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Synthesis and Crystal Structures of Titanium Complexes: Cp,TiL,
Cp.Ti,ClL(x-0) and Cp,Ti,Cly(u-0O), (Cp=n>-C;H;, L=2,6-dipicolinate)
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Abstract: Four titanium complexes of Cp,TiL. (1a and 1b), Cp,Ti,Cl,(u-0) (2), Cp,Ti,ClL(x-0), (3) (Cp=2>-CsHs,
L.=2,6-dipicolinate) have been synthesized and structurally characterized by X-ray diffraction single crystal struc-
tural analysis. The crystal structure of complex 1a has the same chemical formula and different space group with
that of complex of 1b. The molecule of 2 or 3 has a dimeric or tetrameric structure connected by a u-O ligand,

respectively, and the titanium atoms are surrounded by one Cl atom and one O atom. CCDC: 609318, 1a; 609319,
1b; 609320, 2; 609321, 3.
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S5 BT AR 249 R o 7 B S A 45 Rl
FR)FH T B T AR R D TR AR R AR A
. Cp,TiCLEAN CpTiCl, e B SC ik i 45

Nicolet-FTIR-50X £ 4b ¢ % 1% ,German Ele-
mentar Vario EL [l ST 73 #11% .
1.2 HEVHER

1.2.1 Cp,TiL(1a)

¥ 10 mL 54 24 mg (0.1 mmol) Cp,TiCl, 1 16
mg (0.1 mmol) 2,6- Nk KE SR IR BN 11 & M5 v WL, 7 %5
APERE 20 min, FEEERS BBl 12 mL A5 DU 96
IR KA N 48 2% AT, In#AE] 110 °C, 1 iR
3d,Bh5 C-h (R EE R HIF] 40 °C,fR IR 10 h, B
Fe B 2 2R O R O TR A S B B A HUIR A PR
N 42% ., TR(KBr):3 409w,3 090w,2 923s,1 724m, 1
647s,1 437w,1 372m,1 262m,1 096s,1 023s,922w,
816s,732w,475m,cm™, TG Z 73 #1(CH:NO,Ti) T 54
18(%):C,59.50;H,3.82;N,4.08 ; 52511 (%) : C, 59.54 ;
H,3.83;N,4.11,

1.2.2  Cp,TiL(1b)

¥ 10 mL %A 24 mg (0.1 mmol) Cp,TiCl, fil 16
mg (0.1 mmol) 2,6- Nk KE R IR BN 1) & M5 v W, 7655
S ERE 20 min, FFE B EI AR 12 mL 715 28 DU 5
TR KRS 42 % AL . A3 110 °C fH iR
6d,LL5 C-h™ HEEREF] 40 C, /IR 10 h, &
Fe B 2 20 R O DR A S B B A HUIR AR 7 R
H 46% , JCE 53 HT(CHNO T HEAE (%) : C,59.50;

123 CpsTi,Cl(u-0)(2)

I T K 28 mg (0.2 mmol) = HH R A4 A 21 24
mg (0.1 mmol) Cp,TiCl, 1 30 mL & H L,
P 3 b, i uE, BRI A 15 mL £k, 0 CHr
B3 d JaRIMLL AN, 7R 28% , IR(KBr):
2928w,724m,1647s,1441w,1012s,814s,699m,599
m,em™ , IG5 M (CooHyCLOTI) 58 (%) . C, 54.22;
H,4.55; 551 (%): C,54.25;H,4.53.

124 Cp,Ti,Cl(u-0),3)

i T (=78 °C), ¥ 1.0 mmol CpTiCly A 15 mL
ARSI A B 1.0 mmol AT KK A7 i 28 W e 78
Y 15 mL BRI 208 T = IR BEEE 12
ho U8, B LR V4G IBVE 2 10 mL A4y, B2
AIECKE, 2 d J5 KL ik, 7= %R 23%, TTF
53 BT (CoHxCLOTi,) 1151 (%) . C,36.52;H,3.07 ; 5%
¥:{H(%):C,36.54;H,3.11,

1.3 HBREHNNE

e K /NAE WS A, T 2932 K T, WA
£ 2 B0 25 1) Siemens SMART CCD .54 A1 HHY
PEATAT S C8 . H Mo Ka 514:(A=0.071073 nm), LA
w/20 4 7 AW EBHE . B 1 AL L ] SAINT+
T2 A0 WA 1E {4 SADABS R FPU, 25 ) BEAR
WRGW O, IFREBSREUE, MR
5890 F SHELXS-97#2 77, i HeEE kit . H
SHELXL-97 F2 52 LL 42 56 B fe /N e i B 1IE 4544
AR F AR EIS TR IMA . F1ABT 44MRE
LY NS G/

