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Abstract The catalytic reaction for the selective ethylene trimerization and tetramerization provides a vital route to the pro-
duction of 1-hexene and 1-octene. Among the numerous catalysts reported with diverse structures and compositions, we select
the [PNP]-ligand based chromium catalysts and focus on illustration on their development and application. This contribution
includes seven sections as ethylene (selective) oligomerization catalyst systems, [PNP]-ligand based Cr catalyst system, cata-
lytic mechanism, ethylene oligomerization method, catalytic property, and conclusion and prospect, which will cover almost all
of the [PNP]-ligand based Cr catalysts so far studied. In this article, we will mainly discuss the influence on the catalytic prop-
erty owing to the electronic and/or steric characters of the skeleton as well as the substituents at both N and P atoms of the
[PNP]-ligands. In view of the current advances in this field, this [PNP]-ligand based Cr catalyst system is of potencial in ap-
plication for the production of LAO mainly as 1-octene.
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Figure 1 The concise structure of PNP-ligand
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#1, Nixon 252U ] = SALBEVE N BAEIR, A el bR
EAEIE, Wi EE R TTEE R EA RNPCL), 45
IR A YI(Bgs. 1 F12). %A BRSO, 75 B 45 il 4 S B
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Scheme 1 Multiple-step metathesis synthesis of MeN(PAr,),
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Scheme 2 The effective way to asymmetric PNP-ligand
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R'R"PCl FA AL It & 4 7 V5 A ok 13 77 T 1) i) R,
B, AP & 7 — Rl 2L T U0 SR I [PNP] R 1A,
RIOARMHIT R E T &L, WEANER LS
Y. KH 020 T R A SR (0 RV B OB, T AT LA R )

1864 http://sioc-journal.cn/

© 2015 Chinese Chemical Society & SIOC, CAS

B3 BB HAIER % [PNPIAC /&
Scheme 3  Stepwise lithiation to prepare the PNP-ligand
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Al A SCERRIE[PNP]RL /& 5 CrCly(tolyl)(THF); Fl CrCl,
AN RPN 5 H S RN Cr(acac); A1 Cr(EH); SN A %,
AR AL SR RIS, (B2, MIX SR AW
FIE AR IIE R N & R AR, FFE BRGSO, Ho
(1) B B R B A R . RV 22 TR [PNP] L A4 5 AL,
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TRAEALAI RE I T a8, £ “Bris” Hoph—ANBERCAL T At
AV B, EREERE, A B FAERST Sk
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B Ar=o0-SMeC6H4

B 5 [Ar,PN(Me)PAr,]CrPh; & R
Scheme 5 Synthesis of [Ar,PN(Me)PAr,|CrPh;

CH,CI P
A 4 2Me—N \C{ L N ¢/CI (10)
N A e e
P AN
\ © R Ph
Ar CAr Ar/ Ar
D

Ar = o-OMeCeH4

CrPh,]"{B [CeH3(CF3),ls}~ (E) (Scheme 7)P%. # 454y
7 Cr—O AR 2.25~2.45 A ], SILiie, me T
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=]

/ \Cr/Ph
~~

AN /t Ph
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Na'B[(CeH3(CF3)]” [ Me—N
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ER 6 [Ar,PN(Me)PAr,]CrPh,Cl HI& %
Scheme 6 Synthesis of [Ar,PN(Me)PAr,|CrPh,Cl

[PNPJECIALY Cr(CO)s fEA LI A B — 8
BRI 254 CO 2 A2 itk & ) [Ar,PN(R)PAr, | Cr-
(CO), (F). tL&EWIF 5 Ag{AI[OC(CF;):])5} K4 e Fif
Ji e B AE [ AT, PN(R)PAT,)Cr(CO)4] {AI[OC-
(CF3)31a}~ (G)(Scheme 7). [N, th&% F 5 & &I
T RN AE B =M S 58L& Y [Ar,PN(R)PAT,]CrX;
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[Ar,PN(R)PAr,]CrBr(biphenyl) (I) (Scheme 8)P. {k
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Scheme 7 Synthesis and single-electron reduction of
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B —
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H
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CHJCl,
-95~25°C

Ar= o-MeOC6H4

B8 [Ar,PN(R)PAr,)]Cr(CO), HI Ak 5 N FIE fiE i 3 I
R

Scheme 8 Synthesis and functional group exchange of
[Ar,PN(R)PAT,)]Cr(CO),
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3.3 BRI

TEM R I A AL, FRATTR RS K AR R 7 T4k
PG 3V 4 R B A B A A Bk O AT, Al
Bl oty 1 s 3 o A A1) e T R AL B P A R N
AL, E[PNP]E& AL G WM AL 1) 200 55 58 OB A
A, B A EEA MAO. Bk i H AR S ke
(MMAO B MMAO-3A: BEEEVE R, 30%[H Al e T 2k
AR R A ) H B R 4 e (MA O -silica) . ZREAR 4
Fi(EAO). =HIEAR(TMA). = ZIE4(TEA). = ] 540
A JE(-BAO), [H(OEt,),]" {B[3,5-(CF;),CsHs]s} ~, Na'-
{B[3,5(CF3),CeHsla} ., (MesPhNH) [B(CeFs)a]
Ph;CB(CgFs)s, AI(OC¢Fs);, [H(OEt,),] [AI(OCsFs)s],
(Ph3C) "[Ta(OCeFs)s] ., Al(OEt;)[OCH(CFs),]s,
AI(OEt,)[OC(CF3)3]s, (PhsC)"{AI[OC(CF3)]s} ", (PhsC)"
{AIF[OC(CF3)3]3} , (PhsC)" {[(F3C);COJ;AlI-F-Al-
[OC(CF;):]s} 5, (PhsC) " (CBy HeBrg) . 7EiX L& B 7)o,
MAO 5% Fil. MAO J&ilii TMA B85 /KR Rk, &5 143
XN (MeAlO), Bi(MeAlOAIMe),. IJC4F Al B, ik
FI 41 Akzo-Nobel #2451 MAO IEH &4 — & BT
) TMA.

AR 4 0 PR T 8 75 2 A 7R 5 Bl i AR 2
FRIVER, HEMEZEIER SR €45 M1k, X
AT M b (0 5 R T SRR TE AR AN BT A ) 1 4 1
A VDT SRR 5 AN TR 0 B A AR F = A= 6 e 4 25 SR T
REAH A T REAR . [EIRE, AN LA S A (R B
TEAGTRE FH P2 A (0 (i A 45 SR AR 23 4 ) SR 5. Wass S50
7E 2002 FEARIE, Ar”OM,PN(Me)PAr”M¢,/CrCly(THF);
AT MAO, MMAO iR 7% MAO (MAO-
silica) W7 I HE AL 45 A F—5, [ ArOMe,PN-
(Me)PAr”°Me,/CrCl;(THF);/MAO 5 Ar”°M¢,PN(Me)-
PAr”Me,/CrCly(tolyl)(THF)y/MAO 145 B tBAHE. AhAl]
I A AT B A [ AL A5 M ot Blann 2508I7E
2005 FRiE, Ar"",PN(Me)PAr’™,/CrCly(THF);(8k
Cr(acac);~ Cr(EH);)/MAO A& 5 B AL TE PE AN IE £ 1t 7E
A— MRS, Ar"P,PN(Me)PAr’™,/Cr(acac)y/MAO(EX,
MMAO-3A. EAO+TMA) L4 RIWAHZEA K. Bk
Scheme 6 1t WA it ik 5 AN [R] Bh 751 S 2 AT LA FleAH ] v
PEYIFH . Gambarotta il Duchateau 25515256 41F 512 {[Ph,PN-
(Cy)PPh,]CrCls}, 5 TMA J B2 55 A1 b A= R i €45 dIR
&4 J (Eq. 11).

2007 KPS A I 2 Bt 14 2 5 R ZE AT 9 R B,
St F AT Phy,PN(iPr)PPhy/Cr(acac)s, 1-3F AL
TEPERE R SZ BRI, MMAO i, Hik MAO,
YRI5 7 EAO 1 iBAO. Gambarotta F11 Duchateau 25071
TAF E&AUE W A ] TMA B AL is . R,
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Cy. Ph
pn Ph \N\\/Ph
A4 Ph P
P TMA Ny ; Me
Cy—N \C/r~C| toluene | P~ ,!M’Me (11
N T PR O
/\ Cl Ph \N/P Me
Phopn 72 o/ o en
y
J  ClAIMey

Overett ZEF[RISERF 7T T 414G Bl BO1E T, RIS 2
BRI AT, S st & E AR
BRI, EHEBAT, SRleEa - E
Bb, BH 15 equiv., MR HERE 30~100
equiv. {HZ, 7EMEH] PhyCB(CeFs)s BhsflIS, il a3t
P R T A0 B A W A I 5 [PNPIRCAR K A T & B
(Scheme 9), ffb 45 25 H T AE ik #4141 Schulz-Flory 73
IR =Y. WS, McGuinness Fl Tooze 25142152 7
HEHEIA B, X TEAK R PhyPN(i-Pr)PPhy/
CrCly(THF)y/AIEG (& HE BIF)), REENTER —ER
AT RIE N, HE RNVAR PR RIE. B NS
TR, HE MR 025 5 Rk AL A E 3 B, AR K FE
FE s 1 BN A R

Ph_Ph Ph =P

8 PRCBCHF N PR N
p —N/ toluene / Ph\\P/
PN PN ~ R opn
P \p+—CPhy p+—CPhs
P /\ i/ |
Ph Ph pp Ph
"B(CsFs)a "B(CeFs)a

ER 9 Ph,PN(i-Pr)PPh, Ft {5 PhsCB(CeFs), BN
Scheme 9 Reaction of Ph,PN(i-Pr)PPh, with Ph;CB(CgFs),

AT SRR I [PNPIRC A 22 86 AL A P 1 A0 R 44
RWMFRA RNV, Y TR BAR R, R,
TR RS A RAERM RS, 2R R H
PP R EE - -0, e Co R, Cy
DL EMEIRFIES 7 o-Jd e I e A A DL R S-S W R = 1),
TEAERE. Fik, WA ERTEECRES. ¥
FAHEAL SR Z8 00 201 B2 FE R A2 W TR . FH PRI 771
Je FZRAIFA O, Blann S5 IHRGE 20 78 F L3 O e
(R fAR FEE 5 PR ORI, TR bl 2 e P PR R 2R e AR V8 571,
I EALBY YA THE 1 ELO 258 b, —J7
THI X B85 771 ] B 25 5210 [PN PR A4 5 4 Ja 4% O O TR AT,
7 AR L5y T 5 AL /EH . Bercaw
4R A8 F [H(OE,),]  {B[3,5-(CF3),CeHsla} ~ BhFFINT 2
A& ELO, AT RESCGE AL BV . RN, fi
AR IEAE {Ph,PN[CH,(0-CH30C¢H,)PPh,]CrCl,(u-C1)}»/
MAO A4 Z2 H s FH SRV 751 R 8 4 R R B s 1)
PEV FRE AR BV, (A 1,2- SRR A
Ip. FHHE ORI B ARA I A . =&
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ke, D& EE. 1,1,2-=8 2k 1L,1L1-=5 Ok 1-
W 1-80T e 5 SN R P AN 3k B8 1 3 & 5
.,

4 fELHIE

4.1 [PNPIECIASE 1L & 4RI R F RN (R ZS 8] 4544

[PNP]AC A o BRI 8% )5 1 B33 — I 7, Sk
LR 6e S5t BAMRMEMIEZE. [PNPIRCAR 481k
BB Z . TEAH N IS4 S AL TR RGE 2 R/, X
G AR AR BB BEL AL B B EIRIE™),
B KR4 JE Ph,PN(H)PPhy, H:5d.00 &)@ it &7
KEZERIWT 4 F: (HESEAITE K PNPM TY I,
QPR BRELALIE % PaNoM, J\ TCFA L PaNsM; -+ Z 703, (3)
P JRF ol AT, (4) N LR TR s S iy,
JR TR Ak, SR AMEER P-M o it
Pk, B R M—P i, RfECALAE J1iR 58, B
77 (1) AU R 1 B A EC AL T LA A AR s ot 4,
(R TE AR VO eI B sk 35Kk ), A% RIS R4
AT E . Wi P G A E A AR 7 L HURIE T
R/INRI I 4 ) PR TR P TR 21 22

[PNPHEC A% A A7) U 2 3% ot 22 1 B 45 44
P, — 7, B BRI F BRI Cr Ht 15T
PR AL B, R R A 2 10 S A 2 i) ek Jr e
JE T P—N—P MIBEA. XFPEXT Cr 01 2 06IEY)
O3 1 B e s I S M AR R R (B 2)10) ek,
BT 2 AR 35 g T A e D A 0 7 AR B AR
) P—N—P #f1, MR P—Cr—P f725/), Cr PO fE
T RS (AR K, X PP MR FRAT TR N R 7 1) o
AR R (a-branch effect). 53— 7T, filf b AOEUAR RS
A HEFEEIEFR, S5h0aEies, HRARGE
A i KT/ RO E M B PR AR R BT
T, B iR R0 U AR S 4 R R PR T XS
W4 R IR E B 2 A 0] 2SR5, IX n] DLER A
NIXLEHARIEXT PN, P-B 2L R [ B T 45 M [ 5, [
T ) 52 B [PNP]—Cr (8 A TR, — S Sk 7t
KB, ALUWPBP], [PCP], [POP], [PSiPIRLIA 1141k

