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[Ind-Bridge-Py]ZrCl;THF, (CN1~CN3), LAY AE K. S5 G s elifh 45 S i-& BT IEAR T, ke efi
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MERE) N RS8R, [FIBTEA 4 A T S W A D SRR, — 47 DY SRR P A S BRI, T — 4
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Synthesis of Novel Trichloride Indenyl Zirconium Complexes with
Pendant Pyridine Moiety

Zhang, Yanlu Ma, Haiyan Huang, Jiling *

(Laboratory of Organometallics Chemistry, East China University of Science and Technology, Shanghai 200237)

Abstract It is always difficult to synthesize half-sandwich trichloride cyclopentadienyl (indenyl) zirconium complexes due
to accompanying the formation of sandwich metallocene (indenyl) zirconium complexes. In this paper, a series of novel tri-
chloride indenyl zirconium complexes, [Ind-Bridge-Py]ZrCl;*THF, (CN1~CN3), bearing pendant pyridine moiety with che-
lating ring structure, were synthesized selectively by directly reacting lithium salts of substituted indenyl with ZrCl4;*2THF,
and no di-indenyl zirconium complexes were formed. Compared with conventional methods of synthesizing half-sandwich
indenyl complexes, the synthetic method of these kinds of trichloride indenyl zirconium complexes with pendant pyridine
moiety has the advantages of easy operation, single product, easy separation and high yield. The X-ray of CN2 [Bridge: C(Me,
Et)CH,] shows that zirconium is coordinated with N atom and also with one O atom from THF. Another molecule of THF in

the crystal is free and not coordinated with zirconium.

Keywords pyridine; trichloride indenyl zirconium; coordination; tetrahydrofuran
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QU BACHIIA L IRHBCAE Y Zr(NMey)s )N, 28
LRGSR S, F38 = (L) —Hs, 5 BCL &
IV A BRI B R B AL A N Eq. 2); 1= ()
—EiEE A 3 equiv.ff) Me;SiCl th n] AAS BIHUAR i) S i
BRas At KR VEIE TR el e
A HRIPAREE, (H 5K Zr(NMe,), il 76 HU R AE.

i@ + BC|3 —_— (2)
Zr

MezN/l

NMe /Zr
MeN 2 cI=™

& Cl

QMBI =T B EY S ZeCly JRNAT ] 2
AW, DT SRR, S T Ry
VEAE [ S e B 4 S R G U (Eq. 3).

SnBus
toluene
S I A
-CISnBuj o-&—c
Cl n

FRUE 2 e Uy Ak 1 Bl LU A PRI, H 4 SR M 0 e
AT HE ], 15 LR U & IR G5, IS4 %
(BB A AR Bt — R BT LAT A T Ak &4, ]
BEAT FLARS () fr ALt 100 DRI s e 1 B AR R
BATTHI SR PTLE.

TA TR 88 5 i Scheme 1 BT %4 48000
PRS2 AW, I UA R ZrClLe2THF, {HRK
AN, G R ZrClye2MeSMe, AN, e Je FHRITE
K1) ZeCly BIFAE R, 13 PR N, JRE =% A, =
(GEIN@ER i/}

SiME3

O
Scheme 1

Huang!"* 1 Luo &5 21153 53 FTA 4 55 ik e f & fic
RGN T IR L& R A T LG FUR 2
W BB IO, FRATTAERIT SO0 B 5 nL e 1) B BB 2% S
B B BN A ke mE LG e b e B 2 TR R
7 B, BEREAA S T3 R N R R S
ZrCly*2THF J )%, 0] LAHAS R RE N 5555 85 B AL
et SR A, JHE R S e T g R, T
WA BCAR AR ES & ) A2 i (Scheme 2). 0T IX S HLEf

