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Syntheses of Bulkily Substituted Zirconocene Dichloride Complexes
and Study on Their Intramolecular Elimination Reaction

XU, Sheng HUANG, Ji-Ling"
(Institute of Applied Chemistry, East China University of Science and Technology, Shanghai 200237)

Abstract The bulkily substituted zirconocene dichloride complexes of the type RCpCp°ZrCl, [Cp°=
2-MeOArCR'R?Cp, R!, R®=CHs; C,Hs, (CH,)s, etc] have been synthesized by the reaction of
6,6-dialkylfulvene with 2-MeOArLi followed by treatment with RCpZrClz»DME (R=H, Me, i-Pr), and all
the complexes were characterised by *H NMR, IR, MS and elemental analysis. A new type of intramolecular
elimination reaction was found and anisole was eliminated from the complexes with formation of al-

kenyl-substituted zirconocene.
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1.2 188

'H NMR: BRUKER-200, BRUKER-500, GRMIN-
300 M ¥ 54X (34 # VARIAN A 1), CDCls 7], TMS
YENF5. IR: NICOLET MAGNA-IR550 (2 [# NICOLET
Aw]). MS: HP5980A Jii{X El 70 eV (& [H B 23 #]).
EA: EA-1106 JC 3 73 A A (R R R R Rk EL 24 v]). GC:
Shimadazu GC-14B 4 AH (4 3% A% (H A By 24 7).

1.3 &% RCpCp°ZrCl, (Cp°=2-MeOArCR'R*Cp)
1~3 &R

SER T 6,6-— WL E A 6,6- I 3L 40,
RCpZrClyDME®, Cp°Li (Cp°=2-MeOArCR'R*Cp)Hi#i
SCHRA R,

Bt &4 MeCp[2-MeOArC(Me),Cp] ZrCl, ()4 1
MeCpZrClz*DME 1.30 g (3.54 mmol), %1 20 mL THF,
VKAGHA N, B4k, W 2-MeOArC(CH5),.CpLi 8.5 mL
(4.12 mol/L, 3.50 mmol), =&V 10 h, Uk FER L%
F, B4 FE AR IE ke 2 mLX2 Pe¥k, H CH.Clyn-
hexane FEZffh, IR O M 0.88 g, /%N 55%.
m.p. 142~143 “C.*H NMR (200 MHz, CDCl5) §: 1.81 (s,
6H, 2CH3), 2.28 (s, 3H, Cp-CHs), 3.58 (s, 3H, ArOCHj),
6.11 (t, J=2.7 Hz, 2H, CpH), 6.21~6.24 (m, 4H, CpH),
6.47 (t, J=2.7 Hz, 2H, CpH), 6.82 (t, J=6.8 Hz, 1H,
ArH), 6.89 (t, J=6.8 Hz, 1H, ArH), 7.18~7.26 (m, 2H,
ArH); IR (KBr) v: 3107 (w), 2932 (m), 2834 (w), 1595
(w), 1577 (w), 1489 (s), 1451 (s), 1435 (s), 1361 (m), 1291
(w), 1236 (s), 1177 (w), 1148 (w), 1078 (m), 1051 (m),
1017 (m), 840 (s), 815 (), 764 (s), 676(w) cm *; MS (70

eV) Mz (%): 417 ((M—CI] ", 100), 372 ([M —MeCpH] ",
57), 77 (Ar", 19). Andl. calcd for CxH24Cl,OZr: C 55.49,
H 5.32; found C 55.11, H 5.24.

