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General procedures.  

All manipulations were carried out under an atmosphere of nitrogen using standard Schlenk 

or glove box techniques. All solvents (diethyl ether, dichloromethane, toluene and pentane) were 

dried by passing over a column of activated alumina (A-2, Purify) followed by a column of Q-5 

scavenger (Engelhard). Complex 5a,1 as well as authentic samples of tertiary2 and secondary3 

amidines were synthesized according to literature procedures. All other reagents were purchased 

from Alrdrich and used as supplied. 

Benzene-d6 and CD2Cl2 were dried over Na-K alloy/benzophenone and CaH2, respectively, 

for 24 h and vacuum transferred prior the use. 1H and 13C{1H} NMR spectra were recorded on 

Bruker AC-300 spectrometers at 300 and 75 MHz, respectively. Gas chromatography was 

performed with a Shimadzu GC-17A gas chromatograph equipped with a 15 m RTX-5 capillary 

column (Restek). Elemental analyses were performed by Midwest Microlab laboratory. 



{(η5-C5Me5)Ti(=NtBu)[η1-O=C(Me)NMe2]Py} (6a). To a solution of 5a (0.642 g, 1.74 

mmol) in 10 ml of Et2O, N,N-dimethylacetamide (162 µl, 1.74 mmol)  was added at ambient 

temperature. The reaction was stirred overnight, whereupon all the volatiles were removed in 

vacuo, the residue was extracted with 3 ml of 6:1 pentane/CH2Cl2 solvent mixture, filtered 

through Celite and crystallized at -30°C to afford the product 6a as yellow crystals (0.783 g, 

74.2%). 1H NMR (300 MHz, benzene-d6): δ 1.22 (s, 9 H, CMe3), 1.77 (s, 3 H, Me2NC(=O)CH3), 

1.88, 2.40 (s, 1 H, Me2NC(=O)CH3), 2.25 (s, 15 H, C5Me5). 13C {1H} NMR (75 MHz, benzene-

d6): δ 12.2 (C5Me5), 21.2 (Me2NC(=O)CH3), 31.9, 36.4 (Me2NC(=O)CH3), 32.6 (CMe3), 67.1 

(CMe3), 118.8 (C5Me5), 178.0 (Me2NC(=O)CH3). Anal. Calcd for C18H30ClN2OTi: C, 57.83; H, 

8.11; N, 7.50. Found: C, 57.05; H, 8.57, N, 7.58. 

{(η5-C5Me5)TiCl(µ-NCH2Ph)2}2 (9b). To a solution of 5a (0.214 g, 0.58 mmol) in 10 ml of 

Et2O, benzylamine (63 µl, 0.58 mmol) was added at ambient temperature. The reaction was 

stirred overnight, whereupon all the volatiles were removed in vacuo, the residue was extracted 

with CH2Cl2, filtered through Celite and crystallized at -30°C from c.a. 5 ml of 5:1 pentane/THF 

solvent mixture to afford the product 9b as brown crystals (0.142 g, 75.8%). 1H NMR (300 MHz, 

CD2Cl2): δ 1.88 (s, 15 H, C5Me5), 4.29, 6.07 (d of d, 1 H, J = 19.5 Hz, CHAHBPh), 7.13 – 7.30 

(m, 5 H, Ph). 13C {1H} NMR (75 MHz, CD2Cl2): δ 11.5 (C5Me5), 63.2 (CH2Ph), 125.7 (C5Me5), 

126.6, 126.7, 128.3, 141.0 (Ph). Anal. Calcd for C34H44Cl2N2Ti: C, 63.07; H, 6.86; N, 4.33. 

Found: C, 62.92; H, 7.12, N, 4.51. 

{(η5-C5Me5)TiCl[OC(Me)NPh]2} (10). To a solution of 5a (0.160 g, 0.42 mmol) in 20 ml of 

Et2O, acetanilide (0.059 g, 0.42 mmol) was added at ambient temperature. The reaction was 

stirred overnight, whereupon all the volatiles were removed in vacuo, the residue was extracted 

with Et2O, filtered through Celite and crystallized from c.a. 3 ml of 3:1 pentane/CH2Cl2 solvent 



mixture at -30°C to afford the product 10 as red crystals (0.127 g, 62.3%). 1H NMR (300 MHz, 

CD2Cl2): δ 1.61 (s, 6 H, CMe), 2.05 (s, 15 H, C5Me5), 6.82 – 7.14 (m, 10 H, Ph). 13C {1H} NMR 

(75 MHz, benzene-d6): δ 12.5 (C5Me5), 13.9 (CMe), 124.4 (C5Me5), 124.7, 128.5, 132.4, 145.0 

(Ph), 175.1 (CMe). Anal. Calcd for C26H31ClN2O2Ti: C, 64.13; H, 6.43; N, 5.75. Found: C, 

64.05; H, 6.33, N, 6.10. 

Thermolysis of 5a leading to MeC(=NtBu)NMe2 (7a) and {(η5-C5Me5)TiCl(µ-O)}3 (8). 

Solution of 6a (0.028 g, 0.08 mmol) in 1 ml of C6D6 was heated at 50°C for 4 hours, whereupon 

1H NMR spectrum showed 100% conversion of the starting material into amidine 3a and 

complex 8. Then all the volatiles were removed in vacuo, the residue was dissolved in 1 ml of 

CH2Cl2, layered with 5 ml of pentane, and stored at -30°C for two days. The supernatant, 

decanted from yellow crystals of 8 (0.018g, 84.4%), contains 7a and residual 8.  

7a: 1H NMR (300 MHz, benzene-d6): δ 1.37 (s, 9 H, CMe3), 1.62 (s, 3 H, CH3CH3), 2.61 (s, 

6 H, NMe2).  

8: 1H NMR (300 MHz, CD2Cl2): δ 2.05, 2.09 (s, 45 H, C5Me5). 13C {1H} NMR (100 MHz, 

CD2Cl2): δ 12.1, 12.3 (C5Me5), 128.8, 129.1 (C5Me5).  

Synthesis of organic amidines MeC(=NR)NMe2 R = PhCH2 (7b), n-C5H11 (7c), p-

MeC6H4 (7d), and p-MeOC6H4 (7e). General procedure To a solution of 5a (0.050 g, 0.14 

mmol) in 5 ml of Et2O, 0.15 mmol of primary amine was added and the reaction was stirred 

overnight at ambient temperature. All the volatiles were removed in vacuo, the residue was 

dissolved in c.a. 5 ml of Et2O, N,N-dimethylacetamide (15 µl, 0.15 mmol) was added and the 

reaction mixture was stirred overnight at ambient temperature. The solvent was evaporated, the 

residue was redissolved in 1 ml of toluene, 3 mg of Ph3CH was added as internal standard, and 

solution was heated at 90°C overnight. The resulting mixture was analyzed by GC and yields 



were established by comparison to calibration curves of authentic samples. Yields: 7b (98.5%), 

7c (97.8%), 7d (96.2%), 7e (98.4%). For 7b the reaction was also carried out as one-pot 

procedure from 5a and PhCH2NH2 in 1 ml of toluene followed by sequential additions of N,N-

dimethylacetamide after 18h and overnight thermolysis at 90°C. The yield of 7b determined by 

GC was 97.6% 

Synthesis of organic amidines MeC(=NR)NHPh R = p-MeC6H4 (11a), and p-MeOC6H4 

(11b). General procedure To a solution of 10 (0.026 g, 0.08 mmol) in 1 ml of toluene, 0.09 

mmol of primary aryl amine and 3 mg of Ph3CH as internal standard were added and the reaction 

was heated at 90°C overnight. The resulting mixture was analyzed by GC and yields were 

established by comparison to calibration curves of authentic samples. Yields: 11a (72.0%), 11b 

(79.7%). 
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Kinetic data for thermal decomposition of 5a in a presence and absence of tBuNH2 in C6D6 at 

50°C, and  for thermal conversion of 10 into 11b under pseudo-first order conditions in a 

presence of 10 equivalents of p-MeOC6H4NH2 in PhMe-d8 at 80°C. 

 

 

Figure S1. Kinetic data for thermal decomposition of 5a in the absence of tBuNH2 in C6D6 at 

50°C.  

 



 

 

 

 

 

Figure S2. Kinetic data for thermal decomposition of 5a in a presence of 3 equivalents of 

tBuNH2 in C6D6 at 50°C.  

 



 

Figure S3. Kinetic data for thermal decomposition of 5a in a presence of 5 equivalents of 

tBuNH2 in C6D6 at 50°C.  

 

 



 

Figure S4. Kinetic data for thermal conversion of 10 into 11b under pseudo-first order conditions 

in a presence of 10 equivalents of p-MeOC6H4NH2 in PhMe-d8 at 80°C.  

 

 

 

 

 



Crystallographic X-ray data for compounds 6a, 8, and 10. 

Crystal structure determination for compound 6a. 

Data Collection 

A yellow crystal with approximate dimensions 0.47 x 0.28 x 0.25 mm3 was selected 

under oil under ambient conditions and attached to the tip of a nylon loop.  The crystal was 

mounted in a stream of cold nitrogen at 100(2) K and centered in the X-ray beam by using a 

video camera.    

The crystal evaluation and data collection were performed on a Bruker CCD-1000 

diffractometer with Mo Kα  (λ = 0.71073 Å) radiation and the diffractometer to crystal distance 

of 4.9 cm.  

The initial cell constants were obtained from three series of ω scans at different starting 

angles.  Each series consisted of 20 frames collected at intervals of 0.3º in a 6º range about ω 

with the exposure time of 10 seconds per frame.  A total of 82 reflections was obtained.  The 

reflections were successfully indexed by an automated indexing routine built in the SMART 

program.  The final cell constants were calculated from a set of 4026 strong reflections from the 

actual data collection.   

 The data were collected by using the full sphere data collection routine to survey the 

reciprocal space to the extent of a full sphere to a resolution of 0.80 Å.  A total of 17066 data 

were harvested by collecting three sets of frames with 0.3º scans in ω with an exposure time 36 

sec per frame.  These highly redundant datasets were corrected for Lorentz and polarization 

effects.  The absorption correction was based on fitting a function to the empirical transmission 

surface as sampled by multiple equivalent measurements. [1]   

  

Structure Solution and Refinement 

The systematic absences in the diffraction data were uniquely consistent for the space 

group P21/n that yielded chemically reasonable and computationally stable results of refinement 

[1].   

