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Experimental Section

General Considerations. Unless otherwise stated, all operations were performed in a M.
Braun Lab Master double-dry box under an atmosphere of purified nitrogen or using high
vacuum standard Schlenk techniques under an argon atmosphere.' Anhydrous n-Hexane,
pentane, toluene, and benzene were purchased from Aldrich in sure-sealed reservoirs (18 L)
and dried by passage through two columns of activated alumina and a Q-5 column.’
Diethylether and CH,Cl, were dried by passage through a column of activated alumina.> THF
was distilled, under nitrogen, from purple sodium benzophenone ketyl and stored under sodium
metal. Distilled THF was transferred under vacuum into bombs before being pumped into a
dry box. Cg¢Dg, and CD,Cl, were purchased from Cambridge Isotope Laboratory (CIL),
degassed and dried over 4 A molecular sieves and CaH,, respectively. CD,Cl, was vacuum

transferred from the CaF, mixture and stored in a reaction vessel under N,. Celite, alumina,
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and 4 A molecular sieves were activated under vacuum overnight at 200°C. Li(Nacnac)
(Nacnac = [Ar][NC(Me)CHC(Me)N[Ar], Ar = 2,6-(CHMe2)2C6H3),3 and
(Nacnac)TiCL(THF),*® TI(OTf),’ [CPh;][B(CsFs)4]” were prepared according to the literature.
LiNHAr was prepared by deprotonation of freshly distilled aniline at -35°C with n-BuLi in
hexanes. The white solid was collected via filtration, washed with pentane, and dried under
reduced pressure. FeCp*, (Cp* = CsMes) was purchased from Strem chemicals and used
without further purification. All other chemical were used as received. Solution infrared
spectra (CaF, plates) were measured using a Nicolet 510P FTIR spectrometer. CHN analysis
were performed by Desert Analytics, Tucson, AZ. 4, ¢, and "F NMR spectra were recorded
on a varian 400 or 300 MHz NMR spectrometers. 'H and ?C NMR are reported with reference
to solvent resonances (residual C¢DsH in C¢Dg, 7.16 ppm and 128.0 ppm; residual CHDCI, in
CD,Cl,, 5.32 ppm 53.8ppm). '’F NMR chemical shifts are reported with respect to external
HOCOCF; (-78.5 ppm). ''B NMR chemical shift are reported with respect to external
BF3+Et,0 (0.0 ppm). Magnetic moments were obtained by the method of Evans.® ° Cyclic
voltammetry were collected with the assistance of an E2 Epsilon potentiostat/galvanostat with
a PC unit controlled by Bioanalytical systems (BAS) software. Room temperature and liquid
helium temperature X-band EPR spectra were recorded on a Bruker EMX spectrometer.
Acquisition and simulation were performed using an integrated WIN-EPR software package
(Bruker). Electronic absorption spectra were recorded from 190 to 820 (HP 8452A Diode
Array) UV-vis spectrophotometer. X-ray diffraction data were collected on a SMART6000

(Bruker) system under a stream of N»(g) at low temperatures.

Synthesis of [FeCp*;|[B(C¢Fs)4]
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In a 100 mL round bottom flask was dissolved FeCp*, [188 mg, 0.576 mmol] in 10 mL of
Et,0. To the yellow solution was added dropwise an Et,0O (8 mL) solution containing
[CPh3][(CFs)s]” [524 mg, 0.568 mmol] causing an immediate color change to pale green
concomitant with precipitation of a pale green solid. The mixture was allowed to react for 10
minutes, upon which the light green solid was collected via filtration, washed with pentane
until washings were clear, and dried under vacuum to afford pure product [FeCp*,][B(CgFs)4]"

[400 mg, 70% yield].

Synthesis of (Nacnac)Ti(NHAr), (1)

In a vial was suspended (Nacnac)TiCl(THF) [100 mg, 0.16 mmol] in 10 mL Et,O and the
solution cooled to -35 °C. To the solution was added a cold Et,O solution (5 mL) of LiNHAr
[64.7 mg, 0.35 mmol]. After stirring for 4 hours the solution was filtered and dried under
reduced pressure. The green powder was extracted with pentane, filtered, concentrated, and
the solution cooled at -35 °C to afford in four crops large green crystals of (Nacnac)Ti(NHAr),
(1) [123 mg, 0.15 mmol, 92% yield].

For 1: 'H NMR (25°C, 399.8 MHz, CeDe):
6 11.93 (Avip, =449 Hz), 10.23 (Avy;, = 56.0 Hz), 9.25 (Av,, = 84.2 Hz), 7.94 (Avi, = 84.6 H
z), 6.65 (br), 4.52 (Avy, = 70.5 Hz), 2.68 (br), 2.26 (Avi» =206.7 Hz), 1.16 (br). IR (C¢Hes,
CaF,): 3323 (w), 3239 (w), 3098 (m), 3065 (m), 3044 (m), 3022 (m), 2963 (s), 2926 (m), 2868
(m), 1589 (m), 1523 (m), 1485 (m), 1471 (s), 1469 (s), 1431 (s), 1372 (s), 1315 (s), 1256 (s),
1195 (m), 1171 (m), 1153 (w), 1105 (m) cm™.  UV-vis (Et,0, 23°C): 642 nm (¢ = 415), 360
nm (¢ = 13048), 284 nm (¢ = 19226). per= 2.20 pp (CsDs, 298 K, Evans’ method). Anal.

Anal. Calcd. For Cs;H77N,4Ti: C, 77.81; H, 9.49; N, 6.85. Found: C, 78.14; H, 9.66; N, 6.73.
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Synthesis of [(Nacnac)Ti(NHAr),][OTf] (2)

In a reaction vessel was dissolved in 10 mL of THF (Nacnac)Ti(NHAr), (1) [150 mg, 0.18
mmol] and the solution cooled to -100 °C. To the solution was added a cold THF solution
containing AgOTf [51.82 mg, 0.20 mmol]. After stirring for 5 min the solution was filtered
to remove the Ag metal and the filtrate dried under reduced pressure. Washing of the red
solids with Et,O affords pure [(Nacnac)Ti(NHATr),][OTf] (2) [126.20 mg,0.13 mmol, 71%
yield]. Recrystallization of 2 from CH,Cl, layered with hexane at -35°C afford dark-red
crystals.

