2020F11H12H(K)

RKYy<w—-F1)I<v—
[1BO8-10] R ~— - A1) T~¥— 1
ARHN BERREILKE)

13:00 ~ 13:45 B&I (3F - HABEB3)

[1BOS] EfERY T FL VT LY R%E one-pot& AT HE:
7 v RMT 1 RERBERBEEEL Fe(lll)-Ni(I)gEHR
hybridfiti i 0 5 5
ORHE BIE'. WA M3 FREZ. FRLCE. B
' (1.BEKRE. 2. BEARY 7L () )
13:00 ~ 13:15

[1B09] 7 v &MY 1 REBEREELLI I/ EYDY
Ni(INEEFfIEICE 2T FLYAYTXYE—V 3 Y
- DAL T 4 VEERICH T 2BRESR -
OFEHHBEE'. Bh BE| A MU FTREZ . HR
R BISEH (.BEARSE 2. BARYS L)
13:15~ 13:30

[1B10] Xi&FLBELIC & 2 EEMEEREICE DK Ziegler-
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BERY) F LT L F%& one-pot B RCFIREZR
7 v RN A RERBREILE E(L Fe(ID)-Ni(IDFEAE R hybrid filii o B %

(i%}}ij(* .

2
il

DR OIRITA Y =F L (LLF PE) Op
INTHEZ M LS 503 IO\ AEHADH THRTE
% PE OWEIZITIR Y 238 5,

YRR Tl 7 v R A FER (Nat-mica) JEH]
D Na% Ni2* & FeloA A Hacha Ui=#12,
o-diimine (LT DAB) B2+ & bis(imino)pyridine (LA T
PBI) Bl &2 A A —HL— &L LT, B0
PRI OSSR % [EE L 7= B3 (L hybrid fildl
IR U720, ERENCAER LGS 4 FEOSSRON, =F
L EAITIEME RSy 7B PE 2 4ERT % DAB/NI 85
& RSy FE PE ZA4RCT % PBUFe $5KIZL Y | 1 D
PEARDITITEBLTE AN D 72 WRIAWV TR %
FFOPE 7L ROERKAE HIEL T 5,

\f(ﬁ\(
G
Fig. 1 DAB B (/). PBI B () DMz

2. 3R
« JE [ [ AL hybrid fifll o> FH
FHR Ni* " ,Fe® *-mica (Ni® ":Fe® "=0.28:0.26 mmol g-
mica ') |2, DAB BfZ 1 & PBIEML D7 & h=h
U RETRIRE 70 CT 120 h ##fil s, 2otk
TEhr=FRU, by p~FH AL DBTH
YT—va RS (BFRIER 1 %) . R
(8iR,4 h) ZR CTHE DAB - PBI/ Ni* ', Fe® '-mica
(LLF DP/Ni,Fe) #7%7-,
T FLUHES
WHREH LB T2 AN 120 mL A— k7 L—
7T, n-~F Y50 mL, Bl LT 02M Y

[

TFATAI= . (LLTF TEA) / ML= U8k 1 mL,

ikl by 27 U —ZIRINL 40 °C OFEIRFEIC
RELT-, FNEZZF L TEBG, = F L UE
0.7MPa C 1h & %1772, 4R PE I&, DSC, GPC
FIZXv b L,

R s & RELLENTUA

HAAR Y o k) Opf B s, (LA Fn gL+,

ObiEb 7+ % BERIH0L L

ISR, B RR,

<AHPLOT &
BN F5 Rt

3. EBRAERB L OB

Table ] =F L L HELSER

Amount of .
ligand (DAB:PBI) Yield
/ pmol g-mica-!

1000:0 0.25
0:100 1.78
1000:50 0.31

Tm Mn

a
Entry Cat. /°C /10

4, Mw/Mn

1 DAB/Ni2*-mica

2  PBI/Fe3*-mica

3 DP/Ni,Fe
aReaction conditions : Solvent 50 mL rn-hexane,
Ethylene pressure 0.7 MPa, Reaction time 1 h,

Reaction temp. 40 °C, Activator TEA 0.2 mmol,
Cat. loading 1 mg.