K2 [PNPIECAARR EHURIERT Tolman 5K /1 R

Figure 2 Tolman expansion angle of the substituents at the
N-atom of [PNP]-ligand
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G IR T H A ERE. BAR, TR EUR TR
SER P RE XA [PNPRCAARSS AL 1 Ve R R PR B
R, REW KB B-FIH R 5 7 55
DRI 26, H @ I A 3 0 55 ) [R] 350 4% 0 i AL 0 TF 7k
CrCq LITI I CrCy JLITIA I P A AR E 1A 4 i 1 52
PSRRI By P By e v 2 G o

42 SRIMUELRRENIE

B R R & B O EH T L& R
FEAE A& Schulz-Flory 7347 B¢ Poisson 7347, /& Cossee-
Arlman ALEEAE R N IIEE 5, (H 2 B 3G K 0 22 15 ik B
THEREFA AR, NI B S M EEE, SRt
OBESE 5 KA CIETCA IR N R, R 5 kA p-AiL
A SRV BR SRE. X — 3% s B B 5 S PEAR IR T < S 1
FNLRE ST, T4 ) I S RE g 352 B JE T e AR () ST AR 2
() H, 25 A PR 52

Y] Ziegler il Martin & B[ “ Alphabutol Process”
I RAEN 1-T IS B TiIAy/TidV)EH 1
S IRIALHLFRNS, (B TiC,- FLCH S5 M 11k &4 J
FERRA R -T2 S SR DRI . 544 77 T B A
K TiCy- TG LR NINE, ARE G kA p-2iL
. B, ANGBLINN O RAER 1-T AN AZ4 H
Cossee-Arlman [ W ALEE, HANEEER KA 5 T 3R
BRI SN A B 1T o e 3 S T B A [
7 ZARILH) CH,=CH,/CD,=CD, #5 A ASHLI () H/D 5%
X 5 & @IAMENUEEA—EL, M5 Cossee-
Arlman HLEE T PR B=H)—38. {242, Girolami At
AR AT IOBUBE T AR 0 110 BROUL B AN B 75 I A 4L [
FoE IR E VAL TR REBE M AL 0 — BAE R 1- T 448,
T FL S B AL A Y ENR RE R A 2075 4 N BP0,
XA G5 R Cossee-Arlman A 1 N BE 8 K Sz MWL
HATAT. Wa, ME—RREed AW NGRS
FAEER P OIMEAR G IR A B 1- T 0. bR it fE
WL B F R e B AR Y p-EO R AL 5T B
)3 T S MATIANTE 2E.

W TR A 1 = B RN DU 3R AT DL B 22 HH 4 J@ A
11T 4E Cossee-Arlman S HLEE. Manyik 217 1977 4F
F—MRE TR RN OIREREE AR 1-O . AT
NAZ N HLER P S A 205 53 1 5488 O AE B ik
CrC, Hyn k. (HE, ff1HBA HE 2T R
R, TiEfet TN g - T8 EEH ORI R
JEA Cr(H)(CH,CH,CH=CH,), =" 20> T E AL i
AF| Cr—H "% Cr(CH,CH;)(CH,CH,CH=CH,), #f
T3k — 2030 ST B S B A B 1- UM, Cr 3 2 R o3 JiR 4
Gl R OIE =5, B F AR X R B LR
PR N, IR BPES oo BR A TR AR T Bk R T D BR
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McDermott 25 HER] T Pr(ID) & @I HIAELE, & @I
WHRER AL T 5. CrCy FonFR (Al R B 3 A7 e T
Phillips 5137 CrO4/Si0, Z4 5K A Ak [ b Ak 22 B,
B )5, BriggsDME S = A 2054 TR P S N
CrCy Bt IE R CrCy -Lynh AT Ak -2 &
Jiti N, CrCs LU R AENN p-EUE R T K
Cr(H)-(CH,CH,CH,CH,CH=CH,), HEfjif R4 1-
O, BP0 18 LA A (Scheme 10). X —1{B %15 3
McDermott 252 #2520 B 13 FF. Briggs $2H,
— 7T, ERFREA R 1-CUE, XN RS A
T CrCy Tt A 1-T M 55— TJ71H, 1-CHE AR
NLBHGETF LI — BN CrCe LICIE L K

27 LN
[PNPH,]Cr: —— [PNPHICr, ) — [PNP]Cr<j
7/

H
N 7 [PNP]C
PNPICEY | = NPT ] = (Q

A

BR 10 LAkt =i RS

Scheme 10 Mechanism of selective ethylene trimerization

CrCy HLICH N CrCo LICHMEA Y 1) 5 & A 56
HRIEP, AEH T IX F R AR A e, M2 R
IMEE YRG0 RTE R a- BB R0 1- 206, Fase
RS e RS AL EL /D WL, Bercaw Z5F)H 111 1 C,Dy
F1 CoH, #E4T[((0-MeO-Phenyl),P),NCH;]CrPhsy/H(Et,0)-
B(C¢H3(CF5),)s A & [((0-MeO-Phenyl),P),NCH;]CrBr-
(0,0"-biphenyldiyl)/NaB(CsH3(CF3),)s ALK R T HI =5
RN, G5B CoDya, CeDsHy, CDyHg 1 CoHy, LR

N33, FEEA(Scheme 11 x—gk 5
UF T &R,

HA b O A HRIE B TT S R IR IR R R R
(2- 2. CIR S /2,5- I SE g/ — 2 B4R F1 — 2 R S AL
)R PAZE HHIE 95.9% 1) 20 = kR H 1-CME
EEEMEN 99.5%), T 1-T 1A st A2 30 L-F- 4%
A UL Briggs $H “ BRI R 1-C,
XN N LRI CrCy TR N 1- T H5”
BN TIRRBBEAFCERAVE. NEWAEFEIE,
1- O A B B T30 A B-S0T A% a3 1T 5 R W B 1Y)
SR W AHEN CrCy TLaoH o N 1- T iRz it 2K
AR B FE, AR IX Pl s NS Br b L %A R AE, TR
Bl CrCy FLICH I S-S F8 FF A3 1T 340 J5 v o4k (1) I 8L
WA RE. XU CrCy TLoHFINIPEIR KFERE FRRAS

Chin. J. Org. Chem. 2015, 35, 1861~1888



Chinese Journal of Organic Chemistry

REVIEW

MeO[PNP]CrBr(o,0'-biphenyldiyl)
+
NaB[CegH3(CF3)2l4

H
D D HD
&2 B DH/C/C\CHD
+/°>CHD H H :
omePNPIC 1D > OMelPNPICK [
\C/CHD insertion DHC~¢”
HD HD
S-D elim
KD 1 beta-H elim
KH
. HD HD
DHC—C, DHC—C
Va
ome[PNPjc/-D D omepnpicl. . ¢HP
D. _ _CHD D_H _CHD
/C:C\ /C:C\
H H H D
red elim l red elim
- MeO[PNPICr* - MeO[PNPICr*
B & oo 2. & cnp
> \C/ \C/ 2 2 \C/ \C/ 2
DHC™ Hp  Hp DHC™ Hb b

B 11 DAL 1 HH 206 HAR CoDy/CoHy IR FR M = 58 S
Scheme 11 Selective ethylene trimerization of 1 : 1 C,D4 and
C,Hy
TR A AT LRI CrCe Lo i W 22
/N T CrCy TuyoHh, 4545 5y %, TR A TN B-
AT, 1-THI)FFAERR GG € 7z Rl
AR RE -OE SR, X — £ Cossee-
Arlman ALEETCIEZS TRERE. %4510 (R R G /s ER R
WA EE VAL 00 — SR EAT R, BRI £
LR IT.

O R 70 45 SR AR R PO, 78 i B Mk = 3 I B A=
B Co JilerbBr 1-CMsh, IRESH —E R R I
BEFINE IR I e, Eeldei 10 1. W LA, CrCo b
TCIA R EATE KA B-F0T e a5 B K A2 38 S5 B
AN, R4 %4 Cr(H)(CH,CH,CH,CH,CH=CH,)
ity H55 35 1) B A2 BIA JE )i Cr(H)(CH,-cyclo-CHCH,-
CH,CH,CH,), Higk— D3k J5 i B 4t F 20 3 b 5l P
R B-ZoL#e 4 I AR 3A e, AR PE 015 AR,
Ja BB H—4 T H Hy (Scheme 12). FFEIR LA
WSRO e L B2 1 0 1, 3R I A I s B )
AR FASE. X RRE] YA 2 Cossee-
Arlman HLERICIESS T AR,

Briggs [FJI$2 1 53 —J7 1, 1- ) #AE RO
POE T it — PN CrC LIt HE K48
. {HJE, Houk F1 Yul 7"l 4H & 2,05 5% Rk Rt
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W,

H H
N
[mecK(;ZZ:]<——4Pquf} S/

| O

H
[PNPIC /

O

[PNP]Cr

B 12 LWkt =R bRk Co MR RMLER
Scheme 12 The formation of cyclo-Cgy in selective ethylene
trimerization

17 THIRTHE, NSRS T ANF] TaCe A HPY 5
FEIRITEAGRE(23.1 keal/mol) EHHE N F TaCy A AE K=
B WIRITEALAE(13.0 keal/mol) &, Budzelaar 28057344k
RIENAR R BT R, TR TIC M AR = AT
TR, HFRE AR B TiC, &4 6~7 keal/mol. A
if, Tobisch Al Ziegler™ 5NN 2 I FAiAF] TiC,
IR TiCe ¥5(19.5 keal/mol) 538 A\ 3] TiCe MK, TiCs
¥£(20.5 keal/mol)FT 75 £ SE IR [P RE 22 AH 2. [Rltk, XJ T4k
AR, 2IH=RMIYERLRTRMN, HE2% 1-0
95 (0 i B R . R 1- SR I B R R 2 S,
FEMSAEREALE 1-C; G0 1- O I BRI R 5 204
A EG T PR B T K 42 8 FRARY) 1) 18 26 A 24 SRS I,
IBAREE 1) a-Jf ik Bt 28k, R LG T A 155
BY). T CrCe LIuH 4k S4H N 2 M5 T 3R T 7T
KAWIE. FH F, 2004 4F Sasol FEA A F] IR 5T B 1E
2002 3 [ A7 v 2 = AR FT SR A b 4 U IO A
JR - b0 HE AR, AR AR e o A b S R ], )
SELT LARIEREED R, HEN R AR =R .
W VL I AR S5 RS, LI = RAT N
o R MR F 4k, XUEB T CrCy SLInEh b (R4 AT g
AL A F A B N AR R 7N S A R R N
CrCyo T—JeH B CrCy, T =JuIF5E, B BT 77 T I 78
SEIRAR/D . AT DU 8 R PR EGEOR, FR e TR, 7
A AT BE AR ERR /N, 2 I PR DY SRR AT = SRR |
(14 38 B (Scheme  13), CrCg JLTCHEEFIZRILT CrCs
LI, BORENN AL, SLIER R Cy )

R ARIR D, 2R 1-90. X RWIE DY 2
KL B-ZIEH Jim I8 SR B L
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2 P
[PNPICr: —— [PNP]Cr: 1» [PNP]Cr@

_A

oo e

B 13 bRk DU R L

Scheme 13 Mechanism of the selective ethylene tetramerization
FE £ 126 PR M = SR A0/l DY 5 ) A S L

B i P R B AR AL B (C o ) B 52 21 A B Wﬁ
Co+ [OZE R TT UM CrCy, CrCy, CrCyMAfalfAin x5
AR 1-C A/ 1-2F 0 & 2E [ M (Scheme  14).
T A AR AR R, XN EANE . 2005
4, Overett 25 NEFAHZ T T T IR 710,

Cio

[PNPICr - - [PNP]CrC&L- [PNP]Cr:
[PNP]Cr@C» [PNPICr:

B 14 Cyo f1 Cyp 23 T T L EE
Scheme 14 The formation mechanism of C,, and C;, molecu-
lars

TEIR L 2 JRmIE BT R R B, AT 2 MR 5
G PE skl A . MO LB A P 8, T
J 4 I R TR AR PR % O B LA PR AN 25 7. X FE
WML BEE T — R E 2R . B
TR S AT IRAR, RO B E N, A
Ji& 2 T B ST F T e T AR AR A 2 T A R
XA RSB TR KB R AWK, thah, £
TE A RS AL ST it B R B, B Al &
L E MAO HIMEA MM AR S A K
P AR 2 SCERIRE T A BC AR AN A IR AA AT LR AL
SN, AH A b A 7= P 42 1 3R A 0 1 A ok
Uk, 3 FH 40 R AR AL AL A P B 12 T8 T A R

TE4 BRI T, 8 A A2 1 s R AL B A HE
M NE . 2003 4 Morgan 25U Phillips #4314 71
AT T RGN, 7 = H RIS pe fE8 5.17 BM, 1M
EZKEF'MM& A w164 3.61 BM. BT AT = B iE

A, MRF Cr) b &9, JEE AT BARE TS, XN T
cmm%A% X e WA O A TR A IS, X
[FIREMI L 1Ak 52, Van Rensburg 25U 5\ A2 3T
Cr(IL)/Cr(IV) I E AR G, 17 ELTC A A [F) S8 A2 1 8%
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O FR R IR EE, A TETF AN Phillips = SRAEA
P RIS AR HAT AR R R, S& B A1
TR CrD G, B RT SR B R
B T o B A IR CraV)hty, B SRS B R
R A AR R AR, (R TR R IE & T
W) p-A R 1- ORI AR R, T RER
X PP Y 2 1) () ] BRI RS R Cr(IV) IR 42 )@ 24 R
FelEAk Ay Cr(I) ) S P Fd.

