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CHAPTER 1

INTRODUCTION

                            '     The yole of organometallic compounds is significant as
                                       '         'reaction. intermediates in transition metal catalyzed organic

syntheses. In order to understand the reaction steps of

cf talyst, we are interested in the rceactions of isolable

orgainometallic compounds. Although nickel is useful in

catalysis in terms of its high activity and low price,

reactions or properties of organonlckel complexes have not

been thoroughly studied owing to the instability of the

complex.

     In a s-tudy of reac'tions of coordinated organic group R'

in co.mplex RNilj2R', the other Iigands (R or L) are desired

to be inert enough 'to avoid complex side-reactions. In

order to stabUize the complex, it is favorable to introduce

the organic group R which has the following characters:

i) absence of B-hydrogen; ti) high balkiness (e.g. ortho-

substituted aryl group); x'ii) high electronegativity (e.g.
                       '                  - -.---C6Cls or CCI2=CCI)....,.In the present studies on reactions and

properties of organonickel comp!exes, mainly pentachloro- ''

phenyl group has been used for the organic group R and
                'dimethylphenylphosphine for the neutral ligand L. The
                                        'phosphine coordinates strong to nickel and pan offer structuyal
                               '                                                      'information of the complex through its spectra.

     In chaptex 2, preparation of alkynylnickel(II) complexes

is described. In chaptenc 3, preparation of alkoxycabene

complexes from t.he alkynylnickel(IX) complexes, and the
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chemieal properties of the caubene complexes are described.

In chapter 4, structure and bonding character of the carbene

complexes are described. In chapter 5, reactions of organo-

nickel(II) complexes with N-brofuosuccinirnide are described.

The yeactions resulted in formation of trivalent organonickel
                             '                                                    'complexes or brornination of organic ligands.

                                   '                         ttttt  t          '                                  '     1"he content of this thesis is rnainly composed of the

follow.tng papers.

I)

2)

3)

4)

5)

Catton-c Carbene Complexes of Nickel(II)

K. Oguro, tvJ.. Wada, and R. Oka.wara,

J. Chem. Soc., Chem. Conmun., (1.975) 889.

Cationic Carbonyl and Related Complexes ot- Pentachloyo-

phenylnickel(II)

PL Wada and K. Oguro,

Inorg. Chem., 15 (l9i76) 2346.

Alkoxycarbene Complexes of Nickel(II)

K. Oguro, M. Wada, and R. Okawara,

J. Organometal. Chem., 159 (1978) 4i7.

Organonickel(III) Complexes
                               '
K. Oguro, M. Wada, and N. JConoda,

J. Organometal. Chem.r in press.
                                       '             'Reactions of Some Diorganonickel(II) Complexes with
                                              'N-bromosuccinimide

K. Oguro, M. wada, and N. sonoda,

J. Orcganometal. Chem., in press.
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CHAPTER 2

             '
PREPARA[PrON OF ALKYNYLNICKEL(IX) COM•PLEXES
                '                     '

2-l. Introduction
                                         '                                                   '     Generally in the preparation of alkynylnickel(rl) complexes,

alka•li metal salts of alkynes or alkynyl Grignard reagents have

been employed [l,2]. However, alkynes containing an active

proton cannot be used in these procedures. We have found a

rnuch easier and pscobably more genercal reaction (eq. 1) to prepare

alkynylnickel<II) complexes.
                                              '      R-"lliPiMie2clo4+Hc!crv.-LE::!il->t3N R-/iiP!'M8i2cR, a)

         PPhMe2 . . PPhM-e2
 (R == C6Cls, CCI2=CCIr (o-M.eO)2L'"6H3; L == OH2, NCMe, solvent, none;

 R' = H, alkyl, aryl)

2-2. Experimental
General
          '
     Commercia! grade alkynes and silver perchlorate were used.
                                  'without further purification. Znfrared spectra were recorded

on a Hitachi 215 or 225 spectxophotometer using Nujol mulls.
]-

 H Nb4,R spectra were reco]rded on a Jeol M.odel JNM-PS-iOO spectro-

meter operating at IOO PfHz using tetramethylsilane as an inter-

nal standard. "{elting points, analytical and spectr41 data

were sumarized in Table l.

Preparation of tyans-RNi(PPh)4-e2)2Cl (Xa-Ic).
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   , Cornplex Ia (R = C6grs)- was prepared in the literatuTe [3]

rnethod.

     Complex Ib (R = CCI2=CCI). To a suspension of .,

Ni(PPhtv!e2)2Cl2 (2•OO gr 5 mmol) in 20 ml of tetrachloroethylene/

ethanol (l/l) was added dropwise a solution of NaBH4 (O•4 gr

10 mmo!) in 30 ml of ethanol at ca. 500C under nitrogen. The
                       'sQIN4,ents were Temoved by heating under reduced pressure, and

the scesidue was extracted with diethyl ether/water. The
                                                         '
ethereal layer, on concentration, gave brown crystals o-f !b

(l.88 g, 750-.), which were purified. by recrystallization from

methanol/xArater. The product was identified by its melting
         'point and !R and IH Npa.R spectMa [4].

     Complex Ic (R = (o-N.eO)2g6U31L:.- To a solution of

Ni(PPhMe2)2Cl2 (4•OO g, IO mmol) in 80 ml of benzene was added

dropwise a solution of 2,6-dimethoxyphenyllithium [5] (10 mmol)

in ethey (20 rnl)/benzene (100 ml) at ca. 50C. The rnixture

was dried on a steam bath and the re$idual solid was recrystal-

lized from hexane using a Soxhlet extractor to gSve Ic (2.l5 g,

43o-.), m.p. Il6--ll70C. (Found: C, 56•58; Hr6•l3• C24H3102P2-
clNi ca16d.: c, s6.79; H, 6.160-.). IH NMR (CDCI3): 6(PCH3)

1.26t, l2H (2gp + 4!p = 7.5 Hz); 6(OCH3) 3.45s, 6H; 6(g-H)

5.94d, 2H <JH == 8 Hz); 6(E-H) 6.75rn, IH; 6(C6Hs) 7.2-7.6m, IOH.
                                 '

Isolation of a.cationic complex.
                                              '     A solution of !a (O.310 g, O.5 mmol> in IO ml of dry benzene

was added under nitrogen atmosphere to a solution of silver

perchlorate (O.ll3 g, O.55 mmol), which had been dried Over P20sr

in 20 ml of dry benzene. The silver chloride precipitate was
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removed by filtration to give an orange-brown solution.

Addition of n-hexane did not cause any crystal formatÅ}on and

the solvents were rem.oved under reduced pressure. The
                                                        'resultant sticky brown material was successfully crystallized

from undried benzene/hexane or diethyl ether/hexane under air
                          'to g. ive cationic aquonickel complex trans-[C6ClsNi(PPhMe2)20H2]

elO// (IIa) (710-. yield), m.p. I29-l330C. (Found: C, 37.79;

H, 3•37; Clr 30•l5• C22H240sP2Cl6Ni CalCd•: C, 37•65; Hr 3•45;

Cl, 30.310-.). This complex was obtained more conveniently

using moist acetone as the rea.ction solvent followed- by recxyst-

allization from diethyl ether/hexane. The IR spectrum showed
                                                  -lbands due to OH2 at 3260ra--broad and l625v"T-broad cm                                                    and bands
                    'due to CI04- at ll43, UOO and I036 crn-l. L  [ohe IH NM.R spectirurn

showed 6(PCH3) l.60t, l2H (2gLp + 4!p = 8 Hz) and 6(Oh'2) 2.69s-

                                         'broad, 2H (50-. CH2Cl2 solution), and 6(PCH3) l.62t and 6(OH2)
1.91s (10-o solution). The molar conductivities of 1.o Å~ lo-3,
     '                'lo-4 , lo-5, and lo-6 M solutions in cH2cl2 at 250C were 2.4,

                               '6.s, 2o.o, and 46.o st-lcm2bAM'-l, respectively.