1258 11.1 2.7
1359 22 18.2
133.7 3.9 8.4

Table 1 (ZHmffE (Entries 1,2) & hybrid fil#i (Entry
3) DF L U HEARIRART, Entry3 IZ K D4R PE
DRl BTy TR & PDLIZ, HRfliiE ©% % Entry
1 & Entry2 OOfEZ R LTz, L7zh3-> T, hybrid fili
D BAF 5T PE Tk, DABNI $5{A & PBI/Fe S5k
@ PE MNESG LT 7 Ly NMEOARZ MR L TUiz,

Fig. 2 IZ1%, Entries 1~3 ¢ GPC 51 —7 DIHE L
Entry3 & OFRZENFyINE 725 K 9 1C, Entries 1,2 OS]
EMEZEOM Q fEHD PE D7 Ly REUTHYS T 5)
AHNT, 2R a— g > LIEHEAEZ 7, Entry3
DOIFEE & FHRAEIME K L7= Z L5, DAB/N 8
&k & PBIFe $5(RLISNOTE ML mica JE I ZAFAE L 72\
LEZ B, 7L REIZOWT Y, DABNI $&ARH Sk
@ PE Hifx : PBI/Fe $AHIKD PE H&=37 : 66 T D
ZEBTREENT

1.0
0.9

= = = = Entryl
0.8 Y

YA Entry2

Entry3

e
o

Convolution

[ Entry1 X 0.366
+

Entry2 x0.663

o
13

dw/d(logMw)
o o o o
- N w S

2.0 3.0 4.0 5.0 6.0 7.0 8.0
logMw

Fig. 2 GPC 1 — 7 O EHIE & FH R

DIREEG, BBl BRI R, IR,
RIFARS, BN, (LAFEL, RS
547 R - AR RAELS)
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v BT A RBER M EE LA /E Y Ni(IDEE ARl X
I?V/ﬁﬁnUﬁ~V$/ ﬁﬁv7«%&E&;ﬂ¢6%@%ﬂ%
(CHIEK - srAARITL ) os&mé ", Hﬁﬂs
TR R, 5
1. ¥&5 3. FEREBE
IR E A D IRFEEL 8 ~ 16 DAHLRALKFRITY =k Table 1 =F L HMEA
IRBIOBL AR N DID, DA A+ HAL 7 (8 Sn® Suwe® Suo’ St Seo’

(BO) lda- ALT74BMEACZFLY -a- LT 4
VHLEATHRIETED, — T, BOE=T LU HMEAT
ERERRIZA AT DT &3O THEL Y,

WHFFEE TIL, N2TCHTF AL AL T2 7 I A HE
FEEM (N2 - mica ) (A VBN T (PL) 2k
S, PINZBHIAZ @I [ e kL 7o AR — bl (PL/
Ni?* - mica Y& BAFEL7= D, 2 PI/Ni?* - mica LT LB
FAIZBWT, ISFAHC IS TUIESR o - AL 71
(LAO) JObWNE _Efaa A3 54 L1712 (10) 12
VNEBIRERZ IR, OED, AIFIRE B O P ~D B b
EHE CRE TSI EAVRBES Lz, ZOREIFE SO
BT L HSEL 8 AF5( Chain Walking ) &7

I8 AR D,
AMFFE I, B
DF2—=2 P kD
Niz+ Ry Chain Walking @ ill4
N/O "N a7z, Fig. 1 DX
/ \ U S -5
— R, %Sk%l% (-CF;) L&
A 2R
PI-1:Ri=CFs, R:=CF; O (-0CH:) &
PI-2:Ri=OCH:;, R:=CF; HALT, BHIEOE
PI-3:R:=OCH: R: = OCH;

TR AR D RE
Fig. 1 PI/NP" -mica jey o vl 7z,
2. FEIE

PI - 1 ~3 % One pot ¥EIZKVFARIL 72, N2 - mica |22 -
TEF ALYV L Fig | ISk DEis R o7 =)
DT Bh=NVIEAENZ, 70 °CT 72 h §HEL7=, 7=V
AX 2 - TEFAEVD D 12 48N, B

213 200 pmol g-mica™ (NiZ 12X T 038 Y& )b,

TF LU BMESIT, KSR 40 ~ 70 °C, =F L+
0.4 MPa, {EHALANIIZN =F LT L= 4 (TEA) ZH
V2, KBRS KONEAIR T GC THatLi,

Cat.  Activity?
YU W Iwi%e Iwto%  Iwt%  /wi%

PI-1 527 342 418 56.0 42.8 1.2
PI-2 553 1.8 626 439 544 1.8
PI-3 840 4.0 758 396 58.3 2.2

Conditions : Solvent = 7 - heptane 50 mL, Ethylene pressure = 0.4 MPa, Reaction temperature
=770 °C, Reaction time = until the catalyst is deactivated, Catalyst = 5 mg, Activator = TEA 0.3
mmol, a = activity in kg ethylene reacted / ( mol-complex *h ), b = selectivity to solid,
¢ =selectivity to liquid (C4~ Cig ), d = selectivity to LAO ( C4~ Cis ), e = selectivity to 10 (Ca
~Cis ), f=selectivity to BO (Ca~Cis ).

