably associated with different
\ Ti—O and TN bond features. Being bettardonors, the
6" amido moieties may release higher electron density to the

metal center turning weaker the opposite titaniteimine

Table 1. SelectedH NMR Data for6 .
bonds. Although relations between the metalacrocycle

CDLly CeDsBr CDCN bond strengths and the activation energies associated with
6a 3-805:2-88- m E:, ggn_ 2-205:2-5798, gk"iyn_ 3.57, s, 12Knani metallocycle configuration exchanges of azamacrocycles
6b  3.50-3.60.m. br. 6,@,;‘: 3.80-4.00, GH;;‘]' 3.59, s, 12kntan have not been established, the comparison of NMR spectral

4.00-4.10, m, br, 6K 4.78-4.96, 6Hyn data for [Ti(Ns-tacn)" and [Ti(Os-tacn)]" suggests this kind
6c 592220 gﬁy" of dependence. A related interpretation was claimed to drive
. . s nti . . . . . .
6d  3.61,s, 12kyn+ an 3.60-3.72, 6H,, 3.44-3.62,m, the different flipping rates of the Ti)Cs rings of [Ti(tren)X]
3.73-3.86, 6Hni 12Hsyntant (X = CI, Me; tren= (Me3SINCH,CH,)3N).18
6e g:sgg:gg: m ggﬁ; g:gg:g:gg: gr;yn: 3.4f£ifi;n:1, Attempts to create a vacant coordination site at the metal

by cleavage of a titaniumamine bond, in order to allow
SiMey} s-tacn]X ([Ti(Ns-tacn)]X),6, (X =1, 63, Cl, 6b, SCN, the synthesis of neutral [Ti(X)Ntacn], were unsuccessful.
6¢c, PR;, 6d, BPhy, 6€) (Scheme 3). The NMR spectra 6f Despite the steric demands of the anions X, only cationic
show thattH tacn resonances are strongly dependent on the[TiN >-tacn]X complexes have been obtained. The NMR
solvent and on the counterion X (Table 1), and VT NMR spectral data confirm that the denticity of the trisamidotacn
studies of6a, 6b, and 6d in CD.Cl, have shown that a ligand does not change in solution, regardless of the sofvent.
fluxional process occurs in solution (Figure 1). The exchange In addition, the bulkiness of the phenylamido moieties, which
process makes the two methyl silyl groups (c and d in effectively shield the metal center, circumvents the syntheses
Scheme 4) as well as the two macrocyclic methylene carbonsof the neutral, seven coordinate compounds. A similar
(a and b in Scheme 4) equivalent. Static spectra, obtained abbservation has been reported for aminopyridinato titanium
—70°C for 6d in CD.Cl,, show two singlets for the methyl  derivatives [(R-Apy)TiCl] (R-Apy = 2-N(R)-GsHzN, R =
silyl protons and carbons and two separate resonances folMe, SiMes, Ph) for whom the synthesis of seven coordinated
the macrocyclic carbons. Accordingly, the macrocyclic titanium aminopyridinato complexes depends on the steric
methylene protons appear as four different resonancés at bulk of the R groups and correlates to the ligand “cone
3.68 (Haxsyn), 3.56 (Hag-ang), 3.42 (HRg-syn), and 3.28  angles™
(Hbax-ant). These protons give rise to an ABCD spectrum  Attempts to use the amido nitrogen set of comple&es
with proton coupling constants obtained from simulation of a facial ligand to other metal centers, aiming the synthesis
the experimental spectruiaxeq(geminal)—14 Hz, JyaxHax
14 Hz, Jheqreq0 Hz, andJyaxmeq (vicinal) 3 and 4.8 Hz. The (20) Schlager, O.; Wieghardt, K.; Grondey, H.; Rufinska, A.; Nuber, B.
two vicinal coupling constants correspond respectively to the 1 '&%?ré?gﬁnggg\?ﬁci“b?é"‘;owelch‘ M. thorg. Chem1990 29, 672,
Hax—syrHeq-syn @Nd Hy—antHeq-ant Pairs that arise from the two  (22) Stephenson, D. S.; Binsh, BNMR5 Program Institute of Organic

ossible conformations of the five member metallocycles Chemistry, University of Munich: Munich, 1978.
P y (23) Weeks, J. M.; Buntine, M. A; Lincoln, S. F.; Tiekink, E. R. T,;
M(NCH,CH:N). . _ _ Wainwright, K. P.J. Chem. Soc., Dalton Tran2001, 2157.
The fluxional process observed in solution by NMR is (24) Quterlbgcfé UT tha\xlherm:r,x TI-:WIe%f;;‘:lrdt,1 gé;sNauzbegbsB.; Bill, E.;
. . . utzlar, C.; Trautwein, A. X.Inorg. em. ) .
readily understood as the intramolecular conversion of the (25) Lloyd, J. Vatsadze, S. Z.: Robson, D. A.; Blake, A. J.: Mountford, P.

A(AAL)IA(060) enantiomorphic pair resulting, respectively, J. Organomet. Cheni999 591, 114.
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Figure 1. Selected NMR spectra &d at 23°C (top) and—70 °C (bottom): (a) macrocyclic methyleniti resonances; (b) pendant arm Si@#proton
resonances; (c) macrocyclic methylenic and Sigzidendant arn3C resonances.