                                        '                                         '
         '
Preparationoftrans-C6s2!1,sNi(PPh}-•le2i2!t2!g!IL{l![![aj!11!g2-:-CR(I!IarU)

     Complex IIIa (R' = H). To a $olution of IZa (O.702 g, l

mmol) in 20 ml of acetone was added triethylamÅ}ne (O.2 ml, 1.5

mmol) and a large excess of gaseous acetylene (ca. Il) at OOC.

The initial brown color of the solution changed to a light
                                                        ttorange. The mixture was kept at OOC for 2 h and then volati!e

materials were removed under reduced pressure. The residue

was recrystallized from acetone/methanol to give orange

crystals of !!Ma (O.54 g, 890-.).



                                       C6!!40M.e-p). . A solution

of stlvesc perchlorate (O.207 g, l mmol) in 5 ml of acetone was

ad.decl dropwise to a solution of Ia (O.620 g, l mmol) in 20 ml

of acetone, and the silver perchlorate precipitate was filtered

ofE. To the ÅíUtrate was added trie'thylamine (O.2 ml, l.5 mmol)

and an excess of gaseous propyne (ca. Il) at OOC. [Vhe mixture

was treated as described above to give orange crystals oE IIIb

(O.57 g, 910-.). A simlar reaction as above with a slight excess

of propargyl alcohol or 3-butyn-l-ol at room tempeyature gave

ZIId or XIIe in a 75 or 680-o yield, resp. ectively. Complex UId

or Irle was recrystallized from cyclohexane/hexane. A similar

reaction as above with phenylacetylene or p-methoxyphenylacety-
lene, but in the absence of triethylamine, gave a light yellow

solution, which was concentrated to ca. 1/3 volume, and an

addition of an equal volume of methanol gave IIIE or IIIg in

71 or 770-. yield, respectively.

                                               '                         'Preparation of trans-RNi(PPhrvIe22:2CECR' (UIh--IIIm) (R = CC12=CCI,

(o--Meo) 296g3L•

     To a solution of Ib (O.50 g, l mmol) in 20 rnl of aceto-

nitrUe was added dropwise a solution of silver perchlorate

                                                         6

                         '
     complex IIrc (R'= Et). To a solution of trans-[C6ClsNi-

(PPhMe2)2NCMe]CI04 (IIb) [6] (O.715 g, l mmol) in 2o ml of
                           'acetone was added triethylamine (O.2 ml, l.5 mmol) and a large
               'excess ofi gaseous l-butyne (ca. Il) at room temperature. The

nixture was treated as describedi. above to give orange crystals

of lllc (O.59 g, 930-.). • '                              '
,, {" Complexes UIb (R'= M.e), IIId (R'= CH20H), IUe (R'=

                                                  'CH CH OH), IIIf (R' == Ph), and IIIg (R' ==
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(O.207 g, 1 mmol) in IO ml of acetonitrile, and the silver

chloride precipitate was fUtered off. To the filtrate was

added triethylamine (O.2 ml, l.5 mmol) and 50 ml of acetylene

gas at OOC. The mixture was kept at OOC for 2 h and then
                                                           '                                                          '
volatUe rnaterials were removed under reduced pressure. the
                                                           '
residue was rcecrysta!lized from rnethanol to give orange crystals

of ffIIh (R = CCI2=CCIr R'= H) (O.31 g, 63%}. Complex IIIi-rrrk

(R = CCI2=CCIr R' = bC,.er Ph, C6H40Me-E) were prepared in a manner
                                                             'similar to above in 50-700-. yield.

     Complex rlll or IIIm (R == (g-M.eO)2C6H3r R = H, Ph) waS

prepared from Ic in a manner similar to above in 50-600-. yield.

2-3. Results and discussion

     The chloride ISgand in trans-RNi(PPhMe2)2Cl (Iar R = C6Cls;

Ib, R == CC12==CCI; Ic, R == (g-M-eO)2C6H3) is labi!e and the

complexes react readily with silver perchlorate resulting in

the precipitation of sUver chloride. The resulted complexes

are assumed to be solvent-(acetone or acetonitrile) or water-
                 'coordinated cationic species. The cationic pentachlorophenyl-
        '
(aquo)nickel complex IIa is isolable. The propaties of IIa:
i) the spriting of IR absorption of cloi; ii) IH NM-R spectra

which changes on concentration; tii) the Xow conductivity values;

suggest the presence of interaction which is pxobably hydrcogen
                                 '     'bondings between aquo ligand and perchlorate anion.
                                                 '
     The cationic coraplexes cotaining labile ligand such as

solvent acetone, acetonitrile or water react with terminal

alkynes. When a base such as triethylamine is present, alkynyl-

nickel complexes IIIa-rllm are obtained, but IUf or !IIg can be



TABLE1-1 MELTZNGPOINTS, ANALYNCALANDZR DATA FORtrans-RNi(PPhMe2)2CECRi (UI)

Complexes "f..p"

(oC)

Analysis (o-.)
Found (ealcd.)

  CH
      -!ZR'"i' (CM        )

No. R RT v (C :- C) v(CH) or V (OH)

:Ira

XI!b

X!Ic

IXXd

xm!e

IIIf

Ir!g

r:xh

r!li

I!Ij

!r:k

XUI
IXIm

C6Cls

CCl2 =CC1

          '(g-MeO)2C6H3

H

M.e

Et

CH

CH

Ph

H

Me

Ph

H,

Ph

20H

2CH2OH

C6H40Me-E

C6H4OMe--l2

l26--l28(d)

l34 -- l35 (d)

l24-l25(d)

122-l23(d)

138-l39 (d)

l48-149

148-i49

 81 - 82 (d)

I08-iiO (d)

     ' 98 -- 99<d)

129-l31 (d)

     97 (d)

IOI-I02 (d)

47.Il
(47.31)
47.80

(48.l7)
48.93

(48.99)
46.88

(46.97)
47.94

(4 7 . 7 9. )

52.23
(52.57)
51.74

(52.04)
49el9

(48.98)
49.46

(so.oo)
55e26

(55ei2)
54.05

(54.36)
63.I8

(62.8Z)
67.Z8

(67.04)

3.71
(3.80)
3.95

(4.I4)
4.22

(4e27)
3.91

(3.93)
4.23

(4.l6)
3.92

(3.97)
4.03

(4.09)
4e79

(4.73)
4.73

(5.00)
4e85

(4.80)
4.91

(4.88)
6.73

(6.49)
6.56

(6.33)

l947s

21OOw

2lOOvw

2085s

2O9Ow

2090s

2O85m

l960s

2U5w
2090s

21OOm

l950s

2O9Ovs

328Om

3600s

348Om

327Orn

326Om

co



TABLE z-2 IH NMRSPECTRALDATA FORtrans-RNi(PPhMe2)2C:CR'     g<III)

complexes 6(pcH3)b

No.

6(C:CH) or
 6(CiCCH)

t]'

-P
(Hz)

OtheT resonancesC
.-,. "

r '

!ITa

MUb
IIXc

rlld

ZIIe

zuf
Ixrg

urh
zxxi

r!xj

ZXIk

UIi
MIZm

   1.73t

   1.69t

   l.70t

   l.68t

   2.64t

   l.73t

   Z.73t

l•65tr l•72t

!.66t, 1.71t

Z•69tr i•75t

1.72t, 1.76t

   i.36t

   Z.39t

2.34t

l.88t

2.23t-g

4.I3t-d

2.39t-t

2.2Ot

l.77t

2.i5t

3.8

3.0

2.5

2.5

3.0

3.5

3.0

3.5

l.Oit

l.04t

3.37q

6.73d

6

6

6

.