Table | |ZTF L HHE AR R4 717, Table 1 £V, PI-
12T PI-2,3 O Seig lIREIE L, Stiguia (FREL A
EULTe, 2028, EFHLEEETHS - OCH; ILEEH
B EATES T B EEZ LD, 72 PL- 1 1F Seia 23
Stiquia ([ ZVEHTT DT LD RS AT,

PI- 1775 PI - 3 (237 T Spao (HMETL. So & L7
D3, Spo (HFEAEZH{R RN T, DFD, EHE

DFEAFEZID Chain Walking OFIENTHEL EhtamtT
T, Seo DI EICIX, =F L DR -FFAZ LS

WHUE N DHHETIESIIZ,

4.3 Fig.2 T Table 1
@ Schulz - Flory

23 AT EIRLTZ,

;\: Fig.2 7°5, PI-1
g, -3 OVFRL
= AFERE A
(=S W S EQ ST/

H 4 6 8 10 12 14 16 18 /LT YAk
Carbon number HTHAHZ LN

Fig. 2 Schulz - Flory %37 s

PI- 1 0%, BEARRRGTOERNZL R HRET
ILTCNDLZEND, BFREIEETHD - CF DR DIEE[H
AR OTEEREDSIENINT D LD RS-, DFY, (Bt
BB THIREIT, BEURR Y SIRIRR Y 2 AT B TE M
FEDOARUF AR 52 HE TS,

1) H. Kurokawa et al., Catal. Commun., 47,13 (2014 )
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Formation of Ziegler-Natta Catalyst Investigated on the Basis of

Quantitative Structural Determination via X-ray Total Scattering
(JAIST” - DPI™) OToru Wada™", Gentoku Takasao”, Patchanee Chammingkwan™"",

1. Introduction
The performance of Ziegler-Natta catalysts (ZNC) highly

depends on the preparation protocols, while the origin of the
dependency has not yet been fully clarified. In ZNC, TiCls
(active site precursor) adsorbs on nano-sized MgCl. particles,
and their hierarchical agglomeration constitutes a catalyst
macro particle. Hence, the structure of the nano-sized MgCl;
most probably correlates with active site natures and catalyst
performance. Therefore, investigation on the formation of
MgCl. during catalyst preparation is important to realize a
rational design of ZNC. Here, we investigated the formation
and growth of MgCl, in a typical catalytic preparation
protocol using Mg(OEt), by means of synchrotron X-ray
total scattering technique.

2. Experimental

The ZNC was prepared according to a patent [1]. Briefly,
Mg(OEt), powder was treated with TiCl, in the presence of
di-n-butylphthalate (DBP, a typical donor compound), and
after sufficient washing, the obtained powder was subjected
to the second TiCly treatment (Figure 1a). The intermediate
samples A to F were separated from the reactor. X-ray total
scattering measurement was performed at the beamline
BL04B2 of SPring-8. Each sample powder was filled in a
quartz glass tube with a diameter of 2 mm and irradiated by
X-ray with a beam energy of 61.4 keV. The diffraction
patterns were recorded with the horizontally placed six
solid-state detectors. The available scattering vector range (Q
= 4zsindl)) was 0.1-25 AL, The atomic pair distribution
function (PDF) was derived from the diffraction data with
software developed at the beamline.

3. Results and Discussion

Figure 1a shows diffraction patterns of Mg(OEt), as well
as samples A, C, and E. It can be seen that the structure of
Mg(OEt), was disappeared, and MgCl, seeds were formed
immediately after the first TiCl, treatment, and further aging
and treatment led to growth of the seeds. In the PDF of
Mg(OEt), (Figure 1c), the sharp closest peak at 0.20 nm,
which corresponds Mg-O atomic pairs, immediately
disappeared, and new atomic pairs emerged for example at

0.25 and 0.36 nm, which come from MgCl,. The positions of

Ashutosh Thakur”, Minoru Terano™, Toshiaki Taniike™™

the peaks were unchanged among A-E, which indicates that
MgCl; seeds possessed a similar local structure including
surfaces with the grown particles. Besides, fitting of the
experimental data with simulation derived quantitative
MgCl; nanoparticle models (Figure 1c) [2].

