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Preface

Bernal described in his book "Science in History"
that chemical industry of the twentieth century was
characterized by the use of continuous-flow methods
and of catalysts. Certainly, their development leads
chemical industry to one of heavy industries and
prosperity of nowadays. However, oil resources have
begun to be exhausted so that urgent and important
subjects toward dispensing with o0il are not only the
technical solution in energy industries but also the
development of new catalysts for industrial processes
associated with polution control and saving of
resources and energy. Heretofore, development of
catalysts depended on experience and rule-of-thumb
methods. Fundamental research for finding new catalysts,
predicting their catalysis, and designing new catalytic
systems has been keenly performed in coorporation with
progress in analytical instruments and development of
theory on chemical reactivity.

However, when we imagine a catalytic reaction in
a solution, there are valency of a metal center,

properties of ligands, their geometric factors, and



solvent effects which govern the complexed reaction.
The thesis accounts for some catalytic reactions by
transition metal complexes in unusual oxidation states
such as Co(I), Ni(I), and Pt complexes. The oxidation
state is unusual due to the lack of purposeful
research to prepare, isolate and characterize the
unstable complexes. Even if an unusual oxidation state
is present in the process of a complexed catalytic
reaction, it is too unstable to be observed. I believe
that the elucidation of catalytic behavior of transition
metal complexes in unusual oxidation states which are
stabilized by some ligands gives a clue to development

of new catalysis.

Hiroyoshi Kanai

April, 1981
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1 Prologue

The catalysis of organic reactions by transi-
tion metal complexes has become a major synthesis
tool, both in the laboratory and in the chemical
industries. Apart from the complexity of heteroge-
neous catalysis the ease of the investigation of
the mechanism of homogeneous catalysis and the
structure of homogeneous catalysts is an advantage,
opening rational ways to develop novel and intri-
guing catalysts. The object of the thesis is to
clarify characteristic features of transition metal
complexes in the unusual oxidation states and their

application to catalytic reactions.
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Table 1. Oxidation states of the first transition series metals

Oxidation

Ti V. Ct Mn Fe Co Ni Cu Zn
state
W 0
W 0 O O
V 0 X X X 0
v 0 0 X 0 X X X
I 0 0 0 0O O 0 X X
I 0 0 0 0 0 0 0 0] 0
I X X X X X X X 0
0 X X X X X X X
-1 X X X X X X X
-1 X X X

O : Known before 1920; X : Known after 1920.
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BRIGCRREDCED 2 BE2RADBED L0 12153 T. +3RHESSIITE
ROTZINTOLZOREREDLEMIOH TRERINITH S5,
ERLCTED ST LBESRO | KISV TEELTAHEY, 5158
BEBOMT, 1 i EFE S BIRERE RBETOREIITH 3, 1 HRESE
ik?%tbmu.%@Eﬁ¥7zxiw£—(itu&&my&we-)ﬁ
ATH2E»IC, RURINCH U TEE TR AU b e, ERT v 2 4
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Fig. 1. Oxidation state diagrams of MX,.
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Table 2. Monovalent complexes of the first transition series metals
Electronic Coordi-
configuration nation Geometry Examples
number
d3
4 1)
d 6 Octahedral [V(bpy)B]I 0.5py
5 Tp [V(CO)4L]X L = aromatic compounds, X =
2)
; BPh4, PF6
d 6 Octahedral [Cr(bpy)3]X X = halogen, C104,3)
4) -
[Cr(phen)3]I, [Cr(CNR)G]X R = C6H5 and
its derivatives, X = PF6,5)
- 6)
[Cr(C6H6)2]X X = BPh4, ClO4, I, OH
b 6 Octahedral Mn(CO) X X = halogen, ') [Mn(CNR) (CO)4_ ]
PF6, Mn(CNR)n(CO)S_nX R = CH3, CGHS' X =
8) -
B, CL; Mn(CO)an_nX L = PPh3, ASPh3,
SbPh3, P(n-C4H9)3, P(OPh)3, CGHSNHZ'
CNC2H5 n= 3,4, X= halogen,g)
: 6_ 10)
4 Distorted [Mn (n C13H10)(C0)3]PF6
tetrahedral
d7 6 Octahedral Fez(CO)sIzll)
5 Sp Fe(C0)4Ill)
8 - 12)
d 6 Octahedral [Co(bpy)3]X X = halogen, ClO4,
5 Tbp Cox(cO),L L = Pphy, x = 1,13 1 = pEt,,
X = halogen,l4) L = P(OPh)3, X = I,lsa)
[CO(CO)3L2]X L = PPh3, X = NO3, eL, 1,
16
clo,, HgCl,, Fe(CO),NO, ) x = BPh,, HgI,,
17) _ _
Cr(SCN)4(NH3)2, L = PEt3, PCy3, X =
18
BPh4, ) L = P(n-Bu)3, PPh3, X = SnC13,
19) _ _ 15a)
BPh4, GeClB' L = P(OPh)3, X = AlCl4
'20) _
NEt4[Co(C0)3(SnCl3)2], [CO(CNR)S]X R =
- _ 21a)
CH3, C2H5, CH—CHZ, X = C104, NO3,
- - 1 22) -
5 Sp COX(CO)2L2 L = PPh3, X =1, L = PPh3,
X = Cl, Br, CN, clo4,15'23) L = PEty, X =
Br, I, ncs, 2 1 = PEt,, X = en; 29 1=

26) 27)

P(n—Bu)3, X =1, Cox(CO)4 X = halogen

— 7 —



c10,, Co(COY 4

Co (CNC
[Co( 29)

g]X X =1, NOg,

s8g)
L = PhP(OEE),

28)
HgIz, OH, COI(CO)2L2
[COL(PR;)L'1Cl0, L = bpy. phen, PR,

30)
PBu,, PPr,, PEt,, PEt,Ph, L' = C4Hg, CgHg
4 Tetrahedral CoX(PR3), X = halogen, PRy = PPh,, PthBz,
31
PPhZBu,23) PR, = PMe,, X = halogen, )
2
CoX(P(OPh) ;) ; X = halogen,>?) Colx L =
_ 33)
CH3C(CH2PPh2)3, X = halogen
4 Square [Co(cis-thPCH=CHPPh2]X X=20C1, I, BF4,
planar BPh434)
4? Co(bpy)zx X = halogen, C10435)

[C4R4C0(CO)(PPh3)]X C4R4 = cyclobutadiene

derivatives, X = halogen,36) C4R4C0(CO)2X,

[ (aromatic compound)Co(C4R4)]x X = halogen,

36a,37) =
PF ¢, [(CG(CH3)6)2Co]X X = halogen,
38)
A1C14, PF6, BPh4
9 . 39,40) y
d 4 Tetrahedral NlX(PPh3)3 X = halogen, Nl(np3)X
= 41)
npy = N(CH2CH2PPh2)3, X = halogen,CN
: 42) .
[Nl(PMe3)4]BPh4 Nl(CH3C(CH2PPh2)3)I
33,43)
. 44) ; 45) . _
4 Square K4[N12(CN)6] K3[N1(CN)4] K2[N1(CN)3
planar CO]46) NiL2X L = phen, bpy, X = BH4, PF6,
47)
BPh4
; 39) w ; -
3 NlX(PPh3)2 (1,5 C8H12)N1X X =Br, 1
48)
2 (C6H804)N1Br C6H804 = dimethyl maleate
and fumarate49)
[(CeHINi(CO)IX X = c1, 1°%) Wi, (diphos) -
: _ _ 51)
(CN)Z,dlphos = PhZP(CHz)nPPhZ n= 3,4

1) S. Herzog, Z. Anorg. Allgem. Chem., 294, 155-80 (1958), Naturwissenshaften,
43, 35 (1956). 2) F. Calderazzo, Inorg. Chem., 3, 1201-11 (1964), 4, 223-7 (1965).
3) a) F. Hein and S. Herzog, Z. Anorg. Allgem. Chem., 267, 337-9 (1952); b) S.
Herzog and W. Schon, ibid., 297, 323-7 (1958); c) S. Herzog and K.-C. Renner,

Chem. Ber., 92, 872-6 (1959); d) F. Hein and H. Scheel, Z. Anorg. Allgem. Chem.,
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312, 264-76 (1961); e) M. C. Hughes and D. J. Macero, Inorg. Chem., 15, 2040-

4 (1976). 4) S. Herzog, Chem. Tech., 8, 544 (1956). 5) P. M. Treichel and G. J.
Essenmacher, Inorg. Chem., 15, 146-50 (1976), 16, 800-6 (1977). 6) E. O. Fischer
and W. Hafner, Z. Naturforsch., 10b, 665-8 (1955), Z. Anorg. Allgem. Chem., 286,
146-8 (1956). 7) a) E. O. Brimm, M. A. Lynch, Jr., and W. J. Sesny, J. Am. Chem.
Soc., 76, 3831-5 (1954); b) E. W. Abel and G. Wilkinson, J. Chem. Soc., 1959,
1501-5. 8) a) P. M. Treichell, D. W. Firsich and G. P. Essenmacher, Inorg. Chem.,
18,2405-9 (1979); b) P. M. Treichel, G. E. Dirreen and H. J. Mueh, J. Organo-
metal. Chem., 44, 339-52 (1972); c) W. Hieber and W. Schropp, Z. Naturforsch.,
Bl4, 460-1 (1959). 9) R. J. Angelici and F. Basolo, J. Am. Chem. Soc., 84, 2495-
9 (1962). 10) P. M. Treichel and J. W. Johnson, Inorg. Chem., 16, 749-53 (1977).
11) a) F. A. Cotton, T. G. Dunne, B. F. G. Johnson, and J. S. Wood, Proc. Chem.
soc., 1964, 175-6; b) F. A. Cotton and B. F. G. Johnson, Inorg. Chem., 6, 2113-
5 (1967). 12) a) G. M. Waind and B. Martin, J. Inorg. Nucl. Chem., 8, 551-6 (1958)
b) N. Maki, M. Yamagami and H. Itatani, J. Am. Chem. Soc., 86, 514 (1964) . 13)
R. F. Heck, ibid., 86, 5138-40 (1964). 14) M. Pankowski and M. B. Bigargne, Compt.
Rend., C264, 1382-4 (1967). 15) a) W. Hieber and H. Duchatsch., Chem. Ber., 98,
2530-8 (1965); b) J. Peone and L. Vaska, Angew. Chem., 83, 497-8 (1971). 16)

A. Sacco and M. Freni, Ann. Chim., 48, 218-24 (1958), J. Inorg. Nucl. Chem., 8,
566-8 (1958). 17) a) W. Hieber and W. Freyer, Chem. Ber., 91, 1230-4 (1958); b)
0. Vohler ibid., 91, 1235-8 (1958). 18) W. Hieber and W. Freyer, Chem. Ber., 93,
462-7 (1960). 19) K. Ogino and T. L. Brown, Inorg. Chem., 10, 517-21 (1971). 20)
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2 Transition Metal Complexes in Unusual Oxidation States and
Their Reactivity

The definition of an unusual oxidation state refers to oxidation states
that are stable in environments made up of chemical species that were common
in classical inorganic compounds. When the covalent contribution towards the
bonding becomes significant, the concept of oxidation states becomes less
precise and the discussion of the oxidation states of atoms in essentially
covalent compounds has little physical reality. So the word “unusual” is
purely relative and sometimes meaningless. This chapter discusses the ways
in which the chemical environment may stabilize a particular oxidation state,
e.g. +1, and attempt to rationalize the dependence of the oxidation state
upon the various electronic parameters of the transition metals and the
pertinent properties of the chemical environment. Further, chemical reac-

tivity of monovalent first-series transition metal complexes is discussed.



it

it

3 Ni(D#EXRICEKBFAL 7 4 v DBIRH S R EH(LRIE

3.1. @FULUHIC

NiXz (PR3)2 (PR3 =Ph,PEt;_, X= et

Type 1

NiClz (PPhs) 2

Nay s, Bgaayy )60)%C NaBHs% I
61,62)

S3IR B, MEAARYIE NIiHX(PRs),

N%Clz (PthEt) 2
NiBr, (PPh,Et) ,

Ni (NO3) 2(PPh3),

/_c/t\
Type 2
>'< NiCl, (PPhEE,) ,
w

Thbh, ZOFV 7 4 v EWMEHEZR
HUTc& ¢ 2% Ni#H & NaBH, Hic
Lo TEREMEYE (ZHEFE ) LRl

LI 2-41 7 4 vD Y R/ b5 2lhs T e BlE
R10k>REMRT BT EHBDD T, SR

24 7113, LEEREDNaBHsTHR K Fig. 1. Effects of the ratio of
FEHEDS 8 51 B BABEC B b NIHX(PRs); e o e
DR E LTEO TV AL EERLT (PPh3)z —NaBH4