2006 4F, Bercaw %5 P*SIHF gt kK Bl MAO 5
[PNP]CrCl; RAMER, 155 4060 7 1tk — 2 e Bir=E
FAUTF {[PNP]Cr} "I HEAL IS P, @A AR 53
BT YONRAL T Cr™ A Cr' AR S 2 18] A e s
[@]4E, Gambarotta il Duchateau 2515 85 7411 Eq. 11 fif
AR Ci' PHE LAY, JEAIE DLREYE (uer=4.8 pp) 7>
Br. AL OB AT BT oV R O AL RS 2 TR )
e, AW, A O T RN SR OER
T INEC TR M AZ R M2, 3 L JE T B A
BHHOEEM A M.

5 Z®KFRAE

LW 5% R I N FE AR b AR AT K S — e (0~
100 ‘C)F1JE 77(0.1~5.0 MPa)fJ % 4 Je i 28 FR kAT, Xt
T 1A, AT B RS N 2, I
5 B P 5 BV ST DR 2 Bl S I il A A BT 2

LIFF IR NEEA PR — MR, R NAE
WA AT, — BRIk B e, RO FE R 2
W) FERIREA I 7. SRR L= ia i A ik
3R, SRR B AR S S HORT I B) ) A T
5E. Sasol FE A ] 1) Walsh 5256} 2,06 VU 5 e kAT 1
VESH BN J122 58, ] Cr(acac)y/(Ph,P),Ni-Pr/MAO/
cumene HEALFIIE R, =HIE SN 4.5 MPa, WEEAL
35 CH| 60 CARAk, AT 9T A B BE X 2 AT 19 1)
S =N T B, EATIE A B B TR) B i
T T 4E R, DR AR R Vs AR R ek . AR
Wk s N3 2 B o T P R T s T e AR R B R )
FEBE A SONLUR FE ITE , C0 AE VAT AR Bk BE I T B
K. B =, M FEIR i 3Bt 5 1) v T 9 % 3 A f
FRFRIRT RE 0. {EFHI R NN 45 °C. JEJIAE 3.0~
5.0 MPa Vi N4EFE 0.5 MPa A8 fkisk, ATLLWELE): &5
—, ARG TE AT [ R — AN E I EAZ,
PEAEAL T TR AR T IR IR B 28—, ZJRTHAE
EFHHIRERN TN ESIHEAZ, FRYAFER— R
NEEGE R =, LIRTHFEE RS S T T
Fr, HAE 5.0 MPa & 75 IR AR A K. 5.0 MPa 1]
R A& IR N R I 57 7.

Chin. J. Org. Chem. 2015, 35, 1861~1888



Chinese Journal of Organic Chemistry

REVIEW

AL, #5645 CRMIRER 4.5 MPa [k /), 24481
BIE 50% b ARG, JRAGEFRSEMRE R XE
WRETERAERTIR T, $&0H E T LA Z BRI, 7EAH)
SR —E A E TN, LIEEARR MAO A& Bl ]
{4 E 17 THT FROIF 90 3 BB A 57 R 9 AR A K T Bk &E - 190
MR MAO TEH R AT DR UF 58 . 38 7E X Ff 1
TR RN “alive” | RIFEAS 75 BEH AN MAO.
TESEBR B H, MAO & [THFEE R TIXAME, FER R
Wi fA 22 2 ok % sl Hb 5 T FE MAO 44,

it BRSNS EEA R, 5 K
H1TeHK. JRINAE 35~45 CURFEFR 3.0~4.5 MPa K /1 F
.

XoF 7 ) 1) 2L RS T B R A I AR A IE T R B, AE
4.5 MPa N ETH R Col B 1 1- O A1 C o IR IR
PRSI, TS W 1-2E 45 Co~C o MR IE B LB
BAEAFEM. Cio~Coy Mk B H IR N (B 3). 7E
45 ‘CH1 4.5 MPa JE /1, 1-CA M 1-2¢ 06 Ik P b
B[] 32655 BRAR, TERA T IR N R A2 &R I IR B&
K2 B -CM L RFRIET S Co RRUAPILL K Cig

Q- O

\/D @Q\/

1
1/CrCl3(THF)3/MAO/toluene
ambient temp., 0.1 MPa
Activity: 8.9 x 10° g/(g Cr-h)
Selectivity: (%)

Ce (1-Cg): 82.2 (99.3)
Cg (1-Cg): 1.0 (ndr)
C10+: 14.4

PE: ndr

Cqo+: Ndr
PE: ndr

2/CrCI3(THF)3/MAO/tquene
amibent temp., 0.1 MPa
Activity: 0 g/(g Cr-h)
Selectivity: (%)

Cg (1-Cg): ndr (ndr)

Cg (1-Cg): ndr (ndr)

CHEREE G, FIRS -0 Rk B v b 2 PR,
LE AT DAL 2R ARG T B AR PR AR R 70 0T b 3 7= 4 3k 5% 1 1 2 e
ITRIEMFM . FERIFEET, iRyl -0
A 1-3 @ r HE B 0, (22 S EURL A RIS T
LML B R, IR BEAE A5t 1- AT 1-27475 2 18]
) 328 3 1 T s i S B 5 I T I8 140 4% ) ) s I ML ER
— 3. TR R AR AR 2 T 8 R TE SN R
MR AR, X PR AR SR 1 1-E M IR B EAR T T
1-CE IR — B MR, STk IE X Ak
) 1-SE I Ak B B 220K 75%, T 1- U0 A de Btk vl v
15 93%. X Z (RN T I8 75 IR N HLE 7T
6 fELMEaE

2002 4F, JE[E 4790 5(BP)I Wass HF 78 /NH Ik
FRIECKF [PNPIRC A 5] N 245 B Ak ik RN A 3). BT
KIL, 1/CrCly(THF)y/MAO {F F A5 R AT =5 (Ep

AEARATH ) AT 0.1 MPa 245 5 77 F 4k [ 3% 60 min,
BR =Y O (Co 82.2%) FMi(Cs 1.0%)FIZJH(Cho

oo o
O oY,

3
3/CrCl3(THF)3/MAO/toluene
ambient temp., 0.1 MPa
Activity: 0 g/(g Cr-h)
Selectivity: (%)

Cg (1-Cg): ndr (ndr)
Cg (1-Cg): ndr (ndr)
Cqo+: Ndr

PE: ndr

ATy AL
/@(\/D/ C(\/D/

4

4/CrCl3(THF)3/MAO/toluene
ambient temp., 0.1 MPa
Activity: 6.7 x 102 g/(g Cr-h)
Selectivity: (%)

Cg (1-Cg): 84.4 (99.5)

Cg (1-Cg): 0.7 (ndr)

C10+: 10.6

PE: ndr

5

5/CrClz(THF)3/MAO/toluene
ambient temp., 0.1 MPa
Activity: 6.7 x 10° g/(g Cr-h)
Selectivity: (%)

Ce (1-Cg): 83.8 (99.4)

Cg (1-Cg): 1.3 (ndr)

Cios+: 12,5

PE: ndr

ndr: no data recorded

B 3 [PNP]ACE 1~5 M4kt LL R b 45 R

Figure 3 Schematic structures of [PNP] ligands 1~5 and catalytic results
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14.4%), &1 8.90X10° g/(g Creh), Hrf Co 1 1-Co I
EFENEN 99.3%. 4 Bk e SifEi] 80 CHIAIE 445
JIF, PRI RSN L Bg A A2 10.(0.2 MPa: Cg
91.5%, Cg0.6%, Cio7.0%; 0.8 MPa: Cs 85.0%, Cs 0.4%,
Cio13.4%; 2.0 MPa: C490.0%, Cs1.8%, Cy08.5%), &tk
3% 4 1E[0.2 MPa: 4.61 X 10%; 0.8 MPa: 9.23 X 10% 2.0
MPa: 1.03X10° g/(g Creh)], Cs " 1-Cg kMRS EAE
99.7%~99.9%. TEXIRE T, =Y ES L0 %K 11 F
T RIELE, X GHRIE N 2- 2 F ¥ IRAR (111)/2,5- — F Bt
%/ = 2,48/ s e 2 (BD Cr(EH)y/DMP/TEA/Choloral-
kane) 1A & Hh (i Ak 45 SRR U103,

IR R PEHIRE N 80 C, fEMRFFIHIE SN
0.4 MPa FHIA 1-C4 B, =¥ Cy &= RIE IN(Cs
60.0%, Cs 25.0%, Cyo 11.0%), 351 IR £2[4.61 X 10*
g/(g Crh)]; MAAAERZIRER 0.1 MPa ZJ&IEIT T, %4k
RIS ZEK 2 90 min, N Cpo & 2RI IN(Cs 64.1%,
Cg 0.4%, Cy9 29.0%), 71N 8.06X10° g/(g Creh), i
BP0 Ciy (5.0%)H1 Cyg (0.6%). HE—BHF T LM, %0
WAk ZAMEN 1-Co =AM Crg. IR ZEE TR
FF 2K S8 0.8 MPa I, 4 in AN $& il & 16 Hy i, 4k
TEMEIREY Y 1.75X10° g/(g Creh), PR EAIL
%ﬁ’}?ﬂ;ﬁﬁ(cs 81.3%, Cg 0.4%, Cy 15.4%), FEY A
s .

KEEEILELH], P A HA Schulz-Flory B¢ Poisson
SR, A2 H, SR, ZE R RIEE S B IR
S SEALER T AS & Cossee-Arlman HLEE. BN 1-C, 5z
FEVIH Co & IR B 3 I ] AR N 1-Cy #i A B CrC,y
WAL R, Cho & 2 AR A] DL A 2 AR B
1-Co A Z) CrCy L, T P24 C g 1A B T B
f& 1-Cg #li N3] CrCe A al 1-Co 4l N F] CrCs . 1-Cy
ANEE =R Crg, HFZH C g B AR A2 5 2% (3R
FANMAEH NS R, (B2, Hy B NS A E 1 1)
R v 0 JER IR A B 41,

Wass 52040 2552 1 AN [ 66 5 DL K B 704 T
1B PERE. X+ 1/CrCly(THF)yMAO 1K %, 24{& ] CrCl,-
(tolyl)(THF); # X CrCly(THF)s, #EALER SHAFEFMT
IZEABL, (H R IR PP B AR B AR VA . [RIFE W]
LRI, CrCly 2 —ANEEE IR, R, ANFEEST
R IR AT IRRTE MAO FVE A T M A s A BIAH A (135
PELELSY . 2448 S ) MAO(R) MMAO, #7> H %A
THRBUR)K, A gE R EAE. T B 7
B MAO, HEALIEYE SEREME IR A FRK, RN A4
R AR, XA SRR AR EE. g
B2 MREEMAER, FAERFE, TIRHBENS.

X T [PNPIFECAA, & 22 5+ b A HUAR ST 88 A0 1Y
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HA, R 7 B 25 A6 A AR K2, an Sk 1 a1 b
75 JE (AR P A IR AR 4o IR (B 2), S5 LRV TR
W AR L B B A7 (BD 3), WA Vg R AR A7 F
AR, TR 5] N A 2 B R T (BP AR 4 A 5),
SERATENE. EAERIEER 0.1 MPa WA, &M
Sk FEMES R A R ST 1 RS S AH L6.65 X
10°~7.74 X 10° g/(g Creh); Cs 83.8%~84.4%, Cg 0.7%~
1.3%, Cyo 10.6%~12.5%]. E5R, 4BALH EHIERIFAETE
WHEE, HENZEANRESE TR ORI, X
Ao v 1 — s R BEVE .