Table 2. Selected Bond Lengths (A) and Angles [deg] for Compound

3
N(21)-Li(2) 2.082(7) N(21}-Li(1) 2.113(7)
N(31)-Li(2) 2.020(7) N(31}-Li(3) 2.053(7)
N(1)-Li(3 2.124(7) N(2)-Li(3) 2.276(7)
O(1)-Li(2) 1.923(7) N(11)-Li(1) 1.979(7)
0(2)-Li(1) 1.928(7)

N(Q1)-Si(2-N(2) 102.73(15) N(3LSi(3)-N(3) 104.71(15)
N(11)-Si(1)-N(1)  106.01(15) C(6}N(1)—~C(1) 111.5(3)
C(3)-N(2)—C(2) 113.4(3)  C(4¥N(3)—C(5) 115.5(3)
Si(1)-N(11)-Li(l) 127.6(3)  O(2)rLi(1)-N(11) 110.2(3)
O(2)-Li(1)-N(@21) 117.6(3)  N(IL¥Li(1)-N(21) 129.4(3)
O(1)-Li(2)-N(31) 125.3(4)  O(}Li(2—N(21) 122.7(4)
N(31)-Li2)-N(21) 109.2(3)  N(BLYLi(3)-N(1)  138.1(3)
N(31)-Li(3)-N(2)  124.93)  N(1}-Li(3)—N(2) 84.7(2)
N(GE1)-Li(3)-N@)  75.7(2)  N(1)r-Li(3)—N(3) 82.3(2)
N(2)—Li(3)—N(3) 80.2(2)

W). The exception to this disappointing situation was the
Figure 2. ORTEP perspective of one of the molecules3ofH atoms

were omitted for clarity as well as THF solvent molecules not coordinated Synth_eSiS of [_Ti(N'tacn)][W(Cle]' 7, obtained from the
to the Li atoms. Ellipsoids were drawn at 30% probability level. reaction of [Ti(Ns-tacn)]l, 6a, with [W(CO)g]. The patterns

characteristic of the titanium cation are observable in the

Scheme 4 s H and3C NMR spectra of7, and in addition, thé3C NMR
b a Si .
Ph_d \N/\a N/ph Ph. bﬁN/}\l’Ph shows two resoqances,&202.4 and 197.7 ppm, attributed
N\ o, N2 3 to the carbonyl ligands of the anion. The IR spectrunY of
_/NL _/N\S'\ ;Si/"\ll "JN\ shows four CO bands at 2060.8 (w), 1920.6 (sh), 1906.8
SI\N\Ph c d NS (s), and 1844.4 (m), characteristic of [M(G) structures.
Ph Crystals of [LgNs-tacn(THF}], 3-THF, were grown from
A(588) AAL)

a THF solution of3 at —4 °C. The molecular structure is
presented in Figure 2, and selected bond lengths and angles
are listed in Table 2. The molecule has three differently
coordinated lithium centers. Li(1) and Li(2) are bonded to
two amido nitrogens (N(11), N(21) and N(21), N(31),
(26) Beissel, T.; Glaser, T.; Kesting, F.; Wieghardt, K.; Nuber|ridrg. respectively) f"md to the oxygen atom of a. THF m0|eCl_'IIe’
Chem.1996 35, 3936. but they do differ from the fact that N(11) is planar while
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N(31) is tetrahedral. These two Li centers also differ in
respect to the lithiumnitrogen bond lengths. The coordina-
tion of Li(1) is asymmetric, with a Li(1)}N(11) bonding
distance that is much shorter than LEIN(21) (1.979(7)

vs 2.113(7) A) while Li(2) is more symmetrically bonded
to N(21) and N(31) with distances of 2.082(7) and 2.020(7)
A, respectively. Li(3) has a different coordination as it is
bonded to the amido nitrogen atom N(31) and to two tacn
amines, N(1) and N(2). As expected, the L{3y(31) bond
length (2.053(7) A) is much shorter than Lit3\(1) and
Li(3)—N(2) for which bond lengths of 2.124(7) and
2.276(7) A have been determined. The similarity between
Li(1)—N(21), Li(3)—N(1), and Li(3-N(2) distances is
remarkable and might suggest that the Li{N(21) bond
would have a mainly covalent dative character. The detailed
analysis of the coordination environments of both lithium
and nitrogen show that, as previously noted by other
authors?” the Li—N bond lengths ir8-THF are dependent
not only on the nitrogen formal charge (amido vs amine)
but also on the nitrogen coordination numbers. (The coor-
dination numbers (CNs) of all the lithium cations are three
while those of the nitrogens are three, for N(11) and N(3),

Figure 3. ORTEP perspective of compoubdH atoms were omitted for

clarity. Ellipsoids were drawn at 30% probability level.

Table 3. Bond Distances and Angles f&r 6a", and6e™

and four, for N(21), N(31), N(1), and N(2).) Indeed, the

shortest lithium-nitrogen bond length is between N(CN3)
Li(CN3), namely, N(11)Li(1).