BiA% Cp[2-MeOArC(CH,)sCp] ZrCl, (2)14 ik
CpZrCl»DME 1.68 g (4.8 mmol), # T 20 mL THF, K
KBEAH, BidE, W 2-MeOArC(CH)sCpLi 8.0 mL
(0.62 mol/L, 4.9 mmol), =i %M 10 h, K FERE%
I, A E AR IE Cbe 2 mL X 2 ¥, ] CHoClo/n-hex-
ane 454, 3230 EEWEREE 098 g FmEN
48%, m.p. 162~164 “C.'H NMR (200 MHz, CDCl3) ¢:
1.34 [br, 3H, (CH,)s], 1.60 [br, 3H, (CH,)s], 1.87 [br, 2H,
(CH.)s], 3.03 [br, 2H(CH,)s], 3.75 (s, 3H, ArOCHz), 6.20
(t, 3=3.0 Hz, 7H, CpH), 6.50 (t, J=3.0 Hz, 2H, CpH),
6.90~7.00 (m, 2H, ArH), 7.23~7.29 (m, 1H, ArH),
7.41~7.47 (m, 1H, ArH); IR (KBr) v: 107 (w), 2938 (),
2852 (m), 1596 (w), 1490 (m), 1467 (m), 1451 (m), 1293
(w), 1241 (s), 1181 (m), 1144 (w), 1100 (m), 1019 (s), 839
(m), 813 (s), 754 (M), 738 (W), 671 (W), 653 (m) cm *; MS
(70 eV) mVz (%): 446 ([M —CH3O—H]", 46), 442 ((M—
Cl—H]", 100). Anal. calcd for CyH,6Cl,OZr: C 57.48, H
5.45, found C 57.55, H 5.35.

fid &%) MeCp[2-MeOArC(CH,)sCp] ZrCl, (3)[14
J%: MeCpZrClzDME 2.075 g (5.66 mmol), % 7T 20 mL
THF, JKZKEA D, Hidk, W 2-MeOArC(CH,)sCpLi
5.0 mL (1.122 mol/L, 5.6 mmol), =EiE W 12 h, 1F ki
2mL X 2 Pk, H CH,Clyn-hexane 45 4, 155015
WERIR A 1.20 g, 7% 44%, m.p. 160~161 C. 'H
NMR (200 MHz, CDCls) 6: 1.32 [br, 3H, (CH,)s], 1.60 [br,
3H, (CHy,)s], 1.88 [br, 2H, (CH.)s], 2.23 (s, 3H, CpCH.),
3.03 [br, 2H, (CH.)s], 3.73 (s, 3H, ArOCHs), 5.92~5.96
(m, 4H, CpH), 6.18~6.22 (m, 2H, CpH), 6.48 (t, J=2.5
Hz, 2H, CpH), 6.89~7.03 (m, 2H, ArH), 7.26 (m, 1H,
ArH), 7.40~7.46 (m, 1H, ArH); IR (KBr) v: 3112 (w),
2924 (s), 2856 (m), 1594 (w), 1494 (m), 1451 (m), 1433
(m), 1244 (s), 1180 (w), 1095 (m), 1041 (m), 1021 (s), 912
(w), 884 (w), 855 (s), 828 (s), 806 (s), 760 (s), 658 (W)
cm Y MS (70 eV) miz (%): 461 ((M—OCH;] ", 5), 457
(IM—Cl]", 13), 442 [M—Me—Cl]", 64), 415 (M —
MeCp] ™, 100), 413 ([M—MeCp—2H]", 99), 363 ([M—
MeCp—Me—ClI]", 92). Anal. calcd for C,H,sClL,OZr: C
58.28, H 5.71; found C 58.14, H 5.70.

