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ATE 1

(a) A2F 3F=;

(b) ¥ 2 RiRP-N(R3)-P(Ry)-N(Rs)-HS] #7+=,

7)ol A, Ry, Ry, Ry, Ry @ Ree= =¥ o=m d=l(halogen), o} x(amino), EwWE A (trimethylsilyl),
Ci—Ci= L (C1-Cyoalkyl), X C-Co-LZ, oFH(aryl) % 3w olHZRE HMElm Ay gtz o9
NEF8 FEAola, of7]o|A A7) PNPNH-©+] = ZHol® 3hte] P e N AxteE =3k g A|~Ele] 9zt
(member)Q <& Qlar, A7) gl A AEe X3k <& g7h=9] s} wi 1 o]ake] AR 318 (constitution
compounds) Z5-E A =11,

(¢) 7] == F7] gdo)=(halide)E E33F= /MAA (modifier); 2

(d) A A (activator) T FZEd|(co-catalyst);

o714, A7) MAAE E=N T+ P, X=Cl, Br ¥T=* Io]a, R=2Z(alkyl), AZF2YZA(cycloalkyl), o}
(acyl), oFd(aryl), <Ald(alkenyl), ¥71<d(alkynyl)Q] [HEIX, [HERIX, [HER.IX, [HER;]X H+= [ER4IX T

SY ) Ef(tri-) 9 EBE tE(multi) $9S 7tastE Aol A4-SstE A HX E£E RX e o
EEY Ev TALFIORNEH AYH =

27 ARF SFES 719 B2e 7149, (1D =5 Cr(IID9] w91 A3 534 (coordination complexes)
2 F71e% S A (organometallic complexes) 2FE ¥ = A& EHJOR g Fv) 4=

ALl glo1A

A7) MEAE HESAY AL FEFE8 9| =(tetrapheny! phophoniumchloride), H|EgoE8Id R gE 2ol =-
R -3lo] = o] E(tetraethylammoniumchloride-monohydrate), HEZqEdEgERefo|=
(tetraethylammoniumchloride), o]AE &I olwl-slo]=2 T & 8}o]=(isopropylamine-hydrochloride), E#old
ojFl-glo| =2 Z 2 2}o]=(triethylamine-hydrochloride), E|EZ}Z2 AR F ZZ2}o|=(tetrapropylammonium
chloride), HIEZ&-n-HYe8d2y ZFZTo]=(tetra-n-butylammonium chloride), E|EZ N8Ry HEnlol=
(tetraethylammonium bromide), p-EFo]d-slol=ZZZe}o]=(p-toluidine-hydrochloride), t©]m|g€t]E o}
Holny FEZgo]l=(dimethyldistearylammonium chloride), (Eg-n-3g)-n-vHEguAIATE F2olol=
((tri—n-butyl)-n-tetradecylphosphonium chloride), WZ¥Y ZF=Zg}o]=(benzoyl chloride) =& olAE ZF=
Z}o] = (acetyl chloride)ZH-E ABE= AS EALRE gl Fv =A4E.

[

AT 4
A2 oA,
A7 A2F 3FEELS CrCly(THF);, Cr(IID)olAE oM EYo]E(Cr(IIl)acetyl acetonate), Cr(III) ZEF:=o]

o]E(Cr(III) octanoate), 3I=ZF AAFFE=H I(chromium hexacarbonyl), Cr(II1I1)-2-o€dA}l-ofo]E
(Cr(111)-2-ethylhexanoate), WHA(EZ7}E2HY)-TE H (benzene(tricarbonyl)-chromium) %+ Cr(IIl) =%
o] =(Cr(I11) chloride)ZH-E AUy = AS EAOR 3= Zn) AAE
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AT 6
A1Erel Ao A,

A7 BA4A e FEFue Eddd 4Fv]E(trimethyl aluminium)
aluminium), Egeo|Axad  4Fu|E(triisopropyl aluminium),
aluminum), oNELFrE AxFHFZo]=(ethylaluminum sesquichlor1de)
aluminium dichloride), & dFu|=Ak

(diethylaluminum chloride), o€ <Fuyx TZFZdo]=(ethyl

(methylaluminoxane; MAQ) & RS9 EFEZREH AdyHE=E AL &

AT 7
Ao oA,

YE/Cr EXl= 0.5 WA 5091 As SRR k= S 2A4E
3TE 8
A6l A,

Al/Cr &M= 1 WA 1000%] A& 54 o= ste S 4.
A7 9
A1l ghejA,
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FEEA -5 (comonomer-grade) 9]  1-AAl(1-hexene) % 1-2®l(l-octene)S XT3l=

3 Al x3 Ay <9 g9+
(linear alpha olefins; LAOs)S XS £13k T SAHES A ilj/] Hazs g2 vy, o)yt F
AEL TEHOR A& o] 4, 6, 8§ 9 JEd-Hun] FYHE B¥ i?_q. o= A& 447 (chain
growth) B X|3k(displacement) WH-& ©AZ} AAgo 2 IA A== 5} HAYSE wEdl #x-Z22

(Schulz-Flory) i ¥} (Poisson) AAE ¥ (product distribution)& E?JDP.

