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ABSTRACT

The reaction of sodium pyrazolide or sodium 3,5-dimethyl-
pyrazolide with trimethyl gallium followed by reaction of the
resultant adduct with 'ethanolamine' produces novel asymmetric
tridentate ligénds which are capable of either meridional or

facial coordination in transition metal complexes.

THF

Nat ('pz')” + Me.Ga

+ - ‘ (] ' -
3 > Na [Me3Ga( pz )]'

Na+[Me3Ga('pzﬂ)]_ + R',NCH,CH,OH > NaTL™ + MeH
- -
) <:::>
L = —=—N
Me Ga
0 ;QR;
L -
With R' = H, these ligands react with divalent transition

metal ions to give octahedral bis-ligand complexes. However
with R' = Me, réaction with divalent transition metal ions pro-
duced either trigonal bipyramidal (R = Me) or binucleai five-
coordinate (R = H) complexes.

The asymmetric chelating gallate ligands reacted with
Mn(CO)SBr to give LMn(CO)3 and with appropriafe Gp VI carbonyl
deriﬁatives1x>give LM(CO)3- (M= Cr, Mo, W). The carbonyl

anions were found to be stereochemically non-rigid in solution
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and a mechanism for the fluxional process is proposed. Reaction
of LM(CO)3_ (M = Mo, W) with various three-electron ligands gave

derivatives of the form, LM(CO)2T (T = NO, N.Ph, C.H C,H C7H7,

2 375, 477

and CstMe). A similar fluxional process (to that found in the

carbonyl anions) was found in the complex, [MezGa(pz)(OCHZCHZNHZ)]
Mo(CO)z(n3-C4H7). In addition, the cycloheptatrienyl derivatives
Qere found to be fluxional as a resulf of a rapidly rotating

C7H7 ring. Depending on the nature of T, the LM(CObT‘derivatives
can exhibit both positional and conformatiopal isomerism and this
subject is discussed in detail.

Reaction of Na'L™ (R = R'= Me) with Ni(NO)I and Cu(PPh,)Br
gave LNi(NO) and LCu(PPh3) respectively. Both of these molecules
were found to be fluxional in solution and a similar mechanism
to that proposed for the Gp VI cérbonyl ions is invoked to ex-
plain these fluxional processes. The compounds, LMn(NO)2 and
LFe(NO)2 (lQ—eledtron) were prepared by reaction of Na+L— (R =
R'= Me) with approbriate metal dinitrosyl precursors.and are the
first of their type to be synthesized. Finally, reaction of

Na'L” (R = R'= Me) with Mo (NO) ,C1, gave LMo (NO),C1.

2
In additon to studies involving the ligand L, the pyra-
zolyl bridged dimers [Ni('pz')(NO)]z; [Fe('pz;)(NO)z]2 and
[Co('pz')(N(?)é]2 were prepared and their reactivity towards
nucleophiles studied. The m-allyl compounds [MezGa(pé")z]M
(C3H5) (M = Ni or Pd) and [Ni(pz")(C3H5)]2 were also prepared.
All the prepared compounds were systematically character-

. . . 1
ized with uv-vis, ir and "H nmr spectroscopy as well as mass

spectrometry. 1In addition, x-ray studies were carried out (by
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Dr. S. Rettig) on several of the prepared compounds and these

data are correlated with other physical measurements.



TABLE OF CONTENTS

ABSTRACT cccesosscesccsce e e o e e e s easesses e e e essacsoenas ii
TABLE OF CONTENTS c2csccoscsccoccecsssssassscnsncsccssnssssecs v
LIST OF TABLES ¢:cevccecccanccnns Ceeseseereasanretaaaneean xi
LIST OF FIGURES «ccctvecocse e e e escccccsesssssssseeses e neanse xii
LIST OF ABBREVIATIONS ccceceseccncsocensscsosscsssossacanasas xvi
ACKNOWLEDGEMENT .« cccocecssocscccccssccssassssensoscocccssnscscsscscss Xviii
CHAPTER I INTRODUCTION ¢ cceosocccossee e esccsesccss e 1
1.1 Genéral Introduction ......eeeeeencocccccennn .o 1
1.2 General Technigues ...cceeceseerancnnsoccnccnnns 4
1.3 Physical Measurements .....cccceeecencccccecces 5
CHAPTER II COORDINATION COMPOUNDS ...c.ccoeee ..... cse e e 7
2.1 Introduction ........ cectecseenean Ceccenceeer s 7
2.2 Experimental ....... ceeees teeescccccsassaeeens . 8
2.2.1 Starting Materials ......c.c... cerees oo 8
2.2.2 Preparation of HZNCHZCHZO'GaMe2 ceeeenas 8
2.2.3 Preparation of Sodium nyazolide and
Sodium 3,5-Dimethylpyrazolide .......... 9

2.2.4 Preparation of the Ligands, Na+[Me Ga
(C3HN2R2)(OCH2CH2NR'2)] (R,R'=H,MeV..... 9

2.2.5 Preparation of Transition Metal
Derivatives ...eveeceeccecssssnasnessees 10



CHAPTER III

3.1

3.

2

Results and DiSCUSSIiON .eeeececocscaseasosccas

2.3.1 HZNCHZCHZO-GaMe2 ............. ce s o eens
2.3.2 The Octahedral Complexes,

[MesGa (C3HN2R,) (OCHCHQNH) ] oM

(R=H,Me) ........ ceeecsssscecerseen e
2.3.3 The Five Coordinate Complexes,

[Me,>Ga (pz") (OCHCHoNMe)) IM

[ (pz™) GaMez] Gt et eeeaeeeeeeere et
SUMMALYY ceeeeesecenncsocsanosssscasacssoassasss

CARBONYL DERIVATIVES OF Mn,Cr,Mo and W

Introduction .. eie ettt ecensoaccnnsscasannonos
Experimental .....ceeceeececnaccsconsssocnssnnse
3.2.1 Starting Materials ........ccccieeeccns
3.2.2 Preparation of LMn(CO)3 ...............
3.2.3 Preparation of Na+LM(CO)3_ ............
3.2.4 Preparation of [MezGa(pz")

(OCH,CH,NMe,) IM(CO) ;= M=(Cr,Mo,W) ....
3.2.5 Preparation of LM(CO) NO (M=Mo ,W) .....
3.2.6 Preparation of LM(CO)Z(N Ph)

(M=MO,W) ticeenecoccas e s e ese s s s enesen
3.2.7 Preparation of LN(CO)Z( allyl"')

(M=MO,W) .t eenrsososaonnscssassoccasns
3.2.8 Preparation of LM(CO)2(C7H7) (M=Mo, W)
3.2.9 Reaction gof [Me,Ga(pz") (OCHCHyNMej) ]

Mo (CO) 5 (n3-CoH4) with Fe(CO)g <uevve...
3.2.10 Preparation of LM(CO)Z(CP SMe)

(M=MO,W) veeveoannsocanoenssesosvsnanssssss
3.2.11 Preparation of [MeGa(pz)3]Mo(CH,SMe) ...
3.2.12 Reactions of the Chromium Carbonyl

- vi -

ANIONS ¢ eeeiososeosesnccncsosancsscsesss

ooooooo

Page

11

11

15

24

33

33
33
34
34
35

35

38

38

40

40

45

45

47

48



CHAPTER IV

4.

4.

1

2

Results
3.3.1
3.3.2

3.3.3

- vii -

Page
and Diécussion ........................ 50
LMn(CO)3 ............... P, et 50
LM(CO)3_ (M=CEr, MO, W) v veeeereenocnenonns 55
LM (CO) ,T (M=MO, W) eeeveveeeseeeensannenas 59

3.3.3.1 Nitrosyl Derivatives (T=NO) ... 60

3.3.3.2 Aryldiazo Derivatives

(T=N2Ar) ...................... 64
3.3.3.3 'Allyl’ Derivat%ves

(T=n —C3H5 or n —C4H7) ........ 69
3.3.3.4 Cycloheptatrienyl Derivatives

(T=n3-CoHo) .oiiniiinniinnnnns 78
3.3.3.5 Thiomethoxymethyl Derivatives

(T=n2-CH,SMe) ........ooevnnnns 89

3.3.3.6 Trends in LM(CO)2T Derivatives. 96

....................................... 99
PYRAZOLYL DERIVATIVES OF METAL NITROSYLS ...... 103
Intrﬁduction ............ e, seeeess 103
Experimental ....cceevveee Cees s eesccsosas EERERE 103
4.2.1 Starting Materials ......ccc... ceeeacons 103
4.2.2 Reaction of Ni(NO)I with Sodium

: 'Pyrazolide' ....... cese e ceesescenaaaes 104
4.2.3 Preparation of [Co(pz")(NO)2]2 ......... 104
4.2.4 Preparation of [Fe(pz")(NO)2]2 ......... 105
4.2.5 Reaction of [Ni('pz')] with Nucleophiles 105
4.2.6 Rgaction of [M(pz“)(NO)2]2 (M=Co,Fe)

with PPh3 ..................... et e 108
4.2.7 Preparation of EtgN [(ON)Nl(pz") (I)

Ni(NO) ] tiiiiiiiiiitniiiiie e seeennnn 108
4.2.8 Preparation of Et4N+[(ON)Ni(pz")2(Cl)

Ni(NO)] ........ ettt 110



4.4

CHAPTER V

4.2.9

4.2.10

Results

4.3.1

4.3.2

- viii -

Page

Preparation of Na+[(ON)Ni(pz")3
Ni(NO)J™ cevennininnnnnnnnnnnnes ceeeeass. 110

Reaction of [Fe(pz")(NO)2]2 with I, .... 111

and DisScuSSiONn ..ceeveecccccsss ceeeeenn 111
PyrazolylABridged Metal Nitrosyls ...... 111
Reaction of Nucleophiles with Pyrazolyl
Bridged Dimers ....e.ceeececcsns ceecoee .. 120

.............................. eeeeee... 124

METAL NITROSYL DERIVATIVES OF PYRAZOLYLGALLATE

LIGANDS e eceecceocscccassoscncsse te s uoess ceosescees 126
Introduction ......ieeerescccncosnncccscsersanes 126
Experimental ......ceeeeeeeccacssessncscccanccn 127
5.2.1 Starting Materials .......ccccvcenenn ees. 127
5.2.2 Preparation of [Me,Ga(pz")
(OCH2CHoNMe ) JNI(NO) .ovvcenerenernnnenn 127
5.2.3 Preparation of [Me,Ga(pz")
.(OCH,CH,NMe,) JNi (pz") pNi (NO) ..... ceeaan 127
5.2.4 Preparation of [MeGa(pz")3]Ni(NO) ...... 128
5.2.5 Preparation of [MeGa(pz)3]Ni(NO) ...... . 129
5.2.6 Reaction of Ni(NO)I with o
Na+[Me2Ga(pz)2]_ and Nat[Me,Ga(pz"),] .. 129
5.2.7 Reaction of Ni(NO)I with 'Et4N+
[MezGa(pz")z]" Ceeeeeeeees e aneens .. 130
5.2.8 Preparation of (pz"H)zNi(NO)I .......... 130
5.2.9 Preparation of [MesGa(pz")
(OCH7CHoNMe,) JMO(NO) 2CL v v vvievnnnennnes 131
5.2.10 Preparation of [Me,Ga(pz")
(OCHZCHzNMez)]Mn(NO)2 ...... ceeeeccenene 131
5.2.11 Preparation of [Me,Ga(pz")
(OCHZCHZNMeZ)]Fe(NO)Z ....... e 132



Page

5.2.12 Reaction of Fe(NO),I with _
[MeGa(pz)3]' and [MeGa(pz")3] ......... 133

5.2.13 Reaction of Co(NO),I with

. + " h g -

~ Na [MezGa(pz )(OChZCHzNMeZ)] Ceeeeeaean 134
5.3 Results and DiSCUSSION " veeeeeeceencaoscncnnens 135
5.3.1 Nickel Nitrosyl Derivatives ...... eeeess 135
5.3.2 [MezGa(pz")(OCHZCHZNMeZ)]Mo(NO)2Cl ..... 140

5.3.3 Dinitrosyl Derivatives of Manganese
and Iron ........ e e s e sccs s ecesesseacn s 142
5.4 SUmMmary ....«.. B e ene 146
CHAPTER VI FURTHER INVESTIGATIONS .cceeeecesccsccocsocsoces 148
6.1 Introduction ...ecececcsns Ceasressenreeaennnns 148
6.2 Experimental ......c.cesecececececnsenasacasas. 148

6.2.1 Starting Materials ....c.cc0000000000es.. 148
6.2.2 Preparation of [MeZGa(pz")z]Pd'allyl’ .. 148
'6.2.3 Preparation of [MezGa(pz")szi(C3H5) ... 149

6.2.4 Reaction of Na L with [(CyH-NiBrl, .... 150

6.2.5 Preparafion of [Ni(pz")(C3H5)]2 ........ 151
6.2.6 Preparation of [Me,Ga(pz")
(OCHZCHZNMez)]Cu(PPh3) ................. 151
6.2.7 Attempted Preparation of LCu{(CO)
(RER'=ME) . veeeecasocscannonncs ce oo oo 152
"6.2.8 Reaction of Na'L~ with Fe,(CO)yy cnnnnne 153
6.2.9 Reaction of Na' L~ (R=R'=Me) with
'CO(CO)4I' ..................... ceseeons 153
6.3 Results and Discussion ....c.vieieneennn. ceeoeen 154

6.3.1 Allylic Derivatives of Nickel and
Palladium ...... s e e esesasse e ennnn 154

6.3.2 Cu(I) Derivatives ......ceeeeee ceeccanen 158



Page

6.3.3 Reactions of‘Na+L_ (R=R'=Me)
with Iron and Cobalt 'Carbonyls' ....... 161

6.3.4 Related Tridentate Ligands ....c.cccc.e 163
6.4 Conclusions and Perspectives ...ceecceececccnnes 164
BIBLIOGRAPHY ...cee.. e T 165

APPENDIX I THEORETICAL INTENSITY PATTERNS FOR MASS
SPECTROSCOPIC ANALYSIS .ctvcveeesovccvcsccoscensns 171

N .
APPENDIX II STEREOC DIAGRAMS OF SOME OF THE PREPARED
DERIVATIVES .cccececececcancccsancnnse cececnoens 174



Table

II

III

Iv

VI
VII

VIII

IX

XI
XII
XITI

X1V

XVII
XVIII
XIX
XX

XXT

- xi -

LIST OF TABLES

Analytical Data of [MezGa(C3HN2R2)(OCH o

Analytical Data of [MezGa(pz“)(OCH2CH
[(pz")zGaMe '

Mass Spectrum of [MezGa(pz)(OCH2CH2NH

2

2]2

H

NMez)]M

]

I R AP
Co ......

Some Structural Parameters of sym-fac and mer

[MeZGa(pz)(OCH CH,_NH,, ]

(OCH2 2

Electronic Spectra of [MezGa(pz")(OCH
[(pz")zGaMe

Some Structural Parameters of [Me

(OCH2CH2NM¢2)]M[(pz")zcaMe ]

Physical Data for LMn(CO)3

2

Physical Data for Et +LM(CO)3_ (R=R'=Me)

4
Analytical and IR Data for LM(CO)ZNO

Analytical and IR Data for Lm(co)z(NZPh)

o CHoNH, 2Nl .......................

' Electronic Spectra of [MezGa(C3HN2R2)
CH NH2) 2M e s e st e e s e s st e e s a et e s es et e s e

D
Ga (pz")
o e T

Analytical and IR Data for LM(CO)Z'allyl' .......

Analytical and IR Data for LM(CO)Z(C7

Analytical and IR Data for LM(CO)2CH2

H7)

SMe

Mass Spectrum of [MezGa(pz)(OCH2CH2NH2)]Mn(CO)3 .

Co

H nmr Data for LM(CO)Z(NZPh)‘

[ I SR R

H nmr Data for LM(CO) , (C.H
1

H nmr Data for LM(CO)z'allyl'_...t ...... .

of DMn(CO)3~Compounds .......................

H. nmr Data for LM(CO)ZNO .......................

oooooooooooooooooooo

o

Low Temperature ~H nmr Data for the C,H, Ring in

3_
[MezGa(pz)(OCHZCHZNMeZ)]W(CO)Z(n C.H

7.7
7)

oNH ) IoM

. Page

12

13

17

18

25

26

31
36
39

41

42

44
46
49
51
53
62
65
71

82

88



Table

XXTI

XXTII

XXIV

XXV

XXVI

XXVII

XXVIII

- xii -

lH nmr Data for LM(CO)Z(CHZSMe)

Mass Spectral Data of-[MezGa(pz")(OCHZCHZNMez)]

Mo(CO)zT L T T

Mass Spectral Data of'[MezGa(pz")(OCHZCHZNMeZ)]

W(CO)ZT .........................................

Carbonyl Stretching Frequencies for Some
DMo(CO)zT Complexes :

Physical Data for [BM('pz')(NO)]2

Physical Data for M'[(ON)Ni('pz'),(X)Ni(NO)I™ ...

Mass Spectral Data for [M(pz")(NO)ZJZ

ooooooooooooooooooooooooooooo

ooooooooooooooo

Page
91
97
98

100
109
112

117



Figure

10
11 .

12

13
14
15
16
17

18

- xiii -

LIST OF FIGURES

Page
Bispyrazolylborate and trispyrazolylborate anions 1
Dimethyl (N,N-dimethylethanolamino) (l1-pyrazolyl)
o £ 30 0 = e 3
Molecular ‘Structure of [MezGa(pz)z(OCHZCHzNMeZ)
CuJ2 e e s eeenas e s e e s e e e e et a e s es e s e n e ane 4
Molecular Structure of [MeZNCH2CH20-GaMe2]2 R 11
Molecular Structure of H2NCH2CH20-GaMe2 .......... 15
Molecular Structure of sym—fac and mer
[Me ,Ga(pz) (OCH,CH,NH, ) 1oNT NI J 16
Infrared Spectra of sym-fac and mer [Me Ga(pz)
(OCH,CH,NH,, )] ................................. 20
Electronic Spectra of sym-fac and mer [MezGa(pz)
(OCHZCHZNH ) Ni O, ¢t e ettt e s e e s ue 22
Electronic Spectra of [Me ,Ga(pz") (OCH,CH,NMe, )]
M[ (pz") GaMez] ................................... 27
IR Spectra’ of [Me2Ga(pz")(OCH2CH2NMe ) IM
[ (pz") GaMez] .................................... 29
Molecular Structure of. [Me Ga(pz")(OCHZCHZNMe ) INi
[ (pz™) GaMez] e e T T - 30
IR Spectrum of [MeZGa(pz)(OCHZCHZNHZ)JMn(CO)3 ... 52
100 MHz TH nmr Spectrum of [MezGa(pz)(OCH2CH2NH2)]
e B R R R RTII 54
100 MHz. lH nmr Spectrum of Et N [Me Ga (pz")
(OCH,CH,NMe,, )]W(CO) ............................. 57
Temperature Dependent lH nmr Spectrum of Et4N
[Me ,Ga(pz") (OCH,CH,NMe, )]Cr(CO) ....... e 58
Suggested Mechanism for the Observed Fluxional
Process in the LM(CO)3- IONS.ecvrteretennenncsnnns 59
100 MHz 'H nmr Spectrum of [MeZGa(pz")(OCHZCHZNMez)]
W(Co)zNO ......... Sttt st ettt st e e 63

Isolated Isomers of LM(CO)ZNO e e e s et e e e e 61



Figure
19
20

21
22a

22b

23
24

25

26

o 27

28
29
30
31

32

33
34

35

- xiv -

Page
Bonding Conformations of the 'Aer' Ligand ,... 66
IR Spectrum of [Me.Ga(pz") (OCH,CH NMe,) ]Mo(CO)
2 2772 2 2
(N2Ph) .......................................... 67
100 MHz lH nmr Spectrum of [MezGa(pz")
(OCH2CH2NMe2)]MO(CO)2(NZPh) .............. e 68
100 MHz 1H nmr Spectrug of [MezGa(pz")
(OCH,CH,NH,) IMo (CO) 5, (n3-CoEg) “oniviininiin.s, 72
Expansion of 6-7.5 T ..... ettt 73
. 14 nmr apd IR Spectra of [MezGa(pz)(OCH2CH2NH2)]
W(CO) a(N="=C,Ho) ittt rtvnesoetcasssosssasocnneon 75
2 477
Temperature Dependent 100 MHz lH %mr Spectrum of
[MezGa(pz)(OCHZCHZNMez)]Mo(CO)z(n —C,H) ... 76
Suggested Mechanism for the Fluxional Process
Observed in [Me.Ga(pz) (OCH.,CH.,NMe,) 1Mo (CO)
3 2 272N 2
(n’=- 77
Molecular Structure of [MezGa(pz")(OCHZCHzNHz)]
MO (CO) ., (N3=C,H,) .ovvvnnn i 00000 77
2 477
100 MHz YH nmr Spectrum of [C7H7Fe(CO)3]2 ,,,,,, 80
100 MHz 1H nmr Spectrum of [MezGa(pz)(OCHZCHzNMeZ)]
MO (CO) o (N3=CoHo) vvvvvnnnnnnneaneeeaa 0l 83
2 777 .
100 MHz lH nmr and IR %pectra of [MezGa(pz)
(OCHZCHZNHZ)]Mo(CO)z(n -C-H,) e 84
Temperature Dependent 1%0 MHz 1H3nmr Spectrum of
[MezGa(pz)(OCHZCHZNMeZ) W(CO) 5 (N3-CoHo) Lvnn.s 86
Low Temperature Spectrum of [MezGa(pz)(OCH2CH2NMe2ﬂ
W(CO) a (N3=CoHu) v vnveienenrnenaonnneneaeanin 87
2 77
Bonding Conformations of the CHZ-SMe Ligand .... 90
IR Spectrum of [MeZGa(pz")(OCH2CH2NMe2)]Mo(CO)2
(n2-CH,SMe) ...... 0 ....... R S 90
100 MHz 'H nmr Spectrum of [MezGa(pz)(OCHZCHZNHz)]
Mo (CO) 5 (N2-CH, SMe) ..vnvvnnnnn el 00000 93
Molecular Structures of [Me Ga(pz)(OCH2CH2NMe2)]
Mo(CO)z(nz—CstMe) and [Me,Ga(pz") (OCHSCH NMe))
Mo (CO) 5 (n2-CHZSMe) ....... ..o S 95

2



Figure
36
37
38

39
40
41
42
43
44
45
46

47

48
49
50

51

Molecular

_Molecular

Molecular

Molecular
Ni (NO) ]

Molecular
Ni(NO) ]~

100 MHz

(OCHZCH2

Structure
Structure
Structure

Structure

N\

of [Ni(pz")(NO)]z

® e 8 06 0 8 0 0 0 0

of [(ON)Ni(PZ") 2]2Ni PO
of [M(pz")(NO)Z]z, M=Co,Fe |,

of Et,N'[ (ON)Ni (pz"), (1)

oooooooooooooooooooooooooooooo

14 nmr Spectrum of [Me ,Ga(pz")
NMe )]Nl(NO)

Proposed Mechanism for the Fluxional Process

Observed in [Me ,Ga(pz") (OCH

Molecular Structure of [Me Ga(pz")(OCH

Ni (NO)

100 MH=z
(OCHZCH2
100 MHz

(OCH2CH2

Molecular Structure of [Me ,Ga(pz") (OCH

Fe(NO)2

CH_NMe )]Nl(NO)

272

2CH2NMe )]

ooooooooooooooooooooooooooo

14 nmr Spectrum of [Me ,Ga(pz")
NMe,) JMo (NO) ,C1

-------------------------

4 nmr Spectrum of [Me ,Ga(pz")
NMe,) IMn (NO), .......

® 4 4 5 3 8 8 060 00 s s e et 8o

CH,NMe,, )]

2772

ooooooooooooooooooooooooooooooooooooooooo

100 MHz 'H nmr Spectrum of [Me ,Ga (pz") ]Pd(C3H5).

Proposed Mechanism for the Fluxional Process

Observed in [Me ,Ga(pz") ]Nl(C He)

100 MHz

(OCHZCH2

ooooooooooooooo

4 nmr Spectrum of [Me ,Ga(pz")
NMe,) JCu (PPh,)

Proposed Mechanism for the Fluxional Process

Observed in [Me ,Ga (pz") (OCH

CH

5 2NMeZ)JCu(PPh )

Possible Structure of [Me Ga(pz")(OCHZCHZNMe )]

Co (1) (pz"H)2

Page

114
115

118
122
123
137
138
138
141
144

146

156
157.
159
160

162



- xvi -

LIST OF ABBREVIATIONS

The following abbreviations have been used throughout this

thesis:

A : Angstrom
Anal. : Analysis
atm : atmosphere(s)
°C : degrees Celsius
calcd. : calculated
— ¢ Wwave numbers in réciprocal
centimeters
Cp : n5—C5H5
Dg, B electronic spectral parameters
£ : extinction coefficient
Et : ethyl
Fig. : Figure(s)
h :  hour(s)
Hz : Hertz, cycles per second
ir : infrared
J : magnetic resonance coupling
constant
| beg
MQh/
.0 NR;

R,R' = H or Me



Me
min
ml
mmol
mol

nmr

Ph
ppm
pY
pz
pz"
pzH
pz"H
ref.
rt
THF

uv

kK -

- xvii -

mass to charge ratio
methyl

minute (s)

milliliter(s)

millimole(s)

mole (s)

nuclear magnetic resonance
parent

phenyl

parts per million

pyridine

pyrazolyl, C3H3N2

3,5 dimethylpyrazolyl, C.H.N

57772

pyraque, C3H4N2

3,5 dimethylpyrazole, C5H8N2

reference (s)

room temperature

tetrahydrofuran

ultraviolet

visible

monohapto

dihapto

trihapto

péntahapto

heptahapto

nmr chemical shift

ir stretching frequency

kiloKaisers (1000 cm_l)



- xviii -

ACKNOWLEDGEMENT

I would like to thank my supervisor Dr. Alan Storr whose
enthusiasm and wit were a constant source of encouragement
throughout the course of this work. In particular, I would 1like
to thank him‘for his guidance when it was needed and his silence
when that was needed. I would also like to thank my co-workers
both past and present whose companionship made the léboratory
both a place of pleasure as well as a place of wofk.