CCDC:609318,1a;609319,1b;609320,2;609321,

H,3.82;N,4.08; 5 % ff (%):C,59.52;H,3.84;N, 3,
4.13,
®1 REWHEREEHE
Table 1 Crystallographic data for complex 1~3

Complex la 1b 2 3
Empirical formula CH;;NO,Ti CH;sNO,Ti CyH,CLOTi, CyHyCLO,Ti,
Formula weight 343.18 343.18 443.06 657.76
Temperature / K 273(2) 273(2) 273(2) 273(2)
Crystal color, shape Yellow, block Yellow, block Red, block Red, block
Crystal system Monoclinic Tetragonal Trigonal Orthorhombic
Space group P2, PA2.2 P3,21 Cmc?2,
a/ nm 0.801 1(3) 0.786 2(1) 0.774 1(1) 1.527 3(6)
b / nm 0.774 0(3) 0.786 2(1) 0.774 1(1) 1.168 1(4)
¢/ nm 1.161 6(5) 2.278 0(4) 2.711 4(5) 1.449 5(5)
B/(° 95.874(7)




RS KBS A Cp,TiL, Cp,TiCly(u-0) A Cp,Ti,Cly(u-0), F £ i

5 8 5 B R GE I 5E (Cp=n’-CsHs, =2, 6-Mk IE — #2 i ) . 1475 -
i 1

v/ (°) 120

V / nm? 716.5(5) 1 408.2(4) 1 407.0(4) 2 585.9(16)

A 2 4 3 4

D./ (g-cm™) 1.591 1.619 1.569 1.690

F(000) 352 704 678 1312

(Mo Kee) / mm™ 0.618 0.629 1.141 1.628

0 range / (°) 1.76~28.14 2.74~27.15 3.04~28.11 2.20~25.00

Index range 8<h=<10 -10=sh <9 -10<h <8 -B8=<sh<17
-10<k <9 -1T<k<9 9<k=<38 1<k <13
-3=<l=<15 -25<1=<28 35 =<l<6 -17<=sl<17

Reflections collected 4280 8 249 4047 5240

Independent reflection 2 864 1 549 1924 2 358

Data / restraints / parameters 2864 /17208 1549/0/107 1924/0/114 2358 /40 / 157

Goodness-of-fit on F 0.999 1.037 1.072 0.931

Final R, wR indices [I>20(])]
R, wR indices (all data)

0.059 7, 0.101 6
0.0829, 0.1127

Largest diff. peak and hole / (e-nm™) 0.355 and -0.274

0.041 3, 0.085 9
0.061 9, 0.092 1
0.247 and -0.236

0.050 5, 0.117 3
0.059 2, 0.120 9
0.635 and -0.329

0.040 0, 0.085 4
0.050 6, 0.087 8
0.923 and -0.461

2 HRISWIE

21 & ™

I SCHRAR B | Cp,TiL(1b) 32 B2 iy AL BE 52
MR AE % T RO A5 2 04, A Cp,TiCl, 78 =
CREFFAER 55 N SRR N, ok [R) R R 4k S 1z 3=
BT BRES T A7 500 S kg BB SRR RS
W, FATRIHE TG BT, Lh Cp,TiCl, R R
ORI, AE RGN, L N AS [R] B B
i), 755 T HA AR RS H RS Y Cp,Til(la 5%
1b),

PR R AN EM IR R AU R G A
LI AE VN R K U I 1] 9 45 B0, Sobota 45N H

FERTARAT 2R T 28 2a 10 375 700 D 45 31 20 AR
Y, i R T — B s R] A (Ab 35 ) 9 R0 S g
S B E RS 0, FERSRTTTE Y
Cp,TiCl, 5% TiCpCly [F] 4R W2 #h 50 i 2 i 45 2] 1 3L
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Fig.1

()5 Y09 1a (737454 ; (D)L S W 1b (1973 17454
(a) Ortep drawing of 1a at 30% probability; (b) Ortep drawing of 1b at 30% probability
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Table 2 Selected bond lengths (nm) and angles (°) for complexes 1a and 1b

Complex 1a

Ti(1)-0(2) 0.214 3(3) Ti(1)-0(3) 0.215 1(3) Ti(1)-N(1) 0.218 4(4)
0(2)-Ti(1)-0(3) 141.40(14) 0(2)-Ti(1)-N(1) 70.66(14) 0(3)-Ti(1)-N(1) 70.74(15)
Complex 1b
Ti(1)-0(1) 0.213 81(19) Ti(1)-O(1a) 0.213 81(19) Ti(1)-N(1) 0.217 7(3)
O(1)-Ti(1)-O(1a) 142.08(11) O(1)-Ti(1)-N(1) 71.04(5) O(1a)-Ti(1)-N(1) 71.04(5)

Symmetry transformations used to generate equivalent atoms for 1b: a: y, x, —z.

