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KX). =4 “C-NMR Z%# £ o*-IP fo '~ @ XSG HFHERAEFT B
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EHELT % (BD) RAKRPCHEHFAE »-IHR-BD M- HA-BRELN
BE&Y CoHuCo™, Hik 3d HESEEMEENBEROVEERN TR LBRE
. 7€ Ziegler-Natta MILKRTRE RN o'~ KA WIHH o' -1 P 5 Fb R 5
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AR, EAE P-BRNERSWEER PC LR BRESY, B BHR e Y
ZWE P-HRE(RARANRDRBAER, ERRSERIEEL. TR AP) BT
B LR HEMER - A ERERBARIEER A RRE, AXER “C-NMR
Bz (CFiCO,).LnCl + EtOH—(i-Bu),AlH f{RR MRS IBHA 2 T X 5 E KO
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AXESRERELE[EHTHEN., AXAFBERESTBKGE, #aFh
(CF;CO,),LnCl « EtOH #1 (i-Bu)AlH @A, Al/Ln = 20 (E/R}), Ln= Sc,Y,La,
Pr,Nd,Sm,Tb,Ho, EAFITEFRETLZEREE . BHERT NMR ELE (010 5
$5) q]#géﬁjfﬂﬂjEﬁ%*nEUfz%Ea A 0-CiDiCl, (8c-y = 132.7ppm HAHSZ1&)
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MEERR A . RAERHEAEHEZERETRE, BHRENAR, TERERN
BRI A 7 R B A R 5 I AR, DUEMEIZIRATH “C-NMR 3%, @R 7T
“Attached Proton Test” Fkiffi (APT i), %%~ NOE 3XRiAOME AT , (UM A i
B4 EMIEREAIE, DRATESERLSE NS #EMEL A FRBLEY
©C-NMR 3%, FEERR, —BegEEE, AX8REFITER, —% “C-NMR (25.00
MHz) j#7£ JNM-FX 100 FT NMR ¥ EMiE, —% “C-NMR (100.57MHz) %zt
#7E XL-400 FT NMR #E{ EfilsE, “C-NMR EHEZERTWE.
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B 1 (CF,C0,),YCl. EtOH—(i-Bu),AIH—IP BiE 1), £d—BRiNEE, 1P
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X TREAEGY, & 0 RUCPER Jen=125Hz, & sp® RICHIER Yeu = 155Hz £
B, F1lUen BIERP C-15C-2 ZATIANBIL, C-3 5C-4 ZAINBEIER B
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F1 FAY15C LR (5,pem) FBEAEK (Yon,Hz)*

il c-1 (CH,) C-2(C) C-3 (CH) C-4 (CH,) C-5 (CH,)
Ln &
L & Hen & & 1Jén ) Yen & en
1P 116.5 156 142.2 139.7 151 113.2 154 17.6 125
Sc I. | 108.0 — 172.1 47:.'3 i — 16.2" - o 18.0 —_
1. 109.8 — 150.5 ©53.1 —_ — — 17.0 —
v I, 108.0 155 172.5 47.3 126 16.3 112 18.2 125
1. 109.9 154 150.7 53.3 126 24.5 111 17.0 125
Tb I, 108.1 — 171.3 L= - — — 7 18.2 —
I 109.9  — 150.8 53,1 — - = 1 wma =
Ho I, 108.1 — 172.5 47.3 — 16.4 — 18.2 - —
I - 109.9 —_— 150.8 53.4 — 24.5 _— 17.0 —

* 5iR% 0.1ppm, 'Jon BF 0.3Hz, t, KR ¢ AR “—" RRRM "Jen UREBHABNGEELRE

JABRICEALTE .

R EEREWER. Y C-1C-2 [ Lo &R » BRALBN A KERE T oREE
ANy AL R EE R EEALRU K 5 FRf C-2—C-3 %%Kﬁﬁ@ﬂﬂﬁf&ﬁﬁﬂj%ﬁ e #a
B, MILEABEEE, Scots dc Hﬂﬂlfhﬂﬁf‘ifgg‘ﬁ i 8cs» 8ot dc-s Hﬁmﬁfiﬁ
UBXE, B LR HRER TRASHRLIOBEBXR.