2004 4, PAFdIE Sasol AR FAH M T H1BA
Bollmann %57 Wass PO TAEZERE FWF AR, XT
[PNP]BC A HH US4 T B (B 4), mTRLIAAE Cq A
Cg [PEFENE. Toil AN TV A B 2 2R 5 T, 1%
FHEA R, — T, 206 = H % 1-Cq 1) Philips
AT TR, (HR M DU R AL LT A,
F—J7H, H R RER I O —E 3 R YI(POE) XS T
HEREELA B 15 MmeatE. 1-Co A
MR 5 B,

ALK 22 6~10/CrCly(THF)y/MAO 7E F 2K ¥ 7)) o
65 CHl 3.0 MPa Mk 77 F R 30 min, f5%] Cg
(24.8%~32.7%, 1-Cs HIIEFEMEN 39.4%~86.5%, F %
B F= ) O H L3R e AN PR IR TR )« Cy (58.1%~
61.6%, 1-Cs HIEFENER 94.1%~99.3%). Cio+ (6.4%~
11.7%)H1 PE (0.3%~1.4%), i&1HEA 8.05X 10°~4.36 X
10" g/(g Creh), ZJAVURIBEFEEIIE 60% A7, MLk
oA, N R R EUIERT 200 DY 5 1 1k P 2
AR, B KRG = Rid R 1-C ik
PE. HARAG 1-Co Rk BEMER 2 NS AIR OB, R
N JE 7 ERBURIEE a-93 380N (R R

AHEE T 9/CrCl(THF):/MAO 7E 65 ‘C. 3.0 MPa %%
R 45 REME 1.17X10* g/(g Creh); Cq 32.7%
(1-Co 86.5%), Cs 60.6% (1-Cs 99.2%), Cio+6.4%, PE
0.3%], 11k & 9/Cr(acac)yMAO 7£ 45 ‘CHl1 4.5 MPa
IFIEJT R RRPL 30 min BEPERT 20 DU SR IEBEPE A
PEENE 2.72X10° g/(g Creh); C 16.9% (1-Co 70.3%),
Cg 68.3% (1-Cg 98.8%), Cio+ 13.7%, PE 1.05%]. $Z=H)
Jir DT S 7 i B PRI B A AN 20 TR g i v X R =15 B
WGIN T Z v fge BE AE — e R FE 3D T AR )
FasE e, Mz N RN 0.25 MPa Z /S, PE &
BEAR, T8 3 R Rk Bt AR AN K [V M 2.85 X 10°
g/(g Creh); Co 16.6% (1-C 65.6%), Cs 68.9% (1-Cs
98.5%), C1o+ 14. 5%, PE 0.07%].

P JE T EEUREE AR (B3 24 D0 R i e kAT —
SE S . AR AR AR 05 A AR S A, B 11~12/
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PhaP_ - PPz

7
6/CrCl3(THF)3/MAO/toluene
65°C, 3.0 MPa

Activity: 2.7 x 10* g/(g Cr-h)
Selectivity: (%)

Ce (1-Cg): 24.8 (39.4)

Cg (1-Cg): 59.0 (94.1)

65 °C, 3.0 MPa

Selectivity: (%)

C1o+: Ndr Cqo+: Ndr
PE: 1.4 PE: 0.3
PhoP /PPh2
PhoP__PPh,
)N\ @
9

10

9/Cr(acac)3/MAO/toluene
45°C, 4.5 MPa

Activity: 2.7 x 10° g/(g Cr-h)
Selectivity: (%)

Ce (1-Cg): 16.9 (70.3)

Cg (1-Cg): 68.3 (98.8)

65 °C, 3.0 MPa

Selectivity: (%)
Cg (1-Cg): 27.3 (67.8)
Cg (1-Cg): 61.6 (97.8)

C1o+: ndr C1o+: Ndr
PE: 1.1 PE: 0.4
S

12/Cr(acac);/MAO/toluene
45°C, 4.5 MPa

Activity: 3.1 x 10* g/(g Cr-h)
Selectivity: (%)

C6 (1-C6): 22.9 (38.6)

45°C, 4.5 MPa

Selectivity: (%)
C6 (1-C6): 16.6

C8 (1-C8): 56.1 (95.3) C8 (1-C8): 60.3
Cqp+: Ndr C1o+: Ndr
PE: 1.8 PE: 2.4

B 4 [PNP]fiLfk 6~14 [

PhaP_ PPz

7/CrCl3(THF)3/MAO/toluene
Activity: 4.4 x 10* g/(g Cr-h)

Ce (1-Cg): 24.9 (54.7)
Cg (1-Cg): 58.1 (96.8)

10/CrCl53(THF)3/MAO/toluene

Activity: 8.6 x 10% g/(g Cr-h)

13/Cr(acac)s/MAO/toluene

Activity: 1.7 x 10* g/(g Cr-h)

PhoP_ PPN
8

8/CrCl;(THF)3/MAO/toluene
65 °C, 3.0 MPa

Activity: 8.1 x 10% g/(g Cr-h)
Selectivity: (%)

Cg (1-Cg): 32.1 (86.1)

Cg (1-Cg): 59.4 (99.3)

Co+: Ndr

PE: 0.5
P\ /P

11/CrCl3(THF)3/MAO/toluene
65 °C, 3.0 MPa

Activity: 5.3 x 10* g/(g Cr-h)
Selectivity: (%)

Ce (1-Cg): 26.0 (38.7)

Cg (1-Cg): 54.2 (93.4)

C1o+: ndr
PE: 1.3
SQ
EtzP\ /PEt2
\ N
-
N
I/
14

14/Cr(acac);/MAO/toluene
45°C, 4.5 MPa

Activity: 4.4 x 10% g/(g Cr-h)
Selectivity: (%)

C6 (1-C6): 16.8 (64.6)

C8 (1-C8): 45.2 (97.4)
Cqg+: Ndr

PE: 13.6

(42.5)
(96.6)

gk NS A EE R

Figure 4 Schematic structures of [PNP] ligands 6~14 and catalytic results

CrCly(THF)y/MAO & & 7E 65 ‘C. 3.0 MPa 214, ZJ
RHIE BN 2 PR IR (54%~56%). TfE 45 C. 4.5
MPa &8 &, & ME wy BUAR 5 1 I A4 i 40 R 1k &R
13/CrCly(THF);/MAO 1] 247 VY SR FEMEIA 2] 60%, 1H
F CHEBUR AR LTI R 14/CrClL(THF),/MAO 7E

FHFI AT I DY SRE BN 45%.
4 [PNP]BEC AL 42 18 48 21| [PNNP]FI[PCCPH L[ J5

Chin. J. Org. Chem. 2015, 35, 1861~1888

© 2015 Chinese Chemical Society & SIOC, CAS

2RI 2 65(DPPE)], 5 CrCly(THF)y/MAO 41
JR IR F AR LA TR TE YRR TS 2.62 X 10°
g/l(g Creh); Co 252% (1-C 69.6%), Cs 58.8% (1-Cg
98.4%), C1o+ 8.0%, PE 8.0%; Ji#: itk 2.48X10* g/(g
Creh); Cg 19.7% (1-Co 38.2%), Cs 39.2% (1-Cg 96.6%),
Cio+ 6.0%, PE 35.1%).

L E3E IR, W 9/Cr(acac)s/ MMAO-3A
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(EAO/TMA 5 MAO/SiO,/TMA), #Bft i AN = e %
PEAEAL 2,06 D0 8 [2.74 X 10*~2.85X 10° g/(g Creh), Cg
68.6%~71.6%]. M I e A RV, ik &
9/Cr(acac)yMAO [1] s b % P 1T DA 51 5.91X10° g/(g
Creh), VUSRIEPEMEIEA FARFFAAR.

DL_b A A R A AR 35 2 BR AN VR P T . s A
B AYI[Cr(10)CLu-C)], 5 MAO AR R AT
JNE, B A g HY R AT 1A DO SR 3k 4 1 R 1 (8.80 X 10°
g/(g Creh), Cg 61.6%).

2005 4, Sasol A 7 ) Overett 25} %f P JEF
IS IR EUAR I 1 H M BN B X 20 5 R AT T

Vem(E5), BEIT T R R DS PR AR
W PERIAT B R A RO CIRmIE BT 5, BRI s
(1 AR HEAT B BAR AR .

b A HR A A IS (0 7 B MR, (R 1) 7% 485 28] ) 457 (RS
18), FRIXHAL(ED 3), H 5 Cr(acac)y/MAO 2R 1 fEAL 7
Pk FEPE a2 Bk, P =T, 1 DY R L.
3/Cr(acac);/MAO ¥ PY SR AL IEFEPEEL 1/Cr(acac)yMAO

15/Cr(acac)s/MAO/toluene
45°C, 4.5 MPa

Activity: 4.6 x 10* g/(g Cr-h)
Selectivity: (%)

Cg (1-Cp): 48 (>99)

Cg (1-Cg): 6 (>99)

C10+: 33

PE: 7

C10+: 19
PE: <1

oL
/OUP\ P

18

18/Cr(acac);/MAO/toluene
45°C, 4.5 MPa

Activity: 2.5 x 10* g/(g Cr-h)
Selectivity: (%)

Ce (1-Cg): 16 (55)

Cg (1-Cg): 22 (90)

C10+: 10

PE: 19

B 5

16/Cr(acac)z/MAO/toluene
45°C, 4.5 MPa
Activity: 2.4 x 10° g/(g Cr-h)
Selectivity: (%)

Ce (1-Cg): 63 (98)
Cg (1-Cg): 17 (98)

g
T/ \®/o\

423 T 4/Cr(acac)y/MAO i #E 1. 18/Cr(acac);/MAO
(55 SRR PR, 45 2 I PE, (HIHL = SRR ik
PV S EIX P AR A 3

FLAe e A 3 A1 19, N _E 1 R 3 [4] i AR AR Ry e 7 36
B, R 5 P 9 P e = SR R D 3R ) ok 5 ek 1 2 P d
1. KH 19/Cr(acac)yyMAO 1] DAFRAS A 4 VY SR 45 21,
TEIEIAF] 1.13 X 10° g/(g Creh), Cs I 1T F] 68%. L
8¢ 9/Cr(acac)y/MAO 455, BARIGYEA BT N %, (HAE
BEIRAFHIT ) Cy ME R Cole Bk, e — =yt
IR G, Gn FFEIR SGe A IR b, B 5
1-CUE AT 1- AL R RIM) Cyo B Ciy TR

— ki, 45 °C, 4.5 MPa %1 P3RS s PEE L
65 C. 3.0 MPa %M FHEME & XFEERH T m O
JE FTREIE R 2 AE SN R A, A P i 52 )
TRAE AL 2R 35 R . [, 55 3 (6, 9, 15, 18,
19)/Cr(acac)MAO A &, flfiIRILPETE4S C.4.5 MPa
ZAE T AR RGN T 12%, 40%, 1%, 7%, 19%, 3%)E

17

17/Cr(acac)3;/MAO/toluene
45°C, 4.5 MPa

Activity: 1.6 x 10° g/(g Cr-h)
Selectivity: (%)

Cg (1-Cg): 27 (72)

Cg (1-Cg): 63 (98)

C10+: 5

PE: <1

0
Q o
P\N/PD
(|) /k o

19/Cr(acac)s/MAO/toluene
45°C, 4.5 MPa

Activity: 1.1 x 10° g/(g Cr-h)
Selectivity: (%)

Cg (1-Cg): 24 (74)

Cg (1-Cg): 68 (99)

C10+Z 4

PE: 3

[PNP]FEL /A& 15~19 {2820 DL S fh gt S

Figure 5 Schematic structures of [PNP] ligands 15~19 and catalytic results
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i EEL 65 C. 3.0 MPa 214 F I EGT N T <1%, 1%,
<1%, 1%, 11%, 1%)%, H H B MER] Cq 0 Co R A
YIRS A

T [PNPIECAA P JR-F 55 SERIARATERAR, HUfRIE
NS, AN 4 2] 0, AR EERE 2 N =R
RNEFA I FR R FPT, X U Z AR R B R
AT DLd s BUAREEON N AR, O T e X R AR AL F 4R
S AR A AR 28 32 3 P D 0 o 2 T AR 22 11 = )
ArRRIE 2 HH I EC ALY E e, AT & T & PR AN LR AL
AEEMIRCAR 15 ARG — AN AL G4 16, 1%
27 HARMYERE. AAYR, ABAL R A A HUR R X
EBEME R EL SN, 3T 16/Cr(acac)y/ MAO, i~
MR =R, Cs bWz R 17%. 281, 46 s
FEEAR B AR E LK R 17/Cr(acac);/MAO FEAH [F) 461
TAEE T 63%FH) Cy it

MIXLEZE LT LUE H, AN EZE R R ST 4060
T =R RS B, &) ot A K 23 (A
A BH 238 0 = g, X AT & L AR 2 1) AR B AR
JE (R RSB ALEUAR I (N0 35 BB ORI, R,
AT HUAR FE T 4 Ja8 1) BC AL 280 B A5 36 AN T 20 ).
MHE RIS KE, TERRE[PNPICr PY G AL 45
FIRIETER T, RFRE AN F AT 4 8 O RS A7
BT, o 22 A mC AL A B ST 22 51 6 4 45 1) PR A
b, XA AR T O AT AR C AT 2 A B AN 2 %) 4
S YNNIl

