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Tridentate PANAP Chromium Complexes: Synthesis, Character-
ization and Their Ethylene Oligomerization and Polymerization

Gao, Rongb Hou, Junxian” Sun, Wenhua*?
(“ College of Chemistry and Environmental Engineering, Yangtze University, Jingzhou 434023)
(®Key Laboratory of Engineering Plastics and Beijing National Laboratory for Molecular Science, Institute of Chemistry,

Chinese Academy of Sciences, Beijing 100190)

Liu, Qingyun“’

Abstract A series of chromium(IIl) complexes ligated by the 2-(diphenylphosphino)-N-[2-(diarylphosphino)benzyl-
idene]anilines (P"N”P) and 2-(diphenylphosphino)-N-[2-(diarylphosphino)benzyl]benzenamine (P N"P) were synthesized and
characterized by elemental and spectroscopic analyses as well as the X-ray single-crystal crystallography, revealing both
chromium complexes 1a and 2a as the six-coordinated distorted octahedral geometry. Upon activation with MAO or AIEtCl,,
these chromium complexes performed good catalytic activities for ethylene oligomerization and polymerization. Unique prop-
erties were observed for two typical chromium complexes due to the different coordinated nitrogen from imino and secondary
amino group in the ligands. The chromium complexes 1a~1e bearing 2-(diphenylphosphino)-N-[2-(diarylphosphino)benzyli-
dene]anilines preceded ethylene polymerization without observing any oligomers, meanwhile chromium complexes 2a~2e
coordinated with 2-(diphenylphosphino)-N-[2-(diarylphosphino)benzyl]benzenamines performed major ethylene trimerization

with excellent selectivity towards a-olefins.
Keywords

chromium complex; ethylene oligomerization; ethylene polymerization
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(DA BC &P 7e Db RIPE - N B R A L5558 &
HxA @Aam

Z BT AR T = 1A (PANAP, NAN~P)4& (I AL &4 T}i
MAO BT I Al e B0k . mleR it 24555 P X
B, BAHRE S A FRAI IR FR N, P, O BB (ID AL A4
£ MAO 8¢ AIEtCL 7EH MIEFPEM A 1-Cm R &
I

1 ARG
1.1 HREEYMERSBIKEHLHT

SIS s K BTG K TG A B AR, 3R H bR 1
Schlenk FA. Z AN IE Ia~Te DL AR Ila~1le
H S50 3 AT BRI 22 SCRR[1014 1 ITfs & ity
WL &S =&AL N, HIfS TR EY) 1a~1e
1 2a~2e. WEWSHEY) A RN E B Scheme 1.

Et20 [

PPh2 PPh,
la~le lla ~ lle
C'C'S(THF)SICHzCIz CrCI3(THF)3lCHZCI2
|
0 O
L /L
PhoP— Qg PhP-Crcy
(el cl
1a~1e 2a~2e

L = PPhy (a), P(2-MeCgH,), (b), P(2-MeOCgHy), (c),
P(2-i-PrCgH,); (d), OMe (e)

Scheme 1

B4 1a Al 2a 45 RWE 1, 2 B, BCEY) AR
TR\ AR LA R 2. RIEF T EAH AR S5 T8 R B A
HB LA 1T [81.08(6)°, 89.49(6)° (1a); 80.21(8)°, 91.56(8)°
(2a)]. FI B, WHE &M Cr—P B [2.4466(10) ~
2.5130(10) AJAI Cr—N ##[2.131(2) A (1a), 2.181(3)
AQa)#KAHIE, H Cr—N KA IS Cr(IDBEKE
FEl N (2.05~2.19 Ay,

12 ZHFTRIRE

KH MAO s HAWBIMHEALT], RS T B AL
H ) 1a~1e Fil 2a~2e [ LI5S KRR A PERE. W
Bl FHE Al TR T 288 B IS I 2% A LB o e A0 70 11 9 1 A I
PE. RNl O =R F, B4 GCHIGC-MSIZE,
AN 1- O R R =, 255 5R 1 k.
1.2.1 BURZME97a

B 1a~1e {EAHFIMMEAL S AT T LA SR G 0 T
Wk 1 R, BRI BRRON R H LM SR & RAT BN
. FEP1a~1dH, CMERG I TEREAE RS IR
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B A 1a i A R ]