HTESY 1 MRMNREEAT OB HREH—F PR, HFHBRMHBRZXER
AR aWARXRBERANSZ, BagU ™ SRR RNRNaR, % BEIRERE=N
BT ZREUN, "CAEMBHERR, A E 6c. = 172.5ppm W—HEHEAHR
I, B—ANAIRRE, A NMR J5 k7] DU X 4> FF 5 R ST A AR B0 4 S5 5B BE Y i
{EAE MR, M TEEAMNREKARENRE, AXARNESHRNREEREA
SRR (S TV ERAERE S BN, BE4Y 1 iggERABERIE 1. & Sc, Tb, Ho iy
EaWE& Y WEEMLFEHERRNAECBE (R D.

2. @5 RUB—7r-RREESYER

WpeH IP/Y==2, 62°C KR 10 /NE,4RJS 70°C KR 72 /N, X HEG 40 1 AOTE
EAMHEK, HHTH‘J‘ OLAE B BT e (I 2)),

L

200 100 ' 0
&(ppm)

2 (CF,C0,),YCl - EtOH—(i-Bu),AIH—IP py4& 38 “C-NMR j#

MREE 2 %Eﬁ%@!ﬁ%@%ﬁﬁéﬁ% CHa HYBH n 1 Jen BEM B (R 2), AT
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M -IP § C-3 F1 O-4 A Y — HEE AR - AL R LR A,

T .
Ln Ln Iin Ln
- Xn Xn - : L Xn . © Xn
IER) L . T (FR) MA(A) O IAR)

"

Ln Ln Ln
Xn Xn Xn
I (B xR IIA(X?‘ii‘.) (=)
®2 -WAE CCHELE (6,prrm) FEAEH (YenrHz)
L C-1 (CH,) C-2 (©) C-3 (CH) C-4 (CH,)| C-5 (CH,)
Ln Rey T
) A Jch & Jcu 5 Wen ) 5
s i 46.2 - 209.2 - 72.4 — 16.2 29.9
¢ u, 46.9 — | 21000 — 74.8 — 12.8 24.5
I, 46.1 131 209.2 — 72.6 . 144 16.2 " 30.0 ¢
Y 11, 47.1 131 210.5 — 74,8 142 12.8 24.7
L 11, 46.1 —~ 0 2002 — 72.3 — | 16.0 29.7
o 11, 46.8 . — 210.0 - 74.5 . — 12.7 —
o, 46.2 — b 2093 = 72.4 - 16.2 29.7
Pr
11, — — — — - — — —
Nd It, 46.2 — 209.6 72.6 — 16.2 30.0
11, 47.1 _ 210.6 — 74.8 — 12.8 24.7
s i, | 46.1 — 209.2  — 723 — | 16.0 | 29.7
m 11, 46.8 - 210.0 — 74.7 . — 12.7 PR
- 11, 46.4 — 209. 72.6 — 16.3 30.1
11, 47.1 - 210. 74.9 - 12.9 -
H 11, 46.1 4 209, 72.4 — 16.1 29.9
° iI, 46.9 - 210. 74.8 - 12.7 24.5
v I, 36.49 134 183, 84.45 142 13.59 _
]

* s, AR 3y WR

M A2 B 6 E RS &9 80F , C-1, C-2, C-3 =E A » @ER#4IH,C-1 1 C-2
20 = BB ,C-2 R C-3 2 = @REYR L , A% 11§ BC-NMR R Il
I B HAER, L L b 1L SRBES, fE NMR JUERNRER, HE—/1
o EMBA—A = RAREETRARB L2, ki, NSEEY I, /il 7£-Q-F#)
THELESWRAERASHRENE - TRELEA WD HEEE C-2 £ Yen B
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BHEHCE 2, ER—PIEIAT C-2 1 C-3 ZAIFRIBM = HH1E.
ETERSIFERETES I NRBEHRXRA.
HER&Y U WigEELRELN. WK
REARARM % X 4. BRERtbxRgRBosiae, &
B —%, AR CAERLRE, BRIATFaEN
BN, eHABNER, ARERETESY U WRFHRA
hikig, SHEMINRSY I LEABHIIAZ 2 H,
. #MRERE—-HREENEK ()
- WMRE—-HL R -IP, PR R RITR - IP I '
C-4 BRETHE o'~ 1 WEEHY C-1 B C-3 RBAERE AW IV, TRAHLL Pn ZRREWE,

2 L’r_
ol |
Ln
Xn Xn
V(ER) N (xR

I ! : | ?
200 100 0
J(ppm)