For 2: "HNMR (23°C, 399.8 MHz, CD,Cl,): & 11.05 (s, NH, 1H), 10.43 (s, NH, 1H), 7.21 (t,
CeHs, 2H), 7.12 (d, C¢H3, 2H), 7.04 (d, CsH3, 2H), 6.88 (t, C¢H3, 1H), 6.76 (d, CsH3, 2H), 6.69
(t, CeH3, 1H), 6.54 (d, Ce¢Hs, 2H), 6.37 (s, ArNC(CH3)CHC(CH3)NAr, 1H), 2.66 (septet,
CH(CH3),, 2H), 2.32 (septet, CH(CH3),, 2H), 2.25 (septet, CH(CHs),, 1H), 1.85 (s,
ArNC(CH3)CHC(CH3)NAr, 6H), 1.41 (septet, CH(CHj3),, 1H), 1.33 (septet, CH(CHj3),, 2H),
1.13 (d, CH(CHs),, 6H), 0.98 (d, CH(CHs),, 6H), 0.86 (d, CH(CHs)2, 6H), 0.75 (d, CH(CHs),
6H), 0.59 (d, CH(CHjs),, 6H), 0.32 (d, CH(CHs),, 6H), 0.29 (d, CH(CHs),, 6H), 0.03 (d,
CH(CH;),, 6H). Bc NMR (25°C, 100.6 MHz, CD,Cl,):
8 172.5 (ArNC(CH3)CHC(CH3)NAr), 151.1 (aryl), 149.7 (aryl), 143.3 (aryl), 141.4 (aryl), 140.
9 (aryl), 139.2 (aryl), 138.1 (aryl), 134.4 (aryl), 130.3 (aryl), 128.9 (aryl), 126.6 (aryl), 126.5 (a
ryl), 126.4 (aryl), 124.2 (aryl), 123.5 (aryl), 123.3 (aryl), 107.0 (ArNC(CH3)CHC(CH3)NAr),
3290 (CH(CHs)), 29.96 (CH(CHj3)z), 29.10 (CH(CHs)), 28.30 (CH(CHj),), 28.01
(CH(CH3)2), 2690 (CHs), 26.08 (CHjs), 2546 (CHj), 25.06 (CHs), 24.59

(ArNC(CH3)CHC(CH;3)NAr), 24.54 (CH3), 24.01 (CH3), 23.65 (CH3), 21.74 (CH3). "’F NMR
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(23°C, 282.3 MHz, C¢Dg): & —79.7 (s, OsSCF3). IR (C¢Hs, CaF,): 3247 (w), 3138 (w), 3059
(W), 2910 (s), 2931 (m), 2871 (w), 1539 (m), 1467 (m), 1427 (m), 1355 (m), 1309 (s), 1226
(m), 1151 (m), 1108 (w), 1032 (s) cm™. UV-vis (CH,CL,, 23°C): 330 nm (¢ = 51670). Anal.
Calcd. For Cs4H77N4O5SF3Ti: C, 67.06; H, 8.02; N, 5.79. Found: C, 65.11; H, 7.76; N, 6.52.
Attempts to get satisfactory elemental analysis were unsuccessful, presumably because of the

gradual decomposition of 2.

Synthesis of [(Nacnac)Ti(NHAr);][B(C¢Fs)4] (3)

In a vial was dissolved in 15 mL of Et,O (Nacnac)Ti(NHAr); [96.4 mg, 0.12 mmol] and the
solution cooled to -35 °C. To the green solution was added a cold suspension of
[FeCp*,][B(CeFs)a] [117 mg, 0.12 mmol]. After stirring for 10 min the solution was filtered
and dried under reduced pressure. Washing of the brick-red solid with pentane affords pure
[(Nacnac)Ti(NHAr),][B(CsFs)4] (3) [165 mg,0.11 mmol, 92% yield].

For 3: 'H NMR (23°C, 399.8 MHz, CD,Cl,): 11.42 (s, NH, 1H), 10.85 (s, NH, 1H), 7.54 (t,
CeHs, 2H), 7.44 (d, CeHs, 2H), 7.38 (d, C¢Hs, 2H), 7.22 (t, CsH3, 1H), 7.10 (d, CsH3, 2H),
7.02 (t, C¢Hs, 1H), 6.86 (d, C¢H3, 2H), 6.52 (s, ArNC(CH3)CHC(CH3)NAr, 1H), 2.98 (septet,
CH(CH3),, 2H), 2.62 (septet, CH(CH3),, 2H), 2.55 (septet, CH(CHs),, 1H), 2.15 (s,
ArNC(CH;3)CHC(CH;)NATr, 6H), 1.76 (septet, CH(CHs),, 1H), 1.66 (septet, CH(CH3),, 2H),
1.46 (d, CH(CHs),, 6H), 1.30 (d, CH(CHs),, 6H), 1.19 (d, CH(CHs),, 6H), 1.07 (d,
CH(CHs),, 6H), 0.92 (d, CH(CHs),, 6H), 0.66 (d, CH(CH3),, 6H), 0.62 (d, CH(CH3),, 6H),
036 (d, CH(CHi),, 6H). BC  NMR (25°C, 100.6 MHz, CD,CL):
0 172.4 (ArNC(CH3)CHC(CH3)NAr), 151.4 (aryl), 149.8 (aryl), 149.6 (br, B(C¢Fs)s), 147.1 (

br,B(CeFs)s), 143.5 (aryl), 141.4 (aryl), 140.9 (aryl), 139.3 (aryl), 138.1 (aryl), 137.7 (br,
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B(CsFs)s), 135.3 (br,B(CeFs)s), 134.5 (aryl), 130.5 (aryl), 129.1 (aryl), 126.7 (aryl), 126.6 (ar
yl), 124.3 (aryl), 123.7 (aryl), 123.5 (aryl), 106.7 (ArNC(CH3;)CHC(CH3)NAr), 32.98
(CH(CHs),), 30.12 (CH(CH3),), 29.24 (CH(CHs),), 28.45 (CH(CHs),), 28.14 (CH(CHs),),
27.00 (CHs), 26.24 (CH3), 25.57 (CHs), 25.09 (CHs), 24.66 (ArNC(CH3)CHC(CH;)NATr),
24.08 (CH3), 23.76 (CH3), 21.83 (CH;). '"F NMR (23°C, 282.3 MHz, CD,Cl,): &-133.8 (s,
0-C6Fs), -164.5 (t, p-CeFs), -168.3 (t, m-CsFs). ''B NMR (70°C, 128.37 MHz, CD,Cl):
8 16.94 (s, B(CeFs)s). IR (CH,Cly, CaFy): 3247 (w), 3138 (w), 3061 (w), 2971 (m), 2930
(W), 2873 (w), 1643 (m), 1514 (s), 1465 (s), 1435 (w), 1386 (w), 1350 (w), 1314 (w), 1261
(s), 1242 (w), 1178 (w), 1085 (m), 981 (s) cm™". Anal. Caled. For C77H77N,4F,0B Ti: C, 61.77;

H, 5.18; N, 3.74. Found: C, 61.44; H, 5.31; N, 3.80.