Figure 1 Molecular structure of 1a
Thermal ellipsoids at 30% probability, hydrogen atoms and solvent have
been omitted for clarity. Selected bond lengths (A) and angles (°): Cr—
N=2.131(2), Cr—P(1)=2.4492(7), Cr—P(2)=2.4599(6), Cr—CI(1)=
2.3111(6), Cr—Cl(2)=2.2827(7), Cr—Cl(3)=2.3049(7); P(1)—Cr—
N=281.08(6), P(2)—Cr—N=89.49(6), P(1)—Cr—P(2)=170.25(2), N—
Cr—Cl1(2)=175.39(6)

B2 BCAY 2a AL

Figure 2 Molecular structure of 2a
Thermal ellipsoids at 30% probability, hydrogen atoms and solvent have
been omitted for clarity. Selected bond lengths (A) and angles (°): Cr—
N(1)=2.181(3), Cr—P(1)=2.4466(10), Cr—P(2)=2.5130(10), Cr—
CI(1)=2.3021(10), Cr—Cl(2)=2.2773(11), Cr—CI(3)=2.3156(10);
P(1)—Cr—N(1)=280.21(8), P(2)—Cr—N(1)=91.56(8), P(1)—Cr—
P(2)=171.77(4), N(1)—Cr—Cl(2)=174.28(9).
ARBEAT BEIE G T, (HECEH) 1e 7] 1d K OHG RS
WA, BCAY) 2a R 2e RIVE A LM =G,
ik MAO B AL, MAO/Cr 2 1500 I, FRILEL
S 1-CRE PR, BCA W 2e h, — AN IR T B4
JE AR, (HRCED) 2a F 2e fEMH R G440 P RS
fﬂ‘i‘HUE’JH"Ax&% A 2a~2e HEH— AP
Crlst FHCAL. 4 MAO(EIL H LA (1) AlMes)is AL RC &4
SIS, A AT REAE TLIC A BT T I B 8 5 A . B
VFIXHU R RIS ik PRI A O =B R 1-
CUs 1 S A T2,
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1 LAY 1a~1e Fl 2a~2e 1L LG FHF R/ O LR
Table 1 Ethylene oligomerization/polymerization with complexes 1a~1e and 2a~2e
Entry Complex Cocatalyst ~Al/Cr  T/C  Activity/(10* gemol 'sh™') PE/wt% Hexene/wt%  1-C6/wt%
1 la MAO 1000 40 0.50 100 — —
2 1b MAO 1000 40 0.54 100 — —
3 1c MAO 1000 40 0.59 100 — —
4 1d MAO 1000 40 3.28 100 — —
5 1d AlEt; 500 40 0 — — —
6 1d EtAICI 200 40 0.96 100 — —
7 1d EtAICI, 500 40 4.79 100 — —
8 1d EtAICI, 1000 40 10.2 100 — —
9 1d EtAICI, 1500 40 8.24 100 — —
10 1d EtAICI, 2000 40 7.60 100 — —
11° 1d EtAICI, 1000 40 20.7 100 — —
12 le MAO 1000 40 3.16 100 — —
13 le EtAICI, 1000 40 6.17 100 — —
14 2a MAO 500 40 4.15 0.7 99.3 99
15 2a MAO 1000 40 7.24 0.6 99.4 98
16 2a MAO 1500 40 11.9 0.5 99.5 98
17 2a MAO 2000 40 10.4 0.3 99.7 98
18 2a MAO 1500 0 3.12 0.6 99.4 99
19 2a MAO 1500 60 4.10 0.5 99.5 98
20" 2a MAO 1500 40 41.5 13.0 87.0 99
21 2a EtAICI, 1000 40 3.32 11.3 88.7 99
22¢ 2a MMAO 1000 40 11.9 0.4 48.2 97
23 2b MAO 1500 40 0.59 1.2 98.8 98
24 2¢ MAO 1500 40 0.64 2.1 97.9 98
254 2d MAO 1500 40 1.47 0.9 1.2 99
26° 2e MAO 1500 40 2.67 0.4 86.7 96
27 2e EtAICI, 1000 40 3.44 0.5 98.1 97

“ General conditions: 5 pmol Cr, 30 mL toluene, 0.5 h, 101 kPa ethylene; 1.01 MPa ethylene (Entries 11, 20); ¢ formation of 51.4 wt% butylenes; “ formation of 97.9

wt% butylenes; ¢ formation of 12.9 wt% butylenes;/ formation of 1.4 wt% butylenes.