.

.

(CMe)

(OH)

(CH20)r l•

        '

and 7.06d

67d and 6.89d

84t-bx (p-H)r

86m (p'"•H), 6•

50t (OH)

(C6H4), 3. 77s (OMe)

 (C6H4)r 3•73s (OMe)

 6.14d (m-H), 3.5!s (OMe)

17d (m-H), 3.52s (OMe)

a rxxh, xrxj, rxXl and

c3       = 6.0-9.0 Hz.   J   -HH

XIIm Å}n CH2CZ2, others in cDcZ3• b 2J +4cr
   -P       -P = 7.0--8.0 Hz.

o
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obtained even in the absence of the arnine. The reaetion can be

performed even in a moist solvent in air. SeveMal attempts

to isolate, or detect spectroscopically, a cationic T-alkyne-
         'nickel(II) complex which is the probable interrnediate of this
            ..
reaction have failed, although some analogous platinam(II)

cornplexes are known [7].' '
 .} •L-

2-4. References
1 P. W. JoHy and G. Wilke, The Organic Chemistry of Nickei,

   vol. I, Academic Press, New York, l974, p. I39.

2 D. R. Fahey, Organometal. Chem. Rev., 7 (l972) 245.
         '3 M. Wada, rnorg. Chem., L4 (l975) l415.

4 M. Wada, K. Kusabe, and. I<. Ogure, Inoyg. Chem., 16 (1977)

   446.
                         tt5 D. A. Shirley, Cr. R. Johnson, Jr., and J. P. Hendrix,
                               '
   J. Organornetal. Chem., Lt (l968) 209.

6 M. Wada and T. Shimohigashi, Inorg. Chem., 15 (1976) 954.

7 M. H. Chisholm and H. C. Clark, Accounts Chem. Res., 6 (l973)

   202, and ref. cited therein.
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CHAPTER 3

PREPARAT!ON AND CHEMICAL PROPERTIES OF CARBENE COMPLEXES OF

NICKEL(II)

3--l. ' Introduction

     Since the discovery of transition metaZ carbene corrtplexes

by,Fi,scher and }4.aasb61 [l], numerous investigations have been
,t tk"

reported [2--6]. However, only a few carbene complexes of

nickel have been isolated, in spite' of their presumed impor-

tance as reaction intermGdiates in organic syntheses [2,3].

A nickel(O) complex, Ni(CO)3{C(NEt2)OEt}, and its analogs have

been reported [7], followed by the nickel(Il) coraplexes,
trans-[NiCl(PPhEt2){Ctst(b4-e)CH2CH2Npa.e}2]BF4[8]and

                  vet--t-ans- INiCl (PPh3) {CN (15e) CH=C (Me) S}] BF4 [9] . However , a!kyl-

(alkoxy)carbenenickel complexes, which are thought to be more

useÅíul in organic syntheses [5,6], have not been known. Here

we report reactions of several alkynylnickel complexes, which

were directed toword the preparatÅ}on of alkyl(alkoxy)carbene-

nickel(II) complexes by a method analogous to that used by

Chisholm and Clark for platinura(II) complexes [!O,ll].

3-2. Experimental
Preparation of trans-[C6ChelsNi(PPhMe222 C(OR)!J!e ]CI04 (IVa-c).
     A mixture of IIIa (3.05 g, 5 mmol) and 609o aqueous

perchloric acid (O.6 ml, 5.5 inmol) in 30 ml of benzene-methanol

(2:1) was kept at room temperature under nitrogen at!nosphere

to give light yellow crystals of IVa (R= Me) (3.l2 g, 849o).

     A mixture of !!!a (I rmol) and the perchloric acid <l mmol)
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  '                                                        '                                           '                                                     'in 3 ml of ethanol or R-propanol was stirred under nitrogen

for l2 h at room temperature. The resulting light yellow

precipitate was washed with ether and recrystallized from

ethanol or CH2Cl2-rnethanol to give IVb (R== Et) <O.46 g, 60g)

or rVc (R= g-Pr) (O.41 g, 54X).
                                                            '         '     A similar reaction of IIIa (O.305 g, O.5 mmol) in benzene-

,,is g/..propanol (?:l) gave after 4 days a white precipitate, which

was washed with CH2C!2 to give I]?hMe2(C6Cls)P]C!04 (O•030 gt

l2g). (Found: C, 34.55; H, 2-21• ClsHn04" PC16 Ca!Cd-:
c, 34.53; H, 2.28g). IH NMR '(MeN02): 5(CH3) 2.88 (doublet, "

6Hr ilp-- l4 HZ)r 5(C6Hs) 7-6H8.0 ppm (multiplet, 5H).. From

the above filtrate C6ClsH (O.044 g, 360-.) and the coinplex I

<O.ll8 g, 38g) were obtalned. The product C6ClsH was identi-

fied from its melting point <850C) and IR spectrum [12]. .
preparationoftrans-[c6gist-LpPhMe2Z2Its!i.liiili-IiegH23Ony}-llCLELO4(ivd>-

     A solution of I (l.24 g, 2 mmol) in 20 val of benzene

was added dropwise to a solution of silver perchlorate (O.41 g,

2 mmol) in 40 rnl of benzene. The resulting si!ver chloride

precipitate was filtered off. To the filtrate was added

3-butyn;1-ol (O.4 ml, 5 mmol), and the rnixture was stirred

under nitrogen atmosphere for 2 days at room temperature.

The resulting precipitate was recrystallized from CH2Cl2-methanol

to give light yellow crystals of IVd (O.89 g, 580-.). The

comp!ex IVd can also be obtained from a reaction of UIe with

an equivalent perchloric acid in benzene (yield 289.).
                                                       '
Reaction of IIIb with metbanol in the presence of perchloric

acid.

A mixture of II!b <O.312 g, O.5 mmol) and 609. perchloric
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acid (O.O06 m!, O.05 mmol) in 3 ml of benzene-methanol <2:l)
                             '           'was kept at room temperature for 15 h under nitrogen, and the

volatile materials were removed undey reduced pressure. The

residual solid was recrystallized from ether-methanol to give
                                           '                      'orange crystals of Yt2imsans-C6ClsNi(PPhbgle2)2CH==C(OMe)Me <V)
      '
(O.23 g, 70g).
                           '                          '
     A reaction of IIIb (O.5 mmol) with the perchloric acid
(P.q55 ml, O.5 mmo'l) in a condition similar to above gave

brown crystals of the aquo complex IIa (O.25 g, 7!9.) after

recr.ystallization frora benzene-ghexane.

     A reaction of V with an equivalent perchloric aqid in a

condition similar to above also gave Ira (yield 569.).

Identification of the volatUe products was carried out
                            '                                    'independently. The volatile materials in a reaction rnixture

of V and the pe/ chlorle acid in acetone-g6 were collected by
trap-to-trap distillatfon. IH N.MR spectrum of the distiUate

showed the resonances dtie to propyne (61.76 doublet and 2.16

ppm quartet, 2i[= 3 Hz), methanol (63.31 ppin singlet), and

water (82.92 ppm broad singlet).
                                           'Deprotonation of the carbene complexes IVa:d.

     To a suspension of IVa-d (O.5 mnol) in 2 ml of acetone
                                            '                                  'was added triethylamine (O.6 rmol) to give a elear solution.