(a) Ticl, DBP Ticl,

R ‘ & Aging ‘ Aging  Aging
Mg(OEt), F
Mg(OEt), 5°cl lsooc 1110°Cl uoocl

A .
(b)
E
A
>
=
@
<
Q |
3
= |
ijy A Mg(OEt),
| M ———— e D
5 15 45 55

(c) ! 4

G(r)

0 025 05 0.75 1 125 15 175 2
r[nm]

4 nm 6 nm

Figure 1. Analysis on the formation of MgCl, nanoparticles;
a) catalyst preparation and sampling scheme; b) diffraction
patterns. The diffraction angle is scaled to the wavelength of
Cu Ko radiation (A = 15418 A); c¢) PDF; d) MgCl,
nanoparticle models derived from PXRD and PDF.
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Phillips i#%12& 174 SIO. RE LD Cr EDBES I

B9 55T E L a0t ET
L E I b 2 kBs izt L E
(JAIST") OJUK BEK*, folH & ", A &
1. &

s AR Y = F L UBGE IS S Phillips i
BIX, TEAT 7 A SO F M BT O G MR M EY
S AT S 2 FFD, O fflJE PO A — 7R B BREE S,
BOENDEZRY ZF L DOHFBENMICHEE LTV
5 EZBZHITNDN, B2 5 B BREE A4 E BRI
HEES 2 FIINEECH D, AR TIN5 8
NFHEI L > THEELEZTELT 7 A2 SO &2
VT Phillips filtlftzm €7 Y > 7 L, O OIS
DA & FHRALFERNCIAS M T 5 2 & il ATz,
2. T IAERKR

SO0 T iR 2 W THIETh 57 E
VT 7 ASIQET IVEAES LTz, OG0 T8
FHA & IEL BERD LY 7B ) R R CIIAN FTRE TS
o TG B DR /LR Z FTRE & LTZEHAETIETH
5l V7 F =TI LAMMPS & v, A5 5
TENT 7 A SO OMEEHFLTZOIZLLTO X D
7BV (NVT, A7 v 7'Rifli] : 056%) %#1T-7-,
FPINBGLE (000K, 2 5 AT v ) Z4T-o 714,
T =L mEI AR DI L (40002300 K, il
co K/ps, FRIEHEE BKips) 17-7-, OB, HAK
THOEEZME T2 2 L TREDR R T EL
7 7 ASIOD /NI T IV EEDER LT, b
DAV TETADLESK 7TAOBZYY H L,
OHZRWULITHTHxy v E U TR ZT 52 LT
HNE R AbENETENLT 7 A SO, DAT
TETNES, TDOH%, FATTETNADTT )
— N RXTENFNICK L CHEBEO 7 0 A — Nl
HEF S, 700 CEOET NV EAKLZ,
RTOET/ME, DNPIEP ZHEJE v & L, 22D
GGA-PBE % 7 #afH BB S & L7 DFT 3HRIC LV
T 38 FeE il L7z,

3 FER LB

TENLTFA SR AT TETINDYT ) —)b2
7 DRI LT, M lalds v A— M
EREBXETVT ) — AT O 0 D 4y
fi. M1 IXFDLT ) — N AT ZRFERKE TR
FEAEER LTS SR HDOE A NI ALTH
%y 21235 ) —N7 D 0-0IHEfE. S 1%,
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AH¢ = E¢ro,si0, T En,0 — Ecro, — Esio,
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EruaA— M NEEZHBESEEBICAET EEDE
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Figure 1. Structural feature distribution of silanol pair:

(a) O-O distance and (b) Number of Siatoms between
silanol pair
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Figure 2. Relationship between structural features of
silanol pair and formation enthalpy of surface

chromate spices

PEFRERT DRMNKREWVW=DTEEEZLND, £
72, OOHEENEWT O HMN, FElm XL —
NE L RAMHEMMNHE LT, ZNHDZ LG, %
BodHyT7 )—N_XTON, SEFENELL, 00
EENENE D 2T RN o A— MlEZHET S
B> TERAX—CHERIE LB 2605,
TR TII M2 & D= O FEOREECE I D4y
IZHONTHIRRDL TETH D,

