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THE IMPACT OF SECONDARY WEAK INTERACTIONS ON
THE ETHYLENE POLYMERIZATION PROCESS
CATALYZED BY LATE TRANSITION METALS

ABSTRACT

This research focused on the field of olefin coordination
polymerization, where the development of catalysts was the core
driving force for continued progress in this field. Since the advent
of the epoch-making Ziegler-Natta catalyst, the polyolefin industry
underwent tremendous changes. At that time, the development
and industrial application of new post-transition metal catalysts
were still hot research topics. Based on the theory of the “second
layer coordination space effect”, a series of imide nickel palladium
catalysts were designed and synthesized by introducing
heteroatoms into the arylamine part of the catalyst. The
application of these catalysts in the homopolymerization of
ethylene and the copolymerization of ethylene with polar
monomers was investigated, and the effect of the secondary weak
interaction of catalysts on the polymerization results was studied.

In Chapter 2, three asymmetric arylaminopyridine imide
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ligands and their nickel palladium complexes were successfully
prepared, and they were applied to ethylene oligomerization. The
nickel complex exhibited high catalytic activity and produced
high-branched and low molecular weight polyethylene. The
palladium complexes showed moderate catalytic activity, and low
molecular weight and high-branched degree polyethylene were
obtained. Additionally, these palladium complexes could
effectively catalyze the copolymerization of ethylene and methyl
acrylate to produce ester functionalized copolymers with high
insertion ratios. Interestingly, the partially substituted catalysts
showed higher activity and molecular weight compared to the fully
substituted pyridine imide catalysts.

In Chapter 3, two substituents, Et and OMe, were introduced
on the ortho-site of diaryl methyl, and the corresponding
nickel-palladium complexes were synthesized and used for
ethylene polymerization. The OMe substituent catalysts showed
significantly higher polymerization activity and molecular weight.
In the copolymerization of ethylene and methyl acrylate catalyzed
by palladium, the polar monomer insertion ratio of OMe catalyst
was significantly higher than that of Et catalyst. This may have
been due to weak interactions between the OMe and the metal

center.
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In Chapter 4, we focused on the design and synthesis of
pyridine-imide palladium complexes with specific substituents for
the preparation of hyperbranched polyethylene oil and polar
functionalized hyperbranched polyethylene oil. These catalysts
showed high activity in synthesis and produced polymers with low
molecular weight and high branched degree, and polar functional
groups were located at the end of the branched chain. The
fine-tuning of catalyst structure and polymerization conditions had
a significant effect on the activity, structural characteristics, and
properties of the polymer.

In Chapter 5, we demonstrate that by introducing an excess of
OMe groups with coordination ability near the catalytic site of a
suite of hybrid steric a-diimine nickel catalysts, high-density linear
polyethylene materials analogs are obtained. In ethylene
polymerization, the bis-side methoxy Ni(ll) catalysts showed lower
catalytic activities and produced polyethylenes with fewer
branches (3-5/1000C vs 39-77/1000C) and higher molecular
weight compared to the reference and unilaterally substituted Ni(ll)
catalysts. This provides a rationale for the observed reductions in
branching density, offering valuable insights for the rational design
of catalysts for tailored polyolefin synthesis.

In summary, a series of novel imide nickel-palladium catalysts

Vi
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synthesized in this paper demonstrated the unique chain-walking
ability of post-transition metal catalysts. By adjusting the catalyst
structure and polymerization conditions, we successfully realized
the preparation of polyethylene lubricating oil, wax and
polyethylene thermoplastic elastomer with different molecular
weights and branching degrees using ethylene as a raw material.
Additionally, polar-functionalized polyolefin oil was obtained by
copolymerization of ethylene and the polar monomer methyl
acrylate. These research results provided a new idea and direction
for the development of olefin coordination polymerization.
Qi Cai (Materials and Chemicals Industry)
Supervised by Jiangang Gao
KEY WORDS: imide nickel palladium catalyst, chain walking,
secondary weak interaction, olefin polymerization,

copolymerization of ethylene and polar monomer
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M = Ni, Pd (b) R =H, Me, Fused-cycloalkyl R
(a) M = Ni Pd R=H, Me F Cl tBu, Cy, Ph
(c) M = Ni, Pd

(g), thiswork

B 2-1 REARNMIETZREMEELT (af) , UREMNERNIME (9 .

2.2 LB
221 XRAKRRINEE
AEFrBEINABINF RN TE 2-1 F0FK 2-2 Fir.
x 21 THRARE

ABEBIR R s/
2-ZBRELIE RS AR
ToIK KL EE RS AR
Xt AR EEER RS AR
X LS AR
B EZ AR
P E% AR
Z B E% AR

ABEBIR R s/ S8

11
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_SRER XKEEFHBAKT AR
2B KEEFHBAKT AR

& 2-2 XN

NG KBS &E
ey 2 N-1300D-W RREATRE AR
B =S RCH-1000 RRIBUINRA R ES
BFRF CP1502C HRANES
BER Edwards EEEEEETR
FEM VIGOR RUERHR  (FFM)
Wz Bruker Ascend™ 400 mERRHTERAT
TCED TN Vario EL-3 fE=EJTtX& Elementar
[Ri& LTQ Orbitrap XL 2 [F Thermofisher

2.2.2 Be{h L1-L3 S RFTRIE

Bk L1113 SRS BRAUE 2-2 Firk.

22 Bk L1-L3 B
ECiA L1-L3 BHI&T33EA: % ZnClz. (0159, 1.1 mmol) 7 2-ZEEMIE
(1.2 mmol) BEET 4 mL kEEER® . IO 1.0 mmol Kig, WHKRIESH,
£ 90 CTHRHEIRRA 4 h, RAMERER, NiEHBERF, BFEI RSB

12
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FBZB (5 x 5mL) %%k, XREBNZER. EXSTREZEE, AEBEIR.
RSB ENBIET RS SYPER. B E—S=YARET 30 mL S8k,
MIANEEH (029, 1.2 mmol) KB®R (5mL) . BREESYIAAHE 1 h,
KWESE, A3 x 20 mL KRFBHE, F MgS0+ T, ZiREHBHEE
TTRE, EEZS TTFREIEEHR L1-13,

e L3 o] i 2- ZELE IIEFD A3 EBRIVEM TERRPH/EMAL, X
EHTF R L3 ERFIEAENFERRIE G 2-ZBLE M IE (145 mg, 1.2 mmol)
FOXBZ A3 (0.65g, 1mmol) BFLKERF, lE, EBRPMA 0.02g
NEERER, BRRNBESMHELDR. 24 hE, BREKRYSE, HOA 20 mL
2B, BERENRTTETR, £2ERISESIEENRK LI,

L1 (189 mg, 34%) BIHESHEEE: "H NMR (400 MHz, CDCls) 6 8.62 (q, J
= 5.0 Hz, 1H, Ar-H), 8.19 (dd, J = 18.1, 9.9 Hz, TH, Ar-H), 7.80 — 7.72 (m, TH,
Ar-H), 7.36 (dd, J = 6.8, 5.5 Hz, TH, Ar-H), 7.25 - 7.10 (m, 10H, Ar-H), 7.09 -
7.01 (m, 2H, Ar-H), 6.95 — 6.83 (m, 4H, Ar-H), 6.62 (dd, J = 8.8, 4.1 Hz, 2H,
Ar-H), 5.50, 5.45, 5.43 (s, s, s, 2H, CHAr2), 2.26, 2.25, 2.21 (s, s, S, 3H, Ar-CHs),
1.53, 1.19, 0.84, 0.09 (s, s, s, s, 3H, C(CH5)=N). °C NMR (101 MHz, CDCls) &
170.49 (C=N), 170.40 (C=N), 170.38 (C=N), 155.95, 155.90, 155.86, 148.58,
148.18, 148.15, 146.93, 146.79, 145.31, 145.28, 145.21, 143.57, 143.50,
142.72, 136.22, 132.23, 132.16, 132.09, 131.96, 131.79, 131.77, 129.26,
129.20, 128.83, 128.80, 128.39, 128.38, 128.28, 128.18, 128.12, 128.09,
126.66, 126.62, 126.58, 126.56, 126.44, 126.39, 126.34, 124.76, 124.43,
124.39, 124.31, 121.40, 47.59 (CHAr2), 47.35 (CHAr2), 46.57 (CHAr2), 46.47
(CHAr2), 21.40 (Ar-CHs), 21.39 (Ar-CHs), 21.34 (Ar-CHs), 16.78 (C(CHs)=N),
16.69 (C(CHs)=N). (JLKE 2-1 RHE 2-2) .

R 2 EIEAN . ESI-MS (m/z): caled for CssH31N2S.": 555.1924, Found,
555.1913, [M+H]" (TKE 2-13) ,

L2 (289 mg, 45%) BORZEE H%EEE: "H NMR (400 MHz, CDCls) & 8.64 —
8.52 (m, TH, Ar-H), 8.02 (d, J = 7.0 Hz, TH, Ar-H), 7.84 — 7.64 (m, 7H, Ar-H),
7.59 (t, J= 6.5 Hz, TH, Ar-H), 7.49 — 7.36 (m, 7H, Ar-H), 7.31 (d, J = 8.3 Hz, 2H,

Ar-H), 7.23 (t, J = 5.9 Hz, 5H, Ar-H), 7.10 (d, J = 6.7 Hz, 4H, Ar-H), 6.80 (d, J =
13
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4.1 Hz, TH, Ar-H), 6.76 (s, TH, Ar-H), 5.47 (br, 2H, CHAr2), 2.22,2.19, 2.16 (s, s,
s, 3H, Ar-CHs), 1.16, 1.12, 1.07 (s, s, s, 3H, Py-C(CHs)=N). "*C NMR (101 MHz,
CDCls) 6 169.67 (C=N), 169.50 (C=N), 169.34 (C=N), 155.98, 148.48, 146.28,
143.52, 142.37, 142.33, 141.43, 140.28, 140.23, 136.11, 133.42, 133.32,
132.20, 132.11, 132.08, 131.94, 131.75 131.72, 129.97, 129.59, 128.86,
128.47, 128.39, 128.26, 128.06, 127.93, 127.87, 127.76, 127.72, 127.55,
127.51, 126.35, 126.08, 125.83, 125.75, 125.53, 125.42, 124.64, 121.43, 52.28
(CHAr), 52.24 (CHAr2), 21.39 (Ar-CHs), 21.35 (Ar-CHs), 21.32 (Ar-CHs), 17.20
(Py-C(CH3)=N), 17.07 (Py-C(CHs)=N), 16.92 (Py-C(CHs)=N). (T ME 2-3 5 M
& 24) .

JRIE DM #3889 . ESI-MS (m/z): caled for CasHaoN2": 643.3142, Found,
643.3148, [M+H]" (TLHIE 2-14) .

L3 (255 mg, 39%) BIEEHTEE: 'H NMR (400 MHz, CDCls) 6 8.67 (t, J
= 5.5 Hz, TH, Ar-H), 8.32 = 8.15 (m, TH, Ar-H), 7.83 = 7.78 (m, 2H, Ar-H), 7.75 (d,
J=7.8 Hz, H, Ar-H), 7.67 (dd, J = 11.1, 7.8 Hz, 2H, Ar-H), 7.45 — 7.41 (m, TH,
Ar-H), 7.38 = 7.27 (m, 10H, Ar-H), 7.14 (ddd, J = 34.2, 22.9, 16.0 Hz, 6H, Ar-H),
6.87 (dd, J=20.3, 5.4 Hz, 2H, Ar-H), 5.60, 5.58, 5.55, 5.52 (s, s, S, S, 2H, CHAr2),
2.31 (s, 3H, Ar-CHs), 1.75, 1.58, 1.51, 0.94 (s, s, s, s, 3H, C(CHs)=N). °C NMR
(101 MHz, CDCls) 6 170.75 (C=N), 170.47 (C=N), 170.27 (C=N), 155.75, 149.06,
148.62, 148.59, 148.08, 147.91, 145.52, 145.39, 142.64, 142.53, 141.91,
140.17, 139.92, 139.71, 139.68, 136.28, 136.24, 132.44, 132.31, 132.19,
131.62, 131.50, 131.13, 130.90, 129.41, 129.33, 128.95 128.65 128.60,
128.50, 128.27, 128.20, 126.85 126.60, 124.88, 124.83, 124.08, 123.98,
123.80, 123.66, 123.46, 123.27, 123.18, 122.17, 122.13, 121.46, 48.12 (CHAr2),
47.49 (CHAr2), 21.36 (Ar-CHs), 17.28 (C(CHs)=N), 16.99 (C(CHs)=N), 16.87
(C(CHs)=N). (JLPFE 2-5 RME 2-6) .

RIZE D #3E . ESI-MS (m/z): caled for CasHssN2S2™: 655.2237, Found,
655.2227, [M+H]" (TKE 2-15) .

BEZES TS RIESTRBAINEISEHEY L1-L3,

1¢
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2.2.3 4L Ni1-Ni3 SR R =T
fELF NiT-Ni3 & BWE 2-3 .

\_ 4 DCM T\
4. Ej Br’ N
3 ' Br P
L1L3 ar Ni-Ni3 AT
Ar1:—§@ Ar2:—§ Ar3:—§~@©
s 3

2-3 {3 Ni1-Ni3 (9 E&5K

FaSS5%, U148 (DME) NiBr SEENNERE _SPRIRNE

BT Ni1-Ni3 BE2&%., % (DME) NiBr2 (0.1 mmol, 31 mg) S8R AYESK L1-L3
(0.1 mmol) MIAZI 5 mL R BkRd . BABREEWMHERE MiH—&R. B

FAEBRETRLFHA 4 x5mML ZBOGRENEHE R, FEZE TTREE
Ni1-Ni3,

1B Chemdraw H{TKRAWEICTUNBRI+EE, BEEITRSNN C.
H. N & TR RS EIShRE,

Ni1 B9TTE DT THEIE CaeHa0BraN2NiS2: C, 55.92; H, 3.91; N, 3.62. SLFRE
C, 55.83; H, 3.98; N, 3.74,

Ni2 B97TE D7 i+ E{E CasHssBraNaNi: C, 66.93; H, 4.45; N, 3.25. SEFR{E C,
66.96; H, 4.38; N, 3.37,

Ni3 B9TTEDHT: T EE CasHaaBraN2NiS2: C, 60.51; H, 3.92; N, 3.21. SLfR{E
C, 60.34; H, 3.79; N, 3.41,

B AT SRESMITRES T, REMDHIELSESY Ni1-Ni3,
2.2.4 4L % Pd1-Pd3 &R R RAE

I Pd1-Pd3 &ML ERIE 2-4 Fi7r.

18
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W DCM Ted” T L/
£ Me/ \CI {
L1L3 Ay Pd1-Pds AT
A r‘I:—EG Ar2:—§ Ar3:—§~@©
S S

B 2-4 L7 Pd1-Pd3 &

0.2 mmol B9&4A L1-L3 5 (COD) PdMeCl (53 mg, 0.2 mmol) 7£ 10 mL
“SRRPRE, ERHEHE 240, EHRELES, BROBREEHIDNR. ER
RIZ5REY, BRERE TEHoEL. BETERAZSRBNFE 4 x5mL ZE%
BRETEHER, #ETTTRESE Pd1-Pd3,

Pd1 (100 mg, 70%) BUZEEEEE: "H NMR (400 MHz, CDCls) § 9.39 (t, J =
31.2 Hz, TH, Ar-H), 7.99 — 7.87 (m, TH, Ar-H), 7.74 — 7.67 (m, TH, Ar-H), 7.45 -
7.27 (m, TH, Ar-H), 7.21 - 6.77 (m, 16H, Ar-H), 6.63 — 6.55 (m, 2H, Ar-H), 6.13
(d, J= 2.3 Hz, TH, CHAr2), 6.04 (d, J = 2.1 Hz, TH, CHAr2), 2.32, 2.26, 2.20 (s, s,
s, 3H, Ar-CHs), 0.88, 0.87, 0.86 (s, s, s, 3H, Pd-CHs), 0.54, 0.18,-0.20 (s, s, s, 3H,
C(CH:)=N). *C NMR (101 MHz, CDCls) & 178.91 (C=N), 178.68 (C=N), 178.51
(C=N), 152.34, 152.30, 152.27, 149.38, 146.73, 146.65, 145.13, 145.10, 142.02,
141.92, 141.61, 140.16, 139.88, 138.59, 136.68, 136.49, 135.86, 135.50,
135.30, 134.93, 129.56, 129.44, 128.89, 128.85 128.70, 128.67, 128.60,
128.28, 127.07, 127.00, 126.89, 126.83, 126.50, 124.96, 124.90, 124.12, 47.65
(CHAr2), 47.54 (CHAr2), 45.95 (CHAr2), 45.84 (CHAr2), 21.60 (Ar-CHs), 21.54
(Ar-CHs), 21.48 (Ar-CHs), 17.14 (C(CHs)=N), 17.01 (C(CHs)=N), 16.88
(C(CHs)=N), 2.59 (Pd-CHs), 2.40 (Pd-CHs), 2.17 (Pd-CH3). (TUME 2-7 RHE
2-8) .