Due to its implications in reactivity, structural arrange-
ments of lithium amides have been extensively studied either
in solution or in the solid state, and a great diversity of

structures has been found. For simple monoamides, complex

structure/solvation relationships in solution were related with
steric and electronic parameters intrinsic teNRi and to

the solvent and also with other features as the solvent (or L
donor ligand) concentration, the solvation degree, and the
correlated solvatio® This concept, which attests from the
fact that the presence of different L donors (or solvents)
affects the relative stabilities of homo- and heterosolvates
owing to cooperative solvation effects, plays a role in
determining the structures of polyfunctional lithium amides
as3-THF due to the competition between the intramolecular
available L donors and the solvent. So, despite the fact that
the basic principles underlying ring stacking and ring

5 6a+ 6e"

Ti(1)—N(21) 2.050(5) 1.936(7) 1.994(19)
Ti(1)—N(11) 2.052(5) 1.930(7) 1.922(18)
Ti(1)—N(31) 2.059(5) 1.940(7) 1.924(17)
Ti(1)—N(3) 2.285(4) 2.295(7) 2.29(2)
Ti(1)—N(2) 2.314(5) 2.270(7) 2.33(2)
Ti(1)—N(1) 2.376(5) 2.283(7) 2.30(2)
N(11)—Ti(1)—N(1) 70.81(18) 72.7(3) 75.3(7)
N(21)-Ti(1)—N(2) 72.38(18) 73.8(3) 73.9(7)
N(31)-Ti(1)—N(3) 72.29(17) 73.5(3) 72.0(7)
N(11)—Si(1)~N(1) 95.5(2) 92.4(4) 93.0(9)
N(21)-Si(2)-N(2) 96.0(2) 92.5(3) 96.5(9)
N(31)-Si(3)—-N(3) 95.2(2) 92.9(4) 91.7(9)
C(31)-N(31)-Si(3) 122.3(4) 122.6(5) 123.2(14)
C(31)-N(31)-Ti(1) 138.2(4) 134.5(5) 131.5(13)
Si(3)~N(31)-Ti(1) 99.4(2) 103.0(4) 105.3(10)
C(11)-N(11)-Si(1) 124.0(4) 122.8(6) 122.1(16)
C(11)-N(11)-Ti(2) 134.3(4) 133.8(6) 135.1(16)
Si(1)-N(11)-Ti(1) 100.5(2) 103.2(4) 102.7(9)
C(21)-N(21)-Si(2) 125.3(4) 123.5(6) 128.0(18)
C(21)-N(21)-Ti(1) 132.2(4) 133.1(6) 130.1(17)
Si(2)-N(21)-Ti(1) 101.9(2) 103.3(3) 101.9(10)

Crystals of5 suitable for X-ray diffraction were obtained

laddering structures are well characterized and, to the authorsfrom toluene, at—20 °C. The molecular structure of the

best knowledge, (NLi), rings have always been found in
all lithium amides solid structure’8;3! the structural ar-
rangement of the lithium atoms BrTHF is unique due to
the lack of (N-Li), rings. Also remarkable is the fact that
the two planes defined by N(1ZN(21)-N(31) and
N(1)—N(2)—N(3) are almost parallel (5.5(7) due to the
array imposed by the coordination of the three lithium
cations. The angles around the Si(MbJidges and inside
the macrocyclic backbone are not far from the normal values.

(27) Duan, Z.; Young, V. G., Jr.; Verkade, J. Borg. Chem.1995 34,
2179.

(28) Lucht, B. L.; Collum, D. B.Acc. Chem. Resl999 32, 1035 and
references cited there in.

(29) Gade, L. H.; Mahr, NJ. Chem. Soc., Dalton Tran$993 489.

(30) Gregory, K.; Schleyer, P. R.; Snaith, Rdv. Inorg. Chem1991, 37,
47

(31) Mulvey, R. E.Chem. Soc. Re 1991, 20, 167.

complex is presented in Figure 3 while selected distances
and angles are displayed in Table 3. The triazacyclononane
ring and the three pendant arms are coordinated to the metal
through the six nitrogen atoms of the ligand in a distorted
trigonal prismatic geometry with twist anglésof 25.4(67Y,
26.0(6), and 21.0(6). (¢ values are the dihedral angles
Naming—centl=cent2-=Namido With Namino and Nimigo Of the
respective pending arms. Centl and cent2 are the dummy
centroid atoms defined, respectively, by the threg,N
(N(1), N(2), N(3)) and the three Nigoatoms (N(11), N(21),
N(31)).) The angle centiTi—cent2 is 178.4(5) and the

two planes defined by the macrocyclic nitrogen atoms (N(1),
N(2), and N(3)) and the three amido nitrogens (N(11), N(21),
and N(31)) are nearly parallel with an angle of 2.8(1)
between them. The distances between the metal and each of
these planes are 1.632(6) and 0.820(6) A, respectively.
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are 1.605(6), 0.819(6) A and 1.615(9), 0.809(9) A while the
centl-Ti—cent2 angles are 178.5(63nd 179.8(8) for 6a
and6e respectively. As for the parent compl&xthe sum

of angles around the amido nitrogen atoms is close t& 360
and displays similar values in both molecules (see Table 3).
As remarked for5, the metat-amido and metatamine
distances iréa" are slightly longer than observed in other
Ti(IV) compounds (see Table 3j3*Particularly noteworthy

is the difference between the structures of [Eihicn)]" and
[Ti(Os-tacn)]" for which an octahedral metal environment
and shorter metalamine distances have been repofted.