I extend my gratitude to the technical staff of this
department and in particular to Mr.‘Joe Nip (mass spectrometry),
Ms. M. Tracey (nmr spectroscopy) and Mr. Peter Borda (micro-
analysis) whose dedication to their work could not be surpassed.
A special thanks to Dr. S. Rettig whose x-ray studies added con-
siderably to the success of this work and to Drs. F. Aubke and
R.C. Thompson for helpful discussion (although not‘always about
chemistry). I would also like to thank Miss Debbie Shunamon
who typed this thesis and Mr. Michael Chong who helped to proof-
read it.

Finally, I am indebted to the Natural Sciences and Engin-

eering Council Canada for financial support (1978-1980).



CHAPTER I

INTRODUCTION

1.1 Genéral Introduction

In recent years, there has been a great deal of aftention
focused on the chemistry of pyrazole and its transition metal
derivatives (1,2,3). PFor example, anionic pyrazolylborate lig-
ands have been the subject of several recent reviews (4,5,6);'
These are ligands of the general formula [RnB(pz)4_n]f (R =H,
alkyl, aryl; n = 0-2; pz = §Yrazolyl, C3H3N2). The bispyrazolyl-
borate anion (n = 2) resembies the 1,3-diketonate ion and forms
'bis—bidentéte chelates With the first row transition mefal-ions.
However, in contrast to the 1,3-diketonate derivatives where
various associative equilibria have been observed (7), pyrazolyl-

borate derivatives are always monomeric.

N:
R ,B/ R-B—N N.
L i .
Figure 1. Bispyrazolylborate (I) and trispyrazolylborate

(II) anions.



The trispyrazolylborate anion (n = 1) is formally analo-
gous to the well studied cyclopentadienyl ligand - both are
uninegative, donate six electrons to the central metal and are
considered to occupy three coordination sites. However, trans-
ition metal derivatives of the triépyrazolylborate ligands are
usually more stable than their cyclopentadienyl analogues.
Consequently, several novel systems have been characterized using
pyrazolylborates for which the analogous cyclopentadienyl system
is unknown or unstable.l For example, the complex [HB(pz)3]Cu(CO)
is stable in air for several weeks (8) while CpCu(CO) could not
be purified (9).

Analogous pyrazolyl ligands involving heavier Gp III
metals have received comparatively little attention. Almost all
the work in this area has involved gallium. The bispyrazolyl-
gallate anion was érepared by the following route (10):

NaH + sz——ZEE—aNa+(pz)- + HZ (1)

Na+(pz)_ + GaMe3——I§£—>Na+[Me3Ga(pzﬂ B (2)

Na+[Me3Ga(pzﬂ T+ sz———Jﬁg;»Na+[Me2Ga(pZ)2]_ + MeH (3)

reflux

In contrast to the analogous boron system, addition of
excess pyrazole in step (3) did not result in the formation of
the tridentate anion. However, the trispyrazolylgallate anion
was easily prepared by the following rbute (11) :

MeGaCl, + 3Na+(pz)-——ZEE-»Na+[MeGa(pz)3]_+ 2NaCl (4)

In general, the chemistry of these ligands parallels that

of their boron analogues. However, the substitution of gallium



for boron leads to some important differences. The longer Ga-N
bond (2.0 R cf. z1.5 ; for B-N) increases steric crowding
around the coordinated metal. The gallium ligands provide more
electron density to the central metal. In addition, certain
transition metal derivatives of the gallium ligands undergo
chemical transformations not 6bserved in analogous boron systems
(12) .

A significant deviation from this type of symmetric ligand
can be made by replacing.sz’in equation (3) with a different
'active hydrogen' molecule. If N,N—dimethylethanoiamine is used,

a potentially tridentate asymmetric ligand is produced (Fig. 2).

Figure 2. Dimethyl (N,N-dimethylethanolamino)

(1-pyrazolyl)gallate anion.

To date, this type of ligand has not been reported in boron

systems. In initial studies, this ligand was found to act as a
tridentate ligand towards the later first row transition metal
ions (13,14). However, instead of theve#pected-monoméric octa-
hedral bis-ligand complexes, binuclear complexes of the general
formula, [MeZGa(pz)2(OCH2CH2NMe2)M]2 (M = Co, Ni, Cu, 2n), were

isolated. The crystal structure of the copper complex is shown



in Fig. 3. The formation of these complexes was thought to
arise as a consequence of the bulky methyl groups on the amino

nitrogen atom of the gallate ligand.

Figure 3. Molecular structure of [MezGa(pz)2

(OCH,CH,NMe,) Cu ]2.

This thesis describes the preparation of related asym-
metric ligands and a general investigation of their reactivity .

towards a variety of transition”metal species.

1.2 General Techniques

Air sensitive materials were handled in a dry box (Vacuum/
Atmospheres Corporation model DRI LAB HE-43-2) containing pre-
purified nitrogen (Canadian Liquid Air, K grade) and fitted with
a model HE 493 Dritrain, or on a high vacuum line. The vacuum
line was equipped with a Toepler pump which was used routinely

for measurement of gas volumes. Reactions, unless otherwise



stated, were carried out in the glove box or in a nitrogen-
blanketed apparatus.

.All solvents were dried using literature methods (15) and
distilled under N2 before use. The most frequently used solvents
were available in 2 % stillpots (diethyl ether and THF over Na/
benzophenone, benzene over K). These solvents were refluxed
continuously and collected just prior to use or stored under N

2

after distillation.

1.3 Physical Measurements

Infrared studies were carried out on a Perkin Elmer 457
spectrophotometer and the spectra were calibrated with the
1601 cm-l band of polystyrene. Samples were prepared either as
Nujol mulls between KBr plates or as solutions in cyclohexane or
methylene chloride. These measurements were useful not only in
identifying products but aleo in assigning stereochemistry. 1In
those compounds containing carbonyl (or nitrosyl) groups, the
number and intensity of the observed bands could be used to
differentiate between various geometric isomers. |

lH nmr studies were carried out on a Varian XL-100 or.on
a 270 MHz spectrometer. Samples were prepared by condensing
the required amount of solvent (C6D6 or ds-acetone; Sharp and
Dohme of Canada Ltd.) onto the solid material contained in a
nmr tube fitted with a tap adapter. The nmr tube was subsequenfly
flame sealed. 1In addition to stereochemical assignments, it was
possible to use this technique to quantify isomer ratios in

those compounds containing more than one isomer. Variable
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temperature studies (XL-100) were carried out on those compounds
which showed evidence of stereochemical nonrigidity in solution
at rt.

Mass spectra were recorded on a VARIAN/MAT CH4B spectro-
meter as solid probes using the direct insertion method and were

used in conjunction with infrared and 1

H nmr to identify products.
Since the parent mass was observed in most casés, molecular
weight information was easily obtained. The identification of
fragments was simplified by comparison of the observed intensity
patterns with theoretical intensity patterné generated from
natural isotopic abundances of each element. Some of these
patterns are presented in Appendix I.

The ligand field properties of coordination complexes were
probed using uv-visible spectroscopy. Samples were prepared as
solutions under N,. Experiments were carried out on a CARY 14
spectrophotometer.

Where appropriate, x-ray structures were obtained on suit-
able crystals. This work was carried out by Dr. S. Rettig.
Definitive bonding parameters could be obtained and these were
correlated with other physical meaéurements. In addition to

the diagrams in the main body of the thesis, stereo diagrams of

the various structures described are compiled in Appendix II.



CHAPTER II

COORDINATION COMPOUNDS

2.1 Introduction:

The tridentate ligands, [RB(pz)3]- (Fig. 1, p. 1) and
[MeGa(pz)3]_, form octahedral coordination compounds with di-
valent transition metal ions (11,17). 1In contrast, reaction of
the ligand, [MezGa(pz)(OCHZCHzNMez)]_ (Fig. 2, p.3), with di-
valent transition metal ions led to the formation of binuclear
five coordinate complexes (13,14). This 'rearrangement' is
believed to occur as a direct consequence éf the steric bulk of
the asymmetric ligand. Specifically, the accommodation of two
ligands around a single metal atom is prevented by mutual steric
interaction between the methyl groups on the amino nitrogen atoms.
This chapter describes the preparation of the less sterically
demanding ligands, [MezGa(pz)(OCHZCHzNHZH " and [Me,Ga(pz")

(OCH CHZNHZ)]- (pz" = 3,5 dimethylpyrazolyl, C.H.N,), as well

2 5

as the more sterically demanding ligand,[MeZGa(pz")(OCH2CH2NMe2)]-
.and details their reactions with divalent transition metal ions.
The preparatidn and properties of the complex, HZNCHZCHZO-GaMe2

are also described. Parts of this work have been described

previously (18,19).



2.2 Experimental

2.2.1 Starting Materials

Pyrazole and 3,5-dimethylpyrazole (K and K Laboratories
Inc.) were used as supplied. 2-aminoethanol and 2-N,N-dimethyl-

aminoethanol (Aldriéh Chemical. Co.) were refluxed over CaSO4 and

distilled before use. NaH, NiBr CoCl,, CuBr. and Ni(BF

2! 2 2 42"
20 (Alfa Inorganics) were used as supplied. FeC12-1.5 THF was

prepared from hydrochloric acid and iron metal in THF (20).

6H

Me3Ga was prepared as described in the literature (21) and its

purity checked by lH nmr spectroscopy.

2.2.2 Preparation of H_NCH,CH,O-GaMe

2 2—=2 2
C6H6
HZNCHZCHZOH + GaMe3—————————> H2NCH2CH20-GaMe2 + MeH (5)
reflux

A solution of ethanolamine (0.771 g; 12.64 mmol) in benzene
was added to a sclution of trimethyl gallium (1.451 g; 12.64
mmol) in the same solvent. The clear solution was refluxed until
evolution of methane ceased (overnight). Solvent was removed in
‘vacuo and the remaining solid purified by sublimation at 80°C.

The isolated colourless crystals were extremely sensitive to

‘oxygen and water. Anal. Calcd. for H2NCH2CH20-GaMe2: C, 30.1;
H, 7.5; N, 8.8. Found: C, 29.9; H, 7.0; N, 8.5. <*H nmr

(t, CgDg): =-CH,CH,-, 6.66 (t (J ~ 5Hz), 2H); 7.83 (t (J = 5Hz),
2H) ; -NH,, 9.09 (br, 2H); -GaMe

2I

27 10.13 (s,6H).



2.2.3 Preparation of Sodium Pyrazolide and Sodium 3,5-dimethyl

pyrazolide

NaH + sz——Eggé Na+(pz)_ + H2 (6)

A THF solution of pyrazole (13.40 g; 0.20 mol) was added
dropwise to a stirred slurry of NaH (4.80 g; 0.20 mol) in the
same solvent (total volume = 200 ml) and the mixture stirred
overnight to produce a clear colourless solution. At this time,
evolution of hydrogen had ceased and solvent was removed in vacuo.
The extremely hygroscopic salt was washed with benzene'and dried
in vacuo. Yield was quantitative. Sodium 3,5-dimethylpyrazolide
was prepared by a similar method and again the yield was gquanti-

tative.

2.2.4 Preparation of the ligands, Na+[Me

282 (C3HN,RY)
' - v -
(OCH,CH,NR',)] ~ R,R' = H, Me
+ - THF + -
Na [C3HN2R2] + GaMeB-f» Na [Me3Ga(C3HN2R2)] (7)
Nat[Me.Ga(c.HN.R.,)]™ + R'.NCH.CH.OH—2X 5 CH, + Na 'L~
3 3™ PR ) o)
reflux
(8)
[ R R
* Q
L = —=—N
Me Ga
| o) NR,

. .
For the purposes of this thesis, L shall always refer

to this ligand.
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’All four ligands were prepared by the same general route
and the following is a typical preparation of one of these
(R=H, R'" = Me): Trimethyl gallium (4.28 g; 37.3 mmol) in THF
was added to sodium pyrazolide (3.36 g; 37.3 mmol) in the same
sélvent and the suspension was stirred until a clear solution
was obtained (z 15 min). A THF solution of N,N-dimethylethanol-
amine (3.32 g; 37.3 mmol) was added to the solution and on re-
fluxing, slow evolution of methane occurred. The reaction was
complete after 24 h (ascertained by cessation of methane evolu-
tion and by lH nmr spectroscopy). Solutions of ligands were
diluted to standard volumes (usually 250 ml) and stored at 5°C.

Aliguots of these solutions were used in subsequent reactions.

2.2.5 Preparaticn of Transition Metal Derivatives

The preparations of the transition metal derivatives are
all very similar and can be summarized by the following procedure.
To one equivalent of a stirred solution or suspension of the
transition metal salt in THF was added twol equivalents of
ligand in the same solvent. After stirring overnight, the mix-
ture was allowed to stand until the fine solid had\settled. The
clear solution was isolated using a pipet. (This ﬁrocedure was
necessary since the fine érecipitate could not be removed by

filtration). The THF solvent was removed in vacuo and the residue

lin the reaction of [MezGa(pz")(OCH CH. NMe )]w1th CuBr,, a 3:1

ligand to metal ratio Was necessary, gs a 2 1 ratio produced
only intractable oils.
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recrystallized from xylene or benzene. The transition metal
starting materials for all the preparations are given in Table I
and II, together with physical data for the isolated complexes.

Estimated yields were = 50%.

2.3 Results and Discussion

2.3.1 HNCH,CH,O-GaMe

2 2 2

Gallium alkyls aré known to react with compounds containing
acidic hydrogen(sf to eliminate alkane. For example, trimethyl
gallium reacts with N,N—dimethylethanolamine to produce the
complex, [MezNCHZCHZO-GaMez]2 (22) . The molecular Structure of

this compound is shown in Figure 4.

Figure 4. Molecular structure of [ Me ,NCH,CH,O-GaMe

2 2772 2]2
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Table I. Analytical Data of
e ~im
No— |
- 42
Transition Analysais : .
R M Colour Metal Isomer Found($%)/Calcd.(s) Comments
Precursor C H N
H Mn white MnCl2 mer 33.1 6.1 16.3 air sensitive
33.1 5.9 16.5
H - Fe vyellow FeCl,*1.5 THF  mer 33.9 6.0 16.8 air sensitive
33.0 5.9 16.5
H Co magenta CoCl2 mer 32.9 5.9 16.3 solution air sensitive
32.8 5.9 16.4
H Ni blue NiBr2 mer 32,9 5.8 16.6 air stable
32.8 5.9 16.4
H Ni purple NiBr2 fac 32.9 6.0 16.6 air stable
32.8 5.9 16.4
H Cu blue CuBr, fac  33.9 4.9 18.1  air sensitive
32.5 5.8 16.3
H Zn white ZnC12 fac 32.7 5.9 16.7 air sensitive
32.4 5.8 16.2
Me Fe orange FeC12-1.5 THF mer 39.3 7.1 14.5 extremely moisture and
38.2 6.8 14.8 air sensitive
Me Co magenta CoCl, mer 38.5 6.9 14.2 solution air stable
38.0 6.7 14.8
Me Nil blue NiBr, mer  44.8 6.9 13.0  air stable
44.6 6.9 13.0
Me = Ni? turquoise NiBrz mer 40.6 7.2 13.4 air stable
40.2 7.1 13.4 :

1
recrystallized with 1 mole of benzene

2 . ,
recrystallized with 1 mole of acetone

A



[ Me, j : Me ] -Me\ i j /Me i
Me,Gn/ T~ b Ma — \GaMe,
. No— M| |~ S
Table II. Analytical Data of \ p /I::::LM
i ) Me e
Transition Analysis
M Colour Metal Found (%) /Calcd(%) Comments
Precursor C H N
Fe pale yellow FeC12-1.5 THF 41.5 6.9 14.2 extremely air sensitive
‘ 43.9 6.9 15.6
Co dark purple CoC12. 43.6 6.9 15.8 air stable
43.7 6.9 15.5
Ni emerald Ni(BE4)2-6H20 43.8 6.7 15.6 air stable
green 43.7 6.9 15.5
Cu blue-green CuBr, 43.2 6.8 15.3 air stable
43.4 6.8 15.4
Zn white zZnCl,, 42.7 6.4 16.0 air sensitive
43.3 6.8 15.4

..E'[..
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The monomeric units dimerize via a four membered -Ga0OGaO- ring
-and each gallium atom is coordinated in a distorted trigonal
bipyramidal geometry. The importancé of the bulky methyl groups
on the amino nitrogen is exemplified by the rather long Ga-N
bond length of 2.471 i. In the analogous gallane derivative,
[MezGaCHZCHzo-Gagz]z, steric interactions are much less severe
and the Ga-N bond length is reduced considerably to 2.279 ; (22).
The reaction of ethanolamine with trimethyl gallium pro-
duced a monomeric complex incorporating a tetrahedrally coordin-
ated gallium atom rather than a dimer incorporating two five
coordinate gallium atoms. More importantly, the hydroxyl group
was found to react preferentially, leaving the amino group intact.
This was not surprising since N-H group$s coordinated to gallium
alkyls require elevated temperatures to eliminate alkane whereas
0-H groups coordinated to gallium alkyls eliminate alkane much
more rapidly at lower temperatures (23). This selectivity paved
the way for the synthesis of chelating anionic géllate ligands
incorporating the unsubstituted ethanolamino moie?y.

The crystal structure of H2NCH‘CH 0°GaMe, is shown in

2772 2
Figure 5. The individual monomeric units are each linked to four
others by an extensive network of N-H...O0 hydrogen bonds.
Evidently, thése bonds are quite strong since fragments contain-
ing two and three gallium atoms have been identified in the mass
spectrum of this compound.' (The highest observed m/e due to a
fragment containing one gallium atom corresponded fo loss of a

methyl group from the monomer). Hydrogen bonding is also evident

in the form of a very broad band in the N-H stretching region of
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NCH,CH,,O+GaMe

Figure 5. Molecular struc#ure of H2 oCH, 2

the infrared spectrum.

Two 'conformations' of the —CHZCHZ- group are found in

the crystal structure. However, these do not remain rigid in
solution since only one signal is found for each CH2 group in

the lH nmr spectrum. The Ga-N bond distance in this complex was
[¢]
2.064 A - considerably shorter than the corresponding bond

length in [MezGa-OCH CH

o
2 2NMe2]2 (2.471 Bn).

2.3.2 The Octahedral Complexes, [MezGa(C3§§252L

A

(OCH,CH,NH,)] ;M (R = H, Me)

The preparation of ligands incorporating the 'OCH.CH,NH.'

2772772
moiety rather than 'OCHZCHZNMeZ' was expected to reduce the
steric requirements of the resulting ligand significantly and
this expectation was realized by the isolation of monomeric

octahedral complexes. The monomeric formulation of these com-

plexes was confirmed by their mass spectra. The spectrum of
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[MezGa(pz)(OCHZCHZNHZ)]2Co listed in Table III is typical of
these complexes. The highest observed m/e is due to the parent
ion and the most intense signal is due to MeGa(pz)z(OCH2CH2NH2)
Co+. Other signals are due to loss of pyrazolyl and ethanol-
amino groups from the parent ion. 1In addition, the loss of amino
protons‘is evident in several of the observed peaks. -

Infrared studies showed that two distinct isomers of
[MezGa(pz)(OCH2CH2NH2)]2M are formed. 1In the case of M = Ni,
these two morphs were demonstrated by the isolation of two dif-
ferent crystal forms: purple cubes and blue prisms. The crystal

structures of these two compounds‘were determined by Dr. S.

Rettig and are presented in Figure 6 (19). The purple cubes

(a) (b)
Figure 6. Molecular structures of sym-fac (a) and

mer (b) isomers of [MeZGa(pz)(OCHZCHZNHZ)]ZNl.
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Table III. Mass spectrum of [MeZGa(pz)(OCH2CH2NH2)]2C0
* .. .
m/e intensity assignment
‘ v +
511 36.1 Me4Ga2(pz)2(OCH2CH2NH2)2C0
' +
496 16.8 Me3Ga2(pz)2(OCH2CH2NH2)2C0
+
435 15.9 Me3Ga2(pz)2(OCH2CH2NH)Co
+
428 6l1.1 Me3Ga2(pz)(OCHZCHZNHZ)(OCHZCHzNH)Co
+
384 . 22.3 Me4Ga2(pz)(OCHZCH2NH2)Cp
' +
337 100.0 MeGa(pz)z(OCH2CH2NH2)Co
335 12.5 MeGa(pz)Z(OCH2CH2N)Co+
+
330 18.6 MeGa(pz)(OCH2CH2NH2)2Co
328 10.0 MeGa(pz)(OCH2CH2NH)2Co+
: +
285 8.1 MezGa(pz)(OCHZCHzNHz)Co
+
144 . 32.7 MeGa(OCHZCHzNHZ)
142 12.0 MeGa(OCHZCHZN)+
+
99 11.5 MeZGa
69 6.9 Ga*
+
68 33.1 (pzH)
67 4.8 (pz)*

calculated for

69
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Table 1IV. Some Structural Parameters of sym-fac and mer
[MezGa (pz) (OCH2CH2NH2]2N1
o]
a) bond lengths (A)
fac isomer ' mer isomer
Bond uncorr. corr. Bond uncorr. corr.
Ni -0 2.086(3) 2.090 Ni -0(1) 2.042(4)  2.049
Ni -N (1) 2.083(3) 2.085 Ni =N (1) 2.086(4) 2.091
Ni ~-N(3) 2.108(3) 2.112 Ni -N(3) 2.142(5) 2.148
' Ni ~-0(2) 2.038(3) 2.045
Ni ~-N(4) 2.098(4) 2.102
Ni ~N(6) 2.152(5) 2.156
b) bond angles
fac isomer mer isomer
Bonds Angle(degq) Bonds Angle(deq)
o -Ni  -N(1) 88.1(1) 0(1) -Ni =-N(1) 85.8(2)
0 -Ni =N (3) 83.0(1) _ O(1l) -Ni =N (3) 80.9(2)
N(l) -Ni ~N(3) 90.1(1) N(l) -=Ni -N(3) 166.2(2)
0 -Ni -N(1)' 91.9(1) O0(l) -=Ni -N(4) 95.3(2)
0 -Ni -N(3)' 97.0(1) 0(l) -Ni =N (6) 98.4(2)

N(1l) -Ni -N(3)' 89.9(1) N(1l) ~-Ni =~ =N(6) 88.6(2)

- N(1l) -Ni =N (4) 93.7(2)
0(2) ~-Ni -N(4) 85.9(2)
0(2) ~-Ni -N(6) 80.4(2)
N(4) -Ni -N(6) 166.2(2)
0(2) -Ni  -N(1) 93.4(2)
0(2) ~-Ni -N(3) 99.7(2)
N(4) ~-Ni =N (3) 91.3(2)
N(3) -Ni -N(6) 89.5(2)
0(l) -Ni -0(2) 178.6(2)
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were found to be the sym-fac isomer while the blue prisms were
found to be the mer isomer. Both crystal structures consist of
discrete molecules separated by normal Van der Waals distances
with the nickel atom in each isomer bonded to two tridentate
[MezGa(pz)(OCHZCHZNHZ)]'ligands. The two modes of coordination
are related by a fold about the Ni-O bond which forces a chénge
of coordination geometry of the trivalent oxygen atom from nearly
planar in the mer isomer to pyramidal in the fac isomer. While
the coordination geometry about the nickel atom is distorted
octahedral in each case, the distortions from 'ideal' geometry
are more severe for the asymmetric mer isomer than for the centro-
symmetric sym-fac isomer. Table IV lists the pertinent struc-
tural parameters. \

Conversion of one isomer to the other could be effected by
suitable choice of solvent for recrystallization. The non-polar
fac isomer (purple crystals) when dissolved in acetone gave the
polar mer isomer (blue crystals) on recrystallization. Converse-
ly, the ggi isomer dissolved in benzene gave the fac isomer on
recrystallization. Heating the fac isomer caused a colour change
from purple to blue at ~ 130 C suggesting a rearrangement to the
mer isomer. Continued heating caused decomposition at ~ 190 C.
The blue mer isomer itself darkens and decomposes at ~ 190 C
with no observable colour change below this temperature.