Pd1 B9TCEDHT: 3HE{E Ca7HasCIN2PdS2: C, 62.45; H, 4.67; N, 3.94. SLRRiE
C, 62.27; H, 4.58; N, 3.79,

Pd2 (109 mg, 68%) B9#ZEEE3E: "H NMR (400 MHz, CDCls) § 9.73 — 9.36
(m, TH, Ar-H), 8.05 — 7.75 (m, 3H, Ar-H), 7.73 — 7.56 (m, 5H, Ar-H), 7.44 - 7.27

(m, 9H, Ar-H), 7.21 = 6.99 (m, 10H, Ar-H), 6.84 — 6.53 (m, 2H, Ar-H), 6.43 -
1€
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6.05 (m, 2H, CHAr2), 2.30, 2.21, 2.14, 211 (s, s, s, s, 3H, Ar-CHs), 1.18, 1.13,
1.09,1.05 (s, s, s, s, 3H, Pd-CHs), -0.11, -0.13, -0.34, -0.37, -0.58, -0.61 (s, S, S, S,
s, s, 3H, C(C Hs)=N). ®C NMR (101 MHz, CDCls) 6 178.48 (C=N), 152.39, 151.62,
149.34, 142.31, 142.06, 141.43, 140.92, 140.27, 138.64, 136.28, 135.54,
133.29, 133.22, 133.08, 132.20, 131.92, 131.83, 130.33, 130.27, 129.76,
129.46, 128.84, 128.78, 128.71, 128.65 128.21, 127.97, 127.89, 127.53,
127.36, 127.26, 126.65 126.53, 126.18, 126.02, 125.87, 125.71, 124.04,
123.88, 100.86, 52.05 (CHAr2), 51.99 (CHAr2), 21.48 (Ar-CHs), 21.36 (Ar-CHs),
17.54 (C(CH3)=N), 17.52 (C(CH3)=N), 2.66 (Pd-CHs). (JLMIE 2-9 ZHiE 2-10).

Pd2 B95TEDHT: i+ E{E CaoHa1CIN2Pd: C, 73.59; H, 5.17; N, 3.50. SCfR{E C,
73.51; H, 5.08; N, 3.46,

Pd3 (120 mg, 74%) B9#H%#E: "H NMR (400 MHz, CDCls) § 9.38 (d, J =
4.0 Hz, TH, Ar-H), 7.90 (t, J = 7.2 Hz, TH, Ar-H), 7.77 = 7.57 (m, 5H, Ar-H), 7.47
(d, J=8.1 Hz, TH, Ar-H), 7.28 (d, J = 3.3 Hz, 4H, Ar-H), 7.21 - 6.96 (m, 12H,
Ar-H), 6.79 (s, 2H, Ar-H), 6.21, 6.13, 6.09 (s, s, s, 2H, CHAr2), 2.28 (s, 3H,
Ar-CHs), 1.04, 0.95 (s, s, 3H, Pd-CHs), 0.21, -0.16 (s, s, 3H, C(C Hs)=N). °C NMR
(101 MHz, CDCls) & 178.73 (C=N), 178.69 (C=N), 152.26, 149.46, 147.62,
147.50, 146.10, 141.20, 140.92, 140.44, 140.25 139.59, 139.42, 139.37,
138.59, 136.92, 135.05, 134.74, 134.30, 129.66, 129.57, 129.20, 129.03,
128.95, 128.81, 128.51, 128.41, 127.23, 127.07, 124.51, 124.29, 124.11,
123.97, 123.86, 123.77, 123.61, 123.27, 123.19, 122.28, 122.15, 48.38 (CHAr2),
48.26 (CHAr2), 46.75 (CHAr2), 21.54 (Ar-CHs), 21.52 (Ar-CHs), 17.49 (C(CHs)=N),
2.60 (Pd-CHs), 2.56 (Pd-CHs). (UMIE 2-11 RHIE 2-12) .

Pd3 BTTE DT 1HE{E CasHs7CIN2PdS2: C, 66.58; H, 4.59; N, 3.45. SLFRE
C, 66.46; H, 4.65; N, 3.51,

B ERSYZE ST SRS TR, REKINFISESY Pd1-Pd3,
225 BEHZE

BEH 5B 2-5 Fix.
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“Ni uEﬂl:iE 4

—— <« 77
’ xﬁ'g :

| <
L i ‘__;

ﬂPduEM

2-5 BEEEE

B, KBEEMERT 60 CHE P TRED 24 /NI, REEHBRET
IFENREERE.

BRENMZEHDRERE: EFEHD, B 10 pmol FBREAKIBF 5mL =8
Bz, A 2mL $HEME 1 mL BRFNRENTIFEH LBEARREPRIFE
z8, [BEEEMEMDAIAN 200 (8f 500, 1000) 4 EEI#ELFI ELAICI (ZZ2E
SEE) AR 20 mL B, [ERIERFXAEZRIITEFES . BEEME
MEEESHSERE, BEIENZEENE 2atm, BZHESHBREERAT
53R, BR5®, AEAKHLEBBFORELTTIARESHRZFHIEX
AEER], FERERE, SBENZHENE 6atm, 10 DHERMER,
FZEITASESAEERI THTHSEE, @EEMERPIAZEEX R
TEHREY, TRREBHENREMETES TR,

BEAZIBOIRSE: @FEMERT IO 10 umol BIEAEANIF 252
HUBMEMT NaBArF (0 (3, 5-Z (Z=@mB&E) XE) MW IRk 40mL =
SR, BE% EEMEREREEHF S ESAEEEEHIUREHE, &85
NMZEEAZE 4atm, 3NNGRNER, BEITHEESAEERITHTHS
ME, BREEZRRFBAFLERZRIRERNRSN, B TRERIR
=17

TEAZES MA L RIR : @/EEEM EHRPIAN 20 pmol BIEBEMHFIFD 2
LEMEMENT NaBAF (0 (3, 5= (ZRBE) X&) WERM) UK
[0 EEEM EHR P 0N M B 2M RIGEREBE S “SPRIESAR 20 mL, fE/E

1¢
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KRR EeE e ZH S8 ESNEEREFIRER R, RBIENZEENE
2atm, 12/MNERNER, REITASESHAEER IHTHSME, BRE
BERRRMAAZREZRR M REZRRBN, EZTRERBIIREY.,

23 ER511i8
2.3.1 EURINERFE

Eh Eh

— T — - T
Zntl, Q_,\(N K ,C,0 ,/H,0 \\_M N
CH,COOH Zn,
! cl cl 23-45%
: L1-L3 ¢

= Ph Fh

- = Zn1-Zn3 p; Ar
o

Ar . MiBry* D ME or

L1-A3 (COD)PdMeC!

NH,
e

Fh

5

Ph

(W B Ph :
= _ B, ., &

MiBr,(DME)or
”2:_3 PTSA (COD)PdMeC | N. N + N‘Pd'N
L - =" . :
Mi, T
B Br Me cl

L3 -
toluene

, 8 39% peM ~en ™ Fh
EE N NiT-NI3 Pd1-Pd3 AT

2-6 BiA L1-L3 RERIEEWFINS AREE &

Otk 0 W AR SR AOSE AL K O S A0 B 2-6 Firom, FRIEDS . EEERFFEIEUL
Hh—MNEEEM T AR S EBERE A1-A3"", ERASKENERET
LUBE 2-Z B BT 57582 A1-A3 &5 S8 MM Ie T BRER, WL SHE
FNEARNTERAZELABR (23-45%) , THEL3 (23%) . Bk, ]

ST AN P REREN - Z2BENES A3 WERESRLN, BRI TREH
FTER (39%) . FrERMAIBIRELREE. BEFE (ESI-MS) EX, &
T 54 FIETR (DME) NiBr2& (COD) PdMeCl £ “SBRh R N, HiES
BT MR T RRREERESY. £E—RRE, REXBLZPS, REMATK
ZBETE HEFIER S . BLSY Ni1-Ni3 0 Pd1-Pd3 19@3 TE S (C. H.
N#&5{) 1T T HRIE, Pd1-Pd3 tHi@id 'H 71 "C NMRIL#H{T T EE. EERB T,
F CH:Cl. B E ZB D BY 853 Pd1 9B & (B 2-7) . B2&4 Pd1 % Pd

(I POSEMFEBAEIVERR, BBRIXRAECTEEPONMOUE.
REFSSBETONER (4.94A) KFEMNZEBEEEELRE 3434) | %
BAEMNZEEEEENEEER, ERETURERSERTSEKNREYN
BHIEEER.

=z —

1¢
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27 Pd1 {95 444
232 REXZIHBRB RN AR
KA MBEESY NiT-Ni3 1R1E 2.2.5 RN BN ZIH 1R R M i
TREXR, WEREERNE 2-3 &3k 24.

& 2-3 RENMNZEHIR °

Entry Complex T7(°C) VYield (mg) Act®’ M.amr© brs®

1 Ni1 30 697 2.09 1864 76
2 Ni1 50 684 2.05 1394 86
3 Ni2 30 308 0.92 2790 75
4 Ni2 50 396 1.19 1667 89
) Ni3 30 340 1.02 3184 66
6 Ni3 50 406 1.22 3065 71

7 TBREEM: 2 pmol SREMF, 200 HE ELAICI, 1mL CH2Cl2, 20 mL B, BEH
i8] 10 9%, Z,ﬁﬁl_jj6atmo bSEME (Act) EB{7K 10°g/(mol Nih), “HFE (M) B
A g mol”, B "H NMR Il . "STLEE (brs) =1000 x 2lcrs)/ 3(lcrzscn + lors), TS 1000
NIRRT EBOHEST, B 'H NMR U2,

%+ 2-4 R[E A/Ni B2 LLEHT Ni2 B NREMTTER

Entry Al/Ni Yield (mg)
1 200 308
2 500 390
3 1000 408

REZMH: 2 pmol 4ELFI, 200 HE ELAICI, 1 mL CH2Cl,, 20 mL BB, B&i8
E30°C, BREMaE 10454, ZEED 6atm,

2
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BRIV RESYE 200 HE—ZESKBWEEATERT, 2
HRBRESEERS (10°gmol™h") . HREHZEM 30 ‘CHES2I 50 °CHY, &
MEAGIFARZT (Ni1) G (Ni2-Ni3) . FrE SR SEEKZ G
BRRMNERBXUHERZE (Mo = 1.4-3.2 kg/mol) , BERENHAS,
HAYFEFMER. XF Ni2, fEE A/Ni BILL{EM 200 2 EF AL 0ZE) 500 24
£701000 HE, REEFMBREIRS (F24) . SEKBELH Ni1 #8tk, BF
FRBRANZENRHEREANESY Ni2-Ni3 EEREHEM, FHr=Eaxt
BReNPFENRZE (£23, £H125%H36) . EEALPOMHERA
AAIFR D] BEAR F 2 IE D FHEAFEA, EEFTFFERIRE PR,
ER RS Y, FEBNE, SEEKN N2 8L, #HEFRHEHBEFN N3
ZMEESHEY, HEEDFEERS . XHUEBBNRZE (R 2-3, £H 34
54&B 56) . X%k, SEEFABL, FHBERERKEEXENINERTERE
HEHIESREEMN XS5 EREN SR RH IR M IE TR EER (Ni4,
& 2-8) ", EHERENEMT, WAFFRMECH N3 ZHMEESHEYE, 5
ZARENTLEH Ni4 8Lk, ERNERZELITFERE—HER (B
2-8) ", WYIMERHREE, BERABRRSESSED MEBERNETE
X, BFHEANENS FENBENZA, AEBIINRZHEHRI LTS
RIER, BERENAS, RoMAEEE N, #—5RAHN °C NMR 247
=, RRZHFEEEFENZMER, GFEPE. 28, BE. C»HMfix L
S HERIRN S, HDPEE%&&&FEE&ME%*M (B 2-9) %1%,

Act = 1.02x10° g/mol-h Act. = 0.72x10° g/mol-h
M, = 3184 g/mol M, = 325 g/mol

2-8 7£30°C, 6 atm &4 T, Ni3 S5ERIRERN Ni4 SRNR ZHEEEN S FEHR

21
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S3

& N L RO S SN TR
. "{BZpB(lezl (lBZF'BffBZ S S4 S2 YBn™~GBn =uBn vBn
2B2 ~ B1 brBl_ pB1 . 4Bn
1B2 ‘ﬁm S 3BaNyp,
BB3_ brB3._pB3 . 1B1 Bn
YB3 gB3 YB3 yB3 S~
backbone . .
3B3 \2B3 - '\( N
S4,4Bn sEt\)\
yB1| pB1 sMe 14 1% 128
Bl vB2 to yBn
1B1
S3,3Bn BB2 to PBn
brB1 J $2,2Bn S, 1Bn
aB3
brB3 «iB
brB2 ¥ } 3B3 w

s a8 3 35 m 31 2 27 2% 23 20 18 17 15 13 m 9
B 2-9 7£50°C T, Nil #EKEEIRZE °CNMRIEED T
2.3.3 LENZIBRR R HER
B EHEE &) Pd1-Pd3 1R1E 2.2. 5 iR BRI 2 1R 19 B8 I My 5443
TREXR, NEREERNZE 2-5,
R 25 PEANIGHR®
Entry Complex T7(°C) Yield(g) Act. (10%  Miaw) ¢  brs’

1 Pd1 30 0.94 3.13 551 109
2 Pd1 50 3.28 10.9 369 125
3 Pd2 30 0.60 2.00 451 103
4 Pd2 50 2.50 8.33 400 113
5 Pd3 30 0.68 227 626 104
6 Pd3 50 1.43 4.77 469 126
7 RESM: 10 pmol SEELT, 2 245 NaBArF, 40 mL CH:Cl., B&mIE 3/, &

EEH 4atm, °5EM (Act) 248 10% g/(mol Pdh), ‘DFE (Mn) E’]ﬁujj gmol™,
B 'HNMRIUE., ‘SSLE (brs) =1000 x 2(lcrs)/ 3(lcrasch + lors), FmEE 1000 MR F L
MISZ 8680, B 'H NMR il =2,

£20 HSWEMEAFIE (3, 5= (Z=&BEE) XE) MWEEH (NaBArF)
EET, EPREYBTZHERE, ERUEK 2-5 Fir. FEEESYEERI T
ZHEEM (10°gmol™h") |, FEMEEEEM 30 CHEEI50°C, FHEE
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’E (2418) . AXRLEEREDHETEIFE. SXHKE (103-126/1000C)
MRZE, EEASSSENFERERE. tAXRERSASHERBENONY
IR AREAR R —B ™, AERXEREYD, EHESHET, Pd3 TERNRZED
FERD. XOUEEHTRHERRAEREECN ZHRR RN TIEAERS
IEIFIBIER, ZUTFEERERPOER. 1, SERENTESMARIE
B0 IE W RREEC &) Pd4 4L, EBABKERHERE PA3 EZ2FERER RS
EMHEESHEENESHOFE (B 2-10) . #H—FSFAN °C NMR &
B, REZHEEEGFENIHEXE, GFHE. Z8. RE. CoXHX X
HERMMEN, HpKiE (Cv) XHEMETHEXHNTESS (B 2-11)