W3, #4721t NaBHs 201N HicFEE» M ET 28K T EEHOKX

SWVENF %24 D8 TIE, Ny e RY) FORBRIEPEBZWIZHIC

NiBrz (PPhBtz) 2
NiBr, (PEt,) ,

Type 3

Activity and c/t

NiBtz(Pth) 2

Scheme 1
PR3
NiXz;(PR3), + NaBHy —> NiHX(PRs)2z ———> NiX(PR3 )3
NaBH, ;
—— > Ni(BHs ) (PR3 )3 NiH(PR3)3——Ni(PR3 )n 1=2,3
| 7

NaBH, £ & it iE#SHLET 2 (XRF—241 ). —F, 44 73 Tid, NaBH,
DIEERBOI P ISKBEBE CHEOBRAYGRDOND, TDRD 77°KT
D esr Bl L b NiDE DFESTBRE N, 2% — ACRIN I NiX(PRs )3
b EHELS D BATREHEDSEL I,



3.2 Ni(]) D1 -7 T 22/ EHE
FIE TR~ Ni()—F X7 4 V8K E LT, NiX(PR3)s bi‘f’éiﬁﬂ? ni,
56)
Heimbach (2 (1), QOREKE2ZFIB L T Ni (D& 218 Tl % 5 NiX(PRs);

2 NiX(PPhsz)3z 1)

Ni (PPh3)s + NiXz(PPhs):2
Ni (CzH:) (PPh3)2 + NiXz (PPh3); — 2 NiX(PPh3z)2 +C:Hsy ()

CoX(PRs YL MU s % & DA T. Col Sk RENICE b BB NG &

CoXz (PPhz)2 + PPhs + 12 Zn —> CoX(PPh3); + 172 ZnX; (3)

o ZDOFEZNIRICIGALUIZ, RALURIETHWS RIZRY € o 2BE L
B MR Ni (DK ASEBIEE 85 Aieds o1 DT, in siex TEML
g 1 — 75 COREMCEIGOMEICHT A EiC Uz, ELIRERT LS

Table 1. Catalytic isomerization of 1-butene by NiXz(PPhs)2-
PPhs-Zn systems and the effects of addition of SnClz

X Additive Time' Conv. Products cis/trans
mmo | min % ¢2-C4Hg ¢-2-C4Hs
Cl - 30 7.8 1.8 5.3 3.0
Br — 30 2.4 0.5 1.9 3.7
v — 30 4.2 0.4 3.6 8.1
84| SnCl, 0.27 5 25.1 1.1 235 20.9
0.71 5 36.7 1.3 347 277
1. 57 5 607 1.7  509.1 34.1
2. 97 5 873 2.3 833 36.8
Br SnCl, 2. 84 5 54,1 1.2 518 425
1)  SnCl; 2.92 5 198 0.4 191 493
Equilibrium value 74.2 23.8 0.32

a) The catalytic solution was prepared by adding 1.5g of zinc to a
mixture of 0.5 mmol of NiXz(PPh3); and 0.75mmo! of PPh; in 20 ml
of THF at r. t. and then treating the filtrate with 0.25 mmol of
NiXz (PPh3);. The reaction tube was charged with 3 ml of catalyst
solution and 2.3 mmol of 1-butene, sealed, and then brought to 0.
b) PPhs (1.0 mmol) was used.
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1.3%2C 2% ERIGEHEELIZ, Table 3. The effects of the addition

- o Y T RN of SnCl; on the isomerisation of
e ) 1-pentene with NiX(PPhs)s :

. 81~83 84~87 :
RE B, AEE T, mep T o
ceroariat Y easnz, R S
bz, Vo SnC13"%91)b§ﬂE El 15 243 15.4
50 44.3 22.4
DENF. BT b5 v AN DOEHLF 99 50.3 29.1
BEELL, ZOHR= .,y K Br 15 11.5 16.4
58 26.3 225
v FEEKRDHER %2 B L, Ni—H, 97 39.9 284
Ni—7 Vv VEESDERLE S 125 1 ks 2.69 2.6
49 115 10.1
TEiTEB0tBbh 3, 100 14.3 24.5

BAEMR (EARFHMUDOED T vy b a) The reaction conditions were the
DBLICE BEHEOE DD T same as those in Table 2.

BHENIZH, AL ay b Table 4. Solvent effects on the )iSOmerisation
_ ) ) a
ZRAVEBY +10%4THI of l-pentene with NiX(PPhs)s

k !

T A2FEENH L, HAR X Cosolvent vol% TERGE S /'t
#EMT D LOHETHD. €1 MeOH 21" 74 3.44
sEEER CORSEEE  Br MeOH 37 96 5.08
- CHs CN 10" 118 2.92

A& =, KEERTEH 100 0.72 3.20
MEK 10 1.4 3.29

REBETDHD, —RIE Toluene 100 1.1 4.51
BTit, THF 2588 &b H,0 2.6 246 4.48
I MeOH 50 — (20.9)°) 832

> T §4.'§‘7T'\'UTC Vol% i
a) The reaction conditions were the same as

&, BRAEMZ/RUIZTHF those in Table 2. b) The vol% at which max
E ORI DKREE 5 L rates were obtained. c) Conversion after 80

min.
T3, MEK I3RGHEE
TOEBLTDATH o, Ky ZaA—W ED Fu b o HERIS, BT
REBRTH 205, ZROBHEITHS O TKOBRIMERG 22 U< DU 7z,
£/ =, 28 —VOHE, M3 TRUILL 51 THF L DESE RO FEX
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RINBCBRAG S o1z, 7o b
CHEBIR O R GRED R & 6T 10 5 20 4
b TEEONT 2 <y P Fig. 3. Solvent eff:cts on the rate and

WT, BMARBOEIMGRD 5 the ¢/t ratio in 1-pentene isomeriza-

tion with NiBr (PPhs); in THF-alcohol
tz, 7m b D ES i
& b B IRO BRI system. ®, O : MeOH, ®,0: EtOH.
L 2MEHRIE, 0 -7V -

= » 7 V(DEEHK — BR: OBtz itk 3 74 o < i e Sl
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KBRS BEARICE S THEOHS U 0.8
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k'11073s M1

N WU N WO

c/t

93,94) . 2
Vil s h 2854 b»20 KRG o
T, Kid 7o b o EICIZE > THEWLD go ‘
0.

x

TZDL S FEH AR B E TR,
AL 742, PP REDORE: L7 _ .
4 VBRED0.25mol/ T DEFDEE 1 REFE o p:ahal'n'is ?oes
BPLOLLIEDAL T 4 v EBEDOKIE  Fig. 4 Bffects of excess PPhy
_ and the concentration of
THNEREZN 4RIz, —BEDLS 1-pentene on the rate of
RERIGHES E e s, Maol|  isomerization with NiB{FPR).
EHRU L — 7 AT ERMY, Bieoz LB DEBELS
N3, PPhaOiRimit, AL 7 4 v OERAMZIHT 2 ELLRA4ITRTLICE
DORINE & HLicFEEZ2ET IR,
IFLVDO-8t: zF L O_BAEFE®EZET RITE, AL 7 4 v ORYE
fhic~d 500 EDERMERZBHEL T E, £5.CRT L5, Ni (D
FLUOBUEESED oI KBGO, Chid, & 50 & >ERN

o
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a)
Table 5. Dimerisation of ethylene with NiBr (PPhs)s

Temp. Time Conv. Composition
Solvent c b % 1-C, Hs o
%
THF 0 71 1.1 88 4.7
THF 0 47 2.7 89 6.0
Toluene®’ 30 25 13 79 4.1
Toluene-MeOH (4:1) 30 25 7.7 19 37
THF 30 25 14 81 4.1
THF -MeOH (4:1)¢ 30 25 11 25 3.7

a) [NiJ 2-2.5x1072 M, [CzHs] 0.2-0.25M, Solvent 4-5ml.

b) NiBr (PPh3); was prepared iz sitx from the disproportionation
be tween Ni(CzHs)(PPhs); and NiBrz (PPhs)2 . ¢) A small quantity
of complex was decomposed into black metal.

BEHEILL VDb THS D, Bt x4 /7 —vDk 5% o b A HREESZ
mhE, 1— 77 DRBIRKIZ 80P ZEATI,

C:Ds ECH BLU1—RU T DORMBKBRIG ¢ L7 4 v OREMR
BT 2 O DHENBREIN TV, EBE ) FORIN—BHEEEEBL £V 7 4
DO HEABGE L, AT —7 ) VERBE KU g e vER
e k) KR BRTARETH B, BERSTH L3 —KEBBRGTHBL
D, FFEKEBHIIBI OV, 5T, BES L 74 VHTKEBEIS

Table 6. Isotopic mixing between C2Ds and C2Hy or 1-pentene catalyzed
by Ni(I) complexes 2)

Catalyst mmol C2 Dy Cz:Hy Time Isotopic distribution %

Ni SnCl, mmol mmol h do di dz ds dy ds ds
0.1 0.15 0.15 89 6.9 258 370 245 5.7
01 10 0.49 89 100
01 15 0.48 74 100
0.1 11 027 64 06 7.292.2
01 20 045 1-CsHio 30.3 399 190 2.9 7.9%
0.45 8.3 231 310 209 112 4.2 10°

a) Deuteroethylene (C:Dys 96.9%, C.DsH 31%) was obtained from E. Merck
Co. Reactions were done in 3ml of THF at 0°C. b) CD3sOD(0.5m!)was added.

¢) NiBr(PPhs)z (P(GD3)s) was used. d) The isotopic distribution of ethy- .

lene. e) The isotopic distribution of pentenes (l-pentene 6.1%, zrans-2-
pentene 17.8%, -is-2-pentene 76.1%). d7 0.3%, dg 0.05%.
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CADPEIDPT2OOHRBORXBIBTEZXTTH S,

C:Ds EC:Hab B W0E 1 — R T VI DORNMAEZERIE (£6 )L DRDLC
EDSHBALTZ, 1) ALV 7 4 YEATH-DXMmMBB X%, 2) Ni() #keR
BrbSBE KU FERIZE V. 3) PPhs® A hkE pitL 7 4 vic
BAINDZL LRIV, 4) AV 7 4 VUNADBKENBTLDTHPEAT 3,
ChEDER»SL, Ni(D#ERKIZIZAL 7 4 v DRELTIE, EBEFY F
O —HEEKBTESTL T2 EERIND, COKEDREILDWNT
D'Aniello & Barefield 13, KXOD X 510 2 2O Ni (D E 1 7 15

G
ZNi + CHz=CHCHaR = Ni-H+ Ni<ic (7)
¢

AN

R
ERT2ER%2, 1—77-3,3 -LEPAVEERGLBREL TS, IF

VR T Y VKEDBLODTC -HEAOUKMIIRETH b, —EIFEHD
EI3CDCLRIFRLTWEIEBDNS, FEHPL LV &L 5RONDK
SIREG, AL 7 4 v EEORIME, Ni—HBE2HENS € 5135055 (R
M), M4TRIND LS CARRTREEDESRBD SNz &z ZDERA
AR L ST NBRMYICH B EDRBEING ),

STHAERM ¢ NiCl (PPhs)s—SnClL RTE S NI o/t 13, SHZ THSLNT
WAHEDREMBE TH 2, HEMBITIZEBCTAELNZE Y ZBREILH
MEDO 7YV V7 =4 B ZRBDEB RS v 2B DBAZEMNICE DEETD
et -Tns SEE kY FONM—BIEHEB TR, 2+ —24 2107