Synthesis of (Nacnac)Ti=NAr(OTf) (4)

Method A: Treatment of (Nacnac)Ti(NHAr), (1) with AgOTf

In a vial was dissolved in 10 mL of THF (Nacnac)Ti(NHATr), (1) [100 mg, 0.12 mmol] and the
solution cooled to -35 °C. To the cold solution was added a cold THF solution (5 mL) of
AgOTf [34 mg, 0.13 mmol] causing formation of a silver mirror. After stirring for 2 hours the
solution was filtered and dried under reduced pressure. The red solid was extracted with
pentane, filtered, concentrated, and the solution cooled at -35 °C to afford in two crops red
crystals of (Nacnac)Ti=NAr(OTY) (4) [64.6 gm, 0.082 mmol, 67% yield]. If the reaction is
carried out using CH,Cl, or benzene as solvent, and the mixture is allowed to react for 5 days,
complex 4 is then isolated in yields greater than 90% (quantitative by "H NMR spectroscopy).
For 4: '"H NMR (23°C, 399.8 MHz, CD,Cl,): & 7.28 (m, CsHs, 6H), 6.66 (d, C¢Hs, 2H), 6.60

(t, CeHs, 1H), 5.66 (s, AINC(CH3)CHC(CH;)NAr, 1H), 3.55 (s, CH(CH;),, 2H), 3.03 (s,
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CH(CHs),, 2H), 2.88 (s, CH(CHs),, 2H), 2.06 (s, ArNC(CH;)CHC(CH;)NAr, 6H), 1.30
(CH(CHs),, 18H), 1.08 (d, CH(CHs),, 6H), 0.82 (d, CH(CHs),, 12H). 'H NMR (23°C, 399.8
MHz, C¢Dg): 87.26-7.11 (m, CeHs, 6H), 6.84 (d, CeHs, 2H), 6.77 (t, CeHs, 1H), 5.22 (s,
ArNC(CH3)CHC(CH;)NAr, 1H), 3.81 (s, CH(CH3),, 2H), 3.32 (s, CH(CHs),, 2H), 2.97 (s,
CH(CHs),, 2H), 1.70 (s, A-NC(CH3)CHC(CH3)NAr, 6H), 1.50 (CH(CHs),, 6H), 1.40 (d,
CH(CHs),, 6H), 1.30 (d, CH(CH3),, 6H), 1.10 (d, CH(CH3),, 12H), 0.96 (d, CH(CHs),, 6H).
BC NMR (25°C, 100.6 MHz, C¢Dg): & 168.1 (ArNC(CH3)CHC(CH;3)NAT), 159.9 (aryl), 145.3
(aryl), 143.0 (aryl), 142.4 (aryl), 127.7 (aryl), 125.1 (aryl), 124.2 (aryl), 123.6 (aryl), 123.2
(aryl), 122.3 (aryl), 94.41 (ArNC(CH3)CHC(CH;)NAT), 30.34 (CH(CHs),), 28.73 (CH(CHs),),
28.12 (CH(CHs),), 25.52 (CH(CHs),), 24.62 (CH(CHs),), 24.45 (CH(CH;),), 24.33
(ArNC(CH3)CHC(CH;)NAr), 22.70 (CH(CHs3),). "F NMR (23°C, 282.3 MHz, C¢Dg):
8 —78.3 (s, 03SCF3). IR (CH,Cly, CaFy): 3076 (m), 3060 (s), 3029 (s), 2964 (s), 2928 (m),
2869 (m), 1622 (m), 1551 (m), 1524 (m), 1486 (m), 1463 (m), 1438 (m), 1359 (s), 1318 (m),
1271 (m), 1256 (m), 1239 (m), 1202 (s), 1109 (w), 1057 (w), 1004 (s) cm™. UV-vis (Et,0,
23°C): 323 nm (¢ = 18460). Anal. Calcd. For CHNO;SF;Ti: C, 63.86; H, 7.40; N, 5.32. Found:

C,63.61; H,7.52; N, 5.09.

Method B: Decomposition of [(Nacnac)Ti(NHAr),][OTH] (2)

In a vial was dissolved [(Nacnac)Ti(NHAr),][OT{] (2) in [93 mg, 0.96 mmol] in 10 mL of THF
and the solution stirred for 45 minutes. The mixture was dried under reduced pressure,
extracted with pentane, filtered, concentrated, and cooled to -35°C to afford in two crops pure
imido (Nacnac)Ti=NAr(OTf) 4 [56 mg, 0.70 mmol , 73 % yield]. When the reaction is carried

in CH,Cl,, the formation of 4 and aniline is quantitative (isolated yield 82%) as evidenced by
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the '"H NMR of the reaction mixture (CD,Cl). However, the formation of 4 occurs much
slower (4.5 days at 25°C, t;» ~ 52 hours). In both solvents the formation and characterization
of 4 was determined by comparison of "H NMR and '’F NMR spectra with authentic samples

prepared independently by method A.