An addition of S ml of methanol gave yellow crystals of
                   'S!t!SLPEanS-C6ClsNi(PPhMe>2C(OR)=CH2 (V!a-c) (R== Me, Et, er p-pr)
b' r trans-C6ClsNi(PPhb4e2>2C'h-'-H------"pCHCH2CH20 (V!d), respectively, in

                  '                                              '80-900-. yields.

                       '     Protonation of VIa-d was carried out in etherial soluPion.

An addition of 600-. perchloric =acid gave light yellow crystals

of IVa-d, respectively, in 90-IOOO-. yields.



TABLE 4
XR AND iH NMRSPECTRALDATAFORALKOXYALKENYLCOIvlPLEXEStrans-C6ClsN" i (PPhb4e2)2R

           "'-,'
(v,vz).

Complexes

        R

    rka,

y(c=c)

  -'i
cm

Y(coc)

   NMR ---H

No.
.P-CH3g

 6
C=CH

cS'

      , Aikoxy
Jp, Hz 6(o-•cE[)

protons
 ' Others

v

vza

'vrb

vrc

VZd

-CH=C(OMe)Me

-c (OMe) =CH2

-c(OEt)=CH2

      n       >=cH2-c(opr

 r--•-------.-...-...--.-t
-• C=CHCH2CH2O

1598

1578

1558

i579

1550

s

s

s

m

s

I099

U32
:O17

li50
I043,

li52
IOI2

IO05

vs

vs
s

vs
s

vs
s

s

l
1

z

l

z

:

.

.

.

.

.

.

02
IO

48

47

47

45

t
t

t

t

t

t

3

3
4

3
4

3

4

4

.

.

e

"

"

e

e

e

46

68
26

63
Z9

59
X9

26

t

d-t
d-t

d-t
d-t

d.t
d-•t

  f
qn-

4

2
3

2
3

2

3

2

.

.

.

.

e

.

.

.

7

g

g

g

5

3

3

3

3

3

.

.

.

.

.

27

10

29

18

64

s

s

g

t

t

o

o

2

.

.

.

93

84

22

t

 et-

m

-a rn

ÅíOr

are

 Nujoi muXls

v (C6H6)•

obscured by

    b
.

g 2J
   -P
P-CH    3

ChemicaZ
+4J-p•= s.

signaXs.

    {1

 shifts

O-8.5 Hz
  -f 3J
     -H

(ppm)

   d
.

   '
= 2.5

measured
,Sbr( ccH3 )

Hz.

 Eor

i.66

CH

t

 cz2

(J
  P

2 or

2.

 CD2Cl

2 Hz).

  soZution2

  9 occH
        2

except

sÅ}gnals

FA



TABLE
ZH NMR

3

DATAa FORCARBENE

U

corvlpLEÅ~Es trans-- [C6CLsNi (PPhMe2) 2L] CI04 • fi

Complexes p-cH3II2

  if

Ccarb-CHg

   if

Aikoxy protons

No. [J Form if(O-CH) 5
 -J.p, Hz Others

xva

!Vb

xvc

IVd

  Me !:c
 N  OMe

  Me  i:c x  OEt

  Me /:c
  N  OPr

:cb,

  z

  IEI.

  g

  E

  z

nE

  E

1.55 tr

      d

1.53 t,

    l.53

   i.4-1

Z. 65 t

i. 66 t

t

•7e

Z. 56 t

2.48 t

l. 99 t

2.54 t

2.l3 t

2.60 t

2.12 t

2.88 t-t

4.64

3.96

4e91

3.' 99

4.64

3.88

4.64

s

t

q

q-t

v
t-br

t-t

Z.5

Z.5

  l

J.eO

l

1

o

z

,1

.

.

'

.

.

;. •

29

36

87

oo

i4

e

t
t'f

t#

qn

A chemÅ}caz shÅ}fts in

      'c4" gp= 2.0--•2.5 Hz.
       / t.tt
and overlapped with

 pprn, in CH2CX2 or
 !#Obscured by P-CH

      resonance.OCCH    2.

                  b2 cD2cz2 at 23oc. - gp+
3 xesonance of Z-isomer.

f
 - CCH3 protons.

4
J-P
9

= 8.

Not

O-8.5

weLZ

 Hz.

resoZved
     '
  -J

'H
C.7'1



                                                         l6

                     '
3-3i Resutts and discussion
                      '
     The ethynyl complex IIIa reaated with alcohols in the
                                                       '             'presence of perchloric acid.to give the stable cationic

carbene complexes, as shown in eq. 2. Examination of the

         l. Hcl04 l !CH3
, ( ilt/CIs---bli--m-CECH • rtH C6Cls-'-)l:i ---CNoR CI04

                                   t.                                       '                                                      ' . IIIa                                          IVa-c
                                        '                           <R= a, Me; b, Et; c, n-Pr)
product'' ratio from a reaction performed in mixed alcohol

solution showed that the reaet'ivSty of alcohol decreased in

the order: methanol > ethanol > n-propanol; jsopropanol was

unreactive. The propynyl complex IIIb, on the other hand,
decoruposed in the presence of mbthanol and l equivalent of

perchloric acid to give the cationic aquo complex IIa. When

only a catalytic amount of the acid was used, a vinyl complex

V (see eq. 3) was obtained. The complex V reacted with
perch' !oric acid to give IIa, propyne and methano!, but not

ethyl propenyl ether (eq. 4).
       '

     .I [H+] l IIVIe C6Cls-Ni-C:'CMe ff.oH C6Cl5'--Ni'--CH=CXoD4. (3)

v
sucl04

       7

        .C6Cls- Nl- -  OH2

       P

      IIa

CI04 + MeC=-CH +. MeOH

(2)

(4)
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                                                 '                        '     The complexes• IIIc,d also decomposed in tihe presence of
                            '
methanol and 1 equivalent of the acid to give IIa, and gave

in the presence of a catalytic amount of the acid unidentified

noncystalline materials. The 4-hydroxy-1-butynyl coinplex

HIe, however, reacted with perchloric acid to give a cyclic

carbene complex IVd. This complex also could be prepared by

the direct reaetion of I with silver perchlorate and 3-butyn-

1-ol. The arylethynyl complexes IIIf,g were recovered almost
 'quantitatively from a solution of methanolTbenzene containing
                                        -  '                             'perchloric acid. - • '     l      H NMR spectrum of V showed resonances for only one kind
                             '
of methoxypropenyl group, though it could not be determined

whether the structure is E- or Z-•form about the C=C bond in

Ni-CH==C(OMe)Me. The structure Ni-C(OMe)==CHMe is precluded
                   -*due to the'lack of l[(HCCH3) •

      Reaction of prirnary and/or secondary amines with alkyl-

 (alkoxy)carbene complexes is well-known to give aminocarbene

 coinp!exes of the group VI metal carbonyls [5], as well as of

 platinum<II) [l3]. The reaction of the complex !Va with

 methylarnine or dimethylamine, however, did not give the expected

 aminocarbene complex trans-[C6ClsNi(PPhMe2)2{C(NRR')Me}]CI04,

 but a neutral of-methoxyvinyl complex VIa derived by deproto-

 nation at the ci carbon atom of the carbene ligand as shown in
                                 '

 "trans-Pt(tolyl-p) {C(OMe)=CHMe}'(pphD4e2)2 has been report6d

                     1 by Chisholm et al. H NIvlR: (8(CH!ILt)== 1.23 doublet, E[(He-CH3)=:

 5 Hz [1 4.].



.lrTABLE 2 trans-[C6ClsNi(PPhMe2)2L]CI04 (IV)a

and trans-C6ClsNi(PPhMe2)2R (V, VI)

Complexes M.p.

(oC)

Found (calcd.)