FTIoiChike — 7 vF VEBEKCEEEE LT 2EHEEASLNS, CsR

Scheme 2 [ A '}‘ H\ R
H ¢ = e=C
N2 )
(? GHe H=Ci )y Ca~H CHy H
M-CH H H
CHR| =2 1 + M-H
M-H + CHy=CHCH,R &
/CHzR B H H\ H
H-CH H Cp H |&= c=cC
| 1R /
M--CH, H:31 M g CH3 R



cEay C —HEEAHA TIE eclipsed Th b, BTI gausche Th Do T VFIV
HLEMFEONANEEBE2ERTSE, @ 271 e REOIKEEEE
Arug, BOEMICEADEHSBIVEETHB ) Lbl, BAFEL D
IELTBEBRIODEEML, v 2—2—FL 74 28 AHBE—BEBR
HEBTHEINTL S, CoXe(PRs):~, NiXe (PR3):— NaBHs Rk ( X=nnm
%>, PRs3=Ph,PEt3_n, n=0~3)iCX3%1—-77 v ORELTR, c/t #
I>Br>Cl, PPhs >PhyPEt >PhPEt; >PEts DIE 3515 H Tl %, NiX-
(PPhs s DHA$E L 28R T IO XL 2FFIIALERAZRT, —5,
PdXz (PhCN) i & B 1 —R v 7 VO REATIRHDFF] (C1 >Br>1) H5415
ATHY, PddL 7 4 BKOEEETHBEIN T2 Pt-SnCls ik
W31 —F1v 74 OREMTIE, BAZNERUELED + 5 2 2EBERL
TV ) CHRRETPENSEESSBRCRIIUI 2 — x> F 15 o
eclipsed BER I DBEELSDE LTV BILHEINTL S, AL SnCla%k
HF&F 2 NiDEARTHD  ARRESBE NI C E1E, SnCl OBIFS
KEoTRAF—LDBDXHIRC AFNERENEISIONIIDEEZLILN
%,

Ni 85K TId, = ZBAUORNF %2 O, EMEMAKI HYEEWELFE2EDS
) PPhy i3 & L1 B IC NiX(PPhs )s 1 EM B IE T o 5 i P
PPhs % fREE LU I28BATH 2726 (M4 ) SnCls D & 5 75 n—2 A M DR F
20BN DI L o~ EHORNF % § 2 TIZ, REKD EEX
BollbDIRLBLLHBEALGND, »IEIDOMIT, SnClz Dd 500 & 2D
BRIL, TV -SEEAREELMT2CET, Z20NDIRIE—-ADA
BOMERBOBCBRNIC AL 7 4 VORBAHET T2 DE L 2 RIRM
VBEBLENIZDTHSB 5,

34 HBbhYIC

2 i #&A 92 B Ni (1), Pd(]), Pt (D& DR TIX, Ni (Dizk~ Pd (),
PrDRESDE <, R BHEKEEEHRL TRELL T2 2

o
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BUTLlKDEHLIRE BAFEL ™ s =ns 4 KoLy 0D 1
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BREDORIGIXBMRIET PAIDE Pd 02 5 ERT 3 Pd()EHBEEZA S N,
REKD Wacker 2 4 7O RIGTHEAI N T2 Pd ()— Pd ODBRDOFER
WA 5

HHE S 1 HERIAREEBNZ O IIHI, MERIGOR TRAITX S —
2RFE DN,

112)

3. Selective cis-Isomerization of Olefins Catalyzed by Ni (I)
Complexes

Selective ¢is-isomerization of 1-butene and l-pentene was carried
out by NiX(PPhs) (X=halogen and pseudohalogen). First-order plots
were obtained except iodo-complex. The addition of tin () chloride
increased both activities and ratios of c¢is-2-olefins to the Zrans-
isomers. Protic solvents accelerated the isomerization. Isotopic
exchange between CzDs and C2Hs or 1-pentene reveals that a metal
hydride addition-elimination mechanism is operative. Reactivity of d°

monovalent complexes was briefly discussed.
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4.1. U

IR E T Ni, CodfAiz 3 TMYFZ -1 -7y, 1 -7 0D
IO nBEFMHESHALT 4 IV BFRIIEA LT 4 Y EHERLH N L
MENTH )
%K,852yBSwwf?wm%%?@aex(9xfwyuz¢yvm
ANk (BFRaNoxo s )BT Z—EOPFIITHBUL T, Schrauzer El»lg)
Co) FEEBFRAIHEAL I 4 vDF VBRI FV, 77 Yu= b

ERONCRA L 5 e EESEET BT ERRLE ) Ty AL Col) BT

H+
Coll)l + CH:=CHY gz——— Co—CH;CH:Y (1)
Co= cobaloxime, Y=Co2 C2Hs, CN

5% CoX(PPhs)s ( X=rm 5y Y057 2 0 i 4 7 0% & BB EHIRT
5EFEINBH, FEE CoX(PPhs)s® THFEWRIZT 2 ) W X F v 2INA S
L, BRVBEEY S FMEBBREMLLI, Chid, aNaF v oRTHEINK
BOLEERILTH D, AEDB T L3, RIGKEDK%Z vpc LIz ET A,
B ESHEDERMOBEESHRIN, ChRTCELBUXFVTHDE
RIEINIK, T2bL, CORTELTTZ ) IVBAF VOB EBILHEFT
THLEMBRWIZINZ,
BFRSIEBEREN OO L 7 4 O BLiICIE, H—GAKES & - B

so—mEss b, mge Lcme " rsnemed” Ve mo a5
oftie, mEEEET ChReNn TV D, T - A DR T &I, B

. 142~145)

TEREIDZ77)n b Y b7 K= MY VOSSR T Tk TEMNE/ET
. 146) o

b AREE U THED IRWREL STV 3, BBSEMEME » g &4
BARDRHS B & NI b5, BN & ZoEsE Y Vmaeim T ac s 2 a

WRIZRBWIZIN T,



Co(N#ERITE 2BTL_BURIGRBVTIE, RIGKTHRIT Co (1) skt
CoicBitanT 3. AARNTIX, HAHRZ2HEEI R TCol% Co () ITHTT
THLELERIDVDBEIRITER2RFLEEBTFRSIME AL 7 4 L OEMME
T_BRIG 2SR 12,

4.2. CoX(PPhy)s (C£B7 5 YLBIZF LOBTE-2/{L"

ABACE) T ZAFVORRNTHE7CE BT X FIVITEBENI Il
TRB3EODNTWVD, v ronFH U 2BET3RTEICHL T, Sk mhE
ZRAVHBLL (Coz(CO»iILEB T4 2T D Kux 2504, PdCl, —
CuCl REBTAST DANKZAME) B2 ETCHEES W T2
FOYVBRIR P VOBToRICE BHE ) L BHIAT 3, KISE
. INEDETH S, CoX(PPs)sick 372 Vv 25 VvDBTL=B/IL,
EREVCOIORMLERBETETT L LA 6B 2V F—HBARKIGDNE DT
BB, RIGHRHEDEREE Co (I) $5AD I ZE NI DV THRE L2,

S B
FhSEeRB 752 (THF), Zrva—ni3EEREOBEALIZ, 7290

BxFvid, ZEEN TRRECRELL, OALRIHHRRZ%2 70 % AV
2o 'H nmr i3 JEOL PM—60 2% box—% — 2T 12, vpeH it
XEBH6AN R 2o~ 257 (#5LPEG 20M (25%)/% 5 4 + 545, 4m,
FID) 2 A TfT - 12,

SUNJL REEEE © Co (D B5HK IR Aresta & OF & LIEEL THBL:,
CoI2(0.31g, Immol), PPh; (0.93g, 3.5mmol) ® THF (15ml), C:HsOH
(Iml) DEKRIT, N FHSK TFHEDKRK (0.36g, 55mmol) 2iNA 1 KR
LI, ELIIGBITAISBRZFBL, FR2%ET2ETRELI, =2
2= (25ml) ZMAKERL 2K ZFHEL, =42 —ov(6ml) T3[AEZE
WLz, 8541z Col (PPhy); DULEKIZ60% . TTHRIMME: C, 66.79% : H,4.66
% EHEM (Cse HsIB3Co & LT ) : C, 66.68% : H, 4.66%. CoCl(PPhs)s,



CoBr(PPhs); & AEI L CHBML, ZnZnilk 22, 42%TRIK.

RS BARSE, KO X 51U T %, N; F. Co (]) gk (ca. 0.2mmol)
i THF (8ml), # % 7 —v (2ml), 7% Y V@ x F v (1.5ml, 16.4mmol)
MA=RIET 16—20hf@BEL 2,

in situ THBU Iz ANV KRRV 2RO RGH 2 RICRT . I/NVE
N 54 F (1 mmol), PPhy (3mmol ), S (8mmol) DA -72100ml 75
Z 212 THF (8ml), # 4 7 —iv (2ml) HARE T30 F@H LI, £UIHE
GEERICT 2 ) VER X F U (16.4mmo 1) INAFTERMBEH LI, ERHD
KL, NSEERB 2R VIR 202 h 75 7RI>TRDIZ,

R & EE
SRR 77V VB AF IV (MA) % CoX(PPhy)s ( X=~nu 5 ) & THF-
24— VRATRIGI®DE, BRIIAREY SRERICED, RRCIFE
REML, FOBEDOEMLIE, Co()#EEREMALDHEERZRBRLTNS,
ERE, K@), BWRTLIIE, BL-BED 7 U B 2 Fovk Michael

2 CH,=CHCO,CHs + 2 CH;OH + CoX(PPhs)s o
HsCO2C(CHz) CO:CHs  + XCo (OCHs)2( PPhs),
CH, =CHCO, CHs + CHsOH —XC0o(0CHs)z (PPhe)s 11, 01, CH,CO:CH; (3)

RIGERDD 2 — 4 FF o T oA BAFVTH 12, TOE B AF NV
DIRFEIF T >Br >CIDIRICE 512 (K1 )e MABE 2T ERBIT_EHAD

INEHE EU Tz, Michael 75z,
149) Table 1. Hydrodimerization of methyl

HERUIZanxwb7ivadrv K acrylate catalyzed by CoX(PPh)s a)
DEBEIERICL 28 DTH B, X MA Yield of dimethyl
. . = mmol mmol adipate
in situ TRAB LA/ MDD Co base mol/g atom
S ik (C & BB =B © CoX(PP Cl 0.26 16.4 0.15 (0.15) ®)
s EIL—8E : CoX(FPha)y 5 050 164 0.26 (0.18) b)
12 CoXe %2 PP D1EAE FHRSATHE T I 023 22 0.18
I 0.22 164 0.31 (0.30) b)

- 64)
THLLIRL-TREING (X iy 5mmol, THF 8ml, CHOH 2ml.r.

t., 16-20 h. b) In the absence of KX.



@), XRQDOA FFovERNOFXF o TCXBINDI O, BHRPHEELTE
CoXs + 3 PPhs + 1/2 Zn —— CoX(PPh3);s + 1/2 ZnX: 4

CEBUPCo(DCBITINZCELTFERINSG, 7V HVEEBNSA K EHR
DEEFCRIGZIT &, BIL-EB&KIZCoitBAL 100% L EDOINETELN
r(£2), 7vHVEBIVEVORINIEVPBEETH S, 7VvHVE&RES

Table 2. Effects of the addition of alkali halides on the hydrodi -
merization of methyl acrylate by CoX(PPys in the presence of zinc®

Alkali halide Conv. Yield of dimethyl adipate®

X mmo | % Co base®)
mol /g atom

C1d — 1.51
Cl LiCl 8.1 75 4.30 (70)¢)
Cl KC1 8.0 25 0.54 (26)
Cl NH:Cl 7.9 50 2.97 (72)0
kY AgCl0Os 1.0 3.02
Cl#) KI 5.2 5.47
Brh) — 2.25
Br LiBr 8.0 43 1.44 (41)1)
Br KBr 8.0 2% 0.81 (36)
I — 39 1.98 (62)
19 Lil 4.8 4.12 1)
I Lil 8.0 57 1.55 (33)K)
ICY) Nal 5.0 3.86
I Nal 8.0 62 3.54 (69)
I KI 5.0 55 4.09  (91)
I KI 8.0 81 6.56  (98)
I KI 15. 80 5.16  (78)
19 RbI 5.1 3.35
I RblI 8.0 43 2.42  (69)
1o CsI 5.0 3.48
I CsI 8.0 54 3.91 (88)
14 NH; I 5.1 4.87
I NH; I 8.0 66 3.56 (66)1)

a) CoX(PPhs); was prepared iz sizx# from CoXz (1mmol), PPhs (3mmol),
and Zn (10mmol) in THF (10ml) and CH3; OH (2ml). MA (16.4mmol), 20°C,
2 h. b) The number in parentheses is the yield based on MA consumed.
¢) Yield based on cobalt complex. d) r.t., 20-24 h. e) Methyl 2- me-
thoxypropionate 20%. f) Methyl propionate 12%. g) r.t., 2 days. h) r.t.
4 days. i) Methyl 2- methoxypropionate 54%. j) Methyl 2-methoxypropi-
onate 50%. k) Methyl 2-methoxypropionate 2.7%. 1) Methyl propionate