R3 EW2MINETERKINER
Table 3 Selected bond lengths (nm) and angles (°) for complexes 2 and 3

Complex 2

Ti(1)-0(1) 0.183 75(7) Ti(1)-C1(1) 0.240 76(13)
O(1)-Ti(1)-C1(1) 95.96(7) Ti(1a)-0(1)-Ti(1) 173.8(2)
Complex 3

Ti(1)-0(1) 0.179 6(4) Ti(1)-0(1a) 0.179 6(4) Ti(1)-CI(1) 0.225 8(3)

Ti(2)-0(2) 0.177 3(5) Ti(2)-0(1) 0.177 5(4) Ti(2)-Cl2) 0.225 4(2)

Ti(3)-0(2) 0.179 0(5) Ti(3)-0(2a) 0.179 0(5) Ti(3)-C1(3) 0.226 6(3)
0(1)-Ti(1)-0(1a) 105.0(3) 0(1)-Ti(1)-CI(1) 102.17(17) 0(1a)-Ti(1)-CI(1) 102.17(17)
0(2)-Ti(2)-0(1) 104.3(2) 0(2)-Ti(2)-C1(2) 101.83(18) 0(1)-Ti(2)-C1(2) 101.68(18)
0(2)-Ti(3)-0(2a) 103.5(3) 0(2)-Ti(3)-C1(3) 102.41(17) 0(2a)-Ti(3)-C1(3) 102.41(17)
Ti(2)-0(1)-Ti(1) 158.5(3) Ti(2)-0(2)-Ti(3) 164.2(3)

B2 (a)c & WA 1a it o il 3 AR ()RS 4 T 3 b il 3 B
Fig.2 (a) Packing structure of 1a along ¢ axis; (b) Packing structure of 1b along b axis
M1 A W RS 1a F11b b B ERE T B2 AR T DABCH ., BLE ) 1a 19 Ti-O A Ti-
BT 24 Cp BLAZAN, 5 14 2,6-MkBERER N #EK(Ti(1)-0(2),0.214 3(3);Ti(1)-0(3),0.215 1(3) ; Ti



K3 (@fCEY 2 B T4 (b)RCE Y 2 35 b i e AR
Fig.3  (a) Ortep drawing of 2 at 30% probability; (b) packing structure of 2 along b axis

4 (BCEY 3 10 TEH (bR 31T ¢ R IA]
Fig.4 (a) Ortep drawing of 3 at 30% probability; (b) packing structure of 3 along ¢ axis

(1)-N(1),0.218 4(4) nm) Mg K FH A4 1b 1 Ti-O Al
Ti-N # K (Ti(1)-0(1),0.213 81(19) nm;Ti(1)-0(1a),
0.213 81(19),Ti(1)-N(1),0.217 7(3) nm), i fic &4 1a
HHEE £ (O(2)-Ti(1)-0(3),141.40(14)°,0(2)-Ti(1)-N(1),
70.66(14)°;0(3)-Ti(1)-N(1), 70.74(15)°) & /1N T4 157 £
BL A9 1b P (08 £7 (0(1)-Ti(1)-0(1a), 142.08(11)°,0
(1)-Ti(1)-N(1),71.04(5)°); O(1a)-Ti(1)-N(1),71.04(5)°),
B 459 1a F1 1b m Ti-O F Ti-N B4 L SCHRI A (Ti-
0,0.2111(6),Ti-N,0.216 0(8) nm)#g K, 41 2 fif 7,
HTHA Y 1a il 1b 025 MBEAS R, S 80T X A
TG W BA AN [ 1Y e AR =

G 2 F 3 W5 45K ULIEL 3 FIEl 4, 2k
(4 £k A 4 E D F2 38 1o Bk 35 1 B K 0 AR L 3
&Y 2 000 5 F A 73T 43 L35 55 1 5 35
4y Ho Ti-Ti BEE R 0.3669 nm, fbA9 3 1,4
AR TR 4 A REF B AR 1 A\ TT R,

Ti(1)-Ti(2),Ti(2)-Ti(3),Ti(1)-Ti(3) M Ti(2)-Ti(2a) f £&
1 4351 24 0.350 8 nm,0.353 0 nm,0.483 0 nm),
0.4896 nm,
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