No. LorR o-oC o!oH O-,Cl

IVa

IVb

IVc

IVd

v

VIa

VIb

VIc

VId

C (OMe) Me

C(OEt)Me

c(opr")Me

C(CH2)30

CH=C(OMe)Me

c (OMe) =CH2

c (OEt) =CH2

    nC(OPr     ).CH2

.C=CHCH2CH20

171-172(d)

158-159(d)

145-147Cd)

150-151Cd)

148-149(d)

118-119

118-119

108-110

125-126

40.12 3.64 28.68
(40.48)(3.80)(28.67)
40e99 3•83

(41.31)(4.00)
41.83 4.20

(42.12)(4.19)
41.33 3.96 28.20

(41.42)C3.47)(28.22)
47.39 4.27

(47.65)(4.46)
46.72 4.29 27.44

(46.82)(4.24)(27.64)
47.43 4.25

(47.6S)(4.46)
48.06 4.77

(48.44)(4.67)
47.72 4.09 27.03

(47.79)(4.16)(27.13)

a cationic
59'66 st-lcm2

comp!exes
   -lmo1      at

 IVa-!Vd have molar
io-4 "i coAcentration

conductance
 in CH2Cl2•

l8
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eg. 5. The other alkoxycarbene complexes IVb-d also gave

         r-      iva' 'l/;lll: ?il irH:IgiS ., c6cis-NIi-c<i[]ill, (s)

                                   viPa

corresponding b(-alkoxyvinyl complexes VIb-d by the reaction

withLtriethylamine, the vinyl complexes reacting with perchloric
 '    s                                                             'acid to give the original carbene complexes.

     The high acidity of the carbene complexes is also evident
from the observation in the IH NMR spectrum that the

C(carbene)-CH3 resonances of IVa readily disappeared on addition

of an excess of CH30D to the dichloroiuethane solution, due

possibly to H-D exchange. The exchange rate, however, must
                                                     'be slower than the NrvlB time pcale, because the C(carbene)-CH3

signals of IVa in dichloromethane-methanol (8:1, v/v) remained

sharp with the couplings to the phosphorus nuclei. The other

carbene complexes IVb-d also showed an easy H-D exchange. The

vinyl complexes VIa-d also showed analogous H-D exchange. The

basicity of VIa (or the acidity of IVa) was estimated by rReasure--
ment of the IH NMR spectra of the solution containing Iva and

a suitable reference base; 2 equivalents of triethanol amine

gave a le:90 ratio'of IVa:VIa, and 5 equivalents of 2,4,6-

trimethylpyridlne gave a 55:45 ratio of IVa:VIa in dichloromethane
Thus, the basicity of VIa is between that of triethanolamine ana
                                              'that of 2,4,6-trimethylpyridine in dichloromethane, the pgb
                                                    'values for these two amines in water being 7.8 and 7.4,
                                   '
respectively [l5]. An analogous H-D .exchange has been reported
by Kreiter [l6], for Cr(CO)s[C(OMe)Me} catalised by sodium

.
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methoxide, as well as deprotonation with butyllithium by Casey

and Anderson [l7]. A closely related study has recently been
reported by Chisholm et al. for trans-[PtX {C(OMe)Me}(PPhMe2)2]PF6

                                            '<x= cl or CF3) [i4]• - .
     Reaction of mercaptans with alkoxycarbene complexes !s

known to give thioalkoxycarbene complexes [5], but IVa was

xec,overed from a solution containing an excess of mercaptan.
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CHAPTER 4

STRUCTURE AND BONDING CHARACTER OF CARBENE COMPLEXES

4-l. Introduction
     A number of spectroscopic and X-ray crystallogxaphic

studies on structure of tacansition metal carbene complexes
           '
oF ,,.metal-carbene bonding have been reported with a various

conc]-usions: back 7T-bondÅ}ng is styong or weak [l-3]. Here

we report the structure of nickel alkoxycarbene complexes in
                   'solution and the bonding character of the carbene ligands.

4-2. Experimental
     Electronic sDectya were recorded on a Hitachi ModeZ 356                L
spectrophotometer. IH NMR spectral data are showed in Table 3

and 4 in Chapter 3.

4-3 . Results and discussion

    The spectra of carbene complexes are tiine-dependent, in

general. Representative spectra are shown in Fig. I. A very
fresh soiution of IVb in dichloromethane exhibited two l:2:l

triplets of equal intensity for the P-CH3 protons. [Dhis

observation is indicative that the coruplex has a .trans-bis-

phosphine configuration [4] with the carbene ligand fixed

perpendicularly to the nickel coordmation plane. The time-
dependence of the spectra dan be explained in term of isomeri-

zation of the carbene ligand between ZL- and gL-forms, as shown

below:
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            ICH3+ -CH3 +        Ni-C Ni-C             X .- N             O O----R             /
            R

            (Z) (E) -                                            '
At the equilibrium the spectrum shows two trip!ets for the

C(carbene)-CH3 protons and two quartets for the O-CH2 protons
                                    'wi,th.,.a relative intensity of 2:!, respectively (Table 3 and 5).

A detailed Tneasurement showed that the weaker quartet pyotons

were magnetically coupled with the two tertiary phosphines to

give a quaytet of l:2:l triplets. The relative ratio of

isomers varied with the solvent used (Table 5). The spectra

in the P-CH3 proton resonance region exhibit coinplicated

features at the equilibrium. The spectra of IVb in several

solvents (Figs. I and 2), however, can be analysed as an

overlap of two l:2:1 triplets of equal intensity (the major

isomer) and a single 1:2:l triplet (the minor isomer>. Thus,

the minor. isomer is expected to have a trans configuration with

the carbene ligand freely rotaing around the nickel-carbene

bond*. From a steric point of view, re!ative to phosphine

ligands,' the rnajor isomer can be assigned to a Z-isortter and

                                         .the minor to an E-isoiner. The supporting evidences'for this

conclusion include i) the decrease of the isoiner ratio (Z/E)
             'as the alkoxy group !engthens (Table 5),'ii) the free rotation
                               '
                                                    '                                      '                                 '                         'Å} An analogous IH NMR spectrum of a mixture of two ssomer$

ha$ been observed for a cationic imidate complex,
trans-{C6ClsNi(PPhMe2)2{NH=C(OMe)Ph]]CI04; see ref. 5.
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CDCI    3 CH2Cl2 C6HsN02 (CD3)2CO
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Et

  nPr
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z

O.9

5

2

i.5

10

3

 2.5
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  5
  '3

9 Not measuaceddue to the poor solubility.

N
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of the cyclic carbene iigand in IVdt iiO the observation
of 5gp for the OcH2 resonance of Iva-c(E-isomers), as Well.as

!vd, and iv) the observatlon of OCH2 resonance of the Z-isoiners
                '                                                             'at lower magnetic fie!d than that of the E-isomers, probably

due to the paramagnetic anisotropy of the nickel(I!) atom

[5r6]•
                                            ' , ,- An isomerlzation rate was measured for !vb with IH NMR

                                                         'spectra, The rate from Z- to E-Å}somers followed first order
kinetics with the rate constant of (7.1 Å} o.4) xlo-5 see-l at

-l6ec, giving the rotational barrier (AG# 2s7) of 20 kcal/molr

as calculated for the dlrect rotation about C(carbene)-OR bond.

Since IVb ls very acidic, an alternate isomerization route

involving deprotonation, rapid rotation in the neutra! VIb

species, and reprotopation also can be considered. If this

latter route operateS the totational barrier about

C(carbene)-OR bond MUSt be still higher than 20 kcal/mol.