25 30

(1) Van Duin,A.C. T.; Dasgupta, S.; Lorant,F.;
Goddard, W. A. ReaxFF: A Reactive Force Field
for Hydrocarbons. J. Phys. Chem. A 2001, 105 (41),
9396-9409.
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RIRA LT« ‘/#EAPFODAEE&##'I‘_*L&’HE

(AL REeE) O

1. &5

BRIAIRA L 7 1 5% HH A K (Cyclic Olefin
Copolymer, COC)iZ., &gz BIM:SCMT BAE | (FRI
7o SNTEN D IEEMED By FRERER B & LT
E%%@Twéﬂ\ﬁ%f%é%/7~ﬁ%éﬁ
DI NARNAR IR EICRESND D, S5t
BAZE L 7= IELE EW@A—7%&/t/%ﬁ%%
WHE, ZF LU ERELDOT T a XTI
v~y W Lo ESNET TS Z
EMD | ARETIISICRER ORI TF L
Brornvrviro v rsuts5 2 (COE) Rk
U7 u[6.2.1.0>7v 7 J1-4-= (TCUE) 72 &
EDIHEBFEHET L, F6NDLR Y ~—DEWME
R 7 u ST 2 et L7. (Scheme 1) Y,

.Q B 4

E COE

poly(ethylene-co-COE) poly(ethylene-co-TCUE)

[«

PN + to\uene MAO

g Ty Y

poly(propylene-COE)  poly(ethylene-co-TCUE)

- ==
| . I \ T T
Tie,, Ti., Tis, Ay Aog
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: ;I/ 4 5

yizﬁ o
/

\ CI N/ \CI MeZS\\_ Y ""C.I MEQSI\ /TI-..C‘ %Z'\CI
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Scheme 1

2. ER

KRB EIIERFHK T, 7 e —7 Ry 7 AN
TIT ol N—TF % ) v U ERITBERICE D &
B U7z, JEEAR, it (v IR TR
EOAF LTIV ) X% (d-MAO, Y — 7
74 >/ 5 TMAO XV BIIEHED) 7 FTiTo
7o BN A Y ~—1% GPC. DSC 4 E
#iTo72, £72. BCNMR A7 MUIZ LV RY
~v—0DI 7 afEEH LN LT,

3. BRBIOELE

FER D% Tables 1,2 12F L7z, =F L
& COE & DILEA TIL, filllt 3 7355 COE E & D
HHEAEKREL G20, il 3 IcL57 Lk
COE & OIHEATIL COE X THICITE A CHEA

S [ X

ERE - B Ak . dpk

Wb OO, fillit 1,2 TIX COE 28 H+ 5itE
ARE 527, 2 F L7 L L TCUE &
OIEATIE, M1 TH T REEBIRE (T) 2
100°C 2 HIEEMER Y ~—% filllt 5 CldmE
TCUE & & CEn FROLESKE 5 2 7-, DSC
X0 ZOMARITE—T, BKA LT 0 VEREO L
FAZEN A T AR E O _EHNBI S iz, 4

HAEICBT 5F /) = — O BOSTESIE, SRk
BEDBHAIN R (THIN T, R TITRRD

Al s TETH D,

Table 1. Copolymerization of ethylene (E) with COE,
TCUE.?

Ticat comonomer E activity’ My° M/ cont.? Ty°
(umol) (mol/L) /atm x10* Mn¢ /mol% /°C
3(0.5) COE(.00 2 1660 239 1.57 28.0 32
3(0.5 COE(75 2 1360 14.1 1.57 28.1 36
1(0.5) TCUE (2.5) 2 1860 2.34 1.68 35.1 116
1(0.5) TCUE (5.0) 2 1640 1.59 2.02 40.0 137
5(0.1) TCUE (5.0) 2 6670 70.0 1.56 31.7 101
5(0.2) TCUE(7.5) 2 4170 339 1.62 404 139

Table 2. Copolymerization of propylene (P) with COE,
TCUE.®

Ticat comonomer P activity® M. M/ cont? Ty
(umol)  (mol/L) /atm x10* Mn¢ /mol% /°C
1(2.5) COE(1.0) 3 370 6.13 1.60 4.74 20
2(25) COE@.0)0 3 259  2.64 1.62 6.09 24
2(2.5) COE(3.0) 3 128 0.684 196 1.1 48
2(1.0) TCUE(1.0) 3 473 783 134 - 47
1(0.1) TCUE (1.0) 3 3680 11.3 1.95 - 47
1(2.0) TCUE((5.0) 3 333 1.31 1.72 - 120