122 RE&EFMH6FA

CARC A4 1d F1 2a A1, VEAIREST T BhE0 70
TN JEE R LA 2035 55 SR R RE I 2. % AL/Cr
JEEJR EE A 200~2000 i, 24 Al/Cr EEy 1000 (1d)/1500
() FHIL & CHTEE. 40 CIF, 2a RIVE =10 20
FEEME, UTERIE R 60 T, H MR
i R BE(ER 1, Entry 19). 1X 0] g BT BEAE &V il T+
o, HEARTRITEYE RO i, LA AE S N TR P IR
NEEFTEL THE RN A 1.01 MPa, L&Y 1d A 2a
(1 LI SR AR IR 1 JoR, THEm RNV R G
(1) SIFAEATE T BT =, BT = RS R
LIRHFEIRM) a- Wl P A P mi(3R 1, Entry 20).

2 Zi

BT A R 2-( 2RI ) -N-[2-( = 5 L ) %
HEPIR I (PANAPY R 2-( 2R RE ) -N-[2-( — 07 KL ) 3
AIEPANAPYE (DAL &4, I LA FTT 2 73 Hr i e
MG HEAT T PEN bR AE. H MAO B AIEtCI, 75 Bh
A7), IXLCEETC G AR I R A M, e T
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b S WIS R 1la~1e WATOIHES,
AR & LA S I A YA R 1a~1e T4
MR, B3RS 1-24 £, 24 MAO/Cr 24 1500 i, Fic
G 2a 10 LIGACIETE AT IE 4.15X 10° gemol '(Cr)sh .
IER S BTt pviee = 26 | S o S/ e[ R NIV E Ve S
LTS IR IR A IE AT WY Sl ¥ 52 0.

3 SCISERS

31 E5IRA

2148614 Perkin Elmer FI-IR 2000 21 #6143
(4000~400 cm ™ "), ZFHERA 4 em !, FIHE 2 W BEREE
PR1X: Bruker BMX 300 MHz, 2 %W #3710 ('H,
BC), 8i# HsPOLC'P); JGEAHT{X: HP-MOD 1106 %
DAL, SAHIEAL: Carlo Erba Strumentazione, 2F
PR 2, BAEHGEK: 30 m; EH R 0.25 mm); X 5
2 B SR RTEM: Rigaku RAXIS Rapid IP fi75H%. FAEEED
AHEMAO)IY T Albemarle 23 7], #JE N 1.4 mol/L HI
W AIEtCL, W4T Fluka A+, WRIEN 1.0 mol/L 112
VR
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32 &M
3.2.1 4Feoth la~1le 896
2-PPh,[C¢H4N=CH(0-MeOC¢H,4] (Ie): 2-FI 4 F %
HIE(1.36 g, 0.01 mol)Fl 2- ~FIEREANLZ(2.77 g, 0.01
mol) A/ H R FHORT R AR (AL A7, VORGP T 7 50
mL SRR 6 h, fH 28R iR, s i AAom ik
ER AT HZ S . A MBS R - V=
10 - 1)bkoE, WSSt B gy, B 250 A4S 20 i 4k
(3.20 g), P7H A 81%. m.p. 132.0~132.5 ‘C; 'H NMR
(CDCly) 6: 3.81 (s, 3H, CHs), 6.79~6.94 (m, 3H, PhH),
7.06~7.13 (m, 2H, PhH), 7.29~7.39 (m, 12H, PhH), 7.89
(d, J=7.7 Hz, PhH), 8.65 (s, 1H, CH=N); *C NMR
(CDCly) 6: 55.5, 110.9, 117.5, 120.8, 124.7, 125.7, 128.0,
128.2, 128.3, 128.4, 128.5, 128.6, 128.9, 129.8, 132.6,
132.8, 133.7, 133.8, 134.1, 134.3, 137.1, 137.2, 154.8,
154.9, 155.7, 159.3; *'P NMR (CDCl;) d: —12.6 (s).
FT-IR (KBr) v: 1615 (veu—n), 1598, 1562, 1489, 1460,
1432, 1361, 1288, 1252, 1186, 1159, 1090, 1067, 1045,
1022 cm™ ', Anal. caled for CogH,,NOP: C 78.97, H 5.61,
N 3.54; found C 78.97, H 5.85, N 3.75.