16%.
— 29—



DMOHRT. KIVELED TH-12, 7 v H)EBEOERIR, £RT D
—REBIEIEFSELL, LiE2RIE KBEMA T RIGHEFRDI W,
LiHO%4E, Michael HIIMBREINZEALHZ, 7 vn ) EEBAOLE
bAREVTEDD, HAFUBRIGKEELHEZRL TV5,

28— UDBENEELBTREE, CLOTHTHIBBL DN, x4

7 —RMA B E
Table 3. Effects of temperature and additives on the

B 2ADIXK hydrodimerization of methyl acrylate a)
12ZELU{EINdT % Temp. Additive Time Conv. Yield of dimethyl

KI MeOH adipate®)
(%3 ),.CoX(PPh3)s C mmol ml h % Co base mol /g atom
; 0 5.0 2 6 92 7.54 (99)
BRI RLE S 20 — -~ 2 40 1.13 (34)
Y, ZEREHBHV 5.0 — 2 68 1.61 (29)
5.0 2 2 55 4.09 (91)
BZhUTOEE 5.0 2 6 83 5.87 (86)
5.0 . 6 46 2.81 (75)

5 \l/fil
TR i a) Catalysts prepared iz situ from Colz (1mmol),
5750 (%3 ), PPh (3mmol), and Zn (10mmol) in THF (8ml).
VAR (24 ) MA 164mmol. b) Yields are the same as those in
Table 2.
& b = AR,

s oogkDEE, ZhZ N Table 4. Solvent effects on the hydrodi-

. merization of methyl acrylate by
3 N
THF, DMFSE & & WAL CoX(PPhy); )

WTHlc b, x4 7 =B X Solvent Yield of dimethyl
] dipat
B4 4% 4 OFRIHT 3 " "Co base mol/g atom
W REEKDRBILB B C 5058  Cl1 THF 8, MeOH 2 k51
DMF 8, MeOH 2 2.89
X, X827 —=%MMA BT E CH;CN © 2.18
- . MeOH 10 5 52
z . o
L DBIEBEPERT XS | 1hp g, MeOH 2 5. 26
THF— % % 7 — VRIEHD THF 10 0- 56
CHs;CN 8, MeOH 2 0. 67
27 —VEBOEE RN 1R CH;CN 10 1.20
MeOH 10 0.45

l/r:o A'C pd X S =l
M WU xs7—LD a) CoX(PPhs); prepared iz sitx from CoXe

E#EEVHIZE®4~5T 2% (1 mmol), PPhy (3mmol), and Zn (8-10mmol)
N o in solvents. MA 16.4 mmol, r.t., 20-90 h.



100 100
20 90-‘;/.\‘
s 80t
7 A 70}
o 70 < 60} Conv.
2 60 > so} | -—
> G C
F 50 - o 40 / P A\A\.‘)~ -l.(<
o € 30} ?f* i3
. 40 o S =
> o © 20} 122
E 30 63 : 5
O - 10¥, 11«
20 43 bean o e o
10 2= 1234 56
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, 3 Fig. Effect of P
1 2345 10 ig. Effect of PPh3/Co on
CH30H/ml the hydrodim’'n of MA
Fig. 1. Effects of the amount of Fig. 2. Effects of the ratio of
MeOH on MA hydrodimerization PPl to cobalt on MA hydrodi-
by iz situ prepared Col (PPh3); merization by in situx prepared
in THF (8 ml)-MeOH. (MeOH(10 CoI (PPh3);. Symbols are the
ml) without THF) ®:conversion; same as those in Fig.l.

®:yield based on MA consumed;
A:yield based on the cobalt complex.

Michael RRIGBBEXEUTERTC 2X51Citd, 7va—wEaEL T4, —
bALCEE 2920, 27 VRBHBEFTLTE XS,

in situ CHBUNLEERZPHANTWEEL A0 5 PPhy 20 FE 2 FH~NIZ(N
2 ), PPhs /CoDEELIZ 3 T, discrete ADHERICEET 5, @ F PPhs
BRMADEBMEBIZZNBHEEL 2V, BL_2AENEZ2ETFTI ¥ 3 MADE
fLiZBR PPhs iT & > THHEIN 255, Michael Rt PP &IiCBIFR 2 { #EFT
T2h56TH5,

B EKECLEPERVCTRL-BILEZT > IRKOET_E4& %Z'H nmr
THFLIz, BILZRED e fLIKEBFIITLAMIN D05, £ DRESIE #
% 7 —WHODKBECHRKT S (£5 ), PPa® 7 T = VE®D F v bKERDORE
ALV DT, BOVBBERINIEIMABE»LRZbDEEA SN S, THE,X
CEUHTIE, MADBRFZICDH B 2 DOKERBEETHL LV, 71 b
= bV WARTHE, T —HBEREKRZBBE X TS, 72 b= b )VHSER
FEEBSBHEACBUOANMMU T, HECHCNS oAt 3n255H



Table 5. Analysis of hydrogen of dimethyl adipate produced by the
reaction of MA with ¢z sizu prepared CoX(PPh): in deuterated
compounds -

Catalytic system? Deuterium source Solvent !'H NMR analysis?)

A—C a—C
CoI;P, -P-Zn CH; OD THF 2.05 1.24
CoClz-3P-Zn CHs;0D-D;0¢) THF 2.06 1.22
CoI;-P-Zn CH;0D CHs; CN 2.03 1.68
Colz2 -3P-Zn CH;0D CsHs 1.96 1.78
Col; -3P-Zn P(CeDs)s3 CHsCN 2.11 1.94
Col; -3P-Zn CDsCN CD:CN 1.76 1.95
Colz -3P-Zn CH; 0D CHsCN 1.35 1.59

a) P=PPhs. b) Based on that the number of hydrogen of methoxy
group is 3.00. c) Before the end ofthe reaction DO was added.

150,151)

% o CoX(PPhs)s IJER FMDERMERZ b DB EEDIEDTHY,
BRCRIHNINE R B0 C b, CoDBHKD T« b=k Y bbk
FrOxkE, kEBERIVBLTZEBRKIK 72 b= M) vABDKEBE D C
FhaeEdBEALND,

BRGEEARCL 277Vt Y v (AN ) OBT_8MHL TR, 7oH£=
MO Fr X =Y, 2—XFUFNVEO = NY b, cis-, trans-
2= N"FROZPMYNEEDPRIELTV B, T 6DERY »SEIC3E
THIDIT, FBeEFYF, EB—-v 7/ 12F1, SB—-—c-ES~DAN
DFAR X 2HENRBEINTV ., UL, CoDihikic X 2 MADRIGTIE,
BIT=8M L Michael 1%, P o4 o Bx FABERL, 2—AF L Z 0
SVBBD X F U, cis-, trans-2 —~F L UBBT X F VIR AERUL ol
ANEMADBRT-EBITB 2ERVOERIZ, BENES T E2RBLT
WELSEDND, $5PEOBELVEVE, BILoRETHAINBKE
DEIFEY, ANODHEKMHEKKRTH Y, —HFMADH STV 31— LD KBE T
»H B,

CoX(PPh3)s KMA%Z X 4 7 — V2 SLEEHRTRIGI® 3 &, 588D 5K
WEANELT S, COBDEMLIE, aN0Fxa(DET L YVLBRIF LB

H7 29 8= b YL e OMTr— RO ERT 3 BEE LT INE, 2



o FVBIERD S, TD 5K EBER» S H 205 5 THER LI 0 — gk
DA—BHRIFNINTXF LD EENHELLEE2BHTNE, —),

t Y F#EK, HCo(dmg): P(n-CiHe)s (dmg=L X FUFYFEF w—Fh)
LANRT7 7 YVWVBT X7 VEDRIGTI, HAMNMBO R a—BrzF L
anNaF U ABEEBERLIZ(RF—24 1), oo a—F LT 4onil
he70 b L TRRD A—BEBTF L0 U5 AEKNES N 2BENDS

Scheme 1.

— [ CHagCHY] L, cotim)- cHycH,Y

Co(l) H*
[ Co(1) |

CH2=CHY .

— Co(IlD-CHYCHy

Co-H - ]
> CHZTCHY
Co-H ]

Co= cobaloxime , Y=CN, COzR

Co () #&(Kic X 32 MA

o Scheme 2.
DETLTZEBHLOKE 2 X
F—A2C/RLIZ, aNnN ZnX, Coll) CHy=CHY
EUARE OELES Ay O\ .
A3E, POBOEN Co-X Coll)—u 2
MOR CHY
it Co () -MA =— &K TE H*
(5) (2)
RICETEDTH S5, MX
Coﬂ_%ﬁg@cyﬂlj e CO-OR CO-CHzCHzY
P Y(CHZ),.YN) G cuy=chy
WODKBREKRKRIT L B Co-CHY(CHo)gY
okofpick T, B— ROH

BT FL a8 bEEK
Co= CoX(PPh3)n, X=halogen,
BERT %o 2T, MA Y=C0,CH3, M=alkali metal.
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FUEEHESLTLA—ER (A MFoavE=nv) FFrvanviEgzs
Z, BEROTIETa b o b2 3 TF7 o B 2 FvBERT S, MAL 7
Va3 — VEIICKEZ SN E D5 QDHR G 2., f—BRITFLaN
WS Ta kb B HIIBE, T AU BXFUDBERTIVZDOR
O THThd, Chid, 1,4A—ERXR (X FF AR ) TFanvk
DaANVIMCEASUTVAREBKTHIDORIHFL, A—xFvanNivbo
ZhE—RTH 2L b, &R -REZBAEOLELEG B S>ZBR>=HTs
Bttt nTH Y U MU A FABBIMEL I 51T
WEh7ZNaFxy FILeWiE, 7V HVEBNTA FRE>TARSY ORI
Bo@mpTETIONE, TOCo(iTd Eh, Coll) IZEFEMA KH T EiT
%5,
43 Col—EPUDLBKIEELBAFILE =LY FvOBE=RIE
4.2 T7 2 )WL X7 VDRITTZEBMITHWI CoX(PPh3)s 2 X FivE=
W by (MVK) IZIGHT % &, SEEIZEPLICHBL, BHEEL 12 PPhs T &
STMVKDBHE-—BHAETEBHULT3I—4F L -26 -T2 0%E

125
a1 KRy F o R AT FEEALS T BB T T b 5L T

RO RNAL T 4 L OBEREBT S ) MVK O 72— 84k % 3 Coll)
BERBPERRBELIZETCA, Col)—EE Y SEKIZZDMBIERS®»3L E%2E

WrZuiz,

E E&

THF, 7V a—WdEHBEREIDBKUIZ, XFLEZVE R, Y
x FUIREEEE, N FHXTHEECEELZ, ORXFKIIHRSZE2 20
FFEAHWVI,

o . . 159) . 160) _,

§84K ¢ (Co(bpy)3) C104 tdWaind EMartin & 34 i3 Fitzgerald 5 12 5

161)

THB U, (Colbpy)s) X (X=nvF 2, n=23)2EEHE 1i-T
BHULS & LI ds, SHIIC R BB N d o1, UL, B



TRIHT S 5 NaBH, ©IEH & HMU TL DI Co VBRREETH -1 o

RIS, HEIREFERD in sicu FEZAVI,

KRG+ B RIGH 2R T . (Co(bpy))ClOs (0.70 mmol) % THF (10ml),
* 47— (0.5ml)ICERUIZEMVK(6.5mmol) 214, BETRIG 3 &
12, BROBIL, BHEGE»BECEYEBMBERL 12, 3 WBERDE B
6 AN R a< 55 I(PEG 20M/ /54 b 545, 4m, FID) THH LIz,

in situ TREUIEERZ A RIGH % LLTFICEET,Colz (1 mmol ), 2,2~

EEY 2 (Z2mmol), NaI(8mmol), HE¥I K (8 mmol) ® THF (10ml), *
5o - (2ml) BREBMUL , Bagic, g™ esaL e,
MVK(12.2mmol) %2104, I 643 hBHEEHEI L KIGIFESITISLT
BilEagiz, ZORBROBIRBMEY» S HBE~E 512, MVK DE #1513 99%.
EEMIE2T—F 04 00F 0, 4—A P FL—2-T 2 v, XFNVIZFYT
FoT, ZRENDOH R 2 0UFKiT 61%(3.74mol/Co g atom), 21%, 14%
Tholi, ERPOREREHI LRI R o METEDIH, nmrick - T
fio1z,

