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Preparation of diphosphazane monoxide nickel catalystsfor
synthesis of polyketoneresins
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Abstract: A series of nickel coordinated diphosphazane monoxide (PNPO) complexes were designed and
synthesized based on electronic modulation, characterized by 'THNMR, *CNMR and HRMS, and used to
catalyze the synthesis of binary polyketones from ethylene/CO. The effect of catalyst structure on the
turnover number (that is the mass of polyketone prepared per unit mass of Ni), the yield of polyketones, the
number-average relative molecular mass (M,) and relative molecular mass distribution of catalysts was
investigated. The reaction conditions for the optimal catalyst were further explored, and the optimal catalyst
was used to catalyze the terpolymerization of ethylene, CO with propylene. The results showed that an
increase in the electron-donating nature at the phosphine and phosphine oxide moiety led to a progressive
increase in the catalyst turnover number and M, of polymer. The increase in the space at the counter-anions
led to a progressive increase, and the weak interaction between the phosphorus and the metal-nickel also
had a significant effect on the catalytic activity. Complex (Nil5) with an amine terminal of N,N-dimethyl
p-phenyl, phosphine oxide terminal of diethylamino, phosphine terminal of 2,6-dimethoxyphenyl,
counteranion of tetrakis[3,5-bis-(trifluoromethyl)phenyl]borate had the best catalytic activity of
ethylene/CO binary copolymerization. The turnover number of Nil5 was 15982 g/(g Ni) and M, of binary
polyketone was 234000 in the 300 mL autoclave under the optimal reaction conditions of 90 °C,
dichloromethane as solvent and V(C,Hy) : V(CO)=2 : 1. Nil5 could catalyze the terpolymerization of
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ethylene, propylene with CO, and the penetration rate of propylene was 4.3%, while the melting point (241 °C)

of ternary polyketone was lower than that of ethylene/CO binary polyketone (258 °C).

Key words. coordination polymerization; nickel catalysts; polyketone; carbon monoxide; ethylene;

functional materials

M2t M5 —F Ak (CO ) S H2R il £ 1)
oA RE, BT e g R L ik | e
PO UL S SRR R B T S SR Re, T T
PSS L PRI T T R A A T 22 40
U IR T E—FREE I AR ECRE, CO PR
MR —PEIR, HESES R R A R
RIIRE R AT ARE,  BE T SEEARE R g e R A (B
AR, Wl LUR R e Tad fe =41 COo fil=
Y, L, REZ2)FEARRS T AR 2 0%,

HET, Tl b il & SR ER A Ak %) 48 Ak 5] S XL
Tl e A A 1 B S AR S S ™, S B B ELXE L
B, L, BN IERE BB S Y — B0
B s 5P [ REPPE 281918 YA K,Ni(CN),
Tl #5 B E LSk, BLE I T 2R k7 mT LA
S M CO MFEER . filhn. XUBERCIARES A M BH

B (K1, AL B) FIZET PO-FIN,O-Z 4
B AL (1, €. D, E) V", CHEN
0 zoU FPIF L T — 28 BB EEE (PNPO) I
BAE, T DARGE M S L R S Z R
PERRILR, I HIXBCAYITE LIRS COo LR
TP T BRIFRIBCR (K1, F), Hrbi ik 5
Ui B A L P8 %o SR A A T AR Y
HI, 407 (i % %% PNPO BRI AR B LR 2 8 ik
REMZm A LA EZNE L,

ARSI IHA A R R B . e . E 4k
i i 5 U A B TR PNPO BUEECS ) (K 1, G),
TEANR T AL A B T2 PSSR X 20 5 o L3
IR, JERZ S RE TN T 20 . NI& S Co
() = JCIE R RN, DL A BT AL B AR A e A
b S A ) ) 18 T B ERS A,

R
Ph_Fh OO\ PPhy —o_ PP,
R; Ph Ni N/
Ph l ( A N o-tolyl N M
Ph\P,Ph Ph_| Vs \L | N /@
\...Me P\@, R R X
NLMe Q /Nl_) . C D E
,P\/ Ph,B” ~ P Nil: R,=Ph, R,=OMe, L=PEt;; Nil: R=H; Nil: R=Me; Ni4: R=CiF;
Ph Ph Pripy Ni2: R;=SO;Na, R,=Ph, L=PPhy; Ni2: R=NO,; Ni2: R=Ph; Ni5: R=C/F;s;
Ni3: R;=H, R,=Ph, L=Pyridine; Ni3: R=OMe Ni3: R=CF;; Ni6: R= OMe
A B Ni4: R;=SO;Na, R,=Ph, L=Pyridine
R
a) )
|
R RZ‘P——N Ri I /\RJ
IO\ _ph T
NiZ =PC ! N ©
QNS L x
BATF <7/
P G (A, SURSHHILE)
Nil: R;=Ph, R;=2-[2,6-(OMe),-C4H;]-C¢H,, Ri=NMe,;  Ni6: Ri=R,=2-OMe-C(H,, R;=NMey; R,: BB S
Ni2: R,=Ph, R;=2-[2,6-(OMe),-C¢Hs]-C¢H,, R=OMe;  Ni7: Ri=R;=Ph, R,=NMe;; Ry: RSB 2L
Ni3: R;=Ph, R;=2-[2,6-(OMe),-C¢H]-CeH,, R,=H; Ni8: R;=R;=2-CF;-CHl,, R,=NMe;; Ry SULRESEL A2
Ni4: R;=Ph, R;=2-[2,6-(OMe),-C¢H]-C¢H,, R=CF;;  Ni%: Ri=Ry=4-OMe-C¢H,, R;=NMe;; X: BT

Ni5: R;=R,=2,6-(OMe),-CsH,, R,=NMe;