Method C: Treatment of [(Nacnac)Ti(NHAr),][B(CsFs)4] (3) with TI(OTH)

In a vial was dissolved [(Nacnac)Ti(NHAT1),][B(CsFs)4] (3) [78 mg, 0.052 mmol] in 5 mL of
THF and to the mixture was added a THF solution (~5 mL) containing TI(OTf)° [20 mg, 0.055
mmol]. The red solution gradually turned darker over the course of 2 hours and the mixture
was then dried under reduced pressure. Pentane was added to the oily residue and the solution,
filtered and dried under vacuum. Examination of the pentane extract by 'H NMR and "°F
NMR spectra revealed formation of 4 along with free aniline and additional by-products.
Complex 4 was observed to form by examination of '"H NMR and '’F NMR spectra of the
reaction mixture but isolation of the product was hampered by the formation of other side
products generated in the reaction. The formation and characterization of 4 was determined by

comparison of "H NMR spectra with authentic sample prepared independently by method A.

EPR Measurements for 1

A 2 mmol solution of 1 in Et,O/pentane (1:1) was used to collect the room temperature data at
278 K and the liquid helium temperature at 4.6 K. Typical EPR conditions for room
temperature spectra: microwave power, 10 mW; modulation amplitude, 1 G; modulation

frequency, 100 kHz; receiver gain, (2-5) x 10™*. The magnitude of titanium (*’Ti, I = 5/2,
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7.4%; *Ti, 1 ="7/2, 5.4%, n = 1), and the nitrogens (**N, I=1, 96.63%, n = 4) coupling (4i)
was found by simulation to be 15 G and 2.31 G, respectively. gis, was centered at 1.97.
Typical EPR conditions for room temperature spectra: microwave power, 10 mW; modulation
amplitude, 1 G; modulation frequency, 100 kHz; receiver gain, (2-5) x 10™*. The spectrum
was determined to be axial with grL=1.97 and g;= 1.91. Coupling constants could not be

accurately determined by simulation.

EPR for TiNacnac(NHAr)2
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Anisotropic EPR spectrum of 1 (4.6 K).
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Anisotropic EPR
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Cyclic Voltammagram of Complex 2.

Cyclic voltammetry was peformed in pre-dried solutions of THF (0.3-0.5 M of pre-dried and
recrystallized TBAH, Aldrich). A platinum disk (2.0 mm diameter, Bioanalytical Systems), a
platinum wire, and silver wire were employed as the working electrode, the auxiliary, and the
reference electrode, respectively. A one compartment cell was used in the CV measurement.
The electrochemical response was collected with the assistance of an E2 Epsilon (BAS)
autolab potentiostat/galvanostat with a BAS software. The IR drop correction was applied
when significant resistance was noted. All the potentials were reported against
ferrocenium/ferrocene couple (0 V) measured as an internal standard. All spectra were
recorded under an N, atmosphere. In a typical experiment 10-15 mg of crystalline 1 was

dissolved in 5 mL of a TBAH solution in THF at 26°C.

10
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Potential (V) vs. Intensity for Ti(NHAr)2 (Scan Rate=50 mV/s)

-2.8 -2.3 -1.8 -1.3 -0.8

<3
Potential (V)

References

(1) For a general description of the equipment and techniques used in carrying out this
chemistry see: B. J. Burger, and J. E. Bercaw, In Experimental Organometallic
Chemistry; A. L. Wayda, and M. Y. Darensbourg, Ed.; ACS Symposium Series 357;
American Chemical Society; Washington D. C., 1987; pp 79-98.

(2) A. Pangborn, M. Giardello, R. H. Grubbs, R. Rosen, and F. Timmers,
Organometallics 1996, 15, 1518.

(3) M. Stender, R. J. Wright, R. E. Eichler, J. Prust, M. M. Olmstead, H. W. Roesky, and

P. P. Power, J. Chem. Soc., Dalton Trans. 2001, 3465.

11



Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2003

(4)

)

(6)
(7)
(8)
©)
(10)

P. H. M. Budzelaar, A. B. von Oort, and A. G. Orpen, Eur. J. Inorg. Chem. 1998,
1485.

F. Basuli, B. C. Bailey, J. Tomaszewski, J. C. Huffman, and D. J. Mindiola, “A
Terminal and Four-Coordinate Titanium Alkylidene Prepared by Oxidatively Induced
o-hydrogen Abstraction”, accepted to J. Am. Chem. Soc.

M. E. Woodhouse, F. D. Lewis and T. J. Marks, J. Am. Chem. Soc. 1982, 104, 5586.
E. Ihara, V. G. Young Jr. and R. F. Jordan, J. Am. Chem. Soc. 1998, 120, 8277.

Sur, S. K. J. Mag. Reson. 1989, 82, 169.

Evans D. F. J. Chem. Soc. 1959, 2003.

Characterization of [FeCp*,][B(CesFs)4] has been described in detail elsewhere: D. J.
Mindiola, K. Kitiachvili and G. L. Hillhouse, unpublished results. For synthesis of the
analogous salt [FeCp*,][B(3,5-(CF3),CcH3)4] see: 1. Chavez, A. Alwarez-Carena, E.

Molis, A. Roig, W. Maniukiewicz, A. Arancibia, V. Arancibia, H. Brand and J. M.
Manriquez, J. Organomet. Chem. 2000, 601, 126.

12



Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2003

Crystallographic Experimental Section and Tables for Complex 1, 3, and 4

Crystallographic data for complex (Nacnac)Ti(NHAr); (1)

The sample was submitted by the research group of Prof. Dan Mindiola,
Department of Chemistry, Indiana University. Inert atmosphere techniques
were used to place a dark green crystal of approximate dimensions 0.30 X
0.30 x 0.30 mm was placed onto the tip of a 0.2 mm diameter glass capillary
and mounted on a SMART6000 (Bruker) at 138(2) K. Each of four crystals
examined were badly split with varying degrees. The sample examined
indicated two distinct lattices that were easily separable, as shown in the

figure below.
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A preliminary set of cell constants was calculated by deleting all but one
set of lattice points (the horizontal component above). The resulting xyz
coordinates were indexed yielding a triclinic cell. The data collection
was carried out using graphite monochromated Mo Ka radiation with a frame
time of 3 seconds and a detector distance of 5.0 cm. A randomly oriented
region of a sphere in reciprocal space was surveyed. Six sections of 606
frames were collected with 0.30° steps in ® at different ¢ settings with
the detector set at —-43° in 20. Final cell constants were calculated from
the xyz centroids of 7608 strong reflections from the actual data

collection after integration (SAINT).!