2,7 —Fs4 242 :mp 398~40.3°C HHE (%). C, 67.28 ; H,
9.78. CsHsO: E UTDEFEME (%) . C, 67.57; H, 9.92. 'H nmr
0(CDCl3) : 1.49(4H, m), 2.05(6H, s), 2.36(4H, t).

i B & & B
ColD-EFVUIILBEKICLBZIMV KOETZE1L : MVK %2 7va—iv A
A (Co(bpy))ClOs ERIGIVD L, H-BFEE2E - LEBTZEK, 2,7—
FOE o F W CoHBET 14~ 18FDNETHELNI (KG), £6 ). 2%

2 CH,=CHCOCH; + 2 CH;OH + (Co(bpy)s)*
H;COC(CHe) COCH; + (Co(OCHs)z (bpy) )+

)

+
CH, =CHCOCH; + CHzoH LC2(0CH)(boy)W" 0 (o crcocH; )

= VERETEET-EARDONEIZIZE S LW D5, Michael 4% ( K(6) ) 3




4 5, Table 6. Hydrodimerization of methyl vinyl

159~161) ketone catalyzed by (Co (bpy)s)C10s4
(Co(bpy)s) X " ¥
161,162) ) )
CoX(bpy)2 12729 MeOH Time Conv. 4-methoxy- 2,7-octanedione
2-butanone mol
ST BB s 12 MRS ml h % MVK base % Co base g atom
L OMBIEET X h >  0.5%) 3 13 10 (77) 0.14(23)
2.09) 5 94 91 (96) 0.18( 3.7)

12T, in situ TH -
a) Vpc yield. The number in parentheses is the

BUL 72 gAK % ATt yield based on MVK consumed. b) (Co)0.70mmol,
Uiz, Co()— E¥Y MVK 6.5 mmol, THF 10ml, r.t. ¢)(Co)0.66mmol,

MVK 6.9 mmol, THF 8ml, r.t.
CWEERKITE BT AT

1o DKFEDS bpy Co=2DREBAEE R R U C &b 5 bpy Co= 2 D&
HTBRERGZ2ITO>CEIRLIE(£T ), bpy/Co=1~3 O&MTIZ, B

Table 7. Hydrodimerization of methyl vinyl ketone catalyzed by iz situ
prepared CoX(bpy), -Zn systems?)

- ’ . b

- bpy Addi tive MeOH Time MEK Ylsl—gne)thoxy— 2,7-octanedione

Co mmol  ml h MVK base 2-butanone . .y mol

% MVK base % g atom

cl1 2 LiCl 83 2 24 11 53 0.39 ( 6.4)
Cl1 2 NaCl 85 2 20 0 83 0.18 ( 3.0)
Cl1 2 CaClz83 2 25 12 43 0.95 (16)
Br 2 LiBr 54 2 19 27 52 0.70 (11)
I 2 Lil 75 2 43 14 15 2.78 (46)
I 2 Nal 82 2 43 14 21 3.74 (61)
9 2 KI 80 2 24 55 24 0.75 (24)
I 7 CsI 80 2 19 28 52 0.61 (10)
I 2 NHI 7.9 4 15 2.9 17 0.12 ( 2.0)
I 2 NEt; 183 2 17 34 47 1.17 (19)
I 2 Nal 14 2 48 12 11 4.57 (75)
I 2 Nal 11 0 35 50 0 0.55 ( 9.0)
I 2 Nal 14 1 18 7.0 8.9 4.34 (71)
1 2 Nal 82 4 24 30 26 2.09 (34)
I 2 Nal 10 EQH 2 0.8 - 2.84 (46)
I 1 Nal 86 2 16 8.9 25 3.95 (65)
I 5 Nal 82 2 24 28 54 1.11 (18)
Ie) 2 NaI 10 2 3 55 15 1.04 (17)
I 2 Nal 10 2 0.17 33 36 1.85 (30)
12D 2 Nal 10 2 22 0.4 14 10.9  (71)

a) Catalysts were prepared iz sizx from CoXz (1mmol), bipyridyl (n mmol),
and Zn (8mmol) in THF (10ml)-methanol at r.t. MVK (12.2mmol). b) Vpc
yield. ¢) The number in parentheses is the yield based on MVK. d)MVK
(6.1 mmol). e)0°C. f) 40°C. g)(Co) (0.2 mmol), MVK (6.1 mmol).



ZEBARNERITKEZER LD 512, KBEObpy 2I0A 2L, RIGHHEFIN
I, BL_BEINLCRIZT Ny v OFRIZ T > Br >CIOIET, CoX(PPhs)s
EAMADBE_BUEDOKEREAH LI, 7TV VEBEN T4 KB HEFELL
W, CoZEZEDBRIT_EARNEIR, HRBGEEL TVTH 1005 2B R
D5 CoX(PPhs); iIC X AMADKRIGDHFERE STz .7 v VBB, 7rvH Ut
HeBOHEEY, B, BT_BUNRCBLALEERZE5A L1 51,
TUHYVEBEDS LI FY ULABES RN T, CoX(PPh) FRiIT
APMADHAEDKI EXNATH 5, REDORIGTIE, 7vh)EE HINIT
vEZYLAEOVThOI v BHTH 1205, Col()— EEY SHRIRE
AMVKODRIGTIZNa & Li 2B 4 4 3BT > 12, BIEZEEKNE
¥, Nal & &FiTHmL Iz,

BR824/ —UHBBAE ST 205, R+ &7 —VEIEMVKIZ
HLE2~5/FTHD, BFEIDOX %~

100 £

—wid, AFAGEMichael RISOEIR 52 90 8

80t i

GRRETZ, 7ra—vRSELT, T g0k — 2

T4 = r s —nitfthH B, ;60 1Po

c 50t o

SEK LB KRB L e, RIGEE 2 40) = 3 &

s 30 «— =

Y UTERERESEE LU, £ 20 23

o O

MVKOZ#ER BT ORETFTIE QK b
BEAE 1005 ITEL, RIGEA(NK 1 2Tirne3 hl.

3)»5, BiL—EA&IZ1 hIWNCH» Fig. 3. Hydrodimerization and

. ) .
b DBRHBER L, 7DEBE L ICHE Michae react.lon 9f MVK
catalyzed by i7n sitx prepared

T3, —J, Michael i3, #EA» CoI(bpy)z in THF-MeOH.

o i i tyi 5 =
B3 — I T 3. E T IRL I Conve‘rswn ® 'yleld of 2,7
octanedione; A :yield of 4-me-
HEBRAUNCT TV E—VEED»D B, thoxy—2-butanone.
EBERGLTVEE, 2732402 R FARATLVF-VEELTI
—AFN—2—TFTEFN—1—rurFr (F) E2—AFNV=3-T%

164,165
3"}1/*1—5/7[3’\":/7':/&52.?: 2, 7 v F“—ﬂ/ﬁ‘%‘ir Li Howm



DBYRETB T %,

HEOMVKER 2T 3 & BT RAENE REINT 205, BREGETLE

(£8), CHRZVF—VBRITE - TI b CBHALABERING D
5Thb, 77 Ua=h)VOBTTEMTIE, SAEAELKEIRTDS, Colbpy)
BHE ST O OKEMMBETLEE» 5, KEFRR T TRIGZTT - 1205,

COEBET TR FRAKZEOHBRIBD LN 512 (K8 ), NEIZMKE
B—EL b, Nal EEILi#EmMLI,

Table 8. Effects of the amount of methyl vinyl ketone and the atmos-
phere on the hydrodimerization catalyzed by i sit« prepared Col(bpy)s

Yield®
MVK Atmosphere Nal Zn Time 2,7-octanedione higher boiling

mmol mmol mmol h Co base ool products g
g atom

122 N 14.6 9.2 16 3.52 (58)

12.2 H 14.6 9.1 16 3.06 (50)

24.4 Nz 8.3 83 21 4.21 (34)

24.4 H 1.3% 9.2 16 4.46 (36)

36.6 N2 144 21 20 6.12 (33) 0.28

36.6 H: 13.6 9.1 45 6.18 (34) 0.19

61.0 H: 14.4 9.1 64 7.20 (24) 0.31

61.0 H: 29.7 30. 90 8.41 (28) 0.80

a) [Co) 1mmol, bpy/Co =2, THF 10ml, MeOH 2ml, r.t. b) Isolated
yield. The number in parentheses is the yield based on MVK .

Table 9. Cohydrodimerization between methyl vinyl ketone and methyl
acrylate catalyzed by iz sitx prepared Col(bpy): catalysts a)

MVK MA Yield® Co base ~ —ToL_
g atom

mmol mmol cohydrodimer ©) hydrodimer of MVK

6 22 0.76 (38) 1.24

5 55 1.88 (59) 1.30

12 4) 55 1.29 (58) 0.94

12 4) 110 1.32 (58) 0.94

6 ¢) 80 0.94 (67) 0.47

a) (Co) 0.5mmol, NalCo = 16, Zn 9 mmol, THF 10 ml, MeOH 2ml,
r.t., 16-45 h. b) Vpc yield. The number in parentheses is the percen-
tage of the cohydrodimer in hydrodimers. c) Methyl 6-ketoheptanoate.
d) (Co) 1mmol. e) After MA had been added, MVK was added dropwi se
during the course of 14h.



MVKEMADHBETZE1E : Co(D—EE Y U vEEKIE MA DBT_B/EE
bz, MAZMVKEFEEVIMATCo()—E Y SR ERIEIR S
&y MVKOBRTZEBEDAHRL %, MAZMVKICHE~NKERFAL S & 38
FoBEHEIY, 6—4 hnTs o @Bx 0 ps@onr (£9), MVK
DRISHEDB MAIRKERFWIZHIC, BT _BAEZ2BT_EAP60%LILES
CEIRTERL, MVK% 14 hitblz o THT ) $1E, RIREbFHT
»EBAELEL,

MVKET_S/LOMBLE ¢ iz siza THERL 2 Co () 8K E 3 MVK
DRETE_EBEZHERUIZ (K10 ), BEEVNEZ5A D13 Co()—LtEY
CWRTH D, WTHDRS BEM®D Co (NEXKTIINENSENDT. ZAHVE
BIvikPEBBBHEBFEL TV, Y SV ERLUDOBRNFR7I-F > b
VrBH B, BRMNFHRBAEOFBENTV 3, MVK DB T =Bz &
WOWVWTNOHERRTEB L 55, MADZHIZCo()—EEY S, —7 =

Table 10. Hydrodimerization of methyl vinyl ketone catalyzed by Co(])
complexes a)

8 b)

Additive Solvent Time g”;ld of :

,7-octanedione
Complex mmol ml h e
Co base =
g atom

CoI(PPhs)s KI 80 THF 10, MeOH4 1.5 1.04
CoI(bpy): Nal 14 THF 10, MeOH 2 48 4.59
CoI (phen); © Nal 8.3 THF 10, MeOH 4 16 2.83
Col(fumarate); ¥  LiI 50 CHCN 18,MeOH2 22 2.19

a) (Co) 1 mmol, MVK 12 mmol, Zn 8-10mmol, r.t. b) Vpc yield. ¢)
phen = o -phenanthroline. d) fumarate = dimethyl fumarate.
FUrBYLRTRBC SV, MADBTE-BLICE~N MVK 040 BR
ﬁmﬁwmu,mmm&ﬁﬁﬁk%(mzMwma&m%7wk—wﬁé&£
DEIRISBB L H B2 TH B,

B : 4.2.TCoX(PPshic L AMADBIT=BMAMWCo()—FVL 7 4 a—
BED To b itk s TERLIZ A—BiazF v o b EEKIT, $5—%
FOMADBMIIL I ST T bl s > THETTIHERZEBRELIZ, Coll) -



EEY SOUEEKIZE 3 MVK &E MADRBTE-BLICH T 2ROBERIITOKES
XETHEOTHD: 1) MARBEBTETEBALZL VB MVK SHET—
B9, (MAB S5 2ERT 20 Fo b feBELL, ) 2) Z&K
2, B-—HRAOERT_ERDATH B,