Nil0: R]=R2=4-CF3-C6H4, R3=NMCZ

1 T ] 5 SR ) AR A 7R 2 4 s T

Fig. 1 Structural diagram of nickel-based catalysts for polyketone preparation
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Fig. 2 Structure of PNPO nickel complexes used for copolymerization of ethylene with CO
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2 mmol ), fEHIA =28 (0.2 g, 2 mmol ), FEHilH)
& FBE 20mL A 100 mL = 1B, 0 °CTF,
3 Ao 3 R s < 2% 12 b R A 10 mL 5 F BE AR
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I (0.56 g, 2mmol ), ML, 78 25 °C
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2H), 7.07 (d, J = 8.0 Hz, 2H), 6.92 (t, J = 7.8 Hz, 2H),
6.82 (dd, J=8.2. 5.2 Hz, 2H), 6.45 (d, J = 8.0 Hz, 2H),
3.77 (s, 6H), 3.60 (d, J = 11.1 Hz, 6H), 2.82 (s, 6H).
BCNMR (151 MHz, CDCLy), d: 160.70 (d, J = 19.0 Hz),
148.87, 133.15, 131.62, 130.51, 129.15, 124.75,
120.54, 112.46, 109.81, 55.38, 53.58, 40.77., *'PNMR
(243 MHz, CDCl3), 6: 49.29 (d, J=17.7 Hz), 8.26 (d,
J=17.7 Hz) . HRMS(ESI), m/Z : C,4H3;;N,OsP,[M+H] ",
PHI(H 489.1703, IE(H 489.1705,
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2H), 2.84 (s, 6H), 2.03~1.91 (m, 2H), 1.14 (dd, J =
14.6. 7.1 Hz, 6H), 0.88 (dd, J = 14.6. 7.1 Hz, 6H).
BCNMR (101 MHz, CDCly), &: 148.60, 134.07,
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132.94, 132.80, 130.92, 130.20, 127.81, 112.26, 40.51,
26.31, 26.10, 20.29, 17.97, *'PNMR (162 MHz,
CDCly), §: 73.05 (d, J=74.5 Hz), 27.35 (d, J=74.5 Hz),,
HRMS(ESI), m/Z: C,H3sN,OPo[M+H]", gl
453.2225, W {H 453.2216,
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'HNMR (600 MHz, CDCl3), J: 7.92~7.80 (m, 4H),
7.39~7.29 (m, 6H), 7.05 (d, J = 8.4 Hz, 2H), 6.46 (d, J =
8.4 Hz, 2H), 2.84 (s, 6H), 2.14~1.00 (22H, ¥ 3L),
BCNMR (101 MHz, CDCly), o6: 148.61, 134.19,
132.89, 130.86, 130.56, 130.15, 127.78, 112.33, 40.61,
36.71, 29.93, 28.16, 27.36, 27.01, 26.47., *'PNMR
(162 MHz, CDCl3), : 67.82(d, J = 74.6 Hz), 27.17 (d,
J =74.6 Hz) JHRMS(ESI), m/Z: C3,H4;sN,OP,[M+H]",
PRIBMH 533.2851, M5E(H 533.2841,
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FE L S, i SR (2- Y AU 2R S50 At o — 2 56 I Tl
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'"HNMR (600 MHz, CDCl;), 6: 7.92~7.82 (m, 4H),
7.46~7.40 (m, 2H), 7.40~7.34 (m, 4H), 7.08 (d, J = 7.3
Hz, 2H), 6.49 (d, J = 7.3 Hz, 2H), 3.83~3.71 (m, 4H),
2.84 (s, 6H), 1.18 (t, J = 7.1 Hz, 6H), *CNMR (151
MHz, CDClsy), 6: 149.03, 133.12, 132.70, 132.27,
131.37, 128.06, 124.91(s), 112.39, 60.34, 40.61,
16.78., *'PNMR (243 MHz, CDCl3), §: 137.73 (d, J =
73.2 Hz), 23.70 (d, J = 73.2 Hz), HRMS(ESI), m/Z:
CoH3 N,O5P,[M+HT, BBl 457.1810, il & {4
457.1805,

il & Ik Rl L1, f i — W R o — Rk
BEMESL, B NN-H SRR T o S e, R
SN (2- A 35 7 31 ) I o0 G XL (2,6- — F AR B R L)
JB , il #5A5 BIBCAR L10: A, 0.79 g, 3% 70%.
'HNMR (600 MHz, CDCl3), J: 7.89 (br, 4H), 7.36 (t,
J=17.5Hz, 2H), 7.29 (m, 4H), 7.17 (t, J = 8.2 Hz, 2H),
6.42 (dd, J = 8.3, 2.9 Hz, 4H), 4.19 (m, 1H), 3.46 (s,
12H), 1.25 (d, J = 6.7 Hz, 6H), “CNMR (151 MHz,
CDCly), d: 161.65, 136.54, 135.73, 132.78, 130.36),
129.87, 127.27, 116.83, 104.25(s), 56.79, 55.41,
24.23, *'PNMR (243 MHz, CDCl;), d: 33.16 (d, J=

128.0 Hz), 22.61 (d, J = 128.0 Hz). HRMS(ESI), m/Z:
C3 H3gNOsP,[M+H]", FiE{H 564.2069 , M & {H
564.2058,
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Hil s 3 B ECAA L1 (AR, 0.82g, HH 74%.
'HNMR (400 MHz, CDCl;), §: 7.90 (dd, J = 12.3,

7.5 Hz, 4H), 7.42~7.27 (m, 6H), 7.18 (t, J = 8.2 Hz,
2H), 6.44 (dd, J= 8.3, 2.9 Hz, 4H), 3.68 (m, 2H), 3.54
(s, 12H), 0.67 (t, J = 7.1 Hz, 3H), “CNMR (101 MHz,
CDCly), d: 161.54, 135.17, 133.92, 132.69, 130.86,
129.90, 127.58, 115.97, 103.91, 55.46, 45.25, 17.12,
3'PNMR (162 MHz, CDCly), d: 32.46 (d, J=106.9 Hz),
2097 (d, J = 106.9 Hz)., HRMS(ES]), m/Z:
C30H3NOsP,[M+H]", FEiE{H 550.1912, U & {H
550.1912 ,