A successful solution by the direct methods provided most non-hydrogen atoms from the 

E-map.  The remaining non-hydrogen atoms were located in an alternating series of least-squares 



cycles and difference Fourier maps.  All non-hydrogen atoms were refined with anisotropic 

displacement coefficients.  All hydrogen atoms were included in the structure factor calculation 

at idealized positions and were allowed to ride on the neighboring atoms with relative isotropic 

displacement coefficients.  Atoms O1, N1a, C15a-C18a are disordered over two positions in a 

74:26 ratio.  The disordered ligand was refined with restraints.   

The final least-squares refinement of 242 parameters against 4227 data resulted in 

residuals R (based on F2 for I≥2σ) and wR (based on F2 for all data) of 0.0379  and 0.1055, 

respectively.  The final difference Fourier map was featureless.   

The ORTEP diagrams are drawn with 50% probability ellipsoids. 
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Figure S5.  A molecular diagram showing the 74:26 disorder in 6a.  
 



 
 
Figure S6.  A molecular drawing showing the preferred atomic positions in 6a.  
 



 
  Table S1.  Crystal data and structure refinement for 6a. 
Empirical formula  C18 H33 Cl N2 O Ti 
Formula weight  376.81 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  P21/n 
Unit cell dimensions a = 8.0867(8) Å α= 90°. 
 b = 27.518(3) Å β= 94.033(2)°. 
 c = 9.3624(10) Å γ = 90°. 
Volume 2078.3(4) Å3 
Z 4 
Density (calculated) 1.204 Mg/m3 
Absorption coefficient 0.546 mm-1 
F(000) 808 
Crystal size 0.47 x 0.28 x 0.25 mm3 
Theta range for data collection 2.30 to 26.39°. 
Index ranges -10<=h<=10, -34<=k<=34, -11<=l<=11 
Reflections collected 17066 
Independent reflections 4227 [R(int) = 0.0418] 
Completeness to theta = 26.39° 99.6 %  
Absorption correction Multi-scan with SADABS  
Max. and min. transmission 0.8756 and 0.7834 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 4227 / 11 / 242 
Goodness-of-fit on F2 1.021 
Final R indices [I>2sigma(I)] R1 = 0.0379, wR2 = 0.0948 
R indices (all data) R1 = 0.0566, wR2 = 0.1055 
Largest diff. peak and hole 0.399 and -0.214 e.Å-3 



 Table S2.  Atomic coordinates ( x 104) and equivalent  isotropic displacement parameters (Å2x 
103) for 6a.U(eq) is defined as one third of  the trace of the orthogonalized Uij tensor. 
______________________________________________________________________________
__  
 x y z U(eq) 
______________________________________________________________________________
__   
Ti 3083(1) 1395(1) 1703(1) 15(1) 
Cl 792(1) 1896(1) 2141(1) 28(1) 
N(1) 2668(2) 863(1) 2543(2) 20(1) 
O(1) 4743(7) 1672(4) 3171(3) 20(1) 
N(2) 6251(3) 1461(1) 5168(2) 21(1) 
C(15) 4912(3) 1652(1) 4526(3) 18(1) 
C(16) 3615(5) 1867(3) 5393(4) 26(1) 
C(17) 7538(6) 1252(2) 4338(4) 34(1) 
C(18) 6550(10) 1468(4) 6746(5) 39(1) 
O(1A) 5010(20) 1683(12) 3045(10) 20(1) 
N(2A) 5386(8) 1640(2) 5428(6) 21(1) 
C(15A) 5821(8) 1520(2) 4155(6) 18(1) 
C(16A) 7410(16) 1256(7) 3985(14) 26(1) 
C(17A) 6450(30) 1528(12) 6711(12) 34(1) 
C(18A) 3805(19) 1892(10) 5634(15) 39(1) 
C(1) 2390(2) 1441(1) -833(2) 19(1) 
C(2) 3329(2) 1869(1) -508(2) 19(1) 
C(3) 4935(2) 1727(1) -1(2) 18(1) 
C(4) 4998(2) 1206(1) -6(2) 17(1) 
C(5) 3427(2) 1033(1) -549(2) 18(1) 
C(6) 622(3) 1426(1) -1451(2) 30(1) 
C(7) 2729(3) 2384(1) -686(2) 29(1) 
C(8) 6330(3) 2066(1) 421(2) 26(1) 
C(9) 6510(2) 898(1) 366(2) 25(1) 
C(10) 2989(3) 512(1) -870(2) 26(1) 
C(11) 2324(3) 405(1) 3234(2) 23(1) 
C(12) 748(3) 179(1) 2523(3) 39(1) 
C(13) 2087(3) 510(1) 4815(2) 32(1) 
C(14) 3789(3) 60(1) 3121(3) 31(1) 
______________________________________________________________________________



 Table S3.   Bond lengths [Å] and angles [°] for 6a. 
_____________________________________________________  
Ti-Centroid (C1-C5) 2.083(2) 
Ti-N(1)  1.7056(16) 
Ti-O(1)  2.004(7) 
Ti-O(1A)  2.09(2) 
Ti-C(4)  2.3607(19) 
Ti-C(5)  2.3642(19) 
Ti-Cl  2.3697(6) 
Ti-C(1)  2.404(2) 
Ti-C(3)  2.4406(19) 
Ti-C(2)  2.4657(19) 
N(1)-C(11)  1.452(2) 
O(1)-C(15)  1.268(4) 
N(2)-C(15)  1.310(3) 
N(2)-C(17)  1.460(4) 
N(2)-C(18)  1.480(5) 
C(15)-C(16)  1.493(4) 
O(1A)-C(15A)  1.269(5) 

N(2A)-C(15A)  1.309(4) 
N(2A)-C(17A)  1.461(6) 
N(2A)-C(18A)  1.479(6) 
C(15A)-C(16A)  1.495(5) 
C(1)-C(5)  1.415(3) 
C(1)-C(2)  1.421(3) 
C(1)-C(6)  1.505(3) 
C(2)-C(3)  1.406(3) 
C(2)-C(7)  1.505(3) 
C(3)-C(4)  1.433(3) 
C(3)-C(8)  1.496(3) 
C(4)-C(5)  1.417(3) 
C(4)-C(9)  1.508(3) 
C(5)-C(10)  1.504(3) 
C(11)-C(12)  1.529(3) 
C(11)-C(14)  1.528(3) 
C(11)-C(13)  1.533(3) 

 
N(1)-Ti-O(1) 98.9(2) 
N(1)-Ti-O(1A) 102.2(7) 
O(1)-Ti-O(1A) 6.8(6) 
N(1)-Ti-C(4) 106.48(7) 
O(1)-Ti-C(4) 96.27(16) 
O(1A)-Ti-C(4) 89.6(5) 
N(1)-Ti-C(5) 95.16(7) 
O(1)-Ti-C(5) 131.07(16) 
O(1A)-Ti-C(5) 124.5(5) 
C(4)-Ti-C(5) 34.90(6) 
N(1)-Ti-Cl 103.76(6) 
O(1)-Ti-Cl 98.8(2) 
O(1A)-Ti-Cl 103.6(6) 
C(4)-Ti-Cl 143.49(5) 
C(5)-Ti-Cl 122.80(5) 
N(1)-Ti-C(1) 117.49(7) 
O(1)-Ti-C(1) 139.08(19) 
O(1A)-Ti-C(1) 133.3(5) 
C(4)-Ti-C(1) 57.40(7) 
C(5)-Ti-C(1) 34.51(7) 
Cl-Ti-C(1) 90.53(5) 
N(1)-Ti-C(3) 140.56(7) 
O(1)-Ti-C(3) 83.90(16) 
O(1A)-Ti-C(3) 77.5(5) 
C(4)-Ti-C(3) 34.69(6) 
C(5)-Ti-C(3) 57.24(6) 

Cl-Ti-C(3) 114.74(5) 
C(1)-Ti-C(3) 56.34(6) 
N(1)-Ti-C(2) 150.57(7) 
O(1)-Ti-C(2) 106.5(2) 
O(1A)-Ti-C(2) 101.7(6) 
C(4)-Ti-C(2) 56.80(7) 
C(5)-Ti-C(2) 56.83(7) 
Cl-Ti-C(2) 86.99(5) 
C(1)-Ti-C(2) 33.91(7) 
C(3)-Ti-C(2) 33.30(6) 
C(11)-N(1)-Ti 178.88(15) 
C(15)-O(1)-Ti 133.6(6) 
C(15)-N(2)-C(17) 120.7(3) 
C(15)-N(2)-C(18) 121.6(3) 
C(17)-N(2)-C(18) 117.6(4) 
O(1)-C(15)-N(2) 120.3(4) 
O(1)-C(15)-C(16) 119.7(4) 
N(2)-C(15)-C(16) 119.9(3) 
C(15A)-O(1A)-Ti 133(2) 
C(15A)-N(2A)-C(17A) 121.0(6) 
C(15A)-N(2A)-C(18A) 121.8(6) 
C(17A)-N(2A)-C(18A) 117.2(7) 
O(1A)-C(15A)-N(2A) 120.1(8) 
O(1A)-C(15A)-C(16A) 118.8(7) 
N(2A)-C(15A)-C(16A) 120.5(5) 
C(5)-C(1)-C(2) 108.39(17) 



C(5)-C(1)-C(6) 125.75(19) 
C(2)-C(1)-C(6) 125.79(19) 
C(5)-C(1)-Ti 71.20(11) 
C(2)-C(1)-Ti 75.42(11) 
C(6)-C(1)-Ti 121.83(13) 
C(3)-C(2)-C(1) 108.01(17) 
C(3)-C(2)-C(7) 125.63(18) 
C(1)-C(2)-C(7) 126.36(18) 
C(3)-C(2)-Ti 72.37(11) 
C(1)-C(2)-Ti 70.68(11) 
C(7)-C(2)-Ti 123.17(14) 
C(2)-C(3)-C(4) 108.00(16) 
C(2)-C(3)-C(8) 125.22(18) 
C(4)-C(3)-C(8) 126.76(18) 
C(2)-C(3)-Ti 74.33(11) 
C(4)-C(3)-Ti 69.60(10) 
C(8)-C(3)-Ti 123.13(14) 
C(5)-C(4)-C(3) 107.75(16) 

C(5)-C(4)-C(9) 125.90(18) 
C(3)-C(4)-C(9) 126.12(17) 
C(5)-C(4)-Ti 72.68(11) 
C(3)-C(4)-Ti 75.70(11) 
C(9)-C(4)-Ti 121.80(13) 
C(1)-C(5)-C(4) 107.83(17) 
C(1)-C(5)-C(10) 126.29(18) 
C(4)-C(5)-C(10) 125.72(18) 
C(1)-C(5)-Ti 74.29(11) 
C(4)-C(5)-Ti 72.41(11) 
C(10)-C(5)-Ti 122.62(13) 
N(1)-C(11)-C(12) 109.85(17) 
N(1)-C(11)-C(14) 109.58(17) 
C(12)-C(11)-C(14) 110.05(18) 
N(1)-C(11)-C(13) 108.00(17) 
C(12)-C(11)-C(13) 109.85(18) 
C(14)-C(11)-C(13) 109.48(18) 