No evidence for fac/mer isomerism has been found in the

remaining complexes and the assignment of mer or fac isomers for

each metal is based on infrared spectral evidence. Figure 7
illustrates the two types of spectra observed for [MezGa(pz)

(OCH2CH2NH2)]2M complexes. Differences in the two spectra are



FAC
ISOMER

M/
”'\\
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Figure 7. Infrared spectra of sym-fac- and mer [MezGa(pz)(OCH2CH2NH2)]2Ni in Nujol.

_OZ_
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primarily in the regions attributable to N-H vibrations. 1In the
sym-fac isomer, two bands are found in the N-H stretching region
at = 3300 cm-l but at least three bands are observed for the mer
isomer. In the N-H deformation region of the spectrum, ~ 1600

cm ~, a single band is observed for the mer isomer but a three

band envelope is observed for the fac isomer. A third finger-
print region of the spectra occurs between 400 and 500 cm—l. In
the spectrum of the mer isomer, two bands occur close together
at 460 and 475 cm T whereas in the spectrum of the fac isomer,
thesg bands are absent and two new bands occur at 400 and 500
em™ L.

The infrared spectra of the [Me2Ga(pzf)(OCH2CH2NH2ﬂ 2M
complexes displayed three or four bands in the N-H stretching
region (= 3300 cm-l) and a single broad band in the N-H deforma-
tion region (~ 1600 cm-l) of the spectrum. Based on this evi-
dence, a meridional arrangement is assigned to the gallate
ligands in thése complexes.

The electronic spectra of the octahedral complexes were

recorded in the range 300-1400 nm and are listed and assigned

in Table V. The spectra of mer and fac [MeZGa(pz)(OCH2CH2NH2)]2

Ni are shown in Figure 8. As expected, three spin allowed bands_,
are observed for each complex. 1In addition, a mucﬁ\weaker band,
assignable to the 3Azg  d lEg transition, is also observed.. It
is obvious that the absorptions due to the mer isomer are sig-
nificantly more intense than those for the sym-fac isomer and
this is probably due to the presence of a centre of symmetry in

the immediate ligand environment of the fac isomer. (Crystal
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$00

WAVELENGTH (nm)

Figure 8. Electronic spectrum of mer (——) and

H, .

66

fac (---) [Me2Ga(pZ) (OCHZCHZNHZ)]zNi in C

structures have shown the mer isomer to be more distorted from
'idealized' octahedral geometry than the fac isomer). The
spectrum of [MezGa(pz")(OCHZCHZNHZ)]ZNi is very similar to that
of mer [MezGa(pz)(OCH2CH2NH2)]2Ni (¢e's slightly higher, positions
of bands slightly red shifted). This is entirely in agreement
with the geometry suggested by infrared evidence.

The electronic spectra of [MezGa(pz)(OCH

CH NHZ)]ZCO and

2772
[MeZGa(pz")(OCH2CH2NH2)]2C0 exhibit two main absorption bands,
assigned as v, and Vi, with fine structure on the more intense
of these (v3).

The electronic spectrum of [MezGa(pz)(OCHZCHZNHZ)]ZFe
displays a very weak absorption in the infrared region. However,
its position is partially obscured by the presence of a very

intense charge transfer band. A similar charge transfer band

in the spectrum of [MezGa(pz")(OCHZCHZNHzﬂ oFe prevents the
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observation of any d-d transitions for this complex.

The nickel and cobalt spectra have been analyzed on the
basis of the energy levels discussed in ref. 24. Dg and B values
are listed in Table V.
and v

2 3

used to calculate Dg and B. This led to calculated vy values

of 10.9, 10.65 and 10.4 kK (cf. experimental 10.9, 10.0 and 9.5)

The observed v bands of the nickel complexes were

for fac and mer [MezGa(pz)(OCHZCHZNH2)]2Ni and [MezGa(pz")
(OCHZCHZNHZ)]ZNi’ respectively. It is noteworthy that the ob-
served 12 bands for both mer compounds are red shifted with

respect to the calculated value. This is probably due to the

same distortion from idealized octahedral symmetry in both com-

pounds. The expected >1Eg transitions are 13.2, 13.4 and

13.1 kK, in close agreement with the experimental values of
13.1, 13.1 and 12.9 kK (C/B = 4.5 has been assumed for this
calculation (24)). |

| Similarly, vy and V3 were used to calculate Dg and B

values for the cobalt complexes. This led to calculated v2

2CHZNHZ)]ZCo.and

[MezGa(pz")(OCHZCHZNHZ)]ZCO, respectively. In the latter

complex, this absorption is observed as a weak shoulder at 19.8

values of 19.9 and 19.8 kK for'[MezGa(pz)(OCH

kK. However, no corresponding absorption is observed in the
former complex. (This absorption is formally a 'two electron'
transition and is frequently'obscured). The observed shoulder
at 18.6 kK could be due to a spin forbidden band or a splitting
of the 4Tlg(P) level.

Comparison of the calculated spectral parameters with
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. . +2
those of the corresponding hexaamine complexes (Co(NH3)6

1 1 1

(24); Ni(NH,)  T%: Dg = 1080 cm I,
36
1

Dg = 1020 cm ~, B = 885 cm

B = 900 cm T (24); Fe(NH,) *%: Dg = 1120 em™! (25)) shows that
the tridentate ligand occupies approximately the same position
as NH3 in the spectrochemical series. The B values of the
chelate complexes, however, are much lower indicating a greater
degree of covalency in these compounds.

It is somewhat surprising that the Dg values for the sub-
stituted pyrazolyl derivatives are slightly lower than.those for
the unsubstituted pyrazolyl derivatives. The methyl substituents
on the pyrazolyl ring should increase the donor capacity of the
pyrazolyl nitrogen atoms through an inductive effect. A likely
explanation is that steric interactions offset this effect by
preventing close approach of this ligating nitrogen to the cen-
tral transition metal ‘ion.

2.3.3 The Five Coordinate Complexes, [Me ,Ga (pz") (OCH gg.NMezﬂ_

2—2

M[(pz")zGaMezl

Previous studies have shown that the ligand, [MeZGa(pz)
(OCHZCHzNMezﬂ ~, was not capable of forming 'bis-ligand' com-
plexes because of steric reasons (13,14). Consequently, it was
no surprise that the more sterically demanding ligand, [MezGa
‘(pz")(OCHZCHZNMezn " also could ﬁot form b;s-ligand complexes.
Analytical and mass spectral data suggest that five coordinate
mononuclear complexes of the general formula, [MezGa(pz")
(OCHZCHzNMeZH M sz")zGaMez] are formed by the reaction of this

ligand with divalent transition metal ions. The highest m/e
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V. Electronic Spectra of O
Table _ P e’ n\
eGa' M
\O/NH,
- _42
R Me Energy(kK) ¢ Dq(cm-l) B(cm ) assignment
H Fe? 12.1 7.5 1210 S5p. — 3g
29 g
H co® 9.4 4.3 1055 800 v, (F)— 4
. ) lg 2g
18.6 -2
4 4
20.2 23.2 1o (M) — fr,_ ()
a 4 4
Me Co 9.2 5.2 1050 850 ‘r () — 1,
4 2.29 5
14.7(sh) 0.9 4Tlg(1-")—> 2T T
19.8(sh) 1.0 T (F)—> ‘a
4 1g 4 2g
20.6 37 T — @)
H Ni%  10.9 3.6 1095 800 3A29——> 3T2g
(fac) 13.1 0.4 3A2 — 1
3,49 3.9
17.2 5.8 A — 30 (F)
3. %9 3. 19
27.5 8.5 Byg— Ty (®)
H Ni®  10.0 9.2 1065 810 A, —» o7 -
3 2g 1 2g
(mer) 13.1 0.6 Azg——> Eg
16.9 .7 . 3 (p
v 3 29 3 19
27.2 16.7 Byg—> Ty (P)
Me Ni? 9.5 10.2 1035 790 A, —» S3p
329 1.2
12.9 0.5 A, _—> IF
3 29 3 9
16.5 10.5 A, — 7. (F)
3,29 3 19
26.5 20.5 Ayg— T (P)
Me NiP 9.5 10.7 1035 790 A, — 3p
3. 29 129
12.9 0.5 A, _—> IE
3 29 3 9
16.5 9.7 A, —> 7. (F)
3,99 3 19
26.5 18.7 By Ty (P)
H cu® 16.5 130 1650 5 2
g 2g

a .
measured in benzene

b .
measured in acetone
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observed in the mass spectra of these complexés can be assigned
to p* or P—Me+ and the most intense signal in the majority of
the spectra was due to [MeGa(pz")2(OCH2CH2NMe2)M]+. The one
exception was the Cu'complex which displayed the ion, [MeGa(pz")
(OCHZCHZNMez)Cu]+ as its strongest signai. ‘This ion was not
present in the fragmentation patterns of the remaining five co-
ordinate complexes.

The electronic spectra of the Ni, Co, and Cu complexes are

presented in Figure 9 and assigned in Table VI.

Table VI. Electronic spectra of [MezGa(pz")(OCHZCHzNMezﬂ M
* .
[(pz )2GaMe2]
M Energy (kK) £ Assignment
. | 3., 3.
Ni 7.4 15 E'—"E"(F)
11.3 30 3E'——>3Al", 3A2“
12.4 24
14.9 35 3E'——>3A2'(F)
20.6(sh)  -- 3E'——>3E"(P)+3A2'(P)
24.2 130
Co 7.3 9 4A2'——>4E"
9.6 15 4A2'——>4E" |
13.7 13 : 4A2'——94A2'(P)
17.6 198
19.8(sh) - 4A2'-—>4E"(P)
20.7 (sh) -
Cu 13.5 135 »2Al'——é2E(l)+2E(2)
9.0 (sh) |

* benzene solutions, sh = shoulder
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150

100}

50

FREQUENCY (kK)

Figure 9. Electronic spectra of [Me2Ga(pz")(OCHZCHZNMeZ)]
M[(pz")zGaMez] M= Ni(---), Co (—), and.
Cu(-++) in C6H6’

The nickel spectrum was assigned on the basis of the
crystal field model discussed by Ciampolini (26).. With the
exception of the splitting of one band, the spectrum can be in-
terpreted in terms of a trigonal bipyramidal model. The split-
ting of the band around 11.5 kK into two components indicates‘a
reduction of symmetry from idealized Dip 6n which the model is
based. Reduction to C3V symmetry would give two bands as trans-

3 3

itions to 'Al(F) and AZ(F) instead of degenerate transitions
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to 351" + 3A2“ in D3h symmetry. The spectrum of the present
compound.is almost identidal to that of [Ni(trenMg)CH + where
trenMe = tris(2-dimethylaminoethyl)amine (27), the bromo analog
of which has been shown by x-ray crystallography tq possess C3v
microsymmetry (28). The only notable difference in the present
spectrum is the shift of all the bands to higher energy (NiN4O
chromophore vs NiN4Cl éhromophore).

The overall shape of the cobalt spectrum did not fit
ligand field models for either trigonal bipyramidal or square
pyramidal geométries. This is probably due to severe distortions
from these idealized geometries. 1Indeed, it is well known that
trigonal bipyramidal cobalt(II) complexes are commonly more

distorted toward the tetrahedron than their Ni(II) analogs (29).

Nevertheless, the band positions for the present complex corre-

6
NP3 = tris(2-diphenylphosphinoethyl)amine, which has been shown

late closely with those of the complex, [Co(NP3)Br]+PF , Where

by X-ray crystallography to possess an extremely distorted trig-

onal bipyramidal géometry (30). The assignment of bands in

Table VI is based on the ligand field model proposed by Wood

(31) for idealized high spin trigonal bipyramidal Co(II) COmplex—
4 4

es. The expected single transition Az'——>

a complex band envelope, no doubt due to the aforementioned dis-

E" is replaced by

tortions from the idealized geometry.

The spectrum of the copper complex shows essentially one
' band with a shoulder to lower energy. .Although other geometries
are possible, this spectrum is entirely compatible with a tri-

gonal bipyramidal chromophore (27).
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The infrared spectra of the five coordinate complexes
fell into two groups. The Fe, Ni, and Zn complexes formed one
group while the Co and Cu complexes formed a second group. Both
groups gave ir spectra which were very similar in the region
4000-~-1600 cm-l, but markedly different in the region 1600-400
cm'-1 (see Fig. 10). These differences probably indicate that

there are at least two different molecular geometries adopted

by these complexes, a fact suggested by the electronic spectra.
| i 1
e WW
] 1 1 ] i 1

1600 1200 800 400  (cmT)

Figure 10. Ir spectra of [MeéGa(pz")(OCH CHZNMe?_)]M[(pz")2

2
GaMe,] M = Fe, Ni, Zn (upper); M = Co, Cu (lower)

in Nujol.
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An x-ray structure of the nickel complex (done by Dr. s.
Rettig) shows the nickel atom to possess a distorted trigonal
blpyramldal geometry (Fig. 11). The tridentate [MezGa(pz")
(OCHZCHZNMe )] is meridienally coordinated with the oxygen atom
Ooccupying an equatorial position and the two nltrogen atoms oc-
cupying axial positions. The two remaining equatorial positions
are occupied by the two nitrogen donors of the [MeZGa(pz") 1
ligand. Table VII lists some important structural parameters.
The equatorial Ni-N bond distances (2.006(3) and 2.005(3) i) are
equal within experimental error and are both significantly longer
than the mean Ni-N distance of 1.895(4) i in the square planar
complex [MezGa(pz)z]zNi (32) . The Ni-O, Ni-N(pz") and Ni-N
(amino) distances involving the tridentate ligand are 1.993(3),

2.072(3) and 2.229(3) A.

Figure 11. Molecular structure of [Me Ga(pz")

2
(OCH2CH2NMe2) INi[ (Pz")zGaMeZ].
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Table VII. Some Structural Parameters of [MezGa(pz“)
(0CH2CH2NMe2)] Ni [(pz") 2GaMe2]

a) bond lengths (A) : b) bond angles
Bond uncorr. corr. Bonds Angle(deg)
Ni -0 1.989(3) 1.993 0 -Ni -=N(2) 126.3(1)
. 0 -Ni -N(4) 131.1(1)
Ni N(2) 2.000(3) 2.006 0O © -Ni -N(6) 85.4(1)
Ni =N(4) 2.001(3) 2.005 o} =Ni =N(7) 79.5(1)
C_ ' N(2) -Ni =-N(4) 102.3(1)
Ni N(6) 2.068(3) 2.072 N(2) -Ni =N(6) 95.6(1)
Ni =N(7) 2.227(3) 2.229 N(2) . -Ni =N(7) 94.5(1)
N(4) -Ni -N(6) 95.3(1)
N(4) =-Ni -N(7) 93.5(1)

N(6) -Ni. -N(7) 164.8(1)

These may be compared to the corresponding distances of 2.047(2),

2.097(6) and 2.152(4) A in octahedral mer—[MezGa(pz)(OCH2CH2NH2)]2
Ni. It is clear that the methyl groups on the amino nitrogen
tend to lengthen the metal nitrogen (amino) bond (relative to

the metal nitrogen bond of the unsubstituted ligand).

2.4 Summary

The nature of the complexes formed by the reaction of the

gallate ligands, [Me,Ga(C,HN,R,) (OCH,CH,NR',)] ~, with divalent

2772

transition metal ions is determined by steric factors. When

R = H,.Me and R' = H, the expected monomeric bis-ligand octa-
hedral complexes are isolated. However., when R' = Me, the form-
ation.of octahedral complexes is prevented by mutual steric
interactions between the dimethyl amino moieties. Moreover,

the isolated produét is dependent on R. The following equations

represent the overall reactions ‘when R' = Me:
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+2 5

+ -
2Na [MezGa(pz)(OCHZCHzNMez)] + M

%[MezGa(pz)z(OCH CH

‘

NMeZ)M]2

272

+ 2Nat + % [Me,Ga - OCH,CH, NMe, ],

P
(9)
3Na” [Me,Ga (pz") (OCH,CH,NMe )] ~ + M*2 —
[Me,Ga (pz") (OCH,CH,NMe,) IM[ (pz") ,GaMe, ]
+ Na+[MeZGa(OCH2CH2NMe2)2]_ + 2Nat
(10)

In the former case, the 'side product' [Me.,Ga+OCH.CH.NMe

2 oCH NMe, 1, was
isolated as a white powder and identified by its mass spectrum
and in‘the lattér.case, the side product, [MezGa(OCHZCHZNMeZ)zl_
is assumed on the basis of stoichiometry and solubility.

| Unlike previously studied uninegative tridentate ligands
(viz nS-CSHS-, HB(pz)3_, and MeGa(pz)B—) which can.only coordin-
ate facially, the present ligands can coordinate either facially
or meridionally. This versatility allowed the isolation of mer
and fac LZM (R' = H) octahedral complexes and is exemplified by
the interconversion of mer and fac - [MezGa(pz)(OCHchzNHZ)lzNi.
The fact that only meridional coordination is found in the bi-
nuclear five coordinate complexes (R = H, R' = Me) and the
trigonal bipyramidal five coordinate complexes (R = Me, R' = Me)
indicate that this is the electronically'favored conformation or
"that steric factors prevent facial coordination of the ligand.
It is reasonable to expect that in any particular complex where

steric factors do not intervene, electronic effects will deter-

mine the coordinating mode (fac or mer) of these ligands.




- 33 -
CHAPTER III

CARBONYL DERIVATIVES OF Mn, Cr, Mo and W

3.1 Introduction

It has already been shown that there is a close parallel
between the chemistry of the trispyrazolylborate.ion, [RB(pz)3]-
and the cyclopentadienyl ion,pr_ (5,6). For example, both Cp~
and [RB(pz)3]_ react with Gp VI hexacarbonyls to produce the
respective ions CpM(CO)3_ and [RB(pzhyﬂ(Co)3- (M = Cr,Mo,W) and
neutral derivatives of the generél formula DM(CO)ZT (where D =
n5—C5H5 or RB(pz)3 and T = 'three-electron neutral ligand') can
be obtained by reaction of the appropriate Mo or W éarbonyl
anion with various electrophiles. For example, m-allyl deriva-
tives are produced by reaction with allylic halides (33,34),

3—C7H7 derivatives by reaction with the tropenium ion (33,35),

+
2

(36,37). One noteworthy difference was that with the cyclo-

and aryldiazo derivatives are produced by reaction with ArN

pentadienyl system, the reaction with allyl halides initially
produced a o—éllyl species, whereas in the pyrazolylborate system
the m-allyl species was isolated directly.

The anion, [MeGa(pz)3]Mo(CO)3-, behaves very similarly to
its boron analogue (11). However, the substituted anion,
[MeGa(pz")3]Mo(CO)3-, undergoes some anomalous reactions. As with
[RB(pz)B]Mo(CO)B- and [RB(pz")3]Mo(CO)3—, [Mgca(pz)3]Mo(c0)3'
reacts with 'NO+' to give the 'Mo(CO)ZNO' derivative. 'However,
in attempts to prepare allylic derivatives, compounds of the

general formula, [MeGa(pz")z(OH)]Mo(CO)z'allyl' were isolated
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(12). This ‘'transformation' is believed to occur as a result
of steric crowding and has not been_observed in any boron
systems.

| With the incorporation of the iigands, L, the resulting
carbonyl anions, LM(CO)3_ were expected to exhibit similar
derivative chemistry. However, the capability of the gallate
ligands to coordinate either meridionally or facially was
expected to produce some important differences. Moreover, the
asymmetric nature of the ligaﬁd introduces stereochemical impli-
cations which were not encountered in the previously discussed
systems.

This chapter details the preparation of the anions,
LM(CO)3- (M = Cr,Mo and W) and a general investigation of their
derivative chemistry. In addition, the compounds LMn(CO)3 are
described. Parts of this work have been published previously

(38,39).

3.2 Experimental

3.2.1 Starting Materials

Cr (CO) Mo(CO)6 and W(CO)6 were obtained from Strem

6’
Chemicals and used as supplied. Mn(CO)SBr was prepared by

CN)

treatment of manganese decacarbonyl with bromine (40) and (CH3

3
M(CO)3(M = Mo, W) were prepared by refluxing the appropriate-

metal hexacarbonyl in acetonitrile (41). (PY)3Cr(CO)3 (42),

C7H7MO(CO)21 (43) and C7H7W(CO)ZI (44) were prepared by litera-

) +
. ture methods. C7H7 BF4

'(45) . Allyl bromide (Fisher Scientific Co.) and methallyl

" was prepared by the method of Dauben
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chloride (Eastman Kodak Co.) were distilled prior to use. Iso-
amyl nitrite (Matheson, Coleman and Bell), N-methyl-N-nitroso
p-toluenesulphonamide (Diazald) (Aldrich Chem. Co.) and tetra-
ethyl ammonium chloride (Eastman Kodak Co.) were used as supplied.
Chloromethyl methyl sulphide was prepared from dimethyl sulfoxide
and thionyl chloride (46) and benzenediazonium tetrafluoroborate

was prepared by a standard method (47).

3.2.2 Preparation of LMn(CO),

THF

Mn(CO) .Br + Na'L~
5 reflux

> LMn(CO) ; + NaBr + 2CO (11)

One aliquot of ligand (2.0 mmol) was mixed with an equi-
molar amount of manganese pentacarbonyl- bromide in THF (X 100 ml)
and the reaction mixture refluxed. Evolution of a gas was
observed and gradually thé colour of the solution changed from
orange to yellow with concomitant formation of a white preéipi—
tate. After 16 h, solvent was removed in vacuo and the result-
ant oily residue extracted with benzene and filtered. Slow
evaporation of the filtrate gave large orange crystals of the

product. Yield was 50-60%. Physical data are listed in Table

. VIII.

3.2.3 Preparation of Na+LM(CO)3- (M = Cr, Mo, W)
M= Mo, W - Method 1:

THF

M(co), + Na'L”
6 reflux

> Na+LM(CO)3_ + 3C0 (12)



Table VIII.

Physical Data for

co
>qu////

\
Me,Ga ——CO0
0"”’1357 \\\\c
___/ 0
Found(%) /Calcd. (%) 1H nmr 1 (ppm)@ IR(cm'l)b
R R C H N R R' H4 GaMe Vg
H H 32.7 4.1 11.7 2.46br 3.80br 9.84s 2032, 1937, 1911
32.8 11.5 2.69br 10.28s
H Me 36.6 10.7 2.32d+ 7.91s 3.79t+ 9.88s 2027, 1936, 1908
-36.6 10.7 2.66d+ 8.70 10.21s
Me H 36.7 . 10.7 7.70s 4.23s 9.72s 2030, 1936, 1907
36.6 4.9 10.7 7.95s 10.09s
Me Me . 39.8 5.5 9.9 7.63s 7.83s 4.195 9.86s 2024, 1934, 1902
39.9 .5 10.0 7.93s 8.38s 10.14s

a .
measured in

measured in

t J ~ 2 Hz

CGDG’ br = broad, s = singlet, d = doublet,

cyclohexane

t = triplet

_98_
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An equimolar amount of ligand and the appropriate metal

~ hexacarbonyl (2.0 mmol) were mixed in THF (100 ml) and the
resultant mixture heated to reflux. The colour of the solution
gradually changed from pale yellow to yellow orange with con-
comitant evolution of a gas. Completion of reaction was signaled .
by the cessation of gas evolution. This reaction was complete
after 24-48 h for molybdenum and 72-100 h for tungsten, depend-
ing on the number of substituents on L. The unsubstituted
ligand (R=R'=H) required the shortest reaction time, while the

fully substituted ligand (R=R'=Me) required the longest reaction

time.

M= Mo, W =~ Method 2:

~ 4+ 3CH.CN

> Na+LM(CO)3 3

(CH3CN)3M(CO)3 + Na'p~ IHE or CH3CN

(13)
One aliquot of Na'L™ in THF (10 ml) was added to an equi-
molar amount of (CH3CN)3M(CO)3 (2.0 mmol) in the same solvent
and ﬁhe resultant yellow-orange solution stirred. 1In the case
of molybdenum, the reaction was complete after 30 min at rt and
in the case of tungsten, the reaction was complete after 30 min

at reflux.
M = Cr:

. THF

(py) 5Cr (CO) 5 + Na'L” > Na+LCr(CO)3— + 3py (14)

To (py)3Cr(CO); (2.0 mmol) dissolved in THF (= 50 ml) was
added an equimolar amount of Na+L_ in THF (10 ml). The colour
of the solution immediately changed from dark red to orange and

the solution was stirred for 15 minutes to ensure completion of
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reaction.
In general, these extremely air sensitive sodium salts of
the anions were not isolated from solution. 1Instead, the freshly

prepared solutions were used in further reactions.

3.2.4 Preparation of EtAN+[Me2Ga(pz")(OCH CH NMez)]M(CO)B:

2—2
M = (Cr, Mo, W)

NMe,)]M(CO) ;7 + Et NTc1m ZHE

+ "
Na [MezGa(pz ) (OCH,CH 4

2

Et4N+[Me2Ga(pz")(OCH CH

2 ZNMeZ)]M(c0)3° + NacCl (15)

/

The salt, Na+[Me2Ga(pz“)(OCHZCHZNMeZ)]M(CO)3_ was prepared
as above (3.2.3) in THF and an equimolar amount of Et4N+Cl—
dissolved in a minimum amount (= 5 ml) of MeOH was added. Forma-
tion of a precipitate was immediate. After 5-10 minutes, the
mixture was filtered and the solvent was removed from the
filtrate in vacuo. The resultant solid was recrystallized from
THF to give crystals of the product. Cr: golden yellow plétes,
yield 35%; Mo: 1light yellow needles, yield 55%; W: lemon
yellow needles, yield 60%. Physical data for these complexes

are presented in Table IX.