Act. = 2.27x10% g/mol-h Act = 0.43x10% g/mol-h

M = AR?7R Aafmal M. = 3358 a/maol
2-10 7£30°C, 4atm FHT, Pd3 55&RTIRERN Pd4 SR EERZHHOELRD FE
Eeir
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S3 pB2_.brB2._pB2

S4 SZ W > an an H aBn an >~
2B2 l
- 3B1_DbrBL. fB1 N 1B2 o
Mﬁl\/ ) o _BB3_brB3 pB3 . 3B N,Bn
1B1 YB3 4B3 YB3 yB3 N Bn
. . 3B3 ™N2B3 S1,1Bn
\r backbone 1B3
Et ) 52,2Bn RN~
SL
sMe S3,3Bn
aBn yB2to yBn
aB2 138 132 126
eri S4,4Bn
pB2 to BBn 1B1
brB3 to brBn ¢Bn BB1| 1p) 2B4 sMe 1B2

brB2 0Bl3p3 Il 283 } 1133“ sEt

319'3‘7'3'5'3TBT31T2‘9'2‘7'2'5‘2v3r2T1‘1T911‘7'1'5'1’3T1T1‘é
2-11 f£50°C T, Pd1 &LBERZI% °C NMRIEES T
2.3.4 SEEXNZE- RIRRPELRRR
BEHEE &) Pd1-Pd31R1E 2.2.5 R BB 2 /% S R G ER R BE 1L
BERNFHHTREXLH, USREGERIE 2-6,

& 2-6 IBENNZIFE SR IGERPEEHER °

_ TOF”
Entry Complex [MA] Yield (g) ——— XMAMO1 pg me N brs

E/MA %)°
1 Pd1 1 114 136/11  7.44 381 0.88 123
2 Pd1 2 042 41/7 1416 408 1.60 130
3 Pd2 1 0.82 100/7  6.86 428 0.95 108

4 Pd2 2 0.20 12/2 12.73 441 1.59 118
) Pd3 1 093 113/8 6.94 393 085 119

6 Pd3 2 0.28 29/4 13.02 423 1.55 122

E: TREEM: 20 pmol BRI, 2 22 NaBArF, 20 mL CH:Cl. 1 MA, BRA&RE 12
INKE, Z¥EES 2 atm, BRAISE 40 °C, "TOF MM h', ‘ER MABEBALL., ‘DF
£ (M) BEBMA gmol’, N= SEREENME L ERENTIOERE, I8 'HNMR
Eo “SLE (brs) FRE 1000 Mg REF LHTHEE, B 'HNMRUE,

21
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VL SRS O OE W ARSEAEL RO R KA, ENREBERMEL 2GS RIGRE
Bs (MA) Bo3£Eeb>*48e, E;‘zrﬁﬂ'ﬁq:, XEEESMRATZES MAK
HE, UHRENOHLREE RNE2-6, HT MABAGHRHERANES
YEF, FTASEEEYIX ZEF MA B TOFs #F1R{E (& 2-6) . 7 40 °C 70 2 atm
ZIHEENNEHT, F Pd1-Pd3 HISSBAZE (6.86-14.16 mol%) BMEDFE
ZWE/IMA HIERY), lEE MA EISRENIGN, HEBHN TOFs ZERE, MA K
BALLLFENT —E, 9 FEREEN. 2 FENFEENEEZEERTELT
£ MA HRYIARRIEI, EXEEERESYT, FHEREZET, Pd1 B MAKEA
thie, HBYFFERERS (%R2-6) . 5 Pd2 1 Pd3 #8tk, Pd1 9= E){uFEER
N, BRNFZESE MARNERRN, FHESRERME LS 1 MU LNER
(1.55-1.60) , REAXSHHLRMEEREINRENDN . T 2-6 KB 1 FZE/MA
HEYIN "C NMR IEDT BR, HRMBEEFENTHEER, XUTFEES
YIRBMRRZE (B 2-12) . BT LRSS RS, BERMT EBEREALNEK
BT

B1_.brBL_pB1 pB3 . brB3. B3
YB1aB1 Y Bl ™~ yB1 YB3 ~aB3 YB3~ B3 \r

B3 ™\2B3
B2_brB2_B2

~ B ~ .~ 1B3 \)\
YB2~aB2 Y@ B2 *
N\(\N § WN\ sMe
2B2 “~¥Bn™~4Bn Y uBn ™~ yBn -
]

1B2

S3
4Bn e v avdl
3Bn S4 S2

. 2Bn
\‘*/ s backbone

1Bn

55 50 45 40 35 30 25 20 15 10

B 2-12 RFEBEBEEAN 1 MK, Pd1 E4LE3HEEY °C NMR iEES 7
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2.4 &g

PR, &/ T AR ZE E PR IE TR AFIE N REESY,

HEEATFZHBRRRE. RESYEELZERRRNERS K

(66-89/1000C) 1R Z¥% (1.4-3.2 kg/mol) AEEBSEMH (10°g'mol™h"),
FIBNERZENS FERERENHASMER. EERNERET, SBORFE
MEVAH Ni3 RIMEESHEYE, BIINERRERAERE, EXHBENSESSRE
b OMERBERNELTE X BORFERERL NI3 ERNERZES FELT
SRFERELN N4 E—MER, TREEHETIENAHERERANEES
BEAHNERPOESK, SEREELRE. ERELZHRERET, iE
EYHEAEIIADPEKE (10°gmol™h") |, BEREENTS, REWN
EMEERS (1B52-413) . BEESYHETESTE (0.4-06 kg/mol) |
ExE (103-126/1000C) R ZE, BEEASSSHOFERZERE. 582
RENTEEARHF RN IETZCESY) Pdd 8Lk, HOERTRHIERE
Pd3 EEESNEY (5518 NESNATFE (§218) NRIE. I,
XUESTE SR T SR SEAL (6.86-14.16 mol%) HIEDFE (K04
kg/mol) MA THEELER 245 . BEE MA RISIREIIEN, HERE) TOFs BERK,
MA BB LL LB T — 15, 2 FERFIEN, RESYSHNERZEEE
MBEEXAAE, BESYERNERZFEEIEURESI U AL, AENERZ
#F0 MA AR R R BT ERSZ NN EHE A BREFSEAFESETD
DZ B RIEHEEE AR H XFERRAENHS BMARBAXRST
Ok OE WV AR R EVSE MR D F 2.

2¢
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PIEZFERED 2-PHEEEHBIET BEXZIERE

31 HRER

o —RREAIEEAT, S5 2 MIETARTE, spBiTTERamER
WZENEE, NTIFEERREZE. I, EEARIEEENZESRERE
BEEOSLER, ERUARMETDAELERYE g0 020747082 80105108] | pay ARl Z 2bIASL,
BEBMARREATBETUEERS FERZHBARMEHERY ™, X —
HIEAANIRE, BIETREEARREBELZE ) B8, 288X
AR EENARNERTIUEE NS o —WIRAR PSR, AT, XL
SR ERET AR PR EERNER, EEURRHEEES. f,
BHE-FEPENSERARTIUERINHla —WIFR PR, NS
RESHFENRZET"T, HR, EHENONETEEARD, SIREE
%, SREDFEZHRBEWNEH (B 3-1ab) B0, B1IMH—FH
RER, S EPREe " WMAR DI R RO TG KRN $E R 05
7, NTIFERZHHNBELFERZE (ULHMWPE) ¥, R, EHEMNE
WIETWARIR R S, AP IV ERAAR, H—S 4 THNER, SBUFHRE(
3-1¢) "M, BMNBEEMHIMETRARIHBREERS D FERZEN
HEMAENE T —LHE, fi, ElETEEITEELNZERAITRED,
SR EEHMAR (B3-1d) FRGIEEN_FARERE (B 3-1e) SHIEH
BEERINEIEERE, NTIFESH FERZELRN Y™, KHFRKER
HKEVRE SRR S IR R — S EPRE DS ENEE, NIRRT EEEAITRE
(B31f) ., EiZhRD, BEEMENNZEFTERIIDHISEERATHEE
K, NiFEESFEESNESY, BEEFANZERSEN,

2;
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. Me, Fused-cycloalkyl (C)
‘Me CI,F tBu, Ph, Cy R—H.Me.F..CI.tBu.F’h.Cy
R,=H,Me M = Ni, Pd
M = Ni, Pd (b)
(a)

=H,Me Ph;R,=H, CHAT,
;= H,Me Ph;M = Ni, Pd

(d) R=H,Me M =Ni, Pd

(e)

(f, thiswork)

B 3-1 REARNMIET BRRAEENT (ae) RERBIE (f) .

3.2 SLWEEp

3.21 LWL MRN8
ZREE PR SEA 25 Gninl R (N R A0 R 3-1 FI%R 3-2 Fivm.
31 TBHE

ARBAR R /s
1-R2-2 8K LS AR
1-R-2-BEER TS AR
IFTEHE RS AR
R RS AR

2-ZBRE M IE AR

i
=
okt
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HRAR R g/ a8
ToKSACEE LS AR
XJ BB 7R AR RS AR
B R LS AR
FoIKTRBREE LS AR
ERER 2 B Bz AR
TKEEER Bz AR
Z Bt B AR
Faii E% AR
WESRI73 1 Bz AR
2PN Bz AR
SRk RKEEFRAKT AR
2Bz REEFHEALT AR

& 3-2 LHYEE

IXEE BN NBES - pas

EkE R AN N-1300D-W RREBUIEEZE RN

AV ] PSL-1820 RREBWRIE RN

AEAEE RCH-1000 RIS ES
BHFRF CP1502C BRSHT{Y 28
BEER Edwards EEEEEETR
FEB VIGOR RAERHR (FRM)
¥t Bruker Ascend™ 400 HERRKRERAT

LRI Vario EL-3 ZEJ X Elementar

R LTQ Orbitrap XL =& Thermofisher

2¢
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3.2.2 HiR A1-A2 SR RFRIE
FHE A1-A2 SR BIE 3-2 B,
L. ALUET \/ RM ZnCly/HCI MR K\H RM

01-02

R2:0Me A1-A2

3-2 BERK A-A2 AR

ERSSA T, mFEE 500 mL LTSI 2-BUUIRE (40 mmol)

FITTKIUSBKE (100 mL) FEBRALAZE-78 °C, £ 10 S AEIEHEN nBuLli

(25 mol/L, 20 mL) , 7£-78 CT#ikE 1 /NEH/E, HIEBEEEZE (1.48 g, 20
mmol) . ¥REMEIENAERR, HH 3 /NN, REERGHEENINERS
REX, BEZSBRER, GHIMEETKREBETR. TR, BERES2E
P S EBEE 01-02,

BZHFEPE (10 mmol) FMXEERRE (5mmol) NIAEEEMER, FF
KREWNIRE 120 °C, MIREES (0.5 mL) PAIAFTKSHEE (28 mmol) |
AR EREBE RN EEEN B (BA+RIZIEE ) FHlRie £ e, FHREE 160 °C,
A2 7£ 160 ‘CN R METE) A 30 43P (A1 #£ 160 “CT B EFE K KA B ZE 2/M\6T)
REBRNBESYSINERE, BHET 200 mL ZSE ¥R, AK (3% 100 mL)
FRZEBRE, ERKRRE TR, SIREREZE 20 mL, ZSPKR0ZE
SERAENRER, BT TREIIAGENR A1-A2,

A1 (1.19 g, 43%) BIRZEEEIR: "H NMR (600 MHz, CDCls) 6 7.28 (d, J=22.0
Hz, 4H, Ar-H), 7.24 (d, J = 7.7 Hz, 4H, Ar-H), 7.12 (t, J = 5.6 Hz, 4H, Ar-H), 6.89
(s, 4H, Ar-H), 6.31 (s, 2H, Ar-H), 5.77 (s, 2H, CHAr2), 3.17 (s, 2H, NH,), 2.63 (s,
8H, CH), 2.02 (s, 3H, Ar-CHs), 1.13 (t, J = 7.5 Hz, 12H, CHs). >C NMR (151 MHz,
CDCls) & 142.63, 140.55, 139.44, 129.41, 129.27, 129.00, 128.63, 127.15,
126.90, 125.78, 44.75 (CHAr2), 25.34 (CH2), 21.15 (Ar-CHs), 14.61 (CHs). (0B
31 RME 3-2) .

RIZE DM E3E R ESI-MS (m/z): caled for CaiHaeN™: 552.3625, Found,
552.3627, [M+H]" (WHIE 3-13) .

3(
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A2 (1.60 g, 57%) B9REEEEE: "H NMR (400 MHz, CDCls) 6 6.89 — 6.80 (m,
18H, Ar-H), 6.35 (s, 2H, Ar-H), 6.11 (d, J = 43 Hz, 2H, CHAr2), 3.67 (s, 12H,
O-CHs), 2.01 (s, 3H, Ar-CHs). °C NMR (101 MHz, CDCls) & 157.44, 139.57,
131.48, 130.00, 128.88, 127.54, 127.37, 125.80, 120.15, 110.84, 55.78 (O-CHs),
38.12 (CHAr2), 21.15 (Ar-CHs).  (MBHE 3-3 K HIE 3-4) .

RIEDHFEIER: ESI-MS (m/z): caled for Cs7H3sNO4™: 560.2796, Found,
560.2803, [M+H]" (TLHE 3-14) .

Wiz S RIS ST RE AN HIE L EY A1-A2,
3.2.3 EfA L1-L2 E R R FRIE
Fofk L1-L2 &S BRIUE 3-3 FET\O

W r\y \E W r\f/ W K ,C,0 4/H ,0

A o 5\
| . ZnCly/AcOH CI/ ol

\

4

V1-A 2

Znl1-Zn2

3-3 ik L1-L2 BB
BoR L1-L2 B9 A58 ¥ ZnCl. (0.34 g, 2.5 mmol) #0 2-ZELE LI
(2.0 mmol) , &FF 5 mL KEEERD . NIAEX NAIKER A1-A2 (2 mmol)
BEERRAE 4h, RFAEZEZER, MEHRECER. BRETESE, AZR
(3x5mL) FIZE (5x5mL) ik, TRERERBNZK. AT TREER
B, AEBEK. REBENLRTEESSYD XK. BE—S~WEZT
L ZSE8kRD, NMAERE (0419, 22 mmol) K&K (15mL) . K
REREYIANHEE 1 h, BHESE, B 3x20 mL KERENE, H MgSO4
&, EE, EERESH, FEERE L1122 h&EEHK, EaESTTE

L1 (747 mg, 57%) 89884548 : "H NMR (400 MHz, CDCls) § 8.47 (d, J= 4.5

Hz, 1H, Ar-H), 7.65 (s, TH, Ar-H), 7.24 (d, J = 7.1 Hz, TH, Ar-H), 7.20 - 7.00 (m,
15H, Ar-H), 6.80 (d, J = 7.7 Hz, 2H, Ar-H), 6.54 (s, 2H, Ar-H), 5.54 (s, 2H, CHAr>2),
2.61 - 2.09 (m, 11H, CH and Ar-CHs), 0.99, 0.66 (s, s, 15H, CH: and N=C-C Hs).
®C NMR (101 MHz, CDCls) 6 156.14 (C=N), 148.17, 145.35, 142.39, 142.01,
140.08, 135.82, 131.82, 131.52, 130.67, 128.99, 128.77, 128.25 126.46,

31



LR IRRAFMEFMIEN

126.24, 125.55, 125.26, 124.43, 120.96, 44.58 (CHAr2), 25.29 (Ar-CHz), 25.15
(Ar-CH2), 21.44 (Ar-CHs), 16.73 (N=C-CHs), 14.47 (CHs), 13.90 (CH3).  (JLBHE
3-5 R HIE 3-6) . RILAHTEIEA : ESI-MS (m/z): caled for CasHsiN2™: 655.4047,
Found, 655.4061, [M+H]" (JLFMiE 3-15) .