The rotational barrier for IVa could be estimated to be higher

than l8 kcal/mol from the observation of the two isomer

resonances even at 800C in nitrobenzene <above 800C it decomp-
                                                             '                         'osed).
     The IH NMR spectra of cyclic carbene complex Xvd are

temperaturedependent (Fig. 3), and the observation can be

explained in term of the rotation about the Ni-C(carbene) bond.

The coalescence ternperature of the P-CH3 resonances was -340C,
and the rotational AGI 23g value of 11.7 l<cal/raol could be,
                                            '
calculated.

     The spectra of d-alkoxyvinyl complexes VIa-c at arnbient

temperature showed only one kind of alkoxy ptoton resonance
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P-CH    3

C(carbene)-CH3

' •k,N

 7 min.
  t-"N-X"

CH2CU3 '

R--rs-A,

70 min.

LnF..tN,

150

Z-isomer = "

E-isomer

.mm. '

-mau-----rkdwwhth-- "h-Xrma,--Fp-oLwt-.------•---4-tt-h--uaE-----•-e-sli----•--------#!-'-v,

      6 (ppm) 2
Fig. 1. {Cime dependence
        'trans-(C6ClsNi(PPhMe2)2

CH CI at -16oc.  22

of IH NrviR spectrum of

                    '{C(OEt)Me}]CI04 (IVb) in

1



Z-' isbmer
6 1. 59

6 1.70

Y

E-isomer
6 l. 57

l

Z-isoraer

6 l.86
6 l. 75

l

.E-isorn

g6 1.68

         (a) <b)
                               =                      '                     'Fig. 2. P--CH3 region of IH NrvlR spectra of

trans-[C6ClsNi(PPhMe2>2{C(OEt)Me}]CI04 (Ivb):

(a) in CDC13, isorfler ratio (l/El)== 1; (b) in

(CD3)2COr isomer ratio= 5.

27
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and a single trip!et resonance of the P-CH3 protons, probably

due to the presence of the free rotation about the C(vinyl)-O
                                  '        ttand Ni-C(vinyl) bonds. The P-CH3 triplet of VIa coalesced

to a broad singlet at -240C and sharpened to two triplets

separated by O.20 ppm at -60 OC, while the OCH3 proton

resonance remained a singlet. An analogous spectral change

w,as.tobserved for V!b, but in the spectrum of cyclic alkoxyvinyl

complex VId the P-CH3 resonance started to coalesce only at ca.

-8oec (Tc <-IOOOC). It is tentatively suggested, thereforer
that the restricted rotaion about the Ni-C(vinyl) bond in

vla,b at low temperature is caused by the steric hindrance

between the alkoxy group and the bulky phosphine ligands.

     The barrier to rotation about the Ni-C(carbene) bond Å}n rVd

suggests the presence. of Ni-C(carbene) 7t-bonding (resonance form

A). The steric effect on the rotation must be small, because

the carbene ligand in IVd is strically almost equivalent with the

alkoxyvinyl group in VId which showed a low barrier to rotation

about the Ni-C(vinyl) bond. The presence of Ni-C(carbene)

                                    '                                         '                                      +   + /CH3 !CH3 /!CH3 +ICH3 Ni=C eNi-C eNi-C eNi--C      NoR XXoR NoR NoR
                    +

7L-bonding is also evident from electronic spectra. The

carbene complexes IVa-d showed a dxy-dx2-y2 band at 332-335 nin

(shoulder character) and VIa-d showed the band at 373-385 rm

(shoulder character). The energy difference (ca. 10 kcal/mol)

between the d-d band of the carbene complexes and that of the

cl-alkoxyvinyl complexes is attributable to the Ni-C(carbene)
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rL-bonding energy.

    '     The high barrier to rotation about the C(carbene)-O bond,

or the presence of the isomers in !Va-c suggests the presence

of double bond character in the bond (resonance form B),

rather than any steric hindrance in view of the result for

c{-alkoxyvinyl complexes VIa-c. The rotational barriers in

!Va,.tt are significantly higher than that reported for

Cr(CO)s[C(OMe)Mej<Ea== l2.4Å}l.O kcal/mol) by Kreiter and

Fischer [7]. The high acidity of the carbene-methyl, or

-methylene, group in IVa-d is attributable to the presence

of the hyperconjugation (resonance form C) or the carbenium

ion character (Mesonance form D) of the carbene ligand. The

largeif contributions of resonance forms B and C in our nickel
complexes than in Cr(CO)s[C(OMe)Me] indicate that the nickel

moiety is weaker as a K-base to contribute in resonance forin A.
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CHA,.-P...[ E-Rl' 5

REACTIONS OF ORGANONICKEL(II) COD-(.[PLEXES WITH N-BROIvlOSUCCIN!M.IDE;

PREPARANON OF ORGANONICKEL(III) CO"C.TPLEXES

5-l. Introduction
     Organonickel(HX) compiexes appear to be interrnediates in

the reductive elimination process of diorganonickel(II) complexes
  ) :i:.

[1-3]. Although some nickel(U!) complexes have been yeported

[4-6], few organonickel(III) complexes have hitherto been known,

except for RNi(PPh3)2I2 (R = CF3 or C3F7) [7]. We here report

the reactions of organonickel(U) complexes with !!-bromosuccin-

imide. The reactions resulted in the formation of organonickel

(III) complexes or the bromÅ}nation of organic ligands.
                                                    '        '

5-2. Experimental
Preparation of Starting Materials.

     The chloride complex Ib was dissolved in methanol containing

NH4Br. The solution was refluxed for IO min,. and addition
                                      'of water gave brown crystals oE trans-CCI2=CCINi(PPhMe2}2Br,

in quantitative yield, rnp 134-1350C. (Found: C, 39.78;
H, 4•18• ClsH22P2Cl3BrNi calcd.: C, 39.6s; H, 4.o7o6). IH

NMR (CH2C12): 6(CH3) 1.62t and 1.69t, l2H (2-Jp + 4-Jp ==

   ..                                            '7.5 Hz); 6(C6Hs) 7.35-7.86m, IOH.

     An ethereal suspension (30 ml) of 2,6-dimethoxyphenyl-

lithium [8] (22 mmol) was cooled with an ice-bath under

nitrogen, and NÅ}(PPhMe2)2Cl2 (4•OO g, IO mmol) was added with

stirring. The mixture was stirred for l h at room ternper-

ature to give a yellow precipitate. bCethanol (3e rnl) was
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added at 09C, and the precipitate was fUtered and recrystal-

lized from acetone/methanol to give crystals of trans-Ni-

{C6H3(OM-e-9)2}2(PPhMe2)2 (4•72 g, 790-o), m.p. 1530c (dec).

                                     '(Found: C, 63.26; H, 6.88. C32A4o04P2Ni calcd•: Cr 63•08;
                                          -1 1H, 6.620x.). IR: v(COC) 1225vs and 1100vs cm . H NMR (CDCI3):
6(pMe) 1.o7t (2gp +'4gp =7 Hz) 12H; 6(oMe) 3.63s l2H; 6(r-n-H)

6•07d (!H = 8 Hz) 4H; 6(R-H and PPh) 6.7-7.lm 12H.

     Similar treatment of Ib with 2,6-dimethoxyphenyllithium

in ether/benzene (l/1) gave trans-CCZ2=CCINi(PPhMe2)2C6H3(OIytiem9)2

(6oe-.), m.p. I24-l250C. (Found: C, 51•59; H, 5•24• C26H3102P2M

CI3Ni calcd.: C, 51.83; H, 5.190-.). IR: v(COC) 1225vs and 1100vs
dm-l. IH NMR (cDcl3): 6(pMe) l.37t (2!]Lp + 4gp = 7.5 Hz) 12H;

6(OMe) 3.25s 3H and 3.35s 3H; 6(m--H) 5.91d QH == 8 Hz) 2H;

6<p-H) 6.75m IH; 6(PPh) 7.25s and 7.l7s 10H.