2Conditions: Toluene + comonomer total 10 mL, MAO 3.0 mmol, 25 °C.
10 min. P°Activity in kg-polymer/mol-Ti-h. °‘GPC data in o-
dichlorobenzene vs PS standards. ‘Comonomer content (mol%)
estimated by *H or **C NMR spectra. °By DSC thermogram.
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Synthesis of (Arylimido)niobium(V)-Alkylidene Complexes
as Olefin Metathesis Catalysts

(HFSLRPBeEE)

1. Introduction
High
alkylidene complexes play essential roles as catalysts

oxidation state early transition metal

in olefin metathesis. Successful examples have been
demonstrated not only with molybdenum, tungesten

catalysts, but also recently with the vanadium catalysts.

However, examples in synthesis of the niobium
alkylidene complex catalysts have been limited,!?
although

promising potentials to display unique characteristics.

these complexes should have certain

We herein report our explored results for synthesis
of (arylimido)niobium(V) alkylidene complexes and
their application as catalysts for olefin metathesis

polymerization of internal alkynes? and cyclic olefins.

2. Experimental

All experiments were carried out under nitrogen
atmosphere using standard Schlenk techniques or using
a Vacuum Atmosphere drybox. Chemicals of reagent
grades were used for all experiments. Toluene for
polymerization was stored in a bottle in the presence of
molecular sieves and NaK. Molecular weights and the
molecular distributions in the

weight resulting

polymers were measured by GPC.

3. Results and discussion
Nb(CH,SiMe3)(N-2,6-Cl,CsH3)[OC(CF3)3](PMes)2
(4) could be isolated by treating the dialkyl complex,
Nb(N-2,6-Cl,CsH3)(CH2SiMes)2[OC(CF3)3] (3) with
excess of PMes upon heating at 70 °C in n-hexane
(Scheme 1),2 and 4 was identified by NMR spectra and

elemental analysis.
m@m

Cl cl
N Mg(CH,SiMe3)CI N
CI/"’rxlj‘b“‘Cl > 3 equiv I\‘l‘b
~, _— iy .
\0/$ Cl n-hexane Me3SiHZC/ \CH2§|M93
k/o 2 CH,SiMe3
N 1
(CF3)3COH
1.0 equiv
cl ¢l cl cl n-hexane
Me3P\N PMe; excess N
NHb (14 equiv) l\‘l‘b
- = -~ - '""CH,SiMe.
FaCXO \\\SiMe n-hexane F3C>r0 CHZS'M 3
FsC PMe, ° o F3C ,SiMes
CF3 ,e3 70°C, 24 h CFs 4

Scheme 1. Synthesis of Nb alkylidene complex (4).
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It turned out that the alkylidene complex (4) enabled
to proceed 2-hexyne living polymerization even at
50 °C without catalyst decomposition in the presence
of PMejs, and the PDI (My/M,) value became low upon
increasing the amount of PMes (Figure 1).

60000 32
s @0): 50 °C, PMe,/Nb = 20 °®
2 o000 | #<:50°C, PMeyNb = 50 ° -
'3 WO: 50 °C, PMes/Nb = 100 P
S -
2 40000 ’..’ 24
< 4 « / =
3 - =
£ 30000 gl 2
z ‘ g
% 20000 | 16
) | o 2 o0
10000 o < 12
m o <m OE:> o
o 0.8
0 50 100 150 200 250

TON (Polymer Yield)

Figure 1. Plots of M, value vs polymer yield in 2-
hexyne polymerization by 4 in toluene.

It also turned out that complex 4 exhibited
remarkable catalytic activity for ROMP of norbornene
(NBE) and tetracyclododecene (TCD) at 25, 50 °C
(Table 1).
demonstrate the living polymerization of internal

In this symposium, we thus wish to

alkynes, and ROMP of cyclic olefins by our
niobium(V) alkylidene complex catalysts.