O@ “"/u

+ 76Cl, toluene  THF Zr\\iCI

_—
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BRER AT ARIE R >, Enders 2Bl Bk ik 2 2
e AR EICARSE S Zr(NMey)y [NV, 19307~k —0
55 MesSiCl [ W43 2] T Z8ne BRI e 48 5 ), 456
YR ZEne L N R 58S R ROAL. Nie 2522 R AER T
IR 2 A ECT MNEEST N-= A SR K MR ) B
BRERAY), H BRI I Y N 5 & E e mA. A
SCPKR R E A I RC AR 5 ZrCl2THF J W B —
P I 2B Bl — 2 B 5 e e FL Rt e 5 i 3 2 TR A5 R A
PHIL A e 28 S, B i il I BENERE |- N 75
BEECA B B G ARG, SAGG IEArLE, h3k
B B L () SR e S 28 S )& O VE TR B P —
B0y B HLPs R
1 #R5itHe
1.1 EREEERITIE

BN W Scheme 2. T A{EIRLE HbrrE Y, B
JE B RN AR (KA, U 2- B SRR (R4 AR 5 AN R AR
FE PRI & I R AR PRSP RIS R N, ARG K A#, ST

JENTRE— D i A B AN, AP, 51
equiv. 1] ZrCly2THF [ A3 2] H b5 r=4).

Li Li
)
Sy VO "
N 2
= H,0 R
Et,0
1 2 2 N%
RT R g8 c—rt. |
N

LN1:R'=R?=Me
LN2: R' = Et, R? = Me
LN3: R" = R? = cyclo-(CHp)s

o

©©\ ‘ Ve n-BuLiJ
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R N O .
7\ Q Li
ZrCly-2THF C@ R’
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CN2: R' = Et, R2 = Me THF, .t R?
N/
o [ o \
e . ‘/
5 Zr—Cl
R o
N
CN3: R' = R? = cyclo-(CHy)s
Scheme 2

— IR A E S A B SRRk, 5
ZrCly2THF % N 5 B 4453 B AR LA (1) 25 6 Py sl
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BRI, A 3RA3 B e B ANE D 12 /T, RS aks:
SN AT G4 2 v 08 n (R G E S, A ST e i
FRG S H T O e RS W LR N T B
I O SR TR EIL T 16 HLF-45 R M43 LR 2 A7 1E.
I35 T el Ly e e A 22 A — 2 HO A7 BRI N
R VA S iUl (EER

IS RS AR SCA B SRS A A ) AR T Y
Wiy, 4 7E TR 5 e b 45 R BORARANBEAR, T 7E DY
S T N DBl R R AR S, AR A ) A
pr . I CN2 W AE UL N MDY S0 B2
WA, PR R E A, A 1 2T DU AR
MR RTAEEIE N Jst 7 FE AL (1 PR e 45 5 4.
1.2 #%E% CN2 BB EH

Z551) CN2 IR BR i i K 20 5 D VA PR A DY S o,
FULE 2 d JRIREH, SO S)a 5%
JR T EAL G, B AN 14 W, BTk S v o
THCAL, TR T TR, I CN2 B g &5
Ry S AN U R 23 1, — AN T SR E Rk, 5
Hh—A> T S AN AR LSS Ak Tl RS, A AA
i WK 1. CCDC (Cambridge Crystallographic Data
Centre) 54 896661.

B 1 450 CN2 (F RS
Figure 1 The crystal structure of CN2

AW CN2 RIS R 8 T IEAT Al &R, s
o P2(1)2(1)2(1), d S H, a=11.7304(7) A, b=
14.1814(8) A, ¢=16.4096(10) A, a=p=y=90°, V=
2729.8(3) A®, Zz=4.

MEEGY) CN2 1 a4l Fa b ) LI 6 S ittne 24
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BN R 50a)E Ze 2B RO, AT
—ANIAIRGE ), Ze—N oA Ko 2.458(3) A, 530k
[8, 23, 244RE ) Zr—N FCA7EE T8 2.496 A A1,
W KT Zr—N o 8 2.068 A4, Hahdhnds g Zr 504
SR BRI TREAL, Zr—O BEK R 2.373(2) A,
5 BRI B RS Y Zr—O TR K 2.350 A
PAEST. g Ze BIRIE IR B AN S
BIANEE, 3R Zr(1)—C(2), 2.455(3) A; Zr(1)—C(1),
2.487(3) A; Zr(1)—C(3), 2.645(3) A; Zr(1)— C(8),
2.688(3) A; Zr(1)—C(9), 2.591(3) A. ¥il Zr BEARVT HUAR,
FEERIRNTOH LA C(8) Bz, i C(2)fwil.