L2 (862 mg, 65%) BIAZEEEHE : '"H NMR (400 MHz, CDCls) 6 8.54 (d, J= 4.6
Hz, TH, Ar-H), 7.72 (d, J = 7.9 Hz, TH, Ar-H), 7.58 (t, J = 7.6 Hz, TH, Ar-H), 7.22
(t, TH, Ar-H), 7.14 (t, J = 7.7 Hz, 4H, Ar-H), 6.98 (d, J = 7.4 Hz, 2H, Ar-H), 6.83 (t,
J =76 Hz, 6H, Ar-H), 6.69 (dd, J = 16.0, 8.1 Hz, 4H, Ar-H), 6.45 (s, 2H, Ar-H),
5.85 (s, 2H, CHAr2), 3.35 (s, 6H, O-CHs), 3.26 (s, 6H, O-CHs), 2.10 (s, 3H,
Ar-CHs), 1.57 (s, 3H, N=C-CH5). *C NMR (101 MHz, CDCls) 6 166.00 (N=C-CHs),
157.38, 157.24, 156.92, 147.68, 145.61, 135.63, 132.56, 132.33, 131.28,
131.10, 130.04, 127.15 126.86, 126.61, 123.93, 121.81, 120.08, 119.89,
110.84, 110.46, 55.41 (O-CHs), 55.19 (O-CHs), 38.33 (CHAr2), 21.48 (Ar-CHs),
16.04 (N=C-CHs). (JUKIE 3-7 R HiE 3-8) .

R 2 EEE A ESI-MS (m/z): caled for CasHasN204": 663.3218, Found,
663.3248, [M+H]" (WHE 3-16) .

BEZES TS RIESTRBEAINEISEHEY L1-L2,
3.2.4 f4LF Ni1-Ni2 &R R EAE

5 Ni1-Ni2 W& RS BIWE 3-4 Fir.

NiBry(DME)
B ——————————

DCM

RT1T:Et R2:0Me

3-4 & Ni1-Ni2 SR
EE&SS5T, U148 (DME) NiBr: SEENNEAE _SPRPIRNE
X7 Ni1-Ni2 B2&4. % (DME) NiBr2 (0.1 mmol, 31 mg) 58 a9E4E L1-L2
(0.1 mmol) AIAZI 5 mL WZSEHRD. BAESREMEZE THE—&R. B
FERETRELHE 4 x5 mL ZBRIGRENRHER, FEE TTEREE
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Ni1-Ni2,

Ni1 B97TZE 47 3+ E{E CasHsoBroN2Ni: C, 66.01; H, 5.77; N, 3.21. SEFR{A C,
66.12; H, 5.65; N, 3.13,

Ni2 B97TE DT $HE{E CasHaBraN2NiO4: C, 59.96; H, 4.80; N, 3.18. SLFR{E
C, 60.05; H, 4.85; N, 3.19,

B BRAZES T SRESYMTRSN, REMINEISESY Ni1-Ni2,
3.2.5 4R Pd1-Pd2 ISR R ERIE

LR Pd1-Pd3 SRS B A0E 3-5 Fiir.

o L \Y
PdMeC| \\‘\_h A\

CM Pd

Pdi1-Pd2

R2:0Me

3-5 &k Pd1-Pd2 BIEHK

0.2 mmol f9&Z{R~ L1142 5 (COD) PdMeCl (53 mg, 0.2 mmol) RS
F 10 mL ZE Bk, EEHEH 24 h, EHEFEED, BROASZFHIDR,
ERNEREN, BAERETSOEL. BRERETELFFR 4x5mL 25
TRETLEHER, £EZ TTESE Pd1-Pd2,

Pd1 (122 mg, 75%) B9#ZFEEEE: "H NMR (400 MHz, CDCls) 6 9.60, 9.50,
9.33(d, d, d, TH, Ar-H), 7.93, 7.80 (t, 1, J = 7.4 Hz, TH, Ar-H), 7.66 — 7.58 (m, TH,
Ar-H), 7.18 (t, J= 7.3 Hz, 2H, Ar-H), 7.09 - 6.94 (m, 11H, Ar-H), 6.86 — 6.70 (m,
6H, Ar-H), 6.36, 6.15 (s, s, 2H, CHAr2), 3.15 — 2.36 (m, 8H, Ar-CH.), 2.17,2.13 (s,
s, 3H, Ar-CHs), 1.20, 0.95, 0.63, 0.54 (dd, s, t, t, 15H, CHs and N=C-CHs), -0.15,
-0.27, 0.29 (s, s, s, 3H, Pd-CHs). °C NMR (101 MHz, CDCls) & 178.06 (C=N),
152.65, 148.98, 143.26, 141.83, 140.30, 138.66, 137.94, 136.79, 135.88,
135.63, 132.89, 132.51, 130.77, 130.49, 129.49, 128.87, 128.41, 128.18,
127.78, 126.81, 126.69, 125.54, 125.40, 125.13, 124.85, 124.15, 53.50 (CHAr2),
4413 (CHAr2), 29.78 (CH), 26.78 (CHz), 25.88 (CHz), 25.44 (CH2), 21.58

(Ar- CHs), 20.02 (C(CH3)=N), 19.86 (C(CHs)=N), 14.95 (CHs), 14.53 (CH3), 13.84
3:
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(CHs), 13.41 (CHs), 3.27 (Pd-CHs), 1.10 (Pd-CHs).  (TLMIE 3-9 K& 3-10) .

Pd1 B9TTE 47 1HE{E CasHssCIN2Pd: C, 72.49; H, 6.58; N, 3.45. SCRR{E C,
72.35;H, 6.71; N, 3.51,

Pd2 (116 mg, 71%) B9#%H%3E: "H NMR (400 MHz, CDCls) §9.33 (d, J =
4.8 Hz, TH, Ar-H), 7.88 (t, J= 7.7 Hz, TH, Ar-H), 7.59 (t, TH, Ar-H), 7.19 (dd, J =
17.2, 8.1 Hz, 4H, Ar-H), 7.05 (t, J = 11.8, 49 Hz, 6H, Ar-H), 6.82 (dd, J = 15.8,
8.0 Hz, 9H, Ar-H), 6.44 (s, 2H, CHAr2), 3.56 (s, 6H, O-CHs), 3.11 (s, 6H, O-C Hs),
2.17 (s, 3H, Ar-CHs), 0.82, 0.65, 0.56 (s, s, s, 3H, N=C-CHs), 0.49, 0.34, 0.30 (s, s,
s, 3H, Pd-CHs). "*C NMR (101 MHz, CDCls) & 175.02 (N=C), 157.69, 156.70,
153.33, 148.72, 141.30, 137.56, 135.46, 134.76, 132.41, 131.67, 130.93,
128.82, 127.82, 127.51, 127.41, 127.20, 123.65 120.01, 119.84, 111.01,
110.28, 54.82 (0-CHs), 54.48 (0-CHs), 38.11 (CHAr2), 21.61 (Ar-CHs), 18.63
(N=C-CHs), 1.38 (Pd-CHs).  (JLPHE 3-11 RHfE 3-12) ,

Pd2 B9TTE DT : 3+ E{E CasHasCIN204Pd: C, 65.94; H, 5.53; N, 3.42. SLFRE
C, 65.87; H, 5.73; N, 3.44,

B EE S SIEESMITRL N, R\ TISESY Pd1-Pd2,
3.26 BEHZE

EWE 2-5 Fin. B%%, BEEMERE 60 CHETFIRED 24
NG, AEREHBRATIAENRGEE.

FEAZEHRER: TFERD, B 10 pmol HBREAFIBF5mL Z&
Bz, A 2mL $EME 1T mL BBFNERENTIFSH LBARREPRITE
=, MEEMERDPIA 200 S2BENR ERAICI (ZZESHAIE) 20 mL
BR, EREEHXAREER )T EFER  SEEMERS S ESAEERE
FBIBINZEENE 2 atm, AZBESHEREERNTS IR, BR5Y, A
SIS B MRIFRREMTIFEARSHRAFRRX A SER], FFE R,
FIBIBNZFEENZE 6 atm, 30 DHERMLER, EEITHBESESER]
BTHESM R, MEEMERTINAZEERRNFFTEEREY, SRRES
FENREMETES TR,

BEAZIBOIRISE: @FEMHERTIOAN 10 umol BIEAEANIF 25 S
BIBDMELLF NaBArF (M9 (3, 5-= (=®HBE) XE) MHERW) LUKk 40mL =

3¢
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S5, BEEEEMERERREFSEESAEEMEHILERBR, Z815
NMZEEANZE 4atm, 3NNGERNER, FIEHTHASESAEERI THTHS
ME, BREEZERRFBAFEERZRNRERRSEN, BT TRERIIR
=17

BEALZES MA LRI : @ /ZEEM R0 20 pmol BISEAELFIFD 2
HEHEMEAF NaBAF (M0 (3, 5= (ZHBE) X&) WEW) URHS5
[0 R EEfi AR PO M 2 2M RIRER BB S _SBRRIEEBR 20 mL, B/
K EEEM R e R IR R H SR ESAEEEEH IR, BBIZNZEENE
4atm, 12 /N\NERNER, ZEITASESASERI TETHSEE, BRE
BEERERBAFZREZRVUBRERREN, EZTFREBIIREM.

33 ER5ViL
3.3.1 EAFINERK

L mBULITHE ")t.
ZHCEIEI ZnGIMe ]

01-02 (B3% -B8% )

NiBra(DME) or (COD)PAM eCl <j>_\<

DCM, night

L1-L2(57% -65% ) NiT-Ni2 (83% -87% ) Pd1-Pd2 (71% -75% )

B 3-6 Uil WhEeik L1-L2 RIE R BIE RS YN S5

O 0 M PR SR AO AL S AR ES Z6 A0 B 3-6 Fivw, iRIEH 2 AIIREN TG A
28 BRI RS BRSSP R Z B ER AR HIE T S 2 PEEER, A Lucas
HAGBERRSENN - SEREREN, SN T 2 UEEBPNCEXBS
ENTHFERER A1-A2,2- 2B EIIES A1-A2 BSAEEIREAESHI S iEIE
FRERiR L1112, R ERER A1-A2 FIEK L1-L2 B9F=RpE (43-65%) , KT
HE R BORER A R IREFE=RE Y X RE R T 4 2 A TAMU BB
M. A 'H. "CRBEIRENS O MWREL N — S ERERR R HE

3¢
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TT7RIE. WIETAREIAS EALFIBIIRYR NiBr. (DME) %0 (COD) PdMeCl £
DCM BRI RN EKREREY. BT —KRRMNG, BREKES DCM, IIAZ

BOTUERAER S . XATEST (C. H. N#&EX) 1 MALDI-TOF RiZ3 4
Ni1-Ni2 70 Pd1-Pd2 B2 &¥IBERFID FRE. thoh, @F 'H A0 °C NMR #Exd
Pd1-Pd2 #1177 £,
3.3.2 RENZHBRBRM AR

KBS RIEE S NiT-Ni2 R 3.2.6 ik iR @k 2 BB RN R
TREXR, NESREERIE 33,
% 3-3 BEUNZELE°

Entry Complex T(°C) Yield (mg) Act® M.° M/ M  brs®

1 Ni1 30 22 0.22 3.1 1.64 49

2 Ni1 50 10 0.10 3.3 1.55 43

3 Ni2 30 340 3.40 13.0 1.75 41

4 Ni2 50 236 2.36 13.2 2.95 45
i REEM: 2 pmol FREMF, 200 HE ELAICI, 1 mL CH.Cl2, 20 mL B3R, REH

B 30 3, ZIHEES 6 atm, *iEM (Act) F{I) 10°g/(molNih), ‘HFE (Mn) N
A kgmol”, BEBRZHBEAMERR, 7£ 40 CTUSKE AR HER GPC UE. ‘S
EE (brs) =1000 x 2(lcrs)/ 3(lcrasch + lors), FRE 1000 MREF L85, B’ H NMR
WE

£ 200 HEN _ZESLEBFNLT, OMe FEMLER Ni2 WRETE ML Bt
AEAER N1 REFES— M ER (k3-3, B3-7) . WAPELRILEYE
#HEERENASMEE, BEEFIENE, N2 ERHNRZES FEMHRE N1 S
— M HER (B3-7) . EEASSHRMELIINS FEEN, XMHPRNER
EE R ERHENER, BoEHT OMe I€E T O ZENEHEEER, X
SHEBMFAERSIEPRERER, ARRER., I, ZBREFNRZE
BEEPEFEENSK,

3¢
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st = 0.1-0.22x10° g/mol-h Act = 2.36-3.40%x10° g/mal-h
M, =3.1-3.3 kg/mol M, =13.0-13.2 kg/mol

3-7 7€ 6 atm T Ni1 f Ni2 $I& RZ B0 5514109 PR L
3.3 3 SEENZIBRBRM AR
K& AR S Y Pd1-Pd2 1R1E 3.2. 6 thifiR BOSE L Z 1R I B IR MR 15
TREXK, WEREERINE 34,
% 3-4 BELNZ IS °

Entry Complex T(°C) VYield(g) Act.’ MrS Mo/ M brs?

1 Pd1 30 0.16 0.53 1.6 1.17 45
2 Pd1 30 0.11 0.37 1.4 1.09 44
3 Pd2 30 1.31 4.37 2.8 1.35 4
4 Pd2 30 244 8.13 22 1.15 33

T TREEM: 10 pmol SEEMFI, 2 X2 NaBArF, 40 mL CH.Cl., R&HE 3 /N\eY, Z
WEEH 4atm, °5EMHE (Act) B4 10°g/(mol Pdh), *HFE (M) 898414 kgmol™,
AREZEATERSS, £ 40 CTIUSKEA 889 GPC UE. “SHLE (brs) =1000
x 2(lems)/ 3(lcrasch + loms), TG 1000 MREFLBSZHEEL, B 'HNMRTUE,

#2052 (3, 5= (=mEHE) XE) M (NaBArF) 895EL, OMe
AR Pd2 WRETEEL Et ABREY Pd1 BEEEE— M HER (R
3-4, B 3-8) ., Pd1 WEMEERENFASMEME, M Pd2 BEENEERS.
SRAREN, Pd2 EUNRZESFEST Pd1, EEREXNR/N (B 3-8),
SEHRSTIET OMe 5B P ONSBEEEERUREED C-HIiELELEHE
BEURIRERTRNNEEN. 9, ZEREFNRZEXAEEED, BHEE
FEAMIETEEARD ™, X2 BT Hie ZRN= B2, #—58 °C
RHHERSNEE, RZGEEEGEHEANSZEH, GFERE. 28, FE.
Co DA _EXHIMIMER" 17, K% (Cor) DR EEDINASE (B
39) ,

37
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Wt

Pd

vs.
cl” Me,
oM e
Act. = 0.37-0.53x10" g/mol-h Act = 4.37-8.13x 10 g/mol-h
M, = 1.4-1.6 kg/mol M, = 2.2-2.8 kg/mol

3-8 £ 4 atm T Pd1 7 Pd2 HIERZEHIEEND FE LR

L 0.055
A 9
- P - B P - o> ©? - 1 0.050
@A &7 e 35 B '
DA 7° AL 20 7% N=1 : 1 0.045
AD | 0.040
L 0.035
\r\/ 1 0.030
SEt\)\ T L 0.025
sMe O
0
© L 0.020
o o C L0.015
c > o =3 m
@ c B e o] ﬁ —
P £ B e e - L0.010
‘OT«'—, - S 0 > o ‘C_ﬂ
B 09 <+ |05 o 21 8 o 0o o S [000s
[ -~ m -
Ea0 SR ME SIS 8L s °L_ 87
: TR L 0.000
|-0.005

40 39 38 37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10
1 (ppm)