____________________________________ 



Table S4.   Anisotropic displacement parameters  (Å2x 103) for 6a.  The anisotropic 
displacement factor exponent takes the form:  -2� 2[ h2 a*2U11 + ...  + 2 h k a* b* U12 ] 
______________________________________________________________________________  
 U11 U22  U33 U23 U13 U12 
______________________________________________________________________________  
Ti 16(1)  17(1) 13(1)  1(1) 0(1)  0(1) 
Cl 24(1)  35(1) 24(1)  1(1) 6(1)  10(1) 
N(1) 23(1)  21(1) 15(1)  1(1) 3(1)  0(1) 
O(1) 18(2)  25(1) 15(1)  1(1) -1(1)  -6(2) 
N(2) 19(1)  25(1) 18(1)  1(1) 2(1)  2(1) 
C(15) 19(2)  15(1) 19(2)  -1(1) 0(1)  -6(1) 
C(16) 27(2)  33(2) 20(2)  -2(2) 7(2)  15(2) 
C(17) 29(2)  48(2) 26(3)  10(2) 7(2)  14(2) 
C(18) 46(3)  54(4) 14(2)  4(2) -10(2)  -1(2) 
O(1A) 18(2)  25(1) 15(1)  1(1) -1(1)  -6(2) 
N(2A) 19(1)  25(1) 18(1)  1(1) 2(1)  2(1) 
C(15A) 19(2)  15(1) 19(2)  -1(1) 0(1)  -6(1) 
C(16A) 27(2)  33(2) 20(2)  -2(2) 7(2)  15(2) 
C(17A) 29(2)  48(2) 26(3)  10(2) 7(2)  14(2) 
C(18A) 46(3)  54(4) 14(2)  4(2) -10(2)  -1(2) 
C(1) 15(1)  29(1) 12(1)  2(1) 1(1)  -1(1) 
C(2) 21(1)  21(1) 14(1)  5(1) 3(1)  2(1) 
C(3) 19(1)  19(1) 17(1)  1(1) 2(1)  -3(1) 
C(4) 18(1)  19(1) 16(1)  1(1) 2(1)  0(1) 
C(5) 20(1)  22(1) 11(1)  -2(1) 3(1)  -4(1) 
C(6) 20(1)  50(2) 19(1)  2(1) -3(1)  -2(1) 
C(7) 32(1)  26(1) 28(1)  9(1) 6(1)  8(1) 
C(8) 25(1)  26(1) 29(1)  -2(1) 2(1)  -8(1) 
C(9) 22(1)  24(1) 30(1)  1(1) 2(1)  4(1) 
C(10) 32(1)  26(1) 22(1)  -7(1) 6(1)  -7(1) 
C(11) 27(1)  21(1) 22(1)  3(1) 6(1)  -4(1) 
C(12) 38(1)  41(1) 38(1)  8(1) 3(1)  -18(1) 
C(13) 42(1)  30(1) 26(1)  7(1) 12(1)  2(1) 
C(14) 41(1)  25(1) 29(1)  5(1) 8(1)  4(1) 
______________________________________________________________________________ 



 Table S5.   Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Å2x 10 3) 
for 6a. 
______________________________________________________________________________
__  
 x  y  z  U(eq) 
______________________________________________________________________________
__  
  
H(16A) 4052 2160 5876 39 
H(16B) 3302 1630 6109 39 
H(16C) 2638 1951 4762 39 
H(17A) 7039 1134 3418 51 
H(17B) 8069 980 4870 51 
H(17C) 8369 1500 4168 51 
H(18A) 6875 1796 7061 58 
H(18B) 7440 1239 7036 58 
H(18C) 5534 1373 7186 58 
H(16D) 7919 1378 3135 39 
H(16E) 7186 908 3874 39 
H(16F) 8167 1310 4834 39 
H(17D) 6465 1176 6871 51 
H(17E) 6025 1691 7540 51 
H(17F) 7581 1641 6584 51 
H(18D) 3999 2243 5693 58 
H(18E) 3361 1779 6523 58 
H(18F) 3008 1821 4824 58 
H(6A) -2 1693 -1054 45 
H(6B) 120 1115 -1208 45 
H(6C) 597 1459 -2495 45 
H(7A) 3050 2569 184 43 
H(7B) 1519 2386 -853 43 
H(7C) 3227 2533 -1504 43 
H(8A) 6753 2209 -440 40 
H(8B) 7220 1886 954 40 
H(8C) 5929 2325 1027 40 
H(9A) 6222 635 1010 38 
H(9B) 7384 1099 841 38 
H(9C) 6906 759 -511 38 
H(10A) 1820 456 -710 39 
H(10B) 3683 299 -239 39 
H(10C) 3181 440 -1870 39 
H(12A) -184 403 2599 59 
H(12B) 513 -127 3003 59 
H(12C) 903 116 1511 59 
H(13A) 3093 661 5260 48 
H(13B) 1872 204 5309 48 



H(13C) 1145 730 4887 48 
H(14A) 3917 -15 2112 47 
H(14B) 3586 -241 3641 47 
H(14C) 4803 215 3538 47 
______________________________________________________________________________ 

 

 

Crystal structure determination for compound 8. 

Data Collection 

A yellow crystal with approximate dimensions 0.41 x 0.37 x 0.24 mm3  was selected 

under oil under ambient conditions and attached to the tip of a nylon loop.  The crystal was 

mounted in a stream of cold nitrogen at 100(2) K and centered in the X-ray beam by using a 

video camera.    

The crystal evaluation and data collection were performed on a Bruker CCD-1000 

diffractometer with Mo Kα  (λ = 0.71073 Å) radiation and the diffractometer to crystal distance 

of 4.9 cm.  

The initial cell constants were obtained from three series of ω scans at different starting 

angles.  Each series consisted of 20 frames collected at intervals of 0.3º in a 6º range about ω 

with the exposure time of 10 seconds per frame.  A total of 54 reflections was obtained.  The 

reflections were successfully indexed by an automated indexing routine built in the SMART 

program.  The final cell constants were calculated from a set of 4918 strong reflections from the 

actual data collection.   

 The data were collected by using the hemisphere data collection routine.  The reciprocal 

space was surveyed to the extent of a full sphere to a resolution of 0.80 Å.  A total of 19926 data 

were harvested by collecting three sets of frames with 0.3º scans in ω with an exposure time 32 

sec per frame.  These highly redundant datasets were corrected for Lorentz and polarization 

effects.  The absorption correction was based on fitting a function to the empirical transmission 

surface as sampled by multiple equivalent measurements. [1]   

  



Structure Solution and Refinement 

The systematic absences in the diffraction data were consistent for the space groups P1̄  

and P1.  The E-statistics strongly suggested the centrosymmetric space group P1̄  that yielded 

chemically reasonable and computationally stable results of refinement [1].   

A successful solution by the direct methods provided most non-hydrogen atoms from the 

E-map.  The remaining non-hydrogen atoms were located in an alternating series of least-squares 

cycles and difference Fourier maps.  All non-hydrogen atoms were refined with anisotropic 

displacement coefficients.  All hydrogen atoms were included in the structure factor calculation 

at idealized positions and were allowed to ride on the neighboring atoms with relative isotropic 

displacement coefficients.   

The crystal proved to be a rotational twin with a 57:43 twin component ratio.  The two 

components are related by a 179.8º rotation about reciprocal axis [0,0,1].  

The final least-squares refinement of 432 parameters against 13318 data resulted in 

residuals R (based on F2 for I≥2σ) and wR (based on F2 for all data) of 0.0420  and 0.1150, 

respectively.  The final difference Fourier map was featureless.   

The molecular diagrams are drawn with 40% probability ellipsoids. 

 References 

[1] Bruker-AXS. (2000-2003) SADABS V.2.05, SAINT V.6.22, SHELXTL V.6.10 

 & SMART 5.622 Software Reference Manuals. Bruker-AXS, Madison, Wisconsin, USA. 

[2] Unsolvated monoclinic analog is published by Carofiglio, T.; Floriani, C.; Sgamellotti, 

A.; Rosi, M.; Chiesi-Villa, A.; Rizzoli C. in J. Chem. Soc., Dalton Trans. 1992, 1081. 

 
 
 



  

 
 
Figure S7. A molecular drawing showing the solvent molecule in crystal structure of 8. 



 
  Table S6.  Crystal data and structure refinement for 8. 
Empirical formula  C37 H53 Cl3 O3 Ti3 
Formula weight  795.84 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Triclinic 
Space group  P1̄  
Unit cell dimensions a = 8.9874(9) Å α= 71.116(2)°. 
 b = 11.7443(9) Å β= 86.828(3)°. 
 c = 19.1979(14) Å γ = 89.553(2)°. 
Volume 1914.2(3) Å3 
Z 2 
Density (calculated) 1.381 Mg/m3 
Absorption coefficient 0.854 mm-1 
F(000) 832 
Crystal size 0.41 x 0.37 x 0.24 mm3 
Theta range for data collection 1.81 to 26.67°. 
Index ranges -11<=h<=11, -13<=k<=14, 0<=l<=24 
Reflections collected 19926 
Independent reflections 13318 [R(int) = 0.0381] 
Completeness to theta = 26.67° 96.7 %  
Absorption correction Multi-scan with TWINABS  
Max. and min. transmission 0.8214 and 0.7210 
Twin component ratio 0.57:0.43 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 13318 / 0 / 432 
Goodness-of-fit on F2 1.040 
Final R indices [I>2sigma(I)] R1 = 0.0420, wR2 = 0.1097 
R indices (all data) R1 = 0.0538, wR2 = 0.1150 
Largest diff. peak and hole 0.633 and -0.317 e.Å-3 