3.2.5 Preparation of LM(CO)ZNO (M = Mo, W)

THF NO + CO + (16)

“Na+LM(c0)3' +'No ™ > LM (CO)

To Na+LM(CO)3- (2.0 mmol) in THF was added either an equi-
molar amount of Diazald (N-methyl-N-nitroso-p-toluenesulphon-

amide) or an excess of isoamyl nitrite. In both cases, evolution



Table IX. Physical Data for

- 6€ -

EtN * MeGa’ \b M CO
\b/”//ﬁa: \\\\
S\ / co
| 4
Found (%) /Calcd. (%) 1H nmr t(ppm)”* IR(cm™1)
M o H N Ga-Me N-Me pz-Me H4 Et N Voo
Cr . 49.2 10.63s 7.46s 7.70s 4.60s 8.92br 1880, 17202
(.5 THF) 49.2 10.74s 8.16s 8.14s 6.63br 1881, 1729b
Mo 45.1 7.5 10.62s 7.35s 7.74s  4.52s  8.84br 1878, 17052
(.25 THF) 45.2 10.65s 8.04s 8.09s 6.64br 1879, 1730b
W 39.8 6.6 7.8 10.62s 7.30s 7.69s 4.46s 8.81tt° 1870, 17002
(.25 THF) 39.5 10.59s 8.00s 8.06s 6.72q 1873, 1725b
* .
low temperature limiting spectrum in dG—acetone, br = broad, s = singlet, t = triplet,
g = quartet ’
% measured as nujol mulls
b measured as CH2C12 solutions
c = . = |
JN—CH 1l HZ, JcH-CH 7 Hz

3
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of a gas was rapid. After, stirring for 1 h, the orange soiution
was stripped of solvent and the oily residue extracted with
benzene (x 20 ml). Filtration followed by evaporation of the
filtrate gave large orange crystals of the product. Yields were
¥ 15% using isoamyl nitrite and % 70% using Diazald. Analytical

and selectea ir data are tabulated in Table X.

3.2.6 Preparation of LM(CO)2 (NzPh) (M = Mo, W)

Na+LM(CO)3- + th2+BF4‘ _CH3CN, LM (CO) , (N, Ph)

+ Na+BF4— + CO (17)

A solution of Na+LM(CO)3—, prepared in acetonitrile, was
cooled to -40°C, and an equimolar amount of solid’PhN2+BF4_
added. Immediately, the colour of the solution changed from
yellow to dark red and a gas was evolved. After stirring for
1 h at 0°C, solvent was removed in vacuo and the resultant dark
red solid extracted with several portions of petroleum ether
(b.p. 65-110°C, total volume z 100 ml). The extracts were
filtered and solvent removed from the filtrate. The resultant
dark red crystals were washed sparingly with heptane. VYield:

% 40%. Analytical and selected ir data are tabulated in Table

XI.

3.2.7 Preparation of LM(CO)Z'allzl',(M = Mo, W,; 'allyl' =

C3He, C,H,)
Method 1:
+ - . THF , ,
Na LM(CO)3 + 'allyl'X > LM(CO)2 allyl' + NaX + CO (18)




Table X.

Analytical and IR Data for ////NO
Mepq<0’//’/;;%%;=hd\\\\\ co
\___/ ' co
Analysis IR(cm )
Calculated (%) Found (%)
M R R' Cc H N C H N \)C \)NO
Mo H H 26.4 3.7 13. 27. 3.6 13.6 2020, 1920 1645
Mo H Me 30.2 4.4 12. 30. 4.4 12.6 2020, 1920 1647
Mo Me H 30.2 4.4 12. 30. 4.3 12.8 2018, 1918 1640
Mo Me Me 33.6 5.0 12. 33. 4.8 12.2 2015, 1917 1644
W H H 21.8 3.0 11. 22. 3.0 11.5 2001, 1898 1627
W H Me 25.2 3.6 10. 25. 3.7 10.3 1998, 1894 1626
W Me H ‘ 25.2 3.6 10. 25. 3.6 19.6 2000, 1898 1625
W Me Me 28.2 4.2 10. 28. 4.1 9.8 1997, 1895 1622

*

measured in CH2C12 solution

_Ip-



Table XI. Analytical and IR Data for MeGo” ~imMm o
0////1557 \\\\
\ / co
Calculated (%) Found (%) Vco(cﬁ_ )
M R R' C ’H . N C H N cﬁle
Mo H H 37.2 4.2 14.5 -37.1 4.3 14.5 -‘2003, 1919, 1902
Mo Me H 39.9 4.7 13.7 40.4 4.9 13.6 2001, 1915, 1900
Mo H Me 39.9 4.7 13.7 39.1 4.5 13.6 2000, 1915, 1899
Mo Me Me 42.3 5.2 13.0 42.6 5.0 12.5 1996, 1914} 1892
W H H 31.5 3.5 12.2 31.5 3.6 12.2 1992, 1901, 1887
W Me H 34.0 4.0 11.7 33.6 4.1 11.8 1987, 1899, 1882
14 H Me 34.0 4.0 11.7 34.3 4.2 11.7 1988, 1898, 1883
14 Me Me 36.3 4.5 11.2 36.3 4.4 11.0 1983, 1896, 1877

-Zv-
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Excess allyl bromide or methallyl chloride (x 1 ml) was
added to a THF solution of Na+LM(CO)3- (2 mmol) and the result-
ant clear solution stirred at rt (allyl bromide) or warmed
gently (methallyl chloride). After 1 h, the THF solvent was
removed in Qacuo and the resultant oily residue extracted with
benzene. Filtration followed by slow evaporation of the filtrate
gave large orange to orange-brown crystals of the prodﬁct.

Yields were = 50%.

Method 2:
(CH,CN) ;M(CO) , + 'allyl'Xx —2E, (CH,CN).M(CO).’'allyl'X + CO
3703 3 372 2
+ CH3CN (19)
(CH4CN) ,M(CO) ' allyl'X + Natn™ ZHE, LM(CO) ' allyl' + NaX
+ 2CH3CN _’ ' (20)

Excess allyl bromide or methallyl chloride (= 1 ml) was

added to a stirred solution of (CH3CN)3M(CO)3 (2.0 mmol) in THF

¥ 100 ml). Gas evolution was observed and the colour of the
solution changed from yellow to orange. After cessation of gas
evolution (30 min), a THF solution of Na+L- (2.0 mmol) was added
and after stirring for 1 h, the THF solvent was removed in vacuo
and the residue extracted with beniene; Filtration of the
extracts, followed by slow evaporation ‘of the filtrate gave the
product in ¥ 50% yield. These compounds were identical to thosg
prepared by Method 1. BAnalytical and selected ir data are list-

ed in Table XII.



R R R
Table XII. Analytical and IR Data for Q /’7
. N I

Meﬁf/ \\\\;ha——————co
\O/Nm
AN / CO
Calculated (%) Found (%) vco(cm'l)*
R R' R" C H N C H N Cyclohexane CH,oClop
H H H 34.3 4.8 10.0 34.4 4.8 9.9 1938, 1850 1928, 1832
_ 1938vs, 1851vs
Mo H H Me 36.0 5.1 9.7 36.2 5.0 9.6 {19565, 1842s 1930, 1835
. 1966m, 1864m
Me H H 37.5 5.4 9.4 37.6 5.5 9.4 1935, 1847
Me H Me 39.0 5.7 9.1 39.2 5.6 9.3 1933, 1840
Me H 37.5 5.4 9.4 37.8 5.6 9.4 1934, 1848 ‘
H Me Me 39.0 5.7 9.1 38.9 5.6 9.3 1929, 1841 '
Me Me H 40.4 5.9 8.8 40.2 6.1 9.1 1931, 1843 ‘ =
Me  Me Me 41.7 6.2 8.6 41.6 6.2 8.8 1928, 1838 |
H H H 28.4 4.0 8.3 28.5 3.9 8.3 i 1916, 1816

H - H  Me 29.9 4.2 8.1 29.8 4.1 8.1 {loqen Taigy 1918, 1817

Me H H 31.4 4.5 7.8 31.5 4.5 7 1929, 1835 1916, 1813
Me H Me 32.8 4.8 7.6 32.9 5.0 4 1927, 1832 1913, 1913
H Me H 31.4 4.5 7.8 31.4 8.0 1926, 1835 1916, 1814
H Me Me 32.8 4.8 7.6 32.7 4.8 7.9 1922, 1831 1909, 1809

7.3 1924, 1832 1911, 1810

Me Me H 34.1 5.0 7.5 33.8 4.9

»

vs = very strong, s = strong, m = medium, w = weak, i = insoluble
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3.2.8 Preparation of LM(CO)2i97§7) (M = Mo, W)
Method 1:
+ - + -. THF
Na LM(CO)3 + C7H7 BF4 > LM(CO)2C_.7H7 + CO + NaBF4 (21)

To a-solution of Na+LM(CO)3_ (2.0 mmol) in THF was added
solid C7H7+BF4-. Immediately, the colour of the solution changed
from yellow to orange-brown and evolution of a gas was observed.
After 2 h, solvent was removed in vacuo and the resultant oily

brown solid was recrystallized from benzene. Yield was 10-15%.
Method 2:

benzene/THF

C,H,M(CO) ,T + NaTL” > LM(CO) ,C + NaI (22)

784

To a suspension of C H7M(CO)2I (2.0 mmol) in benzene (50

2
ml) was added Na+L_ (2.0 mmol) in THF (10 ml) over a period

of 1-2 days, the colour of the mixture changed from dark green
to red brown and a white precipitate formed. After filtering,
the solvent was removed in vacuo and the remaining red-brown

solid recrystallized from benzene. Yields were 50-70%. Analy-

tical and ir data for these complexes are listed in Table XIII.

1] 1 1] 3—
3.2.9 Reaction of [MezGa(pz )(OCHZQEQMEQ)]MO(CO)z(n C,H,)

with Fe(CO)S_

[MezGa(pz")(OCH CH NMeé)]Mo(CO) 3

22 2

dissolved in = 250 ml ether in a quartz apparatus equipped with

-C7H7) (0.20 g) was

a water cooled jacket and 20 ml of Fe(CO)5 was added. After

degassing with N,, the solution was irradiated with a 450 watt



Table XIII.. Analytical and IR Data for R\Hiijﬂ/n
CH,
N /

\0 /Nmf \ CcO
I \____/ | co
Calculated (%) Found (%) vco(cmnl)**
R R' C H N C H N CH,Cl, CeHyo
* w H 44.8 5.0 8.2 44.7 5.1 8.2 1840, 1925 1858, 1935vs
1875, 1956m
Me H 43.4 5.2 8.4 43.9 5.4 8.3 1835, 1922 1855, 1932
H Me 43.4 5.2 8.4 42.6 5.0 8.3 1835, 1918 1853, 1929
Me Me 45.7 5.8 8.0 45.3 5.8 7.9 1834, 1919 1849, 1928
W H H 38.2 4.2 7.0 38.5 4.3 7.1 1827, 1915 i
W Me H 36.9 4.4 7.2 37.2 4.6 7.2 1822, 1014 i
W H Me 36.9 4.4 7.2 36.5 4.5 7.3 1825, 1913 1846, 1925
W Me Me 39.1 4.9 6.8 39.1 5.0 6.8 1821, 1912 1841, 1923

*»

crystallized with .5 mole C6H6

vs = very strong, m = medium, i = insoluble

_gv_
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Hanovia Model Quartz lamp for 16 h through a pyrex filter. The
resultant solution was stripped of solvent, the residue extracted
with benzene and the mixture filtered. The filtrate was then
chromatographed on a Florisil column. Elution with heptane gave
a yellow band which on evaporation gave 0.02 g of a yellow solid.

Anal. Calcd. for [C7H7Fe(CO)3] C, 52.0; H, 3.10. Found:

2:
c, 52.7; H, 3.3. (cm™ !, cyclohexane): 2046, 1984, 1973

1

Veo

H nmr (1, C6D 7.56 (m,3H); 5.35 (m,3H); 4.49 (td (J = 12,

6
1Hz), 1lH). Elution with toluene followed by CH2C12 gave a brown

band which on evaporation gave a brown oil. This product was
not investigated further. Finally, elution with acetone gave a
dark red band which on evapération gave a red solid (0.05 g).
This was identified by ir spectroscopy to be a mixture of start-

ing material (~ 70%) and [Me.Ga(pz") (OCH.,CH,NMe.)]Mo (CO). (C_H.) -
, 2 272 27707

2

Fe (CO) . (cm 1, cyclohexane): 1924, 1837 (Mo (CO),) ; 1968,

Veco
1979, 2045 (Fe(CO),).

3.2.10 Preparation of LM(CO)Z(CstMe) (M= Mo, W)

THF
-78°cC

Na*Lmkc0)3“.+ MeSCH.,C1 SMe + CO + NaCl  (23)

¢ > LM(CO)ZCH

2

A THF solution (x 100 ml) of Na+LM(CO)3— (2.0 mmol) was
cooled to -78°C and a THF solution (x 25 ml) of MeSCHZCl added
dropwise. The solution was allowed to warm to 0°C over a period
of 30 min during which time the solution darkened. After stir-
ring for a further 30 min, solvent was removed in vacuo and the

brown residue extracted with benzene. Filtration, followed by

evaporation of the filtrate gave an oily solid which was washed
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sparingly with methanol to produce a yellow powder. This yellow
powder was recrystallized from benzene to give golden yellow
crystals of the product. Yields were 15-20%. Analytical and

selected ir data are listed in Table XIV.

3.2.11 Preparation of [MeGa(pz)3]M0(CO)2(CHZSMe)

The compound, [MeGa(pz)3]M0(CO)2(CHZSMe), was prepared
from [MeGa(pz)3]Mo(CO)3— (11) by the same method as described
in section 3.2.10. Anal. Calcd. for MeGa(pz)3Mo(CO)2(CHZSMe):

¢, 33.7; H, 3.4; N, 16.8. Found: C, 33.9; H, 3.4; N, 16.8.

-1

(cm 7): 1942, 1805 (CH2C12); 1955, 1948, 1835 (cyclohexane).

Veo

Y onmr (1, CgD ~GaMe, 9.99 (s,3H); pz-H(3), 2.29 (d (J =

6 °
2Hz) , lH), 2.10 (& (J = 2Hz), 1H), 1.71 (& (J = 2Hz), 1H) ; .
pz-H(4), 4.11 (t (J = 2Hz), 1lH), 4.01 (t (J = 2Hz), 2H); pz-H
(5), 2.97 (4 (J = 2Hz), 1H), 2.84 (d (J = 2Hz), 2H); -SMe, 8.61
(s,3H); CH,-S, 6.77 (d (3 = 6Hz), 1H), 6.07 (d (J = 6Hz), 1H).
Yield was = 15%. |

3.2.12 Reactions of the chromium carbonyl anions

All the reactions performed with LM(CO)3_ (M = Mo, W)
were also attempted with LM(CO)3— (M = Cr). However, in all
cases, gas was evolved and the colour of the solutions became
dark green. Ir spectroscopy of the resultant solutions showéd
the absence of any carbonyl ligands. Removal of solvent left
dark green oils which were soluble in aromatic hydrocarbon

solvents as well as polar solvents but which could not be



Table XIV.

Analytical and IR Data for R <::) R
l I CH,SMe
/ N\
Me,Ga LM
\0/”/1557 \\\\
_ \ / co
_1 %*
Calculated (%) Found (%) Voo lem ™)
M R R c H N c H N CHyCl, CeH 2
Mo H H 30.0 4.6 30. 4.6 9.4 1933, 1782 i
Mo H Me 33.4 5.2 33. 5.3 9.1 1923, 1910 1950, 1924
' 1811 )

Mo Me H 33.4 5.2 33. 5.2 8.9 1933, 1784 i
Mo Me Me 36.3 5.7 36. 5.5 8.4 1923, 1781 1945, 1921

1810, 1806
W H - H 25.0 3.8 25. 3.8 7.9 1924, 1786 i
W H Me 28.1 4.4 27. 4.3 7.3 1911, 1769 1939, 1917

1800, 1795
1 Me H 28.1 4.4 27. 4.4 7.4 1921, 1765 i
W Me Me 30.9 4.8 31. 4.9 7.2 1914, 1768 1937, 1914

1799, 1792

i

insoluble

_6v_.
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induced to crystallize.

3.3 Results and Discussion

3.3.1  LMn(CO),_

The manganese tricarbonyl aerivatives were conveniently
prepared by refluxing manganese péntacarbonyl bromide with the
ligand salts in THF'and their expected momomeric nature was
confirmed by mass spectral analysis. Table XV lists the mass
spectral data for éhe complex where R=R'=H. In each case, the
highesf observed m/e was due to the parent ion and the most
intense signal was due to loss of thfee carbonyls from the
parent ion. Other signals observed were attributable to loss
of methyl, pyrazolyl, and '‘'ethanolamino' moieties from the LM+
ion. In addition, signals incorporating the five membered ring
Ga (N-N) Mn (O) , were observed.

Infrared spectra of these complexes in cyclohexane show

three strong bands in the v region of the spectrum (Table VIII,

CO
p. 36 ). Figure 12 illustrates a spectrum typical of those observ-
~ed. This pattern of bands indicates that the asymmetric gal-

late ligands occupy three facial positions in the postulated
octaheéral structures with the three CO groﬁps occupyihg the
remaining set of facial.positions (48). A meridionally coordin-
ated ligand (and hence a meridional arrangement of the three

CO groups) would lead to two weak and one strong Veo bands.
Fittingly, the stereochemistry displayed by these complexes

(facial coordination) is the stereochemistry that would be
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Table XV. Mass Spectrum of [MezGa(pz)(OCH2CH2NH2H Mn (CO) 4

m/e , Assignment : Intensity
365 Me,Ga (pz) (OCH,CH,NH,)Mn (CO) - 2.3
350 MeGa (pz) (OCH.,CH.NH.)Mn(co) T 5.2
2~ 3
322 MeGa(pz)(OCHZCHZNHZ)Mn(CO)z+ trace
294 MeGa(pz)(OCHZCHzNHZ)Mn(CO)+ 8.6
+ ,
283 . | MeZGa(pz)(OCH2CHZNH2)Mn 100.0
266 MeGa(pz)(OCHZCHéNHZ)Mn+ o 17.2
251 Ga(pz)(OCHZCHzNHz)Mn+ 24.0
222 ~ Me,Ga(pz) (O)Mn” 8.6
181 (pz) (OCH,CH,NH)Mn™ 21.9
+
144 MeGa(OCH2CH2NH2) 9.5
++ ‘
133 MeGa(pz)(OCHZCHZNHZ)Mn , 15.8
+ .
122 (pz)Mn 5.7
113 (OCH,CH,N) Mn* ~ 10.5
+
99 Me,Ga 9.5
69 Gat | ’ 21.0
68 (pz)H' | | 3.0
+

55 Mn 3.0

* ' . 69
calculated with Ga
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VOO W00 00 M)

Figure 12. Ir spectrum of [MezGa(pz)(OCH2CH2NH2)]

Mn(CO)3.

predicted on the basis of 'trans effect' arguments.

A comparison’of the carbonyl stretching frequencies of
" the p;esent compounds with those of structurally similar com-
pounds (see Table XVI) show the present gallaté ligands to

donate more electron density (lower v to the central metal

co!
than previously studied ligands, namely Cp , RB(pz)3— and
MeGa(pz)3T In addition, the incorporation of methyl groups on
the pyrazolyl ring and on the amino nitrogen (of the ligand, L)

tends to increase electron density on the central manganeseﬁatom

as indicated by the lower Veo values.
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Table XVI. Veo of DMn(CO)3 Compounds

D Voo Ref.

n°-c.H 2035, 1953 49

sHg
HB (pz) 2041, 1941 32
MeGa (pz) 2030, 1930 11
L, R=R'=H 2032, 1937, 1911 this work
L, R=R'=Me 2024, 1934, 1902 this work

* measured in cyclohexane

Facial coordination of these ligands is also indicated by
the lH nmr spectra of these complexes (Table VIII, p.36). Fig=-
ure 13 illustrates a typical example. In all the spectra, two
signals attributable to —GaMe2 were observed. In addition, in

those complexes incorporating the 'OCH,CH,NMe,,' moiety, two

2772 2
signals attributable to —NMe2 were observed. (The signals due
to —NH2 are expected to be broad and were not observed).
Meridional coordination would result in only one signal for
each of these .groups (the Ga-Me's and N-Me's would be related
by a mirror plane) - contrary to the observed spectra. The
signals observed for the -CH2CH2— group are also consistent
with facial coordination. Meridional coordination would result
in an A-ZX2 pattern (two triplets) whereas a complicated ABXY
pattern is observed for the —CHZCHZ— groups in the present
spectra.

The overall 'shape' of these spectra was not dependent on
temperature (-70°C to 80°C). However, the splitting between

the two -GaMe, signals did decrease slightly on warming to 80°C.
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3.3.2 LM(C0)3' (M = Cr, Mo, W)

In general, derivatives of Gp VI hexacarbonyls can be pre-
pared by two methods: 1. direct displacement of carbon monoxide .
from the hexacarbonyl by the desired ligand(s) and 2. displace-
ment of a substituent ligand by the desired ligand(s) from a
partially substituted carbonyl complex. It was possible to use
the first method to prepare the 'carbonyl anions' of tungsten
and molybdenum. 1In ;efluxing THF, the reaction of Na+L- with
the hexacarbonyl was complete after z 2 days for molybdenum and
> 3 days for tungsten. However, under the same conditions only
1 mole of CO/mole of‘Cr(CO)6 was evolved after 1 week. Attempts
to increase the rate of this reaction with higher boiling
solvents (dioxane and n-butyl ether) resulted in decomposition
of product.

The second method proved to be the most useful in the
preparation of these derivatives. The molybdenum and tungsten
carbonyl anions were easily prepared by the displacement of
acetonitrile groups from (CH3CN)3M(CO)3 (M = Mo, W) and the
chromium carbonyl anions were prepared by the displacement of
pyridine groups from (py)3Cr(CO)3. In the case of chromium
and molybdenum, these reactions were complete after 15-30 minutes
at rt. The tungsten reaction was complete after 30.minutes
under reflux conditioﬁs.

Sodium salts of all three anions were extremely sensitive
(especially in solution) to both oxygen and water, darkening
visibly on exposure to air after several minutes (the Cr anion

turned dark green). The order of stability (to air) was found



to be W>Mo>Cr and substituted ligand derivatives > unsubstituted
ligand derivatives.

A representative anion for each metal was isolated as its
tetraeﬁhylammonium salt. In each case, the isolated crystals
contained a small amount of THF which could not be removed by
'pumping in vacuo' at rt. However, it is noteworthy that the

‘amount of THF incorporated in the crystals was constant (for
each metal) for different preparations. Analytical, ir, and lH
nmr-data for these complexes are tabulated in Table IX, p. 39.

As with the manganese tricarbonyl derivatives, ir spectra
of the carbonyl anions indicate a facial arrangement of the
gallate ligand. (In CH2C12,

a single broad band). The rt lH nmr spectrum of the tungsten

the two A' and A" bands appear as

derivative, shown in Figure 14, is consistent with this assign-

ment - two signals for -GaMe, and two signals for -NMe How-

2 2°
ever, the rt spectra of the chromium and molybdenum derivatives
shoWed only one broad signal for each of these groups. The
suspicion of a fluxional process for the ions in solution was
confirmed by variable temperature lH nmr studies. The tempera-
ture dependent 1H nmr spectrum of Et4N+[Me2Ga(pz")(OCHZCHZNMeZ)]
Cr(CO)3_ is shown in Figure 15. At -40°C, two signals are ob-
served for each of the -GaMe2 and -NMe, moieties. On warming,
these signals broaden and collapse and at 57°, one sharp singlet
is observed for each of these groups. ,Although, the_coaieéence
temperature for each set of signals was the same, the —NMe2
signal began to broaden at a much lower temperature than the

-GaMe2 signal and appeared as a shafp singlet at a higher temp-
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o NMe,
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B LV 0.1V V2 O N
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signals due to Et4N
Figure 14. 100 MHz lH nmr spectrum of Et4N+[MezGa(pz")(OCHZCHzNMezﬂ W(CO)B_

in d6—acetone.

_LS_
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Figure 15. Temperature dependent lH nmr spectrum of

+ . " -
Et,N [Me,Ga (pz ) (OCH.,CH,NMe,) ]Cx (CO) 4

in d6—acetone.



- 59 -

perature than the -GaMe, signal. Similar behavior was exhibited

2
by the molybdenum and tungsten derivatives. The coalescence
temperatures were 6, 30, and 40°C for the Cr, Mo and W carbonyl
anions, respectively indicating that the fluxional process is
most facile for‘the chromium complex and least facile for the
tungsten complex.