3-9 £50 °CT, Pd1 LSRR ZIE “C NMR L EH 4
3.3.4 LEMNZIE- RGP BEEHLRAR
BEMIEEC S Pd1-Pd2 1815 3.2.6 IR BISEHEN 2\ SR IHER P g
RERNFHHITREXLH, WEREERNE 3-5,
x 35 BEANZEGEERIFRPELER °

i TOF*
EntryComplex |[MA] Yéggd Xua

) d MW/ u brs
EMA (mol%)* Mo pya N i

1 Pd1 1 013 183803 468 g6 10 09 g5

2 pd1 2 o011 103M07 474 95 1023 99

3¢
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Yield TOF” Xva

EntryComplex |[MA] @) M/ Ne brs

d
E/MA (mol %) Mh M2

448.4/23. 1.1 2.8
3 Pd2 1 3.50 60 5.00 22 g 7 79

124.8/16. 1.1 7.4
4 Pd2 2 1.18 57 11.73 22 g 1 89

F TREEM: 20 umol SEEAF, 2 242 NaBArF, 20 mL CH.Cl. ¥ MA, BR&EHE 12
INKE, Z¥EES 4 atm, BREAIEE 40 °C, "TOF MBI h', ‘ERMABEBALL., ‘DF
2 (M) WAL kgmol”, N= SE/RIRYIGE FERERNTIHE/RE, 198 'HNMR
Eo “SLE (brs) FRE 1000 MxREF LHSTHEE, B 'HNMR UE,

SRV RE, I AREEENFI e B BN ZEERGREE (MA)
R ERP Y fE Z S MA BRI ED, Pd2 WHEEHAEST Pd1(11-27
2) , XEEAEZFEHRIRINEN %, MENESEARE (X 3-5) .
Itsh, Pd2 A FEHET Pd1, BBNE, Pd2 K MA EABEHEST Pd1
(B3-10) , RECNNEEMAZERAEN. XTEEHTREESSEDO
ZIEMSSIEEMER, BT MA BASEESIRIITH. ENRBNEIE, &S
RER MA SERIPEATINLRE RS, MABARIEN (£3-5) . #E
MEEEENS X, FHSI HEYE LB MAEA (%35 . ®35%
B 1 hHBRYE °C NMR DR, ERMEESFENZHERR, XOUTE
BRSMBINRZE (B 3-11) B2 sl EIMR B hAELAY K
DX,

Wa' W'
Pd_

Vs.
Pd
~ - -
cl Me Cl Me
j\\\w' @\\\\‘"
Et oM e
IR = 1.68-4.74 mol% IR = 5.00-11.73 mol%

3-10 7 4atm T, Pd1 70 Pd2 &6 E-MA H M E MA BARLLR

3¢



LR IRRAFMEFMIEN

PPN @@t 0@5@6 o \{6 oo o \{%(\‘f 10.013
\O‘W&m‘%% 3| (6& oo o® @ L0.012
AR .—L%?, D2 02 7'%% b‘%& Rty 06“ L0.011
- . AD? 7ok 8 L0.010
\< A A=l oo
Y\/ L 0.009
; EN 200 @0 [ 0.008
% L0.007
EE | 0.006
Y ﬁc 0.005
M - °
':g g_ +0.004
. 'EE 10.003
m =t
& 2 Y Q@ L 0.002
m - o
= % é" u‘%"u—] +0.001
MM,O 000
-0.001

52 50 48 46 44 42 40 38 36 34 32 30 28 26 24 22 20 18 16 14 12 10 8
1 (ppm)

B 3-11 AFEBREER 1 ME, Pd1 &4 ERHERY *C NMR ZEED T

34 45ig

RERTR, BNEM TR ZSEREMETRER, A SERFE 21 L
DRISHEZENRESE, URENNRNEERSY, FRERTIE H) BE.
OMe NERRUER Ni2 (IR &E ML Bt A B ERN NIT IREEES— M HER,
FFENRZE D FEHEL N1 §— P HER. AIEELNZERENIES MA
HHRDPEMRIEMNNER. EETENE, RE Pd2 BEEHEUNZEEM,
B Pd2 () MABABEHES T Pd1 31%) . "CEBIIRAOTRE, EEL
MR ZEN EMA HEYZBXUREY, MERAMNT ORI RIG, AR
KRR T OMe SR OZBNEEHEEER, XHSEHEEERERSE
SREPRERERK, BISEER.

A
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FAEEREUTREEEURSR 2B RERMEHRYN
SRS

41 ARER

EER, FARRANETES BREANZEETERS RN TRAR NS
FMRER, BNEHISBUEZER (HBPEOs) "7 5%t HBPEO BE
SR B9 BETT B 2 AN SRR mERET Y, Bk, BEEESFEN
HBPEO BRI SHhERH, FHSIESHUMA. AW, XEESF
£ HBPEO MAME R THkik, BN EEAER I TEMNSEBRENIEL
fl. BEl, RELSKBENRLT, EKREHEPHEECTITEER/I\IE
HIPAES Fo- —TWARSEMAE L, REBSCHLXADEA PSP, Rik,
—EeETR T TR IR AR 2K SR A0SRk, AT &K HBPEOs RREAMR
MY (B 4-1) B, R RIEZRRANRRRN DR EEN
STEMSEBLEN . AX—FENSHHED, DFENEBTLNEE. M
XTI ORI BT AL IO BRADIRE LUK, AMERME TS S NREA 1801
RH ISR SYINS T2, fIi0, Gao Fl Dai EARE TEZERAPEH
FRBRANZHSEREMITTAREELT (B41a) , RETESELFEH
ETERDFETUBRZES>7PO10M o Dai 5 AFIBRLEEEERT (B
41a) BHTRNDFE. SRUEBAEAN LB URHERZESS, 8
SRIXFPRAFIER T8 SEFTE HBPEO S FEMEZ1L10, 18 Dai EANGE
£ TEBS 7 SR00 Mo 1FI A 8- B EA — R A IR EVA I I T AR A 15
(B 4-1bc) #&7TH9FE HBPEO MM HBPEO, BEXNE 7TEAWNI
B P25 Al SR AR T —FR N-ZEERILIE WAREE &4 (B 4-1d)
REZX B 41e) , FMLTESNEZE @) BEPoamu™ ™", @F
KHATHEERE, XEEAY CRIFRELSR EEEIER FIKERE TN
HBPEO F0#%i# HBPEO AEMERE. EXMMR D, HIVIRE T —2
R AEAR, EBTRUZERE, MMTEEH FE HBPEO, L4,

41
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IXLEENFIRHERSNELZIHEE RGP E (MA) XRBINEEH, FEED
FENBIK E-MA HEH, XLt HBPEO FI4RI% HBPEO B & IFE MY KEERD
SHERHNES, T IMEEEBENNE=.,

R,=H,Me Ph;R,=H,CHAT,
R,=H, Me, Ph

(b)

R,=H, MeR,=H, Me,F, Cl;

(a)

R R=H, MeF, Cl R=H,OMe;
R =H,MeF, Cl, tBu -
(d) (E) R Me F, OMe
(f, thiswork)

B 4-1 sif 88 AR e WAZEHENT AT Sl B AR 2% RERIE EREBHEY
(ae) RERIBIAE (f) .

4.2 SLRERS
4.2.1 L% 5 R AN
AERBIRARIATIRNEUTE 4-1 F0FK 4-2 Fiw.
* 41 TR

BREWR TR Hg/a8
2- 7 BREL O 0E TS AR
2-R-4-BAELKPR TS AR

4%
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ABEIR EFFR g/ a8
2- P ERHER LS AR
2- B AR ER RS AR
2-BE AR LS AR
2, 6-_EIFEIRIPER ZMtS AR
M (=XEE) £ LS AR
i ZME AR
Tk TS AR
B LS AR
WESRI73 1 Bz AR
2PN Bz AR
IKEEER Bz AR
Z Bk ESE] AR
“SBkR REEFHRANLT AR
b REEFHRANLT AR
& 42 XTH{YEE
Y ESBIR NEBELS -p=d
sy 3 N-1300D-W RRETEREZE KRN
WS Fr s RCH-1000 RRIBACIDAG 28
BHFRF CP1502C BR SR HT{Y 28
BER Edwards REEEEETR
FEM VIGOR RAERHR (FRM)
A Bruker Ascend™ 400 hemREERAT

R LTQ Orbitrap XL =& Thermofisher
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4.2.2 Fh& A1-A4 NS REAE
FIR A1-Ad SREBIE 4-2 Bk,

o J

1|PPh] K.CO,

T:R=H R =Me

Z:R=H R =F
R=H R =0Me
R=0Me R =0Me

4-2 Rpg A1-M ISR

ERST, %2, cBAEME (15 mmol, 1.5eq.) . 2-R4-BEFKE (10
mmol, 1eq.) . Pd(PPhs)s (0.86 mmol, 0.086 eq.) . K.COs (50 mmol, 5
eq.) 8950 mLIKBRESFIAMLTAR, FI0A 200 mL USKEBERES
9, BREYIRE 75 °C, BIZIHIH 24 h, BEMREBHNG, AZSBPREE,
KBE, B MgSOsF)&, 3iRfE, BENEREZTIR. ABAREINE (BEK;
S8R RAERARE MR EF.

K KEBEE (6 mmol) FIRMECHIFEFH (6 mmol) KIREWIINE
EE R TP HADFARZE 120 °C, KK MEE (6mmol) AT 0.5 mL IREERF N0
NEEET B H L ZITEEIERE, NIFVESZE 160 °C (BERRIZIEE) . 7£ 160

CTRRAL 30 20/E, BRNARRMEZTRHBHET 200 ML ZS B+, A
7K (3x150 mL) FEFRBENE. BNBETKREBETR. T8, BERESE
TR AEAREENE (BER; DCM/PE = 2: 1) 240153 & & 5MIR=Y) A1-A4,

Al (1.57 g, 72%) BI#ZBEEERE: "H NMR (400 MHz, CDCls) § 7.33 (t, J=7.2
Hz, 4H, Ar-H), 7.27 (d, J = 5.3 Hz, 2H, Ar-H), 7.26 — 7.11 (m, 8H, Ar-H), 6.80 (s,
TH, Ar-H), 6.50 (s, TH, Ar-H), 5.55 (s, TH, CHAr2), 3.20 (s, 2H, NHs), 2.19 (s, 3H,
Ar-CHs), 2.13 (s, 3H, Ar-CHs). °C NMR (101 MHz, CDCls) & 142.90, 139.11,
139.10, 136.99, 130.30, 130.27, 129.76, 129.67, 129.59, 129.33, 128.91,
128.69, 128.62, 127.72, 126.96, 126.71, 126.68, 126.23, 52.63 (CHAr>), 20.86
(Ar-CHs), 19.79 (Ar-CHs).  (JLKYE 41 B 4-2) .

R D EIE N : ESI-MS (m/z): caled for CarH26N": 364.2060, Found,
364.2054, [M+H]" (W KIE 4-28) ,

A2 (1.70 g, 77%) BI#&H%3E : '"H NMR (400 MHz, CDCls) 6 7.37 — 7.29 (m,

6H, Ar-H), 7.23 (d, J = 7.2 Hz, 2H, Ar-H), 7.18 (t, J = 7.3 Hz, 5H, Ar-H), 7.12 (d, J
Al
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= 8.9 Hz, 1H, Ar-H), 6.88 (s, TH, Ar-H), 6.52 (s, TH, Ar-H), 5.54 (s, TH, CHAr2),
3.35 (s, 2H, NH), 2.17 (s, 3H, Ar-CHs). °C NMR (101 MHz, CDCls) 6 161.21,
158.76, 142.69, 139.67, 132.28, 132.25 130.64, 129.74, 129.69, 129.47,
129.39, 128.66, 127.13, 127.09, 126.93, 126.75 124.55 124.51, 122.59,
116.23, 116.01, 52.62 (CHAr2), 20.79 (Ar-CHs).  (JUMIE 4-3 R ME 4-5) .

JRIE D W& #E 9 . ESI-MS (m/z): caled for CasH2sFN™: 368.1810, Found,
368.1805, [M+H]" (JLFMIE 4-29) ,

A3 (1.84 g, 81%) HOKZEEEHRE: "H NMR (400 MHz, CDCls) § 7.33 (t, J= 7.1
Hz, SH, Ar-H), 7.26 — 7.17 (m, 7H, Ar-H), 7.03 (t, J = 7.4 Hz, TH, Ar-H), 6.97 (d, J
= 8.2 Hz, TH, Ar-H), 6.88 (s, TH, Ar-H), 6.50 (s, TH, Ar-H), 5.58 (s, TH, CHAr2),
3.76 (s, 3H, 0-CHs), 3.33 (s, 2H, NHs), 2.19 (s, 3H, Ar-CHs). "°C NMR (101 MHz,
CDCls) & 156.88, 142.97, 139.90, 132.03, 129.97, 129.82, 129.76, 129.44,
129.02, 128.60, 128.54, 127.01, 126.63, 126.05, 121.15, 111.31, 55.83 (O-CHs),
52.61 (CHAr2), 20.90 (Ar-CHs). (TLH¥E 4-6 KHE 4-7) .

RIZE DT #3E R : ESI-MS (m/z): caled for C27H2sNO™: 380.2009, Found,
380.2003, [M+H]" (TLBHE 4-30) .

A4 (1.67 g, 68%) BIRZEELEEE: '"H NMR (400 MHz, CDCls) 6 7.32 — 7.27 (m,
5H, Ar-H), 7.24 — 7.16 (m, 6H, Ar-H), 6.80 (s, TH, Ar-H), 6.62 (d, J = 8.3 Hz, 2H,
Ar-H), 6.44 (s, TH, Ar-H), 5.56 (s, TH, CHAr2), 3.69 (s, 6H, O-CH:), 3.11 (s, 2H,
NH.), 2.16 (s, 3H, Ar-CHs). °C NMR (101 MHz, CDCls) & 158.34, 143.14, 140.32,
130.31, 129.86, 129.81, 129.19, 128.47, 126.86, 126.53, 121.55, 116.46,
104.55, 56.15 (0-CHs), 52.62 (CHAr2), 21.05 (Ar-CHs). (THE 4-8 2 MiE 4-9) ,

JRIZE D HrE3E R ESI-MS (m/z): caled for CasH2sNO2"™: 410.2115, Found,
410.2107, [M+H]" (JLHE 4-31) .

BEZES TS RIESTRBEAINEIELEY A1-Ad,

4.2.3 Bfk L1-L4 E MR ERIE
fofs L1-L4 (9SS BRWE 4-3 Fir.

4t
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L I

Znl-£n4 L1-L4

4-3 Fefk L1-LA NS
BoR L1-L4 B9 A5 ¥ ZnCl, (0.30 g, 2.2 mmol) #0 2-ZELE LI
(2.5 mmol) BFE 4 mL JKESER D, A0 2.0 mmol XTI A1-A4, $i
HREESY), 0 CER4h, RINZEEER, NMERSER. BRETRIS
Fzi (5x5mL) ¥k, EREBNZER. EZTREEEE, ﬂaiﬁiﬁ@ﬂio
REBENMIETRRE S P ERIR. B L—SYEZETF 30 mL ZSEKETF,
SO 20 mL EE$E (0.4 g, 2.4 mmol) KiBRKR. FRIESADHH 1 h,
BRESE, B3 x20mLKEEENE, B MgSO4:Fk TREHNBHEE
TTRE, MAGHBERIEEN K, ASES TTEERIER L1114,

L1 (0.57 g, 61%) B9#ZH%#E: '"H NMR (400 MHz, CDCls) 6 8.45 (d, J=4.0
Hz, 1H, Ar-H), 8.08 (d, J = 7.7 Hz, TH, Ar-H), 7.67 (t, J = 7.8 Hz, TH, Ar-H), 7.29
(t, J=7.1 Hz, 2H, Ar-H), 7.23 (d, J= 6.6 Hz, 2H, Ar-H), 7.16 (dd, J = 16.0, 8.8 Hz,
6H, Ar-H), 7.10 — 6.98 (m, 5H, Ar-H), 6.95 (s, TH, Ar-H), 6.81 (s, TH, Ar-H), 5.54
(s, TH, CHAr2), 2.75,2.37,2.31,2.20 (s, s, s, S, 6H, Ar-CHs), 1.24,1.21,1.09 (s, s,
s, 3H, N=C-CHs). "*C NMR (101 MHz, CDCls) 6 167.04 (C=N), 156.15, 148.26,
144.96, 143.95 142.58, 140.19, 136.34, 136.07, 133.69, 132.27, 131.11,
130.00, 129.94, 129.67, 129.43, 129.31, 129.19, 128.28, 128.11, 126.99,
126.22, 126.07, 125.39, 124.40, 121.00, 52.43 (CHAr2), 21.16 (Ar-CHs), 20.36
(Ar-CHs), 19.96 (Ar-CHs), 17.1 (N=C-CHs), 16.67 (N=C-CHs). (JLHIE 4-10 Rzt
& 411) .