Ml & ik A L1, K R — W fg 45y BU(V,N-
T LA I, B E (- IR L) B i
FR(2,6- - F ARSI, &S SRk L1S: (
EAR, 0.62 g, WHE 49%, 'HNMR (400 MHz,
CDCl3),6:7.08 (t, J = 8.2 Hz, 2H), 6.96 (d, J= 8.7 Hz,
2H), 6.36~6.28 (m, 6H), 3.48 (s, 12H), 3.29~3.08 (m,
8H), 2.74 (s, 6H), 0.94 (t, J= 7.1 Hz, 12H), “CNMR
(151 MHz, CDCly), d: 160.02, 146.74, 132.95, 129.29,
128.00, 116.70, 110.70, 102.27, 54.01, 40.36, 39.12,
13.41, *'"PNMR (162 MHz, CDCl3), 6: 31.57 (d,J=
107.0 Hz), 21.05 (d, J= 107.0 Hz). HRMS(ESI), m/Z:
C3,H4oN,O5P,[M—BArF]", BE(H 631.3178, & (H
631.3171.
1.2.2  BE&Mey 6k

PANi1 & B A 6 7 2564, 17 100 mL
I AR L1 (98 mg, 0.2 mmol ) FIPU[3,5-
XL = 366 2R 1R 40 (186 mg, 0.21 mmol ),
A 30 mLAG ) — & HEe, 7625 °C T+ 5 min,
SR, AE T R I S SO AR 10 mL K Y
A B B AU [Ni(allyD)CI], (30 mg, 0.11 mmol ),
FHRAHAIG , BN [Ni(allyl)Cl], B9 5 F b s
Wt o SRS R, ik UE R S
[Ni(allyl)C1], 55 PU[3,5- X (= 6L 38 75 FE 1 R 4 , Il
JEBR 2. KM= IE Cbeeik)s , g, Rp
S HAFRY . A, 240 mg, 77 83%, '"HNMR
(500 MHz, CDCly), d: 7.71 (s, 8H), 7.53 (s, 6H),
7.21~7.11 (m, 2H), 7.08~7.01 (m, 2H), 6.97 (t, J=7.6
Hz, 2H), 6.40 (d, J = 8.9 Hz, 2H), 6.33 (d, J = 8.9 Hz,
2H), 5.55~5.43 (m, 1H, A 3E), 3.87 (s, 6H), 3.73 (d,
J =11.4 Hz, 6H), 2.83 (s, 6H), “CNMR (101 MHz,
CDCly), J: 162.47, 161.97, 161.48, 160.98, 160.43,

150.12, 134.85, 133.94, 129.61, 129.40, 129.06,
128.78, 128.63, 125.92, 123.21, 121.28, 120.50,

117.48, 113.72, 111.85, 111.57, 55.56, 39.93, 14.11,
SIPNMR (162 MHz, CDCly), 6: 64.22 (d, J = 107.1
Hz), 26.33 (d, J = 107.1 Hz), HRMS(ESI), m/Z:
C,;H;5N,NiOsP, [M—BArF]", Bl {E 587.1375, W&
{f 587.1471,

W4 7R Nil, B L1 #h L3, Hl &3
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AW Ni3: 2O, 272 mg, W% 87%., '"HNMR
(600 MHz, CDCly), 6: 7.64 (s, 8H), 7.46 (m, 6H),
7.11~6.83 (m, 6H), 6.48 (d, J = 9.1 Hz, 2H), 6.40 (d, J =
9.1 Hz, 2H), 5.45 (m, 1H, %A %), 4.02~3.35 (m,
8H), 2.78 (s, 14H), *CNMR (151 MHz, CDCl3), d:

161.21, 160.88, 160.54, 160.22, 148.94, 133.81, 128.21,
128.00, 127.77, 127.58, 126.27, 124.46, 123.17, 122.66,
120.85, 116.67-116.15, 111.92, 110.95, 110.55, 65.40,
54.71,44.37,38.89, *'PNMR (243 MHz, CDCl;), J:

60.12 (d, J = 96.4 Hz), 41.40 (d, J = 96.4 Hz),
HRMS(ESI), m/Z: Cs3HysNyNiOsP,[M-BArF]", Hi
4 697.2219, ME(E 697.2283,

il & kR Nil, 4 L1 #eh L4, il &5 3k
AW Ni4: 2 OEK, 270 mg, BE 88%., '"HNMR
(600 MHz, CDCls), J: 7.75~7.68 (s, 8H), 7.52 (s, 6H),
7.14~6.93 (m, 6H), 6.47 (d, J = 8.6 Hz, 2H), 6.35 (d,
J = 8.6 Hz, 2H), 5.47 (m, 1H, #A%E), 3.84 (s, 6H),
2.88 (m, 8H), 2.83 (s, 6H), 0.98 (t, J= 7.1 Hz, 12H),
BCNMR (151 MHz, CDCl5),0:162.24, 161.91, 161.58,

161.25, 160.47, 149.63, 134.84, 134.58, 129.76, 129.25,
129.04, 128.83, 128.62, 127.29, 125.48, 123.68, 121.87,
121.02, 117.46, 112.58, 111.78, 111.37, 55.45, 40.00,

39.43, 13.38, *'PNMR (162 MHz, CDCl3), J: 61.02 (d,
J =943 Hz), 45.24 (d, J = 94.3 Hz), HRMS(ESI),
m/Z: Cy3HaoNsNiOsPo[M-BArF]", S (H 669.2633,
M 7EH 669.3599.