As already mentioned, two centers of chirality exist in
complexes5 and 6. Although there is similarity in their
structural parameters, the enantiomorphic pairs identified in
the solid state structures are different. Compeaxhibits
the A(AAL)IA(660) pair whereas the (AAA1)/A(69) pair is
observed inGa'.

Figure 4. ORTEP perspective of one of the cationsef. H atoms were ; ;
omitted for clarity. Ellipsoids were drawn at 30% probability level. EXpe”mental Section

General Procedures and Starting Materials All reactions were
Accordingly, two sets of T+N bond lengths are observed. conducted under a nitrogen atmosphere. Solvents were predried
The titanium-amido distances fall in the range 2.050¢5)  usirg 4 A molecular sieves and refluxed over sodium-benzophenone
2.059(5) A, and the titaniumamine bond lengths are, as (diethyl ether, tetrahydrofuran and toluene) or calcium hydride
expected, longer (2.285(4p.376(4) A). The amido nitrogen (dichloromethane a_m[_i-he_‘xane) under an atmosphere of ni'troge_n,
atoms are planar as reflected by the sum of angles arouncfnd collected by distillation. Deuterated solvents were dried with

molecular sieves and freezpump-thaw degassed prior to use.
méT))QSS'Y for N(11), 359.3 for N(21), and 359.9for Proton (300 MHz) and carbon (75.419 MHz) NMR spectra were

. o . recorded in a Varian Unity 300, at 298 K unless stated otherwise,
The t_'tan'um_Nami“eand titanium-Namido bond lengths in referenced internally to residual protio-solvett) or solvent {C)
5 are slightly longer than the values reported for [5{(CK,7- resonances and reported relative to tetramethylsilan@)( As-
Mes-tacn)P® and [T{N(SiMes)s}3],%* respectively. The  signments were supported by NOE experiments and®®y-H
Ti—Namigo distances are comparable to the ones reported for heterocorrelations, as appropriate. EPR spectra were recorded at
anionic Ti(lll) complexes as [TIN(SiMe;3)2} o N(SiMey)- 23 °C with a Bruker 300E spectrometer at X-band frequencs(
SiMeC(CH)N(CsH11)}] 22 and evidence that the trisamido- 9.5 GHz). Two samples were run: a2aV solution in toluene
tacn framework leads to a electron rich metal center. The and a powder sample. Mass spectra were performed at IST, Lisbon,
coordination of the six nitrogen atoms constrains the angles Portugal, and Laboratoire de Spectrdrieede Masse, Universite
inside the four member metallocycles. Particularly acute are 4€ Rouen, Rouen, France. Elemental analyses were obtained from
the N=Si—N angles that reflect the aptitude of the NSi- Laborataio de Andises do IST, Lisbon, Portugal.

. ) o . Triethylamine, aniline, SIM£I,, n-LiBu (1.6 M in hexanes),
(Me2)N bridges to fit the metal binding requirements. TiCly, TiCl3, and NaH (60% dispersion in mineral oil) were

The solid state structure of th& cation, obtained from  ,;.chased from Aldrich. NEtand NHPh were predried with

crystals of6éa and6e, is shown in Figure 4. Selected bond molecular sieves, refluxed over calcium hydride, and collected by
lengths and angles for the two cations are listed in Table 3. distillation. SiMeCl, was purified by removal of residual HCI and
The crystals obawere grown in a GHsBr solution, at—20 then distilled trap-to-trap. The n-LiBu solution was titrated by usual
°C, and those obewere obtained from CECN, at the same methods before use. TiLas freeze-pump-thaw degassed and
temperature. The structural features of [Fitdcn]" are then distilled trap-to-trap. NaH was washed with THF prior to use.
similar to those described for the parent complé,  [TiCls(THF)s],% PhiCh,* AgBPh,* and tacr3HCF® were prepared
independently of the counterion used. The titanium is according to described procedures.

coordinated by the six nitrogen atoms of the ligand donor _ 1:4.7-(CISiM&)s-tacn (1). A suspension of tacBHCI (0.91 g,

set in a distorted trigonal prismatic geometry. The dihedral %?nlolr;];nnoé)S'?I\gécl:la"g;cfozlgdﬁ&gﬁ’Vjenrde ';Efjéz'3_r?|e"nf§( tt o
angles Nming—centl-cent2-Namigo are 24.7(6), 24.2(6Y, 2\ ’ :

was allowed to warm to room temperature while being stirred over
and 25.2(6) for 6aand 26.6(7), 25.1(7), and 24.6(7) for 17 h. The volatiles were removed in a vacuum, and the residue

6e and the angles between the planes defined by theyas extracted in hexane and filtered. The solution was evaporated
macrocyclic nitrogen atoms (N(1), N(2), and N(3)) and the
amido nitrogens (N(11), N(21), and N(31)) are 0.5(ahd (34) Martins, A. M.; Ascenso, J. R.; Azevedo, C. G.; Calhorda, M. J.; Dias,

; ; A. R.; Rodrigues, S. S.; Toupet, L.; De Leonardis, P.; Veiros, L.F.
2.1(3y, respectively. The metal distances to the mean planes Chem. Soc.. Dalton Trang00q 4332,
(35) Manzer, L. Elnorg. Synth.1982 21, 135.