RIE D EIE A . ESI-MS (m/z): caled for CssHsiN2": 467.2482, Found,
467.2484, [M+H]" (ILHE 4-32) .

L2 (0.64 g, 68%) BI#ZHEHE: "H NMR (400 MHz, CDCls) 6 8.45 (d, J= 4.3
Hz, 1H, Ar-H), 8.17 (d, J = 8.0 Hz, TH, Ar-H), 7.70 (t, J = 7.7 Hz, TH, Ar-H), 7.29
(d, J=7.4 Hz, TH, Ar-H), 7.26 — 7.14 (m, 6H, Ar-H), 7.08 (d, J = 10.8 Hz, 5H,

4¢
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Ar-H), 6.94 (dd, J = 17.0, 8.1 Hz, 4H, Ar-H), 6.83 (s, TH, Ar-H), 5.58 (s, TH,
CHAr2), 2.30 (s, 3H, Ar-CHs), 1.18 (s, 3H, N=C-CHs). "*C NMR (101 MHz, CDCls)
& 168.05 (C=N), 158.24, 156.19, 148.29, 145.52, 143.73, 142.46, 136.16,
134.72, 132.36, 132.13, 132.09, 129.93, 129.76, 128.73, 128.64, 128.27,
128.17, 127.68, 127.53, 126.24, 126.16, 124.86, 124.49, 123.60, 123.56,
121.26, 115.80, 115.57, 52.42 (CHAr2), 21.16 (Ar-CHs), 16.54 (N=C-CHs). (LMt
412 RHHE 4-14)

FRIE DM EHE R . ESI-MS (m/z): caled for CssH2sFN2": 471.2232, Found,
471.2224, [M+H]" (JLKIE 4-33) .

L3 (0.68 g, 70%) BIAZFEELAE: "H NMR (400 MHz, CDCls) 6 8.46 (d, J= 4.3
Hz, TH, Ar-H), 8.14 (d, J = 7.9 Hz, TH, Ar-H), 7.69 (t, J = 7.7 Hz, TH, Ar-H), 7.30
(t, J= 7.3 Hz, 2H, Ar-H), 7.26 — 7.16 (m, 5H, Ar-H), 7.16 — 7.08 (m, 5H, Ar-H),
7.01 (d, J = 6.8 Hz, 2H, Ar-H), 6.89 — 6.72 (m, 3H, Ar-H), 5.59 (s, TH, CHAr>),
3.72 (s, 3H, O-CHs), 2.31 (s, 3H, Ar-CHs), 1.21 (s, 3H, N=C-CHs). "*C NMR (101
MHz, CDCls) & 156.48 (C=N), 156.38 (C=N), 148.25, 145.48, 143.96, 142.77,
135.97, 131.93, 131.82, 129.96, 129.80, 129.24, 128.27, 128.20, 128.09,
126.12, 126.04, 124.29, 121.11, 120.15, 110.93, 55.57 (0-CHs), 52.51 (CHAr2),
21.24 (Ar-CHs), 16.49 (N=C-CHs). (I HIE] 4-15 R HIE 4-16) .

R DT EER A . ESI-MS (m/z): caled for CasHs1N20™: 483.2431, Found,
483.2435, [M+H]" (TLKIE 4-34) .

L4 (0.77 g, 75%) BI#ZEEEERE: "H NMR (400 MHz, CDCls) 6 8.44 (d, J=4.2
Hz, TH, Ar-H), 8.04 (d, TH, Ar-H), 7.63 (t, J = 7.2 Hz, TH, Ar-H), 7.34 - 7.27 (m,
1H, Ar-H), 7.25 = 7.00 (m, 12H, Ar-H), 6.76 (s, TH, Ar-H), 6.50 (d, J = 8.3 Hz, TH,
Ar-H), 6.38 (d, J = 8.3 Hz, TH, Ar-H), 5.56 (s, TH, CHAr2), 3.68 (s, 6H, O-CHs),
2.29 (s, 3H, Ar-CHs), 1.29 (s, 3H, N=C-CHs). *C NMR (101 MHz, CDCls) 6
166.39 (C=N), 157.64, 157.39, 156.61, 148.09, 145.97, 144.00, 142.93, 135.78,
133.65, 131.36, 130.56, 129.92, 129.73, 129.14, 128.49, 128.09, 127.88,
125.95, 125.81, 124.07, 123.07, 120.87, 117.26, 104.02, 103.71, 56.23 (O-CHs),
55.47 (0-CHs), 52.57 (CHAr2), 21.28 (Ar-CHs), 15.80 (N=C-CHs). (TLPMIE 4-17
R HE 4-18)

4;
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FRIE D #WE R . ESI-MS (m/z): caled for CasHssN202": 513.2537, Found,
513.2529, [M+H]" (JLHIE 4-35) .
WSS RIS TRBAINEISHEY L1-L4,
4.2.4 fE4F PA1-Pd4 B & RUR RAE
e Pd1-Pd4 EI’JAEE*/F BU0E 4-4 Firo

I-L 4 Pd1-Pd4

4-4 fE{LF Pd1-Pd4 B9EHK

¥ ER L1-L4 (0.3 mmol) , (COD) PdMeCl (80 mg, 0.3 mmol) B&
BRRTE 20 mL “SEBkE T, =RHHE 48 h, ERERED, BROEEE I
Ro ERMERE, BERKREXRBEN. ARFREESWPINA20mL Z

TUEHEGER, FISNEREBRETRKE, EETTTREIERSY
Pd1-Pd4,

Pd1 (112 mg, 60%) BI#ZEEEERE: "H NMR (400 MHz, CDCls) & 9.44, 9.20,
8.66, 8.53, 8.30, 8.01, 7.80, 7.57, 748,743 (d, d, d, t, d, d, t, t, d, d, 4H, Ar-H),
729 (d, J = 7.1 Hz, TH, Ar-H), 7.22 (d, J = 7.3 Hz, 3H, Ar-H), 7.15 - 6.97 (m,
11H, Ar-H), 6.89 (s, TH, Ar-H), 6.74, 6.66, 6.56, 6.51 (s, s, S, S, TH, CHAr2), 2.58,
2.32,226,222,219 (s, s, S, S, S, 6H, Ar-CHs), 1.15, 0.93, 0.87, 0.85 (s, s, S, S,
6H, N=C-CHs and Pd-CHs). '°C NMR (101 MHz, CDCls) 6 175.20 (C=N), 152.44,
149.22, 141.75, 141.63, 140.48, 138.34, 137.47, 136.71, 135.99, 135.01,
132.84, 130.76, 130.69, 130.47, 129.76, 129.25 128.46, 128.34, 128.25,
127.98, 127.58, 126.61, 126.45, 125.96, 124.28, 52.48 (CHATr»), 21.35 (Ar-CHs),
20.29 (Ar-CHs), 17.67 (N=C-CHs), 1.77 (Pd-CHs).  (TLPHE 4-19 R HIE 4-20) .

Pd2 (115 mg, 61%) BI#ZEEEERE: "H NMR (400 MHz, CDCls) § 9.45, 9.22,
8.68 (d, d, d, J= 6.5 Hz, TH, Ar-H), 8.31,7.99 (t,t, J= 7.6 Hz, TH, Ar-H), 7.86 (dit,
J=248,78 Hz, TH, Ar-H), 7.60 (t, J = 12.5, 5.3 Hz, 1H, Ar-H), 7.31 — 7.26 (m,

4¢
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2H, Ar-H), 7.25 - 7.08 (m, 7H, Ar-H), 7.07 - 6.92 (m, 7H, Ar-H), 6.79, 6.72, 6.64,
6.52 (s, s, s, s, 1H, CHAr2), 2.31, 2.28(s, s, J = 21.1 Hz, 3H, Ar-CHs), 1.15, 1.03,
0.96,093 (s, s, s, s, J = 6.0 Hz, 6H, CHs). °C NMR (101 MHz, CDCls) § 176.03
(C=N), 160.65, 158.20, 152.41, 149.28, 141.70, 141.43, 140.56, 138.39, 137.36,
136.44, 132.14, 132.12, 130.79, 130.77, 130.53, 130.49, 130.21, 130.10,
129.95, 129.70, 129.62, 129.54, 128.66, 128.48, 128.37, 128.28, 128.26,
128.14, 127.77, 126.66, 126.50, 125.43, 125.29, 124.36, 124.31, 124.28,
115.90, 115.68, 52.34 (CHArz), 21.31 (Ar-CHs), 17.57 (N=C-CHs), 17.55
(N=C-CHs), 1.70 (Pd-CHs). (TLHYE 4-21 K HiE 4-23) ,

Pd3 (134 mg, 70%) BORELEERE: "H NMR (400 MHz, CDCls) § 9.41, 9.18,
8.64 (d, d, d, TH, Ar-H), 7.96, 7.86 ,7.80 (t, t, t, 2H, Ar-H), 7.54 (t, TH, Ar-H), 7.29
(d, J=77 Hz, 1H, Ar-H), 7.21 (d, J = 7.5 Hz, 3H, Ar-H), 7.18 - 7.07 (m, 4H,
Ar-H), 7.02 (d, J = 6.9 Hz, 3H, Ar-H), 6.99 - 6.95 (m, 2H, Ar-H), 6.90 (d, J = 11.1
Hz, 2H, Ar-H), 6.82 (d, J = 8.3 Hz, TH, Ar-H), 6.55 (s, TH, CHAr2), 3.78 (s, 3H,
0-CHs), 2.32,2.26 (s, s, 3H, Ar-CHs), 1.12, 0.95 (s, s, 3H, N=C-CH5), 1.25, 0.89 (s,
s, 3H, Pd-CHs). ®°C NMR (101 MHz, CDCls) 6 156.24 (C=N), 152.62, 149.13,
141.94, 141.78, 140.55, 138.24, 137.02, 135.75, 131.77, 131.21, 130.56,
129.76, 129.33, 129.07, 128.37, 128.28, 127.85, 126.52, 126.33, 124.22,
110.84, 55.35 (0-CHs), 52.36 (CHAr2), 21.37 (Ar-CHs), 17.55 (N=C-CHs), 1.91
(Pd-CHs). (JUBHE 4-24 [ ME 4-25)

Pd4 (132 mg, 66%) B9REEEHE: "H NMR (400 MHz, CDCls) § 9.73, 9.52,
9.22 (s, d, d, J= 4.0 Hz, TH, Ar-H), 7.91, 7.78 (td, td, J = 7.8, 1.7 Hz, TH, Ar-H),
7.71 = 746 (m, 2H, Ar-H), 7.44 — 7.26 (m, 3H, Ar-H), 7.25 — 7.17 (m, 2H, Ar-H),
7.14 - 6.97 (m, 7H, Ar-H), 6.93, 6.86, 6.81 (s, s, s, TH, Ar-H), 6.56, 6.53 (s, s, TH,
CHAr»), 6.45 (dd, J = 15.5, 8.3 Hz, 2H, Ar-H), 4.19, 3.94 (s, s, 3H, O-CHs), 3.64,
3.63 (s, s, 3H, O-CHs), 2.32, 2.24 (s, s, 3H, Ar-CHs), 1.56 (s, 3H, N=C-CHs), 0.97,
0.90 (s, s, 3H, Pd-CHs). "°C NMR (101 MHz, CDCls) & 175.08 (C=N), 157.59,
157.48, 152.72, 148.97, 142.14, 142.03, 141.03, 137.96, 136.87, 135.14,
131.80, 130.67, 129.81, 129.51, 129.07, 128.27, 128.10, 127.71, 127.53,

126.30, 126.12, 123.95, 114.72, 103.71, 103.01, 55.96 (O-CHs), 55.37 (O-CHs),
4¢
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52.31 (CHAr2), 21.34 (Ar-CHs), 17.34 (N=C-CHs), 2.49 (Pd-CHs). (L MIE 4-26
RHE 4-27)

BT R SRS TREMINHIELEY Pd1-Pd4,
425 BEHZE

EWE 2-5 Fiin. B%6, BEEMERE 60 CHETTFIRED 24

IN, RERBBRRADIERENREGEE.

BEAZIBHORIRE: @EEEmMERT NN 10 umol BIEAEMFIFD 2 42
ABDAE(LR NaBArF (19 (3, 5-= (Z=®BE) XE) WEM) LUK 20mL =
SR, BEREEMNEHRERREHERESASERE, FERENE, &
IBIBNIZEENZE 4 atm, 3/NNERNER, REITHSESHEER1HT
HSHE, AREBERREENHEERZRNRERRBAEIREY.,

LEAZES MA L RIR : @/EEEM EHHRPIAN 20 pmol BIEBEMHFIFD 2
LEMEMENT NaBAF (M0 (3, 5= (ZRBE) X&) WERM) URS5
o EEEM EHR PO M. 2M RIGERBPEES —SPRNESAR 20 mL, FEE
K EEEM ERERE R H SR ESAEEEE, &R, BISENZEE
NE 4atm, 2/NRERNER, REITASESHEERIIETHESIHEE,
BRRBEEREBAFEERAZAR MU BRERRBIIEHBIREM.

43 BERE5WE
4.3.1 &‘rt?flJE(JAﬁJZ

R o
NH
1{FFh , K ZaCl,MHCl I :

AT-A4

Pd1-Pd4

4-5 WE WAE BeAR S4B NEEL S MH) ST B4
B 4-5 R, A2, 6 (UERHIRIRERS 2-R-4-BEFEARM, B

5(



LR IRRAFMEFMIEN

Suzuki {BEX R &R T 2B R ERAERN 2N KR, XL BMRRERRIIK
RIS K P EEHE 1T FriedelCrafts Yo B R R, BRI ARIERAK L
A1-A4, F=E}3 68-81%, MG, RABIRER 2-Z Bt EMIES O RANTRARE
hEE—FPHTHEE R, B 61-75%MF=RE3 Ik0E T ARE (K L1-L4"%>"Y, 1@
g 'H. °C # "°F NMR AR B 2 ## R B XX LB 17 T FRAE . WIEIAREL R
L1414 51 %8 (COD) PdMeCl (COD=1, 5%¥_¥) E_SHEP=ER
B R RS B BARBEL &Y Pd1-Pd4, 72K 60-70%, XA 'H. °C. "FNMR
MRS ERSIEITTRIE. BER N, UTRBRARBH, Al
ARBH, XAV BOEFIET Pd2 28, XERFEBETHE X FEiTsiE—5
T (B 4-6) . Pd2 Bo S48 Pd (II) D O2TEHARFENIELSFE/LARIK,
&Ym= E S E K.