B—BERT TN I/ MEED D » ) v 5 BB A 55 H A IR
OHEEHRZ LV EBbN B,

4.4, Co (7VNEECAFI)2 (CH3CN): —7 I AUELB/NS A K-
RCLBZBFRIIEAL T« Y OBTRIE

4.2, 4.3.T Co (D&, CoX(PPhs)s, CoX(bpy)z 757 v a —wHEEERT
@, FP-AREEMH VK=V ELEVEZE-BAFKATET-EUT 5 & 2N,
BLT-BEOBB2BREF, FlomMER2RVWIILIZ, $4bb, axuwt
DODFV 7 4 oERELTHIGATVNSE D vzv@:nzizvﬁﬁfzkm)t 7 7)) VERA
FU(MA) EDORIGIRE DAL T 4 YRIBRIGZRAIZEC S, BPDOEMN
THZMADP n ENLU IEARDBEBICES 2 512, RIGEDERD 3 H»
5, MABBTZBLINTTF B xFUBERL, —F, BALT L
NIRWVBOAF VB —LIANI B AFVIZBITLINTOBZ EBN 17,
HFE ANV MO XU ORBR2 5328 h5, FEHERIZ, Co()— 7<
WERT 27 VHERTH BT E2HEL, ZDMA, MVK~ D& T8 iEHI
DWTRREFL I,

ES B
ANL =T TS AFILBERIC KBTI YILBAFILOET=21t
CoXe (X=1nuv%>) (1.0mmol), 7 v WL XxF U (2.0mmol), /a4y
&7 v %Y (n mmol ), EEKIK (10mmol) DA 127 52 1 2 BEBHRIET
b= bYWV (18ml) 2INA THRHELUEMLEBOEK 2B, MA (13.3mmol ),
AZ—ov(2ml) MA, RECHEMMBIELL, RIEER, ERYOINERR
NEEREYE 2 VI vpe 317 (BEAF 2 2703 5576 A, SE—30 Im



&t PEG20m 3m®DES|+H S5 4, 175° FID)ILX - Txk®HiIz,

ANV P—TVNBOAFNBERICLBT VVLBEAFILE AFIE =LY
P OHBTLZEIL P )MA & MVK ORIFRING ¢ in situ TIHBU Iz 3,00
F—T B FASBKICMA, MVK & % 4 7 — V2 ABICINA, =B TH
EREARGI®IZ, QMVK2BETFIVBHE: in sica THBLUIz 2,50 b —
TINVERY A F OVEEIRIT, BIRMAE A4 7 —VBIA, AFVE=Z LI Fk
BFa— bR <4207 4 —5— (RBEE) ZAOTMAL, £ERBOD
ARAra=bs 503, REFFRS.0, 56, 643K E—2%4 5, 2RFN27-

176,177)

FoEACF . 6= bANT2BAFI FOEUCBS A FIER

EL,

®w B & & B
AN =T INBS AFILEERICKBZT VU ILBAFILOBT-21t :
CoXo (X=no 52 )R2F/BEENVD I VB A FVOEEFZ 2 =YL
PENTETT 2L, BOBRCKRBEDERGBL NI, BHOMR I A
YRV ERVETREEZBEL T2, CORERL SEESEEI N,
RSN, XL D Co( 72 VB T 25 v ), (CHsCN)2 TH BT EHH]

175
BNTNE ) CORIKMAE A % ) —VRIATLEC S, BOEMIE LD,

Table 11. Effects of halogens in Co-fumarate complexes on the hydrod-
imerization of methyl acrylate®

b)
Halogen Time Conversion F Yield of dimethyl adipate®
h % F+S Co base mol/g atom
Cl 2 5 0 0.34 (97)
Br 22 32 0.20 1.88 (87)
Br 44 38 0.03 2.08 (82)
I 22 95 0.08 4.60 (73)

a) Cobalt halide 1 mmol, dimethyl fumarate 2.0 mmol, lithium halide

5.0 mmol, Zn 10 mmol, MA 13.3 mmol, CH3CN 18 ml, CHsOH 2 ml, r.t.
b) Residual fraction of dimethyl fumarate (F) after the reaction.

S = dimethyl succinate. c¢) The number in parentheses is the yield based
on MA consumed.



RIGERZ IR UIERT 2 ) VR X Fv23
BRr—EBliz7o B O x FUMBERL

TV BT & ot HFE /00 FEDEL . N
X BRIGHOERERILCRU L RIER 7%

g, BRI ERE EMEDRERE D .
T27 U NVERBNATA FBHEFEL TV, fz
NnaFrvOEVICE BEERFSIIE I > Be>Cl

2 3 4 20
Time h

T, EHEECR A UBEALTNALLE

Fig. 4. Hydrodimerization
BEREINIZ, Nar rDOFF CoX(PPhi)s  of methyl acrylate. O:Co
SEeE ELehEC A, BERSCaM- o e
T NVBO X FNERTHDT E ZARTIT 2,

B BENEDSF G 22 hitk~< 44 hOFBEV T &, RISHER
HEFLUTWVWARZ EZRLTVS (K4 ),

B FThB IV VB XFUNBINIBO AFVIGRTINDIZD, M
BRECERFET D, #€->T, GERE2Y TV oL, SBBEI<VERY X
FAVDBHER (F/(F+8), F=7<VvBIxFv, S=aNIBCxFIV )%
KHBTELE-T, MEFGBTFATE 2, 7o ofEKOEREDEIR, B/
(F+S)MENT &, Tabb, 7v VB X FUBEPH»ICETIND L L
WERBD D, 7oEHEK, IV FRFERDIRIC I v VB X FLVDRITHE L
hied b, FHEPAET %,

in situ CHRBUUNLEEZHAONTOLR DL, BBAFELTD 7 VBY
AFNVERPEMIBIERZPERIZINUIZ, 79 VvB IS X FUEHH TNV MC
WL 25 VvORRRAKEESBLN, 20470 LKL 2 EBT_BLH
et nic, BROBEN FITX 2MEISHED CoX(PPhs); DHE/PHI WV
D i3 PPy 23 H 3 H W IO ICIEIRA Tld PPy SIREEL TIRN ABE25 45
WCeEiREB, —f. BREDO7 VB 4 F Lk & 2 RBBEE L C LT,
7 RN A FUHMA L DB EL . MAREEC X ZEMAANES R
ENEVCEVFERRTHZ, aNVbIHU I VB 2 F V28T L EE

Zn; ®: Col(PPh3);-KI-Zn. .



Table 12. Effects of the ratio of dimethyl fumarate to cobalt on the
hydrodimerization of MA a)

Fumarate F )  Yield of dimethyl adipate®)

Co Tm;e COHV;SIOH F+ S Co base mol /g atom
1.0 18 45 0.90 2.25 (175)

1.0 45 59 0.45 2.32 (59)

2.0 22 95 0.08 4.60 (73)
2.04) 19 95 0.04 3.16 (50)

3.0 20 30 0.39 1.05 (53)

3.0 39 39 0.35 1.51 (58)

4.7 22 tr 0.45 tr

a) Colz 1 mmol, LiI 5.0 mmol, Zn 10 mmol, MA 13.3 mmol, CH;CN 18ml,
CHsOH 2ml, r.t. b) F=dimethyl fumarate. S = dimethy! succinate.
c) The number in parentheses is the yield based on MA consumed.

d) Dimethyl maleate,Co.

TIINVB A FNVEBBEDLTBZLEIRERD 7 v Vv 2 F v a5 iR
SEERRICL BETERIE T HTFL TEFL TOBC & ZRLTO 3,

Table 13. Effects of the addition of alkali halides on the hydrodimeri-
zation of MA by Co-fumarate complexes?)

P8 Yield of dimethyl adipate 2

MX (mmol ) Tmllle Conveqrésnon F+S  Co base mol /g atom
none 22 9.8 0.06 0.05 ( 7.7)
LiI  (5.0) B3 95 0.08 4.60 (73)
Nal (5.0) 22 50 0.26 2.63 (79)
KI (5.0) 22 20 0.25 1.01 (75)
RbI  (5.0) 22 13 0.23 0.62 (71)
CsI (5.0) 22 22 0.12 0.44 (30)
Lil (1.5) 22 53 0.20 2.60 (74)
(3.0) 22 94 0.12 4.82 (80)
(10) 22 98 0.01 2.84 (44)
Nal (5.0) 44 98 0.23 5.39 (83)
(7.0) 44 97 0.23 5.46 (85)
(10) 44 100 0.16 6.17 (93)
KI  (10) 91 99 0.21 5.71 (88)
LiIY  (5.0) 42 80 0.03 6.56 (82)
NaIl4) (15) 70 98 0.17 9.32 (95)
KI4) (15) 116 84 0.18 6.32 (75)

a) Col. 1 mmol, dimethyl fumarate 2 mmol, Zn 10 mmol, MA 13.3 mmol,
CH;CN 18 ml, CH:OH 2ml, r.t. b) F=dimethyl fumarate. S = dime-
thyl succinate. c) The number in parentheses is the yield based on MA
consumed. d) Zn 20 mmol, MA 20 mmol.



TIVBE A FADORDICI LA B xF Vv 2ANE E, BXRABEL
BARCE, TLUA VB AFIUBEPPIL I VBO X FVICEBEKTETLE,
BILoEBRNESDUETTALESD s, oy B —HEHE, Co(7
< VBT A F V), (CHCN) i REuFER 20D T, RO FEHRER Co
(Dehtk & HERII N B,

TAHYEBNS A FEHEBEMAZTNE, NRIZED (FRI13), 7w
VEBANS 1 FogRIZ, I>Br>Cl, Na>K~Li >Rb>Cs ﬁ@b,%@éﬁg)
KDAHFELURZWV, LIIOEARGHE N & BBEBRESPNTVETH A
50, BEIEL UARIGHEL2HE L, REER2HE~2 &, B Nal 204k
ROFBNEBFOCER, A4 OREOEEREZTEL T3,

THULBAFILEAFILEZLALY PoOHBETZEL: a NV -T2
o FUERIZICo()— Y vk EIdE->TMA, MVK tic8t—8
el & s 3 (R14 ) , MVKD RIGHES FGOI2HIC, HBIX_EXK2E 51
IEMAZ KEFIT, MVK2W L bIRIMULEZGER S50, B Fa—r2A
Wik, BTHMIZE4X2 hThEHHRIZEEAEL L, ¥4 207 14—
F—2AOVIER, 15 hflBHL» > TMABFENINT E44 512, Nal
BRINRATERIGHEVICDEIRIGEBE RV, ZOHIC LI IRMRZHRAL
2o IEBHERZ LT 212D 59 v 2 —F VRAWVIZET 5,Co T
LO0.5~1LO0MRHFETIRIRNTHA LM o1, BTz =Y ViR
S5, T I MWWV ERVITZ FYNTIIEBS OV, Tor= pY
RBRNEZETFI®I, S bV VECE IBEEROLEMBBETH BT Ebbd
%,

RICEHE ( BT _REBBTRET TN L OFBE25 3305,
EHER NS VBN F2E0 Co (DEREHEIND, 7w VvBI 2TV /
Co=20RRREESBONIZTE, = V) VABEBBLRAIRTH B EhD
CoX( 7 v x Fou ), (CHICN) & b AlEEB F VN E 2 bz, L
»U(1) Co( 7=y x F i )2 (CHsCN)z, (2) Co( 72VB T X Fub)5
(CHsCN):—7 WH )V&ENS4 K, (3) Co( 7=WVEEE X F U ), (CH;CN)z



Table 14. Cohydrodimerization between methyl acrylate and methyl
vinyl ketone by Co-fumarate complexes

Yield of hydrodimers?)