Ei I TLICH LA W 23 il ol C(2)—C(1)—C(9),
110.4(3)°; C(1)—C(2)—C(3), 107.7(3)%; C(2)—C(3)—
C(8), 107.5(3)°; C(3)—C(8)—C(9), 108.0(3)°; C(1)—
C(9—C(8), 106.1(3)°. i T 108°, Hr A HUACEEM)
COYW . BNAAL 539.7°, 3L 540°, JLTA4
TR — 10, SRS, 1713038 A AL, F— 3k
1.3 Zag%x

45 H) CN2 [H LG S5 A0 BRI iE N R 5 48 2
BCAZIF, 1% T CN1ATCN3 ki, tal LUl "H NMR
SKHWT. Enders 252 I 24 IR 1 AR A A% IS Ab 24 (0 B 7
M7 A BIE B B 2% I 7 25 S5 a Jm e, Wiiies
G LR R T S S JE A, AR A AR AR B H
PRSI B B R Bl AT T — AN MR R AR )
SERER, AR N R TP S SRR, N R TAR
e RN SR &S T 6 023, &%
Enders J5i%, ASCHR JUAN EIEIE 255 1) SO0 B C A (1)
MRAA W Scheme 3 Przn, FATHE 2] CN1, CN2,
CN3 S5 HAHMEAI N JsUFABAL R -2 RS 22 53
6 0.59, 0.53, 0.65, Z&EWHAHN A 2 ik,
WS UH TIX 3 MEEYT N i1 54 8RS
).

T CN2 g gt B P o 1 DU AR,
— A FHERECAL, S TR, TR 4
sUAIZFF. CN1 C MR 'H NMR 2R Hor Tt
T2 IS, R AES SR R AN DU S 7 A% A
], UORHAERE I P P 40 - DU S0V I 1] B S A EL A% 6. 1
CN3 (7 E M HiA 'H NMR B Ho 1T RE 601
DU, HEd A LN3 A1 CN3 f#) 'TH NMR % & 4 2
I 3.

2 JJ LN3 (&%, Ml LG, mbme 047
A Hy T2 2 NS RN, A B ARG
Y, 46 8.50, i35 6 3.3 kb 4 NEEIIR LA
FIE H,, AR 20 PR S LRI e 2R 2 8] 1) CH, A

N H,.
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B2 LN3 /1 'HNMR %5
Figure 2 The "H NMR spectrum of LN3

Kl 3 o4 CN3 A, fifkh &Esssa)n, mTe
W M=o e 4 JE, AR e o I AR )
3777 A% 5h, MLLEAR LN3, mEugEdh N R4 L
A H AL n K588 TIE 6 0.65, 1AK% 6 9.15, nme
W e B2 0Ky, sidg 7 i O
FIMERE PR 2 [0 1) CHy 53 T 2 AN Hy A Hy, 1X52
T PR E ) N R 5 4 B B, 3 2 A ]
HOE AT DUE BN A PIE S — 0 T IU SRR, AN A
ALAA A H A Hy, 239900 6 3.78, 1.83, Sl DUA
WA A E 6 3.76, 1.85 ligA7 % 7). CN3 5 CN1 Fil CN2
53 F YT DU AU I AN J501) 22 9 nT g ik e B 5 e R
Z A BHAT G, CN3 IR B K, 35 4+
DUERIR ANRE ] CNT A1 CN2 FRAIREE I i e me i,
B A0 T VUSRI LA 22 [, N7 5 1 25
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PERIE T 3 A8 AL OB S e HAT A7 B CHEf 2
Jealy = 3 — Bl 4% & Y [Ind-Bridge-Py]ZrCLy THF,, 1fi
X SN AN, SR G R TECEN R G &
JRAR L, ESREE S R AR 5, ) — B 5 7)
B, PUREGE. CN2 LRI S e U g ne
HH RN J g A DY SR P 4 s CAE, T L £ 5 —
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Figure 3 The 'H NMR spectrum of CN3