B3 (CF,CO,),TbCl - EtOH—(i-Bu),AIH—IP {j%%{§ “C-NMR %

7EE L A 3 R ER - R AR, B C3BENHE, -HREEER
B TRk 3, '
cH, cH,

i |
XnLa (°-C4H)-F-CH,— C =CH~—CH,}-CH,— C —CH—CH,
K3 40.3 134.9 125.6 — — — 118.7 13.7
Wizt 32.7 135.2125.7 — — — 119.2 13.7

FEERE, BN BKRE T RN S BERA RS MY, , ;
IP—>7*t-IP—>7’-5-CsHy—t-1,4-1P/3,4-1P : w
IP—> - c-1P— 3-3-C ;Hy—= c-1,4-1P 3, 4-IP @
Hep, o, R C, IHR; S, AR 8, AR, #-1P 9 C-43EA »°-C;Hs By C-1—Ln 8
(C-1HAIE 1.4-1P 44,5 A C-3—Ln 8 (C-3 FHA)E 3.4-1P #17,
A 1,2 R AEN, LR LR LATLURNRE o~1P R -BRERE.
W LR REA R 12, /] A TRNREZE —RIRE,
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B3 EHEN7-BRELEMLE (0,rem)

C-1 c-2 c-3

Ln

FR sFR EEY R GF- bof-o
Sc 46.2 46.9 208.6 210.0 © 7846 81.1
Y . 46.1 47.1 208.6 210.4 78.8 81.1
La " 46.1 46.8 208.4 210.0 78.5 80.9
Nd 46.2 47.1 209.0 210.4 78.8 81.1
Sm 46.1 46.8 — 210.0 78.8 80.9
Th? 46.4 47.1 208.9 210.4 78.8 81.1
-

(71 -1P),(H),_, LnCI(n -C;H;Pn),

EEP m=0,1,2,3,4; n=10,1,2; 0<<2m+n<<9;Pn, H XBESWE. BEHIILEE
MBANRE TEARSFNRE R, W SEABEREFX, £/ 1 h, 7 4*-1P 5Bkl
EEH TG, n49.7ppm, 111.4ppm Fik, XTI SRR EEREARMERSH
TEMBEILAD ppm BYZE/L, 1l4ppm 5 108.0ppm EEEEE Y F1F T 109.8ppm I
SREE,H ML 111.4ppm &8 TR K C-11&, 49.7ppm(CH) ﬂl%)%?‘ C-3 I, XEREM#
—F k.

H#E 1,2,3 4, ﬁ%ﬁﬂ‘*%%‘lﬁ”ﬁ“}m"*ﬁﬂm{t?ﬁz% LBRRPFETINLEEBS
BETx, B R, HERERTHE PR,

1. EERA4 —EFHIEHEE

MR "C-NMR Ji5E, BAUREN SR, n*-t-IP/g'-c-IP = 1; ’-s-C;Hy/n’-a-
CsH, = 2.7; nP-s-CsHgPn/o?=a-CsHyPn == 1 c-1,4-1P/t-1,4-1P>1,
XH P XRAWE. K4 10% 1 »°-CH, ﬁ‘ézﬁﬁ%iﬁﬁﬁi% 7°-CsH,Pn, %i%%fzﬁﬁ)i '
RPGE 1,2 BAEHERBERE ERATREX, ERETREBARMN, RANKER
ERNENBERERE., URRPWEREEZEETRBRI % "C-NMR i, BIR 418
R

> © (a) 42 (b)

' 44
108 D @ v o
46
109- ‘ o] o .
E 1104- O E
a < 504 ’ O hd

52-] B
e U, :

1134 ' 561

T T T T T et T T T
114 112 ito . 108 106 56 52 48: 44 40

8 (ppm) S (ppm)
B4 (CF,C0,),YCl. EtOH—(i-Bu),AIH—IP gy=# “C-NMR Z#ii#(—% “C-NMR #HE D1
FEBIE R PIESR 355 Tg = 1.55, t; = 0—7.5ms, B 128 &, ad5#u/5% 1024 X 1024 2k, B 33 /b,
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B
t-t-1P 2= n*-c-IP 3)
B
ﬂ"s“CSH! - ———e ﬂ,‘a-CsHB (4)

MR R IRE 1,2 Z AR AT 38 XA
1P~ 7'~ t-1P——>773~5-CyHy—~ t-1,4-1P /3, 4-1P
€))
IP—7*-c-1P—>7*-a-C,Hy~—>c-1,4-1P/3,4-IP

RR PR 5 A AT R LR PR XA, T LT DURRR LA LB AR A R .
T4 "C-NMR Z#ti% RIFARAEERTHROAERTE. nREHEHNZX
B, REVARREENTERH(EERR)

RERE. B4BRT oI 5-C-IP 2 . '
W % X AAE, BT REBH t = 155 B ///\kyff“//\—
RRRAE GBS S ) 7 RIBRITIH0), B

FKULEEESW 1 I C-2 KX XNW; C-4, C-5
MEASHMBZTETHARTEER L ns> Giii
W, 7EE 4 A DUBS] C-1 GBI ik, K .