MAnunol M‘Il/—nKmol Addltrln‘;:ol Co base mol /g atom
1 2 3b
Method A°)
12 Lil 50 2.2
12 Nal 5.0 1.7
13 12 LiI 5.0 tr 1.7 tr
20 4.9 Lil 5.0 tr 1.4 0.58 (0.29)
20 4.9 Nal 5.0 tr 1.5 0.75(0.33)
40 2.4 LiI 5.0 1.39 0.72 0.44 (0.28)
13 LiI 5.0 DBC% 1.0 5.67
Method Be)
400 24 LiI 5.0 DBCY 1.0 0.96 0.49 1.13 (0.44)
408) 24 LiI 50 DBCY% 1.0 0.17 0.15 1.71 (0.84)
DBCY) 0.5 0.50 0.23 1.86 (0.72)
608) 3.7 LiI 50 DBCY 0.5 0.98 015 2.28 (0.67)
408h) 24 LiI 50 DBCY 0.5 1.45 0.09 1.89 (0.55)

a) 1 dimethyl adipate; 2 2,7-octanedione; 3 methyl 6-ketoheptanoate.
b) The number in parentheses is the fraction of 3 in hydrodimers.

c) MA and MVK were added at the same time. Col; 1mmol, dimethyl
fumarate 2 mmol, Zn 10 mmol, CHsCN 18 ml, CHsOH 2 ml, r.t., 1day.
d) Dibenzo-18-crown-6. e) A mixture of MA and MVK in CH;CN(total
volume 9 ml) was added dropwise to a cobalt complex prepared in situ
from Colz 1 mmol, dimethyl fumarate 2 mmol, Zn 10 mmol in 15 ml of
CH;CN. f) The time required for dropping. 5h. g) 14h. h) C¢HsCN
was used instead of CH; CN.

FRONTNORS BRE-EBHICRE]RT, @) Co( 77 VR XF v )z
(CHsCN), —7 v V&BN 54 K —HARICDAFEUEBRB D 5 lc, 2
NOVHJEESMIE F 7222008, RINULIZZ v H VERBNS A KD F X, 7=F
ST HB RS A 5C &1 Pd (DI AR LN B L 5 KM (CoXe ( 7 vV
CXF ), (CHICN) ) (M=7VH V&R, X=~v4& 2 )DColl)fEHd
BT_8tMEEEETHI L BZRELT %,

4.5. HHYI(IC
anpxa()-BFREIEAL 7 4 v ORTIE, FLv 74— 8EEKES
OhofpB stz o—7 U FUEEKEDEHB AR PVHICHED SN TN S0



UL LEBESKRORGICED C&idgwn., —7, AETHL I Coll)SERRI Mk
LUTEYTH 505 AMEKITNII28 080T - &) 20D TR,
Co (NEEKDEMUZMLELICTIVENHDEEDND,

F-FEATRT BT AHEBE LT, €4 1B, 3NaF v a(ic
55N5Co(NEEDIEPORBELERIGE LT LT 4 Y8END o b oy
BEZ?SURERBZELL, BE. BEBEORZSLELEILEIRBIND X 4
st ol V02 MORBOTEESEECHRA S N RTREL.,
COBRERMELTOLA»S, ILFLOEESH 2P ELALL,

4. Hydrodimerization of Electron-Deficient Olefins Catalyzed by

Co (I) -Complexes.

Methyl acrylate and methyl viny!l ketone were hydrodimerized in
methanolic solutions by CoX(PPhs); and Co(bpy)sJr into dimethly adipate
and 2, 7-octanedione, respectively. The iz sitx prepared Co(l) complexes
from cobal t halides, PPhs or 2,2'-bipyridyl and zinc gave higher yields
of hydrodimers in the presence of alkali halides. Homohydrodimerization
and cohydrodimerization of methyl acrylate and methyl vinyl ketone were
carried out by Co(dimethyl fumarate): (CH;CN)z2-alkali halides-Zn
systems. A mechanism is proposed which involves the protonation of Coll)-
olefin 7-complexes to give f-substituted ethylcobalt complexes, followed

by a further addition of olefin.
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5.1. RU&IC

/LI THB1,3 -T2 xoDkKRMIE, MEDRE—FlEE 2R #*
—%2R3ET1-T5 ORBAEEVATISAHVOINEZRIGDOEDTH B,
T2 DKFBEMBIT BRI E UTOKkFEILMGE, T o BETELL,
RS 7 4 F THZ LU chemoselectivity. (77 > D 5 b #ITEINCREE
K775 OV THLBRIRACERT 3 regioselectivity. 3)2 — 77 Db
BMAOFMNEAREERL Y R —2 ~T 5 v 2HERT 5 stereoselectivity b5d 5,
CERMEORME LT, E—BRARIBHAZOAAOEEP (1D RER
EBENCE, QO TCuflifids1 —T 7 oADBIRESZN T EBRINT
0a® L L, REMHSTEALTEE 5100, BORRELB5 C &I2H
#HTHd, —hH, »HEOSRBRBRIELHOMAEDIT, [ [ELRIEG J ( facile
reaction ) & [ K%L WG J ( demanding reaction ) % (HW 1) 3 ik
BUERRTCLEYBDD, 7FL rPU T v OERNKELCVBEZERSINDEHE
55 3™ ERAEOBEOMICE), B0 BRECIISBOETFE TS
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DEBI KX L b5 DERFREIMT i, EERBIBFOMET.
¥%§1y®*§MTm§®L2ﬁMMﬁQlA—bxﬁﬁw“ﬁﬁiﬁé
T3,

5.2 Co(D-EFUDILBKICLEHED TV OERMKRIL
BFWAIEAL 7 4 v OBTZBICKEDNZ Co (DEEED 5 5, JILE, #EaAR
512 CoX(PPhs)s iz WA R EHRMT BC &1 & » THERLU 124 F & 5K DS,
B@E oD 1,2 — KFR IO BRI MEE 2508 2ROIELTOS S
—f, Bk Co(D)—E ) SuEEERMSIEF S £ o~AD 1, 4— KENMOBR)L
fE E 72 B0 & BRWIZULTZ, Co()—E Y SRt 274 v DGR
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BRI, BHRICXOBAK, BRELIL, 7220 REBTHLEE»LBIZLD
2, ~EREZFULAOL, WORAEIL, TRAZZOT TAV,
aNJL MR D 4. 3. TlBRRIZE H T, Colbpy) X (X=nm&r) 32K
R T, SHNCHBBELNLL 12D T, in situ THEUIHEER M
mwicgtu 1z,

KFEAL - FEEAE BIRMEKRE EE2MA RIEKET 2 EHB3 120
T, RO 3FEERALI,
k1) : 2,2'—€ €Y 2ov (0.88 mmol), FH K (4mmol ) 5 A - 72 100ml 7
723, 75k kFa735y (THF) (15ml) & Col: (0.44mmol) %2 &t =
5 —VIEH (5mD) (T2 FBER, ¥L— FEETRELRE ) 2ii
ML, BUHBBKRE2EL, BREAZZRTHEL, BARE, 722122 (4mmol)
ZINA, 25°CR->IEBRHEICRBL, KETELES2 1 KEC L TKEREE
~.—Ll vy bTEBERLI,

BER) : FEOTHES2 75 2B UKEAT, 74vxy, KERNMA
THRHL, Brebn, ARCKERIZEHLIZ, FEBIZ C0BTEY
bEFEh T3,

HHEB) : 74 S HFET, 0°CTEITEZITV Co (DK % B %K ERR
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vpe I (BE3HAR 20 NS5, hS5A, SXFVRNKST L/ C-22
ZHR ) Uz, DAL T 7 Vi3 HB L X BComr (AXBETF JNM-FX- 100
ARy baA—2—=)THHFLI,

w R & E =B
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pREEECELBLI (K1), 815,

JoEHETI, PR 1-T 7 8 i’oo
FLUTERL, BB 2—2—7 2 80
FUDERBERCK 5, KELEE, é 60
FHPB L FEIRALEBETCD T 7 ,,;‘340
VR ER LICRLIL, FEIZ 1> 8
Br >CIDIEE 2 b, FIoKEREMEE % 20
< O a

$ I >Br >CIDIETH - 12, FE@) 1t 2 3 4 5§
- 3 > T.
T, TEUT L EKEN DD S e
o o Fig. 1. Hydrogenation of 1, 3-buta-
Ar;;ﬁ—c:@ 5T~:b’ %@Eﬂ‘cliﬁmﬁ diene catalyzed by in situ pre-

MAESETNATLS O TH I HE pared CoBr (bpy)z at 25°C (method
i ) (1)). ®: Conversion; O: 1-CyHg ;
BERVAL, UL, 39 FEEEK o cis-2-CyHy; A: trans-2-CyHs ;

Tit, FELIZHS vicEmEsh g, @ n~Cebio.

Table 1. Hydrogenation of 1, 3-Butadiene Catalyzed by iz si¢u
Prepared CoX(bpy )22’

Induction Rate of Composition of butenes®)
X period H: uptake %
min ml,//min 1- ‘trans-2- cis-2-
Cle) 4 0.33 53 18 27
Bre) 12 0.48 33 9 57
I 40 0.69 21 3 77
cld) 60 0.48 17 3 80
Brd) 75 0.56 17 2 81
I 19 1.29 17 9 81

a) Complexes were prepared iz sitx from CoXz (0.44mmol), 2,2'
bipyridy! (0.88 mmol), and zinc (4 mmol) in THF(15ml) and
ethanol (5ml). 1,3-C4Hs (4 mmol), Py, 580 Torr., 25°C,

b) At 32-43% conversions. c¢) Method (1). d) Method (2).

Ty o MRIIRIGEAE b —FEL, BV zx—2—7 7 VERDERYEZRE
LTz (M2 ), KEMEBRHEOI ODDUEL 2h, ZOIEFIE I >Br
>CI THEMEEY TP o1,

FHEB)TIRAEFRHSICT 21T, F» Co (DEEKRE 74 2 v 2RIGIVT
B, FEMIZHEL, T V2 —2— T 7 U HBVERERS > TER



Lz, TDT &, T4 v x  KFELFERE 52100
B Co (R E T4 21 v EDRIEH S éao
HERTAERBHRLTV S, §
RICEHDEE : HFHEQRE > TRIGEK gw
D B8z D THRE LTz, bpy/Co s i40
o
2ORBRAEEEEAILC LR, EHEEE [
S 20
HBR T % Co (NFEIX CoX(bpy)z ( X =2 g
e A

oy )EEIOND (K2), RIGEE 1 2 3

IBKEEE 1 ROK R R 12 (H3(). L
Fig. 2. Hydrogenation of 1, 3-

Co RE T 2K FHEIE, HAML K% butadiene catalyzed by i7

Uz, Tb B, 74U ME—FOR, i/ prepared CoBr(bpy):
(method (2) ). Symbols are the
RIGHEEIZ CoBED 1 RiCEMU Tz (K3 same as those in Fig. 1.

" Table 2. Effects of the Ratio of 2, 2'-Bipyridyl to Cobalt in
the Hydrogenation of 1, 3-Butadiene by iz si ¢z Prepared Co (])
Complexes (method (2) )2)

Induction Rate of Composition of butenes
bpy /Co  period H: uptake %
min ml /min 1-  trans-2—- cis-2-
1.0 50 0.66 19 2 79
1.5 65 1.10 17 2 81
2.1 19 1.29 17 2 81
2.5 70 0.50 20 2 78
3.1 60 0.28 17 3 80
a) The reaction conditions were the same as those in Table 1.
0.4
c (a) c (b)
£03 S0.3
E £
0.2
% j0’50.2 °
< a
501 30.1
£ T u -
200 400 600 0.2 0.4 06 08
Hy pressure torr (Complex] mmol

Fig. 3. Dependence of the rate of hydrogenation of 1,3-butadiene on (a)
hydrogen pressure and (b) catalyst concentration (@, 1,3-C4Hs 4 mmol ;
®, 1,3-C4Hs/Co=10). (0°C, method (3)).



W) UL, T2 x>/ Co—EIRUIEHLETIE, Co BEIKEHMEA S
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2 hBHBKERBEATIHEREDE, 742122 /Co=10D&HETH,

RISEB I Co BB LI 1 ROBEZRLI, COEMI IR, KIG~D T
o o BEBKER (K4 )REZ260DT, EBR 2742 BES T}
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i |
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2 4 6

1,3-C4Hg mmol

Fig. 4. Effect of 1, 3-butadiene
concentration on the rate of
hydrogenation at 0°C (method
@3)).
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Fig. 5. Plots of 1, 3-butadiene
conversion vs. time. O:Conversion
in Ho ; @: conversion in Nz;

m: yield of all butenes in Nz .
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Fig. 6. Effects of the solvent
composition on the rate of 1,3-
butadiene hydrogenation in THF -
ethanol at 20°C. ,
®: H; uptake; A:1-C4Hg; O:cis—
2-C4Hs; O: ¢trans-2-C4 Hg.
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Tid, KERIUZBEAEBHIIN S s, ZRTE 75 VIFERL TV
25, ZOMRIZKESMAIIL TERLIZ 77 vHREIZR L >TWIZ, THF
BT DELIMbNEKERNSECH, GUBRETL 2 -2 T 7 04
R U, THR IZBICEEIZT T2, KBOBZEEAFELTORE S
TVW3sDEBbh s,

EEY VRIS PEEMFELTo-Z=F b)) odddh, Zh2E
MFELUEZCoNEHRDORIGHIZ ) SEEEDN 13 Tho1t, 774
RICKRIITEHEECERIRD LN L -T2,

foHFEC T ELT, 4V L & 1,3— RUECTDKEME To02 (F
3), DKV L3I— U2 UE, TE2CIT UL DBONRL— XK

Table 3. Hydrogenation of Conjugated Dienes and Olefins?)