1.4 EPF&7F=% RCpCp ZrCl, (Cp =vinylCp) 4~8 Hj
A

M4 i-PrCp(H,C=C(Me))CpZrCl, (4): 3.70 g

(9.5 mmol) i-PrCpZrClDME T 20 mL THF 1, KK
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WAL, BEEE, 18025 20 mL (0.5 mol/L, 10 mmol)f]
2-MeOArC(CHy),CpLi Bl A Ehi vk, %WV 5 h, Jik
FRZEM, AR, A i R s v b oA R
Tk . D] A A ol R e, A3 B09R B8 B K, CHClo/n-
hexane 4% i, 15 1.80 g WURLR TG (A 1A, 7= 429%,
180 ‘C/Hi#. '"H NMR (500 MHz, CDCl3) 6: 1.33 (d, J=
2.0 Hz, 6H, 2X CHj), 2.04 (t, J=1.6 Hz, 3H, CH5), 3.06~
3.20 (m, J=7.0 Hz, 1H, CH), 5.16 (s, 1H, C=CH,), 5.38
(s, 1H, C=CH,), 6.31 (t, J=2.8 Hz, 2H, CpH), 6.37 (t, J
=2.8 Hz, 2H, CpH), 6.51 (t, J=2.8 Hz, 2H, CpH), 6.53 (t,
J=2.8 Hz, 2H, CpH); IR (KBr) v: 3427 (m), 3110 (9),
2966 (s), 2917 (), 1627 (s), 1484 (m), 1453 (s), 1411 (m),
1387 (s), 1304 (m), 1159 (w), 1054 (s), 944 (w), 883 (),
854 (s), 835 (9), 732 (W), 679 (w), 621 (W) cm ™ *; MS (70
eV) m/z (%): 372 (M*, 15), 336 (M—H—CI]", 78), 267
([i-PrCPMCI;] ¥, 100), 229 ([ »—CpMCl]", 63). And.
calcd for CigHoCloZr: C 51.32, H 5.38; found C 51.08, H
5.21.

W ER =4 i-PrCp(cyclohexenyl)CpZrCl, (5): 3.70 g
(9.5 mmol) i-PrCpZrClz»DME ¥+ 20 mL THF 1, #K/K
WAHL, BEFE, 12925 0 20 mL (0.5 mol/L, 10 mmol)§)
2-MeOArC(CH,)sCpLi FCARRE Eh, J WAk R AL,
FWLI MY 10 h, JORZET, JRCEREE R, AU A
ZR RS A AR, [ERH 5 mL IE SRR IR,
BT ER AR, F CH,Cl/n-hexane B 45, 755 1.25 g
WORLIR T (0 A, 723 42%, mp. 112~114 C. *H
NMR (200 MHz, CDCl5) d: 1.21 (dd, J;=2.3 Hz, J,=4.6
Hz, 6H, CHg), 1.62~1.78 [m, 4H, (CH,)4], 2.26 [br, 4H,
(CHy)4], 312 (g, 1H, CH), 6.21~6.45 (m, 9H, CpH, CpC
=CH); IR (KBr) v: 3110 (w), 2962 (m), 2928 (m), 2869
(w), 1630 (w), 1486 (w), 1455 (w), 1435 (w) 1417 (m),
1389 (w), 1316 (W), 1262 (s), 1088 (s), 1048 (s), 926 (W),
855 (s), 837 (s), 801 (s), 677 (W), 648 (W) cm *; MS (70
eV) m'z (%): 412 (M, 16), 376 ((M—H—CI] ", 100), 340
(IM—2H—2Cl]", 32), 305 ([M —i-PrCp] ", 62), 269
(IM—i-PrCp—H—CI]", 55), 267 (i-PrCpzrCl;, 59).
Anal. calcd for CigHxCloZr: C 55.05, H 5.84; found C
54.67, H 5.76.

W9 i-PrCp(H.C = C(Et))CpZrCl, (6), i-PrCp-
(CHsCH = C(Me))CpzrCl, (7): 1.03 g (2.60 mmoal)
i-PrCpZrClgDME ¥+ 20 mL THF, 1818 A 5.0 mL
(0.51 mol/L, 2.55 mmol)f¥] 2-OArC(CHz)(CH3;CH,)CpLi
PRV, OV 8 h, k2RI, IR, A
ol REZR Y s R Eb N RN [ N TR NS P S TS 9 S
CH,Clo/n-hexane 45, 135 450 mg ¥ 3k (4 b ik, 7