WA Nil, ¥ L1 #eh LS, H& A5
AW Ni5 . = E A, 238 mg, K 84%., 'THNMR
(600 MHz, CDCl;), d: 7.73~7.60 (m, 12H), 7.50 (m,
10H), 6.44 (m, 4H), 5.61 (m, 1H, ®HA ), 4.65 (m,
IH, BN, 3.57 (m, 1H, &), 2.89 (s, 6H),
2.79 (m, 1H, A%, 2.31 (m, 1H), 2.14 (m, 1H),
1.81 (m, 1H, %A%, 1.32(dd, J=18.2.7.1 Hz, 3H),
1.17 (dd, J = 18.2, 7.1 Hz, 3H), 1.09 (dd, J = 16.4,
7.0 Hz, 3H), 0.88 (dd, J=11.5. 4.6 Hz, 3H)., *CNMR
(151 MHz, CDCl3), d: 162.23, 161.90, 161.57, 161.24,

150.43, 134.82, 134.48, 132.07, 131.11, 129.75~
128.31, 127.28, 125.47, 123.66, 121.86, 120.10,

117.70~117.10, 114.17, 112.11, 39.80, 27.56, 17.63,
3IPNMR (243 MHz, CDCl;),8:116.23 (d, J = 56.2 Hz),
60.19 (d, J = 56.2 Hz) ., HRMS(ESI), m/Z:
CaoH3oN,NiOP,[M+H]", HIS(H 551.1891, & (H
551.0814,

il g5 A Nil, B L1 #eh Lo, 455 8k
B Ni6: A EIK, 234 mg, WK 84%., '"HNMR
(600 MHz, CDCly), 0: 7.76~7.57 (m, 12H), 7.50 (m,
10H), 6.44 (d, J = 9.0 Hz, 2H), 6.40 (d, J = 9.0 Hz,
2H), 5.63 (m, 1H, N EL), 4.59 (s, 1H, MHNEL),
3.69~3.42 (m, 1H, KPN3E), 2.90 (s, 6H), 2.78 (s, 1H,

N HE), 2.09~1.01 (22H, POV 3L, 1H, HN ).
BCNMR (151 MHz, CDCly), 6: 162.24, 161.91,

161.58, 161.25, 150.38, 134.83, 134.43, 132.06,
131.06, 129.34~128.51, 127.30, 125.49, 123.68,
121.88, 120.39, 117.47, 114.16, 112.11, 41.06, 39.80,

37.30, 36.68, 28.32, 27.90, 26.85~26.20, 25.61 .
3'PNMR (243 MHz, CDCls), J: 108.86 (d, J = 56.0 Hz),
60.23 (d, J = 56.0 Hz), HRMS(ESI), m/Z:
C3sHy N, NiOP,[M+H]", BS(H 631.2517, % (H
631.3393,

W& Nil, B L1 ek L7, & A8 E
AW NIT: FEE R, 263 mg, I 82%., 'HNMR
(600 MHz, CDCl3), d: 7.63 (m, 10H), 7.46 (m, 12H),
6.47 (d, J= 8.7 Hz, 2H), 6.41 (d, J = 8.7 Hz, 2H), 5.53
(m, 1H, L), 3.89 (s, 4H), 2.80 (s, 6H), 1.17 (t, J =
7.1 Hz, 6H), “CNMR (101 MHz, CDCly), 6: 162.47,
161.97, 161.48, 160.98, 150.47, 132.31, 131.04, 129.19,
128.72, 125.92(s), 124.59, 123.22, 120.51, 117.48, 116.12,
112.04, 64.14, 39.87, 16.07., *'PNMR (243 MHz,
CDCLy), 6: 12834 (d, J=89.8 Hz), 57.52 (d, J = 89.8 Hz).
HRMS(ESI), m/Z: Cy;H3sN,NiO;P,[M-BArF]", ¥
AH 555.1476, ME(E 555.0814,

W47 Nil, B L1 #h L9, #4550
EWINI9: ZEE AR, 283 mg, W 90%., '"HNMR
(600 MHz, CDCl3), §:7.72 (s, 8H), 7.57 (t, J = 7.5 Hz,
2H), 7.52 (m, 4H), 7.48~7.34 (m, 10H), 6.96 (t, J =
7.7 Hz, 1H), 6.82 (t, J = 7.7 Hz, 2H), 6.67~6.50 (m,
4H), 6.33 (d, J = 7.5 Hz, 2H), 5.47 (m, 1H, ML),
4.50 (dd, J=16.0. 6.4 Hz, 2H), 3.37 (s, 12H)., “CNMR
(151 MHz, CDCl3), 6: 162.25, 161.92, 161.59, 161.26,

160.41, 134.84, 134.66, 133.89, 133.74, 132.54,
129.27, 129.06, 128.96, 128.83, 128.59, 128.13,
127.98, 127.27, 126.42, 125.48, 123.68, 121.87,
117.84~116.92, 113.21, 107.65, 107.32, 104.23, 55.25,

52.12, 3'PNMR (243 MHz, CDCly), J: 65.4 (d, J =
64.9 Hz), 61.10 (d, J = 65.4 Hz), HRMS(ESI), m/Z:
C;3H40NNiOsPo,[M—BArF]", Hi(E 710.1735, &
{# 710.1734,

#1457 Nil, F L1 4k L10, #4755
AW Ni10: 52 H A [E K, 265 mg, YK 87%., 'THNMR
(600 MHz, CDCl3), &: 7.72~7.69 (m, 9H), 7.68~7.62
(m, 5H), 7.51 (m, 8H), 7.39 (t, J = 8.4 Hz, 2H), 6.55
(dd, J=8.5. 4.7 Hz, 4H), 5.38 (m, 1H, %N #E), 4.18
(m, 1H), 3.50 (s, 12H), 0.81 (d, /= 6.8 Hz, 6H), “CNMR
(151 MHz, CDCls), 6: 162.22, 161.88, 161.55, 161.23,