JEAE RO A IR BUR I =) ) |, SAE RS
R4 N R FRUER Schlenk HIARIEAT. HZR, IF Ot
FHEE(30~60 C). VUSRI L TESEw 771134 FH Al 22 il
FTEEH, FAEESRYT, 281, KPR SR
TR, A, & PR RY M a0
T, IS SER BT SRR A o N K
W32, AT, BIEETRY T 28RBS, oA
LN1~LN3 [\J& RS 2% 3CHR[18), fEAR, 200~300 H,
WAL THRA . ZELIRCE & “C NMR):
Bruker AVANCE-400, CDCl; 47, TMS AW br. J6%
53T (EA): EA-1106 JG 3 0 HT1X (KA Carlo-Erba /A 7]
Hili&). X-ray ARG ATHXAS: Bruker SMART 1000
CCD fiThHX.

3.2 BEY CN1HIAERK
3.2.1 B4k LN1 494

ER/SARYTF, 4F 100 mL [#JEE Schlenk AN
4.5 g 2-FAFLIIE (48 mmol) F140 mL Z Bk, 7F LEE-HA
WP AR FRAE—T8 C, 22133 I 20 mL n-BuLi (48
mmol, 2.4 mol/L). ¥ijte, KNVl SN2 5, RNV
24 h, JNEOAS RO, ARJE FHVKKIBAHIZE 0 °C,
FEH AT INE 7.5 g 6,6-— I I IE 5 M (48 mmol)ff) 20
mL SRR, SRONVIRG AR A B, RNV R AR, A
O PUIELE N, DREERE RN 24 h, RINIRAPIAETKK
WHE N RUKIK KSR, F1H CBR(Q0 mL X 2) ZEHUKHH, &
HANUAH, FICKRBRSE T, U8R & TR E,
Wi, H VCR e - (SR CER) =10 1 1 RIS
WERCAE, 19 2 HHL =) 1A Bk - 2% £ 1 545 i 19 21
WA 43 g, 77% 57%. "H NMR (400 MHz, CDCls)
o: 8.54 (d, J=4.8 Hz, 1H, Py-H), 7.84 (d, J=8.0 Hz, 1H,
Ind-H), 7.54 (d, J=7.6 Hz, 1H, Py-H), 7.39 (dd, J=
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16.4, 8.0 Hz, 2H, Ind-H), 7.30~7.23 (m, 1H, Py-H),
7.11~7.05 (m, 1H, Py-H), 6.70 (d, J=8.0 Hz, 1H, Ind-H),
6.10 (s, 1H, Ind-H), 3.33~3.29 (m, 4H, 2Ind-H, CH,),
1.42 [s, 6H, C(CH;),]; “C NMR (100 MHz, CDCl;) ¢:
159.40, 151.22, 148.47, 145.60, 143.73, 135.24, 128.29,
125.72, 124.26, 124.10, 124.06, 122.08, 120.94, 48.45,
37.55,37.13, 27.30.