Be &0 1a~1e AR R ikl &, J5ikan i fiifkIa
(0.3297 g, 0.60 mmol)Fl CrCly(THF); (0.2248 g, 0.60
mmol) I A 5 FEE 20 mL, LB 6 h, K SV
WAR, M CBEFS BhUTvE, v m = 2 A e 5 4.
PFraEA Y 7 onR S KA EE . A
la MR, 7754 85.4%. m.p. 196 C; FT-IR (KBr)
v: 1597, 1467, 1435, 1311, 1266, 1220, 1182, 1163, 1108,
1068, 1027 cm™'. Anal. caled for CyHyClCrNP,: C
62.77, H 4.13, N 1.98; found C 62.64, H 4.07, N 1.86.

BCEH0 1b A KGR AR, 7224 93.2%. m.p. 194
‘C; FT-IR (KBr) v: 1598, 1467, 1439, 1380, 1317, 1268,
1163, 1132, 1110, 1066, 1043 cm '. Anal. caled for
C30H33C1,CiNPy: C 63.64, H 4.52, N 1.90; found C 63.57,
H4.67,N 1.78.

L&Y 1e HKEEEH R, 7oA 89.4%. m.p. 184
“C; FT-IR (KBr) v: 1598, 1468, 1433, 1317, 1273, 1242,
1164, 1132, 1069, 1042, 1018 c¢cm '. Anal. caled for
C3H33CLCINO,P,: C 60.99, H 4.33, N 1.82; found C
60.72, H 4.43, N 1.78.

BCEH) 1d A KERERR, 7254 88.1%. mp. 175
‘C; FT-IR (KBr) v: 1597, 1547, 1469, 1437, 1384, 1362,
1266, 1188, 1163, 1109, 1066, 1029 cm ™. Anal. calcd for
C43H4 CI,CiNPy: C 65.20, H 5.22, N 1.77; found C 64.92,
H 5.27, N 1.90.

BLEY) 1e AL MR, F=%4 92.1%. m.p. 180 C;
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FT-IR (KBr) v: 1649, 1599, 1540, 1468, 1438, 1319, 1291,
1245, 1162, 1136, 1111, 1066, 1018 cm™'. Anal. calcd for
C,6H2,CLCINOP: C 56.39, H 4.00, N 2.53; found C 56.54,
H4.13, N 2.38.
322 4G4 2a—2e 495K,

lic /& Tla~Tle LLAH[H J5 vkl 4%, JrvkanF:
2-PPh,[C¢H,N(H)CH,C¢H,]2-PPh, (ITa)#f LiAlH, (0.11 g,
3 mmol) & T 4k(S mL)H, g IMABE Ta (041 g,
0.75 mmol)[1) ZE#(10 mL)¥AW, Eiddis: 4 h, BFEE 0
C I AR R(20%, 5 mL)FIZEME/K(5 mL). HHMHZ
ZEBIK(S mL)YE 3 WK, KL S (10 mL)AEHL 3 7K.
HIFAHUH, £JEK NapSO, T8, Yk Hs 28 1R Bk 2 v 7).
JIT A [ A4 T 3o e e AT A 2 B o B A vl ek 2R
LBV L V=10 @ Dbkdk, WSS A A mA, 15560
140.40 g, 773N 96%. m.p. 184.0~184.5 C; 'H NMR
(CDCLy) 0: 4.48 (s, 2H, CH,), 5.27 (s, 1H, NH), 6.35 (t,
J=6.6 Hz, 1H, PhH), 6.58 (t, J=7.4 Hz, 1H, PhH), 6.74~
6.84 (m, 2H, PhH), 7.07~7.16 (m, 4H, PhH), 7.27~7.35
(m, 20H, PhH); *C NMR (CDCl;) o: 45.6, 46.0, 110.5,
110.6, 117.1, 117.2, 118.7, 118.8, 126.4, 126.9, 128.4,
128.5, 128.6, 128.7, 128.8, 128.9, 130.5, 132.8, 133.5,
133.8, 134.1, 134.2, 134.7, 1349, 135.3, 135.4, 135.7,
135.8, 142.6, 142.8, 150.2, 150.4; *'P NMR (CDCl;) §: —
25.9 (s), —20.1 (s); FT-IR (KBr) v: 3363 (vn—p), 1584,
1570, 1500, 1477, 1446, 1433, 1355, 1315, 1286, 1259,
1180, 1163, 1142, 1092, 1068, 1041, 1025 cm '. Anal.
calcd for Cs;H3NP,*H,O: C 78.00, H 5.84, N 2.46; found
C 78.00, H 5.86, N 2.62.