 Table S7.  Atomic coordinates ( x 104) and equivalent  isotropic displacement parameters (Å2x 
103) for 8. U(eq) is defined as one third of  the trace of the orthogonalized Uij tensor. 
______________________________________________________________________________
__  
 x y z U(eq) 
______________________________________________________________________________
__   
Ti(1) 7474(1) 8747(1) 3584(1) 16(1) 
Ti(2) 7622(1) 6567(1) 2801(1) 15(1) 
Ti(3) 7418(1) 9472(1) 1778(1) 16(1) 
Cl(1) 9874(1) 9397(1) 3580(1) 27(1) 
Cl(2) 5218(1) 5828(1) 2969(1) 25(1) 
Cl(3) 9799(1) 10184(1) 1561(1) 26(1) 
O(1) 7723(2) 7240(1) 3523(1) 18(1) 
O(2) 7617(2) 7850(1) 1970(1) 19(1) 
O(3) 6904(2) 9612(1) 2679(1) 18(1) 
C(1) 6825(3) 9642(2) 4503(2) 23(1) 
C(2) 5555(3) 9653(2) 4112(2) 22(1) 
C(3) 5133(3) 8434(2) 4223(2) 22(1) 
C(4) 6142(3) 7686(2) 4698(2) 23(1) 
C(5) 7189(3) 8424(2) 4868(2) 24(1) 
C(6) 7594(4) 10734(3) 4557(2) 38(1) 
C(7) 4773(3) 10750(2) 3676(2) 35(1) 
C(8) 3833(3) 8004(3) 3927(2) 32(1) 
C(9) 6092(3) 6341(2) 4973(2) 37(1) 
C(10) 8457(3) 8004(3) 5357(2) 41(1) 
C(11) 9823(3) 5607(2) 3277(2) 25(1) 
C(12) 8734(3) 4706(2) 3401(2) 23(1) 
C(13) 8330(3) 4657(2) 2716(2) 31(1) 
C(14) 9179(3) 5552(3) 2171(2) 33(1) 
C(15) 10074(3) 6138(2) 2520(2) 31(1) 
C(16) 10606(4) 5943(3) 3851(2) 46(1) 
C(17) 8087(4) 3945(3) 4136(2) 44(1) 
C(18) 7278(4) 3755(3) 2601(3) 62(1) 
C(19) 9116(5) 5829(4) 1357(2) 68(1) 
C(20) 11184(3) 7135(3) 2154(2) 62(1) 
C(21) 5561(3) 9292(2) 1016(2) 26(1) 
C(22) 6799(3) 9851(3) 547(1) 26(1) 
C(23) 7032(3) 10974(2) 634(2) 30(1) 
C(24) 5970(3) 11118(2) 1153(2) 26(1) 
C(25) 5053(3) 10082(3) 1396(1) 25(1) 
C(26) 4915(4) 8089(3) 1069(2) 54(1) 
C(27) 7682(4) 9314(3) 45(2) 54(1) 
C(28) 8169(3) 11913(3) 213(2) 53(1) 
C(29) 5816(4) 12203(3) 1409(2) 53(1) 
C(30) 3742(3) 9875(4) 1944(2) 53(1) 



C(31) 2111(5) 3230(4) 2673(2) 89(2) 
C(32) 2349(4) 3700(3) 1865(2) 51(1) 
C(33) 3313(4) 4690(3) 1517(2) 46(1) 
C(34) 3506(4) 5095(3) 775(2) 47(1) 
C(35) 2778(4) 4573(3) 366(2) 54(1) 
C(36) 1875(4) 3629(4) 680(2) 56(1) 
C(37) 1645(4) 3187(3) 1409(2) 48(1) 
_____________________________________________________________________________ 
 
 
Table S8.   Bond lengths [Å] and angles [°] for 8. 
_____________________________________________________  
Ti(1)-O(3)  1.8055(17) 
Ti(1)-O(1)  1.8214(16) 
Ti(1)-Cl(1)  2.2927(7) 
Ti(1)-C(3)  2.345(3) 
Ti(1)-C(4)  2.362(3) 
Ti(1)-C(5)  2.369(3) 
Ti(1)-C(2)  2.369(2) 
Ti(1)-C(1)  2.374(3) 
Ti(1)-Ti(3)  3.2939(7) 
Ti(1)-Ti(2)  3.3599(6) 
Ti(2)-O(2)  1.8056(17) 
Ti(2)-O(1)  1.8109(17) 
Ti(2)-Cl(2)  2.3015(7) 
Ti(2)-C(15)  2.330(3) 
Ti(2)-C(11)  2.349(3) 
Ti(2)-C(14)  2.359(3) 
Ti(2)-C(12)  2.360(2) 
Ti(2)-C(13)  2.381(3) 
Ti(2)-Ti(3)  3.3500(6) 
Ti(3)-O(3)  1.8232(17) 
Ti(3)-O(2)  1.8292(16) 
Ti(3)-Cl(3)  2.2705(7) 
Ti(3)-C(25)  2.319(2) 
Ti(3)-C(21)  2.334(3) 
Ti(3)-C(24)  2.346(2) 
Ti(3)-C(22)  2.357(3) 
Ti(3)-C(23)  2.371(3) 
C(1)-C(2)  1.397(4) 
C(1)-C(5)  1.418(4) 
C(1)-C(6)  1.498(4) 
C(2)-C(3)  1.429(3) 
C(2)-C(7)  1.486(4) 

C(3)-C(4)  1.409(4) 
C(3)-C(8)  1.487(4) 
C(4)-C(5)  1.405(4) 
C(4)-C(9)  1.494(4) 
C(5)-C(10)  1.495(4) 
C(11)-C(15)  1.389(4) 
C(11)-C(12)  1.401(4) 
C(11)-C(16)  1.495(4) 
C(12)-C(13)  1.402(4) 
C(12)-C(17)  1.493(4) 
C(13)-C(14)  1.413(4) 
C(13)-C(18)  1.501(4) 
C(14)-C(15)  1.393(4) 
C(14)-C(19)  1.493(4) 
C(15)-C(20)  1.506(4) 
C(21)-C(25)  1.412(4) 
C(21)-C(22)  1.413(4) 
C(21)-C(26)  1.503(4) 
C(22)-C(23)  1.400(4) 
C(22)-C(27)  1.503(4) 
C(23)-C(24)  1.390(4) 
C(23)-C(28)  1.504(4) 
C(24)-C(25)  1.408(4) 
C(24)-C(29)  1.510(4) 
C(25)-C(30)  1.502(4) 
C(31)-C(32)  1.472(5) 
C(32)-C(37)  1.391(5) 
C(32)-C(33)  1.414(5) 
C(33)-C(34)  1.348(5) 
C(34)-C(35)  1.341(5) 
C(35)-C(36)  1.334(5) 
C(36)-C(37)  1.331(5) 

 
O(3)-Ti(1)-O(1) 103.41(8) O(3)-Ti(1)-Cl(1) 103.17(6) 



O(1)-Ti(1)-Cl(1) 102.95(5) 
O(3)-Ti(1)-C(3) 99.02(9) 
O(1)-Ti(1)-C(3) 98.00(8) 
Cl(1)-Ti(1)-C(3) 144.79(7) 
O(3)-Ti(1)-C(4) 133.10(9) 
O(1)-Ti(1)-C(4) 82.53(8) 
Cl(1)-Ti(1)-C(4) 121.02(7) 
C(3)-Ti(1)-C(4) 34.83(9) 
O(3)-Ti(1)-C(5) 146.26(8) 
O(1)-Ti(1)-C(5) 103.90(9) 
Cl(1)-Ti(1)-C(5) 89.60(7) 
C(3)-Ti(1)-C(5) 57.77(9) 
C(4)-Ti(1)-C(5) 34.56(9) 
O(3)-Ti(1)-C(2) 89.24(8) 
O(1)-Ti(1)-C(2) 133.27(8) 
Cl(1)-Ti(1)-C(2) 117.82(7) 
C(3)-Ti(1)-C(2) 35.28(8) 
C(4)-Ti(1)-C(2) 57.91(9) 
C(5)-Ti(1)-C(2) 57.46(9) 
O(3)-Ti(1)-C(1) 113.54(8) 
O(1)-Ti(1)-C(1) 137.92(9) 
Cl(1)-Ti(1)-C(1) 87.98(7) 
C(3)-Ti(1)-C(1) 57.96(9) 
C(4)-Ti(1)-C(1) 57.78(9) 
C(5)-Ti(1)-C(1) 34.79(9) 
C(2)-Ti(1)-C(1) 34.26(9) 
O(3)-Ti(1)-Ti(3) 24.94(5) 
O(1)-Ti(1)-Ti(3) 82.37(6) 
Cl(1)-Ti(1)-Ti(3) 95.26(2) 
C(3)-Ti(1)-Ti(3) 115.49(7) 
C(4)-Ti(1)-Ti(3) 143.00(7) 
C(5)-Ti(1)-Ti(3) 171.04(6) 
C(2)-Ti(1)-Ti(3) 113.58(7) 
C(1)-Ti(1)-Ti(3) 137.67(7) 
O(3)-Ti(1)-Ti(2) 81.20(5) 
O(1)-Ti(1)-Ti(2) 22.26(5) 
Cl(1)-Ti(1)-Ti(2) 106.95(2) 
C(3)-Ti(1)-Ti(2) 103.18(7) 
C(4)-Ti(1)-Ti(2) 98.78(6) 
C(5)-Ti(1)-Ti(2) 125.15(7) 
C(2)-Ti(1)-Ti(2) 135.22(7) 
C(1)-Ti(1)-Ti(2) 156.56(7) 
Ti(3)-Ti(1)-Ti(2) 60.450(14) 
O(2)-Ti(2)-O(1) 103.48(8) 
O(2)-Ti(2)-Cl(2) 104.53(6) 
O(1)-Ti(2)-Cl(2) 102.77(6) 