A suggested mechanism for the fluxional process in illus-
trated in Figure 16. This mechanism requires the breaking of
the M-NMe2 bond, rearrangement to a five-coordinate intermediate,'

and reforming of the M-NMe, bond. A 'fast' egquilibrium between

2
the two limiting structures would result in the observation of
one signal for each of the —NMe2 and -GaMe2 groups. A further
consequence of this process is an inversion at the pyramidally

coordinated oxygen atom.

Figure 16. Suggested mechanism for the observed

fluxional process in the LM(CO)3— ions.

3.3.3  LM(CO),T

The tricarbonyl anions LM(CO)3— (M = Mo, W) undergo de-

carbonylation reactions with various three-electron donor ligands,
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T, to form neutral dicarbonyl species'of the form, LM(CO)2T.

The use of analogous cyclopentadienyl (50) and pyrazolylborate
(33,37) metal carbonyl anions as precursors to neutral organo-
metallic compounds has been studied extensively and the metal
carbonyl anions of the present gallate ligands were expected to
yield similar derivatives. However, the incorporation of asym-.
metric gallate ligands introduces the possibility of positional
isomers, a factbr’which did not need to be considered in the
previously studied symmetric ligand systems. Molecular models
indicate that the position opposite the pyrazolyl nitrogen
affords the greatest degree of freedom to the group T and there-
fore should be the sterically favoured position of substitution.
The position trans to the amino nitrogen is slightly more
crowded and the position trans to the oxygen is considerably more

crowded.

3.3.3.1 Nitrosyl Derivatives (T = NO)

. Nitrosyl derivatives (nl) can be prepared by treating the
carbonyl anions with a source of 'ﬁ0+', two convenient sources
being isoamyl nitrite and Diazald. Diazald had been used pre-
viously asAan effective nitrosylating agent in the preparation of
CpM(CO) ,NO (M = Cr, Mo, W) from Na'CpM(CO),” (51) and consequently
it was no surprise that good yields of = 70% were obtained using
this feagent. The desired compounds were also isolated with
isoamyl nitrite as the source of 'NO+'. However, considerably
lower yields of = 15% were obtained wiﬁh this reagent.

The lH nmr spectra of these nitrosyl compounds suggest the
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presence of two isomers in solution (Table XVII). Figure 17
illustrates one example. In all cases, two sets of signals were
observed. Based on steric arguments, the two expected isomers
would have NO trans to the pyrazolyl nitrogen and trans to the

amino nitrogen (Fig. 18).

Me_ 'N\ R Me N\. ' R
.—-.Ga/ 1 Co / |
N

<o_——llz«’——co <0—-:2§4,——CO
I b

r's) O

A B
Figure 18. Isolated isomers of LM(CO)2NO.

Isomer A would be favored by bulky grouﬁs at the 3
position of the pyrazolyl ring and Isomer B would be favored by
bulky groups on the amino nitrogen and‘these factors are re-
flected in the observed isomer ratios. When the pyrazolyl
moiety is substituted with methyl groups at the 3 and 5 positions
and the amino nitrogen unsubstituted, the Isomer A:isomer B
ratio is 5:1. When the 'pyrazolyl' moiety is unsubstituted and
the 'amino' nitrogen substituted by methyl groups, the Isomer A:
Isomer B ratio is 1:1. It is noteworthy that neither changing
the central metal nor changing the source of 'NO+' resulted in a
change of the isomer ratio. This indicétes that it is primarily

the substituents on the ligand L that control the position of



’— R R
Table XVII. 14 nmr pata for Q No
MeGa \uM——co
o/N4R', \
\ / CO
L J
N Approxi- Predicted
T (ppm) - mate position
isomer of NO
M R R' R R' n4 Ga-Me ratio substitutiont
Mo H H 2,344+, 2.76d+ 3.81tt 9.99s, 10.32 2 A
2.76dt, 2.88d+ 4.0ltt 9.91s, 10.25 1 B
Mo H Me 2.31d4+, 2.754t 7.84s, 8.34s 3.83tt 10.01s, 10.23 1 A
2.71d4+, 2.87d4+ 7.91s, 8.50s 4.02tt 9.91s, 10.19s 1 B
Mo Me H  7.64s, 8.00s 4.26s  9.93s, 10.27s 5 A
7.95s, 8.06s 4.43s 9.82s, 10.21s 1 B
Mo Me Me 7.60s, 7.99s 7.84s, 8.21s 4.25s 10.06s, 10.19s 3 A
7.79s, 8.10s 8.05s, 8.35s 4.43s 9.88s, 10.14s 1 B
W H H 2.294+, 2.854t J.88tt+ 9.99s, 10.38s 2 A
2.724+, 2.984d+t 4.10tt 9.90s, 10.30s . 1 B
W H Me 2.28d+%, 2.844t+ 7.72s, 8.31s 3.89t+ 9.98s, 10.25s 1 A
2.71d+, 2.98dt+ 7.72s, 8.47s 4.10tt 9.86s, 10.20s 1 B
W Me H 7.62s, B8.04s 4.28s 9.94s, 10.32s 5 A
7.93s, 8.1lls 4.48s 9.80s, 10.24s 1 B
W Me Me 7.59s, 8.05s 7.67s, 8.20s 4.28s 10.03s, 10.28s 3 ‘A
7.67s, 8.11ls 7.87s, B.34s 4.48s 9.86s3, 10.18s 1 B
* T(TMS) = 10.00 ppm, T(CGHG) = 2.84 ppm, s = singlet, d = doublet, t = triplet
J >~ 2 Hz ’ _
1 A = position opposite 'pyrazolyl' nitrogen, B = position opposite 'amino' nitrogen

Z9
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substitution. In each case, the most abundant isomer is the
isomer with substitution opposite the pyrazolyl nitrogen.
Attémpts to separate the two isomers by column chromatography
were unsuccessful.

Aithough the lH nmr spectra of these compounds clearly
indicates the presence of two isomers, their infrared spectra
- did not confirm this conclusion. Solution spectra in CH2C12
(the compounds were insolﬁble in cyclohexane) displayed only
two v, bands and one v

c N
it is possible that the different isomers give similar band

o band (see Table X, p. 41 ). However,

positions and are not detectable as separate entifies by ir
methods (particularly since the Veo and VNO bands in CH2C12 are

relatively broad).

3.3.3.2 Aryldiazo Derivatives (T = AerL

Aryldiazo compounds can be prepared by treating the car-
bonyl anions, LM(CO)3—, with aryldiazonium salts. The aryldiazo
ligand is related to the nitrosyl ligand in that it formally
donates three electrons and interacts with the metal via a single
nitrogen atom. However, in contrast to the nitrosyl ligand
and which can only coordinate in one conformation, the aryldia-
zoniﬁm ligand can coordinate in eithér of tﬁo distinct conforma-
.tions (Figure 19). |

As with the NO complexes,'the 1H nmr of the aryldiazo
complexes in CGDG solution indicate the presence of two isomers
(see Table XVIII and Figure 20). On analysis of these spectra,

it was found that the observed isomer ratio was dependent on



Table XVIII. IH nmr Data for | & R |
| O NyPh
N /////
Meﬁﬁ/ ~\\\\:hl~—————CO
\\)”””1;§f, \\\\\
\ / CO
T(ppm)* Apﬁ:::l- Position
; 1 isomer of NO

M R R' R R H GaMe ratio substitution?
Mo H H 2.62d4, 2.83d 4.01t 9.90s, 10.11s 2 A
2.19d4, 2.754 - 3.88t 9.93s, 10.20s 1 B
Mo H Me - 2.594 7.53s, B.52s 4.03t 9.87s8, 10.02s 3 A
2.144 7.68s, 8.25s 3.89t 9.94s, 10.06s 2 B
Mo Me H 7.81s, 8.00s 4.34s 9.81s, 10.07s 3 A
8.01s, 7.90s 4.19s 9.85s, 10.21s 1 B
Mo Me Me 7.83s, 8.12s 7.49s, 8.42s 4.44s 9.91s, 10.20s 2 A
7.77s, 8.07s 7.48s, 8.16s 4.28s8 9.96s, 10.24s 1 B
W H H 2.604, 2.76d 3.93t 9.90s, 10.29s 2 A
2.16d, 2.714d . 3.82t 9.99s, 10.29s 1 B
W H Me 2.59d4, 2.75d 7.65s8, B8.52s 3.94t 9.89s, 10.16s 3 A
2.154, 2.71d 7.87s, 8.26s 3.82t 9.93s, 10.19s 2 B
W Me H 7.86s, 8.11s 4.44s 9,828, 10.16s 3 A
7.993, 8.09s 4.28s 9.90s, 10.30s 1 B
W Me Me 7.83s, 8.12s 7.49s, B.42s 4.44s 9.91s, 10.20s 2 A
1 B

7.77s, 8.07s 7.48s, 8.16s 4.28s 9.96s, 10.24s

*
r(CGDG) = 2.84 ppm, 8 = singlet, d = doublet, t = triplet

A= position opposite 'pyrazolyl' nitrogen, B = position opposite ‘'amino' nitrogen.

S9
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Figure 19. Bonding conformations of the ArN, ligand.

the type of substituent on the 3 and 5 positions of the pyrazolyl
ring and on the amino nitrogen. Methyl groups on the pyrazolyl
ring favoured the more abundant isomer and-methyl groups on the
amino nitrogen favoured the less abundant isomer. This was
e#actly the same trend found with the NO derivatives and based
on this evidence, it was concluded that the lH nmr spectra
indicate the presence of positional isomers in solution. More-
over, the most abundant isomer is that isomer with the NzAr
group opposite the pyrazolyl nitrogen.

The ir spectra of the aryldiazo complexes in cyclohexane
solution showed three'vco bands (Table XI, p.42 ) and in each
case, the intensities of the.three bands were approximately
equal (see Figure 21). These results are, at first, somewhat

1

surprising when taken in conjunction with the “H nmr spectra.

The two . positional isomers indicated for each of the complexes

by the lH nmr results would be expected to give rise to a total

of 4 v o bands in two pairs with different relative intensities

C
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| R |
2000 1800 -

Figure 21. Ir spectrum of [MezGa(pz")(OCHZCHZNMeZ)]

Mo(CO)z(N2Ph) %n cyclohexane.

dependent on the extent and position of methyl substitution of
the gallate ligand. The three Veo bands observed in the. ir
spectra, even if the higher frequency band is in fact two super-
imposed Vo bands, do not display the expected intensity pat-

terns. Moreover, the v stretéhing frequency is expected at

N=N
Z 1600 cm_1 (based on previous studies on the RB(pz)3 system
(51a)) and therefore could not be the source of one of the bands

at * 1900 cm *

. A more attractive explanation is that the three
Yoo bands in each speétrﬁm arise from one positional isomer, due
to a coupling of the N=N stretching vibration with the stretch-

ing vibrations of the two CO groups. In this case, the aryldiazo

group acts as a pseudocarbonyl group and the asymmetric stretch-

ing vibration (E vibration in C;, Symmetry) is split by the
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asymmetric g#llate ligand. In related compounds (viz [RB(pz)s]Mo
(cO), (N,Ar) (36), [MeGa(pz)3]Mo(C0)2(N2Ar) and CpMo (CO) , (N,Ar)
(37)) incorporating symmetric ligands, the two asymmetric vibra-
tions are degenerate and a total of only two Veo bands is observed.
If this explanation is correct, then it must be assumed that the
btwo pdsitional‘isomers observed in the 1H nmr spectra have the

same or very similar carbonyl stretching frequencies in the ir.

3.3.3.3 'Allyl' Derivatives (T = n3-C3g5 or n3-CA§7l

n3-allyl derivatives, LM(CO)Z'allyl' can be prepared by
treating the carbonyl anions with allylic halides in THF. As
with the pyrazolylborate system (33) and in contrast to the
cyclopentadienyl system, no infermediate o-allyl speéies could
be isolated. The rate of reaction was found to be dependent on
the metal, M, as well as the nature of L. The tungsten carbonyl
anions reacted more slowly (than the Mo carbonyl anions) and
increasing the number of substituents on L also necessitated
longer reaction times. In the case of M=W and L(R=R'=Me), the
carbonyl anion did not react with allyl bromide or methallyl
‘chloride. However, it was possible to prepare the desired allyl

derivative by the following route:

3 +_- 3
(CH3CN)2W(CO)2(n -C3H5)Br + Na L — LW(CO)Z(n —C3H5) + NaBr

+ CH3CN (24)

This method had been uéed previously to. prepare CpMo(CO)Z(n3—

C3H5) (52) and could be used as an alternate method to synthesize

all the 'allyl' derivatives listed in Table IX (p. 39). However,
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this method offered no advantage in terms of yield.
Selected lH nmr data of the prepared compounds are listed

in Table XIX and the lH nmr spectrum of Me,Ga(pz") (OCH.CH.NH.)

2 27727772
Mo(CO)Z(n3—C3H5) is shown in Figﬁre 22a. In contrast to the
nitrosyl (nl) and aryldiazo (nl) derivatives, in all but one lH
nmr spectrum the presence of only one isomer is indicated. 1In
addition, each proton on the n3-C3H5 group was found to be dif-
ferent - a necessary consequence of the asymmetric galiate ligand
Although the signals from the _CHZCHz- moiety frequently obscured
the positions of the allyl protons, their assignments (of the
C3H5 protons) could be confirmed by‘double resonance experiments.
For example, irradiation of the unique allyl proton, ('A' in

Fig. 22a and 22b) caused both syn protons to collapse to doublets
and both anti'protons to collapse to singlets. The lH nmf
parameters for the C3H5 group in.this particular complex,'Me2Ga

(pz") (OCH..CH n3—C3H5), are as follows: (T, C6D6)

5 2NHZ)MO(CO)

5 (

Hsyn' 6.54 (dd (J = 6.5, 3.2 Hz), 1H), 7.19 (dd (J = 6.5, 3.2
2Hz), 1H); Ho e 8.65 (4 (J = 10 Hz), 1H), 8.98 (4 (J = 10 Hz),
1H) ; H 6.24 (tt (J = 10, 6.5 Hz), 1H) and are representa-

unique’
tive of all the n3—allyl complexes studied. Figure 22b clearly

shows the triplet of triplets observed for the unigque proton
and the doublet of doublets observed for each syn proton. The
'stick! spectrum is based on the parameters stated above. The
fwo syn and the fwo anti protons for the C4H7 group were not
identified unequivocally, but they are also inequivalent.

The one lH nmr spectrum that suggested the presence of more

than one isomer was the spectrum of [MezGa(pz)(OCHZCHZNHZ)]W(CO)2



lH nmr Data for

R
Table XIX. />7
Me,Ga/ ); M CcO
(4] NR; ’
\L____/ CO
T (ppm) *
M R R' R" R R' R" H4 Ga-Me
Mo H H H  2.53br,(2.9) _
Mo H H Me 2.344, 2.754 8.35s 3.80t 9.928, 10.34s
Mo = Me H H 7.68s8, 8.03s 4.33s 10.02s, 10.40s
Mo Me H Me 7.62s, 8.01s 8.33s 4.27s 9.93s, 10.39s
Mo H Me H 2.674, 2.91d 7.08s, 8.51s 3.97t 10.14s, 10.36s
Mo H Me Me 2,754, (2.9) 7.07s, 8.44s 8.65s 3.95t 10.05s, 10.35s
(br) (br) (br) (br)
Mo, Me Me H 7.67s8, 8.03s 7.058, 8.29s 4.34s 10.06s8, 10.33s
Mo Me Me Me 7.22s, 8.08s 7.07s, 8.24s 8.60s 4.33s 9.98s, 10.34s
L H H H 2.53br,2.95d4 4.00t 10.05s, 10.44s
W H H Me 2.36d, 2.894 8.65s 3.93t 9.948, 10.44s
' 2,384, 2.924d (br) 4.01t 10.24s, 10.41s
W Me H H 7.70s, 8.10s 4.39s  10.05s, 10.47s
W  Me H Me 7.60s8, 8.09s 8.13s 4,.34s 9.978, 10.49s
W H Me H 2.634, 2.984d 6.97s, 8.58s 4.06t 10.15s, 10.39
L Me Me 2,714, 2.944 6.93s, 8.43s 8.52s 4,03t 10.01s, 10.37s
W Me Me H 7.67s, 8.09s 6.94s, B.35s 4.38s 10.07s, 10.36s

measured in C_D

6

6

solution 8 = singlet, d = doublet, t = triplet, br = broad

T¢L
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Figure 22a. 100 MHz lH nmr spectrum of [MezGa(pz") (OCH.,CH NHZ)]'MO(CO)2
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\m
R TITIR
i il u“ -

100 MHz 'H nmr spectrum of [Me,Ga (pz") (OCH,CH,NH,)] Mo(c0)2(n3—c3H5)

(6-7.5 1, stick spectrum based on parameters discussed in text) .
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(n3—C4H7). For this compound two sets of signals were observed for
each of the pyrazolyl and ~GaMe, protons. In addition the Me-allyl
signal was fairly broad. The ir spectrum of this compound and

its molybdenum analog both displayed 6 bands in the v region

Cco
(measured in cyclohexane). Although positional isomerism is

possible, the lack of 1l:1 correspondence between the 'isomer
ratios' derived from 1H and ir data (see Figure 23) in either of

these compounds suggests conformational isomerism, with dif-

ferent orientations of the n3-C£H7 group, rather than pos-

itional isomerism. In addition, the fact that the same two com-
plexes show only 2 Veo bands in CH2C12 (but broader) supports

this conclusion. The effect of solvent on isomer distribution

in this type of complex has been documented previously (53).

3
In one complex, [MezGa(pz)(OCHZCHZNMez)]Mo(CO)Z(n -C,H-) ,

the —NMe2 and —GaMe2 signals in the lH nmr spectrum were guite

broad and the suspected possibility of a fluxional process in
solution was confirmed by a variable temperature study (see

Figure 24). On cooling the solution to 18°C, each of the —GaMe2

and - NMe2 signals appear as two sharp singlets and on warming
the solution, these two pairs of signals collapse and reappear

as two single signals. 1In addition, the signals due to —CHZCHz—

now appear as two well resolved triplets. Although the —GaMe2

and -NMe, signals coalesce at the same temperature, the -GaMe

2 2
signal sharpens over a much shorter temperature range. At the

highest attainable temperature (92°C), the ~GaMe, is already a

2
sharp singlet while the -NMe, signal is just beginning to

sharpen. The behavior exhibited by this 'allyl' complex is
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Figure 23. 1y nmr (a, C,D.) and ir (b, cyclohexane) spectra of

[MeZGa (pz) (OCH.CH NHZ)JW(CO)z(n3—C H

2772 4 7)'

similar to that observed for the parent tricarbonyl anions
(p. 59 ) and a similar mechanism might be invoked to explain
" the fluxional process (see Figure 25). The only difference is
that the carbonyl ligand opposite the pyrazolyl nitrogen is

now replaced by a n3—C4H7 ligand.
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(*): —CHZCHZ— protons; (+¥): —NMe2 protons

Figure 24. Temperature dependent 100 MHz 1H nmr spectrum

of [Me,Ga (pz) (OCH,CH ,NMe )] Mo (CO) , (n3~C,H,) in C,D,.

2772 477
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‘Figure 25. Suggested mechanism for the fluxional process
observed in [MezGa(pz)(OCH2CH2NMe2)]Mo(CO)2
.3

To confirm the stereochemistry suggested by the physical

data, a crystal study of the complex [MezGa(pz")(OCH2

Mo(CO)z(n3—C4H7) was undertaken by Dr. S. Rettig (see Figure

CHZNHz)]

26) . The x-ray structure confirms unequivocally the tridentate
chelating character of the gallate ligand and also the fac
nature of its coordination in this type of complex. In addition,
the n3-C4H7 ligand is situated trans tp the pyrazolyl nitrogen

- as predicted.

CH.NH

Figure 26. Molecular structure of [MezGa(pz")(OCH2 2 2)]

Mo (CO) , (n°-CH.) .
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Analysis of the bonding parameters of this compound reveal
two unusual features. First, as:a reéult of interactions be-
tween the allylic methyl group and the carbonyls, the central
Mo-C (allyl) distance (2.370(6) g) is significantly longer than
the terminal Mo-C (allyl) distances (2.331(3) and 2.320(3) ﬁ).
This is in contrast to most other m-allyl structures where the
central M-C bond is the shortest of the three (55,56). Secondly

the two carbonyl C-O distances were found to be significantly
different (C-O trans to O: 1.174(3) and C-O trans to amino
nitrogen: 1.152(3) X). A complementary effect was observed in
the M-CO distances, the M-CO bond distance trans to oxygen
being much shorter than the M-CO distance trans to the amino
nitrogen (1.902(3) vs 1.961(2) A).

3.3.3.4 Cycloheptatrienyl Derivatives (T = n3—C7§7L

Closely related to the allyl complexes are the cyclohepta-
trienyl derivatives which cah be prepared by treating the car-
bonyl anions with tropenium salts. However, a more efficient
| route to the same compounds is.via the reaction of C7H M(CO)ZI
(M = Mo, W) with Na'L™. Assuming a tridentate chelafing gallate
ligand, the potentially n7 cycloheptatrienyl group is expected
to act as a 'n3-allylic' ligand in the LM(CO)2T complexes.

The preparation of 'Fe(CO)3' adducts of n3-C7H7 derivatives
where the 'Fe (CO) ,' group is bonded to the butadiene pért of
the C.H, ring has been proposed as a chemical proof of a trihapto
(as opposed to a penta- or heptahapto) cycloheptatrienyl ring

(57). WwWhen an ethereal solution of LMo(CO)z(C7H7)(R=R'=Me) was



- 79 -

irradiated in the presence of Fe(CO) the complex LMo(CO)2C

5 77
Fe(CO)3 was formed. However, this reaction was complicated by
decomposition of either the starting material or thé product to
form a species of the formula [C7H7Fe(CO)3]2. In addition, the
desired Fe(CO)3 adduct could not be separated from the starting
material using column chromatography or fractional recrystalliza-
tion. Nevertheless, ir spectra measured in cyclohexane showed
(in addition to bands due to the starting material) five Veo
bands at 1924, 1837 [Mo(CO),], 2045, 1979 and 1968 cm™ ' [Fe(c0),].
This pattern of bands is very similar to that observed for
[HB(pz)3]M6(CO)2C7H7-Fe(CO)3 (1950, 1874, 2050, 1990 and 1980

em™Y) (57) and CpMo (CO) ,C H, *Fe(CO) ; (1950, 1880, 2040, 1980 and

1975 cm_l) (58) and strongly suggest a trihapto cycloheptatrienyl
ligand in the gallate complex.

The compound [C7H7Fe(CO)3]2.was characterized by mass
spectrometry (highest m/e = Parent ion minus CO), elemental
analysis, ir spectroscopy and lH nmr spectroscopy. The lH nmr
spectrum showed three multiplefs at T 7.56, 5.36 and 4.49 with
relative intensities 3:3:1 (see Fig. 27) and the ir spectrum in
cyclohexane showed three Veo bands indicating that the two
Fe(CO)3 groups are 'equivalent'. A compound having the same
molecular formula has been reported earlier (59) and the proposed
structure consisted of a ditropylium ligand with each Fe(CO)3
group attached to a tropylium ring. The lH nmr spectrum of this
compound consisted of three multiplets with relative intensities

8:4:2 with the 'unique' proton being at high field. Evidently,

the present compound does not have this structure but on the
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other hand, a structure that fits all the experimental data is
difficult to visualize.

1l

The "H nmr spectra of the n3—c H, complexes, recorded in

777
C6D6’ are listed in Table XX and in the majority of the complexes
the presence of one isdmer is indicated in the solutions (see
Fig. 28). However, in the spectra of[MezGa(pz)(OCH2CH2NH2HM
(C0)2(n3—C7ﬁ7) (M = Mo, W), two sets of signals in the ratio 6:1
were found (see Fig. 29). 1In additiqn, the ir spectrum of

[MezGa(pz)(OCHZCHZNHz)]No(CO)Z(n3

-C7H7) in cyclohexane solution
(the analogous W compound was insoluble) showed two pairs of
bands in approximately the same ratio (Fig. 29 (insert)).
Apparently, there are two positional is;mers formed in the syn-
thesis of these two compounds. -

The fact that only one sharp signal due to the n3—C7H7
group is observed in the rt lH nmr  spectra of these complexes
indicates that this group is involved in a rapid fluxional
process. This was confirmed by a variable temperature lH nmr
study of the complex [MeéGa(pz)(OCHZCHZNMeZ)]W(CO)2(n3—C7H7)
(see Figure 30). As the sample solution was cooled, the signal
due to C7H7 successively broadened, disappeared and finally
reappeared as five distinct multiplets. The low temperature
limiting spectrum was reached at = -75°C and is shown in Figure
31.