HIT T L EE 22 AR, 1-C AT 1-C I AR 22 3
T CrCs LM aAS. MBI 12K E, 758
WEPEH p-ETH R AR B 1-Co) I 20 48 N IE
ROER 1-Co) BN RN R P e . X F kAR A7 e L HL
AR L AR, % 35 PR A0 JB) R 1 2 1) A7 BHL AT R 2 R il
CrCe F ML XS B-EH B AR 5 % T 2047
ARERUR B, BB T RS i AR T T
—ANCIED T IIEAL RGN, R, 33X AR AR 2 [ 2
H ek A = S v £ 5, MR 2 R IRIE T
XA

[F]4F, Sasol $ A2 & () Blann £51P8 5 A & N B2 4k
ST [PNPRCAA P 5+ b 05 FEHUCAC R )RR A7 1t 9 (B
6). XFF 20/CrCly(THF)s/MAO 1A R, FHRXMNAE 65 C.
3.0 MPa J£ /3 N (T, 45 H 90% Coti 43 F10.5% Co 1843
5 BP /A AR 4R AR I T AR 10 45 R (7 % ~29%)1)
FHEE, Cio Mo PR, FRARIRE & 45 CHEMIN L)
JE /1% 4.5 MPa, fEAFITEESE & — N EEHB.0X
10° g/g Creh), [AJI} 1-Cg (86.0%) A1 1-Cg HIL £ (10.5%)
A H A

P R b5 EE AT AT HUAR [ [PNPTRC A 1 46 7 BAF-
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ESR- At D S S s Ry e SR IRV N Lol VA
EEH, RIURAR A Db LR T VP4l H e A &R A7 2 35 A4 AL
S P S BRI A AL R AR 24 B SR T L g A
75 AR 35 43 AR P R b B B (BT 2 F1 21),
2/CrCl3(THF)y/MAO 1 R 45 H 93.0% 1) ZM5s — FR e 8 1,
21/CrCl(THF);/MAO & R4 H 92.9%M LM =R ik £
PE, BRI EA E—FE Rk, ANigeFES ek
5, SR BUARFE AR £ G5 CIm M =Rk, (HE
FEERZ, Cr JFFTRAAR AR [Cr(acac);, CrCl(THF);,
Cr(EH), )% Ab v MR B B R KR, b
PELREFAE 10° g/(g Creh), Co HIEFEMEIILE 85%LL L. X
2/CrCl(THF)yMAO 1%, FRMIR Cbe it 2s A
IR g AR A R B, 2/CrClL(THF);/ MAO
(MMAO-3A, EAO/TMA)4 2 75 F 2R 751 o 1 4 SR A 2k
A AR

U 55 I AR A BRI 1AL H (A 17 22~
26), FHHIHEA IR ZR T Co M Cy HIEFEIEI A W] 2 AR
fb. XPECHECAR 26 FIRCAR 17, J53R EARALEUAR L% B
3N 2 Rl 1, Co i BEME 73008 59.1%F1 27%, Cg HIIERE
PE 2 N 341% F1 63%. R B = A48 47 FO3E A
22/Cr(acac)yMAO & Z =ik £t KA T IR KA, Cs
TR IBIRE 42%, T Co i BEMEIR T 42%, H CoiH
43 H1 1-Co M\ 99%Iik 7 5] 82%. AT WA AL F L BUAR
I CGEXTRRACAR 23 FIXSARECHR 24), LRI TF DY 2R (Cs
17.1%~29.8%, Cs 47.6%~66.0%); 7 W™ F FEAL Jy
AN CHECHFRECAS 25)iF, DY R A b 25 R ABU(Cs 38.3%,
Cs 49. 1%). 24 N-Fp AR AZ # 0y N-FI RS, ) B 5 i
f] T = BAEAK(Cs 59.1%, Cg 34.1%). tHEE U, P FI53E
IAREMEESE N ERUREER /N = AP0 SR ik
PEPERLI A — 2 B EAME. P B IA — AN B JE(BE 4
170, DUSREREM: N F F(Co 27.1%, Cg 63.4%).

SR R, ARSI AR H PR LN
SR b, 5 B0t ot 4B R TC A 2 [ 7= AR R

I P E DA FEIRIE R RGNET T, BFER
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U A AR IR A% P i 55 R0 s A8 At %of
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EREE R T AR — PR . [ OB = FiE
ANE, BEBRE—NEEEEENEER. B, b1

http://sioc-journal.cn/ 1875



BT RIRE R

T o X o wa
D ot

P P P
P. P,
o &Y D U0 oY
20 21 22 23
20/Cr(acac)s/MAOftoluene 21/Cr(acac)s/MAO/toluene 22/Cr(acac)y/MAO/toluene 23/Cr(acac)y/MAO/toluene
45 OC, 4.5 MPa 45 OC, 4.5 MPa 45°C. 4.5 MPa 45 OC, 4.5 MPa
Activity: 3.0 x 10° g/(g Cr-h) Activity: 1.0 x 10° g/(g Cr-h) Activity: 9.7 x 104 g/(g Cr-hy  Activity: 3.7 X 10* g/(g Cr-h)
Selectivity: (%) Selectivity: (%) Selectivity: (%) Selectivity: (%)
Cg (1-Cg): 10.5 (>99) Cg (1-Cg): 2.7 (93.8) Cg (1-Cg): 41.9 (98.3) Cg (1-Cg): 66.0 (98.2)
Ci0+: 0.3 Ciosi 1.4 Cioei 12 Cios: 1.4
P
P \N/ \N/
T | 1
24 25 26
24/Cr(acac);/MAO/toluene 25/Cr(acac)s/MAO/toluene 26/Cr(acac)s/MAO/toluene
45°C, 4.5 MPa 45 °C 4.5 MPa \ 45°C, 4.5 MPa
Activity: 2.6 x 10* g/(g Cr-h) Activity: 5.2 x 107 g/(g Cr-h) Activity: 1.1 x 10° g/(g Crh)
Selectivity: (%) Selectivity: (%) Selectivity: (%)
Cg (1-Cg): 29.8 (26.0) Ce (1-Cs): 38.3 (39.1) Cg (1-Cg): 59.1 (94.1)
Cg (1-Cg): 47.6 (94.9) Cg (1-Cg): 49.1 (95.9) Cg (1-Cg): 34.1 (>99)
Cg+: 2.8 Cio+: 2.0 Cio4: 1.7
PE: 9.0 PE: 3.9 PE: 2.8
Bl 6 [PNPJFEC{A 20~26 145U S AL 45
Figure 6 Schematic structures of [PNP] ligands 20~26 and catalytic results
P. P P P :
O D YD
©£) |
27 28
27/Cr(acac)z/MMAO-3A/cyclohexane 28/CrCl3(THF)3/MAO/TCE/cyclohexane
40°C, 7.0 MPa 50 °C, 5.0 MPa
Activity: 3.6 x 10° g/(g Cr-h) Activity: 2.4 x 10° g/(g Cr-h)
Selectivity: (%) Selectivity: (%)
Ce (1-Cq): 17.7 (74.9) 1-Cg: 15.1
Cg (1-Cg): 75.2 (99.2) 1-Cg: 72.7
C1o+: Ndr Cio+:4.3
PE: ndr PE: ndr

Bl 7 [PNPIRC{A 27, 28 1 4h i =0 LA K AL 45
Figure 7 Schematic structures of [PNP] ligands 27, 28 and catalytic results
MEFEREAR 1,2,3,4-WEZE - ARIEBHRT(E 7), I 1-Cs JE B S SATL B AN i 20 2.
HIRSE M 40 2080 CAzfk, LU O [R5 I i AL Y 27/Cr(acac)y MMAO-3A 1L 3F C 2 ¥ 7l 1 40 ~
Mo, fHF i PR AT L, IR AL T AR 80 'C. 4.5~10.0 MPa ZJEIE IR, 1-Co 1 1-Cg & £ 77
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Y, RTFERIE 90% A AT, FEARMEE. RN E A,
BIRNE 3% ~4%MZER. HIR Co Ml Co AT~ HII
R RLIN 95%. 1%L 5 B R =42 0 F IR T
B AR IEIR R, Luloh 10 1. 2SR EEARARAE 40 CHY,
HEALTEYE N 10° g/(g Croh), 1-3E46 L FEIELS KT 72%;
TEELRFF60 C, B LM I IAW T i5, 1-Co HiE#E
PER TS, B 32.1%BH %N 25.7%, 1 1-Cg ik
PEA W BT, B O58.8% THE 65.4%, HAEfbiG AR
AR, IR RHRAE 80 CHY, fEALIEYER 40 CIFT
e T —MNER, 1-Co MIEFEMEHEA R, KT 40%,
1-Cg I EEMENIFE A 50% AT

a4, =N FEF=(1-Cs, 1-Co FIIR Co )
PRI At A A 2, SRS Overett 62 H 48
IALHLEECYR dr sty & EAFERRIRZ, /£ 60 CT,
JEJIM 4.5 MPa _ETF+2E 8.0 MPa, A=) 1-Co {3 1
6%; BE—STHEE ] 10.0 MPa, 1-Cg 2R %A 21k,
IEUNTHASE IR, WAH P 208 Ptk B ik 12 e 773 Rl — %
B, GRS EWRZESR. SR, 1-Cs M KICEALT
EE - CNEEEAE LA Mk, 80 C
(41.5%~50.8%) I} ] 1-Cg S HFPERE K /148105 40 C
(72.7%~T74.6%)I) K, HERALAEBR HIE.

Ce RN =W TY BCAE 12 s 73306 L AU, P A 3t
T CIEWREE. B, 75 60 CF, KM 4.5 MPa %
10.0 MPa 224k, 7 FF LIRS e A A L3R o — B AR FFRLE
2.8%~2.9%F 7K.

WS, W s 2 5] O R EE BRI,
TER R B IR 2 nik. BIansde 4.5 MPa T, M
40~80 C, LJFIRIE Xenyiene MW 0.52 % 0.35.
WTIREEFNE 77, W] AEAS 208 B BERBUR R, 4
£ 40 CAHI 4.5 MPa T Xepyiene /9 0.52, 7£ 80 ‘CHI 7.0
MPa F Xepnyiene M 0.53. 24 Xetnylene=0.52~0.53 K, 1-C4
P EBEPEMN 40 CH 16.3% EFH3] 80 CH [
41.6%, 1 1-Cg FIEFEMEMIA 40 CHI 72.7% T FE2
80 CHY 1] 46.4%. XEegh R Co 2 Co MBI 15544k
e BB RO, FERREERE. AT,
JE S5t Co i BEMERIREI /N X Cg HISEM. [RIE, K38
TXSURR AL BATT AT AHEN, CrCy 3 A F o e M L 25
5% R LR FE R, AR & CIRIREE, CrCy IR
PRI —E T A — B4 m. W R NS H R T7
HokXF 1-Cy TR AT 3 — ARk DA O R PPk AT
FOHBAT- A K AT AT 1.

4R, KA SR 2B T N-R 3
[PNP]BEC &) 28/CrCly(THF)y/ MAO/TCE(MU 5 Z.55%) i1k
HHRE 7). MRS ELR T RMIRE K1 Y5
 EL(AVCr, TCE/Cr, 28/Cr). J2 N A 1] DL K Bl 3 RS %t 44
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PTEPERT 1-Cy BRI 5.

4% 28/CrCly(THF)y/MAO/TCE (2 : 1 :300 : 1)J
MR R, IR 5.0 MPa ZJ&IE SRR, JMNIFE] 30
min, BEH SR FETEE, HEAGTE I 2T R R
o AE 50 CHROK, 4 2.3X10° g/(g Creh); 1-Cy HIE %
PR TR R R, 76 50 CHRR, N 72.7%. Fit
s SRR BE T LLIEHE 50 °C.

{RFF 50 CHI M E] 30 min, FiRfEILIK REEE
SN A, AR EAS T T =, 7E 6.0 MPa B #%
K[3.1X10° g/(g Creh)]; 1-Cq HIIEFMEMA R T =, 16
6.0 MPa I} )8 K (73.1%). PRl fedd s b [ A7) BLigk
£ 5.0 MPa.

fE 50 ‘C. 5.0 MPa %M F, R¥F 28/CrCLy(THF),/
TCE M2 :1:1, MNHE] 30 min, #75 AUCr bk 75 &
400, MEALTE LTSS R, 24 A/Cr 2 300 Bk £
K[2.4X10° g/(g Creh)]; 1-Cy 3Bt 0 S T 5 i B, 24
AlCr y 300 K& 3 & K (72.7%). B #H &, £
28/CrCly(THF);/MAO & 2 © 1 : 300 A1 Jz S [] 30 min
F, W% TCE/CrCl;(THF); tEA 0 & 10, {405 A Wr
P 3.6X 10° g/(g Creh)B# % 0.7 X 10° g/(g Creh)], T
1-Cy [PIEFEIERS 2 F = H (N 71.8% % 74.9%). T{E
CrCl3(THF)yyMAO/TCE A4 1 : 300 : 1 7130 min N, B
PNP/CrCI(THF); tE A 1 & 4, {ALIE AR W B
3.0X10° g/(g Creh)B&% 0.3X10° g/(g Creh)], 1H/2 1-Cs
B e R 1 s 2 T B #54(69.3%~71.7%). T 28/CrCls-
(THF)y/MAO/TCE 92 :1:300: 1{k%, 7£50 C.5.0
MPa 2cA4F T, I s S FE A M R T8 R 1= I 1)k
Pk, RIS PL 40 min LSS EAGTE T LAREAR. 24
ARG AT RIS, (EAE IR HA R 1-Cq IR B S AR
ANAE . FEA A 6 N AR 30 min [ B2 A, BOFIRREE
SORM, MEATE R 1-Co i £ R AE —E RS L2 W75
i(MAO>EAO>TEA).