O(2)-Ti(2)-C(15) 91.09(9) 
O(1)-Ti(2)-C(15) 105.52(10) 
Cl(2)-Ti(2)-C(15) 143.33(8) 
O(2)-Ti(2)-C(11) 122.66(9) 
O(1)-Ti(2)-C(11) 83.90(8) 
Cl(2)-Ti(2)-C(11) 129.55(7) 
C(15)-Ti(2)-C(11) 34.54(10) 
O(2)-Ti(2)-C(14) 89.36(9) 
O(1)-Ti(2)-C(14) 139.09(9) 
Cl(2)-Ti(2)-C(14) 111.39(8) 
C(15)-Ti(2)-C(14) 34.56(10) 
C(11)-Ti(2)-C(14) 57.20(10) 
O(2)-Ti(2)-C(12) 145.74(9) 
O(1)-Ti(2)-C(12) 98.60(8) 
Cl(2)-Ti(2)-C(12) 95.61(7) 
C(15)-Ti(2)-C(12) 57.59(9) 
C(11)-Ti(2)-C(12) 34.61(9) 
C(14)-Ti(2)-C(12) 57.24(9) 
O(2)-Ti(2)-C(13) 119.14(10) 
O(1)-Ti(2)-C(13) 132.96(9) 
Cl(2)-Ti(2)-C(13) 85.83(7) 
C(15)-Ti(2)-C(13) 57.77(10) 
C(11)-Ti(2)-C(13) 57.44(9) 
C(14)-Ti(2)-C(13) 34.69(10) 
C(12)-Ti(2)-C(13) 34.39(9) 
O(2)-Ti(2)-Ti(3) 22.99(5) 
O(1)-Ti(2)-Ti(3) 80.86(5) 
Cl(2)-Ti(2)-Ti(3) 105.95(2) 
C(15)-Ti(2)-Ti(3) 101.19(7) 
C(11)-Ti(2)-Ti(3) 124.42(7) 
C(14)-Ti(2)-Ti(3) 109.42(7) 
C(12)-Ti(2)-Ti(3) 158.06(7) 
C(13)-Ti(2)-Ti(3) 141.65(8) 
O(2)-Ti(2)-Ti(1) 81.67(5) 
O(1)-Ti(2)-Ti(1) 22.40(5) 
Cl(2)-Ti(2)-Ti(1) 103.71(2) 
C(15)-Ti(2)-Ti(1) 111.35(8) 
C(11)-Ti(2)-Ti(1) 99.97(7) 
C(14)-Ti(2)-Ti(1) 144.89(8) 
C(12)-Ti(2)-Ti(1) 120.37(7) 
C(13)-Ti(2)-Ti(1) 154.63(7) 
Ti(3)-Ti(2)-Ti(1) 58.799(14) 
O(3)-Ti(3)-O(2) 103.71(8) 
O(3)-Ti(3)-Cl(3) 102.74(6) 
O(2)-Ti(3)-Cl(3) 103.89(6) 
O(3)-Ti(3)-C(25) 89.96(8) 



O(2)-Ti(3)-C(25) 110.62(9) 
Cl(3)-Ti(3)-C(25) 139.10(7) 
O(3)-Ti(3)-C(21) 119.76(9) 
O(2)-Ti(3)-C(21) 84.37(8) 
Cl(3)-Ti(3)-C(21) 133.60(8) 
C(25)-Ti(3)-C(21) 35.33(9) 
O(3)-Ti(3)-C(24) 93.24(9) 
O(2)-Ti(3)-C(24) 142.47(9) 
Cl(3)-Ti(3)-C(24) 104.62(7) 
C(25)-Ti(3)-C(24) 35.14(9) 
C(21)-Ti(3)-C(24) 58.26(9) 
O(3)-Ti(3)-C(22) 147.60(8) 
O(2)-Ti(3)-C(22) 94.41(9) 
Cl(3)-Ti(3)-C(22) 98.56(7) 
C(25)-Ti(3)-C(22) 58.29(9) 
C(21)-Ti(3)-C(22) 35.06(9) 
C(24)-Ti(3)-C(22) 57.58(9) 
O(3)-Ti(3)-C(23) 124.72(9) 
O(2)-Ti(3)-C(23) 128.28(9) 
Cl(3)-Ti(3)-C(23) 83.72(7) 
C(25)-Ti(3)-C(23) 57.85(9) 
C(21)-Ti(3)-C(23) 57.85(9) 
C(24)-Ti(3)-C(23) 34.28(10) 
C(22)-Ti(3)-C(23) 34.46(10) 
O(3)-Ti(3)-Ti(1) 24.68(5) 
O(2)-Ti(3)-Ti(1) 83.31(6) 
Cl(3)-Ti(3)-Ti(1) 94.61(2) 
C(25)-Ti(3)-Ti(1) 110.30(7) 
C(21)-Ti(3)-Ti(1) 131.79(7) 
C(24)-Ti(3)-Ti(1) 117.91(7) 
C(22)-Ti(3)-Ti(1) 166.79(7) 
C(23)-Ti(3)-Ti(1) 147.93(8) 
O(3)-Ti(3)-Ti(2) 81.27(5) 
O(2)-Ti(3)-Ti(2) 22.68(5) 
Cl(3)-Ti(3)-Ti(2) 106.13(2) 
C(25)-Ti(3)-Ti(2) 114.22(7) 
C(21)-Ti(3)-Ti(2) 98.30(7) 
C(24)-Ti(3)-Ti(2) 149.22(7) 
C(22)-Ti(3)-Ti(2) 115.80(7) 
C(23)-Ti(3)-Ti(2) 150.23(8) 
Ti(1)-Ti(3)-Ti(2) 60.751(13) 
Ti(2)-O(1)-Ti(1) 135.34(10) 
Ti(2)-O(2)-Ti(3) 134.33(10) 
Ti(1)-O(3)-Ti(3) 130.38(9) 
C(2)-C(1)-C(5) 108.0(2) 
C(2)-C(1)-C(6) 125.2(3) 

C(5)-C(1)-C(6) 126.7(3) 
C(2)-C(1)-Ti(1) 72.69(15) 
C(5)-C(1)-Ti(1) 72.43(15) 
C(6)-C(1)-Ti(1) 123.48(19) 
C(1)-C(2)-C(3) 108.0(2) 
C(1)-C(2)-C(7) 125.4(2) 
C(3)-C(2)-C(7) 126.6(2) 
C(1)-C(2)-Ti(1) 73.05(14) 
C(3)-C(2)-Ti(1) 71.46(14) 
C(7)-C(2)-Ti(1) 122.40(18) 
C(4)-C(3)-C(2) 107.6(2) 
C(4)-C(3)-C(8) 125.0(2) 
C(2)-C(3)-C(8) 127.3(2) 
C(4)-C(3)-Ti(1) 73.21(15) 
C(2)-C(3)-Ti(1) 73.27(14) 
C(8)-C(3)-Ti(1) 121.29(18) 
C(5)-C(4)-C(3) 108.1(2) 
C(5)-C(4)-C(9) 126.3(3) 
C(3)-C(4)-C(9) 125.6(3) 
C(5)-C(4)-Ti(1) 73.02(15) 
C(3)-C(4)-Ti(1) 71.96(15) 
C(9)-C(4)-Ti(1) 121.02(18) 
C(4)-C(5)-C(1) 108.3(2) 
C(4)-C(5)-C(10) 126.0(3) 
C(1)-C(5)-C(10) 125.7(3) 
C(4)-C(5)-Ti(1) 72.42(15) 
C(1)-C(5)-Ti(1) 72.78(15) 
C(10)-C(5)-Ti(1) 121.32(18) 
C(15)-C(11)-C(12) 108.1(2) 
C(15)-C(11)-C(16) 125.2(3) 
C(12)-C(11)-C(16) 126.7(3) 
C(15)-C(11)-Ti(2) 71.96(15) 
C(12)-C(11)-Ti(2) 73.10(14) 
C(16)-C(11)-Ti(2) 121.31(18) 
C(11)-C(12)-C(13) 108.4(3) 
C(11)-C(12)-C(17) 125.9(3) 
C(13)-C(12)-C(17) 125.7(3) 
C(11)-C(12)-Ti(2) 72.29(14) 
C(13)-C(12)-Ti(2) 73.62(15) 
C(17)-C(12)-Ti(2) 119.03(18) 
C(12)-C(13)-C(14) 106.8(2) 
C(12)-C(13)-C(18) 125.7(3) 
C(14)-C(13)-C(18) 127.3(3) 
C(12)-C(13)-Ti(2) 71.99(14) 
C(14)-C(13)-Ti(2) 71.80(15) 
C(18)-C(13)-Ti(2) 124.77(19) 



C(15)-C(14)-C(13) 108.4(3) 
C(15)-C(14)-C(19) 125.8(3) 
C(13)-C(14)-C(19) 125.7(3) 
C(15)-C(14)-Ti(2) 71.59(16) 
C(13)-C(14)-Ti(2) 73.51(15) 
C(19)-C(14)-Ti(2) 120.45(19) 
C(11)-C(15)-C(14) 108.2(3) 
C(11)-C(15)-C(20) 125.1(3) 
C(14)-C(15)-C(20) 126.7(3) 
C(11)-C(15)-Ti(2) 73.50(15) 
C(14)-C(15)-Ti(2) 73.85(16) 
C(20)-C(15)-Ti(2) 120.83(18) 
C(25)-C(21)-C(22) 107.5(2) 
C(25)-C(21)-C(26) 127.7(3) 
C(22)-C(21)-C(26) 124.8(3) 
C(25)-C(21)-Ti(3) 71.78(14) 
C(22)-C(21)-Ti(3) 73.36(15) 
C(26)-C(21)-Ti(3) 121.61(18) 
C(23)-C(22)-C(21) 108.0(2) 
C(23)-C(22)-C(27) 127.1(3) 
C(21)-C(22)-C(27) 124.9(3) 
C(23)-C(22)-Ti(3) 73.34(16) 
C(21)-C(22)-Ti(3) 71.58(15) 
C(27)-C(22)-Ti(3) 121.15(18) 
C(24)-C(23)-C(22) 108.5(2) 
C(24)-C(23)-C(28) 124.7(3) 
C(22)-C(23)-C(28) 126.7(3) 
C(24)-C(23)-Ti(3) 71.85(16) 
C(22)-C(23)-Ti(3) 72.20(15) 
C(28)-C(23)-Ti(3) 124.53(18) 
C(23)-C(24)-C(25) 108.3(2) 
C(23)-C(24)-C(29) 125.9(3) 
C(25)-C(24)-C(29) 125.7(3) 
C(23)-C(24)-Ti(3) 73.87(15) 
C(25)-C(24)-Ti(3) 71.41(14) 
C(29)-C(24)-Ti(3) 121.03(19) 
C(24)-C(25)-C(21) 107.7(2) 
C(24)-C(25)-C(30) 125.9(3) 
C(21)-C(25)-C(30) 126.4(3) 
C(24)-C(25)-Ti(3) 73.45(14) 
C(21)-C(25)-Ti(3) 72.89(14) 
C(30)-C(25)-Ti(3) 120.74(19) 
C(37)-C(32)-C(33) 117.0(3) 
C(37)-C(32)-C(31) 121.6(4) 
C(33)-C(32)-C(31) 121.4(4) 
C(34)-C(33)-C(32) 119.7(3) 

C(35)-C(34)-C(33) 120.5(4) 
C(36)-C(35)-C(34) 121.0(4) 
C(37)-C(36)-C(35) 121.2(4) 
C(36)-C(37)-C(32) 120.5(3) 