Table 1. ROMP of norbornene and norbornene derivatives ¢

cat. monomer temp time yield TOF? My M/
/ pmol /°C /min /% /h! x10  Mn¢
0.3 NBE 25 5 83 70500 9.32 2.62
0.3 NBE 25 10 90 38000 11.2 2.45
0.3¢ NBE 25 10 >99 21000 5.74 1.65
0.3 NBE 50 2 77 163000 14.9 2.04
0.1 TCD 25 7 95 172000 0.73 1.33

“ Conditions: toluene 4.8 mL, NBE 200 mg or TCD 340 mg
(2.12 mmol, initial monomer conc. 0.44 mmol/mL). *TOF =
TON/time. ‘GPC data in THF vs polystyrene standards.
INBE 100 mg (0.22 mmol/mL).
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Ring-Opening Metathesis Polymerization of Cyclic Olefins by
(Arylimido)vanadium(V)-Alkylidene Catalysts

(BRSLARBEEE)

1. Introduction

Living ring-opening metathesis
(ROMP) has been known as an effective method for
preparing advanced functional polymers, especially the

polymerization

bottlebrush polymers and the star shaped polymers in

a precise manner.!

We previously reported that
(arylimido)vanadium(V)-alkylidene catalysts exhibit
moderate to high catalytic activities in the ROMP of
cyclic olefins such as norbornene (NBE),? low strained
cycloheptene (CHPE) and cis-cyclooctene (COE).?
The cis-specific ROMPs of NBE could also be
demonstrated by the ligand modification.>* We herein
introduce potential of the alkylidene complex catalysts

for ROMP of cyclic olefins (Scheme 1.).
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th
ROMP

R = n-Cy4H.
ol 14H29 &

Scheme 1. ROMP of cyclic olefins.
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2. Experimental

All experiments were carried out under a nitrogen
atmosphere in a drybox. Molecular weights and
of the
polymers were analyzed by GPC in THF vs polystyrene

molecular weight distributions resultant

standards, and the microstructure was analyzed by
NMR spectra.

3. Results and discussion

It should be noted that, as shown in Table 1, highly
cis-specific (Z selective) ROMP of CHPE has been
attained by using V(CHSiMe;)(NC¢Fs)[OC(CF3)3]-
(PMes) (1)° although the ROMP using the 2,6-di-
chlorophenylimido analogue® did not proceed under
the same conditions. The M, value in the resultant
poly(CHPE) increased with increase in the polymer
yield. The activity increased by addition of B(CesFs)s
or PMes without diminishing the high selectivity.®

Although ROMP of norbornenes

containing ester functionalities have not yet been

reports for

reported by group 5 alkylidene catalysts, it turned out

OSirilak Mekcham, Sapanna Chaimongkolkunasin, and Kotohiro Nomura*

that the ROMP of N-tetradecyl-norbornene-2,3-

dicarboximide (TDCI) wusing V(N-2,6-Cl,CgH3)-
(CH2SiMe3)(OCsCls)(PMes), (2) afforded the
corresponding bottlebrush  polymers in high

conversions (Table 1). The resultant polymers
possessed high molecular weights with unimodal
and narrow molecular distributions; a linear
relationship between the M, value and TON values
(polymer yields) were demonstrated in most cases.
In this symposium, we wish to present our explored
details in the (quasi) living polymerization and the cis-
specific ROMP of cyclic olefins.

Table 1. ROMP of cycloheptene (CHPE) and
norbornene derivatives (TDCI) using 1,2¢

cat. cyclic additive time TONP TOF® My Mw/ cis®
(umol) olefin / min /h1 x10% Mnd /%
1(4.0) CHPE - 10 18 109 5.87 1.19
1(4.0) CHPE - 30 70 140 6.40 1.42 >99
1(2.0) CHPE PMes 10 192 1150 12.1 1.30 >99
1(2.0) CHPE PMes 30 769 1540 15.8 1.82 >99
1(2.0) CHPE B(CeFs)s 10 104 624 2.86 1.10 >99
1(2.0) CHPE B(CeFs)s 30 270 541 28.1 1.60 >99
2 (4.0) TDCI - 10 243 1450 14.6 1.17

2 (4.0) TDCI - 15 248 993 155 1.16

2 (3.0) TDCI - 10 333 2020 18.3 1.23

2 (3.0) TDCI - 15 333 1390 18.3 1.24

“Conditions: CHPE 10 mmol and CHPE+benzene 4.8 mL, TDCI 1.0 mmol
and benzene 2.0 mL, additive 1.0 equiv to V. “TON (turnover number) =
monomer reacted (mmol)/vanadium (mmol). “TOF = TON/time. “GPC data
in THF vs polystyrene standards (g/mol). °Cis percentage (%) estimated by
"H NMR spectra.
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