(32) Putzer, M. A.; Magull, J.; Goesmann, H.; Neumuller, B.; Dehnicke, (36) Bauer, GOrg. Synth. Coll1968 3, 482.

K. Chem. Ber1996 129, 1401. (37) Alexander, R.; Ko, E. C. F.; Mac, Y. C.; Parker, AJJAm. Chem.
(33) Bodner, A.; Jeske, P.; Weyheiheu, T.; Wieghardt, K.; Dubler, E.; Soc.1967 89, 3704.
Schmalle, H.; Nuber, Binorg. Chem.1992 31, 3737. (38) Searle, G. H.; Geue, R. Aust. J. Chem1984 37, 959.
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to dryness. An off-white solid formed in quantitative yield based
on tacn3HCI (1.55 g).*H NMR (CeDe): 6 2.79 (s, 12H, Ely),

[Ti{N(Ph)SiMey}s-tacn] (5). Method 1 was performed as
follows: TiCl, (0.408 g, 2.15 mmol) was added &f70 °C to a
0.30 (s, 18H, El3). 13C{'H} NMR (C¢Dg): 0 50.15 CHy), 2.10 solution of Li[1,4,7{ (NPh)SiMe}s-tacn] (1.59 g, 2.15 mmol) in
(CH3). Anal. Calcd for GoH3oN3ClsSis: C, 35.39; H, 7.43; N, 10.33. toluene (30 mL). The color darkened immediately, and a precipitate
Found: C, 35.64; H, 7.40; N, 10.14. IR (KBr): 2963 (m), 1592 appeared. The mixture was allowed to warm to room temperature
(s), 1446 (s), 1415 (s), 1377 (ms), 1348 (m), 1262 (s), 1085 (s), while being stirred overnight. The solution was filtered through a
1040 (s), 933 (m), 864 (s), 803 (s), 700 (ms), 660 (m), 482 (m) Celite layer and the solvent evaporated to dryness to give a dark
cm i MS (El) Wz 407 (15, [M]"), 371 (100, [M— CI]*). green material. Washing with hexane led to a dark yellow powder.

1,4,7-f N(H)Ph} SiMe]s-tacn (2). Aniline (2.0 mL, 21.9 mmol) Method 2 was performed as follows: A suspension of [HHCI
was added to a suspension of NaH (0.95 g, 39.6 mmol) in THF. (THF)3] (8.07 g, 21.8 mmol) in toluene (200 mL) was rapidly added
The mixture was heated at 8C for 12 h. The excess of NaH was  to a suspension of N|.,4,7{(NPh)SiMe} s-tacn}2THF (17.13 g,
filtered off and then washed with 20 mL of THF, at room 21.72 mmol) in toluene (300 mL) at60 °C. The mixture was
temperature. The filtrates were added dropwise to a solution of allowed to warm to room temperature while being stirred for 12 h.
1,4,7-(CISiMg)z-tacn (2.74 g, 6.74 mmol) in toluene (80 mL), The solution was filtered through a Celite layer, and the residue
cooled at—40 °C. The mixture was warmed to room temperature was washed with THF and toluene. The solvents were evaporated
and stirred for 12 h. The solvents were evaporated, and the productunder vacuum, and the compound was washee- 2@ °C with
was extracted in hexane and filtered. Evaporation to dryness led tohexane (3x 30 mL). Yield, 81% (13.53 g). Anal. Calcd for
a very viscous yellow oil in quantitative yield (3.88 gH NMR CsoHasNeSisTi: C, 57.92; H, 7.30; N, 13.52. Found: C, 56.60; H,
(CeDe): O 7.17 (t, 6H,334-n = 7.5 Hz,Hmer, 6.77 (t, 3H,3u-n 7.56; N, 12.93. IR (KBr): 2959 (m), 1622 (mw), 1603 (s), 1492
= 7.5 Hz,Hpard, 6.62 (d, 6H2J4—1 = 7.5 Hz,Hortno), 3.19 (s, 3H, (s), 1409 (w), 1362 (w), 1287 (m), 1259 (s), 1028 (s), 904 (s), 800
NH), 2.98 (s, 12H, El,), 0.15 (s, 18H, El5). 3C{H} NMR (s), 752 (s), 693 (s), 506 (mw) cth MS (El) m/z. 621(50, [M]"),
(CeDe): 0 147.47 Cipso), 129.55 Cierd, 118.22 Cpard, 116.76 472 (100, [M— PhNSiMe2t).