The assignments of the C7H7 protons are listed in Table
XXI and are based on doublevresonance experiments. Irradiation

of resonance (a) caused resonance (g) tb collapse to a doublet

(resonance (b) partially obscured by CH2 protons) and irradiation



Table XX. H nmr data for mjziij/R »CH;
N
/
W
\ / CO
T (ppm)*
M R R' C,H, n4 R Ga-Me
Mo H H 4.74s 3.88t 2.85d 10.15s, 10.36s
5.04s 9.66s, 10.20s
Mo Me H 4.83s - 4.27s .03s 10.09s, 10.37s
Mo H Me 4.76s 3.91t .844 7.51s, 8.59s 10.16s, 10.28s
Mo Me Me 4.83s 4.26s .02s 7.48s, 8.36s 10.08s, 10.26s
W H H 4.93s 3.98t .92d 10.17s, 10.42s
5.21s  3.91t 9.67s, 10.26s
W Me H 5.01 4.33 .08s 10.10s, 10.43s
W H Me 4.95 4.00t .92d  7.35s, 8.61s  10.19s, 10.34s
Me 5.00 4.32s .07s 7.32s, 8.38s 10.10s, 10.30s

measured in C_D, solution

s = Singlet, d

o

6
doublet, t

triplet

—28_
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of (b) or (g) caused (a) to collapse to a doublet as well as
affecting resonance b,ff. In addition, it was noticed that ir-

radiation of (b) affected only the lowfield half of the (c,f)

- multiplet and irradiation of (g) affected only the upfield half

of the (c,f) multiplet. Irradiation of the lowfield half of the
(c,f) multiplet reduced the high field half of the multiplet
(e,d) to a doublet and irradiation of the upfield half of the
(c,f) multiplet reduced the ldwfield half of the (e,d) multiplet
to a doublet (as well as reducing (g) to a doublet). Finally,
irradiation of the lowfield half of multiplet (e,d) reduced the
upfield half of multiplet (c,f) to a doublet while irradiation
of the upfield half of multiplet (e,d) reduced the lowfield half
of multiplet (c,f) to a doublet. These experiments fix the
relative positions of the respective protons and since the high-
field proton is coupled to both protons (b) and (g) (the other

1 proton multiplets), it must be the one associated with the
central allylic carbon atom. The near identical computer simu-
lated spectrum (based on parameters. given in Table XXI) showh

in Figure 31 confirms unequivocally these assignments. It is
also noted that the observation of seven 'different' protons
completely eliminates any possibility of a monohapto cyclohepta-
trienyl ring. It is interesting to compare the low temperéture
limiting spectrum of the 'symmetric' Cqu(CO)z(n3-C7H7) complex.
This spectrum displayed four signals due to the cyclohepta- |
trienyl ring - as expected (60). On the other hand, the

limiting spectrum of the pyrazolylborate complex
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Figure 31. Low temperature spectrum of [MezGa(pz)

(OCH,CH NMeZ)]W(CO)Z(nB-C7H7), experimental

2772

(upper) and computer simulated (lower,

C7H7 ring only).
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which contains a B-H-Mo two-electron

three-centre bond and a trihapto C.,H7 ring (61), also shows

(surprisingly) only four signals (62) even though the C.7H7 group

is asymmetrically positioned with respect to the pyrazolylborate

ligand in the pseudo octahedral complex (61).

Table XXI. Low Temperature 1H nmr Data for the C,H, Ring in

DMezGa(pz)(OCH CH

272

' 3
NMez)]W(CO) o -C-H.)

Proton® Chemical Shift(T)b

Coupling Constants (Hz) Pattern

9.39
6.02
3.46
4.96
4.82
3.56
5.54

Q Hh 0 QD W

J
J

ab
ba
cd
de
ef
fg
ga

g g

g g 9

= 6.6, Jag = 6.6 triplet

= 6.6, ch = 7.0 not seen

= 11.0, Jcb = 7.0 complex

= 9.5, Jdc = 11.0 complex

= 12.0, Jed = 9.5 complex

= 7.0, er = 12.0 complex

= 6.6, J £ = 7.0 distorted
g “triplet

2 see Fig. 31; b in 4_-acetone; c

6
C7H7 ring at rt

calculated from position of

Preliminary data on the crystal structure determination of

[MezGa(pz") (OCH,CH,,

: 3
NHZ)]MO(CO)Z(n -

C7H7) has confirmed the al-

lYlic nature of the cycloheptatrienyl ligand (63). However, the

position of substitution was found to be trans to the amino

nitrogen rather than trans to the pyrazolyl nitrogen. A possible

reason for this change is the bulk and (eiongated) shape of the

C,H, ring. In the solid state structure the C_/.H7 ring is

alligned parallel to the

'pyrazolyl’

ring and the two CO groups

whereas if it were situated opposite the 'pyrazolyl' nitfogen,
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steric interactions with the gallate ligand would become quite

~ severe, particularly with the amino alcohol part of the complex.

2SMe)

3.3.3.5 Thiomethoxymethyl Derivatives (T = nz-CH

The preparation of 'n2-CHZSMé' derivatives was prompted
by the desire to study a system more sterically demanding than
the nitrosyl or aryldiazo systems (nl) but less sterically
demanding than the allylic or cycloheptatrienyl systems (n3).
These derivati?es were prepared by treating the carbonyl anions
LM(CO)3_ with MeSCH,Cl at -78°C and, as with the 'allyl' deriva-
tives, no o-bonded species was isolated. Again, this is in
direct contrast to the behaviour of the analogous cyclopenta-
dienyl'system (64) . |

In addition to positional isomerism, these complexes can
exhibit two types of conformational isomerism arising from dif-

ferent modes of coordination of the CH,SMe group (see Figure 32).

2
The first type of conformational isomerism involves a rotation

of the 'sulfur ligand' about the CH,-S bond which would place

2
the S-Me group in an up or down position (pairs a,b and c,d).
The second type involves a rotatiéﬁ of the sulfur ligand
about the midpoint of the CH2-S bond which would give the ligand
- two different 'bites' relative to the remainder of the unsym-
metrical octahedral molecule (pairs a,c and b,d).

The infrared spectra of the complexes in CH2C12 solution
and as nujol mulls (Table XI, p.42) show two equally strong

bands in the carbonyl stretching region. However, for those

four complexes soluble in cyclohexane, four sharp bands of
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Figure 32. Bonding conformations of the CH,SMe ligand.

roughly equal intensity were observed in this same region (Fig-

ure 33). Similar spectra were observed in CS. solution (4 v

2

bands) and these observations indicate the presence of two

CoO

isomers (positional or conformational) in these solutions.

Wall

g i
2000 1800 cMm!

Figure 33. Ir spectrum of [MezGa(pz")(OCHZCHZNMeZH

Mo(CO)Z(nz—Cﬂste)in cyclohexane.

The lH nmr spectra, collected in Table XXII, also show

the presence of two isomers in solution. However, the relative
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Table XXII. H nmr Data for R R
O CH,SMe
N /
MeGa' /=M—————-CO
(4] NR, \ '
\ / - CO
L _
* approx.
. T (ppm) isomer
M R R' S-Me u H3 R R' Ga-Me ratio
Mo H H 8.42s 3.82ti 6.26af ,7.16at 2.19d1,2.73d1 9.92s, 10.26s 4
8.67s 3.73t 6.16at,7.20d+ 1.96d4',2.58d 10.14s 10.31s 1
Mo H Me 8.39s 3.91t+ 6.41af,7.22af 2.49s, 2,774t 7.458, 8.26%8 9.933, 10.16s8 7
+ (br) (br)
3.85t 7.49s, 8.22s 10.08s, 10.19s 1l
Mo Me H 8.40s 4.20s 6.2938F,7.23d% 7.46s, 7.98s 9.90s, 10.228 9
8.70s 7.38s, 7.93s 10.14s, 10.30s 1
Mo Me Me 8.40s 4.25s 6.45?, 7.29d%f 7.44s, 7.98s 7.44s, 8.12s 9,.93s, 10.13s 20
(br) (br) (br) (br)
10.10s, 10.17s 1
W H H 8.20s’ 3.92t1 6.36dt ,6.96a+ 2.14d1,2.83d1 9.94s, 10.31s 4
8.443 3.82t 6.25d%,7.04at 1.904',2.804 10.18s, 10.38s 1
W H Me 8.15s 3.98t+ 6.41d¥,6.96dt 2.46s, 2.83d+ 7.24s8, 8.27s 9.95s, 10.21s 6
(br) :
3.90t" 7.29s, 8.24s 10.1ls, 10.24s 1
W Me H 8.17s 4.23s 6.37d+,7.01at 7.44s, 8.03s 9.90s, 10.23s 10
8.46s . 7.34s, 7.98s 10.13s, 10.33s 1
W Me Me 8.178 4.27s 6.52at,7.03at 7.53s, 8.01s 7.25s, 8.13s 9.93s, 10.16s8 25
10.10s, 10.21s 1
* measured in CGDG solution 8 = singlet, d = doublet, t = triplet

.'.
t

J = 2Hz
J = 6Hz

T6
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amount of each isomer was substantially different frdm that indi-
cated by the ir data (see Figure 34). On examination of the
isomer ratios (Table XXII), it is quite evident that the fewer
the methyl substituents on the gallate ligand, the closer the
isomer distribution. With R= '=H, the isomer ratio is = 4:1,
with R=Me,R'=H or R=H,R'=Me the ratio is z 8:1 and with R=R'=Me
the ratio is = 20:1. This is quite different froﬁ the nitrosyl
and aryldiazo complexes where the isomer ratio depends gfeatly
on the position of methyl substitution in the gallate ligand.
Although the distinctly different relative amounts of isomers
derived from ir and 1H nmr data point to conformational isomers,
it is possible that there is relatively too little of a second
positional isomer to be detected by ir measurements, ie. the

ir spectra could be indicating conformational isomerism and the
lH nmr spectra could be indicating either conformational or
positional isomerism. A further argument in favor of conforma-
tional isomers is the fact that well formed crystalline samples
of the pure compiexes were easily obtained (compafed to the
crystalline but poorly formed crystals of the nitrosyl and
aryldiazo complexes) and even samples used in x-ray studies when
examined in solution gave the above ir and 1H nmr results.

The synthesis of [MeGa(pz)3]Mo(CO)z(nz-CHZSMe) was under-
taken to help clarify the above observations. 1In this complex,
positional isomerism is not possible and in éddition, a differ-
ent "bite" for the sulfur ligand would not give rise to dis-

1

tinguishable conformers. The “H nmr spectrum of this compound

contains one set of signals, but the ir spectrum in cyclohexane
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- contains 4 Veco bands. " Evidently there are two conformers in

cyclohexane solution - one with the S-Me group oriented towards

and one with the S-Me group oriented away ffom the gallate ligand.

In the related complex, CpMo(CO)Z(nz—CH
1

2SMe) (64,66), both the
H nmr data and ir results (vCO {cyclohexane): 1952, 1869 cm-l)
point to only one isomer. This suggests that the highly un-

favourable arrangement with the S-Me oriented towards the CSHS

ring is not observed.
From the above physical measurements, it is clear that the
ir spectra (of the ‘'asymmetric derivatives') show two conforma-

tions (S-Me up or down) in solution. However, it is not obvious

1

" whether the isomers observed in the "~H nmr represent positional

or conformational isomers and the fact that these spectra were
invariant with temperature (-70 to 80°C) did not help resolve

this question. Either the interconversion process for the two

conformational isomers is not very facile, very facile or the lH

nmr experiment is showing the presence of two positional isomers

in C6D6 solution.

The solid state structures of [MeZGa(pz)(OCH2CH2NMe2)]
2

r-1o(c0)2(n2-cn SMe) and [MezGa(pz") (OCH CHZNMeZ)]Mo(CO)z(n -

2 2
SMe) were determined by Dr. S. Rettig and are shown in Figure

CH2
35. The coordination about the molybdenum atom in both mole-
2

cules can be regarded as distorted octahedral with the n"-

CH,SMe ligand occupying one coordination site or as hepta-coordin-

2
ated with a bidentate nz-CHZSMe ligand. 1In both structures, the

nz-CHZSMe ligand was found to be opposite the pyrazolyl nitrogen

and there was no evidence for a second isomer. As with.
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" 3_ : : .o
.[MezGa(pz )(OCHZCHZNHZ)]MO(CO)Z(n C7H7), there are significant
differences between the pairs of M-CO and C-O distances, the

Mo-CO distances trans to oxygen being shorter than those trans

to nitrogen by an average of 0.055A. As expected, the Mo-NMe2

o
bond length (2.399(5) A) in the two 'CH_SMe' derivatives is

2

o
significantly longer than the Mo-NH., bond length (2.285(2) A)

2

in the 'C4H7' derivative (54).

Figure 35. Crystal structures of [MezGa(pz)(OCH CH

2772
NMez)]Mo(CO)Z(nz—CHZSMe) and [MezGa(pz")
2
(OCH2CH2NMe2)]Mo(CO)2(n —CHZSMe).
The crystal structure of CpMo(CO)z(nz—CHZSMe) (63) has

also been determined énd the Mo(CHZSMe) system in all three
complexes is very similar. In each case, the 'CH2-S' ring dis-
tance is 2 0.05 i shorter than‘the S-CH3 single bond distance
(1.75 vs 1.80 i). This 'shortening; of the CH2-S_bond corres-
ponds to only a minimum amount of double bond character and the
best description of the MCS system is that of a three-membered

metallocyclic ring containing an M-C ¢ bond and lone pair



"donation by S to the metal.

3.3.3.6 Trends in LM(CO)ZT compounds

Mass spectra were obtained for all the LM(CO)2T‘coﬁpounds
discussed in this chapter and some of this data is presented in
Tables XXIII and XXIV. In all cases, the parent ion was observed
followed by successive loss of a methyl and two carbonyl groups.
In the cases of T = C,H,, N,Ph and NO, this was followed by loss

of T. However in the cases of T = C3H5 and CstMe, this was
followed by loss of propene and dimethylsulphide respectively
(the loss of dimethylsulphide was not seen in those complexes
incorporating the 'OCHZCHZNHZ' moiety). In the majority of the
complexes, the strongest signal was due to the P—2CO+ ion or
the P-2CO0-Me’ ion. ‘The one exception occurred in the spectra
of some of the 'allyl' derivatives where the signal due to the
P—2CO-'propene'+ ion was exceptionally strong. In these cases,
the signal due to the P-2C0° ion was the second strongest signal.
It was also noticed that the signal due to the P-CO’ ion was
significantly stronger in the spectra of the tungsten compounds
compared with the corresponding signal in the spectra of the
molybdenum analogues.

In the solid state all the prepared compounds could be
handled in air for short periods of time without noticeable
decomposition and the order of stability (determined by visual
inspection) was found to be NO>C3 x C4H7 z C7H7>CH SMe>N Ph

and W>Mo. The tungsten nitrosyl compounds were sufficiently

stable in solution to permit recrystallization in air.
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Table XXIII. Mass Spectral Data of [MezGa(pz")(OCH CH NMez)]

2772
Mo(CO)zT*
. = NO N.Ph C.H C.H CH.SMe
signa 2 375 777 2
P 15.5 8.8 16.4 54.9 29.6
P-Me 15.5 4.4 5.2 trace 4.7
P-CO 50.7 16.6 13.6 trace 19.1
P-Me-CO trace trace trace 0 trace
P-2CO - 83.8 12.3 4.4 100 100
P-2C0O-Me 54.7 100 8 16.9 70.6
P-T 0 0 0 67.8 0
P-2CO-T 100 ? 0 ? 0
P-2CO-T (H) 0 ? 100 ? 71.8

Numbers in table represent relative intensities.
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Table XXIV. Mass Spectra of [MezGa (pz") (OCHZCHZNMeZ)]W(CO)zT-*

signal w No | NyPh C3Hg €ty CH,SMe
P 30.5 18.3 31.4 48.1 49.5
P;Me 14.7 2.9 - 7.9 trace trace
P-CO . 69.5 14.6 35.0 ° 38.5 60.5
P-Me-CO 0 0 4.7 . trace 11.0
P-2CO 68.4 25.0 100 100 1 15.3
P-2C0O-Me 100 100 20.4 19.2 100°
P-T 0 0 0 44.2 0
P-2CO-T 11.7 23.7 0 96.2 0
P-2CO-T (H) 0 0 94.3 0 76.3

. .
Numbers in table represent relative intensities.



Changing the group T also affected the solubilities of
the resulting compounds. The relative degree of solubility (in
2Ph>C3H5>C7H7>CH25Me>NO
and Mo>W. 1In addition, those compounds incorporating the pz""

hydrocarbon solvents) was found to be N

group were slightly more soluble than those incorporating the
pz group, and those compounds incorporating the 'OCH2CH2NMe2'
moiety were considerably more soluble than those incorporating
the 'OCH,CH,NH,' moiety.

The carbonyl stretching frequencies of some DMo(CO)zT
compounds, where D = a tridentate ligand and T = a three electron
donor are listed in Table XXV. Analysis of the data shows that
the compounds incorporating the ligand L(R=R'=Me) exhibit the
lowest stretching frequencies implying that this ligand donates
a greater amount of electron density to the central metal (and/or
accepts the least.amount of electron density via m-backbonding).
In addition, the carbonyl frequencies appear in the ofder NO>
N2Ph>C3H5 = C,Hy C,H,>CH,SMe indicating that NO is the strongest

m acceptor and CHZSMe is the weakest 7 acceptor in this series.

3.4 Summary

Manganese tricarbonyl derivatives were prepared by reaction
of Na+L- with manganese pentacarbonyl bromide and the 'iso-
electronic' chromium, molybdenum and tungsten tricarbonyl anions
were prepared by reaction of Na+L_ with (py)3Cr(CO)3, (CH3CN)3
Mo (CO) 5 and (CH3CN)3W(CO)3 respectively. In each case, the
ligand L was coordinated facially. The molybdenum and tungsteﬁ

tricarbonyl anions could be reacted with various electrophiles



Table XXV. -~ Carbonyl Stretching Frequencies for some DMo(CO)zT Complexes (cm—l)

- 00T -

D No? N2Phb C3H5b C7H7b CH28Meb
Cp 2020 (67) | 2000  (36) [1970, 1963 (65) |1966, 1960 (60) | 1952 (65)
1945 1928 1903, 1873 1911, 1896 1869
HB (pz) 4 2025 (35) |1994  (35) 1959 (33) | 1953 (32) | --
1933 1904 1874 1874 )
MeGa (pz) 5 | 2013 (68) 1990 (68) 1948 (11) 1938 (68) | 1955, 1948 (¥*)
1922 1910 1860 1859 ‘ 1835, 1822
L,R=R'=Me | 2015 (*) 1992 (%) 1931 (*) 1928 (*) | 1945, 1921 (%)
1917 1910, 1888 1843 1849 1810, 1806
a .
CH2C12 solution

cyclohexane solution

*
this work
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to produce a number of compounds of the general formula LM(CO)ZT,
where T is a three-electron donor ligand, and it was found that
the stereoselectivity of this decarbonylation reaction (position
of substitution) depended greatly on the nature of the ligand T.
In the case of T = ‘allyl’ (n3) only one positional isomer (sub-
Vstitution opposite pyrazolyl nitrogen) was observed and in the
Acase,of T = C7H7 (n3) only one isomer (substitution opposite
amino nitrogen) was observed in the majority of the complexes
(:.15% of a second isomer (substitution opposite pyrazolyl
nitrogen) was observed in the complexes incorporating the
sterically least demanding ligand L, R=R'=H). In the case of

T = CH,SMe (n2), the evidence for positional or lack of position- -

2
al isomers was not conclusive. The principal position of sub-
stitution was opposite the pyrazolyl nitrogen and if there was
a second positional isomer, it was in a very minor amount.

Finally in the cases of T = NO (nl) or N,Ar (nl), two positional

2
isomers (substitution opposite pyrazolyl nitrogen and amino
nitrogen) were present and the ratio of these isomers was de-
pendent on the position of the substituents on the ligand L but
independeht of the metal M.

All the complexes Preparéd were found to be moderately
stable in air and could be stored under N2 or in vacuo for
prolonged periods of time without decomposition. They were
reasonably soluble in hydrocarbon solvents and did not react
with CH,Cl

272
obtained for all the complexes, none of the complexes was suf-

or CHC13. Although mass spectra were easily

ficiently volatile to be sublimed (T —> 150°C).
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-

Several of the complexes exhibit stereochemical nonrigidity
in solution. The tricarbonyl anions LM(CO)3- (R=R'=Me; M = Cr,
Mo, W) undergo a process which effectively exchanges the 'sites'
of the two methyl groups on the amino nitrogen atom and also the
sites of the two methyl groups on the gallium atom. A similar

process, in solution, was observed for the complex [Me. Ga (pz)

2

' 3 , .
2CHZNMeZ)]M.o(CO)Z(n —C4H7). In the C.H, derivatives, all

the cycloheptatrienyl ring protons were equivalent at rt, but

(oCH

at 'low' temperature, all seven protons were found to be chem-

ically different.
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CHAPTER IV

PYRAZOLYL DERIVATIVES OF METAL NITROSYLS

4.1 Introduction

The pyrazolide anion (pz ) can act as a monodentate or an
exobidentate ligand. However, in practice the pyrazolyl group
is such a good exobidentate ligand that when a suitable acceptor
is not immediately availabie( a coordination polymer is formed
(69) . When suitable 'end-capping' groups are available, dimeric
molecules are usually formed and these include [M(pz)]2 where
M = Rh(CO)2 (70), Rh(COD)2 (70) , Pd(allyl) (70), and Fe(CO)3
(71) . In addition, two examples of groups bridged by three
pyrazolyl moieties are known - namely [(CO)3Mn(pz)3Mn(CO)3]-(72)
and [(Et)B(pz),B(EL) 1" (72).

Although carbonyl containing moieties have been used fre-
quently as 'end-capping' groups, there are as yet no examples
of this type of molecule involving nitrosyl bearing 'end-capping'
groups. This chapter describes the preparation of several
'pyrazolyl-nitrosyl' derivatives and details the reaction of
these molecules with various nucleophiles. Parts of this work

have been published previously (73,74,75).

4.2 Experimental

4.2.1 Starting Materials

Ni(NO)I, Fe(NO)ZI and Co(NO)ZI were prepared by the method

of Haymore and Feltham (76) and 3-5-di-tert-butylpyrazole
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prepared by a standard route (77). Pyridine was obtained from
K and K Chemicals and distilled from BaO before use. Et4N+Br-
was obtained from Eastman Organic Chemicals and Me3N was obtained

from Matheson of Canada Ltd.. These were used as supplied.

4.2.2 Reaction of Ni(NO)I with Sodium 'Pyrazolide'

THF

2Ni(NO)I + 2Na' ('pz')~ > [Ni('pz') (NO)], + 2NaI (25)

To Ni(NO)I (2.156 g; 10 mmol) dissolved in THF was added
Nat(pz")” (1.18 g; 10.0 mmol) in the same solvent. After stir-
ring the resulting blue solution for 1 h, solvent was remo&ed
in vacuum and the resulting green solid Soxhlet extracted with
¥ 125 ml of benzene for 22 h. The resulting green solutiog,
on cooling, deposited a dark green crystalline material which
was identified as [(ON)Ni(pzﬁ)z]zNi(0.0S g; 3.2% of pz" groups).
Evaporation of solvent from the remaining green solution gave
dark green needles of [Ni(pz")(NO)]2 (1.01 g; 55%). The analo-
gous [Ni(pz)(NO)]2 and [Ni(pzt)(NO)]2 (pzt = 3,5-di-tert-butyl-
pyrazolide) dimers were prepared identically by reacting the
appropriate sodium 'pyrazolide' with Ni(NO)I. Yields were 65%
and 55% respectively. However, in contrast to the reaction with

sodium 3,5-dimethylpyrazolide, in these two reactions the dimers

were the only products isolated.

4.2.3 Preparation of [Co(pz")(NO)z]

THF

2Co(NO)ZI + 2Na+(pz")— -> [Co(pz")(NO)z]2 + 2NaI (26)
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Co(NO)21 (0.492 g; 2.0 mmol) was dissolved in THF and a
solution of Na+(pz")— (0.236 g; 2.0 mmol) in the same solvent
added. After stirring the mixture for 1 h, solvent was removed
in vacuo and the solid residue extracted with several portions
of benzene. Filtration followed by evaporation of the filtrate
gave large black crystals which were washed sparingly with

heptane (yield 0.2 g; 46%).

4.2.4 Preparation of [Fe(pz")(NO)ZJZ_

THF

2Fe (NO) ,T + 2Nat (pz™) ” > [Fe(pz") (NO) ], + 2NaI (27)

This complex was prepared from Fe(NO)ZI and Na+(pz")-
using a similar procedure to that described for the analogous
cobalt complex (4.2.3). Black crystals were obtained in 75%

yield.

4.2.5 Reaction of [Ni('pz') (NO)] 5_wWith Nucleophiles

[Ni('pz') (NO)] 2 1 2B > []Ni('pz')(NO)(B)]2 (28)

(a) B = PPh., and AsPh

3

3—
[Ni(pz")(NO)]2 (0.184 g; 0.5 mmol) was dissolved in THF
and solid PPh3 (0.262 g; 1mmol) added to the solution. The
initial dark green éolor of the solution gradually changed to a
dark blue color. After stirring the reaction mixture overnight
the solvent was removed in vacuo. The resulting solid was ex-

tracted with benzene and the crude material obtained from the

benzene solution was recrystallized from benzene/THF to give
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very dark blue crystals of pure product (0.373 g; 84%).

The'AsPh3 complex,[Ni(pz")(NO)(AsPh3)]2 was prepared
similarly and was isolated as blue-green crystals from benzene
solvent ih 87% yield. The corresponding compounds containing
unsubstituted pyrazolyl bridging moieties, viz. [Ni(pz) (NO)
(PPh3)]2 and[Ni(pz)(NO)(AsPh3)]2 ware prepared by analogoué
reactions and were isolated as purple-blue crystals (vield 47%)
and dark blue crystals (yield 52%) respectiveiy.