Rate of

Substrate Hz uptake an\a;) Product distribution
ml/min
1, 3-Butadiene 1.29 36 (1) 1=CaHs ¢rans-2-CiHs cis-2-CsHy
17 2 81
1, 3-Pentadiene 0.13 37 (5) 1-CsHio ¢rans-2-Cstho ¢is-2-CsHo
5 11 84
Isoprene - 13 (5) 2-Methyl- 2-Methyl- 3-Methyl-
1-butene  2-butene 1-butene
50 38 12
Styrene — 10(22) Ethylbenzene
100
1-Butene — 6(22) n-C4Hyo trans-2-C4Hg cis-2-C4bs
33 43 24

a) Complexes were prepared in a similar manner as those in Table 1.
Substrate (4 mmol), method (2).

RERBFBTH, B 2ABRESREINTV S, 1V TL OB E, KER
PUIREAERD bNZ VD, KEEBDTLRETL TV B, Dy FTORE
ERPDI L, 2—XFV—2—-T5 LiTIRDDE HTABTL OTHLABLA
1205, hORUEIZIIDDE D CADBELL LT EDE, 419 FLvDKEL
B ZKEDRIFIIFETHS 5,

TIOSTUDIEL : CoD#slhE 74 020 2KEDOE VR FORGIE
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CH, CH CH CH: - -
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Table 4. Characterization of Products

0 ppm (CDCl3)

Product 'H nmr 13C nmr

17.89 (C8)
35.51 (C®)

CCH C*H CCH Ch 115.04 (C!)
N7 N\ / 126.15 (C7)
H He H

128.69 (C%)
131.26 (C%)
2 133.40 (C3)
137.07 (C2?)

12,71 (C*)

u 29.94 (C%)

115.00 (C!)

/7 N7 N\ _/ \ 125.06 (C7)
H, He C'H 127.40 (C®)
131.03 (C%)
133.05 (C3)
3 137.11 (C?)

17.89 (C8)

4
§ (81, d, T-5.8 Hz)19.38 ")

0.9 5
CH C°H: C'H 1.65 (3H anrd (ED
oA 145 L3 (’3? 3 39.76 (C3)
ds  wh csy  csp, 172 ’ 112.28 (€')
' 4.8-50 (2H, m) 126.15 (C7)
. 5.3-59 (3H, m) 129.43 (C®)
144.35 (C?)
4

17.93 (C')
Ol H, CH; 1.5-1.8 (6H, m) 32.71 (CYH)
/  2.05 (4H, bs) 124.86 (C?%)
C?H=CH /CH:CH 5.3-5.7 (4H, m) 130.94 (C?)

C4H,-CH:

i
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Fig. 7. Dimerization of 1, 3-butadiene

%{bmicm%bfl'\ 57J($:{b(4_, catalyzed by iz situ prepared CoI(bpy)n. a0 ¢C

5 ) IRBEEL L KEKRE IS H N ®: Yield.
42— TV B,

in situ TIBU 12 CoX(bpy)y K &3 T2 o OB ZRIGHER,
n=1>2T, nax  DFE I >Br >ClDIET, KZELOEHEALEALT
Hotz (5 ), ERUSFREITT Oy > OEBIZ/NI WV,

Table 5. Dimerization of 1, 3-Butadiene Catalyzed by in sit«
Prepared CoX(bpy)n =)

Total Products ¢
n X yield 1 2 3 4 5 Linear Hydro-
% B - B B o dimers dimers
1 Cl 50 90.0 0.6 7.9 0.8 0.7 9.2 1.5
1 I 100 88.5 1.4 73 1.5 1.3 10.0 2.8
2 Gl 10 74.1 4.7 9.2 5.6 6.4 20.3 12.0
2 Br 22 83.5 2: 5 8.7 2.9 2.4 13.6 5.3
2 I 53 74.7 7.7 6.8 5.0 5.8 20.3 10.8

a) Co(l) complexes were prepared in sit« from CoXz (0.5 mmol),
2,2'-bipyridyl, and Zn ( 5mmol) in THF (10 ml) and ethanol (2ml).
1,3-C4Hs (26 mmol), r.t., 5days.

KFEEE D PTERLIL T 7 %2 H, 13C nmr THHLIZ, 1-7F
CORAF LI DBADONT, xFL o idEELTCHD TCHI2 LD
THTho1t (K8 ), —fjs YA -2—TFTFDAFNVERBEMTHBH1H,
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Fig. 8 13C nmr spectrum of deuterated butenes produced by the
hydrogenation of butadiene catalyzed by iz sizx prepared Col(bpy)s .

(CDCl3 solution containing minute quantities of Cr(acac)s ).
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T8 YT KR E U T Co(DEEKIZ, 3EAISNTU 3, (Colbpy)-
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b3,

5. Selective Hydrogenation of 1,3-Diolefins Catalyzed by

Cobalt(])-bipyridyl Complexes

The hydrogenation of conjugated dienes was carried out to give
¢is-2-olefins as main products by the catalysis of CoX(bpy)2 prepared
in situ from cobalt halides, 2,2'bipyridyl, and zinc in THF-ethanol.
The induction periods and selectivity in products correlate with
experimental methods in regard to the time when diene and hydrogen
are added. The rate of hydrogenation is proportionalto the hydrogen
pressure and to the catalyst concentration, and changes with the
concentration of dienes. A mechanism is proposed which involves anzi-

m-allylcobalt complexes as intermediates.
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Fig. 1. IR spectra of PtO(PPhs), Pt(PPh3)s ., Pt(O2) (PPh3); and OPPhs.
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Table 1. Binding energies of
PtO(PPhs) ¥

Binding energy eV

Pt(4/7,) 72.3b)
Pt(4fs5,5) 75:45)
P(22) 131.4
C(1s) 285.0
0(15) 530.2
532.8

a) Binding energies were
referenced to that of C(1ls),
285.0 eV. b) The ratio of the
peak height of Pt(4/; ) to
that of Pt(4/5,%) is 1.37:
1.00.
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Fig. 2. Hydrogenation of styrene catalyzed by PtO(PPh;) at 0°C.
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Table 2. Solvent effects on the hydrogenation and isomerization of
1-pentene catalyzed by PtO(PPhs)2)

THF MeOH® Toluene MEK CHs; CN®

Conversion® % 24.7 249  19.0 18.2  17.9

Rate of hydrogenation mmol.h 0.34 0.30 0.20 0.25 0.037
Selectivity for hydrogenationd) 0.56 0.46 0. 39 0.55 0.078
cis/trans 0.55 0.59 0.60 0.61 0.95

a) PtO(PPh3) 0..106 mmol, 1-CsHio 10 mmol, solvent 20ml, Ho 1 atm, 0°C.
b) The complex was not dissolved completely. c) Conversion after 4h.

d) n-Pentane /(n-pentane + 2-pentenes).

LEB I iE TEER R, THF >MeOH >MEK > b v = > > CH3CN Tdh
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Table 3. Hydrogenation rates of some unsaturated compounds using

PtO(PPh3) *)

Temperature Hydrogenation rate

Unsaturated compound Solvent o0 1072 mmol /h

1-Pentene Toluene 0 20

1-Hexene Toluene 0 16

Cyclohexene Toluene 0 5.0
Vinyl acetate Toluene 0 2.3
Methy!l acrylate Toluene 0 7.0
Acrylonitrile To luene 0 4.7
1-Hexyne Toluene 40 15%)
Styrene THF 0 20

Isoprene THF 0 16°)

a) PtO(PPh3) 0.106 mmol, unsaturated compound 10 mmol, solvent 20ml,
H: 1 atm. b) Products after 4 h were 1-hexene (72% ) and n-hexane (28%).
¢) Products after 4 h were 2-methylbutene (72%) (2-methyl-1-butene
(24%), 2-methyl-2-butene (40%), 3-methyl-1-butene (8%) ) and
2-methyl-butane (28%).

V4 v >72F U o FEEDIETH o1z, HEFL T 1. 7F L o FEE
EDOKFMLT, EEBEELTVTE NS 7 o oBERLIZCEE Y. =04
RO REIIZED b h - 12,

HH YT : PtO(PPhs) 13 B BUIE A S & SERMIZERKZ & > T B,
PtO(PPhs) % —MCHISE(A L ZA B L &, % & FEM FI3EERIYIT, PPh
AR TER T BN F EA B 61, PtO(PPhy) (3 EKAE + 1 K TAHOE,
SRBIYDO—FE, kv 1 Kb sirhE, EBRTFHE 27 4 #EEO—FE
BBCENTELES, BSCAF— 4 b bHESNLASOEHHHPL 128
HEERBICHEDOL VREEVWAS, A@RVDE “ O "BMETH 512
e, A IN T BREBEEINLDL 512,

6. Hydrogenation of Olefins Catalyzed by A Two-Coordinate Platinum

Complex

Treatment of Pt(0Qz) (PPh3); with hydrogen in benzene at 60°C gave

a dark brown amorphous complex which exhibited catalytic activity for



hydrogenation of olefins. The complex was identified to be PtO(PPh;3)
by elementary analysis, ir, mass and ESCA spectra. The hydrogenation
of styrene is of first order to hydrogen pressure and the Pt concen-
tration and of zero order to the styrene concentration. The activation
energy is 53.5kJ mol™' . The solvent effect on the hydrogenation rate
of 1-pentene is THF > MeOH > MEK > toluene > CH; CN. The selecti-
vity for hydrogenation against isomerization is THF > MEK >MeOH >
toluene > CHs CN. The addition of PPh; inhibits the hydrogenation but
increases selectivity for hydrogenation. The complex has no chemose-
lectivity: paraffins are formed even in the presence of dienes and

acetylenes.
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7. Epilogue-Reconsideration on the Metallic Valence

Reactivity of transition metal complexes in the particular

valence states which are closed-shelled 4% and open-shelled 22r%1 g -
discussed. The valence is referred to as the ionic valence or the
oxidation number in this thesis. As to this terminology mixed valence
compounds have been currently interested in terms of their preparation,

properties and reactivity.
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Lo TRBEREEDR: B ICHATBUH2FET A 555 )

BIIBESBROEBERTFEPE 2, F3JBERERERKIT, RECEYE -
HAam (v rE)Icd, oA (A—FE)XIFEALI B L], 2
o EBEBL CMEREOSRIT BUMEEE b T 0B .

(20 16— 18FFHIl: 34, 44, 5/ BEREGBLAYOAREFII, 188
FOMMUAN ZEECES, Tolmanid, CAL28L%{ ODRIGH16—18
BFEEEOMOEELEHBOERNTHE L 32T %2R0, 16 — 18EFH| 212K
Ut g 2, v 4 % AT RS, BT OB, ARG, B
y TV, BEBNTH v T) 7 EORIGE S S HBPT & BT LPBRI
1, UL, BRTEXEE0HHbHB

(3) Halpern i3, YAEE & RIGHICH T 25K FcH T 2 RER —C,
Ct, REFC o, v~ — LEROEEIES R EEARTFHD
pEEL I

@ BEOKHIE: BHSTNL, 2505 TR LR CE= KO
VBT EZRIT=AREHEEAOBROIGAICZYUT 3, AL, XEE M
i & O HOMO—LUMO & % i3 LUMO—HOMO H EfFAIM K2 O XK CTEE
KRFELDBLERBAL TS,

INoDEAGIE, MERTDIEHE T2RRBI AL INDY, BEL

EBR 7 — 4 L EAOBES S ERINBECATHE,



Appendix

Elementary Reactions and Reaction Rationale in Catalysis by

Transition Metal Complexes

Typical steps of homogeneous catalytic reactions include ligand
complexation, oxidative addition and reductive elimination, insertion,

and abstraction of #-H atoms. Such reactions and bonding principles or

useful concepts on which they are based are described.
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