(Cortho), 50.41 CHy), —1.15 CH3). Anal. Calcd for GoHagNeSis: [Ti{N(Ph)SiMes} s-tacn]X (6). The experimental procedure used

C, 62.42; H, 8.39; N, 14.57. Found: C, 62.74; H, 8.40; N, 14.15. tg prepare the cationic complex@ss described foba: Treatment

IR (KBr) 3381, 2954, 2910, 1920, 1829, 1769, 1697, 1600, 1497, of a toluene solution of [IlN(Ph)SlMQ}yt&Cﬂ] (3112 g, 5.00

1382, 1291, 1255, 1151, 1109, 1077, 993, 966, 890, 824, 786, 751,mmol) with 0.5 equiv of solid4 (0.640 g, 2.50 mmol) at-60 °C,

690, 626, 452 cm'. MS (El) 'z 577 (35, [M[), 484 (100, [M followed by slow warming until room temperature, lead to the

— PhNH2J"). precipitation of a dark red solid. The solvent was removed, and
[1,4,7{N(Li)PhSiMe}s-tacn] (3). Treatment at-78 °C of a the residue was washed with hexane and the® EThe product

suspension of 1,4,iN(H)Ph]SiMe;} s-tacn (2.50 g, 4.33 mmol)

in 60 mL of pentane with a 1.6 M solution of n-LiBu in hexanes

(8.1 mL, 12.98 mmol) led to the quantitative formation of{l1i,4,7-

[(NPh)SiMe)]s-tacr} that was obtained as a pale yellow solid (2.57

g, 4.33 mmol) after evaporation of the solveli. NMR (CgDg):
0 7.08 (t, 6H,3\]H7H =7.8 HZ,Hme(Q, 6.69 (t, 3H,3\]H7H = 7.8 Hz,
Hpard, 6.68 (d, 6H 34— = 7.8 Hz,Horing), 2.88 (m, 6H, &, syn),
2.31 (m, 6H, G, anti), 0.27 (s, 18H, Hj3). BC{*H} NMR
(CeDg): 6 156.63 Cipso), 130.86 Crmetd, 121.93 Cortng), 116.35
(Cpar, 48.14 CH,), —0.15 CHg).

[1,4,7{N(Li)PhSiMe} s-tacn](THF), (3-THF). Yellow crystals

of 3:THF have been obtained at20 °C from a concentrated

solution of3 in THF. *H NMR (C¢Dg): 6 7.14 (t, 6H,3)4—y = 7
Hz, Hmeta)y 7.05 (d, 6H,3JH7H =7 Hz, Hortho)y 6.61 (t, 3H,3JH7H =
7 Hz, Hpard, 2.96 (M, 8H, OGl,, THF), 2.93 (m, 6H, G, syn),
2.44 (m, 6H, G, anti), 1.00 (m, 8H, @5, THF), 0.40 (s, 18H,

obtained is analytically pure. Yield, 100%. Fém, 'H NMR
(CD.Cly): 6 6.96 (t, 6H,3)4—y = 7.5 HZ,Hmetd, 6.92 (t, 3H2J—n
= 7.5 Hz,Hpar), 6.16 (d, 6H23n-1 = 7.5 HZ,Horino), 3.9-4.0 (m,
br, 6H, (H,, anti), 3.55-3.65 (m, br, 6H, El,, syn), 0.47 (s, 18H,
CHg). 13C{*H} NMR (CD.Cl,): 0 151.89 Cipso), 128.89 Cmety,
122.84 Cortng), 123.63 Cpard, 51.70 CH,, tacn),—0.39 (CHs). Anal.
Calcd for GgHsoBrINgSisTi [with 1 equiv (GHsBr)]: C, 47.71;

H, 5.57; N, 9.28. Found: C, 47.68; H, 5.56; N, 9.26. IR (KBr):

2957 (mw), 1621 (mw), 1602 (m), 1589 (m), 1499 (m), 1481 (ms),
1443 (ms), 1255 (s), 1072 (ms), 1041 (m), 1026 (m), 1004 (m),
910 (s), 870 (ms), 831 (s), 781 (s), 735 (ms), 696 (ms), 642 (ms),

513 (ms), 477 (mw), 437 (mw) cm. MS (FAB) m/z. 621(100,
[M] ). For6b, *H NMR (CD.Cl,): ¢ 6.95 (t, 6H,3J4_y = 7.8 Hz,
Hme[a), 6.88 (t, 3H,3JH7H =78 HZ,HparE), 6.17 (d, 6H,3JH7H =
7.8 Hz, Hortn), 4.0-4.1 (m, br, 6H, G&l,, anti), 3.5-3.6 (m, br,
6H, CH,, syn), 0.45 (s, 18H, Bj). 13C{'H} NMR (CD,Cly): ¢

CHg). 3C{H} NMR (C¢De): 6 157.9 Cipse), 130.0 Crmed, 123.1
(Cornd), 115.3 Cpard, 67.98 (OCH, THF), 48.2 CHy), 25.14 CH,
THF), —-0.1 (CH3) Anal. Calcd for GgHelNeLigozsi3: C, 61.73;
H, 8.32; N, 11.37. Found: C, 61.54; H, 9.07; N, 11.07.