_____________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
  
 
Table S9.   Anisotropic displacement parameters (Å2x 103) for 8. The anisotropic 
displacement factor exponent takes the form:  -2� 2[ h2 a*2U11 + ...  + 2 h k a* b* U12 ] 
______________________________________________________________________________  
 U11 U22  U33 U23 U13 U12 
______________________________________________________________________________  
Ti(1) 16(1)  18(1) 15(1)  -6(1) -2(1)  1(1) 
Ti(2) 16(1)  16(1) 14(1)  -5(1) -3(1)  1(1) 
Ti(3) 13(1)  19(1) 14(1)  -2(1) -2(1)  2(1) 
Cl(1) 19(1)  37(1) 28(1)  -14(1) -3(1)  -4(1) 
Cl(2) 20(1)  27(1) 29(1)  -9(1) -2(1)  -5(1) 
Cl(3) 15(1)  32(1) 24(1)  -1(1) -2(1)  -3(1) 
O(1) 20(1)  18(1) 18(1)  -6(1) -4(1)  2(1) 
O(2) 20(1)  20(1) 16(1)  -5(1) -2(1)  2(1) 
O(3) 19(1)  18(1) 15(1)  -4(1) -3(1)  4(1) 
C(1) 25(1)  27(1) 21(2)  -13(1) 5(1)  -3(1) 
C(2) 25(1)  25(1) 17(1)  -8(1) 4(1)  3(1) 
C(3) 19(1)  30(2) 19(1)  -10(1) 4(1)  -1(1) 
C(4) 24(1)  21(1) 20(2)  -4(1) 5(1)  0(1) 
C(5) 22(1)  36(2) 15(1)  -10(1) 1(1)  3(1) 
C(6) 46(2)  37(2) 38(2)  -23(2) 9(2)  -11(1) 
C(7) 46(2)  31(2) 25(2)  -7(1) 4(1)  17(1) 
C(8) 26(2)  45(2) 30(2)  -21(2) 2(1)  -7(1) 
C(9) 40(2)  25(2) 39(2)  -2(1) 14(1)  -3(1) 
C(10) 32(2)  62(2) 24(2)  -8(2) -6(1)  6(2) 
C(11) 22(1)  22(1) 35(2)  -12(1) -7(1)  7(1) 
C(12) 22(1)  17(1) 26(2)  -4(1) -1(1)  5(1) 
C(13) 28(2)  26(2) 47(2)  -22(1) -14(1)  12(1) 
C(14) 42(2)  38(2) 18(2)  -7(1) -5(1)  26(1) 
C(15) 24(2)  23(1) 40(2)  -3(1) 4(1)  10(1) 
C(16) 44(2)  47(2) 60(2)  -30(2) -32(2)  16(2) 
C(17) 51(2)  29(2) 38(2)  7(2) 7(2)  12(2) 
C(18) 56(2)  40(2) 114(4)  -52(2) -43(2)  15(2) 
C(19) 98(3)  84(3) 24(2)  -21(2) -12(2)  61(2) 
C(20) 27(2)  35(2) 96(3)  11(2) 26(2)  6(1) 
C(21) 28(2)  25(1) 23(2)  -2(1) -16(1)  3(1) 
C(22) 23(1)  39(2) 11(1)  -3(1) -7(1)  16(1) 
C(23) 20(1)  31(2) 28(2)  6(1) -11(1)  0(1) 
C(24) 26(1)  25(1) 28(2)  -8(1) -16(1)  12(1) 
C(25) 14(1)  44(2) 16(1)  -8(1) -6(1)  5(1) 
C(26) 76(3)  31(2) 49(2)  -1(2) -42(2)  -12(2) 
C(27) 58(2)  85(3) 21(2)  -19(2) -12(2)  41(2) 
C(28) 35(2)  52(2) 46(2)  24(2) -16(2)  -10(2) 



C(29) 76(3)  35(2) 56(2)  -21(2) -36(2)  21(2) 
C(30) 18(2)  111(3) 26(2)  -19(2) -3(1)  8(2) 
C(31) 97(4)  112(4) 45(3)  -8(3) -3(2)  67(3) 
C(32) 61(2)  58(2) 26(2)  -5(2) -4(2)  48(2) 
C(33) 53(2)  42(2) 59(3)  -35(2) -29(2)  24(2) 
C(34) 50(2)  29(2) 58(3)  -9(2) -7(2)  3(2) 
C(35) 66(3)  57(2) 42(2)  -18(2) -14(2)  14(2) 
C(36) 60(2)  59(2) 66(3)  -42(2) -17(2)  9(2) 
C(37) 38(2)  29(2) 75(3)  -18(2) 3(2)  3(1) 
________________________________________________________________________ 
 
 
 Table S10.   Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Å2x 10 3) 
for 8. 
______________________________________________________________________________
__  
 x  y  z  U(eq) 
______________________________________________________________________________
__  
  
H(6A) 8077 11183 4077 57 
H(6B) 8347 10487 4926 57 
H(6C) 6861 11248 4703 57 
H(7A) 4594 11280 3975 52 
H(7B) 3819 10520 3534 52 
H(7C) 5390 11175 3232 52 
H(8A) 4169 7432 3677 48 
H(8B) 3361 8690 3575 48 
H(8C) 3112 7605 4333 48 
H(9A) 7108 6031 4974 55 
H(9B) 5502 6049 4649 55 
H(9C) 5634 6061 5475 55 
H(10A) 8411 7125 5574 61 
H(10B) 8390 8367 5751 61 
H(10C) 9402 8243 5067 61 
H(16A) 11578 5550 3920 70 
H(16B) 10004 5681 4318 70 
H(16C) 10748 6818 3692 70 
H(17A) 8657 3201 4310 66 
H(17B) 7046 3747 4091 66 
H(17C) 8131 4387 4488 66 
H(18A) 7834 3044 2581 93 
H(18B) 6794 4115 2136 93 
H(18C) 6520 3519 3010 93 
H(19A) 9227 6699 1112 101 
H(19B) 8155 5558 1247 101 



H(19C) 9924 5413 1178 101 
H(20A) 11087 7760 2390 92 
H(20B) 10992 7483 1630 92 
H(20C) 12195 6811 2204 92 
H(26A) 4300 7776 1529 80 
H(26B) 5724 7528 1063 80 
H(26C) 4299 8179 649 80 
H(27A) 8429 9900 -253 81 
H(27B) 7011 9104 -281 81 
H(27C) 8183 8588 340 81 
H(28A) 7711 12494 -206 80 
H(28B) 9006 11525 33 80 
H(28C) 8531 12331 538 80 
H(29A) 6787 12606 1353 79 
H(29B) 5458 11946 1928 79 
H(29C) 5102 12762 1111 79 
H(30A) 3916 10291 2300 79 
H(30B) 3615 9011 2204 79 
H(30C) 2841 10190 1685 79 
H(31A) 1613 3839 2848 134 
H(31B) 3074 3037 2896 134 
H(31C) 1487 2502 2811 134 
H(33) 3824 5069 1804 55 
H(34) 4162 5755 542 56 
H(35) 2908 4880 -156 65 
H(36) 1387 3266 378 67 
H(37) 994 2515 1621 57 
________________________________________________________________________ 
 

 

 

 

 

 

 

 

 



Crystal structure determination for compound 10. 

Data Collection 

A red crystal with approximate dimensions 0.48 x 0.28 x 0.19 mm3  was selected under 

oil under ambient conditions and attached to the tip of a nylon loop.  The crystal was mounted in 

a stream of cold nitrogen at 100(2) K and centered in the X-ray beam by using a video camera.    

The crystal evaluation and data collection were performed on a Bruker CCD-1000 

diffractometer with Mo Kα  (λ = 0.71073 Å) radiation and the diffractometer to crystal distance 

of 4.9 cm.  

The initial cell constants were obtained from three series of ω scans at different starting 

angles.  Each series consisted of 20 frames collected at intervals of 0.3º in a 6º range about ω 

with the exposure time of 10 seconds per frame.  A total of 57 reflections was obtained.  The 

reflections were successfully indexed by an automated indexing routine built in the SMART 

program.  The final cell constants were calculated from a set of 8549 strong reflections from the 

actual data collection.   

 The data were collected by using the hemisphere data collection routine.  The reciprocal 

space was surveyed to the extent of a full sphere to a resolution of 0.80 Å.  A total of 9814 data 

were harvested by collecting three sets of frames with 0.30º scans in ω with an exposure time 30 

sec per frame.  These highly redundant datasets were corrected for Lorentz and polarization 

effects.  The absorption correction was based on fitting a function to the empirical transmission 

surface as sampled by multiple equivalent measurements. [1]   

  

Structure Solution and Refinement 

The systematic absences in the diffraction data were consistent for the space groups P21 

and P21/m.  The E-statistics strongly suggested the non-centrosymmetric space group P21 that 

yielded chemically reasonable and computationally stable results of refinement [1].   

A successful solution by the direct methods provided most non-hydrogen atoms from the 

E-map.  The remaining non-hydrogen atoms were located in an alternating series of least-squares 

cycles and difference Fourier maps.  All non-hydrogen atoms were refined with anisotropic 

displacement coefficients.  All hydrogen atoms were included in the structure factor calculation 



at idealized positions and were allowed to ride on the neighboring atoms with relative isotropic 

displacement coefficients.   

The final least-squares refinement of 296 parameters against 4795 data resulted in 

residuals R (based on F2 for I≥2σ) and wR (based on F2 for all data) of 0.0241  and 0.0659, 

respectively.  The final difference Fourier map was featureless.   

The ORTEP diagram is drawn with 50% probability ellipsoids. 

 References 

[1] Bruker-AXS. (2000-2003) SADABS V.2.05, SAINT V.6.22, SHELXTL V.6.10 

 & SMART 5.622 Software Reference Manuals. Bruker-AXS, Madison, Wisconsin, USA. 

 



 
Figure S8. A molecular drawing showing the structure of 10. 