(b) B = %(Ph,PCH,CH,PPh,)

2—2

[Ni(pz")(NO)]2 (0.202 g; 0.55 mmol) was dissolved in THF
and diphos (0.220 g; 0.55 mmol) in the same solvent addéd to thé
solution. The dark green solution of the dimer immediately
became dark blue. After stirring for about 1 h the solvent was
removed in vacuo. The dark blue solid obtained was recrystal-
lized from THF/benzene to give the pure product, a blue crystal-

line material, in high yield.

(c) B = pz"H

[Ni(pz")(NO)]2 (0.184 g; 0.50 mmol) reacted with 3,5-
dimethylpyrazolé (0.096 g; 1.00 mmol) in THF solution to give a
blue solution which on work-up gave a blue crystalline solid
(0.186 g; 67%). This solid product, [Ni(pz") (NO) (pz"H)] o0
appeared indefinitely air-stable at room temperature and solu-

tions, kept under a nitrogen atmosphere, remained blue.
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(d) B = pyridine

A solution (green color) of the.[Ni(pz")(NO)]2 was treated
with an excess of pyridine. The solution turned blue and on
femoval of solvent and excess ligand a blue solid was obtained.-
Attempted recrystallization by .evaporation of benzene solution
gave only'the green dimer starting material. Even the crude
blue solid out of THF slowly turned green, indicating ready loss
of the pyridine ligand. Benzene (lH nmr) and cyciohexane (ir)
solutiéns of the crude product changed color from blue to green
on séanding, even under an atmosphere of nitrogen. The ir
spectrum of a Nujol mull sample of the 'blue solid' showed the
presence of coordinated pyridine with characteristic bands at

1

1600, 635, and 436 cm ~ (78,79). The v region showed two

NO

bands, a medium shoulder at ~ 1800 cm-l and a’ strong main band
at 1740 cm-l.‘ The band at 1800 cm"l could well be due to the
presence of free dimer in the sample caused by loss of pyridine
bgfore and during sample preparation. The lH nmr in C6D6 showed
one signal for the 3,5 Me groups attached to the pyrazolyl
moieties but the presence of 'free' dimer is again evident from
an integration of the various signals. The ready loss of pyri-

dine from the blue solid adduct hampered all attempts to obtain

a reasonable analytical analysis for the compound.

(e) B = Me3§

" The dimer [Ni(pz")(NO)]2 in THF solution displayed a color
change from green to blue on treatment with Me3N at low temp-

erature (~ -78°C). At room temperature the solution turned
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green and on removal of solvents and volatiles the starting mat-
erial was recovered. These observations indicate a possible

weak coordination of the amine at low temperature in solution.

(£) B = CO and diphenylacetylene

Attempted coordinatidn of carbon monoxide or diphenyl—
acetylene to the dimer species did not lead to indicative color
changes in THF solutions of the dimer. On removal of solvent
and unreacted ‘'ligands' the dimer was guantitatively recovered
in both experiments.

Physical Data for the 'dimer complexes' (Prep. 4.2.2-4.2.5)

are listed in Table XXVI.

4.2.6 Reaction of [M(pz") (NO),], (M = Co,Fe) with PPh,

When [Fe(pz")(NO)2]2 was stirred together with PPh, in

benzene at rt, no reaction occurred (as determined by ir measure-
ments). However on heating to reflux, the ¢olour of the solution
changed from dark brown to pale yellow and a solid was preéipi—

tated. This solid was found to be insoluble in THF and CH.ClL

2
and was not investigated further. When [Co(pz")(NO)2]2 was

2

stirred together with PPh3, no reaction occurred - at rt or at

reflux temperature.

4.2.7 Preparation of EtAN+[(ON)Ni(pz")2(I)(Ni(NO)]—

2Ni(NO)I + 2Na’ (pz")” +.Et4N+c1‘ _THF ., Nacl + Nar

+ Et4N+[(ON)Ni(pz")z(I)Ni(NO)]— (29)



*
Table XXVI. Physical Data for O
M \M
0.\'/ NQN/ \B
R R
}'4 e -
Compound Analy'sisi VNo(cm'l) T(ppm)(CgDﬁ solution)*
M R B C H N Cyclohexane Nujol R H L
Ni H 23.4 2.0 26.5 1817 1815 1.34at 3.28%
23.1 1.9 27.0 )
Ni Me 32.9 3.9 22.9 1800 1800 7.44s 3.59s
. 32.7 3.8 22.9
trimetallic 39.0 4.7 22.8 1809 i
complex 39.0 4.6 22.7
Ni t-Bu 49.0 7.3 16.0 1788 1779 8.18s 3.48s
49.3 7.2 15.7
Co Me NO 28.2 3.3 26.0 1822, 1750 8.00s 4.04s
28.0 3.3 26.2
Fe Me NO 28.5 3.3 25.8 1800, 1785 1802, 1780
28.5 3.3 26.5 1735, 1720 1750, 1710 _
Ni Me PPh3 61.9 5.0 9.7 1804, 1758 1728 7.47s 3.46s 2.64m, 2.96m
61.9 5.0 9.4
Ni Me AsPh3 56.4 4.5 8.3 1805, 1770 1762 7.44s 3.52s 2.61m, 2.93m
56.4 4.5 8.6
Ni H PPh3 60.5 4.4 9.8 1807, 1720 1718 - 1.884t 3.55tt 2.52m, 3.06m
60.3 4.3 10.0 .
Ni H AsPh3 54.0 3.9 9.0 1816, 1772 1768 1.454d+t 3.26tt 2.63m, 2.97m
54.6 3.9 9.1
Ni Me ppPh.,- 56.7 4.9 10.7 i 1722 7.51s 3.34s 2.74m, 3.00m
' CcH.,? .8.23m
2 56.4 4.9 11.0 , .
Ni Me pz"H 42.5 5.3 24.7 1800, 1756 1755 7.88br 3.88br 4.15s, 7.20s
42.9 5.4 25.0 7.74s
Ni Me py 1805, 1700 1740, 1800sh 7.29s 3.41s 3.08br

i=insoluble, s=singlet, d=doublet, t=triplet, m=multiplet, br=broad
t J=~2Hz # Found(%)/Calcd. (%)

60T
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'A THF solution of Na+(pz")_ (0.236 g; 2.0 mmol) was added
to a stirred THF solution 6f Ni(NO)I (0.431 g; 2.0 mmol). Solid
Et4N+C1_ (0.165 g; 1.0 mmol) was added to the resulting blue
solution and the mixture stirred for 24 h. The solution was
filtered and the solvent removed in vacuo. Extraction with
CH2C12, filtration, followed by evaporation of solvent gave

blue crystals of product. These were washed with methanol fol-

lowed by ether.

4.2.8 Preparation of Et,,N+ RON)Ni(pz“)z(Cl)Ni(NOﬂ -

Nte1l —ZHE gt

s (C1l)Ni (NO)] ~

[Ni(pz") (NO)], + Et Nt [(oN)Ni (pz"

4 P
, (30)
[Ni(pz") (N0)], (0.184 g; 0.5 mmol) was dissolved in THF

and a methanol solution of Et N+Cl_ (0.083 g; 0.5 mmol) added.

4
The green dimer solution immediately turned blue. Evaporation
of the solvent gave blue crystals which were washed successively
with methanol and ether.

The analogous bromo compound was'prepared similarly from
the dimer and Et4N+Br—. The pyrazolyl bridgéd halogen deriva-

tives were synthesized utilizing the [Ni(pz)(NO)]2 dimer as

starting material.

4.2.9 Preparation of Na+[(ON)Ni(pz")3Ni(NO)]-

_ THF Na+[(ON)Ni(pz")3Ni(NO)] ~ 4+ 2NaI

2Ni (NO)I + 3Na+(pz")-
(31)

A THF solution of Na' (pz")” (0.354 g; 3.00 mmol) was
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added to a stirred solution of Ni(NO)I (0.431 g; 2.0 mmol).
Solvent was removed in vacuo and the oily residue extracted with
benzene and filtered immediately. On evaporation of solvent
from the resulting soluﬁion, lustrous blue crystals of the pro-
duct formed.

Yields and physical data for the 'anionic nickel deriva-

tives' (Prep. 4.2.7-4.2.9) are listed in Table XXVII.

4.2.10 Reaction of [Fe(pz")(NO)z_]_2 with I,

[Fe (pz") (N0) ], + 1, _Et20 2'Fe (pz") (NO) ,T" (32)

[Fe(pz")(NO)2]2 (0.105 g; 0.5 mmol) was dissolved in

diethyl ether and a solution of I, (0.063 g; 0.5 mmol) in the

2
same added dropwise. The dark brown solution slowly became 'light

brown and a dark solid was precipitated. This solid was found

' to be insoluble in CH,Cl, or THF.  Yield (0.08 g; 50%). Calcd.
for Fe(pz") (NO),I : C, 17.8; H, 2.1; N, 16.5. Found: C, 17.8;
H, 1.7; N, 16.2. v (em *): 1730, 1791 (Nujol).

4.3 Results and Discussion

4.3.1 Pyrazolyl Bridged Metal Nitrosyls

The dark green pyrazolyl bridged nickel nitrosyl dimers
were prepared by the reaction of sodium 'pyrazolide' with nickel
nitrosyl iodide and the expected dimerié nature of these com-
plexes was confirmed by mass spectrometry. 1In each case, the
highest observed m/e was due to the parenf ion (20%) and the

strongest signal was due to P—2NO+(100%). Signals observed



Table XXVII.

Physical Data for

\ Ni—NO
IO
W _J
. d
Compound Analysis (VNOI) T {ppm) (dg-acetone solutionsf
% cm™
M X R C H N Yield Nujol M ue R
Et,N I H 29.5 4.5 17.1 40 1770  6.47q, 8.56ttP  3.45t°  1.604°
29.6 17.2
Et,N Br H 31.8 18.8 60 1762  6.48q, 8.55¢t?  3.43tS  1.62aS
32.2 4.9 18.3
Me,N Cl H 28.5 23.0 45 1754  6.58s 3.43t°  1.644a€
28.5 23.3
Et,N I Me 34.7 15.7 61 1752 6.52q, 8.57tt®  3.85s 7.50s
34.6 15.7
Et,N Br Me 37.6 6.0 17.0 60 1749  6.50g, 8.56tt°  3.84s 7.52s
37.4 5.9 17.0
Et,N cCl Me 40.5 6.5 18.4 €4 1742  6.48q, 8.55tt®  3.84s 7.54s
40.5 6.4 18.4
Na? N,CcH Me 43.8 5.9 17.8 75 1760 - 3.82s 7.65s
43.8 5.9 17.8

*

s = singlet, d = doublet, t = triplet, g = quartet, tt = triplet of triplets

AN

2 2THF of recrystallization Tour = 6.30m, B8.15 m

b J = 2Hz, J = 7Hz € J = 2Hz d Found (%) /Calcd. (%)

HC-Cc-N14 JCCH
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were due to P-NO' (35%), P-2NO-RCN'® (20%) and P-2N0-2RCNT
(35%). The loss of RCN groups in this type of complex has
been observed previously in the mass spectra of [Fe('pz‘)(CO)3]2
(71) . Of particular relevance is the absence of any Ni +

2

Assuming that there is no interaction between the metal centres

signal.

(i.e. no metal-metal bond), each nickel atom would have a non-
inert gas configuration of 16 electrons. 1In spite of this un-
favorable electronic configuration, these dimers were found to
be air stable solids. Solutions, however, rapidly lose their
colour on exposure to air with concomitant loss of the YNO band
in their ir spectra and deposition of a white solid.

The ir spectra (cyclohexane and Nujol) of the dimers showed
one vﬁo band the position of whigh was very sensitive to the
nature of the substituents on the 3 and 5 positions of the
pyrazolyl ring. By 'changing' these substituents from H to Me
to t-butyl, there is a significant shift to lower wave numbers
and this can be satisfactorily explained by inductive effect
arguments. |

The aromatic nature of the pyrazolyl ring dictates either
a plénar Oor a boat conformation for the central Ni2N4 ring and
a crystal structure determination (done by Dr. S..Rettig) of
[Ni(pz")(NO)]2 (see Figure 36) demonstrated the former situation.
The coofdination geometry around the nickel atom is distorted
trigonal planar with N-Ni-NO angles of 128.3(2) and 123.3(2)°
and a N(1)-Ni-N(2)' angle of 108.4(1)°. The non-equivalent

N-Ni-NO angles are mirror imaged by the non-equivalent Ni-N

(pyrazolyl) distances of 1.922(3) and 1.880(3) A. Such
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Figure 36. Molecular structure of [Ni(pz")(NO)]Z.

differences between chemically equivalent bond lengths and
angles have been observed in other {NiNO}lO complexes (80,81,82)
and apart from steric factors, no reasonable explanation can be
given. The nitrosyl group is linearly coordinated (Ni-N-O =
178.9(4)°) with Ni-N and N-O bond distances of 1.616(4) and
1.158(4) g respeCtively. The Ni-Ni' separation of 3.673(1) A
precludes any direct nickel-nickel interaction. However, the
unusually long N(pz)-N(pz) distance of 1.463(4) % (values of
1.33-1.39 A are usually observed (84, and references tﬁerein)
suggests the possibility of a pn-dn interaction between the
pyrazolyl 7 system and the filled 4 orbitals on Ni, an inter-
action that necessitates the 'complete planarity' of this mole-
cule. |

In the reaction of sodium dimethylpyrazolide with nickel
nitrosyl iodide, a second product was isolated in low yield.

This was identified by mass spectrometry and micro-analysis to
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be [(ON)Ni(pz")]zNi.‘ The mass spectrum of this compound dis-
played strong signals due to the trimetallic parent ion, the
parent ion minus one NO group and the parent ion minus two NO
groups (strongest signal). In addition, a signal_corresponding
to the doubly charged parent ion minus two NO groups was observed.
Surprisingly in all samples studied, a series of weak signals
rattributable to [Ni(pz")(NO)]2 was also observed. Since there
is no evidence for the presenée of the dimer complex in the
analytically pure trimetallic compound, these signals must arise
from some rearrangement process taking plaée in the mass spectrb—
meter. |

Although the rather low yield of this compound prevented
a detailed investigation of its expected acceptor properties, a
colour change from green to blue was observed when this compound
was reacted with P(OMe)B. Further characterization was accomp-

lished by an x-ray study (by Dr. S. Rettig, seevFig.‘37).

Figure 37. Molecular structure of [(ON)Ni (pz"), ], Ni.
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The molecule consists of a central square planar nickel(II)
coordinated to four pyrazolyl nitrogens and two outer trigonal
planar nickel(I) centres coordinated by a nitrosyl group and two
pyrazolyl nitrogens. Each Ni2N4 chelate ring was found to
assume distorted boat conformations (in opposite directions)
with the overall geometry similar to that observed in the com-
plexes [MezGa(pz)z]zM where M = Ni (32) and-Cu (84). The central
Ni atom has nearly ideal square planar coordination geometry with
unique N-Ni-N angles of 89.70(8) and 90.30(8) ° and a mean Ni-N
distance of 1.905(1) A. The coordinated nitrosyl group is
slightly bent (Ni-N-O0 = 168.9(3)°, Ni-N = 1.625(3) and N-O =
1.153 i) and the two pyrazolyl nitrogen -Ni(trigonal) distances
are approximately equal (1.922(3) i). It is noteworthy that the
related compound [MezGa(pz")Z]Ni, where a MezGa group replaces
a Ni—NO‘group could not be prepared (83). &Evidently, the steric
interactions between the Ga-Me and pyrazolyl—Mg groups are sué—
ficiently prohibitive to prevent formation of this complex
whereas the Ni-NO pyrazolyl-Me interaction is not.

The complexes [M(pz")(NO)2]2 where M = Co,Fe wefe prepared
by reacting sodium 3,5-dimethylpyrazolide with the appropriate
metal dinitrosyl iodide. Based on the 18-electron rule, the
iron complex should contain a metal-metal bond and cobalt com-
plex should not. However, the fact that a proton nmr spectrum
could not be obﬁained for thé iron complex suggested that there
was no interaction between the Fe centres and a magnetic suscep-
tibility measurement (by Dr. R.C. Thoméson using a Faraday

method) confirmed the expected paramagnetism of the formally
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17-electron complex (field independent Meff = 1.83 B.M. at

293 K (ligand and metal diamagnetism correction = 184 x 1076

cm3 mol_l)). Interestingly, the isoelectronic complex [Fe(pz")

(CO)3]2 was shown to be diamagnetic on the basis of its proton
nmr spectrum (71,84) and a Fe-Fe bond was proposed on the basis

of a Fe2+ signal in the mass spectrum. However, mass spectral

studies of [M(pz") (NO) M = Co,Fe (see Table XXVIII) show

2]2’ _
that a M2+ peak is present whether a metal-metal bond is expected

to be present (Fe) or not (Co) and hence the observation of a

Fe2+

Fe-Fe bond. The observed diamagnetism of [Fe(pz")(CO)3]

signal is inconclusive as to the presence or absence of a
could
2
be due to a super-exchange phenomenon involving an electron pair

coupling of the iron centres via the bridging pyrazolyl moieties.

Table XXVIII. Mass Spectral Data for [M(pz")(NO)zlz_
M= 56Fe M= 59Co
Assignment Intensity m/e Intensity m/e
" + .
Mz(pz )2(N0)4 2 422 12 428
n +
M, (pz") , (NO) 5 63 392 37 398
' " +
M, (pz") , (NO) , 30 362 18, 368
M2(pz")2(NO)+ 53 332 34 338
Mz(pz")2+ 100 302 100 308
" + - -
M, (pz") (NO) 0 3 214
M(pz") (NO) T 5 181 6 184
M(pz") ¥ 27 151 21 154
M.t 11 112 11 118

2
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The crystal structures of [M(pz")(NO)2]2 (M = Co,Fe)

were determined by Dr. S. Rettig and are shown in Figure 38.

Figure 38. Molecular structure of [M(pz") (NO)

2]2’
M = Co {(a) and Fe (b).
In both cases, the complexes have approximately C2V symmetry
and the central M N, ring is found to be in a slightly distorted

274
(o]
boat configuration. The Fe-Fe separation of 3.3359(3) A is

significantly shorter than the Co-Co separation of 3.4717 (4) ;
(even though the M-N(pz) and N-N(pz) bond distances are shorter
by an average of 0.012 in the cobalt complex) and this may
indicate some tendency toward a Fe-Fe interaction. However, the
extremely long Fe-Fe distance leaves little doubt as to the
absence of a Fe-Fe bond and it is difficult to conceive of any
conformation of therFe(pz")zFe ring that would allow such an
interaction.

The boat conformation adopted by the central M2N4 ring in
both structures forces the pseudo-axial NO groups close together
such thét the N(nitrosyl)-N(nitrosyl) distances are much shorter

than the M-M distances. This distance was_found‘to be equal in

both structures (2.984(2) and 2.990(3) i). In the iron complex



- 119 -

all four independent Fe-NO distances are equal (Fe~-N = 1.696(2)
i) and all four nitrosyl groups are bent, the pseudo-axial
nitrosyl groups being bent significantly less (168.2(2) and
167.0(2)°) than the pseudo-equatorial nitrosyls (163.4(2) and
158.5(3)°). 1In the cobalt complex, there is considerable varia-
tion in the Co-NO distances, the ‘'equatorial' Co-N distances
(1.659(2) and 1.646(3) &) being significantly shorter than the
'axial’ Co-N distances (1.672(2) and 1.680(3) i). As in the
iron complex all four nitrosyl groups are bent. However, in
contrast to the iron complex, the pseudo-axial groups are bent
significantly more (165.1(2) and 161.3(3)°) than the pseudo-
equatorial groups (173.5(3) and 173.0(4)°).

One other difference involving the nitrosyl groups occurs
in the ir spectfa of the two complexes. The infrared spectrum
of the iron dimer displays four sharp equal intensity bands
. both in cyclohexane solution and in the Nujol mull spectrum. On
- the other hand, the ir spectrum of the cobalt dimer displayed
two broad bands in cyclohexane solution and a very broad envelope
in the Nujol mull spectrum. Although these observations indicaté
that there is a difference in the degree of interaction between
the two M(NO{2 moieties, the factors affecting such an inter-
action are difficult to determine (16). For example, the
related complex [Fe(NO)21]2 which is known to contain a Fe-Fe

bond (85) displays but.two YNO bands in its solution ir spectrum

N
(86) .
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4.3.2 Reaction of Nucleophiles‘with Pyrazolyl Bridged Dimers

The [Ni('pz')(NO)]2 dimers contain formally l6-electron
nickel centres and are expected to readily form adduct complexes
with electron donors. However, in contrast to 'Ni(NO)I' which
forms 1:1 complexes of the form [BNi(NO)I]Z, where B is a 2-

electron donor, as well as 2:1 complexes of the form B Ni(NO)I,

2
the pyrazolyl bridged derivatives form only 1:1 adducts of the
form [BNi (pz") (NO)] ,. |

The adducts listed in.Table XXVI display one VNO band in
their Nujol mull spectra but two clearly resolved bands in their
ir spectra in cyclohexane. Since a cis arrangement of ligands
would lead to two YNO bands and a trans arrangement of ligands
would lead to one vNO band (87,88), a possible explanation is
that the ligands occupy cis positions in the adducts. 1In this
case, the most likely arrangement for these adducts is one in
which the central Ni2N4 ring remains planar with the two NO
groups below ﬁhis plane and the two donor molecules above this
plane. Each Ni atom would then acquire pseudo-tetrahedral geo-

metry. Alternatively, the above observations could be inter-

preted in terms of an equilibrium in solution:

[BNi('pz') (NO)], z==> [Ni('pz') (NO)], + 2B (33)

The two bands in solutionvwould then be due to the parent and the
adduct. 1In this case, the donors would be expected to occupy
trans positions. The one exception is the diphos complex which
is forced to adopt a cis arrangement.

The lH nmr of the bis-adduct complexes show one signal for



- 121 -

the 3,5 substituents on the pyrazolyl groups. A tetrahedral
arrangement (as‘opposed to square planar) around the nickel atom
satisfactorily explains the observed spectra whether the NO
groups are cis or trans. HQwever; if the NO groups are trans,
theh the central Ni2N4 ring must be planar or in a rapidly (on
the nmr time scale) inverting boat conformation.

The mass spectra of the bis-adduct complexes did not
display a signal due to the parent ion but rather gave spectra
similar to the parent dimer molecules plus additional signals
due to the donor molecules, B. Evidently, the adducts are not
sufficiently thermally stable to withstand the necessary probe
temperatures employed (~ 120°C).

In addition to forming adducts with neutral ligands, the
l6-electron nickel complexes also form 'adducts' with uninegative
anions (see Table XXVII, p-112). Bridging halogen complexes were
prepared by addition of tetra-alkylammonium halide salts to the
parent dimer complexes and the triple 'pyrazolyl' 5ridge complex
was prepared by reacting 3 moles of sodium 3,5-dimethylpyrazolide
"with 2 moles of nickel nitrosyl iodide. Since the order of
stability with respect to displacement of one bridging moiety

by another in the presence of R NT followed the order I>Br>Cl>pz"

4
it was inconvenient to isolate the tetraalkylammonium salt of
the triple 'pyrazolyl' bridge gomplex.‘ Rather, it was isolated
as the sodium salt containing two moles of THF as solvent of
crystallization. As with the parent dimers, these anions are

relatively air stable as solids, but gfadually decompose in

solution.
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Comparison of the v values (Table XXVII, p. 112) for the

NO
I, Br and Cl complexes show a trend which is opposite to that
predicted on simple electronegativity arguments. Thus, on
electronegativity grounds, the Cl compounds should display the

“highest VNo values since shift of electron density from the nickel
atoms towards Cl1l should reduce the dw—ﬂ*back—bonding from Ni to
the NO ligand. The reverse trénd observed here has been noted
in related series of compounds (88,89) and may be attributed to
the greater m-acceptor ability of the heavier halogen ligands,
an effect which evidently outweighs the electronegativity effect.

The 1H nmr spectra‘of the ionic complexes (see Table XXVII,
p. 112) show one signal for the 3,5 substituents of the pyrazolyl
group and indicate a symmetrically bridgedﬂbimetallic anion in
solution. This was confirmed by the crystal stfucture deter-

minations of Et,N' [(ON)Ni(p'z")z(I)vNi (N0)]™ and [Na-2TEF]Y [(ON)

Ni(pz")3Ni(NO)]- and these are presented in Figures 39 and 40.

Figure 39. Molecular structure of Et4N+[(0N)Ni(pz")2

(I)Ni(NO) ] ™.
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The crystal structure of Et4N+[(ON)Ni(pz" (I)Ni(NO)]™

)2
consists of discrete Et4N+ cations and binuclear anions which
contain two NiNO moieties bridged by an iodide and two 3,5-di-
methylpyrazolyl ligands. The Ni atoms are tetrahedral (I-Ni-NO =
116.9(5), I-Ni-N(pz) = 93.5(5), N(pz)-Ni-NO = 124.1(8) and
N(p2z)-Ni-N(pz) = 97.1(1)°) and the two Ni-I distances are approx-
imately equal (2.765(25 i). The mean parameters of nitrosyl
coordination (Ni-N-O = 172.5(18)°, Ni-N = 1.649(5) and N-O =
l.l3(l)'£) are near the middle of the observed range in tetra-

hedral {NiNO}lO complexes (82,83) and the Ni-Ni separation is

3.307(1) A.