4-6 Pd2 HE SE5 14
4.3.2 BXURZWGEREH N SRR
BEMNEE S PAd1-Pd41R1E 4.2.5 PR AN ZIEIIR R4
TREXLR, WEREERNEK 43,

% 4-3 HBPEO &R @

Entry Complex T7(°C) vyield(g)  Act. (10" Mawr¢  brs’
1 Pd1 30 0.89 2.97 388 132
2 Pd1 50 3.81 12.70 307 138
3 Pd2 30 1.48 493 500 116

51
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4 Pd2 50 5.30 17.67 345 128
5 Pd3 30 0.93 3.10 365 113
6 Pd3 50 3.25 10.83 335 121
Entry Complex T(°C) vyield(g)  Act. (10" Miawr®  brs?
7 Pd4 30 1.51 5.03 362 119
8 Pd4 50 2.39 7.97 338 122

F: PREEM: 10 pmol SEEWFI, 2 28 NaBArF, 20 mL CH2Cl2, B&HE 3 /N, 2
¥EESH 4atm, *3EM (Act) 244 10° g/(mol Pdh), “HFE (M) BIEAIA gmol”,
B 'HNMR U, ‘B (brs) =1000 x 2(lors)/3(lcroscn + lows), FEE 1000 MREF L
RO 558, B 'H NMR U E,

U2EHENW 35 (Z@PEHE) X&) THERIN (NaBArF) RBIEWLH,
A OE AR EE A T, IE ZIEREE M HBPEOs , XA FIRMEBRE
JEME (297-17.67 x 10 gmol™h") , FHEEHFE (307-500 g/mol) , BX
KE (113-138/1000C) WIRZWEH (& 4-3) . HTIXL HBPEOs I FEIR
F GPC RARWMIEE, HLL 'HNMR UERFEIVRS E/EA D FENENEN
BiE. RS RET SEIRS HBPEOs HIEY (B 4-7 a) [ERY, Fr8 HBPEOs
WO FERE (B47b) , MOTZEEN (B47c) . XEEESHTIEENK
FEACHNZERECNEZBERENASMESRE, Ak, BN THER, &
HRENETEC—EREELEREN, X5EENRFTRENMBLER—K
B3,7282848687.89 91100110131 | g (Y K MYBRSSLIGch, Pd2 7£ 50 CHREIHREH
JEME, 7£ 30 CHR =4/ HBPEOs D FEkE (B 47ab) . X—WREREF
MEEREBEAER,; A, XaIRTF FRFHENNHBYE KB FEA, &
ig 'HAD "CNMR i (B 4-8 ab) HNZENH, EETABGREMEN HBPEO 1Y
mMEEH (R 4-3, &E2) 2 HBPEO £ 'H NMR i &7 B8 B A94SE,
RPEE— R, —PREM C=CCH EH, URKRFENKS (B
4-8a) , It4h, MR "C NMRIZBRTAREENAY (BERE, 2§,
EREMNKEDSS) , IBNRURERNX LXEBNEFEE (B48b) . &
BEENE, KESIMKREMMRT HBPEO hEENA/NTR, HAEXES
NERENERRPEABIUEN, WRNEEP TR,
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(a) Yield (g) (b) M, (g mol™) (c) BD (/1000C)

30°C 50°C | 59 &/ 30°C 50°C | 160 30°C 50°C

6 530 121

400 120
4 300 80

200
2

100 40
O “Pa1 Pz Pa3 Pa4 O a1 Paz Pd3 Pdd O “Pdl Paz Pa3 Pd4

4-7 Pd1-Pd4 #£4LFITE 30 °CH0 50 CE4 7152 HBPEO =2 (a) . /7= (b) FIxk
E (c) Wi,

1.8
F1.7
1.6
1.5
F1.4
F1.3
r1.2

1.0
0.9
0.8
0.7
0.6
0.5
0.4

b 0.2

0.1

55 50 45 40 35 30 25 20 15 10 05 0.0
f1 (ppm)
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(b) AR oo N\ L ©? )

;‘3“ N \;&’L o2 {,(9'5 o2 v;-:,t‘ab‘
ADA ’2.67' A®L 2> ,-L%q, PO

AD?
sEt \)\
sMe

oy o
O ™~
1w
le]
c
a
™
= m:
=4
@ mcfl' om
O > <}
o c (@] =
pC sl & o 52 0 o
o0 > [daNa R ~— o -—

39 38 37 36 35 34 33 32 31 30 29 28 27 26 zs (ﬁﬁmzf 22 21 20 19 18 17 16 15 14 13 12 11 10 9
& 4-8 Pd1 7£ 50 ‘C 5% HBPEO 9 'H (a) #0°C (b) NMR iGi¥M 254 o
4.3.3 IRMTNRELBSIUR 2B BN SRR
BERNEE S Pd1-Pd41R1E 4.2.5 p RN EEN ZE SR IGERPEH
BERNFHHTREILH, USREGERIE 44,

% 4-4 FMHETHEE(L HBPEO KIERY °

Entry Complex [MA] Yield(g) Act.” Xwa(mol %) My N°  brs®

1 Pd1 1 0.60 25 9.9 325 095 141
2 Pd1 2 0.17 0.7 16.0 375 1.61 139
3 Pd2 1 1.49 6.2 7.4 374 0.85 127
4 Pd2 2 0.35 1.5 13.6 420 1.59 130
5 Pd3 1 0.74 3.1 8.3 368 0.93 122
6 Pd3 2 0.25 1.0 15.2 405 1.67 128
7 Pd4 1 0.54 2.3 8.6 397 1.03 112
8 Pd4 2 0.22 0.9 15.0 436 1.78 123

S PBREEM: 20 pmol FBEMR, 2 242 NaBArF, 20 mL CH.Cl. 1 MA, R&HE 12
NG, Z¥EES 4 atm, BERE 40 °C, "iEM (Act) BALA 10° g/(mol Pdh). ‘R
MABEALL. ‘“DFE (M) BIBALN gmol’, N= SE/RLRYE - EREFN T E/R
#, H HNMRUE., “TE (brs) FRE 1000 MREF LHSTHEE, B 'HNMR U
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Eo
FIERERZETBAREERGE THSREYM RN RS RENE
A, ARG, ERECTINELT, BEZESREREE (MA) 593t
RAR T RIEINAE( HBPEOs (PFHBPEOs) (3] 4-4) ., iXY PFHBPEOs &
UK EGREEM (0.7-6.2 x 10°gmol™h™) , B35 F24E (325-436 g/mol)
MAEARS (7.416.0 mol%) , SXLES (112-141/1000C) WREY (B
4-9) , REBANSBEAZEIZRARFEARNEARZEEE, EFFEHR
BRAMMERAENTEAN. X—RASZHXTFEUELRENRE—K
B3828486878391100119131 34 MA MR ENIMEEY, BUTEUHEERE (B 49a),
[EE, HLF48 PFHBPEO M FEMXKEREIEN, RFEARLFEM
T—& (B49bc) . FHNRETEZHTEAL MA XA FOBIEITE
. MBEALNASEE R T RAEATTEEIRE M L FI 1533, il
2, HFEME MARENFEMIZN. SHNES FEELBERP
MASRENIENSERBENER, SHOTFENTERK, MERRIFENS
EALLH PFHBPEOs ST B A F8 MA BB, NMSHRELZ 2D F
SNEZIEN, W, TUENBNEERTEFIZ MAKRSHEN. &5, &
&I Pd2 £ 1M MA RREEREHHREM, M Pd1 £ 2M MA NEEREH
WAR, FEHIWFER PFHBPEO S M RYEREG S MIEEHR (£
4-4, B 49) . EZ 'HFD "°C NMR £ T BB R E M PFHBPEO (3 4-4
B 5) MMM (B 4-10) B804  pEHBPEO 9 'H NMR & &R H
BAEOHE, RPGFE—TRIENE, —PRENEBESE (0CHs) , —P MR
B C=C-CH. EHl, AKX CH.COOMe, CH.CH-COOMe EFFIKixEBHE (B 4-10
a) . SIABHFENE, B °CNMRIZBRT AEHKNSY (BFERE.
ZE. ERENKENS) . — M WENE. —MAEN OCH: BEH. — MBsik
B/ —NERMT L 2K (B 4-10b) . BESITENE, KD AR
ENREU D X EFRBHES TP GRALH, Ea USRS, XTTAMN
T EAFEDSENER"", 7EXL PFHBPEO th, EBEETELAHEHLEYSH
AR
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(a) (b) Xy (mol%)

2 18 160 1M 2M s, 150
1.5 12

1
0.5 6

0 Pdl Pd2 Pd3 Pd4 0 Pdl Pd2 Pd3 Pd4
(©) M, (g mol) (d) BD (/1000C)
500 1M 2M ,,, 436 160 14139 1M 2M

12780 5,128 123

400 120 112
300 80
200
100 40

0 Pdl Pd2 Pd3 Pd4 0 Pdl1 Pd2 Pd3 Pd4

B 49 Pd1-Pd4 L FI7E RIEEAEREE RN 1 MAD 2 M BY 44589 PEHBPEO W2 (a) . &
AL (b) . HFE (o) AIXKE (d) BILE,

60 55 50 45 40 35 30 25 20 15 10 05 00
1 (ppm)
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(b) PIPY @R @ @ P @e e

W\\ O g)%'l \0(%?’ %@3 (‘bb‘ 9“ W“\
ADA 7,9'?— W20 b‘e"" fg,%h Oe“_

AD? ’L%b( A®H

\l/\/ \( BT
co

SEt\/]\ | MAWM P e

.......

176 175 174 173

55CH,

52 50 48 46 44 42 40 38 36 34 32 30 28 26 24 22 20 18 16 14 12
1 (ppm)

B 4-10 Pd3 7£75 EL BFEs 7 1M 54483 PFHBPEO (9 'H (a) #0 °C (b) NMR ¥4 947 o

4.4 30
LR EETR, BN EEHRA T — R I IE T RRIE AT, X LEAELH

#% FAF#I& HBPEO 0 PFHBPEO, XLE{E{LFI#E HBPEO SR PERIMHEIE It

(297-17.67 x 10 gmol™h") , F¥HFEE (307-500 g/mol) , ZHES

(113-138/1000C) , HNHNREVHER. LHEHZ Pd2 £ 50 CRHEMH RS
BEME, £ 30 “CE =417 HBPEOs B F&E&km, W EREERUEIHET FR
FHEMOHWHNIRBFEL, mESERPOBNGEEEER, REESEK,
MFIsERET, Pd1-Pd4 FIEBIM M HBPEO EBEDFE (325436 g/mol)
BXWE (112-141/1000C) FEMESSE R, BEMPSE (07-6.2 x 10°
gmol™h™) . k4, FrIRSE0 PFHBPEO XMES ESH MABAR, EEE(
FREDZTHRG, IR E—SIUEL T HBPEO 0 PFHBPEO &S
fhoszdt, HhERStfEhEl, BEFRNE, BUREHNRE
ST SN FTS HBPEO 1 PFHBPEO BUSEM . M4 ERIERE,

5%
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FSEFARESEEEFRBRIE T EHES LIRS
WRZ1mHH

51 ARER
BIENRE—EETESBREAUNZERSINRIIREHSE, o — T
BIMARREFKRESEA R SR T SHE K PR AMBES B P ON
. DFRIBEN. NERLH, BEZEDFEASREHE, SEEK
FIBEEBERESMERTE", N THREFEBIB—IMHREF. BTEEE
WA R AR ISR EBAZE, ME T UEENASUEBAZE, BiiX
MERERTEAYRADTANEE. Bilt, STENSANBREZENDZ
SEHIRM T —REN0RR. MEEUEN, SIFRE. EHMEKRINGS, o
TSR LR N7 1 a AN € = 2 i =F ;-3 =7 L % p SR: L
B, BE. BURENERE, BTENRHRAKENSEDL, KER
NEEIRH H AT LB 51T E BT, N REB L~ B A1 BRI
BB S, — NREIFIFE Mecking Z A IRIEH N-SEER/KABBE R LH
(B51a) , BEEENEETTEEEREFRAEN SO FELHREY
(140 CFs, SFs, NO,.) FIEAEHBFIRARNSIUED FERSY BI10 Me,
OMe) 124153701 sy iR AM A MM E T E NS AN = EEF
MRSREZRTHETE, RRETZAENENHE. H—S0HBEIERIT
WHIREE R R SBEEERRTEITESBTE. fi, Guan NBT—FhE
FEMARENa-—TREEAS (B51b) , HbhEBREEMNEEESSET
OHREER, EERLTHTE, MBS TXHEREEM" . B, Chen il
Dai EARET EFo —URBERUFIBEUNZERSHR (B51cd) , Ho
SRFHAEWENSERSERDOMEEER, AKKRBETRSMO I E
o2l ERMNBEN TP, BRIVFRRTERARBNRERFNESSENSE
b2 B EERRSN, BRI TETE (B51e) . AAEHNESE
THEEERSRREFRENARE, ERNEEEDREBIRTETR, K
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RERBERZHENLRYND FENIHE", X—REEMRAT RINEZ
HEREIREDEEMH T ENMI . BEE—BRUAIo — W RZRELTI B
WA RHhESI NS ERFEAENN OMe EF (B 51f) , BRIIBATEEL
MR, RNSTILHIR 28

M = Ni or Pd Thiswork
X =CH (1), 0 (2), 5(3)
(d)

(e) ()

B 51 ZEREPEIREEEEEER MG EENRERG (ae) FHMNNIME ) .

5.2 SLRER

5.2.1 LW FERILEE
REFRELRARBIATIRNBUWTE 51 F1F 52 Fix.
£51 IHHBR

ABEIR ErE R /e
e-1, 2R RS AR
2-R-A-BEKRG TS AR
2- R EIRHRBR RS AR

2-FARTNER S AR

=7
2- R BRI RS AR
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HRAR R Hg/as
2, 6-_ I EIKIPER RS AR
MO (=ZRER) £ it S AR
R LS AR
Tk ZMS AR
B A TS AR
WEAVSIE Bz AR
BB E% AR
IKBEER E% AR
Z B Bz AR
S5 REEFHRALT AR
vapisifia3 RKEEFRAKT AR
& 52 LU
BB EIR UERBS &
ety L N-1300D-W RREBTREA KK
B i Es RCH-1000 RRENI RS
BFRE CP1502C eSS
HER Edwards EEESEEETR
FEMR VIGOR RUAERHE (FFM)
e Bruker Ascend™ 400 HeEERBERAT
TR HTY Vario EL-3 =E & Elementar
=im GPC LS PL-220 ZRERKERAT
R LTQ Orbitrap XL £ [E Thermofisher

5.2.2 Ei% A1-Ad NE R REE
Fiz A1-A4 S B REFANENEFR,
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5.2.3 fig4k L1-L4 SRR ERIE
BeiR L1-L4 BOEAFZBE 52 FiR.
LT o v go T

Zn1-Zn4 L1-L4

5-2 el L1-L4 B9SHL

KL A1-A4 (2.0 mmol) 5Js8 (1.0 mmol) . ZnCl2 (0.15 g, 1.0 mmol) .
JKBEER (4mL) JBS. £ 90 CTHHDONR 4 i, RAEIZEREELRERN
TENR, ERETRAE, BELKZE (5x5mL) MERUEREBNZE, &
BT TFREBI—MINBAER. RF, Bl —SNAENEBSER M3
fR7E 30 mL Z&BRd, 4B 017 g (1.0 mmol) EEEE 5mL KhFHIIA
B, BRECESYIRIZURE 1 /08, BHRESE, B 3x20 mLKEREN
B, A MgS0.F&, TRE, BEETZTRESREAN, NAZEELELER
MK, BEENKRIRHESETS TTREE L1-L4,

L1 (1.12 g, 66 %) JE504"°7,

L2 (1.32 g, 75 %) B9#EEEE: "H NMR (400 MHz, CDCls) § 7.79 (d, J= 6.2
Hz, 2H, Ar-H), 7.40 (d, J = 8.2 Hz, 2H, Ar-H), 7.29 (d, J = 7.2 Hz, 3H, Ar-H), 7.22
(t, J=7.1 Hz, 3H, Ar-H), 7.12 (d, J = 8.4 Hz, 6H, Ar-H), 6.98 — 6.83 (m, 10H,
Ar-H), 6.27 (d, J= 7.1 Hz, 2H, Ar-H), 6.11 (d, J = 6.6 Hz, 4H, Ar-H), 6.00 — 5.87
(m, 6H, Ar-H), 5.40 (s, 2H, CHAr2), 2.38 (s, 6H, Ar-CHs). °C NMR (101 MHz,
CDCls) & 163.05 (C=N), 161.21 (C=N), 158.76, 146.15, 143.90, 140.82, 140.07,
134.01, 132.89, 132.81, 130.58, 130.16, 129.70, 129.53, 129.35 129.22,
129.15, 128.66, 128.03, 127.72, 127.19, 126.66, 125.97, 124.95 124.43,
123.78, 123.24, 116.05, 115.83, 51.92, 21.30 (Ar-CHs). (MME 5-1 & MiE 5-3) ,

FRIE D EE R . ESI-MS (m/z): caled for CesHasF2N2™: 881.3702, Found,
881.3696, [M+H]" (LHMIE 5-8) .