160.65, 134.81, 133.83, 132.58, 129.56, 129.24,
129.04, 129.01, 128.88, 128.73, 128.62, 127.2, 125 .46,
123.65, 121.84, 117.50, 112.55, 108.11, 107.78,

104.02, 55.19, 52.83, 21.92, *'PNMR (243 MHz,
CDCLy), 6: 62.91 (d, J=72.9 Hz), 48.00 (d, J=72.9 Hz),,
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HRMS(ESI), m/Z: C3,Hy NNiOsP,[M-BArF]", Blif
i 662.1735, MIE(H 662.2714,

il g7 R Nil, # L1k L11, 445206
AW NilL: S EA, 278 mg, IR 92%. 'THNMR
(400 MHz, CDCly), d: 7.76~7.63 (m, 10H), 7.58~7.45
(m, 12H), 7.40 (t, J = 8.4 Hz, 2H), 6.56 (dd, J= 8.5,
4.6 Hz, 4H), 5.42 (m, 1H, /N %E), 3.38 (s, 12H),
3.25 (m 2H), 0.75 (t, J= 7.2 Hz, 3H)., *CNMR (126 MHz,
CDCly), J: 162.33, 161.93, 161.53, 161.14, 160.41,

134.82, 134.03, 133.76, 132.32, 129.02, 128.91,
128.80, 128.53, 128.10, 127.81, 127.10, 125.64,
123.48 121.30, 117.45, 112.97, 107.08, 106.69, 104.03,

55.12,42.93, 14.30, *'PNMR (162 MHz, CDCl;), §:
67.00 (d, J = 68.5 Hz), 54.43 (d, J = 68.5 Hz).
HRMS(ESI), m/Z: C33;H3;sNNiOsP,[M—BArF]", B
H 648.1579, & {H 648.0366.

il #8592 0A] Nil, 85 L1 ol L1, 5 PU3,5-50(=
S ) AR IRV RR A S B IR AN, RIS RIBC A
Nil2: 1 A, 275 mg, % 91%. 'HNMR (400 MHz,
CDCly), d: 7.70 (m, 2H), 7.61~7.41 (m, 10H), 6.64 (dd,
J = 84, 47 Hz, 4H), 5.45 (m, 1H, HAIL), 3.44 (s,
12H), 3.28 (m, 2H), 0.78 (t, J = 7.3 Hz, 3H), “CNMR
(101 MHz, CDCl3), d: 160.46, 134.10, 133.90, 132.38,

129.09, 128.21(s), 126.97, 113.02, 107.06, 106.55,
104.20, 55.40, 42.99, 14.44 , *'PNMR (162 MHz,

CDCly), d: 66.86 (d, J = 68.4 Hz), 54.43 (d, J = 68.4
Hz), HRMS(ESI), m/Z: Cs3H3NNiOsP,[M—SbF]",
IS 648.1579, ME(H 648.1743,

il A NAL K Lok LK U 3,5-%0( =
TP R ) AR 1R B A R oS SRR B, A 1 B T
EWINiL3: 20 EA, 272 mg, WCE 90%, '"HNMR
(400 MHz, CDCl3), §: 7.70 (m, 2H), 7.52 (m, 10H),
6.65(dd, J=8.6, 4.7 Hz, 4H), 5.45 (m, 1H, J&PAHL),
3.44 (s, 12H), 3.29 (m, 2H), 0.78 (t, J = 7.2 Hz, 3H).
BCNMR (151 MHz, CDCly), 0: 160.46, 134.11,

133.89, 132.36, 129.10, 128.00, 127.17, 113.01,
104.21, 55.42, 42.97, 14.43 . *'PNMR (162 MHz, CDCl;),

5: 66.84 (d, J = 68.4 Hz), 54.44 (d, J = 68.4 Hz),
—135.56(s), —139.96(s), —144.35(s), —148.76(s), —153.15(s).
HRMS(ESI), m/Z: C;3H;sNNiOsPo,[M-PF¢]", FHif
{H 648.1579, ME(E 648.1743,

il 8 R NA LK Lok LK U 3,5-%0( =
SR ) 2R R 1R b A Sy D U PR A, R A A B
AW Nild: ZI{aE A, 280 mg, W& 89%, 'HNMR
(400 MHz, CDCl3), §: 7.71 (m, 2H), 7.59~7.47 (m,
10H), 6.66 (dd, J=8.4. 4.6 Hz, 4H), 5.46 (m, 1H, /&
L), 3.45 (s, 12H), 3.29 (m, 2H), 0.78 (t, J = 7.2 Hz,
3H), “"CNMR (101MHz, CDCLy), d: 160.46, 134.10,

133.90, 132.38, 129.09, 128.21, 126.97, 113.02, 107.06,
106.55, 104.20, 55.40, 42.99, 14.44, *'PNMR (162 MHz,
CDCly), &: 66.84 (d, J = 68.4 Hz), 54.46 (d, J = 68.4 Hz).,
HRMS(ESI), m/Z: Cs3HyNNiOsP,[M—BF,]", Hif
{H 648.1579, MIE(H 648.1847,

4577 e Rl Nil, ¥ L1 #ky L15, 64453k
AW NiL5: ZLHE A E A, 293 mg, PR 92%. 'THNMR
(400 MHz, CDCl3), d: 7.72~7.69 (m, 8H), 7.52 (m,
4H), 7.34 (t, J = 8.4 Hz, 2H), 6.58 (d, J = 8.6 Hz, 2H),
6.49 (m, 4H), 6.39 (d, J = 8.6 Hz, 2H), 5.32 (m, 1H,
JRTNEL), 3.50 (s, 12H), 2.97~2.85 (m, 8H), 2.82 (s, 6H),
0.94 (t,J=7.0 Hz, 12H)., >CNMR (151 MHz, CDCl;),

J: 162.21, 161.88), 161.56, 161.22, 160.82, 134.81,

133.65, 129.63, 129.23, 129.02, 128.82, 128.61, 127.28,
125.47, 123.66, 121.86, 117.46, 111.71, 103.81, 55.55(s),

40.35, 39.59, 13.40, *'PNMR (162 MHz, CDCl5), o:

50.27 (d, J = 105.9 Hz), 44.23(d, J=105.9 Hz).