e e Bl BH, o] AAE E¥E AWY(full-range) &3} 23 Aakabol Al glo] whakx] ke =4
olgtil 3 4 k. 1 olfE A4 A Eob A R (size) B A3 (growth), A (geography), Al
Sh(fragmentation) ¢ WA wj$ ©E AsS YeERWZ] witoltk. wEbA, AF 2=FE=(product
spectrum) @] YH-E-E Foix AANH A= wHgo] WEAS 5 AT, I8 FA TE AEFS A AA
dol =4 FAY A @A A (marginal niche)oll A¥t WolEold 4 QI7] wjiteol, ANAELS A Q740
4837 e ek @A, b Ane) AE 74 L0 AR LEA AAS A8 FHRA-5F) 1-
a glo]e}

webd, 7bg AAdew AEAe LA0s, & FUFA-FFel 1-slel omdel Aske w v E ow
Helgp, & C6—*dE“1*é°ﬂ #3 85 FFA7V] Y5k, AR FAEC] AEEHD vk, AEH 6-4E
3} ¥4 AE™ Y2 (Chevron Phillips)ol ola] #ekE 9Ivh(J.T.Dixon, M.J.Green, F.M.Hess, D.H.Morgan,
"Advances in selectlve ethylene trimerisation - a critical overview", Journal of Organometallic

Chemistry 689(2004) 3641-3668% 3F=).
A}t WO 03/053891 AlS A Al CrCl(H] 2~ (2-t) A d E 23] e-of & ) o} 1) (CrCl3(bis—(2-

diphenylphosphino-ethyl)amine)/MAO( ™€ &1 =2 (methylaluminoxane)) EjS] AZF-7]9te] Aed &
A-4ZFA st Fo A]2~®l(chromium-based selective ethylene-trimerization catalyst systems)= 7|AI3}aL )
= T3 YtE FER(PE S, HA(2-ydd¥E AT - gl)-o}Tl (bis-(2-diethylphosphino)-ethyl)-
amine), ElMEtjo|d @A Egjo}nl (pentamethyldiethylenetriamine) %)2] W& (variation)S 7HAIstar o,
a8y, olgdt RE ERAES 1-AAMS A9 LAOs ¥R oluEt o H ZdEdly) e A o ¥

A e e Es A

B2 H8t gE 2 53 £AEe] ddEdle] AgAst B ARREAS BSo] diste], 1714 PNP-7-ZE(basic
PNP-structure)(S. McGuinness, P. Wasserscheid, W. Keim, C. Hu, U. Englert, J.T. Dixon, C. Grove,
"Novel Cr-PNP complexes as catalysts for the trimerization of ethylene", Chem. Commun., 2003, 334-335;
K. Blann, A. Bollmann, J.T. Dixon, F.M. Hess, E. Killian, H. Maumela, D.H. Morgan, A. Neveling, S.
Otto, M. J. Overett, "Highly selective chromium-based ethylene trimerisation catalysts with bulky
diphosphinoamine ligands", Chem. Comm., 2005, 620-621; M.J. Overett, K. Blann, A. Bollmann, J. T.
Dixon, F. Hess, E. Killian, H. Maumela, D. H. Morgan, A. Neveling, S. Otto, "Ethylene trimerisation
and tetramerisation catalysts with polar—substituted diphosphinoamine ligands", Chem. Commun., 2005,
622-624; D. S. McGuinness, D. B. Brown, R. P. Tooze, F. M. Hess, J. T. Dixon, A. M. Z. Slavin,
"ethylene Trimerization with Cr-PNP and Cr—-SNS Complexes: Effect of Ligand Structure, Metal Oxidation
State, and Role of Activator on Catalysis", Organometallics 2006, 25, 3605-3610; A. Jabri, P.
Crewdson, S. Gambarotta, I. Korobkov, R. Duchateau, "Isolation of a Cationic Chromium(I1) Species in a
Catalytic System for Ethylene Tri- and Tetramerization", Organometallics 2006, 25, 715-718; T. Agapie,
S. J. Schofer, J. A. Labinger, J.E. Bercaw, "Mechanistic Studies of the Ethylene Trimerization
Reaction with Chromium-Diphosphine Catalysts: Experimental Evidence for a Mechanism Involving
Metallacyclic intermediates", J. Am Chem. Soc 2004, 126, 1304-1305; S. J. Schofer, M. D. Day, L. M.
Henling, J. A. Labinger, J. E. Bercaw, "Ethylene Trimerization Catalysts Based on Chromium Complexes
with a Nitrogen-Bridged Diphosphine Ligand Having orthoMethoxyaryl or ortho-Thiomethoxy Substituents:
Well-Defined Catalyst Precursors and Investigations of the Mechanism", Organometallics 2006, 25, 2743-
2749; S. J. Schofer, M. D Day, L. M. Henling, J. A. Labinger, J. E. Bercaw,"A Chromium-Diphosphine
System for Catalytic Ethylene Trimerization: Synthetic and Structural Studies of Chromium Complexes
with a Nitrogen—Bridged Diphosphine Ligand with ortho-Methoxyaryl Substituents", Organometallics 2006,
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25, 2733-2742; P. R. Elowe, C. McCann, P. G,Pringle, S. K. Spitzmesser, J. E. Bercaw, "Nitrogen-Li.(ed
Diphosphine Ligands with Ethers Attached to Nitrogen for Chromium-Catalyzed Ethylene Tri- and
Tetramerization", Organometallics 2006, 25, 5255-5206; Sasol patent applications WO 2004/056578, WO
2004/056479, EP 02 794 480.0, EP 02 794 479.2; S. Kyhlmann, C. Paetz, C. Haegele, K. Blann, R. Walsh,
J. T. Dixon, J. Scholz, M. Haumann, P. Wasserscheid, "Chromium catalyzed tetramerization of ethylene
in a continuous tube reactor — Proof of concept and kinetic aspects", J. Catal. 2009, 262, 83-91 or
the SNS-structure D. S. McGuinness, D. B. Brown, R. P. Tooze, F. M. Hess, J. T. Dixon, A. M. Z.
Slavin, "Ethylene Trimerization with Cr-PNP and Cr-SNS Complexes: Effect of Ligand Structure, Metal
Oxidation State, and Role of Activator on Catalysis", Organometallics 2006, 25, 3605-3610; A. Jabri,
C. Temple, P. Crewdson, S. Gambarotta, I. Korobkov, R. Duchateau, "Role of the Metal Oxidation State
in the SNS-Cr Catalyst for Ethylene Trimerization: Isolation of Di- and Trivalent Cationic
Intermediates, J. Am. Chem. Soc. 2006, 128, 9238-9247; C. Temple, A. Jabri, P. Crewdson, S.
Gambarotta, I. Korobkov, R. Duchateau, "The Question of the Cr-— Oxidation State in the {Cr(SNS)}
Catalyst for Selective Ethylene Trimerization: An Unanticipated Re-Oxidation Pathway", Angew. Chem.
Int. Ed. 2006, 45, 7050-7053)¢] S4dE& ueldle =(dE 50, Hl&(HAdE2Tw)oprl-g 1k
Z=)(bis(diphenylphosphino)amine-ligands)& ©]&3% AZF-7|Hte] F&5-F7] HEFAY &5 71Ast2
ATH.