152.0 Cipso), 128.89 Crmetd, 123.55 Cparg, 122.86 Corng), 51.70
(CH,, tacn), —0.45 (CH3). Anal. Calcd for GoH4sCINgSisTi: C,
54.79; H, 6.90; N, 12.79. Found: C, 54.85; H, 6.92; N, 12.70. IR
(KBr): 2960 (mw), 1708 (mw), 1627 (mw), 1605 (mw), 1500 (mw),
[1,4,7{N(Na)PhSiMe} s-tacn]-2THF (4). A solution of 1,4,7- 1456 (w), 1363 (w), 1258 (w), 1030 (w), 908 (s), 833 (w), 797
{[N(H)Ph]SiMey} s-tacn (6.42 g, 11.14 mmol) in THF (25 mL) was  (w), 696 (mw), 509 (mw) cmt. MS (FAB) m/zz 621(100, [M]").
added dropwise to a suspension of NaH (1.2 g, 50 mmol) in THF For 6c, 'H NMR (CgDsBr): ¢ 7.45 (t, 6H,334— = 7.5 HZ,Hmer,
(100 mL) cooled at-40 °C. The temperature was allowed to rise  7.34 (t, 3H,334—n = 7.5 Hz,Hpary, 6.65 (d, 6H 34—y = 7.5 Hz,
until room temperature, and the mixture was then heated @50  Horno), 4.23 (S, br, 6H, €, anti), 4.1 (s, br, 6H, &5, syn), 0.85
for 12 h. The solution was filtered, and the residue of NaH was (s, 18H, GH3). 13C{*H} NMR (CsDsBr): ¢ 152.0 Cipso), 128.54
washed with THF (30 mL). The evaporation of the THF led to a (Cetd, 123.22 Cpargd, 122.57 Conng, 51.39 CH,, tacn), —0.86
greenish solid in quantitative yield (8.76 gH NMR (CsDg): 0 (CH3). Anal. Calcd for GiH4sN7SSETi: C, 54.73; H, 6.67; N,
7.04 (t, 6H,234—p = 7.2 HZ,Hper), 6.68 (d, 6H3Jy-n = 7.2 Hz, 14.42; S, 4.72. Found: C, 54.73; H, 6.51; N, 14.12; S, 5.10. IR
Horng), 6.43 (t, 3H,%34-n = 7.2 Hz, Hpard, 3.29 (M, 8H, OCE,, (KBr): 2956 (w), 2361 (s), 1591 (mw), 1483 (m), 1255 (s), 1075
THF), 2.70 (m, 6H, El,, syn), 2.53 (m, 6H, @, anti), 1.26 (m, (mw), 1043 (w), 1005 (w), 910 (s), 874 (m), 832 (ms), 813 (m),
8H, CH,, THF), 0.26 (s, 18H, @3). 13C{H} NMR (C¢Dg): o 781 (s), 735 (mw), 698 (m), 645 (m), 516 (m). MS (FABJz
160.71 Cipso), 130.48 Cmety, 121.91 Cortng)s 112.82 Cparg, 67.82 621 (100, [M]"). For6d, *H NMR (CD,Cly): 6 7.0 (t, 6H,3)4— =
(OCH_,, THF), 48.42 CH,, tacn), 25.52 CH,, THF), 0.04 CH3). 7.5 Hz,Hmed, 6.94 (t, 3H,%34-n = 7.5 Hz, Hpar, 6.16 (d, 6H,
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Table 4. Experimental Results on Crystal Data and Structure Refinement for Comp8uBdéa and 6e

Dias et al.

3 5 6a 6e
formula CgoH 1od_i eN 1zossia C30H45N aSi3Ti C36HsoBr| N esisTi Clogﬁ 13(B2N 125i5Ti 2
M 1541.95 621.89 905.80 1882.20
cryst syst triclinic monoclinic monoclinic monoclinic
space group P1 P2:/n P2i/n P2i/c

unit cell dimensions

\

z

Pcalcd mg/rﬁ3

absn coeff

reflns collected/unique

final Rindices
[I > 20(1)]

a=11.639(4) A
b=20.362(7) A
c=20.463(9) A
o = 103.70(3)
B =89.81(3}
y = 106.66(3)
4503(3) B
2
1.137

0.146 mrt

24774/21630

[R(int) = 0.0286]

R1=0.0839;
wR2=0.1962

a=11.788(2) A
b=16.385(4) A
c=17.460(3) A

B =101.03(1)
3310.0(11) &
4

1.248
0.396 mnT?
5963/5764
[R(int) = 0.0542]
R1=0.0807;
wR2=10.1392

a=10.659(4) A
b=20.557(3) A
c=19.492(3) A

B =104.70(4)

4131.3(18) &
4
1.456
2.041 mntt
10307/7968
[R(int) = 0.1017]
R1=0.0848;
WR2=0.1494

a=25.875(5) A
b=13.974(8) A
c=28.679(9) A

B =93.51(9)

10350(5) B
4

1.208
0.276 mnt?t
18688/18252

[R(int) = 0.1655]

R1=0.2468;