Solution and Refinement

Intensity statistics and lack of systematic absences indicated the
centrosymmetric space group Plbar, and solution and refinement confirmed
this choice. The structure was solved in using SHELXS-97 and refined with
SHELXL-97.2 A direct-methods solution was calculated which provided most
non-hydrogen atoms from the E-map. Full-matrix least squares / difference
Fourier cycles were performed which located the remaining non-hydrogen
atoms. All hydrogen atoms were subsequently located and refined with
isotropic displacement parameters. The final full matrix least squares

refinement converged to Rl = 0.0666 and wR2 = 0.1694 (F?, all data).

1 SAINT 6.1, Bruker Analytical X-Ray Systems, Madison, WI.
2 SHELXTL-Plus V5.10, Bruker Analytical X-Ray Systems, Madison, WI.

14
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Table 1
Program MU for data file labeled

MSC02188 **%/12/26 12:

The following were used

At .No. At.Wt. Abs. % No. Element
22 47.880 23.400 5.85 1 Ti
7 14.007 .845 6.85 4 N
6 12.011 .576 77.81 53 C
1 1.008 .373 9.49 77 H

The density is 1.135 g/cc.

The volume is 2392.86 cubic Angstroms

Z = 2 and the molecular wt. is 818.10
F(000) = 890
The linear absorption coefficient = 2.170 reciprocal centimeters,

and 1/4Mu = 1.1522 mm.
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Table 2

Crystal Data for MSC Sample 02188

Empirical Formula C53 H77 N4 Ti
Color of Crystal: dark green
Crystal Dimensions were: .3 x .3 x .3 mm.
Space Group: P lbar

Cell Dimensions (at 138 (2) K; 7608 reflections)

a = 11.3389(14)
b = 11.7121(15)
c = 20.010(2)
alpha = 90.265(3)
beta = 95.720(3)
gamma = 115.017(3)
7 (Molecules/cell): 2
Volume: 2392.9(5)
Calculated Density: 1.135
Wavelength: 0.71073
Molecular Weight: 818.09
F(000) : 890
Linear Absorption Coefficient: 0.217
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Data were collected on a Bruker SMART 6000 sealed-tube system comprising a
three-circle platform goniostat, an HOG crystal monochromator, a four
kilopixel by four kilopixel single-chip CCD-based detector, a K761 high
voltage generator, and a PC interface running Bruker's SMART software.

Detector to sample distance = 5.0 cm.
Take off angle = 6.0 deg.

Data collected by the omega scan technique according to the
following parameters:

frame width = 0
time per frame = 3.

Data processing statistics for 30.1 degrees maximum theta:

Total number of intensities integrated = 26431
Number of unique intensities = 13917
Number with F > 4sigma(F) = 7605
R for averaging = 0.125

Refinement results:

Final residuals are:

R(F) (observed data) = 0.0666
Rw(F2) (refinement data) = 0.1694
Final Goodness of Fit = 0.880
Maximum delta/sigma for the last cycle = 0.01

Table 3: Fractional Coordinates and Isotropic Thermal Parameters
for MSC Sample 02188

Atom X \% z Uiso
Ti(1) 7573 (1) 6922 (1) 7520(1) 17 (1)
N(2) 9475 (2) 7240 (2) 7383 (1) 18 (1)
C(3) 10525 (2) 8230 (2) 7687 (1) 20 (1)
C(4) 10477 (2) 9314 (2) 7955(1) 22(1)
C(5) 9437 (2) 9673 (2) 7878 (1) 21(1)
N(6) 8215(2) 8885 (2) 7642 (1) 19(1)
C(7) 9738 (2) 6377 (2) 6966 (1) 19(1)
C(8) 9490 (2) 5149 (2) 7181 (1) 20 (1)
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H(121) 250 (3) 202 (3) 636 (2) 32(8)
H(122) 421 (3) 216(2) 580 (1) 22(7)
H(123) 734 (2) 467 (2) 606 (1) 17(6)
H(124) 741 (4) 498 (3) 489 (2) 57(10)
H(125) 588 (4) 430 (3) 482 (2) 54 (10)
H(126) 656 (3) 559 (3) 521 (2) 39(8)
H(127) 756 (3) 310(3) 544 (2) 50(9)
H(128) 665 (3) 245 (3) 605 (2) 35(8)
H(129) 591 (3) 234 (3) 532 (2) 34 (8)
H(130) 516 (3) 663 (2) 738 (1) 21(6)
H(131) 317 (4) 640 (3) 634 (2) 49 (9)
H(134) 338 (3) 527 (3) 801 (2) 46 (9)
H(135) 351 (3) 660 (3) 787 (2) 35(8)
H(136) 237 (3) 538 (3) 741 (2) 40 (8)
Notes:

1) Fractional coordinates are X 10**4 for non-hydrogen atoms
and X 10**3 for hydrogen atoms. Uiso values are all X 10**3.
2) Isotropic values for those atoms refined anisotropically
are calculated as one third of the trace of the orthogonalized
Uij tensor.

3) Parameters without standard deviations were not varied.
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Anisotropic Thermal Parameters for MSC Sample 02188

Table 4:

Atom
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Form of the anisotropic thermal parameter:

(a*) (b*) Ulz ] }

(a*)**2 U1l + ... + 2 h k

h**2

All values are X 10**3

[

exp{ -2 pi**2

Bond Distances for MSC Sample 02188

Table b5a:

Distance

1.961(2)

1.966(2)

2.0746(19)
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C(52) C(53) C(54) 121.1(2)
C(48) C(53) C(54) 119.8(2)
C(53) C(54) C(56) 114.2(2)
C(53) C(54) C(55) 110.3(2)
C(56) C(54) C(55) 109.6(2)
C(59) C(57) C(58) 109.7(2)
C(59) C(57) C(49) 114.8(2)
C(58) C(57) C(49) 109.1(2)

Symmetry transformations used to generate equivalent atoms:

Figure 1: VERSORT Drawing(s)

H(103)

H(104)

H(110) (38)

H(102)
H(117)
) (36) H(118)
“9 Hais)
N ¢(44) A(116)
(45)
H(82)) M0 hat2) darmy s
‘ @ ';;)78) i s
NS
H ety 5 1
H(8B J‘ A »LQ‘ 59)
(9 Neiv: H(136)

\k H(120)
’ 49 0)
) H(121)
(ADA(119) % ($§128) o5
MGl A

cAB(B\c(12) \H(©2)