g 45%, 120 ‘C/Hi#. '"H NMR (CDCl5) 6: 6 1.16~1.21
(m, 6.3H, CH3), 2.35~2.46 (m, 1.4H, CH,), 3.17 (g, J=
7.0 Hz, 0.7H, CH), 5.16 (s, 0.7H, C=CH,), 5.45 (s, 0.7H,
C=CH,), 6.19~6.23 (m, 2.8H, CpH), 6.36 (t, J=2.8 Hz,
1.4H, CpH), 6.55 (t, J=3.0 Hz, 1.4H, CpH); 7: 6 1.16~
1.21 (m, 2.0H, CH3), 1.84 (d, J=3.0 Hz, 1H, C=CCH,),
1.93 [s, 1H, CpC(CH3)=C], 3.17 (g, J=7.0 Hz, 0.3H,
CH), 6.04 (dd, J;=1.4 Hz, J,=5.4 Hz, 0.3H, C=CH),
6.19~6.23 (m, 1.2H, CpH), 6.33 (t, J=2.8 Hz, 0.6H,
CpH), 6.48 (t, J=3.0 Hz, 0.6H, CpH); IR (KBr) v: 3109
(s), 2963 (s), 2780 (), 1767 (w), 1660 (w), 1628 (s), 1485
(s), 1458 (s), 1437 (s), 1414 (s), 1389 (s), 1361 (m), 1318
(m), 1277 (w), 1241 (w), 1143 (w), 1086 (m), 1053 (s),
1014 (w), 927 (s), 882 (s), 855 (), 836 (s), 733 (W), 678
(m), 612 (w), 586 (W) cm % MS (70 eV) m/z (%): 386(M *,
14), 350 ([M—H—CI]", 100), 335 ((M—Me—H—CI]",
21), 314 ([M—2H—2Cl]", 33), 279 ((M—i-PrCp] ", 41),
267 ([i-PrCpzrCl,] ", 21), 243 ([M—i-PrCp—HCI]", 22),
229 (M — i-PrCp — MeCI] ©, 23). Ana. cacd for
Ci7H2Cl,Zr: C 52,56, H 5.71; found C 51.89, H 5.80.

T B34 MeCp(H,C=C(Me))CpZrCl,(8): H10.10 g
(0.22 mmol)AiL A4 1, A 40 mL 1F IR 4 h, 8%
20, PRI, SO RS D2 W b B A A R T
P A% [ AR L AR A 63 mg, 7% 83%. 118 “C4y
fi. '"H NMR (CDCl3) 6: 2.05 (s, 3H, CHa), 2.75 (s, 3H,
CpCHy), 5.15 (s, 1H, =CH,), 5.38 (s, 1H, =CH),), 6.15
(t, J=2.6 Hz, 2H, CpH), 6.24 (s, J=2.8 Hz, 2H, CpH),
6.38 (t, J=2.6 Hz, 2H, CpH), 6.58 (t, J=2.8 Hz, 2H,
CpH).

2 HR5WE

FATKH R g5k A % RCpCp°ZrCl, (Cp°=
2-MeOArCR'R?Cp) K AR — & — et (e & W s B,
4 R¥=H, CH, I3 2 110174 1~3 (Scheme 2)

B4 1~3 4ifyiEid 'H NMR, MS, IR £ EA 73 #r
A, 1024 R3=i-Pr B RSB, 4543 507
¥ 4, 5 (Scheme 3).

4,5 55t 'tH NMR, MS, IR Al EA 23 H7 T IE.

AR, 4 R'=R I, MBS R T %
52 R RO AHI I B R NG L, BATTBELL R Y,
KA R'=Me, R°=Et, 7 SH7521P A 1 5K bR
#1(Scheme 4).