Et[Eg!gSAgn-gg-!!E!gll21LgglgRl,glsgs:solatlonofN-(!II)C l

             '     To a solution of trans-CC12=CCINi(PPhtVIe2)2Br. (O-55 gr

l mrnol) in 5 ml of acetone was added j5[-bromosuccinimide

(O.18 g, l mmol) in 3 rn1 of acetone to give a dark red
               'solutÅ}on. Addition of methanol (5 ml) gave dark red crystals
                      'Of CC12=CCINi(PPhMe2)2Br2 (O.44 g, 530-.), rnp l12-1130C (q,ec,).. ..,.

(Found: .C, 34.89; H, 3•68; Brr 26•O• ClsH22P2Cl3Br2Ni
 'CalCd•: Cr 34.58; Hr 3.55; Brt 25.60-o').

     trans-C6ClsNi(PPhMe2)2Br reacted with N-bromosuccinimide
                                            'in similar Tnanner to give C6ClsNi(PPhMe2)2Br2 in a yie!d of

57g, rnp 133-l360C (dec). (Found: C, 36.08; H, 2.77; Br,

21•O• C22H22P2ClsBr2Ni calcd.: C, 35.35; H, 2.98; Br, 21.5g.).
                                                          'Electronic spectrum (CH2Cl2): Ainax(e) I060 (33), 840 (28),



466 (8400), 350 (7900), 318 (11400)

bility <powder, 2890K): ueff = 2.05

g = 2.20 (broad singlet).
-    '
                        ' '
Decomposition of Ni(III) complexes.

     A solution of CCI2=CCINi(PPhMe2)2Br2

in 2 ml of benzene was refluxed for

The kcolor of solution turned to deep

of methanol (l ml) gave an orange solution

trated to dryness. The residual solid

 from methanol to give trans-CCI2=CCINi(PPhM.e

      similar treaEment of C6ClsNi(PPhD4.e

tranS-C6ClsNi(PPhMe2)2Br, in 820-. yield

Reactions of diorganonickel(IM) complexes
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               '      Magnetic suscepti-nm.

VB• EPR (CH2cl2, 77oK);

                     '      (O.313 g, O.5 mmol)
      '
10 min under nitrogen.

 green. An addition
                      '                 '       which was'concen-

    was recrystallized

        2)2Br (O.17s g,

   2)2Br2 gave

  •

     with N-bromosuccinirnide .

     To a solution of trans-Ni C6H3(OMe-g)2 2(PPhMe2)2 (O•608 gr

l mmol) in 50 rn1 of acetone was added dropwise during about 5 min

a solution of N-bromosuccinimide (O.358 g, 2 mmol) in 20 m! of

acetone at roorn temperature. The solvent was rernoved under

reduced pressure, and the residual solid was recrystallized from

acetone/methanol to give IXa (O.56 g, 740-.). Use of 4 nmol of

NBS dissolved in 40 rnl of acetone in the above reaction afforded

!Xb (O.62 g, 670-.).

     Complex VIITb, IIIa or VMa reacted in analogous rnanner with

2, 1 or 2 eguivalents of NBS in acetone to give X (779.), XI (690-o)

or XZXIa (759.), respectively.

     Similar treatment of VIa with 1 equivalent of !!-chloro-

succinimide at OeC gave xXIrb (659.).
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     A mixture of XUb (O.312 g, O.5 mmol) and NBS (O.089 g,

O.5 mnol) in 25 ml of acetone was kept at room temperature
                      'overnight. Sirnilar work-up as above gave XII (O.27 g, 679o).

     The analytical and spectral data are summaxized in [rable 6.

5-3. Results and discussion
  ., '.;Mreatment of t.-t----nyans-CC12=CCINi(PPhD4e2)2Br with N-bromo-

succinimide in acetone affords a pentacoordinated brgano-

 .mcke!(III) complex CC12=CCINi(PPhMe2)2Br2, as shown in the

following scheme:

   R-" Nli- Br NBS >. R.--- IY ti /Br L = pphty!e2

       L LXBr R= cci2=cci
                                                or C CI                                                     65
                      '
     The Ni(!II) complex is stab!e in the solid state.,

Evidence for this comp!ex forrttation includes (i) the elemental

analyses, <ii) the presence of two ionic bgomide ligands,
(iii) its nonelectrolyte character in freshly prepared lo'3Ll

                                      'dichloromethane, .('iy.} the magnetic susceptibility (ueff =

1.74 pB at 291 eK)', which is consistent with the presence of
low-spin d7 nicke!(Irr), (v) the electronic spectrum of its
             '                    'dichloromethane solution exhibiting absorptions at 1050 c

(e 50), 840 (shoulder), 700 (e ].80), 493 (s 6400)'"," 425 (E
                                         '                                        '                    '6000), 368 (e 8300) and 320 (e 8100) rm, an analegous spectrum
                                               shaving been reported for Ni(VPP)Br3 [2], and (vi) the EPR

spectrum of a dichloromethane solution at roorn temperature
                                          '                                                   '                                                '                                       'whÅ}ch showS a single broad signal. The observed g value
(2.19) fa!ls in the range expectbd for Ni(IIr) species rather

than for any nickel(II)-stabilized radical ligand [3].
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                                                        '                                                             '     The dark red solution of the complex' in nonpolar solvents

is sensitive toward heat or daylight to give a diafuagnetic

green solution (Xmax = 587 nm). No evidence of nickel-
                            '                  'carbon bond cleavage is obtained at present, but addition
                               'of alcohols or water to the green solution resulted in the

formation oÅí stating Ni(XI) complex trans-CC12=CCINi(PPhMe2)2Br•
                                                         '                      .t. , .,t.A pentac blorophenyl analog, trans-C6ClsNi(PPhMe2)2Br,

a!so afforded a paramagnetic complexr C6ClsNi(PPhjNle2)2Br2r

which showed analogous spectral, physica! and chemic.al

properties.
                       '     Then, we intended. to extend the above reaction to several

diorganonickel(II) complexes. Unexpectedly, -the reaction

resulted j-n the facile formation of a variety of novel brorno-

organonickel(!I) complexes. The reaction were performed in
                      'acetone at room temperature without any catalyst.

                   ObCeX VMa:X=X' -- H.      xV OM.e               L
      4" .i• a"                                IXa :X == H, X'= Br.

       -- / --                                IXb :X == X' == Br      x oMeL oDGe x' -
                                     L = PPhMe2.

                  LOMe LO"Ie Br

the

IXa

of

             '  c'ci2=cci-->'l' a-"

           L                orTle
           VMb

  Complex VI[[a was brominated

 meta positions of the

 or rXb depending on

VI[[[a or IXb with an

   -i!t!!PE.-.BS cci2=cci--->l' a"

                            OMe Br
                         'X

          stepwise and selectively at
                  '   C6H3(OMe-g)2 groups to give either

 the amount of NBS employed. Reaction

excess of NBS gave a green solution, but
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we have found no evÅ}dence for nickel(UX) complex formation.
                                                            'Addition of alcohoZ or water to the green solution resulted in
                          'the xecovery of IXb. Analogous bromination was observed with

VMb, in which the nickei atom is stericaly less hindered than

that in VMa.

                      NBS                                      [Ni] --c:cBr[Ni] -C :-CH

[Ni]-C:-CMe -tS [Ni]-CBr==C(Suc)M-e or [Ni]-C(Suc)=CBrMe
                                      • XII  IIZb

[Ni]-c(oMe)=cH2 ---------1 tBS [Ni]-C(OMe>=CBr2

                         NCS                                      [Ni] -C (Oba.e) =CHCl
                                         XNb
     [N" == trans-C6ClsNi(PPhMe2)2, Suc = lvatiFi15-S-6ii:Ziii:Z(O)cH2CH2Co.