L3 (1.18 g, 65 %) E9RZEEEHE: 'H NMR (400 MHz, CDCls) 6 7.39 (d, J= 8.2
Hz, 2H, Ar-H), 7.28 (d, J = 8.6 Hz, 4H, Ar-H), 7.24 - 7.06 (m, 7H, Ar-H), 7.06 —
6.62 (m, 14H, Ar-H), 6.10 (dd, J = 51.3, 24.8 Hz, 11H, Ar-H), 5.42 - 5.23 (s, 2H,
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CHAr2), 2.37 (s, 6H, Ar-CHs), 2.55, 2.14 (s, s, 6H, O-CHs). '°C NMR (101 MHz,
CDCls) & 160.88, 145.71, 144.04, 141.17, 139.69, 137.35 132.37, 130.20,
129.85, 129.72, 129.39, 129.11, 127.96, 127.42, 127.18, 126.64, 125.79,
124.90, 124.76, 122.18, 51.98 (0-CHs), 51.72 (O-CHs), 29.35 (CHAr2), 21.25
(Ar-CHs), 20.43 (Ar-CHs).  (LHE 5-4 K KtE 5-5) .

RIE D EWE R . ESI-MS (m/z): caled for CesHssN202": 905.4102, Found,
905.4052, [M+H]" (JLMIE 5-9) .

L4 (1.41 g, 73 %) B9#ZEEEIE: "H NMR (400 MHz, CDCls) 6 7.40 (d, J=8.2
Hz, 2H, Ar-H), 7.35 = 7.27 (m, 4H, Ar-H), 7.22 (t, J = 6.9 Hz, 2H, Ar-H), 7.14 (d, J
= 7.4 Hz, 4H, Ar-H), 7.08 (s, 2H, Ar-H), 6.88 (t, 4H, Ar-H), 6.77 (t, J = 8.3 Hz, 2H,
Ar-H), 6.51 (d, J = 7.8 Hz, 2H, Ar-H), 6.30 (d, J = 8.3 Hz, 2H, Ar-H), 6.23 (t, J =
8.3 Hz, 6H, Ar-H), 6.12 (dt, J = 26.4, 7.0 Hz, 6H, Ar-H), 5.29 (s, 2H, CHAr»), 4.02
(s, 6H, O-CHs), 3.37 (s, 6H, O-CHs), 2.36 (s, 6H, Ar-CHs). °C NMR (101 MHz,
CDCls) 6 161.32 (C=N), 158.31, 157.85, 146.84, 144.49, 141.68, 139.97, 132.19,
131.71, 131.04, 129.92, 129.44, 129.22, 129.13, 129.03, 128.34, 127.96,
127.14, 126.91, 126.19, 125.80, 125.39, 125.01, 123.38, 122.49, 117.35,
105.17, 103.43, 56.93 (O-CHs), 55.18 (0-CHs), 51.91 (CHAr2), 21.46 (Ar-CHs).

(WME 5-6 RHE 57)

RIE D EWE . ESI-MS (m/z): caled for CesHs/N204": 965.4313, Found,
965.4314, [M+H]" (W KIE 5-10) .

BEZES TS RIESTRBEKINEISEHEY L1-L4,
5.2.4 {84k Ni1-Ni4 SR R RIE

L5 Ni1-Nid4 W& RS BIE 5-3 Fi.
J 9 )

Ni1-Ni4

5-3 4L % Ni1-Ni4 &
ERSESRT, ¥ 0.2 mmol X NMERBHET 20 mL —S Bk, BEEH0

A (DME) NiBr2 (0.2 mmol, 62 mg) ., ¥SEHESYHEZIE MEHFIR.
6
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BATERETHREHR 4 x5 mL ZBEEETEHER, EEZSTTREID
&K Ni1-Ni4,

Ni1 2404,

Ni2 B97TE DT 1HE{E CesHasBraF2N2Ni: C, 69.91; H, 4.22; N, 2.55. SLFR{E
C, 69.89; H, 4.31; N, 2.49,

Ni3 B9TTEDH: 1T E(E CesHs2BraN2NiO2: C, 70.55; H, 4.66; N, 2.49. LR
{& C, 70.46; H, 4.56; N, 2.41,

Ni4 B9TTEDH: 1HE(E CesHssBraN2NiO4: C, 69.00; H, 4.77; N, 2.37. LR
{& C, 68.89;H, 4.84; N, 2.51,

B BRAEES T SRESY RS, REMINEIELEY Ni1-Ni4,
525 BE&A%E

REFEWE 2-5 fim. B%, BEBRMERE 60 CHETFRED 24
NG, AERHBRATIRENRGEE.

REAZEHDREE: £FEED, B 10 pmol HREAFIBTF 5mL ZH
BAfe, FA 2 mL $HEHEL 1 mL 3B FRREATINNEEER E/RS, BI0A 200
HEMMEAT ELACI (ZZESMNIE) UKk 20 mL B, FEXiEEHXANEE
RIIHELEFES. SEEMERSS ESAEEEE, REIENIEENE 2
atm, AZBESHEBREBATS 3R, BRSHEXAEER], FEREHR
¥, BEIBNZKEENZE 6 atm, 30 P ERNER, FIBITARESHEE
BITHATHESE, MEEMERTINAZEERRNHTTELREN, SiER
EBFENREMHTES TR,



LR IRRAFMEFMIEN

53 BER511ie
5.3.1 EHFINERN

B(OH), oH R O Oe
NH, R R RNIIE g NH (7
. 0 P
® 00—
—_— — =

Pd(PPhy), K,CO, ZnCl, HEI ZnCl, AcOH

& 5-4 o= WHR ERiR R AR HRBL & YIH0 SRk B4

Y08 5-2 Fi~, FIFSEENBEARLN, & 2-R-4-BEXRKRS 2, 6 “BHAX
MBR(BEE, SR THEMNMN 2-FERR, XL 2-F RS Lucas i1 NEFET
5 T RBE2#1T Friedel-Crafts IRB RN, EMRUILIAFEE A1-Ad, BRI
WE RS BREIERESENNRE, TEE2E5Ma"IRFERSY, RE
BT KRR RSB RIES L1-L4, ZEAFERRE (6575%) , @
MBRTHERNSE. Hb L1 AN, HESMIKRNER L2-L4 81T 'H.
°C #0 "F NMR AR RIL#H1T T R, o —TKEAR (L1-L4) 5 (DME) NiBr.
RN TF7RA 69-80%HRECEH Ni1-Ni4 (B 54) . BITEDHIER
ARECEYIMIT TR, Hod Nil 2REHNN. BZSPRBERS ZBMERBHY
HURIS T1EE X FI40T5 28 Nid4 2.8, 308 55 Fin, REESYMERERP
OEBSMEHBNNGHEESE, ERE&EMT, —XEFENKEGHRE
w7 Ni (1) pORHENE, RRPERF 04 5ERFOZEHIERN 2169
(3) A, INFRELBELEEZZI (3.24 A) |, RPHEHREERNT MR
Ko BROPERRGEHEH TRERSHNERRS. BT N3 ZZ2ERE T
RERIERBHEY, RPERESERED, XNFEUPEEEIRESEPO
MER, HEREGERETSAH ZHmAL
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5-5 Ni4 {958 B45 4
532 REMZIERSRM AR
BEMERE S NiT-Ni4 4R 5.2.5 A SREN 2GR RN &4
TREXK, NEREGERNE 53,

& 53 REAMNZHFEHIR °

Entry Complex T(°C) Yield (g) Act® M.° Mw/M.° brs® Tn/C*

1 Ni1 30 1.93 1.93 38.89 1.84 56 50
2 Ni1 50 1.84 1.84 33.12 2.20 67 43
3 Ni1 70 1.71 1.71 2486 2.06 77 25
4 Ni2 30 1.83 1.83 36.72 2.02 57 59
5 Ni2 50 1.78 1.78 32.98 2.14 64 53
6 Ni2 70 0.99 0.99 19.15 1.99 67 43
7 Ni3 30 1.90 1.90 2642 2.15 39 67
8 Ni3 50 1.81 1.81 24.20 2.00 49 64
9 Ni3 70 1.67 1.67 9.91 2.60 49 63
10 Ni4 30 0.91 091 5392 2.25 3 129

11 Ni4 50 0.86 0.86 43.83 212 5 127
12 Ni4 70 0.95 0.95 25.89 2.15 5 124

I TBEEM: 2 pmol SFBEMTI, 200 H=E ELAICI, 1 mL CH2Cl2, 20 mL B, BEEY

18 30 5%, ZIEES 6 atm, “5EME (Act) BN 10°g/(molNih), “HFE (M) HIE

fi19 10*gmol™, 7£ 150 ‘CTEI GPC ME . ‘SXALE (brs) =1000 x 2(lcrs)/3(Icrasch + leks),

EFRE 1000 MREF L8, B35E2 'HNMRIUE, “HRIBERABERE (DSC)
6°f
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M.

%200 HE ELAICHEKE, FIEREXFHSBRNERENHERETENE,
0% 5-3 Fim. EMEMUNRBESRET, Ni1-Ni3 EASEHZETRIHEMUER
aiEt, WS THRSEERAK N4 (B 56a) . FHNEREEITEEHTHEE
S5RFONERLRM, EETHIEK (B57a) . MEEAFNRSELE
BERENASMEHEE, XRATEAANREENZENERERERE
NASmEE (B56a) . SARFINE, AEERFHERIBHEBLEST
FrERZGEHNNFEEEEXI (B 56b) ., 8L, SSEEUFMEL, @ik
BAENERZGESFENFIWIEES (B56b) . XURRHATEREGT
EraRF5ERP OMNHNBEERRSS, RELIFREFNEDIER. 8
ZT, EEENEaEELERN Ni3 EHFRINER TRES FENER, XE2F
oJIERN, XuUgEETENBEEEEN THDSFESERERMNAZENEA,
SHEMOFRRE, MEARENREITH T BaE5ER PO BIE,
SEXIB-H B HIRREE . H5IARMBEER, FIERIEND FEBXN TSI
EFIFIERM OMe BEXUEMFIEZIEN (B 56b) . X—BEBNINRFEEITRE
TREENSET OFELEEFERNEN, HTRESETR-HER, BF
BRIR T E—SHEBAENER (B 57b) . AN, XH—FSRETREIRE
pE-SHETENHRER, SEULERKE.

——Nil NI —=—Nil
2.5, ——Ni2 ~ 60, _._:.1 a0 -‘—N;z
——Ni3 =] ;T — Ni3 -~ —— Ni3 .
= 2.0 ——Nid g 50 Ni o Nid e
3 —_— -& ] —— Ni4 - =1 T
= 1.5] B 40 . § 60 /
2 = 30 = e
> 1.0 % o 40
§= 20' =]
0.5; * 104 . 20
0.0 T P o o
30 40 50 60 70 30 40 S50 60 70 30 40 50 60 70
Temperature (°C) Temperature (°C) Temperature (°C)
B 5-6 Ni1-Ni4 7£ 30~70 CHRHTEMRZFEHTX (a) . 7 FE (b) MIMUE (¢) L
B,

AEXUERENE, XESIANRREFRE T TRUESEARNER, 5
ASRBAEFREEEREBAGRIFBHNXUENRSENNER, BEXT
BUFREGHER, EHIRETEENUNZN, XtERFRBAELRLE
PR TERPO. BEMPEENSIABLBEUERAENSIAEREEEATE
Bl SEUENERRBNENERNEXRS. B, RUREELS
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AHRE T REXN#TERSHRE, RLAXEHE, SIATLRRERESHX
HKEEERRE, BRAKRS. IGHNRZERERBRNFEBRNUE, =%
UTSEELMRZEMHIET =Nk B ERNRNERROTEER BTN
HEETUEHMRFIFEESES N-SENER, NMmAZHRFSEL DO
&L, IHIAHEREMR (B 57b) .

S

Continuously stable weak interactionsdue torotational constraints

B 57 ZH 89 TR EBUCE D 584 A0 (et 555 BH) oI REALED o

5.4 45ig

PR, AN HEM T —RIIEFHEMBEEAE (F, OMe, IX OMe)
BRI IRa-— AR IRECE Y. FH 200 {389 ELAICI JEHE, XEREATIRI
HERBHNZERGELYR, BFEIENE, SHERAENEENHENTN
MR ZEN D FEETRANZ, SSEEAT T2 NERELTIEE,
SIANBRMEBAESHRZEN D FEXRBIEN, TR H T RN FAEEN T
PBEEEEREMNAZENXA, SEERHMOFREKES, MIREIIIEETH
THEESERPOZBNEN, S SH 9MHRE . S5 AN B REL,
FRETSERPOFEEEFR, MHTREIEPLH HEER, EERET
E—PHRERRENSR, ERZGNS FERXTSHELTIFIEMN OMe
BRI R ZIE00. IS, NIBEUESIARNRRERFET AR TR
MWHER, QARENZ, RNBSENFESEUENEZRREIE R
SRERF. Bitt, HRNMPESREFEACAHENRZEEERSHE RIRR
HSXHE, XUTEBELERZEMR
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FELESRE

ERRXHIHRD, BNBATEHNER—RISHNETE SR IEE
KH, REMRR T REBEENEXTIERARRESZG TR, HHEHT
BRIENECRIUREENREEMG, EASICNT:

(1) BEMACHECAPRIREFESESREFONRKSEEER, TIHE
b, W T ARHARRERBLEAHNRE, METIERETNESETON
SWIER, SARCEESREYD FERRNKEHESHELT.

(2) BT ZFERENFE 2 LA 2B CENBHEEN " FERE
LIETRREEY), FHEEBATZE () BE. TiEBET OMe S€EFOZIE
MESHEEVER, XMEEEFRAERSEREDEEMEERK, BBEEE, BN
OMe A EXAUERT Ni2 IR EFML Bt A EMREBI N1 IREFEFS —TMHELR,
FERNRZES FEHEE N1 FiIBREMNSFES—TMHER,

(3) EAIINME MR T —RFI M IE LAZE AR, XL F
F#l& HBPEO #0 PFHBPEO, H & RFEAH) Pd2 7£ 50 CHIRIME &R FH
JEME, £ 30 CBY =48 HBPEOs f» FE& e, ol fe)IET F R FENINIHEPHY
REEFRL, FESESBEROZBNGEEEER, TSR, IH%EE.

(4) BUHER T —RIIEEESEMEAE (F, OMe, X OMe) BIF
Wi tha —URRREEY), HSIARNBEEN, BEETSSEPOMFEEE
ER, FHTREIET/HEER, EERETFE—SHEEBRENERER,
BRZEND FEEN TS EXFIFIEN OMe BXRELTI EZE B0,

BMNEW, EEAFNRABMUEAE LSINEENNRET, ZEFS5S
B OFENSSEE ARG TREIREPLH BHER, RETE—S
HERRENMR, MgER, RERTE, ReRSYSFE.

ETFULNIRAAR, BREEA TEEGAAD FENARAXHMELNRZ
Wom, 5. IMMINAEN B U R Z S MAR Z MR . BIEHD FENREEM
HUMBZS+AEE. S HENA TUNMBNME, BIINUAZERE—R
FEORHISRIEEME, BaFEREB RN PAC H, RMNREFEBHREE
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HEAFERHNEZE. BUFANME. HEARTE. IZBHERE. ’RUTRE
MIINERENLR, BIREFRANEN, XEFESRENFENRRERIIFIER.
[ BT IE R 7@ A — L = Ela- — WARIR M AL BV EL AL RFHESI AT E B
BEEENR OMe EH, LIRS EELERZEMRIENN ., XAMERE
MU ERERAM T ERNRE, NEERITESRBRZSHELTIRMRTENE
B IR

LR ERTR, A RGHAR 7 RRSEEEERAN T ESRBELIGERET
RHRN, XEFLECHEFNSREEMMTERIEEXRNEN, ARKIE
TAva9elFT A BIRM 7 HE0 8.
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