2-PPh,[CsH,N(H)CH,CeH,J2-P(2-MeCgHy),  (IIb):
m.p. 61.0~61.5 C; 'H NMR (CDCl;) d: 2.40 (s, 6H,
CHs3), 4.48 (s, 2H, CH,), 5.30 (s, 1H, NH), 6.40 (t, J=6.6
Hz, 1H, PhH), 6.57 (t, J=7.3 Hz, 1H, PhH), 6.72~6.78
(m, 4H, PhH), 7.06~7.10 (m, 4H, PhH), 7.17~7.34 (m,
16H, PhH); >C NMR (CDCl;) §: 21.2, 21.4, 45.6, 45.9,
110.7, 117.2, 118.8, 118.9, 126.3, 126.5, 126.6, 127.2,
128.6, 128.8, 128.9, 129.1, 130.2, 130.3, 130.6, 133.2,
133.4, 133.7, 133.9, 134.0, 134.1, 134.3, 135.5, 135.6,
142.7, 142.9, 1432, 143.5, 1504, 150.6; *'P NMR
(CDCLy) 0: —36.4 (s), —25.7 (s); FT-IR (KBr) v: 3387
(vn—n), 1585, 1570, 1500, 1471, 1447, 1379, 1355, 1315,
1259, 1202, 1163, 1127, 1091, 1067, 1040, 1027 cm .
Anal. caled for C3H3sNP,-H,0: C 78.37, H 6.24, N 2.34,
found C 78.11, H 6.25, N 2.32.

2-PPh,[C¢H,N(H)CH,CeH,J2-P(2-MeOC¢Hy),  (Ilc):
m.p. 165.0~165.5 ‘C; '"H NMR (CDCls) d: 3.77 (s, 6H,
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CH;0), 4.61 (s, 2H, CH,), 5.29 (s, 1H, NH), 6.43 (t, J=6.6
Hz, 1H, PhH), 6.58 (t, J=7.3 Hz, 1H, PhH), 6.69~6.78
(m, 3H, PhH), 6.84~6.93 (m, 5H, PhH), 7.10~7.30 (m,
16H, PhH); *C NMR (CDCl;) 6: 45.3, 45.7, 55.6, 110.1,
110.8, 116.9, 118.5, 118.6, 120.9, 123.7, 123.8, 125.8,
125.9, 126.6, 128.4, 128.5, 128.6, 128.8, 130.2, 130.4,
133.1, 133.5, 133.6, 133.8, 133.9, 134.0, 134.1, 134.4,
134.6, 135.4, 135.5, 143.0, 143.2, 150.2, 150.5, 161.3,
161.5; *'P NMR (CDCl;) 9: —43.5 (s), —25.5 (s); FT-IR
(KBr) v: 3376 (vn—p), 1584, 1569, 1500, 1462, 1430, 1354,
1319, 1270, 1241, 1164, 1129, 1091, 1070, 1041, 1023
cm ! Anal. caled for CiH3sNO,P,0.5H,0: C 75.47, H
5.85, N 2.26; found C 75.46, H 5.85, N 2.42.