TS RE], Y R3=i-Pr, R'£R2 S22 0 5 Ny
SRR R . 6 A7 R [R 5y A, ATH NMR ]
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LIEH, 6 1 C=C X EH 2 4 H, 74l 5.16 (s,
0.7H), 5.45 (s, 0.7H), 7 " C=C XUk LW FIEL43 5] 4

rR%__R'
0
@ ¥ Rz)]\w —
R2 R OMe OM9R1
5 . @Li . R2Cp Li

OMe ﬂ
WGl

1
R . 3 rt Zr.
CpLi + RCpZrCl; DME ~q
R2 6
R
'32

R R?=Me RP=Me 1
R' RZ=(CHy)s R®=H 2
R', R?=(CHps R®=Me 3

B2 WEY 1~3 K

Scheme 2 Synthesis of complexes 1~3

eg 4@{4\
R 1, e

Cp Li + -PrCpZrCl3DME—

r
i+ Zr. + oM
@7’% < @ °

R' R®=Me
OMe

R
Cp Li + i-PrCpZrCl;DME 4’
R? %
R', R? = (CHy)s

B3 BAY 4,5 4%

Scheme 3 Syntheses of complexes4 and 5

OMe
R )
Cpli + -PrCpzrCl;DME —
R2

=Me R?=Et

B4 BEW 6, 7THEK

Scheme4 Synthesis of complexes6 and 7

1&«1&30HchcthmJgsgcmmmg:
C, 1H), \HATLIHH 6 5 7 Sl 703, A
BEW BT EER Y 6 & R, I 1H
NMR & LK 1.

16211
D618 =
2.0423
D83 ¢
L

0.7762

L
f

07083

=
B
(%)

K1 EAW6 71 HNMR K
Figurel 'HNMR of complexes6and7

TR 78 8 R AEAE G R & SR AR T A AR IE 2 BA
JE? WA AT TR [ A IR SR SR A
6,6- . Jot L B M BB AT IR A XU N 8 S N B ST AR 5N
(Scheme 5):

2 1
R | R 'T1 R
H,0 \
+ Arli — Li* @ C—Ar 2 QC_Ar
R? R

B 5 WS s R AR
Scheme5 Reaction of 6,6-dialkylfulvene with ArLi

YEH R L3R Y, ﬁEﬂJAﬁEzﬁ\ﬁﬁﬂxﬁ%mm(Eﬂ
IR IR B BN S R T E e X
Bt g8 BUIF S T 6,6;%%2.%5;5%@&%%%5&
BRI N, A SCH 6,6- - FHIE & M 55 2-MeOATrLi 1)
S 7 ) K A8 T A B B3R R s, S TH
NMR i o5, mtbik B T W B R N A1) Be R AEERC
A G RE R, R AER EAE 428 5 2-MeOAr CR'R?CpLi
Bl LG, BLE ) 1~3 I U — 20 R B, 1 R
KA R S 2-MeOArCR'R*CpLi ll & LAG. i T ¥iiE
IATRTFI, HEATR RN K 1 AEIE Okeh IR, K
TRIH B 2K T E1S 21 8 (Scheme 6).

SR 1A 5 8 1) TH NMR &1 43531 I B 2 F ]
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SRR g, MR b T 2, R 2 S B

T A MR T SR, BT 26 1 26 T Y
1— Q{ZF;CI + @ome 4.

tst XA 6, 7 RTHR U, AR B BT, —

’ AL, — LT, PR BRI T LI,

EX6 M&Y 1Mk
Scheme 6 Elimination of complex 1

Al JE e
o

6.0 50 40 30 20 1.0
Su

B2 1 "HNMRE
Figure2 'HNMR of complex 1
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S,
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1.2091>=
et Py
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TG0

2153
R 0TaRC
20573

o [2000

ro | EE80T>=

B3 8 'HNMRE
Figure3 'HNMR of complex 8

5 1ML, 819 "H NMR &7 6 2.05 40 H B 138 (1),

)T B IRATRIL, AR B E A
LA A —RER, ISR g Rl UG, W L
ESLUTNE7/E St

2 I () 26 B 076 S AR I 5 4 S TG 5 B 4

LT —HlOFT 5.
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