ko] MAOE FAlAl(activator)/&E W (co—catalyst)EA 7FF dnkx oz AlgFr}. o|AL F2 FWk 59
Ho] sy Ato|a Wuls o™ (S. Kuhlmann, C. Paetz, C. Haegele, K. Blann, R. Walsh, J. T.
Dixon, J. Scholz, M. Haumann, P. Wasserscheid, "Chromium catalyzed tetramerization of ethylene in a
continuous tube reactor - Proof of concept and kinetic aspects", J. Catal. 2009, 262, 83-91), 7]~
(MAO = W75 MAOS] FEIR) 8100 mol/mol ©]8ke] Al- d] Cr- H]&o] AFEE ATt whA, AZH-HA (o
& 59, A2F oMol EY o] E(chromium acetylacetonate))2] S3-&-2 o] AFtollA Hiyd g & &
ol ZA ool A AR vton fEd Aor wWelA = oA Ax =3 Zew #HHAT: Hg-
W s Fule] &4 ARS AlaES SRR vAE o] AsiAl 2 Ve 4 dAske =g &
wf EAo wzeEA stk o] AEL FFUH(feedstock), Bmi(solvent) HE HE H7FA|(auxiliary
additives) (& &9, &, Ata, & sbE, H24 A E(corrosion product) )4 EFEY 4 . =
= (poisoning) X+ H|&A (deactivation)S Hs}7] fste], H&e] EZA(scavanger), & E°] MAOZ} 8.
A1k, wepA, Zog B FHujol &4 Aol thg v M &S A PR EZA/FEH/DEAE A
g v o3 #HEgk v-&S ofr]shAl Hrt.

ool e A5l Cr-PNP H@AIE R ke v, 9HE o E 5o dvkA (R1)(R2)P-X-P(R3)(R4),
od7]ol A XE= o]7te] #7] 7Fn YAlek(bivalent organic bridging group)e! ©WE HU=E gFEAYMO
2005/039758 Al, "Catalytic Trimerization of Olefinic Monomers"), EJE}:=A4l(titanocenes)(H. Hagen, W.P.
Kretschmer, F.R. Van Buren, B. Hessen, D.A. van Oeffelen, "Selective ethylene trimerization: A study
into the mechanism and the reduction of PE formation", Journal of Molecular Catalysis A: Chemical 248
(2006) 237-247))3 22 &3] & HIAE 2. v Aol oA, Fo w4 EedEs
FA o] e gl HAstolr),

A7) EAl diske] g A" Aol Htol WO 2009/006979 A2l A Eom, oddle] HelE ek
2 98 Zu A|x®Elo] 7Aoo 9l o] ZFu Ax2®L AZFY(chromium source), "PNPNH-F3
(backbone)" =2 TEu/ A E E@@E} AP A THol A, e A2HELS
CrCls(THF)s(THF=tetrahydrofurane)©]il, PNPNH-2]7}t=+ (Ph),P-N(i-Pr)-P(Ph)-N(i-Pr)-H(Ph=phenyl group,

Lot

i-Pr=isopropyl group)¢lil, FZFul= EFEYLF0E(triethylaluminum; TEA)o|th. od@-A=ZAstE 9
gk o] FHull AAES ALE3lo], 99.5 wthR T B2 C6-THolAY 1-A4 deigda A4 90 wth olde] C6-F&
of BAEY. & ¥ ¥4 2%, F 40 - 50CE vig E2 -84 A8 B FES TP en, of 7]l A

_l

U S 252065 - 0T0)= 78 FAZEA 23 (-2d39 I4s 3%, =3, 7] S 242
A 27 S7keh] wiinel vha A wh, EAlel 1-8l A de)H o A fAEY

dhHo] O 2009/006979 A2o|A1e] Fw Al2®HE W2 I RE(AE E
FotH, o] 23hst 2HE dHo] vjeAd FANA KT £ Jeor, aA

A BAe gAtEE oM NPT & o,

o], 40 - 50C)IAM= w$ =z
2 OgE Afo e w2 259
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A2F Cr(IIDe AL ARl E9) Age A=A [PPhCIe] Fgol st 24 70T 2 80T
B@ el vk vebd cefaoltt,