  Table S11.  Crystal data and structure refinement for 10. 
Empirical formula  C26 H31 Cl N2 O2 Ti 
Formula weight  486.88 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  P21 
Unit cell dimensions a = 7.9846(13) Å α= 90°. 
 b = 8.1121(13) Å β= 94.951(2)°. 
 c = 18.421(3) Å γ = 90°. 
Volume 1188.7(3) Å3 
Z 2 
Density (calculated) 1.360 Mg/m3 
Absorption coefficient 0.498 mm-1 
F(000) 512 
Crystal size 0.48 x 0.28 x 0.19 mm3 
Theta range for data collection 2.22 to 26.37°. 
Index ranges -9<=h<=9, -10<=k<=10, -22<=l<=23 
Reflections collected 9814 
Independent reflections 4795 [R(int) = 0.0160] 
Completeness to theta = 26.37° 99.7 %  
Absorption correction Multi-scan with SADABS  
Max. and min. transmission 0.9113 and 0.7960 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 4795 / 1 / 296 
Goodness-of-fit on F2 1.017 
Final R indices [I>2sigma(I)] R1 = 0.0241, wR2 = 0.0655 
R indices (all data) R1 = 0.0244, wR2 = 0.0659 
Absolute structure parameter -0.012(15) 
Largest diff. peak and hole 0.253 and -0.181 e.Å-3 



 Table S12.  Atomic coordinates  ( x 104) and equivalent  isotropic displacement parameters 
(Å2x 103) for 10. U(eq) is defined as one third of  the trace of the orthogonalized Uij tensor. 
______________________________________________________________________________
__  
 x y z U(eq) 
______________________________________________________________________________
__   
Ti 2428(1) 9384(1) 6829(1) 13(1) 
Cl 382(1) 11216(1) 7213(1) 18(1) 
O(1) 3867(1) 10945(1) 6294(1) 18(1) 
O(2) 4645(1) 8047(1) 7156(1) 17(1) 
N(1) 4118(2) 11155(2) 7474(1) 17(1) 
N(2) 2544(2) 7998(2) 7830(1) 16(1) 
C(1) 2572(2) 7637(2) 5806(1) 17(1) 
C(2) 1712(2) 6725(2) 6317(1) 16(1) 
C(3) 170(2) 7525(2) 6406(1) 16(1) 
C(4) 42(2) 8899(2) 5926(1) 17(1) 
C(5) 1527(2) 8973(2) 5561(1) 17(1) 
C(6) 4263(2) 7247(2) 5551(1) 23(1) 
C(7) 2276(2) 5107(2) 6643(1) 24(1) 
C(8) -1174(2) 6987(2) 6875(1) 21(1) 
C(9) -1484(2) 9932(2) 5749(1) 24(1) 
C(10) 1855(2) 10166(2) 4972(1) 25(1) 
C(11) 4658(2) 11639(2) 6872(1) 17(1) 
C(12) 6019(2) 12861(2) 6756(1) 20(1) 
C(13) 4839(2) 11549(2) 8180(1) 17(1) 
C(14) 6572(2) 11465(2) 8363(1) 22(1) 
C(15) 7227(2) 11864(2) 9061(1) 26(1) 
C(16) 6184(2) 12341(2) 9587(1) 28(1) 
C(17) 4466(2) 12382(2) 9412(1) 27(1) 
C(18) 3787(2) 11979(2) 8714(1) 21(1) 
C(19) 4105(2) 7571(2) 7761(1) 16(1) 
C(20) 5289(2) 6688(2) 8309(1) 23(1) 
C(21) 1563(2) 7425(2) 8384(1) 17(1) 
C(22) 488(2) 8505(2) 8710(1) 19(1) 
C(23) -555(2) 7918(2) 9216(1) 22(1) 
C(24) -549(2) 6258(2) 9407(1) 23(1) 
C(25) 509(2) 5181(2) 9082(1) 25(1) 
C(26) 1556(2) 5755(2) 8572(1) 21(1) 
______________________________________________________________________________



 Table S13.   Bond lengths [Å] and angles [°] for 10. 
_____________________________________________________  
Ti-O(1)  2.0232(11) 
Ti-O(2)  2.1193(11) 
Ti-N(2)  2.1541(13) 
Ti-N(1)  2.2406(14) 
Ti-Cl  2.3610(5) 
Ti-C(1)  2.3690(15) 
Ti-C(2)  2.4033(15) 
Ti-C(5)  2.4074(16) 
Ti-C(3)  2.4267(16) 
Ti-C(4)  2.4506(16) 
Ti-C(11)  2.5495(16) 
Ti-C(19)  2.5504(16) 
O(1)-C(11)  1.317(2) 
O(2)-C(19)  1.2875(19) 
N(1)-C(11)  1.286(2) 
N(1)-C(13)  1.411(2) 
N(2)-C(19)  1.310(2) 
N(2)-C(21)  1.4170(19) 
C(1)-C(5)  1.417(2) 
C(1)-C(2)  1.420(2) 
C(1)-C(6)  1.501(2) 
C(2)-C(3)  1.414(2) 
C(2)-C(7)  1.496(2) 
C(3)-C(4)  1.421(2) 
C(3)-C(8)  1.500(2) 
C(4)-C(5)  1.414(2) 
C(4)-C(9)  1.491(2) 
C(5)-C(10)  1.494(2) 
C(6)-H(6A)  0.9800 
C(6)-H(6B)  0.9800 
C(6)-H(6C)  0.9800 
C(7)-H(7A)  0.9800 
C(7)-H(7B)  0.9800 
C(7)-H(7C)  0.9800 
C(8)-H(8A)  0.9800 
C(8)-H(8B)  0.9800 
C(8)-H(8C)  0.9800 

C(9)-H(9A)  0.9800 
C(9)-H(9B)  0.9800 
C(9)-H(9C)  0.9800 
C(10)-H(10A)  0.9800 
C(10)-H(10B)  0.9800 
C(10)-H(10C)  0.9800 
C(11)-C(12)  1.500(2) 
C(12)-H(12A)  0.9800 
C(12)-H(12B)  0.9800 
C(12)-H(12C)  0.9800 
C(13)-C(18)  1.392(2) 
C(13)-C(14)  1.397(2) 
C(14)-C(15)  1.385(2) 
C(14)-H(14)  0.9500 
C(15)-C(16)  1.387(3) 
C(15)-H(15)  0.9500 
C(16)-C(17)  1.382(3) 
C(16)-H(16)  0.9500 
C(17)-C(18)  1.391(2) 
C(17)-H(17)  0.9500 
C(18)-H(18)  0.9500 
C(19)-C(20)  1.505(2) 
C(20)-H(20A)  0.9800 
C(20)-H(20B)  0.9800 
C(20)-H(20C)  0.9800 
C(21)-C(26)  1.398(2) 
C(21)-C(22)  1.399(2) 
C(22)-C(23)  1.387(2) 
C(22)-H(22)  0.9500 
C(23)-C(24)  1.391(3) 
C(23)-H(23)  0.9500 
C(24)-C(25)  1.386(3) 
C(24)-H(24)  0.9500 
C(25)-C(26)  1.392(2) 
C(25)-H(25)  0.9500 
C(26)-H(26)  0.9500 

 
O(1)-Ti-O(2) 87.90(5) 
O(1)-Ti-N(2) 139.43(5) 
O(2)-Ti-N(2) 61.07(5) 
O(1)-Ti-N(1) 61.05(5) 
O(2)-Ti-N(1) 74.17(5) 
N(2)-Ti-N(1) 84.33(5) 

O(1)-Ti-Cl 100.87(4) 
O(2)-Ti-Cl 145.05(3) 
N(2)-Ti-Cl 92.99(4) 
N(1)-Ti-Cl 80.69(4) 
O(1)-Ti-C(1) 85.28(5) 
O(2)-Ti-C(1) 79.83(5) 



N(2)-Ti-C(1) 111.55(6) 
N(1)-Ti-C(1) 137.49(5) 
Cl-Ti-C(1) 134.19(4) 
O(1)-Ti-C(2) 119.75(5) 
O(2)-Ti-C(2) 79.43(5) 
N(2)-Ti-C(2) 81.88(5) 
N(1)-Ti-C(2) 153.57(5) 
Cl-Ti-C(2) 122.37(4) 
C(1)-Ti-C(2) 34.62(5) 
O(1)-Ti-C(5) 75.41(5) 
O(2)-Ti-C(5) 112.17(5) 
N(2)-Ti-C(5) 138.18(5) 
N(1)-Ti-C(5) 136.00(5) 
Cl-Ti-C(5) 102.78(4) 
C(1)-Ti-C(5) 34.50(5) 
C(2)-Ti-C(5) 56.90(5) 
O(1)-Ti-C(3) 132.04(5) 
O(2)-Ti-C(3) 110.64(5) 
N(2)-Ti-C(3) 85.79(5) 
N(1)-Ti-C(3) 164.91(5) 
Cl-Ti-C(3) 88.48(4) 
C(1)-Ti-C(3) 57.21(5) 
C(2)-Ti-C(3) 34.04(5) 
C(5)-Ti-C(3) 56.69(5) 
O(1)-Ti-C(4) 102.14(5) 
O(2)-Ti-C(4) 133.82(5) 
N(2)-Ti-C(4) 118.08(5) 
N(1)-Ti-C(4) 149.36(5) 
Cl-Ti-C(4) 77.70(4) 
C(1)-Ti-C(4) 56.77(5) 
C(2)-Ti-C(4) 56.29(5) 
C(5)-Ti-C(4) 33.84(5) 
C(3)-Ti-C(4) 33.87(5) 
O(1)-Ti-C(11) 30.84(5) 
O(2)-Ti-C(11) 78.12(5) 
N(2)-Ti-C(11) 111.68(5) 
N(1)-Ti-C(11) 30.28(5) 
Cl-Ti-C(11) 92.20(4) 
C(1)-Ti-C(11) 111.84(5) 
C(2)-Ti-C(11) 142.93(5) 
C(5)-Ti-C(11) 106.19(5) 
C(3)-Ti-C(11) 162.44(5) 
C(4)-Ti-C(11) 129.52(5) 
O(1)-Ti-C(19) 113.68(5) 
O(2)-Ti-C(19) 30.25(5) 
N(2)-Ti-C(19) 30.90(5) 

N(1)-Ti-C(19) 75.84(5) 
Cl-Ti-C(19) 119.88(4) 
C(1)-Ti-C(19) 97.58(5) 
C(2)-Ti-C(19) 80.78(5) 
C(5)-Ti-C(19) 131.96(5) 
C(3)-Ti-C(19) 100.97(5) 
C(4)-Ti-C(19) 134.16(5) 
C(11)-Ti-C(19) 93.90(5) 
C(11)-O(1)-Ti 97.23(9) 
C(19)-O(2)-Ti 93.74(9) 
C(11)-N(1)-C(13) 125.76(14) 
C(11)-N(1)-Ti 88.27(10) 
C(13)-N(1)-Ti 144.34(11) 
C(19)-N(2)-C(21) 124.91(13) 
C(19)-N(2)-Ti 91.50(10) 
C(21)-N(2)-Ti 143.29(10) 
C(5)-C(1)-C(2) 107.74(13) 
C(5)-C(1)-C(6) 125.61(15) 
C(2)-C(1)-C(6) 126.63(15) 
C(5)-C(1)-Ti 74.23(9) 
C(2)-C(1)-Ti 74.01(8) 
C(6)-C(1)-Ti 118.80(10) 
C(3)-C(2)-C(1) 108.23(14) 
C(3)-C(2)-C(7) 126.24(15) 
C(1)-C(2)-C(7) 125.27(15) 
C(3)-C(2)-Ti 73.88(9) 
C(1)-C(2)-Ti 71.37(9) 
C(7)-C(2)-Ti 125.23(10) 
C(2)-C(3)-C(4) 107.75(14) 
C(2)-C(3)-C(8) 127.35(15) 
C(4)-C(3)-C(8) 124.76(15) 
C(2)-C(3)-Ti 72.07(9) 
C(4)-C(3)-Ti 73.99(9) 
C(8)-C(3)-Ti 122.96(10) 
C(5)-C(4)-C(3) 108.09(14) 
C(5)-C(4)-C(9) 125.11(15) 
C(3)-C(4)-C(9) 126.19(15) 
C(5)-C(4)-Ti 71.41(9) 
C(3)-C(4)-Ti 72.14(9) 
C(9)-C(4)-Ti 129.10(11) 
C(4)-C(5)-C(1) 108.13(13) 
C(4)-C(5)-C(10) 125.42(15) 
C(1)-C(5)-C(10) 126.24(15) 
C(4)-C(5)-Ti 74.75(9) 
C(1)-C(5)-Ti 71.27(8) 
C(10)-C(5)-Ti 123.98(11) 