2-PPh,[CoH,N(H)CH,CgH,2-P(2-i-PrCHy),  (11d):
m.p. 67.0~67.5 ‘C; '"H NMR (CDCly) é: 1.23 (d, J=6.5
Hz, 12H, CHj), 3.73~3.82 (m, 2H, CH), 4.54 (s, 2H,
CH,), 5.37 (s, 1H, NH), 6.43 (t, J=6.6 Hz, 1H, PhH), 6.64
(t, J=7.4 Hz, 1H, PhH), 6.81~6.88 (m, 4H, PhH), 7.11~
7.25 (m, 6H, PhH), 7.39~7.45 (m, 14H, PhH); *C NMR
(CDCls) 8: 23.9, 24.1, 31.3, 31.6, 45.5, 45.8, 110.8, 117.2,
118.9, 119.0, 125.5, 125.6, 126.2, 126.3, 126.9, 128.6,
128.7, 128.9, 129.4, 130.6, 133.4, 133.5, 133.6, 133.8,
133.9, 134.0, 134.3, 135.1, 135.2, 135.5, 135.6, 142.7,
142.9, 150.4, 150.6, 153.4, 153.7; *'P NMR (CDCl3) 6: —
41.4 (s), —25.7 (s); FT-IR (KBr) v: 3386 (vy—y), 1586,
1568, 1501, 1470, 1435, 1383, 1360, 1316, 1260, 1206,
1163, 1116, 1093, 1054, 1028 cm ™', Anal. caled for
C43H4NP,e H,O: C 79.00, H 6.94, N 2.14; found C 79.22,
H 6.80, N 2.31.

2-PPh,[CcH,N(H)CHy(0-MeOCeHy]  (ITe): m.p.
96.0~97.5 ‘C; '"H NMR (CDCl;) 6: 3.91 (s, 3H, CHj),
4.65 (s, 2H, CH,), 5.60 (s, 1H, NH), 6.87 (t, J=5.2 Hz,
1H, PhH), 6.94~6.97 (m, 1H, PhH), 7.02 (d, J=8.0 Hz,
1H, PhH), 7.09 (t, J=7.5 Hz, 1H, PhH), 7.14 (t, J=6.6
Hz, 1H, PhH), 7.37~7.47 (m, 3H, PhH), 7.56~7.64 (m,
10H, PhH); *C NMR (CDCl;) d: 43.4, 55.3, 110.3, 111.0,
117.5, 119.2, 119.3, 120.6, 127.3, 128.3, 128.5, 128.8,
128.9, 129.0, 131.0, 133.9, 134.1, 134.8, 136.0, 136.1,
151.3, 151.4, 157.5; *'P NMR (CDCl;) 6: 26.5 (s); FT-IR
(KBr) v: 3368 (vn_p1), 1586, 1570, 1500, 1489, 1452, 1433,
1366, 1304, 1278, 1240, 1157, 1134, 1111, 1091, 1073,
1042, 1026 cm ™ '. Anal. calcd for CogH,yNOP: C 78.57, H
6.09, N 3.52; found C 78.41, H 6.07, N 3.47.

CrCl3{2-PPh,[CeH,N(H)CH,C¢H,]2-PPh,}  (2a): it
G W) 2a~2e (G BITE RIS Y) 1a~1e PE R, H

812 http://sioc-journal.cn/
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SEF T AN RCAR. AV 2a REENR, RN
88.7%. m.p. 240 C; FT-IR (KBr) v: 3197 (vy_y), 1648,
1585, 1479, 1435, 1409, 1313, 1274, 1226, 1185, 1164,
1138, 1095, 1071, 1028 cm ‘. Anal. caled for C;;,HzsCls-
CrNP,*CH,Cl,: C 57.27, H 4.43, N 1.76; found C 57.49, H
4.47,N 1.85.

CrCl;{2-PPh,[CeH,N(H)CH,CH,]2-P(2-MeCeH,), }
(2b): SGEOK AR, FF A 89.5%. mp. 274 C; FT-IR
(KBr) v: 3195 (vyn), 1648, 1584, 1473, 1437, 1411, 1348,
1274, 1225, 1200, 1163, 1136, 1070, 1050, 1027 cm .
Anal. caled for C39H;3,CI;CrNP,*CH,Cl,: C 58.24, H 4.77,
N 1.70; found C 58.11, H 4.64, N 1.73.

CrCly {2-PPh,y[CsH,N(H)CH,CeH42-P(2-MeOCeHy), }
(2c): SEOK R, F2FEN 91.5%. mp. 268 C; FT-IR
(KBr) v: 3195 (vy—1), 1649, 1581, 1475, 1433, 1273, 1253,
1201, 1178, 1163, 1136, 1073, 1027 cm " '. Anal. calced for
C30H3,C13CrNO,P,*CH,ClL: C 56.06, H 4.59, N 1.63;
found C 56.22, H 4.56, N 1.71.