(32} A H(122
o) > 56) 22
H(?es% H(129)

O)H(99)
H(68), |, Air100) 12955)
HES) H(124)\ H(125)

25



Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2003

H(103)
H(110) 3(9?)04)
H(88) H(109F(4, ,,./_ 22)
H(o1) H ) A Hos)
90) ¢(29 (118 £(40)
559 (30) C(46) oe) 48)
(2698877 116) JRSha1s)  \HEoD)
(44 H(72)
H(86) i(e2) oy K 40)
i MO, (101 (1), H(TE) {g)
\, He83) A 81 ) 80) H(73)
< A%
b 6 »’-lgj
H(77)
H(8 %
H(61)
?éil‘aZB) c(11)
2 N e2)
1reyHE%)

26



Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2003

Figure 2: ORTEP Drawing(s)
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Figure 3: Space Filling Model Drawing(s)
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Crystallographic data for complex ([(Nacnac)Ti(NHAr);][B(CsF5)4] (3)

The sample was submitted by the research group of Prof. Daniel J. Mindiola,
Department of Chemistry, Indiana University. Inert atmosphere techniques

were used to place an orange/red crystal of approximate dimensions 0.25 x

0.25 x 0.07 mm onto the tip of a 0.1 mm diameter glass fiber which was
subsequently mounted on a SMART6000 (Bruker) and cooled to 136(2) K.

Data collection

A preliminary set of cell constants was calculated from reflections
obtained from three nearly orthogonal sets of 20 frames. The data
collection was carried out using graphite monochromated Mo Ko radiation
with a frame time of 15 seconds and a detector distance of 5.0 cm. A
randomly oriented region of a sphere in reciprocal space was surveyed. Six
sections of 606 frames were collected with 0.30° steps in ® at different ¢
settings with the detector set at —43° in 20. Final cell constants were
calculated from the xyz centroids of 7190 strong reflections from the
actual data collection after integration (SAINT) .*!

Structure solution and refinement

Intensity statistics and systematic absences suggested the centrosymmetric
space group P2,/c and subsequent solution and refinement confirmed this
choice. The structure was solved using SHELXS-97 and refined with SHELXL-
97.? A direct-methods solution was calculated which provided most non-
hydrogen atoms from the E-map. Full-matrix least squares / difference
Fourier cycles were performed which located the remaining non-hydrogen
atoms. All non-hydrogen atoms were refined with anisotropic displacement
parameters. All hydrogen atoms were located in subsequent Fourier maps and
included as isotropic contributors in the final cycles of refinement.

The final full matrix least squares refinement converged to R1 = 0.0443 and

wR2 = 0.1116 (F2, all data). The remaining electron density is located on
bonds.

1 SAINT 6.1, Bruker Analytical X-Ray Systems, Madison, WI.
2 SHELXTL-Plus V5.10, Bruker Analytical X-Ray Systems, Madison, WI.
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Table 1

Program MU for data file labeled

MSC03054

The following were used

At .No. At .Wt. Abs. % No. Element
22 47.880 23.400 3.05 1 Ti
9 18.998 1.630 24.18 20 F
8 15.999 1.220 1.02 1 0
7 14.007 .845 3.57 4 N
6 12.011 .576 61.92 81 C
5 10.811 .368 .69 1 B
1 1.008 .373 5.58 87 H

The density is 1.375 g/cc.

The volume is 7591.27 cubic Angstroms

Z = 4 and the molecular wt. is 1571.27
F(000) = 3264
The linear absorption coefficient = 2.103 reciprocal centimeters,

and 1/4Mu = 1.1887 mm.
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Table 2

Crystal Data for MSC Sample 03054

Empirical Formula C81H87BF20N40T1i
Color of Crystal: orange/red
Crystal Dimensions were: 0.25 x 0.25 x 0.07 mm.
Space Group: P2(1)/c

Cell Dimensions (at 136(2) K; 7190 reflections)

a = 13.8639(6)
b = 39.2661(16)
c = 13.9675(6)
alpha = 90
beta = 93.2700(10)
gamma = 90
Z (Molecules/cell): 4
Volume: 7591.3(06)
Calculated Density: 1.375
Wavelength: 0.71073
Molecular Weight: 1571.26
F(000) : 3264
Linear Absorption Coefficient: 0.210
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Data were collected on a Bruker SMART 6000 sealed-tube system comprising a
three-circle platform goniostat, an HOG crystal monochromator, a four
kilopixel by four kilopixel single-chip CCD-based detector, a K761 high
voltage generator, and a PC interface running Bruker's SMART software.

Detector to sample distance = 5.0 cm.
Take off angle = 6.0 deg.

Data collected by the omega scan technique according to the
following parameters:

frame width = 0.3 deg.
time per frame = 15.0 sec.

Data processing statistics for 27.5 degrees maximum theta:

Total number of intensities integrated = 111677
Number of unique intensities = 17467
Number with F > 4sigma(F) = 9392
R for averaging = 0.109

Refinement results:

Final residuals are:

R(F) (observed data) = 0.0443
Rw(F2) (refinement data) = 0.1116
Final Goodness of Fit = 0.962
Maximum delta/sigma for the last cycle = 0.02
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Fractional Coordinates and Isotropic Thermal Parameters
for MSC Sample 03054

Table 3:

Uiso

Atom
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H(164) 214 (2) 199 (1) 144 (2) 39(8)
H(165) 166(2) 263 (1) 322 (2) 54 (9)
H(166) 85(2) 240 (1) 379(2) 33(8)
H(167) 60 (2) 254 (1) 271(2) 54 (10)
H(168) 82(2) 123 (1) 400 (2) 32(9)
H(169) -20(2) 142 (1) 694 (2) 34(8)
H(170) -168(2) 118(1) 692 (2) 47(9)
H(171) -234(2) 93 (1) 545 (2) 28(8)
H(172) -126(2) 91 (1) 327(2) 7(6)
H(173) -279(2) 117 (1) 351(2) 40 (8)
H(174) -289(2) 82 (1) 292 (2) 42 (9)
H(175) -310(2) 82 (1) 405 (2) 52 (9)
H(176) -191(2) 38 (1) 443 (2) 30(7)
H(177) -78(2) 40 (1) 409 (2) 49(9)
H(178) -167(2) 36(1) 330(2) 45(9)
H(179) 136(2) 150 (1) 511 (2) 49(10)
H(180) 72 (3) 199 (1) 575 (3) 86 (14)
H(181) 182 (3) 194 (1) 612 (3) 83(13)
H(182) 87(3) 182 (1) 677 (3) 89(14)
H(183) 237(3) 132 (1) 621 (3) 83(15)
H(184) 181 (3) 98 (1) 599 (3) 80(12)
H(185) 158 (3) 122 (1) 695 (4) 120(20)
H(186) 730 (4) 224 (1) 971 (3) 126 (17)
H(187) 670 (3) 231 (1) 1072 (3) 84 (13)
H(188) 633(3) 193 (1) 1003 (3) 131(17)
H(189) 515(2) 245 (1) 984 (2) 56 (10)
H(190) 605 (3) 274 (1) 947 (2) 81 (12)
H(191) 426 (3) 249 (1) 832 (2) 69 (11)
H(192) 522 (2) 280 (1) 795 (2) 78(12)
H(193) 438 (3) 254 (1) 651 (3) 88 (13)
H(194) 558 (3) 240 (1) 659 (2) 69 (11)
H(195) 471 (3) 211 (1) 698 (3) 82(12)

Notes:
1) Fractional coordinates are X 10**4 for non-hydrogen atoms
and X 10**3 for hydrogen atoms. Uiso values are all X 10**3.
2) Isotropic values for those atoms refined anisotropically
are calculated as one third of the trace of the orthogonalized
Uij tensor.
3) Parameters without standard deviations were not varied.
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Anisotropic Thermal Parameters for MSC Sample 03054

Table 4:

Atom
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Form of the anisotropic thermal parameter:
exp{ -2 pi**2 [ h**2 (a*)**2 Ull + ... + 2 h k (a*) (b*) Ul2
All values are X 10**3

Table 5a: Bond Distances for MSC Sample 03054

A B Distance
Ti(1l) N (33) 1.863(2)
Ti(1) N(46) 1.875(2)
Ti(1) N(6) 1.9876(19)
Ti(1) N(2) 2.0150(19)
Ti(1) H(150) 2.22(4)
Ti(1) H(168) 2.01(3)
N(2) C(3) 1.343(3)
N(2) C(7) 1.455(3)
C(3) C(4) 1.410(3)
C(3) C(19) 1.501(3)
C(4) C(5) 1.385(3)
C(4) H(109) 0.91(2)
C(5) N (6) 1.361(3)
C(5) C(20) 1.508(3)
N(6) C(21) 1.454 (3)
C(7) C(8) 1.401(3)
C(7) C(12) 1.402(3)
C(8) C(9) 1.386(3)
C(8) C(lo6) 1.517(3)
C(9) C(10) 1.379(4)
C(9) H(110) 0.96(2)
C(10) C(1l1) 1.372(4)
C(10) H(111) 0.93(2)
C(11) C(12) 1.391(3)
C(11) H(112) 0.95(3)
C(12) C(13) 1.519(4)
C(13) C(14) 1.524 (4)
C(13) C(15) 1.525(4)
C(13) H(113) 0.95(3)
C(14) H(114) 0.98(3)
C(14) H(115) 0.98(3)
C(14) H(116) 1.00(4)
C(15) H(117) 0.96(3)
C(15) H(118) 1.07(3)
C(15) H(119) 1.00(3)
C(lo6) C(18) 1.523(4)
C(lo) C(17) 1.524 (4)
C(1lo) H(120) 0.96(2)
C(17) H(121) 0.99(3)
C(17) H(122) 1.00(3)
C(17) H(123) 0.96(3)
C(18) H(124) 0.96(3)
C(18) H(125) 0.99(3)
C(18) H(126) 0.92(3)
C(19) H(127) 0.99(3)
C(19) H(128) 0.91(3)
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Symmetry transformations used to generate equivalent atoms:

Table 5b: Bond Angles for MSC Sample 03054
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Symmetry transformations used to generate equivalent atoms:

Figure 1: VERSORT Drawing(s)
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Figure 2: ORTEP Drawing(s)
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Figure 3: Space Filling Model Drawing(s)
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Crystallographic data for complex (Nacnac)Ti=NAr(OTY) (4)

The sample was submitted by the research group of Prof. Daniel J. Mindiola,
Department of Chemistry, Indiana University. Inert atmosphere techniques

were used to place an orange crystal of approximate dimensions 0.30 x 0.25

x 0.25 mm was placed onto the tip of a 0.2 mm diameter glass capillary and
mounted on a SMART6000 (Bruker) at 128 (2) K.

Data collection

A preliminary set of cell constants was calculated from reflections
obtained from three nearly orthogonal sets of 30 frames. The data
collection was carried out using graphite monochromated Mo Ko radiation
with a frame time of 15 seconds and a detector distance of 5.0 cm. A
randomly oriented region of a sphere in reciprocal space was surveyed. Two
sections of 606 frames were collected with 0.30° steps in ® at two
different ¢ settings with the detector set at —43° in 20. Final cell
constants were calculated from the xyz centroids of 7572 strong reflections
from the actual data collection after integration (SAINT).1

Structure solution and refinement

Intensity statistics and lack of systematic absences indicated the
centrosymmetric space group Plbar., and solution and refinement yielded
satisfactory results. The structure was solve using SHELXS-97 and refined
with SHELXL-97.2 A direct-methods solution was calculated which provided
most non-hydrogen atoms from the E-map. Full-matrix least squares /
difference Fourier cycles were performed which located the remaining non-
hydrogen atoms including a disordered pentane solvent. All non-hydrogen
atoms were refined with anisotropic displacement parameters. All hydrogen
atoms not associated with the solvent were located and and refined with
isotropic displacement parameters. The final full matrix least squares
refinement converged to R1 = 0.0400 and wR2 = 0.0978 (F2, all data). The
remaining electron density is located on bonds. The structure shows a
pseudo-inversion center and is merohedrally twinned (domain ratio 57:43).