T 62 AZRE, 1-84 2 74 &3AZ] Cr(IID ot E N EYO|EE AMES MAA o]AX2ddR

Wy A7 Hek A g

A B e

(a) AZ2F SFE;

(b) d¥ T2 RiRP-N(Ry)-P(R)-N(Rs)-HS] &7+
Ao

u:E‘i

o7l Al Ry, R, B3, Ry 2 Ree 55 t2 Z(halogen), ©}v]:=(amino), EZ|HEA = (trimethylsilyl),
CCi= 24 (CCpalkyl), X3E C-Cp-2Z, otd(aryl) ¥ X3hd o}d2HE HelgAy, TE =9 ¢
oje] AlZY fFmAelar, of7]ellA 7] PNPNH-©9] 5 Aol shfe] P = N ks gk o] Alage] ¢
At(member) ¥ 4 AaL, 7] g AlAEL XS] ofs gRt=e] sl e O o]de] AR sEE
(constitution compounds)Z2F-E A =L

=

(¢) 7] =& F7] gelol=(halide)E X33l N2 A (modifier); %

(d) A A (activator) = FZw(co—catalyst)

S Xk S 2AE 93] @ dn.

A upe} ol A7) gzr=e Qlojo] AlEE PNPNH-T+9] 9] Aol

shube] P = N2 18] ¥9AH(ring member)©] 3L, 3holl oz, = T4 siEtEd dste (Fod
T MY AA 7)(group) Ri-R; e H T vk, (Hed A3 22) F /MY 7] RiRs e (Y4

74, AA 7] RiRs 22t o. =R o shte] Ax e H, 2 (Ao A Z2) o 7] RREFEH o

2 AES FAHoRE AASIL, TRl oo HFoz EAete Ay o] sdst WHAE AFEr] $15k]

A setEvit skl ATl ofdl dAH o whEoldl Arb-vwaste -9l (valence-unsaturated

sites)E AFAFo2ZH sl e 1 o] A sERHE JdHr).

vl AlE, A 22F FgES §7] mE F)19, Cr(1D) T Cr(IID9 w23t 23k (coordination

complexes) @ H7]5% B3I ](Organometallic complexes), H}FEHASIAIE= CrCl;(THF);, Cr(III)olAlE olAE
Ylo]E(Cr(IID)acetyl acetonate), Cr(I11) =2E}x=oo]E(Cr(III) octanocate), IAEZFH IAAZFE R Y (chromium
hexacarbonyl), Cr(I11)-2-o&3A} o] o] E(Cr(I11)-2-ethylhexanoate), HA(EYFE2RY)-a 25
(benzene(tricarbonyl)-chromium) ¥+= Cr(I11) E22}o]=(Cr(111) chloride)Z5E Ael=c},

SEES Xoste E2AE Addsigd, o9 e IRtES A2 H
T AT oo B FIFEEA Ygol=g AT MEARA BT
Aggitt, weA, AZ2F =Y NEAE A= b2 gigEolojof g},

oS wEAe A=, 7] NEAE BN Ee Polal, X=Cl, Br & I°]a, R=%Z(alkyl), ANE=2YZ
(cycloalkyl), oFA(acyl), oFd(aryl), €Ald(alkenyl), €71d(alkynyl)?l [HEIX, [HERIX, [HER;]X B+
[ER,IX =+ Y(di-) #%, Ef(tri-) X = d5ulti) FR2S 7Husks Add 438 A IX & RX
Heo] JEESY B ¥ FYOZRE AEEY  vEAs A= HEDHE EA2XFF 289 = (tetraphenyl
phophoniumchloride), HEgEdrgIFEdto|=-E-3lo]=d o] E(tetraethylammoniumchloride-

_8_



[0041]

[0042]

[0043]

[0044]

[0045]

[0046]

[0047]

[0048]
[0049]
[0050]

[0051]

[0052]

[0053]
[0054]
[0055]

[0056]

[0057]

[0058]

S=50d 10-1466431

monohydrate), H|EZlolE IR EFEZeo]=(tetraecthylammoniumchloride), ©¢]AXZIolvl-slo]=R2FZglo]m
(isopropylamine-hydrochloride), Eglol€o}lvl-slo]=g2Z Ze}o]=(triethylamine-hydrochloride), EJEZ}X
2GR F S 2 eFo|=(tetrapropylammoniun  chloride), HEZ-n-FE A5 Z2dto|=(tetra—n-
butylammonium chloride), HIEZl €U E HZulo]=(tetraethylammonium bromide), p-EFo|d-slo|=gZ
Ze}o]=(p-toluidine-hydrochloride), =R L= Re e ) A= RS SR oy 270 =(dimethyldistearylammonium
chloride), (Eg]-n-HE)-n-HEZUA XX F 2ol =((tri-n-butyl)-n-tetradecylphosphonium
chloride), ¥zx&Y F=Z2}e]=(benzoyl chloride) ¥ otAdd E=Z2}o]=(acetyl chloride)24-E A€},

dntd o=z 218 E (halogenide) S WEE & AT A9 sgEo] A5s MAA o),
271 MAAE =3 v d(piperidine) ¥ & H]AEE (non-cyclic) @ AlZFZ(cyclic) ool 7|%3F odx
A Ev xaIFggoRRy Add 4 k. AV &9 "Ydi-), EF(tri-) v HFE(multi) FRE 7

ke

W3h=(bridging di-, tri- or multi unit)" <& ¥£°], NNN' N -=HEZudodA]o}lwl(N,N,N' N'-
tetramethylethylenediamine) X+ ol@dH] A~ (HHd3E23)(ethylenebis(diphenylphosphin)) #4F o}y,
Eg-(tri-) & Yz FYel gist E=N =& Po]al, n>20]1, Y& A 37] -FHR £+ -FRE AZ43= 499

FHREE7E &4, AE2EZ, ofd )9 YHER), S defol ute sd&Es £3sks Ao=m ofsldt.