{E453RMY 108.0ppm WETTE B SE 9 111.4ppm
it [ 109.9ppm WA i, HF C-3, B
S50 49.7ppm WE[F] 47.3ppm MEthH R ik, A
HENBETHR C-3 1, Bs BRTEAYI s

ppm

f C-3 e X, TR &Y U SN o < <>
B, WEXERENEAK, WXWET ...

C-3 xxtiE, Aol HERE Y I 4 FS A7V S TR T ¥
HL,GENTER %Y, XTHERL. L8 bepem

SR A (TR R AR AR, 3 B e e i
EEE B ALEE. , ), BRBIER 255 7o = 0.55, ty = 0—44.4ms, KK

Z# C-NMR BHEBIT R Beifesy |0 TAOUWRERES T, SRR 150356 &
HERMRRE, H8 SR FAAER M ’ ' |
B, MAGRARM AN BRETT., YRR , S i — R T g 2
1 573 — il T A R AR B R 5 2 7 O S S e [ B B B R A
THERAREL RSH R R R, AR R TR C-1 5 C-3 AR,

5. RAHE

xxm%ma%~w@w¢§m~ﬁﬁ%mm$w,m%ﬁmmﬁwmﬁ~imﬁ
Betk, BTHRAKGRR SRS R ARG, Y2 kRS NMR RIEE & &
5, (BRENBEFLFHREITRE, 1P—y'—t-IP ===y -IP—=p’=s-C;H, == y*-a-
CoHy—t-1,4-IP [c-1,4-IP(C- LI A DT 3,4-IP (C-3 S A D470, T VRS TS -
T FEHE AU T & RO L 75 B RS T

Bl AXERSIBTRTHNER, BE HRE, HER, XEL, BT, TR, SHEE
EBHRTT T XA, LB
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“C-NMR STUDIES ON 7-IP, 7~ALLYL RARE EARTH CO:
MPLEXES AND THEIR TAUTOMERIZATION IN THE POLY-
MERIZATION PROCESSES OF ISOPRENE BASED ON (CF,
CO,) LnCl-EtOH—(i-Bu), AIH HOMOGENEOUS CATALYSTS

ZHANG Xitian, PEI Fengkui, LI Xingmin and JIN Yingtai
(Changchun Institute of Applied Chemistry, Academia Sinica, Changchun)

DING Jizhen and ZHANG Shuizhen

(Biophysical Institute, Acodemia Sinica, Beijing).

ABSTRACT

The polymerization processes of isoprene (IP) based on (CF;CO,),LnCl + EtOH—
(i-Bu),AlH homogeneous catalysts were traced out by ®C-NMR. First, IP coordina-
ted to rare earth to become n*-IP rare earth complexes (trans and cis). Then C-3
and C-4 of 9*~IP inserted into Ln—H bond to form »’-allyl rare earth complexes
(syn and anti). *C chemical shifts and 'Jecu coupling constants of »*-IP indicated
that C-1 and C-2 of o*~IP coordinated to rare earth with = coordination bond,
while the double bond between C- 3 and C-4 transformed to o bond to form a metal
cyclopropane structure with rare earth, i.e. a activated structure.

2D “C-NMR exchange spectra showed that the slow exchange (tautomerism)
reaction between every pair of 5*-IP and n’-allyl isomers could take place‘at .ambient
temperature. These reactions underwent the processes of bond breaking and reformi-
ng, which enable insert reaction to take place at room temperature. The suggested
polymerization mechanism is [P——n*~trans-IP =y*-cis-IP—n’-syn-allyl ==y’-anti-
allyl——trans-1,4-1P/cis-1,4-IP (C-1 insert) or 3,4-IP (C-3 insert) wunit.
Key words “C-NMR, »'-IP rare earth complex, n’-allyl rare earth complex,
tautomerization ‘