3.2.2 CNI1 #94m%,

SeHE L —> 100 mL Schlenk Jf, I 0.90 g
LN1 (3.6 mmol) & 40 mL PUEIEIE, %H1%—78 C, 18
M3 1.5 mL n-BuLi (2.4 mol/L), N5 B Je i /& 7
WL, RNV, WA R, R TR
, ERNIRE DR BE R N, fE—78 C
TR RS54 1.36 g ZrCle2THF (3.6 mmol)ff) 20 mL
VYSURHR N, Ul LT T 2 =, S N TR S R £
TEMAR MR, N 48 h, fil T, 7585 Ok
AR, HIZ> AT EEGERS, I 50 mL %l beis i,
EARYT B, BREEALEE, 19 BI7E RS S I,
5, 0N 30 mL THF %A, AR EME, N
A IR M R, WL R ERE, S5
1, 1€, T, L 1.3 g 7% 61%. '"H NMR (400
MHz, CDCL3) 6: 9.12 (dd, J=5.6, 1.2 Hz, 1H, Py-H), 7.94
(d, J=8.8 Hz, 1H, Ind-H), 7.86 (td, J=7.6, 1.6 Hz, 1H,
Ind-H), 7.76 (d, J=8.8 Hz, 1H, Ind-H), 7.46~7.36 (m,
2H, Py-H, Ind-H), 7.35~7.28 (m, 2H, Py-H), 6.95~6.87
(m, 2H, Ind-H), 4.10 (d, J=14.8 Hz, 1H, CH,), 3.78 (t,
J=6.0 Hz, 8H, C4H;0), 3.28 (d, J/=14.8 Hz, 1H, CH,),
1.87~1.80 (m, 8H, C,H0), 1.62 (s, 3H, CHj), 1.23 (s,
3H, CH;); >C NMR (100 MHz, CDCl5) d: 160.91, 151.23,
139.93, 128.51, 127.79, 127.65, 127.11, 126.91, 126.75,
126.45, 125.14, 123.04, 121.23, 105.98, 68.98, 50.77,
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34.97, 30.30, 28.11, 25.35. Anal. calcd for CysH;gCIsNZre
2C4HgO: C 52.92, H 5.81, found C 52.87, H 6.03.

3.3 BEY CN2 IE K

33.1 BeAk LN2 694,

5 LN1 W& P BRARTE, 4.5 g 2-FIJENENE (48
mmol), 20 mL n-BuLi (48 mmol, 2.4 mol/L), 8.2 g 6,6-H
B OIFIFE 48 mmol), HEEIOMHIA 3.6 g
# 44%. "H NMR (400 MHz, CDCl;) J: 8.52 (d, J=4.8
Hz, 1H, Py-H), 7.83 (d, J=7.6 Hz, 1H, Ind-H), 7.54 (d,
J=7.6 Hz, 1H, Ind-H), 7.40~7.32 (m, 2H, Ind-H), 7.27
(dd, J=14.8, 8.0 Hz, 1H, Py-H), 7.11~7.02 (m, 1H,
Py-H), 6.63 (d, J=8.0 Hz, 1H, Py-H), 6.08 (s, 1H, Ind-H),
3.43 (d, J=12.8 Hz, 1H, Py-CH,), 3.39~3.22 (m, 2H,
Ind-H), 3.19 (d, J=12.8 Hz, 1H, Py-CH2), 2.24 (dq, J=
14.8, 7.2 Hz, 1H, CH,CH3), 1.71 (dq, J=14.8, 7.2 Hz, 1H,
CH,CH;), 1.28 (s, 3H, CH;), 0.78 (t, J=7.2 Hz, 3H,
CH,CHj3); *C NMR (100 MHz, CDCl;) d: 159.31, 149.15,
148.35, 145.47, 143.83, 135.12, 130.37, 125.76, 124.33,
124.06, 124.02, 121.80, 120.86, 47.89, 41.50, 37.17, 31.84,
23.34, 8.78.

3.3.2 CN2 8946

[T~ CN1 1A ik, 0.95 ¢ LN2 (3.6 mmol), 1.5
mL n-BuLi (2.4 mol/L), 1.36 g ZrCl*2THF (3.6 mmol),
WA 1.5 g, 773 70%. "H NMR (400 MHz, CDCl;) 6:
92 (d, J=5.6 Hz 1H, Py-H), 8.01 (d, J/=8.8 Hz, 1H,
Ind-H), 7.61 (d, J=8.8 Hz, 1H, Ind-H), 7.29~7.22 (m,
1H, Py-H), 7.16~7.10 (m, 1H, Py-H), 6.99 (d, J=3.6 Hz,
1H, Py-H), 6.92 (td, J=3.6, 1.2 Hz, 1H, Ind-H), 6.79 (d,
J=3.6 Hz, 1H, Ind-H), 6.60 (d, J=3.6 Hz, 1H, Ind-H),
6.45 (t, J=6.8 Hz, 1H, Ind-H), 3.97 (d, J=15.2 Hz, 1H,
Py-CH,), 3.73~3.65 (m, 8H, C4H;0), 2.59 (d, J=15.2 Hz,
1H, Py-CH,), 2.06~1.95 (m, 1H, CH,), 1.56~1.47 (m,
8H, C,H;0), 1.48~1.39 (m, 1H, CH,), 0.88 (s, 3H, CH3),
0.45 (t, J=7.6 Hz, 3H, CH,CH;); °C NMR (100 MHz,
CDCly) d: 158.59, 150.21, 140.02, 128.46, 127.85, 127.63,
127.04, 126.77, 125.93, 125.84, 125.06, 123.95, 121.23,
105.23, 68.76, 49.97, 38.47, 34.90, 25.41, 22.51, 8.62.
Anal. calcd for CoH,yCI3NZre2C4HgO: C 53.68, H 6.01;
found C 52.98, H 6.00.