HRMS(ESI), m/Z: CssHssN,NiOsP,[M-BArF]", ¥
WAE 729.2845, MIE(E 729.2722,

1.2.3  FREAR RS 64 4 &

PANil 5], ik 2 0/CO —JnIL® 0 .
BAREEWTS . EFERD, T 75mL mERE
I 5 umol (19 Nil A1 20 mL 5 H ke, 280
%, HFEHI, ERNERNEEEE OK/ICO
RESBAEL FIHES /AR EERE R 3K,
b5 R 18 FTEA 4.0 MPa [ ZJ5/CO IR AR ERER,
Wi 45 4, A 2 - O TR E 80 °CHRATIIAHR H
FE B4 P o ek B T 28 B v i B B B iR AT SR A R
1he RNEHRIG, TEKOKB FTREIR N2, FfSRE
A TSR, A EER K N, 33, 7E 60 °C
s 3, HIFS SR,

KA FEEAEAL IR, AR5 Ni2~Nil5,
TSR B . Mo . TR B A FEEC A W b
BB BT 2 5 CO AL 2R B N 15

DL Nil5 RfEfed], fEfesds. CO. R =
JCHER N, BRI . EFERT, T 75 mL
R R R A 10 pmol B9 Nil5 H1 10 mL — 44
be, WERNE, FETEMIN, iR M¥REE
HENHREREEL, AR/ AR EERE
% 3 Wk, B A BRI RIS A 1.0 g TN M
SR, WiFEL, RN EEREE LMH/ICO RES
REEL, MHEZS/RAERFERER 3R, M5
ZIBIEA 4.0 MPa B ZH5/CO IRERBRER, W
THEL, AL NIRIE 90 CRITIIRERH,
FE 4 P R I BE T 28 Bn Ui B B B iR A T SR S
1he RWMEHRIG, TEKKIB FREIR N 28, FfSRE
RN RIS, AR B K N, oFug, RIfE
REY, 1£60 CHZ T3 h, HIMERE 2.57 g,



4 1 WA, S - i LB AR A 8 B AR A R A i - 749 +
SRS AU RIS ) Nil~Nid bRl my, R

1.3 RAEFAMIK

NMR Jji#: "HNMR Fl “CNMR MR 57 A% K 5
B3 B EFR. THNMR LU RS (CDCLy) W
R, DR EEREE AR (0=0), PCNMR LURAR
S (CDCly ) s, PO ErE ke NAR (6=77.16 ),

DSC Uk : B 3~5 mg FHl, F+/FEEE R E
A 10 °C/min, M 25 °CTFZE 100 °C, £#iF 10 min
DIEBRREWHT 8, MERKE 25 °C, HIHERZE
280 °C, MARMREE (T,) PAZE 2 ITHEREBOAUE.

GPC K. N 40 °C, /SHF BN e
F, VeBiEZ K 1.00 mL/min, W] 40 min,
FERL TR R 1~2 g/L, AR 20 pL, RHHE
P TR H R A A .

2 ZR5WE

2.1 PNPO BUR{ELLFITERE

& 123 W T RN, AR PNPO Al
( PNPO-Ni ) fEALFIMEAL ZM5/CO o5 i v 2%
£, WE 1

®1 BREYELIKES CO RS R

Table 1 Carbonylation polymerization of ethylene with
CO catalyzed by nickel complexes
(0]
— 4 co_ PNPO-Ni M

i ALY, >

w5 e ST B e b
1 Nil <0.01 — - -
2 Ni2 0.31 1056 312 1.76
3 Ni3 0.38 1295 334 1.69
4 Ni4 1.02 3476 504 1.58
5 Nis 0.46 1567 347 1.64
6 Ni6 0.62 2112 403 1.66
7 Ni7 <0.01 - - -
8 Ni8 2.04 6950 1243 1.49
9 Ni9 1.61 5486 1032 1.22
10 Nil0 1.32 4498 1046 1.42
11 Nill 1.64 5589 1059 1.26
12 Nil2 1.09 3714 860 1.30
13 Nil3 0.79 2692 825 1.32
14 Nil4 <0.01 - - -
15 Nil5 2.57 8757 876 1.30

OF= MR 2D FIRIETTITRIE , A= = it
/(5%58.69)x10%; @M, FIAAX 4> F IS (D) MBS B @ik
W “—" AREAEH, THE.

ME 1A RIAE N, HRLRA AR ST RETT R

R A Nid (1,02 g )>Ni3(0.38 g )>Ni2( 0.31
g) >Nil (<0.01 g), HAFIFEILBAEIIHXT 53T
it (M, ) TP 2 AR R, 38 B SR = i
ALES M, B PR SR B v B 45 e T g
OB DINTTE: ) | WS> O S S I - i | N R A
BRI LG B F-RE 1 S AIRIF R Nid ( 283 )
>Ni3 (FEBbRIE ) >Ni2 (K3 ) >Nil (&), &
H 508 S I A Ay R 9 3 B A A b P R R A
THOMNYRIEN:, 5 0=PPh, JLHAIMI L, O=P(NR,),
B B o FPETE S, i O=P(OR), ZEH By 45 HL T
PETE S5 ( Hammett H%X( 0, ): O=P(NMe,),, 6,=0.30;
O=PPh,, on=0.38; O=P(OMe),, 0,=0.42] 18],