[PNPIEC A P 5+ o5 kb & Ak A ) T S0 AT,
RS RE R MES, A, N FF B EEHAR
22 5RO IECAIE? ik, 2006 4F Bercaw 25
G — RANAE T S A B R) PNP BC4(29, 30, 31,
32)(E 8), HHL CrCly(THF); J Bl 45 HH R & @ AL &
Y. EP{[29]CrClLy(p-Cl}, 22 4K, FERFIRE N
SR E S A B A S5O A

{[29(30. 31. 32)]CrCl(u-C1)}o,/MAO £ 5 KA th
i 0.1 MPa ZJfi k77 T a5t i fb 20 =58 (Cs
45%~66%, Cs 16%~34%, Cio+ 1%~40%, PE 0.1%~
6.0%), MEALIETE ELEK[3.61 X 10°~6.24 X 10° g/(g
Creh)]. N Ji5 FHURIESS B4R 194 BE RN W 1 2 0K
ML T AR E . {[32]CrCly(u-Cl)}/MAO
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PhaP PPN, PhoP_ PPh, SR E.

N N X {[32]CrCly(u-C1)} o/ MAO R RIFEAT 7068 s B iy

H N J) Py PR il AT S0 (1 SEB B R B, AR i

O S (M a P, R JER, M, W 1-Cg A

29 30 1-Co FILLBI R AEIGIN, (FRAHRI Co 8L Cg HH G RETE

LCrCl3/MAO/CgH5CI LCrCl3/MAO/CgH5CI S

25°C, 0.1 MPa 25°C, 0.1 MPa }U,’tjrj(

Activity: 3.6 x 102 g/(g Cr-h) Activity: 4.0 x 102 g/(g Cr-h)
Selectivity: (%) Selectivity: (%)

Ce (1-Cg): 61 (83) Ce (1-Cg): 62 (84)

Cg (1-Cg): 31 (>90) Cg (1-Cg): 34 (99)

C10+: 2 C10+: 4
PE: 6 PE: 0.5
Ph,P PPh,
PP /PPh2 \N/
N 0~
@ h
31 32
LCrC|3/MAO/CGH5C|
LCrCl3/MAO/CgHsCl 259G 0.1 MPa
25°C, 0.1 MPa o

Activity: 1.6 x 10% g/(g Cr-h)
Selectivity: (%)

Cg (1-Cg): 62 (93)

Cg (1-Cg): 24 (93)

Activity: 9.2 x 102 g/(g Cr-h)
Selectivity: (%)

Cg (1-Cg): 66 (91)

Cg (1-Cg): 27 (97)

Cror: 14
Cio:: 7 PE: < 0.1
PE: 0.3
Ph,P.  PPh
2 \ / 2
g
33
LCrCly/MAO/CgHsCI
25°C, 0.4 MPa

Activity: 2.4 x 10° g/(g Cr-h)
Selectivity: (%)

Ce (1-C6)Z 40 (91)

Cg (1-Cg): 34 (93)

C1o+: 25

PE: 0.2

B8 [PNPIRC{A 29~33 4l =N LA R AL 45 R
Figure 8 Schematic structures of [PNP] ligands 29~33 and
catalytic results

AR B, i B MR RRSIA 2 h, SRS TR
B¥. 5 1/CrCL(THF)y/MAO fiEAb ik RXTHE, J5# e
PERE ZZ(ANBEFFSE 20 min). {[32]CrCly(u-Cl)},/MAO & &
(3 PR SRR B, SORVE AR T 5 s PR AR e
P, IR DR R O, IR R A 4 a7
HIRZ PE; 1,2- “SURIE R AR R E M m, AT
TEPERSAR. {[9 5% 33]1CrCly(u- Cl)}z/MAO RS 52
F W], SRRV AT DR s A A RS e P T
PLK 1-Co F1 1-C IS, 180T LAY/ PE B, BT
v AN A SR B R 2 BT SR TR 55 IS PR IE
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IHRA T T AR M, Cio S Crox HITE B 1%
oSN IR AR I . RN, TERGET R
1-Co FH 1-Cy PR FEAIC, AT e B 250 4 5% B4 1) 2 = ik
A — B BRRIES I =R R NI LR B, SR Al B P
W 3,7 BB E G AL CrC IR TaA, AN IR
B o- R SR R 1-CP7,

[} Bercaw 5P K T IR A 4iAR B AR FE AN TR
HRiER PNP BAA 34 Al 35(K 9), HoHl5
CrPhs(THF); S B4 ift & 4[34])CrPhy F1[35]CrPh;. 34
5 CrCly(THF); & MNA R &9([34]CrCl, Hif—H 5
[34]CrPh; [z M4 % [34]CrPh,CL. L &4[34]CrPhs 535
EB7F] MAO, [H(OEt,),] [BAr",]", [Me,PhNH]"-
[B(CeFs)a] HIAEH T 27 tH— 38 I &0 55 SR A A 0 1,
{HRSZIEFIIF MR K. LA 1[34]CrPhyCl7E B Na*
[BArF4]*El’J1’EﬁH THEAEAEE. ATIA X L

g AT T Wass 25U MR (1) 1/CrCly(THF)/MAO 1k &.
flifi 1%} 35/CrCly(THF),/MAO & R BT T W15 AL
S, AR ENE, JE R AT R B T R L
7. AE[351CrPhy A HEAT fHE AL & PRI K.

CD3 CD3

©<j©@<
>®©<\

34 35

003

B 9 [PNP]FC/k 34 135 45 #)5X
Figure 9 Schematic structures of [PNP] ligands 34 and 35

[PNP]PC 4<% By 147 J55 b A4 751 DR O IR 1 2 0 i %
PSRRI RE M AE 52 0. X P EHURIE/EA
FEIATC, N R T B IR A U R i — IR
. K, 2007 42, Blann 2558738 17— RAE R T E&
AAFEHRIE R [PNP] BB 10), RSG5 %2 1 RiiA
GE RN PR A 3 T R B P B

36/Cr(EH);/MAO 1k RTEHREFIH 65 C. 3.0
MPa 2[5 71 R4 Co (17.7%, Firb 1-C497.5%) 1 Cy
(16.4%, HHA 1-C4 97.5%)PL K Cio-14 (32.6%)+ Cig+
(20.2%)F1 PE (2.1%)/=9), A R REFEE, g
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PhyP. PPh PhyP. PPh
AN N7
l}l N
H H
36 37

36/Cr(EH)3/MAO/toluene 37/Cr(EH)3/MAO/toluene
65°C, 3.0 MPa 65°C, 3.0 MPa

Activity: 1.3 x 10% g/(g Cr.h)  Activity: 7.4 x 10® g/(g Cr.h)
Selectivity: (%) Selectivity: (%)

Ce (1-Cg): 17.7 (97.5) Cg (1-Cg): 22.2 (53.9)

Cg (1-Cg): 16.4 (97.5) Cg (1-Cg): 53.6 (96.6)

Activity: 1.3 x 10* g/(g Cr.h)
Selectivity: (%)

Cg (1-Cg): 19.2 (55.7)

Cg (1-Cg): 45.4 (96.4)

Ph,P. PPh
2P PPh2 thP\ /PPh2
N
,/ /
N O
O\) \O/l
38 —0 39
38/Cr(acac)s/MAO/toluene 39/Cr(acac);/MAO/toluene
65°C, 3.0 MPa 65°C, 3.0 MPa

Activity: 4.3 x 10* g/(g Cr.h)
Selectivity: (%)

Ce (1-Cg): 23.5 (54.7)

Cg (1-Cg): 55.2 (96.4)

C10+I 52.8 C10+Z 11.8 C10+I 9.1 C10+: 18.4
PE: 2.1 PE: 9.8 PE: 23.9 PE: 0.5
PPh Ph,P. PPh PhyP. PPh, Ph,P. PPh
thp\ _PPha P PPh2 N P PP
40 41 42 43
40/Cr(acac);/MAO/toluene 41/CrCl3(THF)3/MAO/toluene  42/Cr(acac)s/MAO/toluene 43/Cr(acac)y/MAO/toluene
65 °C, 3.0 MPa 65°C, 3.0 MPa 65 °C, 30 bar 65 °C, 3.0 MPa

Activity: 5.0 x 10% g/(g Cr.h)
Selectivity: (%)

Cg (1-Cg): 25.4 (54.9)

Cg (1-Cg): 59.0 (96.5)

Cigs: 12,5

PE: 0.7

Selectivity: (%)

Ce (1-Cg): 28.0 (61.7)
Cg (1-Cg): 60.2 (98.1)
Cio+: 5.7

PE: 3.7

Activity: 1.3 x 10 g/(g Cr.h)

Activity: 1.2 x 10% g/(g Cr.h)
Selectivity: (%)

Ce (1'C6): 36.2 (821)

Cg (1'C8): 57.7 (992)

C10+Z 4.1

PE: 1.8

Activity: 4.9 x 10* g/(g Cr.h)
Selectivity: (%)

Ce (1-Cg): 27.3 (66.2)

Cg (1-Cg): 57.3 (98.0)

C10+Z 13.1

PE: 0.8

B 10 [PNPIRCHA 36~43 ({45 14U S fEfb 45 1
Figure 10 Schematic structures of [PNP] ligands 36~43 and catalytic results

PEA 130X 10* g/(g Creh). BJET L&A —AHF IR
FEIER 6/CrCly(THF)y/MAO 1K 45 HY Cg B FEME N
59%(FHH 1-Cg 94%), Co MIEFEMER 25%(FHH 1-Cq
39%). Pk 36 HIN ¥ L 2E T, "TREAE MAO &t
(it FE v R AR O, S EPNPIECAL 7 ARk, M2
(B 2t LR TE )

TE[PNPIELAAT N JET ESI ANMETRZE3T) Sk
5(38). = FAEIEREREE(39), ML 37/Cr(EH)/MAO
IR 225 H Ik B I PR [Ce 22.2% (1-Cs 53.9%), Cs
53.6% (1-Cs 96.6%), Cio.14 6.3%, Ci+ 4.9%, PE 9.8%],
H 35 PE AR [7.4 X 10° g/(g Creh)]. 1EAH [F 41 T,
38/CrCly(THF)y/MAO 1k R45 H =Pt A — 2 ik
BME[Cs 19.2% (1-Cg 55.7%), Cs 45.4% (1-Cs 96.4%),
Cio-14 6.3%, Cie+ 2.8%, PE 23.9%], W&TE:AN 1.29%10*
g/(g Creh). TEXPANRIAARFEA —E /M PE 4K,
{H 7= W) 1) 3k 8 11 9F R 2 U 9 52 . 39/CrCls-
(THF)yMAO R R4 =¥+ PE & EIEH D [Co
23.5% (1-Cg 54.7%), Cs 55.2% (1-Cg 96.4%), C19-14 8.8%,
Cis+ 9.6%, PE 0.5%], iftN 4.25X10* g/(g Creh). fEiX
ZAME R, e RR IR 54%, M 4.0X10°
g/(g Creh). Fitk 37 ¥ Kk &+ PE LI BT &, W
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REJR RS N RIS A AN AN B 2 5 3 & Jg BA R 1)
PRIH RN, TR s 87 3ok R Py M 5 SR AR A 7 ik
BN, AR 38 R4 28 ] B IR I [ 1) — 2
gt kAERAAER, S8 PE 575 T =

i N B 7 B Blpl L I 28R PNP
BifA 6,7 F1 40, EURIEEEKIGIMPUAN KR T(7), ik
JREH o K PR S 1 PR B SR 51 (65.3% 31 69.9%), Tl
T30 A S5 1 (40), 5200 AR ZN(70.9%), HHd Cg
A Cy MIELEIIEA EARFEAAE, H CoHt 1-Co LB 5
(M 39.4%3| 54.7%F1 54.9%). £ RILBRHE K 41 (1
TR R, 1-Co PRERRIEA Tt mr. 2- 45 AR
it 42 5HEEIARH 9 FHEL, LR 1-Co 7E Co
HHEL T 39% BRI NS 66.2%. 41 F1 42 #RE4T f-
HE, B 1-Co FREBMERAME. T 9 5FH oLk,
FARHE 1-Co (REFRIE T 86.5%, a-M Rk EEMEIA S
88.4%. IN a-Bi L SCEERIKRE, WIFCiE 43, Co 1-Co
(PIEFEE(82.1%) Fl oM & I FE 1 (84. 7%) 5154, H
PRI U, N EBURIE ) a-S28ERUSIE f- S0 350w %F
AR TR A A B D ) N

M N-FBEFCAR(6) 2] N-ZFE AR (44) (B 11), 2R
PFEEA9), ‘Bl Cr(acac)MMAO-3A S HI14 &
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AL 25 SR BOR, o-J ) Bk B MR B BN 65. 3%
F1] 68.42% 5] 79.4%), Cy¢+ A1 PE [1J LA I 55 35 BEAR.  [F)
R a-SCRER) N-3A CREHCR I EC AR 8 Al N-S7 A JE AL 1A
9 & R IIMEA 25 FAR L.