CrCl3{2-PPh,[CeH,N(H)CH,CH,]2-P(2-i-PrCgHy), }
d): GO K, FFRN 87.9%. mp. 214 C; FT-IR
(KBr) v: 3189 (vy—1), 1648, 1583, 1472, 1437, 1387, 1349,
1308, 1275, 1204, 1186, 1164, 1137, 1116, 1096, 1069,
1051, 1026 cm . Anal. caled for C4HysCL,CiNP,: C
64.87, H 5.70, N 1.76; found C 64.77, H 5.74, N 1.69.

CrCl3{2-PPh,[CeH,N(H)CH,(0-OMe-C¢Hy)]}  (2e):
WORAR, P“FN 97.9%. mp. 200 C; FT-IR (KBr) v:
3160 (vn-—p), 1651, 1611, 1587, 1482, 1460, 1437, 1404,
1330, 1270, 1234, 1188, 1157, 1140, 1121, 1092, 1066,
1048, 1028 cm . Anal. caled for C,6H4CL;.CrNOP+
CH,Cl: C 50.61, H 4.09, N 2.19; found C 49.95, H 4.17,
N 2.10.

33 HEREMEFSMIRAZ

AT X R AATH AL S 1a £ 2a, TLHL
AR 0 R KA R e R e
—ZTK LT, ik SR I SRR R YR B
) 1a F1 2a IFTSERE A Rigaku RAXIS Rapid TP £7 4t
AR, 293(2) KRS, HA R s bty Mo
Ka (2=0.71073 A) #ist, RA w-20 F477 XBEERTSH
B, AREUR T AR R ] VL (SHELX-97 F2J7)fi#
ST BRSSO G E R RRS
BSHWE 2 Fin. RERSYES Sl Ry N T 455
WA, el AR B BRI SR AR U 11, % A R 75 SR 2L
PEPELE 5 9 CCDC 929927 (1)1 929928 (2a).
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R2 A 1a 1 2a AL B 5B IES 8
Table 2 Crystallographic data of complexes 1a and 2a

Compd. 1a*Et,0 2a<Et,0
Formula C41H39C1;CrNOP,  C4;H4C1;CrNOP,
M, 782.02 784.04

Cryst syst. Monoclinic Monoclinic
Space group P2(1)/c P2(1)/c

alA 13.0370(3) 13.150(2)
b/A 12.1503(3) 12.301(2)
c/A 24.3872(5) 23.957(4)
al(®) 90.00 90.00

£/(®) 92.3900(10) 91.749(3)
y/(°) 90.00 90.00

VIA® 3859.66(15) 3873.2(12)
VA 4 4
D¢/(gecm™?) 1.346 1.345

Abs coeff. u/mm~"  0.620 0.618
F(000) 1620 1628

AA 0.71073 0.71073

6 range/(°) 2.80 to 28.30 1.55 10 26.39
No. of data collected 9587 7900

No. of unique data 6509 4400

R 0.0431 0.0478

R, 0.1114 0.1002
Goodness of fit 1.082 0.968

34 BEFHE
341 wEEAS

¥ 5 pmol HEALFI{ERE RS FIIA Schlenk )V
ORI RAES 3 IR, LB 2 W ARUTEN 30
mL [ FF2RRT— 52 S 16 AR U (MAO)/ELAICT,. 7
PE RIS, 545 101 kPa 2/, RV 30 min
Jii, F 60 mL 10% (w/w)[FF iR 28 1 W, B 1 mL 47
HUAHBEAT A 1% (GO 7 B, ) 42 [PV 5 N
10% (wiw) ISR IR - LB, Rl 75 A SR A A R
342 f£1.01 MPa T LM F R b7k

7E 1.01 MPa | [ 5% ZHE7E 250 mL FIAEEEN He
TR AT, N SE2AT HLAI 188 FidasiE A, JFAC
At AN, RE 1 T I W 2 1R I J N S8 S Ab 78 LM,
T PR IE 52 SN R 7. A A U N AR N R
JIT 5 ) B AL FURITC & 40 1 R R, AT I N R
(FLEAARUN 100 mL, IAR B8 LS, 78 1.01 MPa
() 2085 TF U6 SN . T8 BB I TR I, 452 1l 067K,
SN B H G RERUR 7. RN 28 1k F s N I e i T
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