MR 1R LIE, TEBCAR A AL S | A
THE S A B LAY A9 NIl 5576 s BUTC 66 S i
PRI EL A9 Ni7 76 O H/CO IR R JL-F- %
ARMBTEE (R 1, JF5 1. 7), HERET, )
T RE SR BRI T8 e B P O e R A R
RO 18 BT, 5 BMESY), kk4E CO
fR i B RN A B BE 22 L AN, v ELA SR 4G R
PR 2,6- — H AR P BLE Y Ni8 7E L0
5 CO M R oAb 16 k3 v T s Ay 4 L PR 1)
- ERIEEELSY (Ni2) itk 25 Cco ik
RERNL, XUt , 580 A — B 2,
e G A T P AL B T i 25 P 8 ) P 8 R T
e BRI, M BRI RS A R RS (NS,
Ni6 ) i, HAEE I F RS Ni8, X Al fEje
P T 4 T B v 5 T R 2 g gl i AR, 35 v 2 3R
ISR B L Z A S A B/, 2159 co &5
L@ ECAER, DA R AT O 8 &
PR AR S DI #E 28 A6 A

MR 1T LIE S, BRiE (R, SRR
M) i MR EC A IS M 220 K (% 1,
5 9~11), MEET NN-ZHILXE e, gl
B 245, BRGSO tE s B o o8, (A2
B B & B 28 T0%0h [, Bk, 2k
B B0 A S i it 2 S S ke e, B A
Tk R A A

P B B A A i U 4 PH S T AR S AR
G E A RSy, ARG SO AS P
PR el BIEHRTCN IR, TP B X 2
Wi A LA I 0515 45 ZE P LR 38 J 17 52 Wil 114 A
FLEAPP N 1 ATE W, B ARFE BB
TH) PNPO HUEEEALF] Nill~Nil4, 7EZM5 CO
LT P AL TE A B B 22 5, AR K
Fe e M, B A BH B 25 1) 457 BELAY 388 0 i 38 in 5 i)
i E AR HEF & Nill (—BArF) >Nil2 (—SbFg)
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>Nil3 (—PF¢ ) >Nil4 (—BF, ), 55Nl fefE T,
23 ) 457 BH K BB i B 25 A R 1 4 T 85 v JE L A
HIRREE, MNMZERG RN AS B L, MK
N AT o

ZE ERRR, X PNPO RUBCIARSEAT s . et
A SRS Y B R B e s, AT
Bt &4 Nils, HApEfk 24 /Co L3 R0 FE ALl
8757 g/(g Ni), M,=2876000.
22 ZnBRERLEHIRIE

K3 R ARAER 1,1,1,3,3,3- 75 855 N B
(HFIP ) 55if0A (ARFLEL 12 2) X ERER =4k 1 7
"HNMR FIl PCNMR FAF 144

a HFIP
(6]

(){\2/27’1\ HFIP

C¢Ds

N

4
b
15 /n
HFIP 2
1 EFIP

220 200 180 160 140 120 100 80 60 40 20
5

K3 —ICEEIM 'THNMR (a) 5 CNMR (b) i
Fig. 3 'HNMR (a) and CNMR (b) spectra of binary
polyketone

M 3 AT LA, —CH,—3EH1 ) "THNMR {55
HIPLTE 6 2.40 (18 3a), "CNMR {55+ § 35.66.
212.07 43 5%t B —CH,—H1 C=0 FEH B 15 516 . 45
R, X PNPO MG e AR o . i
uity AR U DL R B A B AT TR,
B2 FRBL YL S CO sy 5344
5642 R
23 BREFHMRK

2% 2 NANTR] S S5 5% Nil5 44k 2 935/CO — ot
Bt I ib-A T

VEFNXT BN B2 AN ZE 2 FRFES 1~3 Fin, DA
TR, Nils WAL ECR 8757 gl(g Ni),
MR . IEC AR, Nils 500 3R

2862, 681 g/(g Ni)o XAEH N, BLAY) Nils e
VT A ot R R R, R 5SRO
E OVt P AV R AR . R BH R N AR o v R
FIT PNPO RIEC & Wy AEfe At BE P s 10 20, i
7T v P A T 1

2 RN O CO MBI (15

Table 2  Effects of reaction conditions on copolymerization
of ethylene with CO

0
— + co N, M

KW ey My

e e O

(CO) Fehb/g [g/gNi)] (x10%) b
1 80 1:1 Z=| 257 8757 876  1.30
H b
2 80 1:1 % 084 2862 833 1.30
3 80 1:1 IEckE 0.20 681 299 1.93
4 40 1:1 012 409 187 250
5 50 1:1 A 021 715 345 2.17
6 60 1:1 W% 037 1261 583 1.71
7 70 1:1 B 056 1908 654 1.54
8 90 1:1 % 112 3817 1098 1.23
9 100 1:1 % 107 3646 875 129
10 110 1:1 3 097 3306 845 134
12 120 1:1 2R 090 3067 786 133
13 90 2:1 X 186 6338 393 1.88
14 90 3:1 3 174 5929 611 1.51
157 90 5:1 HZk 256 8723 706 1.45
162 90 2:1 FA 469 15982 234 2.65
H b
17 90 1:1 =& 257 4380 647 1.53
b

OBERIEAR; QRN ZEAF 300 mL; GPNPO £k
Nil5 FH4E 10 pmol, P 1.0 g,

Hh CO RRIFEAIM, ETLLHE, ALK
{1 FH 649 B 25 6 71 4 4.0 MPa., TEIR &K 4.0 MPa J2
JENF, AR AR 75 mL &R FEA RN
4.0 g R So SN 1 3RS AL o 7% A A0 500 78 S )
W7 A K R A P BUR W A 2 1T 52 e
PR, BT IS SL 00 S5O A e A v e B A A M
P ZRAE R RG], AR AR ) — A e
S NE i EE B SE R N 2 Ry 4~12 A 4 B o AE
iof G B BRI A W AL O M S R R R T R
Hh, FRTERT G IR R AR PP, R K
%, RERNTCESAT, W RS2 BRI e
R B RFW  IE AR BEIE R N (40~120 °C ),
MR BE R 90 °CHY, BL-&H Nils b Eium >
3817 g/(g Ni), —JCEH] M,=1098000( % 2, )75 8 ),
AkZLAR = R A SN BE L il T AR 2 A AL R
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Wi, A IBE-AR L B B AR 0 ] o S A A SR AR i 751+