1 SAINT 6.1, Bruker Analytical X-Ray Systems, Madison, WI.
2 SHELXTL-Plus V5.10, Bruker Analytical X-Ray Systems, Madison, WI.
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Table 1

Program MU for data file labeled

MSC02190 *%/12/25 21:

The following were used

At .No. At.Wt. Abs. % No. Element
22 47.880 23.400 5.55 1 Ti
16 32.066 9.990 3.72 1 S
9 18.998 1.630 6.61 3 F
8 15.999 1.220 5.57 3 0
7 14.007 .845 4.87 3 N
6 12.011 .576 65.49 47 C
1 1.008 .373 8.18 70 H
The density is 1.228 g/cc.
The volume is 2330.94 cubic Angstroms
Z = 2 and the molecular wt. is 862.03
F(000) = 924
The linear absorption coefficient = 2.820 reciprocal centimeters,
and 1/4Mu = .8865 mm.
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Table 2

Crystal Data for MSC Sample 02190

Empirical Formula C47 H70 F3 N3 03 S Ti
Color of Crystal: orange
Crystal Dimensions were: 0.30 x 0.25 x 0.25 mm.
Space Group: P lbar

Cell Dimensions (at 138 (2) K; 7572 reflections)

a = 10.2710(14)
b = 12.9651(17)
c = 18.451(3)
alpha = 93.783(7)
beta = 106.097(9)
gamma = 96.880(9)
7 (Molecules/cell): 2
Volume: 2330.9(0)
Calculated Density: 1.228
Wavelength: 0.71073
Molecular Weight: 862.02
F(000) : 924
Linear Absorption Coefficient: 0.282
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Data were collected on a Bruker SMART 6000 sealed-tube system comprising a
three-circle platform goniostat, an HOG crystal monochromator, a four
kilopixel by four kilopixel single-chip CCD-based detector, a K761 high
voltage generator, and a PC interface running Bruker's SMART software.

Detector to sample distance = 5.0 cm.
Take off angle = 6.0 deg.

Data collected by the omega scan technique according to the
following parameters:

frame width = 0.3 deg.
time per frame = 15.0 sec.

Data processing statistics for 27.6 degrees maximum theta:

Total number of intensities integrated = 51577
Number of unique intensities = 10763
Number with F > 4sigma(F) = 7221
R for averaging = 0.083

Refinement results:

Final residuals are:

R(F) (observed data) = 0.0400
Rw(F2) (refinement data) = 0.0978
Final Goodness of Fit = 0.933
Maximum delta/sigma for the last cycle = 0.50

Table 3: Fractional Coordinates and Isotropic Thermal Parameters
for MSC Sample 02190

Atom X \% z Uiso
Ti(1l) 2410 (1) 3116(1) 2980 (1) 15(1)
N(2) 3788 (2) 3717(1) 2501 (1) 17(1)
C(3) 4966 (2) 4037 (1) 3072 (1) 19(1)
C(4) 5363 (2) 3507 (2) 3709 (1) 21(1)
C(5) 4818 (2) 2531 (2) 3893 (1) 18 (1)
N (6) 3534 (1) 2090 (1) 3559 (1) 16(1)
C(7) 3621 (2) 4102 (1) 1772 (1) 17 (1)
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Uiso values are all X 10**3.

Isotropic values for those atoms refined anisotropically
are calculated as one third of the trace of the orthogonalized

Uij tensor.
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Fractional coordinates are X 10**4 for non-hydrogen atoms
Parameters without standard deviations were not varied.
Anisotropic Thermal Parameters for MSC Sample 02190

~ e~~~ o~~~ o~ o~~~ —~

and X 10**3 for hydrogen atoms.

1)
2)
3)
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Notes:

Table 4:
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Form of the anisotropic thermal parameter:

(a*) (b*) Ulz ] }

(a*)**2 U1l + ... + 2 h k

h**2

All values are X 10**3

[

exp{ -2 pi**2

Bond Distances for MSC Sample 02190

Table b5a:

Distance
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Symmetry transformations used to generate equivalent atoms:
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Table 5b: Bond Angles for MSC Sample 02190
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C(55A) C(56A) C(57A) 85.9(5)
C(575) C(56A) C(57A) 27.5(3)
C(5559) C(56A) C(57A) 92.8(5)
C(55A) C(569) C(56A) 85.9(7)
C(55A) C(56S) C(559) 15.3(7)
C(56A) C(56S) C(559) 76.1(5)
C(55A) C(56S) C(57A) 129.9(7)
C(56A) C(56S) C(57A) 89.6(5)
C(559) C(569) C(57A) 117.1(6)
C(55A) C(5659) C(575) 131.0(7)
C(56A) C(569) C(575) 61.5(5)
C(5559) C(569) C(575) 115.7(5)
C(57A) C(5659) C(575) 30.3(3)
C(579) C(57A) C(5659) 89.4(7)
C(5789) C(57A) C(58A) 42.1(7)
C(56S) C(57A) C(58A) 115.6(7)
C(579) C(57A) C(5853) 72.7(7)
C(56S) C(57A) C(5853) 124.3(6)
C(58A) C(57A) C(589) 30.8(6)
C(579) C(57A) C(56A) 55.1(6)
C(5659) C(57A) C(56A) 37.2(3)
C(58A) C(57A) C(56A) 79.2(6)
C(5859) C(57A) C(56A) 96.4(5)
C(57R) C(579) Cc(58A) 104.1(11)
C(57A) C(5789) C(589) 74.8(7)
C(58A) C(5759) C(589) 29.7(10)
C(57A) C(579) C(56A) 97.4(7)
C(58A) C(5789) C(56A) 112.7(8)
C(5859) C(5759) C(56A) 112.2(6)
C(57A) C(5759) C(5659) 60.3(6)
C(58A) C(575) C(5659) 132.3(8)
C(5859) C(575) C(5659) 111.5(6)
C(56A) C(575) C(5659) 40.0(3)
C(589) C(58A) C(57s) 111 (2)
C(5859) C(58A) C(57R) 77.6(16)
C(5789) C(58A) C(57R) 33.8(6)
C(58A) C(589) C(57S) 39.3(12)
C(58A) C(589) C(57R) 71.6(13)
C(5759) C(5859) C(57A) 32.6(3)

Symmetry transformations used to generate equivalent atoms:
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Figure 1: VERSORT Drawing(s)
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Figure 2: ORTEP Drawing(s)
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Figure 3: Space Filling Model Drawing(s)
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