34 H{EYI CN3 AR
3.4.1 FEeAR LN3 6946,

5 LN1 W& BPR—F, 45 g 2-FJEEnE (48
mmol), 20 mL n-BuLi (48 mmol, 2.4 mol/L), 9.4 g 6,6-F&
ORI (48 mmol), fHRIERH AR 3.2 g %K
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23%. '"H NMR (400 MHz, CDCl5) d: 8.45 (d, J=4.4 Hz,
1H, Py-H), 7.76 (d, J=7.6 Hz, 1H, Ind-H), 7.49 (d, J=7.2
Hz, 1H, Ind-H), 7.29 (t, J=7.6 Hz, 1H, Ind-H), 7.27~7.23
(m, 1H, Py-H), 7.23~7.18 (m, 1H, Py-H), 7.02~6.93 (m,
1H, Py-H), 6.38 (d, J=8.0 Hz, 1H, Ind-H), 6.01 (t, J=2.0
Hz, 1H, Ind-H), 3.32~3.20 (m, 4H, 2Ind-H, 2CH,),
2.15~2.05 [m, 2H, (CH,)s], 1.84~1.59 [m, 4H, (CH,)s],
1.56~1.33 [m, 4H, (CH,)s]; *C NMR (100 MHz, CDCl5)
5:159.21, 148.29, 148.22, 145.52, 144.00, 134.87, 131.18,
125.67, 124.32, 124.05, 123.96, 122.15, 120.79, 47.15,
41.89, 37.28, 35.46, 26.45, 22.27.
342 CN3 8946 m&

5 CN1 & k2 —F¢, 1.0 g LN3 (3.6 mmol), 1.5
mL #n-BuLi (2.4 mol/L), 1.36 g ZrCl4,»2THF (3.6 mmol),
BEFEOEA 1.1 g 77% 55%. '"H NMR (400 MHz,
CDCly) 6: 9.15 (d, J=5.2 Hz, 1H, Py-H), 7.94 (d, J=8.8
Hz, 1H, Ind-H), 7.86 (td, J=8.0, 1.2 Hz, 1H, Ind-H), 7.74
(d, J=8.8 Hz, 1H, Ind-H), 7.51 (d, J=8.0 Hz, 1H, Ind-H),
7.43~727 (m, 3H, Py-H), 7.03~6.87 (m, 2H, Ind-H),
3.94 (d, J=14.8 Hz, 1H, CH,), 3.80 (t, J=5.6 Hz, 4H,
C,H;50), 3.53 (d, J=14.8 Hz, 1H, CH,), 2.23~2.10 [m,
1H, (CH,)s], 2.08~1.92 [m, 1H, (CH,)s], 1.90~1.78 (m,
4H, C,H;50), 1.76~1.31 [m, 8H, (CH,)s]; *C NMR (100
MHz, CDCl;) 6: 158.70, 150.66, 139.97, 128.41, 127.89,
127.76, 126.79, 126.64, 125.65, 125.44, 122.75, 122.65,
121.33, 105.84, 69.42, 46.67, 38.40, 37.88, 34.82, 25.66,
25.30, 22.33, 21.78. Anal. calcd for C,;H,,ClsNZreC,HO:
C 53.80, H 5.42; found C 53.73, H 5.58.
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