Sy O, MRS BOL LA A RGBS R AE
120 CHYEIRAMF R, Nil5 b mE s 3067
gl(g Ni) (£ 2, J¥%5 12), LI LE5REH, LAY
Nil5 B28 b Fesiny NN-—F 0 5 B B 3 | 4k
B — A FE . B 2,6- — F AR IR IR SRR 3
PSR 25 FL TR T BRAIR TR PO R SR, TR ZS (]
A7 BEL PRI A4 BH 5 1~ DU 3, 5- R0 (= 48 P 8 4 5 W R MR
BFRIE T A ol IE R R ER , X T TR
B A4 Nils 7E fmr il T BE PR 4R 16 Pk i S A

4000 +
e

3500 + \.

Z 3000/ e
S 2500 |
2000
§ 1500 |-
1000 |-
500 o

0

4l0 6I0 80 l(l)O 1I20
BEE/C
Kl 4 ON BEXS C & NiLS AR50 52
Fig. 4 Effect of reaction temperature on turnover number
of complex Nil5

TERMIREE R 90 CHYFERE L, H5 L H/CO
TRA SRR S 5, 255k 2 s 8.
13~15 PR, 45REW, 72 V(CHy) + (CO)=1:
1~5: 1 BFERIN, 3 V(CHy) - V(CO)=2: 1 I,
Nil5 WFAbEGE R Em, A 6338 g/(g Ni); &1
V(C,Hy) : (CO)=3 : 1 I}, CO WEMMILS T3
AT EE AL BT B s gk 48 5 V(CoHy) = (CO) =5 ¢
1A, 78 S 345 B R B =4, {234 CO gl FeER
Jei . DGBSR3 O IE A 1 2 AR 19 0 2E
Rk (F£2, F515),

Zi ERTiR, DL Nils ik £ 4/CO =T
LR N RS . ROBIIRE 90 °C, RN
FIh G BE, V(CHy) @ M(COY=2: 1,

TEZ SN A R N A5 T, #1647 300 mL & e
MRS (£ 2, JF5 16), ATLIRE] 4.69 g
BRER, RN AR 15982 g/(g Ni), Mg T Tk b
dppp M4 H1/PA(OAc),/p-TsOH/FRE (dppp M 1,3-
XL IR FEIE e ) 2 B %) XU e A A A L 1A 2R
(R AL EC R 6000 g/[(g Ni)-h]} 4, BER 1) M,=
234000,

24 =nEMMHERIE

TE Nil5 kst . SO EE 90 °C . e i 7l
A H E 1.0 g M .4.0 MPa ZJ#&/CO V(C,H,) :
V(CO)=1: 1] IRAFKMFT, 10 umol [ Nil5 4
AR R R 2.57 g (£ 2, JF517),

& 5 J R FIRA R 1,1,1,3,3,3-75 5053 N B/

REE CEFRE 12 2) X =0 RE =Y #1T "HNMR
1 PCNMR 1 FRAESE 5

a
Eher
1
1 n02/< m
3w HFIP
HFI
3
CD H1
e 203}
8 7 6 5 4 3 2 1 0
é
b
% 3 4] 7 CeDs
12 5 m
HFIP 2
HFIP
1
4 I“l 753 6

220 200 180 160 140 120 100 80 60 40 20
5

Fl5s  =ICHMEIM "HNMR (a) 1 "CNMR (b) &[]
Fig. 5 'HNMR (a) and "*CNMR (b) spectra of ternary
polyketone

ME 5 FTLAE 1, 'THNMR & H, 60.91 4baT
ML F| — AW, XF R T RM/CO (C3) Ht—
CH; FHYE, 1M HA—CH,—HAI—CH—3EH] Y%
TUENIE N 02.30, [FFEHL, 78 PCNMR % & 4,
§ 212.09 F1 35.69 AbWGAS FE S R T £ 4/CO

(C2) ¥ILHY C=0 LI N —CH,—3Hl, §216.34,
4521, 41.30, 15.93 1) 4 D FEWESHIXR T C3 2
JCHY C=0., —CH,—., —CH—., —CH, ¥/, B4
Yy B A BT R A AR (AR — oL SR &0 )
H 4.3%,

& 6 X Nil5 il o0& 5 CO P — o RS
LM . NS CO Frfg =0 R r= Yt 4145 5
SR

ZW/CO—TT BT

T,=241°C
ZIRIPIRICO=TT IR

100 150 200 250 300
R/ C
Kl 6 %Y DSC ik
Fig. 6 DSC curves of polyketone

<« J BFRI(W/g)
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I 6 AT LA, NI BIAH AR AW T, R
R ZIURER R 258 °C W EHFELE 241 °C, H5Fq 4L
PEAL T ) 5 O SRR T, A4 (180~240 °C ) U7 3%
WIZEEALE 0% . IS CO M —Jodt R
WA, ATHFASBEAMES . S TrywHE
AR

3 #it

BHE T — £ %] PNPO BIBHE THRC &4,
N T M55 CO MRS RR LI  v H o

(1) AR ALES KRB M, BfE B S
A A U S 1) 45 TR SR T s RS
P B B 723 T AR R R MG g yE o s B A S5
4 AR L B 55 A AR A D R A TS Pt
HIYER .

(2) My N,N-—"FExp R 5 | Sk i —
LAk . Wil 2,6- W EFLIREL L Kb A E T
P [3,5- X (= 90 H 3 R L 1 R AR 8 M BE 5 )
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