WR2=0.4482

3Jy—n = 7.5 Hz,Horno), 3.61 (s, 12H, €ly), 0.49 (s, 18H, Ely).
BC{H} NMR (CD,Clp): 0 151.85 Cipso), 129.02 Cretg, 123.87
(Cpards 122.92 Conng), 51.22 CHy, tacn),—0.60 (CH3). Anal. Calcd

for C30H45F6N7PSbTi: C, 46.96; H, 5.92; N, 10.96. Found: C,
46.83; H, 6.01; N, 10.96. IR (KBr): 2953 (w), 1592 (mw), 1484
(m), 1248 (m), 1078 (mwy), 1045 (w), 1009 (w), 919 (m), 877 (m),
844 (s), 811 (m), 779 (m), 694 (w), 648 (w), 558 (w). MS (FAB)
m/z. 621(100, [M]"). For 6e *H NMR (CD,Cl,): 6 7.34 (t, br,
8H, Hortno BPhy), 7.06 (t, 8H,3Jy—p = 7 Hz, Hyeta BPhy), 6.88—
7.02 (m, 13HHmetat Hparat HparaBPhy), 6.09 (t, 6H33y-n =7
Hz, Hortho), 2.96-3.08 (m, 6H, Gy, anti), 2.24-3.36 (m, 6H, C1,,
syn), 0.41 (s, 18H, B3). 1*C{*H} NMR (CD-Cl,): 6 151.68 Cipso),
136.39 Cortho BPh), 129.05 Crmetg, 126.1 (t,%Js-c = 3 Hz, Cipso
BPh), 126.0 Cmeta BPh), 123.98 Cpard, 122.84 Corng), 122.36
(Cpara BPhy), 51.05 CH,, tacn), —0.54 (CH3). Anal. Calcd for
Cs4HesBNgSisTi: C, 68.89; H, 6.97; N, 8.94 Found: C, 68.89; H,
7.01; N, 8.91. IR (KBr): 3055 (mw), 2983 (mw), 1591 (m), 1483
(ms), 1254 (s), 1075 (m), 1040 (w), 1005 (w), 910 (s), 872 (m),
833 (s), 806 (s), 777 (s), 735 (s), 706 (s), 646 (m), 613 (m), 515
(mw), 434 (w). MS (FAB)m/z 621 (100, [M]").

[Ti{N(Ph)SiMe,} s-tacn][W(CO)sl], 7. A THF solution of
W(CO)s (0.716 g; 2.03 mmol) was added at room temperature to
a dispersion 06a (1.44 g, 1.92 mmol) in THF (40 mL). The mixture
was warmed at 70C for 4 days and after cooling was filtered,
and the solvent and the excess of W(ge@pgre removed under
vacuum. The solid was extracted in §EN and, from this solution,
pure? precipitated off in quantitative yield, on cooling te20 °C.
Crystals of7 were obtained from C}Cl, at —20 °C.

IH NMR (CD,Cl,): 0 7.45 (t, 6H,2Jy—p = 7.5 HZ,Hnety, 7.37
(t, 3H,334-n = 7.5 Hz,Hpard, 6.52 (d, 6H 31 = 7.5 HZ,Horing),
3.94 (m, br, 6H, E,, anti), 3.76 (m, br, 6H, 8, syn), 0.65 (s,
18H, CHs). °C{H} NMR (CD.Cl,): 4 197.94 CO), 151.41 Cipso),
128.66 Cmetd, 122.45 Cortno), 123.56 Cparg, 50.75 CH,, tacn),
—1.21 CH3) Anal. Calcd for Q5H36|NGO5Si3TiW: C, 39.52; H,
3.41; N, 7.90. Found: C, 39.61; H, 3.47; N, 7.96. IR (KBr): 2060.8
(w), 1920.6 (sh), 1906.8 (s), and 1844.4 (m)

X-ray Experimental Details. X-ray data for the 4 compounds
were collected using a MACH3 Nonius diffractometer equipped
with Mo radiation ¢ = 0.71069 A), at room temperature. Solution
and refinement were made using SIR8&nd SHELXL#?included
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in the package of programs WINGX-Version 1.64.@34or
compound3, two trisamidotacn fragments, four THF molecules,
and six Li atoms were found in the asymmetric unit and refined
exhibiting slight differences in the geometric parameters. Two
solvent molecules (THF) were found to be disordered near two
centers of symmetry. The refinement did not improve using different
approaches to a disorder model. All non-hydrogen atoms were
refined anisotropically, and the hydrogen atoms were inserted in
idealized positions riding in the parent C atom. For compounds
and6, the same procedure was performed. In compl&asd6a,
one molecule was found per asymmetric unit, and a bromobenzene
molecule (solvent) ib and an iodine ion ibawere also found. In
compound6e, two molecules were found in the asymmetric unit
exhibiting slight differences in the geometric parameters. These
crystals were of very poor quality (lower crystallinity) as can be
seen in theRy and Rsgma values and they had a very poor
diffraction quality (very weak high angle data). The structure was
determined in order to have an idea of the counterion influence in
the molecular geometry.

All the details concerning data collection and refinement of the
4 compounds are present in Table 4.

Figures were made with ORTEP3.

Data were deposited in CCDC under the deposit numbers
194896-194899 for compounds, 5, 6a, and6e, respectively.
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