= I2EA ARAS AFes A Av)e Ao A 2S E, X 2 R} [Al=[HE], [HER], [HER.],

[HERs]", [ER.I'SF 870 [AT[CrX.], [Al.[CrXs] 2 [Al[CrXs] #eEle] o= E-= 2 o] E (ammoniun—chromate) =

st 2 EAFF-3 2o E(phosphonium-chromate) SgA1E el 4= v}
T3, AZFEAT NMAAE diste e i

- Cr-9 7 [HEIX, [HERIX, [H:ER.]X, [HER;]X, [ER,IX,

- H:E, H,ER, HER, ¥+ RESF &7, Cr-g3 F4 stole2 & Z 714 anhydrous hydrohalogen acid), £3] 4k
(hydrochloric acid),

- HE, HER, HER, = RsES} A, Cr-9 3} RX, o & Eo] wixd ZF=go]=(benzoyl chloride)

ol7lo A, Ry, Ry, Ry, Ry ¥ Ry 5HZow =7 (halogen), o] x(amino), EZHE A (trimethylsilyl),
C=Cim 2 (C~CumalkyD), oF&(aryl) 2 A%kl opgola;
(c") &g o7& xdeh= MEA; 2

(d) A ==

oH
2

]
5]

EPgets Fu 2L AT

vt A=, A7 fE Pi 15 xgste MAA= 14, 22 E=e 32 A¥F(aliphatic) Hv W
(aromatic) offlo 2 HE Melev}t, wlgz s AW ofvl2 o] A 2 Foldl (isopropylamine) ©| o},

A7 FAA e FEAE EgWE 4FuE(trimethyl  aluminium), Egdg  LFn]E(triethyl
aluminium), EdolAZ2d  AdFu|E(triisopropyl aluminium), Edolx{d  A4ZulH(triisobutyl

aluminum), oN€LdFulE AH=F|ZFZo|=(ethylaluminum sesquichloride), TUlol€dFuly F2lol=
(diethylaluminum chloride), o€ <FulFE tvlEF=Zdto]=(ethyl aluminium dichloride), ™ & &Fu]=Ak
(methylaluminoxane; MAQ) X TAEY E3EzRE AP FT),

A FEeA, A7) BFt=/Cre] 4= 0.5 WX 500, vigtA s A= 0.8 WA 2.00]t}.
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[0059]
[0060]
[0061]

[0062]

[0063]

[0064]
[0065]
[0066]

[0067]

[0068]

[0069]

[0070]

[0071]

[0072]

SSS0l 10-1466431

A7) AL/Cre] BH)E v siAlE 101 WA 100001, O wpEadsiAlE= 10:1 WA 200:10]th.
71 ARAA/Cre] Eu)E vEAEAE 0.01 U= 100, B vEAsAE 1 UA] 200]t).
T T2 FdoA, 7] Cr/dgel=e] Eul= 1:1 WiF] 1:200]t}.

FYAEAAE P ubsh gol, Fuh £YBL AT AT YL A AR BAZA HFHY, 47 4

ol Ev) 2HBS P etel EFEE A ABY S Advh o] Aol Yo, ¥ wwel e Fuj 24

E& £ oS A T BE BY @, 0), (0 % @F AR, Aol P4 2 G 90
o 3 =

T oA B2 ghgTloA oE/lle] 7hAt(gas phase)ell i AW wE Fu) 2AHES =EFA7]AL &EaH
s ks AL ¥etshs, oERe] ejauvst g4l o3 S €.

A=, 7] S8l EE 1 WA 200 Bh(bar), ¥R SHAI= 10 WA 50 vk(bar)2] A F=afH ),

exold e,

i
%
T
=
i
>
QL
X,
rr
o
N
o
AL
&
=
o
|
—
(e}
£
B
Do
()
(e}
(@]
T
=
L
X,
o
X
r
Do
(e}
£
B
—
()
(e}
(@]
lo,

% 9 oWz mdeks AAAE 2 Fu 24
Atk olAe olnbE fetol= EF AAAE AHgtol
=
5

A (catalytic centers)®] Al o] GA

2 o] glotdel FEoA, etol=E x3etE ZREFY, dF 5o CrCly(THF); X CrCl,E &8 oy,

TAReR AWE ofFl, dE Fo] o|axEdolvlm AdtdE 4 Qlrh. o] A7 "QI-AlFr(in-sitw)" &7 ¢+
By SEdg0lE AES wrEoUlmng, WA TEe v 2A4EY g Tt
Tz Uik A QR A3 9, B UHE Ed FHuf AlxEle] 4 disted ¢ U §
s AT Yike iR $A *gié ] 2hgetet. ufg w2 gl 1-AA JEAdE X3k B9,
A AL VEd FAAAY E AAE 2 £3E0] vf =2 fHEY -4 dEgo] FAFHES 3 o
= A FUHE = k. dhgiE, 4 Zﬂ7ﬂ7} A A, Zo] AAEle] FAZQ BAL 713 Hojgol
AFH] (runaway condition)E H3}7] ¢85t =42 4 o,
P THE> A ﬂ Zr) s de LdEFeRA Fre e fguls §X84 o, ey, A ®
ko] Euf S digk 2 A (scavenger) ZA ZHEIAY BEES EEAGSA7IV] W, oy AHA 7]
A FA A 714 Bt A B2 gk & TS5/ A(AE 01, M09 HUME ZoF i,