C(1)-C(6)-H(6A) 109.5 
C(1)-C(6)-H(6B) 109.5 
H(6A)-C(6)-H(6B) 109.5 
C(1)-C(6)-H(6C) 109.5 
H(6A)-C(6)-H(6C) 109.5 
H(6B)-C(6)-H(6C) 109.5 
C(2)-C(7)-H(7A) 109.5 
C(2)-C(7)-H(7B) 109.5 
H(7A)-C(7)-H(7B) 109.5 
C(2)-C(7)-H(7C) 109.5 
H(7A)-C(7)-H(7C) 109.5 
H(7B)-C(7)-H(7C) 109.5 
C(3)-C(8)-H(8A) 109.5 
C(3)-C(8)-H(8B) 109.5 
H(8A)-C(8)-H(8B) 109.5 
C(3)-C(8)-H(8C) 109.5 
H(8A)-C(8)-H(8C) 109.5 
H(8B)-C(8)-H(8C) 109.5 
C(4)-C(9)-H(9A) 109.5 
C(4)-C(9)-H(9B) 109.5 
H(9A)-C(9)-H(9B) 109.5 
C(4)-C(9)-H(9C) 109.5 
H(9A)-C(9)-H(9C) 109.5 
H(9B)-C(9)-H(9C) 109.5 
C(5)-C(10)-H(10A) 109.5 
C(5)-C(10)-H(10B) 109.5 
H(10A)-C(10)-H(10B) 109.5 
C(5)-C(10)-H(10C) 109.5 
H(10A)-C(10)-H(10C) 109.5 
H(10B)-C(10)-H(10C) 109.5 
N(1)-C(11)-O(1) 113.22(14) 
N(1)-C(11)-C(12) 128.79(15) 
O(1)-C(11)-C(12) 117.99(14) 
N(1)-C(11)-Ti 61.46(9) 
O(1)-C(11)-Ti 51.93(7) 
C(12)-C(11)-Ti 169.27(12) 
C(11)-C(12)-H(12A) 109.5 
C(11)-C(12)-H(12B) 109.5 
H(12A)-C(12)-H(12B) 109.5 
C(11)-C(12)-H(12C) 109.5 
H(12A)-C(12)-H(12C) 109.5 
H(12B)-C(12)-H(12C) 109.5 
C(18)-C(13)-C(14) 119.10(15) 
C(18)-C(13)-N(1) 118.99(14) 
C(14)-C(13)-N(1) 121.87(15) 
C(15)-C(14)-C(13) 120.02(16) 

C(15)-C(14)-H(14) 120.0 
C(13)-C(14)-H(14) 120.0 
C(14)-C(15)-C(16) 120.84(16) 
C(14)-C(15)-H(15) 119.6 
C(16)-C(15)-H(15) 119.6 
C(17)-C(16)-C(15) 119.19(16) 
C(17)-C(16)-H(16) 120.4 
C(15)-C(16)-H(16) 120.4 
C(16)-C(17)-C(18) 120.65(16) 
C(16)-C(17)-H(17) 119.7 
C(18)-C(17)-H(17) 119.7 
C(17)-C(18)-C(13) 120.14(16) 
C(17)-C(18)-H(18) 119.9 
C(13)-C(18)-H(18) 119.9 
O(2)-C(19)-N(2) 113.40(14) 
O(2)-C(19)-C(20) 119.04(14) 
N(2)-C(19)-C(20) 127.50(15) 
O(2)-C(19)-Ti 56.01(8) 
N(2)-C(19)-Ti 57.60(8) 
C(20)-C(19)-Ti 171.73(12) 
C(19)-C(20)-H(20A) 109.5 
C(19)-C(20)-H(20B) 109.5 
H(20A)-C(20)-H(20B) 109.5 
C(19)-C(20)-H(20C) 109.5 
H(20A)-C(20)-H(20C) 109.5 
H(20B)-C(20)-H(20C) 109.5 
C(26)-C(21)-C(22) 118.99(15) 
C(26)-C(21)-N(2) 120.70(14) 
C(22)-C(21)-N(2) 120.13(15) 
C(23)-C(22)-C(21) 120.02(16) 
C(23)-C(22)-H(22) 120.0 
C(21)-C(22)-H(22) 120.0 
C(22)-C(23)-C(24) 120.88(16) 
C(22)-C(23)-H(23) 119.6 
C(24)-C(23)-H(23) 119.6 
C(25)-C(24)-C(23) 119.30(15) 
C(25)-C(24)-H(24) 120.3 
C(23)-C(24)-H(24) 120.3 
C(24)-C(25)-C(26) 120.35(17) 
C(24)-C(25)-H(25) 119.8 
C(26)-C(25)-H(25) 119.8 
C(25)-C(26)-C(21) 120.46(16) 
C(25)-C(26)-H(26) 119.8 
C(21)-C(26)-H(26) 119.8 



_____________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
  
 
 
Table S14.   Anisotropic displacement parameters (Å2x 103) for 10.  The anisotropic 
displacement factor exponent takes the form:  -2� 2[ h2 a*2U11 + ...  + 2 h k a* b* U12 ] 
________________________________________________________________________
______  
 U11 U22  U33 U23 U13 U12 
________________________________________________________________________
______  
Ti 12(1)  13(1) 13(1)  1(1) 1(1)  0(1) 
Cl 16(1)  17(1) 21(1)  -2(1) 2(1)  3(1) 
O(1) 18(1)  19(1) 17(1)  1(1) 3(1)  -3(1) 
O(2) 15(1)  19(1) 16(1)  0(1) 1(1)  1(1) 
N(1) 15(1)  16(1) 20(1)  -1(1) 1(1)  0(1) 
N(2) 17(1)  16(1) 14(1)  1(1) 1(1)  0(1) 
C(1) 16(1)  20(1) 13(1)  -3(1) 0(1)  -1(1) 
C(2) 18(1)  16(1) 15(1)  -3(1) -3(1)  0(1) 
C(3) 16(1)  17(1) 15(1)  -1(1) -1(1)  -3(1) 
C(4) 16(1)  17(1) 16(1)  -2(1) -2(1)  0(1) 
C(5) 17(1)  19(1) 16(1)  0(1) -1(1)  -2(1) 
C(6) 16(1)  31(1) 21(1)  -7(1) 3(1)  0(1) 
C(7) 28(1)  16(1) 27(1)  1(1) -3(1)  1(1) 
C(8) 18(1)  26(1) 18(1)  0(1) 3(1)  -6(1) 
C(9) 20(1)  26(1) 26(1)  -2(1) -5(1)  5(1) 
C(10) 26(1)  30(1) 18(1)  5(1) -1(1)  -5(1) 
C(11) 14(1)  14(1) 22(1)  -1(1) 1(1)  2(1) 
C(12) 18(1)  19(1) 24(1)  -1(1) 6(1)  -3(1) 
C(13) 20(1)  12(1) 18(1)  0(1) 0(1)  -2(1) 
C(14) 19(1)  23(1) 24(1)  0(1) 3(1)  1(1) 
C(15) 21(1)  29(1) 28(1)  2(1) -4(1)  -1(1) 
C(16) 34(1)  31(1) 18(1)  -1(1) -5(1)  -6(1) 
C(17) 32(1)  32(1) 18(1)  -3(1) 6(1)  -3(1) 
C(18) 18(1)  21(1) 23(1)  0(1) 2(1)  -1(1) 
C(19) 18(1)  15(1) 16(1)  -2(1) -1(1)  0(1) 
C(20) 21(1)  30(1) 17(1)  2(1) -2(1)  6(1) 
C(21) 17(1)  21(1) 13(1)  0(1) -1(1)  -2(1) 
C(22) 21(1)  19(1) 16(1)  -1(1) 0(1)  0(1) 
C(23) 20(1)  27(1) 18(1)  -2(1) 3(1)  -1(1) 
C(24) 22(1)  31(1) 17(1)  5(1) 3(1)  -5(1) 
C(25) 29(1)  24(1) 22(1)  6(1) 2(1)  -2(1) 
C(26) 24(1)  21(1) 19(1)  2(1) 3(1)  2(1) 
________________________________________________________________________



 Table S15.   Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Å2x 
10 3) for 10. 
________________________________________________________________________
________  
 x  y  z  U(eq) 
________________________________________________________________________
________  
  
H(6A) 4116 6719 5071 34 
H(6B) 4870 6499 5899 34 
H(6C) 4907 8268 5516 34 
H(7A) 2229 4263 6261 36 
H(7B) 1535 4790 7017 36 
H(7C) 3432 5209 6864 36 
H(8A) -1511 7924 7166 31 
H(8B) -740 6102 7201 31 
H(8C) -2149 6586 6566 31 
H(9A) -2022 9611 5272 37 
H(9B) -1158 11096 5738 37 
H(9C) -2273 9768 6122 37 
H(10A) 3070 10282 4946 37 
H(10B) 1371 11240 5078 37 
H(10C) 1339 9758 4504 37 
H(12A) 6127 13640 7163 30 
H(12B) 5733 13462 6300 30 
H(12C) 7086 12278 6727 30 
H(14) 7300 11133 8008 26 
H(15) 8407 11811 9181 32 
H(16) 6644 12636 10062 34 
H(17) 3741 12689 9772 32 
H(18) 2603 11997 8601 25 
H(20A) 5348 5521 8177 34 
H(20B) 4880 6787 8794 34 
H(20C) 6411 7181 8315 34 
H(22) 471 9642 8585 22 
H(23) -1283 8658 9435 26 
H(24) -1263 5867 9757 28 
H(25) 518 4046 9208 30 
H(26) 2272 5007 8350 26 
________________________________________________________________________ 