T 2% N-BURE G [PNP]fCAR, N FEUR AT
A3 () A A IS & 2 Lewis B (B3 [ 4 v 1)

KL (48 F1 49)(B& 1) 55 Cr(acac)3/MMAO-3A H
FAA R, 0] DURHR Sk e 1-Co, X2 5 THL
AEE RS A AL PR A RO, SHCE 50 Bk R4 H
1-Co 7E Co HIEFEIEE] 97%, Mkt ok IEC Ak 48
HIAR 245 H 1-Co 7E Co IR EENE R 94%. 734, L
B AR T A BEAS R BCAR (9 46 AT 52 33—

HIAEAL. i — ke dk(45). —hiKt(46,47,50~52). = RGN, 44 R 45 B — e ), KU 2 A
Ph,P PPh, PhoR PPNz PhoP. /Pth PhoP_ PP PR PPhy
N N

44 45

45/Cr(acac)z/MMAO-3A/
methylcyclohexane
60 °C, 4.5 MPa

44/Cr(acac);/MMAO-3A/
methylcyclohexane
60°C, 4.5 MPa

46/Cr(acac);/MMAO-3A/
methylcyclohexane
60 °C, 4.5 MPa

48

48/Cr(acac)z/MMAO-3A/
methylcyclohexane
60 °C, 4.5 MPa

47/Cr(acac)z/MMAO-3A/
methylcyclohexane
60 °C, 4.5 MPa

Activity: 1.0 x 108 g/(g Cr-h) Activity: 2.7 x 108 g/(g Cr-h) Activity: 1.9 x 10% g/(g Cr.h) Activity: 0.32 x 10° g/(g Cr-h) Activity: 1.6 x 108 g/(g Cr-h)

Selectivity: (%)
Ce (1-Cg): 20.6 (71.6)
Cg (1-Cg): 67.3 (99.1)

Selectivity: (%)
Ce (1-Cg): 17.5 (40.7)
Cg (1-Cg): 63.0 (97.3)

Ciow: 14.6 Cio+: 10.3 Cq0+: 8.8
PE: 2.4 PE: 0.1 PE: 1.9
Ph,P. PPh,
AN
Ph,P. PPh
N 2 \ V4 2
49 50

50/Cr(acac);/MMAO-3A/
methylcyclohexane

60 °C, 4.5 MPa

Activity: 1.5 x 108 g/(g Cr-h)
Selectivity: (%)

Cg (1-Cg): 44.9 (97.4)

Cg (1-Cg): 44.2 (99.4)

49/Cr(acac);/MMAO-3A/
methylcyclohexane

60°C, 4.5 MPa

Activity: 2.6 x 108 g/(g Cr-h)
Selectivity: (%)

Ce (1-Cg): 30.8 (94.5)

Cg (1-Cg): 59.3 (99.6)

C10+: 8.5 C10+: 9.3
PE: 15 PE: 1.5
Ph,P. PPh, PPh,
\N/
| /N\/\/\/\N
Si Ph,P
AN
53 54

53/Cr(acac)s/MMAO-3A/
methylcyclohexane

60 °C, 4.5 MPa

Activity: 2.0 x 10* g/(g Cr-h)
Selectivity: (%)

Cg (1-Cg): 16.9 (45.0)

Cg (1-Cg): 47.3 (95.7)

C10+: 20.9

PE: 12.9

60 °C, 4.5 MPa

Selectivity: (%)

C10+Z 16.2
PE: 6.3

Au
Figure 11
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Selectivity: (%)
Cg (1-Cg): 24.3 (85.1)
Cg (1-Cg): 65.7 (99.5)

PPh,
/

PPh,

54/Cr(acac);/MMAO-3A/
methylcyclohexane

Activity: 6.6 x 10° g/(g Cr-h)

Cs (1-C): 18.3 (39.2)
Cs (1-Cg): 56.6 (99.6)

© 2015 Chinese Chemical Society & SIOC, CAS

Selectivity: (%)
Ce (1-Cg): 25.1 (86.2)
Cg (1-Cg): 65.5 (99.4)

Selectivity: (%)
Cg (1-Cg): 32.5 (94.0)
Cg (1-Cg): 58.0 (99.5)

C10+: 8.4 C10+: 8.0
PE: 0.6 PE: 1.2
Ph,P_PPh Ph,P_PPh
N N
NH< )N\’<
51 52

52/Cr(acac);/MMAO-3A/
methylcyclohexane

60 °C, 4.5 MPa

Activity: 1.4 x 108 g/(g Cr-h)
Ce (1-Cg): 43.3 (97.2)

Cg (1-Cg): 46.1 (99.4)

51/Cr(acac);/MMAO-3A/
methylcyclohexane

60 °C, 4.5 MPa

Activity: 1.4 x 108 g/(g Cr-h)
Selectivity: (%)

Cg (1-Cg): 43.5 (97.2)

Cg (1-Cg): 45.6 (99.4) Ci0+: 94
C10+: 9.5 PE: 1.2
PE: 1.5
PhyP PhyP
\ X
~PPh
55
55/Cr(acac)s/MMAO-3A/
methylcyclohexane
60 °C, 4.5 MPa

Activity: 1.8 x 108 g/(g Cr-h)
Selectivity: (%)

Cg (1-Cg): 17.6 (75.5)

Cg (1-Cg): 69.4 (99.0)

Cio+: 10.9

PE: 14

[PNP]HC /A& 44~55 f 4540 30 DL A AL 45 3R
Schematic structures of [PNP] ligands 44~55 and catalytic results
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SRS RN TG 0y, (ER A AL TG Rk B 1 20 1) S5
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2007 4, Killian 27V R Ge it 78 1 &R F 155 36 EL
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R, BFFUR I, BEINMEUR T b5 FRAR AT B A
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FRIEARAT BT AR TR H 315 5 3E), Co A 1-C, 1136
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a1 30%, (EHF=MIRA AR AR, #E—B 7
PR3 5 N R v 8 K 2 AU BEL(BC A& 60), o
FE S BRI 41 B4 T 13.8%, 1M C HIRIR
FEIRAR T 33.6%. FETHELAR 60 AL H i i 1)
Cy EFENE(64.1%)FI R ) oW fa A i R 14:(84.3%). &
Fefk 6 A1 7 FOMEAL A A (> 1.0X10°
g/(g Creh))HUIKH PE P25 %5(0. 6%). 94k S0 KL
2 (AL BE, AT PATE S 38 1 5] NSRS (BAA 61), 1H 2
AL AETII) o) I S I PR 1 B $ 5, PE P29 I T
P TIR%2(25.8%), MEATEMEHRER 60 HIFFK T 40%.
X et BUAE DA FOR 1 25 KR R AR R, W RE R IEAT
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FETHEA 60 A1 62 (145 AR,

ERETHINE KHIZEER (B 63), a-fiaf s
PRI B R A (72.6%). [AIFE, 4700 5 |- 5] NZ55E
B (FCAA 64), Co il 1-Co FBEBEPERFRAHXI AR, Cy =)
FIEBEMERRAR T 7.1%, MALTEMENEEE TR 40%, ik
£ 7.0X10° g/(g Creh), STk 10, 56~59, 41 41ELHI1E
ek R LSS A, FERCHR 64 HIZERE 5] N a 5332
BEIEAR 65, a- MM Bk B R EImE 84.5%,
Hr 1-Co MBI T 20.5%, WtE#ET 1.0X10°
g/(g Creh).
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2007 4F, PR} 9/Cr(acac); 75 A [ B #E T
AL REREAT THEFL. 45 7R, MMAO.MAO fil EAO
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Ph,P. PPh Ph,P. PPh Ph-P. PPh Ph,P. PPh, Ph,P. PPh,

AN 2N 2 AN N Ny
[NI N N | *©
56 57 58 59 60

56/Cr(acac)s/MMAO-3A/ 57/Cr(acac)s/MMAO-3A/ 58/Cr(acac)s/MMAO-3A/ 59/Cr(acac);/MMAO-3A/  60/Cr(acac)s/MMAO-3A/
methylcyclohexane methylcyclohexane methylcyclohexane methylcyclohexane methylcyclohexane
60 °C, 5.0 MPa 60 °C, 5.0 MPa 60 °C, 5.0 MPa 60 °C, 5.0 MPa 60 °C, 5.0 MPa

Activity: 5.3 x 10° g/(g Cr-h)
Selectivity: (%)

Ce (1-Cg): 27.1 (56.6)

Cg (1-Cg): 56.8 (97.0)

Activity: 5.6 x 10° g/(g Cr-h)
Selectivity: (%)

Cg (1-Cg): 29.4 (67.2)

Cg (1-Cg): 57.0 (97.8)

C10+:9.9 C10+: 9.6 Cios: 6.0
PE: 4.8 PE: 3.0 PE: 7.8
PhoP PPh, Ph,P PPh
Ny NS
N N
61 62
61/Cr(acac)y/MMAO-3A/ 62/Cr(acac)/MMAO-3A/
methylcyclohexane methylcyclohexane
60 °C, 5.0 MPa 60 °C, 5.0 MPa

Activity: 5.8 x 10° g/(g Cr-h)

Selectivity: (%)
Ce (1-Cg): 27.1 (85.7)
Cg (1-Cg): 40.7 (99.1)

Activity: 5.6 x 10° g/(g Cr-h)
Selectivity: (%)

Cg (1-Cg): 25.5 (73.4)

Cg (1-Cg): 63.5 (98.9)

C10+: 8.1 C10+: 8.5
PE: 25.8 PE: 1.7
thP\ /PPh2
PhaP. PPh, N
NS

N

65 66
65/Cr(acac)y/MMAO-3A/ 66/Cr(acac)3/MMAO-3A/
methylcyclohexane methylcyclohexane
60 °C, 5.0 MPa 60 °C, 5.0 MPa

Activity: 1.0 x 10° g/(g Cr-h)

Selectivity: (%)

Ce (1-Cg): 27.1 (82.1)
Cg (1-Cg): 62.8 (99.2)

C10+: 8.9
PE: 0.8

Activity: 1.1 x 108 g/(g Cr-h)
Selectivity: (%)

Ce (1-Cg): 17.7 (53.5)

Cg (1-Cg): 62.3 (96.6)

Cyos: 16.4

PE: 1.9

A 12

Activity: 1.6 x 10° g/(g Cr-h)
Selectivity: (%)

Ce (1-Cg): 33.4 (86.2)

Cg (1-Cg): 52.9 (99.2)

C10+: 7.5
PE: 3.8

Ph,P.

NS
N

63

63/Cr(acac);/MMAO-3A/
methylcyclohexane

60 °C, 5.0 MPa

Activity: 5.2 x 10° g/(g Cr-h)
Selectivity: (%)

Ce (1-Cg): 25.5 (63.9)

Cg (1-Cg): 57.9 (97.3)

C10+: 11.9

PE: 3.4

PPh,

Ph, PPh,

"\
N

67
67/Cr(acac);/MMAO-3A/
methylcyclohexane
60 °C, 5.0 MPa
Activity: 9.3 x 10° g/(g Cr-h)
Selectivity: (%)

Cg (1-Cg): 14.8 (53.5)
Cg (1-Cg): 53.3 (96.9)
Cqo+: 16.9

PE: 16.2

[PNPIAC A 56~68 )45 F 2L L A 45

Activity: 5.0 x 10% g/(g Cr-h)  Activity: 1.0 x 108 g/(g Cr-h)
Selectivity: (%)

Ce (1-Cg): 31.0 (85.4)
Cg (1-Cg): 56.9 (99.0)

Selectivity: (%)

Ce (1-Cg): 27.0 (77.0)
Cg (1-Cg): 64.1 (99.1)
Cqo+: 7.1

PE: 0.6

Ph,P.