wye bz Azsge seba E4ol olal gol el Ul gele] Asks B4 LR AW gl F
L9 WE 9 dEge 2AsE Fu) 2480 B9 W WY $EHS AFFoRA oled 43k
S(tradeoffs) % Ake ss@Th, oleldt FEAL 7124 BAelA A EAT 29% 5
= A gelA egEn,

ox rlr My o ol
2
o

r
[e5

>
2
2

2L

= AstA= EFd(toluene), 1-FAl(1-hexene) ZE&= A2
(cyclohexane)olA] AZHLY = AFA7oEZH AXHH, of7jdr A7 22F sEE 0.001 WA
100 mmol/1, ®FEA3IAE 0.12 10 mmol/1 Akelolar, 2]ZF=/Cr-Bl&2 0.5 WA 50 mol/mol, wl23lA=
ow+20mum14ﬂlﬂ./z1aﬂCﬂﬂﬁhﬁ}%iﬂt%lﬂ%spM]QHH%QM,%ziPwm—
ez Agr.

47 B4 Ede AQE g, kg
2
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[0073]
[0074]

[0075]

[0076]

[0077]

[0078]

[0079]

[0080]

SSS0l 10-1466431

/RT/P\T)\
SRV

47 wEW, AFgASRAE =g

mol/mol AFe]e] Al/Cr-v]&S 7] 3t
200 mol/molo]t}.

My mE EdeldaRulnt Moo o] B
oA WS uAE Al/Crul & 10 WA

2 1
o
1
@,
2
!

0.01 WA 100 mol/mol, ®IFASAE 1 WA 20 mol/mole ZWAA/Cr-vHl&S 27 Y8t MEAAS
71kl

g EFdEe g2 gv] == EFA(WA(benzene), ol€dA(ethylbenzene), T (cumene), AL
(xylenes), "X E@(mesitylene) %), AWFHF B3F4(FH L AFY, o= o] dilk(hexane), =tk
(octane), A|ZFZ3AF(cyclohexane) X5), AAl(hexene), € (heptene), =H(octene) I 72 i &4
A EE g So, todd " Z(diethylether) ¥ HEglslo| =& F @ (tetrahydrofurane) ¥ & o g
AlQle W whslrhel e fulo] EFERZ giAE = vk, FA4Y AAECY] wiEdd 7 b g
< 1-Aelw], FuEA )AL AREEE AL olFel FAHY EE FWES IA @EIATY] wEd
Fastth. Arl, 1-3AAle A ol®l(ethene)?] &3l EFAAART v,
1
A

R
sl £

—
S,

0

5

T =

Z odle] 7}22d(gas phase)d =EdT. A7 WbS7]= WE Ayl ¥HS-7](bubble column reactors), xIWE
=

2 37| (stirred tank reactors), XAHEAY EabE o€HA-FA7I7F FERE F5a WES7](flow
reactors) ¥ &2 7}2233 A4(liquid phase) AbelollAe] F&3 AEHS AlFstedl 43 499 Fed
T A AeE whg7] Fxo o AT 53], v Fdo] B2 SHu 2AE o ddd =2 HIE
oAl 4 Ho](phase transfer)e] SAE 3I|3t7] $Iste] S| w2 7l Afo|A A dFo o] o]z

vhgbA Rk Nk &8s 109} 200C Abelolar, 7R wbghA ek 2k W= 20 WA 100CoIH.  He AR AR
AN ARE RE(AE T Ae)e w2 AuAdA FEI A @] flste] AE

[e)
B AR A (2woh grelol W) 1087 2047k Abololt},  wlkAE WeE 1 UA 44

)
©
o

b, B oume svlel oldEe AFBh ¥ SA&W AU B ABA(reproducibility), F
W AzEe Y 2AdA B 2] Y o HAFL A -9 A 1-94

=
A3 e AT BE HYg g B b

e
o
o of 2 2
B
)
o
[~
e
2

b 1l gl 1»6‘:‘\: ’ %l- o

Al EdE &Fu|E(triethyl aluminum)o 2 tiAE; 2R E2] 3y F2(MA0)Y Fdujdoz e

Aol wlie F&o] Eqhgst Ado] e FFHue FEACE T A & How g F(EL

dEuF)oz gy, 5A &2 LA0 A 2 vlg 58 ZeiW Ao oA, 2 vhg =1, 1
A3 71 R F(technical-scale plant)S $3F W& Fx} v]-& 2 3o ouyx] 2 4 v]&; JF
o7 tedtal, 2 TAH AAZ steeA & wS EE -AEA o sty B =AM FI AHA @A
Slol ¥ AHE T8 98 F dS: 2A o8t B AZFEY Jisd A 9 AW AA =1E
TEA717] Yot Ful A="E HAA AdsHA 2A-4E U8 Jhed &3 29§ wskd
(variability); W3}7] & 87 wE &4 2 dede] folsk s 9 desta Ay Sul A=,
2 Uy Su] @49 s s, a9k FAlC, T dEHA e A 2L =2 AgAd/4ES A
sl AS HRE s Aguh, bEAsHAlE g4 o)8rbsstn AEE B2 O AFAES] Ase MEA
(modifier)& #H7Fe w g2 5 o= AS AT, oA 53] Cr(acac);d < vk, #r=st 3