     The alkynyl proton in IUa and the alkenyl protons in VIa
                                                              *were substituted quite easily, giving XI and XMa, respectively.

Although a rnonobrorno(methoxy)vinyl complex could not be isolated
                                          'from the reaction of VIa and NBS, a reaction with l equivalent

of N-chlorosuccinimide gave an E/Z mixture of monochloro-substi-

tuted complexes (V]Zb). Such examples of a!kynyl- or alkenyl-

hydncogen substStution by halog. en are, to our knowledge, quite

limited in the chemistry of these halogenating agents [9-ll].
                                                        'The reaction of IIIb, on the other hand, was rather slow, and a

product (XII) containing a succinimido group was isolated.

Although the structure or {eometry. of the bromo(succinimide)-

propenyl group in XI! has not been determined, the product

contained only a single isomer. The detailed rnechanisms of



TABLE 6

ANALyTIcAL AND SPECTRAL DATA FOR tranE-R(R')Ni(PPhtsle2)2'

Cornplexes

No.

l•1.p.

 eC

Analyses, found (calcd.) IR Data (N'ujol)
      -1
    cm

IH

o-oC O-oH e-ol e!,cl+Br

 NllR Data

6, ppin [J

 (cDCI3)

, Hz]

IXa

IXb

x

XI

XII

XIIIa

XIIIb

161b

   b181-

110-111

nob

   b202-

161b

127le

 50.27
(50,1O)

 41.40
(41.56)

      '
 40.97
(41.07)

 41.60

(41,88)

 43.20
(43.47)

 37,48

C37,57)

 44.26

(44.43)

 4.90

(4.99)

 3.71

(3.92)

 3.74

(3.84)

 3.08

(3.22)

 3.47

(3,6S)

  '
.3.19

C3,15)

 3.82

(3.88)

 !.62

Cl.75)

 20.82

(20.83)

 34.60

(34.56)

 34.81

(35,Ol)

 37,S8

C37.37)

 32,85

(32.09)

42.49

(42,18)

1220vs, 1080vs (vCOC)

1205vs, 1060s (vCOC)

1205vs, 1060s (vCOC)

2050w CvC:-C)

171Svs

!515m

ll15s

1520w

1095s

 (vc=o)

(vc=c) g

cvcoc)

(vc=c) g

(vcoc)

1,02t

5,91d

1.23t

6.6--7

1.4or

7.2-.7

1.64t

1.63t

2.73s

1.S3t

7,O-7

1.49'
t

3,10s

5.47t

[7]

[8]

[7]

.2m

[7,

.3m

[8]

6H and 1.

2H (rp-H);

12H (Prvfe)

10H (PPh)

5] 6H and

11H (p-H

12H CPMe)

25t

 7.

;3

 [7] 6H (PMe); 3.42s 6H and 4,20s 6H COMe);
02d-t [1,3]g (p-H); 6,6-p7.2m 12Hd- (pph)

.68s 12H (OMe); 7.35t [1.3]g 2H (p-H);

1,55t [7,S] 6H

and PPh)

• 7.2-7,6m 10H
'

(PI'fe); 4,06s 3H and 4.SSs

(PPh)

[8] 6H and 1,76t [8] 6H CP.NIe); 1.98t [2,5]-e 3H (CMe);

4H {CH2CH2); 7,1-7,3m IOH (PPh)

[7,5] 6H and 1,6St [7,5] 6H CP:le); 3.93s 3H (OMe);

.3m IOH CPPh)

[8],1.64t [8] and 1.3S--1,7m-broad total 12H (Plle);

 1.9H and 3.59s 1.IH (OtsIe); 4.26t [3,O]gO.3SH and

[4,O]gO,65H (CH); 7.1-7.4m 10H (PPh)

3H COITe);

,

b
- Decomposition, g6   J     value,   -P

si Total intensity of p-H and PPh proton signals,

                    "
e-S
   J
   -P

value.
g Tentative asslgnrnent.

g 4-Jp vaiue.

co
"
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these reactions are unknown at present, although the reactions

can be readily explained in terms of a radical process [l2], or

an ionic process [l3]. Another possibillty is an autocatalyzed

radical process, with the nickel(II) complex forming a penta-

coordinated diorganonicke!(:II) bromide intermediate.
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CHAPTER 6

SUN)IARY,

     cationic compZexes, trans-[RNi(PPhNe2)2L]CI04 (R " C6Cls,

CCI2=CCI or (g-M.eO)2C6H3; L = labile neutral ligand such as
                                                     '           'NCMe), which have been prepared from trans-RNi(PPhb4.e2)2Cl and
             '                            'silv.er perchlorate, react with terminal alkynes, HC:-CR' (R'== H,

alkyl or aryl), in the presence of triethylamine to give

alkynylnickel(II) complexes, trans-RNi(PPhMe2)2C="CR'.

     Reactions oÅí the alkynylnickel(IM) complexes with alcohols

in the presence of perchloric acid were investigated. The

ethyn-ylnickel Complex, trans-C6ClsNi(PPhMe2)2C:CH, gave cationic

alkoxycarbene complexes, trans-[C6ClsNi(PPhMe2)2{C(OR")Me}]CI04

(R" = Me, Et or Prn), as weU as trans-C6ClsNi(PPhMe2)2C:'CCH2CH20H

afforded trans-[C6ClsNl(PPhMe2)2{6TiEtfi5-5MIIZH )3o}]clo4, but the propynyl-

nickel complex, trans-C6ClsNi(PPhMe2)2C:CMe, either decomposed

or afforded trans-C6ClsNi(PPhP{e2)2CH=C(OMe)Me, depending on the

amount bf the acid used. Treatment of the carbene comDlexes                                                     -
with amines resulted in deprotonation to give ct-alkoxyvinyl
        '                                              'complexes trans-C6ClsNi(PPhMe2)2C(OR")==CH2 or trans-C6ClsNi--
(PPh"Ce2)2C"----------------=-CHCH2CH20, thereactionbeingreversible. The

carbene methyl or the vinyl protons in the carbene complexes or
                            'the or-alkoxyvinyl complexes are D-exchangeable by MeOD without
                                          'cata!yst and the basicity of the or-alkoxyvinyl complex is

comparable to those of amines.

     The structure and bonding character of the carbene complexes
have been investigated by iH NDER spectroscopy. The carbene
                 '         'complexes have two isomers due to hindered rotation about the
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C(carbene)-O bond in solution, and the ethoxycarbene cornplex

exists in the Z-form in the solid state. The rotational
barriescs (AGt) about the C(carbene)--O bond in the ethoxycarbene

complex and the Ni-C(carbene) bond in the cyclic carbene

complex are 20 (or more) and ll.7 kcal/mol. respectively.

These rotational baxriers are explained in terms of some double

bpnq character of the carbene carbon and the oxygen or nickel

atom.
               '     The reaction of trans-RNi(PPhM.e2)2Br (R = C6Cls Or

CC12=CCI) wtth !E-byomosuccinimide afforded pararaagnetic

organonickel(MI:) complexes, RNi(PPhMe2)2Br2. Thermolysis or

photolys-is of the organonickel(III) complex followed by

treatment with methanol gave the motheur organonickel(IX)

monobromide compZex.. On the other land, the reactions

of some diorganonickel(U) compZexes with NBS resulted in

facile bromine for hydrogen substitution in aromatic, alkynyl

or aÅ}kenyl substituents, or in the addition of NBS to C:-C

bond.
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