N

N

64
64/Cr(acac);/MMAO-3A/
methylcyclohexane
60 °C, 5.0 MPa
Activity: 7.1 x 10° g/(g Cr-h)
Selectivity: (%)

Cg (1-Cg): 22.4 (61.6)
Cg (1-Cg): 65.0 (98.4)
Cqg+: 10.4

PE: 1.0

PPh,

Ph, PPh,

P
Ny

o<

68
68/Cr(acac);/MMAO-3A/
methylcyclohexane
60 °C, 5.0 MPa
Activity: 3.9 x 10° g/(g Cr-h)
Selectivity: (%)

Cg (1-Cg): 22.1 (40.2)
Cg (1-Cg): 58.2 (96.7)
Cqg+: 13.8

PE: 4.6

Figure 12 Schematic structures of [PNP] ligands 56~68 and catalytic results

(Et,0)AI{OCH(CcFs)a}s, (Et;0)AI{OC(CF3)s3}s,
[Ph;C][AI{OC(CF3);}4], [PhsCJ[AIF{OC(CF3)s};],
[Ph;C][{(F5C);CO}3AI-F-A1{OC(CF3)3}5], [Ph;C][C-
B H¢Brs], ANFZE —BhFISE 1-38FEEEIN 5%3)
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PhyP.

%

A

69

69/Cr(acac)s/MMAO-3A/
methylcyclohexane

60 °C, 4.5 MPa

Activity: 4.6 x 10° g/(g Cr.h)
Selectivity: (%)

Cg (1-Cg): 19.5 (44.3)

Cg (1-Cg): 62.5 (96.5)
C10+Z 13.7

PE: 1.8

PPh,

73

73/Cr(acac);/MMAO-3A/
cyclohexane

60°C, 4.5 MPa

Activity: 2.3 x 108 g/(g Cr.h)
Selectivity: (%)

Ce (1-Cg): 26.6 (85.4)

Cg (1-Cg): 63.7 (99.5)

C1o+: Ndr
PE: 0.7
Ph,P. PPh,
N,
NKO
77

77/Cr(acac)s/MMAO-3A/
methylcyclohexane

60 °C, 4.5 MPa

Activity: 4.8 x 105 g/(g Cr.h)
Selectivity: (%)

Ce (1-Cg): 19.8 (45.8)

Cg (1-Cg): 63.9 (97.3)

C1o+: Ndr

PE: 1.6

Figure 13

Ph,P.

\%N>/
70

70/Cr(acac)s/MMAO-3A/

methylcyclohexane

60°C, 4.5 MPa

Activity: 3.9 x 10° g/(g Cr.h)

Selectivity: (%)

Ce (1-Cg): 19.2 (47.8)

Cg (1-Cg): 61.2 (97.0)

C10+: 16.0
PE: 1.3

PPh,

thp\ Y

N

PPh,

74

74/Cr(acac)s/MMAO-3A/
cyclohexane

60 °C, 4.5 MPa

Activity: 2.2 x 108 g/(g Cr.h)
Selectivity: (%)

Cg (1-Cg): 26.5 (88.3)

Cg (1-Cg): 64.5 (99.6)

Ciqp+: Ndr

PE: 0.3

PhaR_PPhy

4@

78/Cr(acac)3/MMAO -3A/
methylcyclohexane

60 °C, 4.5 MPa

Activity: 1.7 x 10° g/(g Cr.h)
Selectivity: (%)

Cg (1-Cg): 25.4 (86.5)

Cg (1-Cg): 63.3 (99.4)

Cyp4+: ndr

PE: 1.9

& 13

thP PPh2

71/Cr(acac)3/MMAO-3A/
methylcyclohexane

60 °C, 4.5 MPa

Activity: 7.4 x 105 g/(g Cr.h)
Selectivity: (%)

Cg (1-Cg): 19.8 (74.3)

Cg (1-Cg): 68.1 (99.0)

Cqo+: 101

PE: 1.2

thP\ /

N

é/v

75

75/Cr(acac);/MMAO-3A/
cyclohexane

60 °C, 4.5 MPa

Activity: 1.9 x 108 g/(g Cr.h)
Selectivity: (%)

Ce (1-Cg): 29.6 (92.9)

Cg (1-Cg): 59.8 (99.6)

Co+: Ndr

PE: 1.3

PPh,

PRRPPhy

79/ Cr(acac)3/ MMAO-3A/

methylcyclohexane
60 °C, 4.5 MPa

Activity: 6.1 x 10% g/(g Cr.h)

Selectivity: (%)

Cg (1-Cg): 27.1 (89.1)
Cg (1-Cg): 62.8 (99.5)
C1g+: Ndr

PE: 0.8

[PNP]ECL /4 69~80 112544 20 DA K R fh 25 SR

thP PPh2

72/Cr(acac)s/MMAO-3A/
methylcyclohexane

60 °C, 4.5 MPa

Activity: 7.6 x 10° g/(g Cr.h)
Selectivity: (%)

Cg (1-Cg): 22.6 (84.6)

Cg (1-Cg): 66.4 (99.4)

Cq0+: 9.6

PE: 0.9

PhZP\ %
N

o

76

76/Cr(acac);/MMAO-3A/
cyclohexane

60 °C, 4.5 MPa

Activity: 2.1 x 10° g/(g Cr.h)
Selectivity: (%)

Cg (1-Cg): 43.0 (95.4)

Cg (1-Cg): 48.7 (99.7)

Cyp4+: ndr

PE: 0.3

PPh,

thP\ /

N

S

80
80/Cr(acac)z/MMAO-3A/
methylcyclohexane
60 °C, 4.5 MPa
Activity: 8.5 x 10° g/(g Cr.h)
Selectivity: (%)

Cg (1-Cg) 22.8 (70.5)
Cg (1-Cg): 65.3 (98.8)
C10+: ndr

PE: 3.0

PPh,

Schematic structures of [PNP] ligands 69~80 and catalytic results

Cr(acac);, MMAO-3A ZH i fiEAL AR R RE. & 8 HIfEfL
PERERAFIGTE N 2.0X10° g/(g Creh), 1-¥HikFEME N

68%]. FJR T EEURIR e FE 5N

TRZR ) 1-Co M 1-Co e FEIEIRAR, BRI MWZ. %
BIRIN IR T R B A
. IR BREON 3 HENE 12 1, a-
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BH, o 2 Y S B 1 2 42

rE . ALK, A A

F1-Co T RR. ik S FC AR (14 A A 2R 2 B A48 135
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1-Co VIS E] 95.4%, T H 1-Co 1 1-Cq B LI FZIE
1oL e B 2 5 NHEE(T3). 45E(74)-
SERIE(TS)I, Co 4143 KT Co 414y

W RGN o-73 A5 F R, LRI (Fe A4 77
H179), o-IE RS IR FEMERRAK T 9%, KL 3L Y
—AMNEJE T AE F5E(78), 2R BHBE 2 2K, a-lf R
SERREIR R T 13%. Sk 80 LA & 8
[FIARALL.

B, HHESMFR T 28/Cr(IID/MAO/ KLY (—
Mg, & F . PUEF . 1,1,2-=8 4k 1,1,1-
ZRALKE FRT ke 1-50T ko) WU it ik R ik
VIRIMEF. 45K, &P BT 1-Cg IME AL G A i
BHEHR T = R MY & 5, 1,1,2- =& ke Xt
1-Cy FREBMR T 1,1,1- =& L ke, st 1-Cq ffi
TS P RN BRI AL T AH B IR, DR, s fe i
ZANIBE s PR M SRR 1-C AL TG 1
R BEPEER oy B, T DRI 7E 11 T o) 38 1) B 7] DA R I 71
oA R, WTRER KA S8 SR TE T A O A B
YEH.

Hanton 2210 75 [ I 72 T [PNPIC A 1 Bk 3 4
AL T RE([91CH(CO)s {[9]1CT(CO),} " (BE,)

EtoP< iEtz EtoP< N PEt,
S\ S\/
81 82
81/Cr(acac)s;/MAO/toluene 82/Cr(acac);/MAO/toluene

80 °C, 3.0 MPa 80°C, 3.0 MPa
Activity: 4.1 x 10* g/(g Cr-h)
Selectivity: (%)

Cg (1-Cg): 23.0 (ndr)

Cg (1-Cg): 43.9 (97.7)

Selectivity: (%)
Cg (1-Cg): 13.6 (ndr)
Cg (1-Cg): 27.9 (98.5)

C10+: 229 C10+: 34.0
PE: 11.1 PE: 24.3
Et,P. .PEt, EtP.-PEt,

”\

)
85

85/Cr(acac);/MAO/toluene

80°C, 3.0 MPa

Activity: 6.1 x 10* g/(g Cr-h)

Selectivity: (%)

Cg (1-Cg): 12.6 (ndr)

Cg (1-Cg): 25.8 (97.8)

C10+: 345
PE: 26.9

80 °C, 3.0 MPa

Selectivity: (%)

C10+: 324
PE: 26.4

A 14

Activity: 5.4 x 10* g/(g Cr-h)

kLO
86
86/Cr(acac)z/MAO/toluene

Activity: 4.9 x 10* g/(g Cr-h)

Cg (1-Cg): 13.2 (ndr)
Cg (1-Cg): 27.8 (97.5)

{[9]Cr(CO)} © (PFe) ~ . LL EtAl N Bh 4 1k 7,
[AI(OC(CF3)3)s] NHECHLBAE T, AIA AL 206 VD 5,
TEALIEPERET 10° g/(g Creh), 1-E Mk £ ik 70%. 45
LR U0 FI ) £ %) PNP ik 81~87(& 14), 5
CrCly(THF);« MAO 41EfELIA R, 2077 s tE N 10*
g/(g Creh), CoiiBMEA 9%~27%, Coik BN 19%~
55%.

2008 4, FEELETHRIE T [88~92]/Cr(acac)/MAO
T AR 2R [PNPRC A o U 7 b 5 BRI X A v
PR - e PR 2 (B 15). R BURC A 92 T& R ) 14
Ak R BN RS - EIEBEE 71.0%, fHAEES
10° g/(g Creh).

ELASHC A4 56, 88, 89 K IL, B 75 SEHUARAL B (148
OB R ()AL B XS L), BT B AR R 1-
35 (R L B IZ T T = (3 70l /2 55.1%, 66.5%, 69.3%), B
1A 89 5 A EEER AL AR 7 PG BEMEAE 25 X T4 B
HIC A4 56, 57, 58, 90, BEEHUAREAIBHAIIE K, fRATE
PEAN 122 W B BRI B a3 1 (Al AL U AT
14 88,91, 92, B BURIEALBLAIE R, EIEMERM 1-22
W I BRI T R R R .

PhzP-PPh;

Et,P< N,PEt2 H\
KL )
/
S S
83 84
83/Cr(acac)s/MAO/toluene  84/Cr(acac)s/MAO/toluene
80°C, 3.0 MPa 80 °C, 3.0 MPa

Activity: 4.4 x 10* g/(g Cr-h)
Selectivity: (%)

Cg (1-Cg): 25.4 (ndr)

Cg (1-Cg): 52.8 (98.5)

Activity: 1.9 x 10% g/(g Cr-h)
Selectivity: (%)

Ce (1-Cg): 3.5 (ndr)

Cg (1-Cg): 12.5 (97.0)

Cqo+: 16.5 Cqo0+: 213
PE: 4.9 PE: 62.4
Et,P_ _PEt
N
Z "N
|
87
87/Cr(acac)s/MAO/toluene
80 °C, 3.0 MPa

Activity: 3.1 x 10% g/(g Cr-h)
Selectivity: (%)

Cg (1-Cg): 9.1 (ndr)

Cg (1-Cg): 15.0 (96.2)

C1o+: 53.2

PE: 23.4

[PNP]HC /4 81~87 25+ 20 DA K fEE Ak 25 51

Figure 14 Schematic structures of [PNP] ligands 81~87 and catalytic results
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PhaP_  ~PPh2

PhoP /PPh2 <) PhaoP_ /PPh2 PhaP_ /Pth PhZP\N/PPhZ
92

88/Cr(acac)3/MAO/ 89/Cr(acac 3/MAO/ 90/Cr(acac)3/MAO/tquene 91/Cr(acac)3/MAO/ 92/Cr(acac)s/MAO/
cyclohexane cyclohexane 60 °C, 3.0 MPa cyclohexane cyclohexane
60 °C, 3.0 MPa 60 °C, 3.0 MPa Activity: 9.2 x 103 g/(g Cr-h) 60 °C, 3.0 MPa 60 °C, 3.0 MPa
Activity: 3.5 x 10* g/(g Cr-h) Activity: 4.0 x 10* g/(g Cr-h) Selectivity: (%) Activity: 6.8 x 10* g/(g Cr-h)  Activity: 9.6 x 10 g/(g Cr-h)
Selectivity: (%) Selectivity: (%) 1-Cg: 40.7 Selectivity: (%) Selectivity: (%)
1-Cg: 17.2 1-Cq: 15.4 1-Cg: 17.0 1-Cq: 14.3 1-Cq: 13.2
1-Cq: 66.5 1-Cg: 69.3 Cyp+: 4.3 1-Cg: 77.2 1-Cg: 71.0
Cioe: 1.7 Cio+: 1.8 PE: 12.5 Cios: 1.2 Cig+: 0.6
PE: 2.9 PE: 2.1 PE: 3.1 PE: 1.5
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Figure 15 Schematic structures of [PNP] ligands 88~92 and catalytic results
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