1

2

s5
7 Cr(acac);& AME3SIE A2 AR A rd Aol gle (X 71€77F §lv) 244420 84 &9&
EREl=
[0081] 2 dgo] I & o 9 EAES AF HEE =UHS FFxsho 179 AAjdoA A, of 7oA Ew
1 A 72 AAlel 3 WA 9ol w2 AFe disk A7k w2 oddl AHE YERE Zlolt.
[0082] Ao 1 : CrCl;(THF)s/PNPNH/TEA/[PPh,JC1 2 [NEt,ICl - Hi0 - v A|2ES o]£3) odAe] AFFA3)}
[0083] Y 5H(dip tube), MELD(thermowell), 7} &9 WH7|(gas entrainment stirrer), ¥7ZF FU(cooling
coil), (& dlolg &5 Al~87 #dd) =%, 48 2 wiky] £25 98t =4 fylo] 42td 300ml &
HH3-715 7% o223 (dry argon)S AREshe] nIEASA AT, HAkstE dHlolH 5 A&HOR Alfte] mE
oldle] AME #HF3r] fstel, &FvwE 7Y 7t ARy 93] 59 dE# FF7](isobaric ethene
supply)E B o2 FX 3849},
[0084] AYs Fsy] A, v &, s 2 ALAE i3 ETEES AASH] Heko A7) er1E 2 At F
ot 7+¢dstoll A 100C & 71L&kl ).
[0085] Zu) AxE Yste], HA3 ko] PNPNH-HZF=(61.4mg (Ph),PN(iPr)-P(Ph)-N(iPr)-H, Ph = #Hd, iPr = o]&
r=z49), A= TA(CrCl5(THF )5, 37.5mg) 2L 7N A HEHAdEA T FEZ ol
(tetraphenylphophoniumchloride)(P(Ph),Cl, 37.7mg)E A=3le] w|&A E47] dlolA &:3I FEH(Schlenk
tube)oll ALTE.  100ml F-I o F ¢S H7Ls) A7 gHS viadg wdty]E ARgsle] akslglt).
Cr-3igts 9 =g &8t &, 5. mDol &314120 1.9mol/1 TEA &He] Had & Hubsksld
A7) BAE A VIR &V)a, W& AAIESIT.
[0086] Aelg By 2 FAe 1.5 mol/mold #ZF=/Cr ¥]E, 70 mol/mol®] Al/Cr ®¥]& 2 1.0 mol/mol¢] P(Ph),Cl¢]
H &2 1 mol/19 AEF Fxo g},
[0087] o] A webA, A= AEAE S ud of" 2 22X sl T, AT, A7) AEA
[PPh,]C1 A9 27} AESs 13} | Egtod AR gEReto]E-Rislo|Eg o] E
(tetraethylammoniumchloride-monohydrate) ([NEt,] H,0)(18.5mg) & v} A ch
[0088] AFAIZE F, oF 100ml1e] Zo] AP F2l &7]o dEdll dHoZ MAE o]5A|7]7] {5l Aol Hh-&-
S AABGTE. AR B WMAAS Jha 9 A AAHE Z47be] AHEsl W GC-FID BA1S Bl AAsaL,
ol @l o]&(uptake) Hlo]Ee} Hlw 3G,
[0089] 4% dolgel 7|x3sle] AAAA & E AUdS FA45%H.
[0090] EEAE, 94X HFY -5, 1-5", 1-d4d 2 == A ulg 52 -84 g #BEHS
LAEA Za & Aol st A L] wHE A A, ojus UM e FAHE FFEHA] Ik
o ARE 7] & 16 Sefsigith

[0091] CrCl15(THF)3/PNPNH/TEA/ [PPh,JC1 2 [NEt,ICI - H,0 - vl A28 o] &3t o|da A=fAst A9 27
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[0092]

[0093]

[0094]

[0095]

[0096]

SS=50l 10-1466431

[ 1]

22 9= A% AgAee amge O 6 Ol 1C6
°C bar ] 2+ mol/mol . T8 T TE i 6

min & wt-  wt%  wt-%  wt%
%
8 30 120 ) 70 48 872 36 980
65 30 120 0 404 45 911 33 994
80 30 120 FIRCUS 365 45 80 12 979
80 50 60 PPCler 0 75 m83 11 9w
65 50 90 PIMICSr 537 48 903 30 @
6 10 120 PO 29 44 902 39 %3
500 30 120 PPMICVCE 554 17 940 40 994
Il

807 50 90 MNEWICVCE 503 46 881 36 980
65 30 90 INEWICVCr 489 43 w0 02 992
80 50 90 PEGCVCr 46 54 880 38 s
T = /Cr = 1.75, AUCr = 75 THA AEAE TEAG A

AAle] 2 : Cr(acac)s/PNPNH/ WA A /TEAS ©] &3 oEA A=At

A e 1o 7]AE Ad "WbHo| uhgl, 72mge] PNPNH - 2]7+=, 0.1mmole] Cr(acac)s, 0.3mmole] t}eFsl &

pal

f

Al
tel=-3f MAA 2 <o &A1 1.3n19] 1.9M - TEA & RRE FHujs Azt 2 &

Eﬂ_)_\_E—g‘ 50DC, 30 H}(bar)oﬂfﬂ —’Ffsﬂé}ﬁi‘:}r. A @T’}‘—g‘ 7H7‘<j_121]9]— ﬂi%%gi/ﬂ CI’CI;(THF);% /\]-%—B‘I—Xl
Az vaste] ¥ 20 YeER ST

=)

GO
rlo

Cr(acac)s/PNPNH/TEA/ /N A A& A&t olddl AleFAsl Ao 23
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[0097]

[0098]

[0099]

[0100]

[0101]

[0102]

[0103]

[0104]

[0105]

SS50l 10-1466431

[¥ 2]
g oaa 9 naa Aie TE 8 +8 i Cs
fuin W% wi%  whi%  wi%
500 30 120 i 552 20 927 50 995
50 30 40 [PPhICI 878 12 930 53 995
0 30 40 [PPhi]Br 704 09 950 36 996
50 30 40 [PPhy]l 152 14 962 17 990
50 30 60 (géﬁtﬁl)]m 862 16 928 51 990
0 30 60 (NPrICI 583 22 917 55 993
50 30 60 [NEt]Br 603 11 948 36 991
500 30 60 [P(-Bu)jBr 569 12 939 41 991
500 30 60 [N@-BuBr 645 12 938 40 991

I=EH 224 CrCly{THF)

A Ao 3 : Cr(acac)s/PNPNH/TEA/[N(nBu),ICl-&1] A|2E1& o] &3 oA AMzkA 3}

o] AAdE oj@A Cr(l1D)otAdolA| Ev]o] E/PNPNH/TEA-Z vl A ~8le] HA Aso] MEA HEZG-n-34d¢
Bg2rel=d o8 AA Sk & ke BoErh. Cr(IIDokE et Evlo] E(XFA Al Cracac)s) ]
ARES TR0 F84 9 AYI A o] 53 wpgHo|th, Ay}, o] ARZFEIL EFQl] EA &3F
22 ) Az 5ok AFA - £YdE A 2av) Q.

A 1o 7)AE A8 wiol whEbA | 69mge] PNPNH - #]7F=, 0.1mmol®] Cr(acac)s, 0.3mmol®] [N(nBu),ICl

m
=

EFdo] &A1 3mle] 1.9M - TEA §Ho2RE =S Ax3Utt. Zv) BlAEES 55T, 30 vh(bar)el
A stk 1 AdE NEAE ARS8 tixd A3 vlaste] = 1o YERldT. ¢ #A4S F
A 2 o] A (kinetic phase transfer limitations)< Al53sHAl ALJE L, 98 wt.% o] oz AA C6-EF
ol Al w9 o Co-MEAG 92 wt.%) L 1-814 MeElgo] SAEY] wiEo], % 1o oj"dl AH] ZAo

AgAow -84 Aton A" 5 Aoks AL woET

AAd 4 @ AZFEAAA NFA [HN(Pr)IC1, [EN(Et);]C1 B [N(nBu).IC19] 3

o] AAlo= ojuA 1-NAlo] HAA o]AEZEHolwl-3lo|= 2 F Zg}lo] = (isopropylamine-hydrochloride), Eg
dgolil-slo] =2 F & }o] =(triethylamine-hydrochloride) 2 HE#-n-FeadrngIF2do]=(tetra—n-
butylammoniumchloride) & A}&38fe] &u] A FZaadA =& 4 U HaHS JHHEE YitE ¢ JgErtes
HogEr, oA SH) HAEE &) ERAE Ax AEFEAtea giAg AL AQstus, dAld 19 A
Wlol] whal 2338k tk. 69mge] PNPNH - 217F=, 0.1mmol9] Cr(acac)s, 0.3mmol&] 7§ &A] 2 3] &)1

ml2] 1.3M TEA-§Ho2RE ZFuls AZ3T. 23 Z2AE T=55T, p=30 vl(bar)Z A&} T},

GC EAL Co-MeEAol > 92 wt.%o)x HAA C6-&F oA 1-dH Mol 98 wt.% o]Aoldt= AL
Yeldth, = 2% S @4o] tstA J4ds AdAe] Ao o st dAWE fElshA 2dE 4 o

AAle] 5 1 EF< &HAZ AZA [HN(iPr)IC1e] F7F
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[0106]

[0107]

[0108]

[0109]

[0110]

[0111]

[0112]

[0113]

[0114]

[0115]

SSS0l 10-1466431

Ao 4o tiFAQl oA, 1-FAlL 3k SujEA FFAE AbEate] o]AXEgoll-slo]ER IR elo|=
o] ZAtell A, wjg- o] HE FHv g = dudor Azxd 5 Ut 0] AEEs $138ke], 69mge]
PNPNH - &]ZF=, 0.1mmol2] CrCls(THF)s, 0.1mmole] [HsN(iPr)]Cl 2 EF o] & 1.5m1¢] 1.9M TEA &1
S 100mle] o EEdlel &AM Ful §As EFFE F odk=, wkEE 50T, 30 Hh(bar)el A
MAlskATr. A& A (reproducibility) 2 934 (consistency)S e1st7] 93k, 0.05mmol [HN(iPr)]Cl 2
AR 2=/Cr-, TEA/Cr- R AEAN/Cr-v&S& Abgate] A3S wbsegith. = 32 A Fu) $=8 e
2 ZEol& Aol AgH Zvjo Au¥(absolute amount)ol thale] dF F2 FAS

oA dd-o]g F4 19 At} tS 52 #HWS el dldAl-o] & 4 20 93] BWEs|ziv).
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