Figure 40. Molecular structure of [Na-2THF] ™

f(ON)Ni(pz")3Ni(NO)]'.

The molecular structure of [Na-2THF]+ RON)Ni(pz")3Ni(NO)]_
consists of two NiNO moieties bridged by three‘3,5-dimethyl-
pyrazolyl ligands, two of which are also coordinated to sodium
Via a novel.nZ(N,N) T-interaction (mean Na-N = 2.61(3), Na-X(1)=
2.531 and Na-X(2) = 2.502 A, where X(1) and X(2) are the mid-

points of the N(3)-N(4) and N(5)-N(6) bonds). Distorted
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\

tetrahedral coordination about the sodium is cémpleted by two
THF oxygen atoms (Na-O = 2.301(6) and 2.266(5) R). The nickel
atoms are distorted tetrahedral (N(pz) -Ni~-NO and N(pz)-Ni-N(pz)
of 121(1) and 95.6(9)° respectively) and the nitrosyl group is
linearly coordinated (Ni-N-O = 176.9(11)°, Ni-N = 1.591(6) and
N-O = 1.183(8) i). The Ni-Ni separation of 3.439(1) A is con-
siderably longer than the Ni-Ni separation (3.307(1) g) in the
related iodide bridged complex, as expected.

In contrast to the relative ease of adduct formation
between the l6-electron nickel dimers and electron donor ligands
1, and the 18-

272
electron cobalt dimer [Co(pz")(NO)2]2 were found to be inert

both the 17-electron iron dimer [Fe(pz") (NO)

towards relatively strong ligands such as PPh3. However, reac-
tion of [Fe(pz")(NO)2]2 with iodine produced a polymeric sub-
stance of empirical formula [Fe(pz")(NO)ZI]. In this respect,
it is noteworthy that both Fe(NO)zI and Co(NO)ZI react with
electron donating ligands to form monomeric adduct complexes

(90) . Undoubtedly the pyrazolyl ligand must play a major role

in stabilizing the dinitrosyl dimers.

4.4 Summary

The compounds [Ni('pz')(NO)]2 were prepared by the reaction
of sodium 'pyrazolide' with nickel nitrosyl iodide. These 16~
electron compounds form adduct complexes with relatively strong
donors such as PPh3 and AsPh3 and at low temperature, a weak
interaction was indicated with NMe.. However, these dimers did

3
not react with CO or diphenylacetylene. Reaction with tetra-
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alkylammonium halides gave bimetallic anions containing two
Ni(NO) moieties bridged by two pyrazolyl groups and a halogen
atom. In addition, the compound [Na-2THF]+[(ON)Ni(pz")3Ni(N0)]-
was prepared by reacting 3 moles of sodiﬁm 3,5-dimethylpyrazolide
with 2 moles of nickel nitrosyl iodide. - All the nickel dimers
and their adducts were air stable in the solid state. However,
solutions which are éxposed to air gradually become colourless
and lose their YNO band with concomitant formation of a white
precipitate. In one reaction, a novel trimetallic compound,
[(ON)Ni(pz")z]zNi was also isolated and characterized.

The compounds [M(pz")(NO)z]z, where M = Co, Fe were pre-
pared by reacting sodium 3,5-dimethylpyrazolide with the
appropriate metal dinitrosyl iodide. The iron compound was
shown to be paramagnetic and did not contain the 'expected'

Fe-Fe bond. 1In contrast to the nickel systems, these two com-

pounds did not form adduct compounds with nucleophiles.
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CHAPTER V

METAL NITROSYL DERIVATIVES OF PYRAZOLYLGALLATE LIGANDS

5.1 Introduction

As shown in Chapter IV, the 'pyrazolyl' group~was very
effective in stabilizing unusual metal nitrosyl complexes and it
was exéected that chelating ligands derived from pyrazole would
exhibit similar stabilizing properties. It has already been
shown that in a number of transition metal carbonyl complexes;
the tridentate pyrazolylgallate (and borate) liéandS»behaﬁe very
similarly to the ns—cyclopentadienyl ligand (see Chapter III)L
- However, in contrast to the vast amount of literature dealing
with cyclopentadienyl metal carbonyl complexes, comparatively
little has been published on the subject of cyclopentadienyl
metal nitrosyl complexes - although recently there has been an
upsurge in this.area. The (linearly coordinated) nitrosyl ligand
is formally a three-electron ligand and consequently two NO
groups are equivalent to 3 CO groups, one No'group is equivaient
to a CO group and a metal-metal single bond, etc.. This chapter
describes the preparation of several metal nitrosyl derivafives
and discusses the relationship between their geometry and the
nature of the chelating ligand. Pérts of this work have been

published previously (91,92).
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5.2 Experimental

5.2.1 Starting Materials

Mn{P(OMd3}2(NO)2Br was prepared from Mn{P(OMe)3}2(CO)3Br

and NO gas (93) and Mo(NO) .,Cl., was prepared from Mo (CO) . and
2 6

2

NOC1l (94). AgPF_ was obtained from Alfa Inorganics.

6

5.2.2 Preparation of [Me,Ga(pz") (OCH,CH NMe,)] Ni (NO)

Ni(NO)I + Na'L~ (R=R'=Me) —2X SINi(NO) + NaI (34)

Ni(NO)I (0.324 g; 1.50 mmol) was dissolved in THF and a

solution of Nat[Me._Ga(pz") (OCH CHZNMe5]— (1.63 mmol) in the same

2 2
solvent added to the resulting dark green‘solution. There was

an immediate colour change to dark blue and after stirring over-
night, the solvent was removed in vacuo and the dark blue residue
extracted with benzene. Filtration of the extracts followed by .
slow evaporation of the filtrate gave dark blue crystals ofbthe
product (0.39 g; 70%). It was also possible to purify this
compound by vacuum sublimation at ~ 80°C. Anal. Calcd. for
MezGa(pz")(OCHZCHZNMez)Ni(NO): c, 35.5; H, 6.2; N, 15.1.

Found: C, 35.7; H, 6.3; N, 14.8. VNO‘(ém-l): 1770 (cyclohex-
ane); 1750 br (Nujol). TH mmr (1, C.D.): pz-Me(3), 7.17 (s,3H);
pz-H(4), 3.94 (s,1H); pz-Me(5), 7.90 (s,3H); -GaMe,, 9.88 (s,6H);
~CH,CH, =, 6.53 (t (J = 5Hz),2H), 8.65 (t (J = 5Hz)Z2H); -NMe,,
7.78 (s,6H).

5.2.3 Preparation of [Me,Ga(pz") (OCH,CH NMe,)]Ni (pz"),Ni (NO)

Ni(NO)I (0.324 g; 1.50 mmol) was dissolved in THF and a
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THF solution of Na+[Me2Ga(pz")(OCHZCHZNMez)]- (1.63 mmol) added.
After stirring the reaction mixture for about 10 minutes, approx-
imately 1l ml of water was added and thé dark blue solution heated
to reflux. Oxygen (air) was admitted periodically until a green
tinge appeared in the solution and after cooling the mixture to
rt, the solvent was removed in vacuo and the blue-green residue
extracted with bénzene. After several recrystallizations from
benzene/heptane mixtures, dark green air sensitive crystals were

isolated (~ 20%). Anal. Calcd. for [MezGa(pz")(OCH CH NMez)]Ni

2772
(pz")zNi(NO): c, 40.6; H, 6.0; N, 18.0. Found: C, 40.7, H,

1

6.0; N, 17.7. (cm 7): 1790 (Nujol).

YNO

5.2.4 Preparation of [MeGa(pz")3]Ni(NO)

Ni(NO)T + Na'[MeGa(pz") ;17 —TEE>  [MeGa(pz") ,]Ni(NO) + NaI
: (35)
Ni(NO)I (0.311 g; 1.44 mmol) was dissolved in THF and‘Na+
[MeGa(pz")3]_ (.45 mmol) in the same solvent added. After
stirring the reaction mixture overnight, the solvent was removed
in vacuo. The remaining blue solid was recrystallized from ben-
zéne to give wellbformed crystalé (yield *~ 60%). Anal. Calcd.
for MeGa(pz")3Ni(NO): C, 41.9; H, 5.2; N, 21.4. Found: C, 41.6;
'H, 5.3; N, 20.7. YH nmr (7, CeDg) : pz-Me(3), 8.14 (s,9H);
pz—H(4), 4.09 (s,3H); pz-Me(5), 7.43 (s,9H); -GaMe, 9.97 (s,3H).

1

(cm™ ~): 1785 (cyclohexane); 1765 (Nujol).

YNO
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5.2.5 Preparation of [MeGa(pz)3]Ni(NO)

THF

Ni(NO)I + Na+[MeGa(pz) 1 > tMeGa(pz) IJNi(NO) + NaI (36)
_ 3 3

A solution of Na+[MeGa(pz)3]- (1;6 mmol) in THF (25 ml)
was added dropwise to a stirred solution of Ni(NO)I~(0.350.g;
1.6 mmol) in THF (50 ml) at -78°C. After allowing the reaction
mixture to warm slowly to rt, solvent was removed in vacuo and
the remaining solid extracted with benzene. Filtration, followed
by slow evaporation of the filtrate gave blue crystals together
with a small amount of orange material. Vacuum sublimation at
60°C gave blue crystals of the pure product. Anal. Calcd. for

[MeGa(pz)3]Ni(NO): C, 32.1; H, 3.2; N, 26.3. Found: C, 32.4;
1

H, 3.3; N, 23.2. H nmr (1, CD.): pz-H(3), 1.43 (4 (I =~ 2Hz),
3H); pz-H(4), 3.77 (t (J = 2Hz),3H); pz-H(5), 2.90 (d (J = 2Hz),
3H) ; -GaMe, 10.22 (s,3H). Vg (cm™Y): 1786 (cyclohexane);

1815 (Nujol).

'5.2.6  Reaction of Ni(NO)I with Na+[Me2Ga(pz)2]_ and Na+[Me2§§
®2),1”

Ni(NO)I was dissolved in THF and an equimolar amount of
the appropriate ligand added. 1In each case, the green solution
immediately turned deep blue in colour. After stirring over-
night, solvent was removed in vacuo and the residue recrystal-
lized from benzene. In the case of [MezGa(pz)z]-, the bnly
product isolated was [MezGa(pz)z]zNi (54% of pz groups) and in
the case of [MezGa(pz")é]_, the isolated products were [MeGa

(pz“)3]Ni(NO) (63% of pz" groups) and [(ON)Ni(pz“)Z]Ni (trace) .
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5.2.7 Reaction of Ni(NO)I with 'EtAN+[Me2Ga(pz")2]-'

Ni(NO)I (.430 g; 2 mmol) was dissolved in THF (50 ml) and
Et,N'C1™ (.335 g; 2 mmol) in CH,Cl, (50 ml) added. The result-
ant green solution was cooled to -78°C and Na+[Me2Ga(pz")2]-
2.0mmol) in THF (25 ml) added dropwise over a period of 30 min-
utes. Gradually, the colour of the solution turned blue and a
precipitate formed. The mixture was allowed to warm to rt,
anhydrous MgSO4 ﬁas added and the mixture filtered. Removal of
solvent from the filtrate in vacuo gave dark blue crystals which
were washed with benzene until the washings were colourless.
These were identified as Et,N' [(ON)Ni(pz"),(I)Ni(NO)]™ by its
characteristic lH nmr spectrum (0.16 g; 13% of pz" groups).

Evaporation of the washings gave blue crystals of [MeGa(pz")3]Ni

(NO) 0.21 g; 35% of pz" groups).

5.2.8 Preparation of (pz"H)zNi(NO)I

Ni(NO)I + 2pz"H —25 (pz"H) ,Ni(NO)I (37)

Ni(NO)I (0.215 g, 1.0 mmol) was dissolved in THF and pz"H
(0.192 g, 2 mmol) added to the resulting dark green solution. -
Immediately, the colour of the solution turned dark blue and
after 20 minutes, solvent was removed in vacuo. The resulting
blue residue was recrystallized from benzene. Yield (0.33 g,

81%). Anal. Calcd. for (pz"H)zNi(NO)I: C, 29.4; H, 3.9; N,

1

17.2. Found: C, 29.7; H, 3.8; N, 16.9. H nmr (71, C6D6):

pz-Me(3), 8.60 (s,6H); pz-H(4), 3.74 (s,2H); pz-Me(5), 7.84

(s,3H); N-H, -0.53 (2H}. - v  (em™%): 1754 (Nujol).
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5.2.9 Preparation of [MezGa(pz")(OCHzggzNMez)]Mo(NO)2g£

Mo (NO) ,C1, + Na*L™ (R=R'=Me)TEE> LMo (NO),Cl + NaCl  (38)

Mo(NO)ZCl (0.341 g; 1.50 mmol) was dissolved in a 1:1

2

x + , -
2c12/tpHF (* 50 ml) and Na [MezGa(pz')(OCH2CH2NMe2ﬂ

(1.50 mmol) in THF (25 ml) added. After refluxing for 3h, the

mixture of CH

solvent was removed in vacuo and the resultant green residue
extracted with benzene. Filtration followed by evaporation of
the filtrate gave dark green crystals of the product. Yield:

20% Anal. Calcd. for MezGa(pz")(OCH CH NMez)Mo(NO)ZCl: c,

2CH,
27.9; H, 4.9; N, 14.8. Found: C, 27.9; H, 4.8; N, 14.5. <H

nmr (t, C,D.): Pz-Me(3), 7.52 (s,3H); pz-H(4), 4.30 (s,1H) ;
pz-Me(5), 7.67 (s,3H); —GaMeZ, 9.94 (s,3H), 10.06 (s,3H): —NMez,
8.01 (s,6H). (em™Y): 1778, 1660 (cyclohexane); 1765, 1640

“NO
(Nujol) . |

5.2.10 Preparation of [MezGaLpz")(OCHzggéNMez)]Mn(NO),

Mn{P (OMe) ,}, (NO) ,Br + AgPF _THE, [Mn{P (OMe) ,}, (NO) , (THF)] +pF6“

+ AgBr (1) (39)

(1) + Na'L™ (R=R'=Me) —55 LMn (NO) , + Na+PF6 (20)

Mn{P(OMe)3}2(NO)2Br (0.32 g; 0.72 mmol) was dissolved in
THF (* 50 ml) and solid AgPF_ (0.20 g; 0.80 mmol) added to the
resulting solution. Immediately, the colour of the solution
changed from orange to yellow green and a white solid formed.
Na+[Me2Ga(pz")(OCHZCHzNMeZ)]— (0.78 mmol) in THF was added and

after stirring for 3h, the dark green solution was filtered.
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Evaporation of the filtrate gave an orange solid which was wash-
ed with MeOH and filtered. The orange solid collected was re-
crystallized from THF/benzene to give dark red crystals of the
product. Yield (0.093 g; 32%). Anal. Calcd. for Me,Ga(pz")

(OCH CHZNMeZ)Mn(NO)Z: ¢, 33.2; H, 5.8; N, 17.6. Found: C,

(cm—l): 1709, 1643 (cyclohexane);

2

33.3; H, 5.7; N, 17.4. YNO

1705 br, 1648 br (Nujol). < H nmr (t, cgD pz-Me (3), 7.53

6)°
(s,3H) ; pz-H(4), 4.31 (s,1H); pz-Me(5), 7.92 (s,3H); -GaMe

2'
9.94 (s,6H); -CH,CH,-, 6.27 (t (J = 6Hz),2H), 8.16 (t (J = 6Hz),
2H) ; -NMe,, 8.20 (s,6H).
5.2.11 Preparation of [MezGa(pz")(OCHzggzNMezﬂ Fe(NO)2
Fe(NO),I + NatL~ (R=R'=Me) —OE, LFe(NO), + NaI  (41)

Fe(NO)ZI (0.22 g; 0.91 mmol) was dissolved in THF (= 20 ml)
and Na+[Me2Ga(pz")(OCH2CH2NMe2ﬂ " (1.0 mmol) in THF (lO'ml) was
added to the resulting solution. After stirring the mixture for
lh, the solvent was removed in vacuo and the remaining solid |
residue extracted with several portions of benzene. Filtration
of the extracts followed by evaporatién of the filtrate gave
shiny black crystals of the product (0.29 g; 81%). Anal. Calcd.

for MezGa(pz")(OCH CHZNMeZ)Ee(NO)Z: Cc, 33.1; H, 5.8; N, 17.5.

2
Found: C, 33.5; H, 6.0; N, 17.3. YNO (cm—l): 1750, 1673

(cyclohexane); 1740, 1668 (Nujol).
[MezGa(pz)(OCHZCHZNMeZ)]Fe(NO)2 was prepared by an identi-

2CH2NMe2)

Fe(NO)Z: C, 29.2; H, 5.2; N, 18.9. Found: C, 29.1; H, 5.1;

cal method in 56% yield. Anal. Calcd. for MeZGa(pz)(OCH
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N, 18.5. (cm-l): 1750, 1671 (cyclohexane); 1724 br, 1630

YNO
br (Nujol).

5.2.12 Reaction of Fe(NO).I with [MeGa(pz").] and [MeGa(pz) -
2 Pz _!3 , 32

Fe(NO)ZI was dissolved in THF and an equimolar amount of
the appropriate ligand ({MeGa(pz")3]— or [MeGa(pz)3]—) in THF
added. After stirring for 1lh, solvent was removed in vacuo and
the residue recrystallized from benzene. In the case of
[MeGa(pz)3]_, the only product isolated was [MeGa(pz)3]2Fe (26%
of pz groups) and in the case of [MeGa(pz"53]-, the product iso-
lated was [:Fe(pz")(NO)z]2 (30% of pz" groups). In addition, in
the latter reaction mass spectroécopic analysis of the crude
material showed the presence of 'gallium dimers'. ('gallium
dimers' = Me Ga2(pz")2+n, n = 0-2.).

4

5.2.13 Reaction of Co(NO).I with Na'[Me Ga(pz") (OCH,CH NMe )] ~
2 _ 2 pCHNMe

Na+[Me2Ga(pz"f(OCHZCHzNMeZ)]_ (2.0 mmol) in THF (25 ml)
was added dropwise to a THF solution (50 ml) of Co(NO)21 (.44?
g; 2.0 mmol) cooled to -78°C. After allowing the reaction mix-
ture to warm to rt, the sol§ent was removed in vacuo and the
remaining brown residue extracted with benzene. Filtration,
followed by evaporation of the filtrate gave charcoal crystals
‘of [Co(pz'")(NO)'z]2 (40% of pz" groups). This was the only

product isolated.
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5.3 Results and Discussion

5.3.1 Nickel Nitrosyl Derivatives

- The preparation of CpNi (NO) WAS‘teported some years ago
(95,96). This compound is a dafk red liquid, air stable, élightly
decomposed upon distillation and contains a linear Ni—N—O group--
ing with a Ni-N distance of 1.58 A (97). |

Formally analogous compounds involﬁing pyrazolylgallate
ligands can be prepared by reaction of the appropriate ligand
([MeGa(pz)3]—,‘[MeGa(pz")3]f or [MezGa(pz")(OCH2CH2NMe2)]_) With,
Ni(NO)I. The resulting compounds are blue solids which are
stable under nitrogen both as solids or in solution.- Howevér,
in the presence of air solutions rapidly lose NO with ultimate

formation of Ni(II) species. A comparison of the v stretching

NO
frequencies of the present compounds (1786, 1785 and 1770 cm_l
for [MeGa(pz)B]Ni(NO),_[MeGa(pz")3]Ni(NO)'and [MezGa(pz")(OCH2

CH,NMe,) INi (NO) respectively) with that of CpNi(NO) (1833 em t
(97)) indicate that the Ni-NO bond should be stronger in the
pyrazolylga;late aerivatives. Apparently, the loss of NO from
these derivatives is not due to the strenﬁth of the Ni-NO bond.
Rather, it is probably due to the inherent stability of the Ni(IIY
products produced in the decompoéition reactions (see Chapter

II, 10, 11). An analogous decomposition route fo: CpNi (NO) would
lead to Cp,Ni, a relatively unstable compound which decomposes
slowly at rt even in the absence of air and light (98). ’in fact,

a preparative route to CpNi(NO) is the action of NO on szNi (96) .

Partial oxidation of [MezGa(pz")(OCH CH

2 2NMeZ)]Ni(NO)_gave
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the novel trimetallic compound [MezGa(pz")(OCHZCHzNMeéﬂ Ni(pz")2
Ni (NO) which contains formally both a Ni(I) centre and a Ni(II)
centre. The Ni(I) centre is expected to exhibit the same geo-
metry as the nickel atoms in (ON)Ni(pz")zNi(NO) (trigonal planar)
and the Ni(II) centre is expected to exhibit the same geometry
as the nickel atom in [MezGa(pz")(OCH2CH2NMe2)]Ni}]pz")zGaMezj
(trigonal bipyramidal). Of the two complexes [MeGa(pz")3]Ni(NO)
and [MeGa(pz)3]Ni(NO), the former is the more readily prepared
and is more stable to loss of NO. The latter complex readily
loses NO in solution and its preparation is hampered by the
tendency to form [MeGa(pz)3]2Ni (11) and [MezGé(pz)z]zNi (10) .
In addition, facile loss of NO in the analytical instrument is
indicated by a low analysis for nitrogen. 1In the presence of
air, [MeGa(pz")3]Ni(NO) also loses NO in solution but much more
slowly. However, the final product(s) from this decomposition
were not identified. In this respéct, it is noteworthy that
there has yet to be any Ni(II) derivatives synthesized from
[MeGa(pz")3]_ or [MezGa(pz")zl_.

The monomeric nature of the nickel nitrosyl compoﬁnds was
ascertained from their mass spectra. In the case of [MeGa(pz")3]
Ni (NO) and [MeGa(pz)3]Ni(NO) the highest observed m/e was due to -
the parent ion and the strongest signal was due to the parent
minus nitrosyl ion, P-NOT. This signal was ® 10X stronger than
any other signal observed. in the case of [Me2Ga(pz")(OCH2CH2
NMe,)] Ni (NO) and [Me,Ga(pz") (OCH,CH,NMe,) INi (pz") ,Ni(NO), the
strongest signals were P—NO--Me+ and P—NO+, in that order. Again

the highest m/e in each case was attributable to the parent ion.
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For [MeGa(pz)3]Ni(NO) and [MeGa(pz")3]Ni(NO), pseudo tetra-
hedral geometry around the nickel atom is required since the
tridentate ligand in both of these compounds cannot occupy a
planar set of coordination sites. However, in I:MezGa(pz")(O_CH2
CHZNMeZ)]Ni(NO), a square planar arrangement of the four donor
atoms about the nickel atom is possible. The lH nmr spectrum of
this compound (see Fig. 41) shows only one signal for each of
the —NMe2 and —GaMe2 moieties; suggesting a meridionaily coordin-
ated ligand (ie. square planar coordination around the nickel
atom) . However, the fact that fluxional properties have been
observed for this type of ligand and that previous studies have
shown that square planar {MNO} 1O complexes should have a M-N-0
angle of 120° (82) (contrary to the 'linear' NO group indicated
by ir results) led us to view these nmr results with some degree
of caution. |

At low temperature lH nmr spectra in foluene—d8 solution
did indeed reveal the fluxional nature of this'compound. In
- this experiment, the sharp —GaMe2 signal was monitored. As the
solutioh was cooled, the —GaMe2 signal.gradually broadened until
at -70°C, it became a broad hump. At -80°C (the lowest tempera-
ture attainable), the appearance of two signals, one to each
side of the original signal was just discernable. Evidently,
the nickel atom in this molecule is tetrahedrally coordinated
and the rt nmr spectrum indicates a rapidly fluxional species
in solution. A mechanism similar to that proposed for the
fluxional octahedral carbonyl»complexes in Chapter II satisfac-

torily explains the observed spectra (see Fig. 42). The one

difference is that the intermediate is now a trigonal planar
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species rather than a trigonal bipyramidal species. Again, the
breaking of the M-N(amino) bond and inversion at the pyramidal

oxygen atom is an integral part of the mechanism.

=2 / Ni = 3 / M-M)——

Ni’

DY
\0/\»

\ “ \\“

Figure 42, Proposed mechanism for the fluxional process

observed in [MezGa(pz")(OCHZCHZNMeZ)]Ni(NO).

The tetrahegral coordination around the nickel atom was

confirmed by an x-ray crystallographic study (Fig. 43). The

Figure 43. Molecular structure of [MezGa(pz")(OCH CH

2772

NMe2) INi(NO) .

molecule contains a system of three fused five membered rings
with the central GaONiNN ring being roughly coplanar with the
pyrazolyl riné and perpendicular to the NiOCCN ring. This

arrangement ‘is similar to that observed in the octahedral
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complexes ggg—[MezGa(pz)(OCHZCHZNHZ)]zNi (18) and [MezGa(pz")
(OCHZCHzNHZ)]Mo(CO)z(n3;C4H7) (54); The angles around the nickel
atom range from 84.4° to 133;5° and the nitrosyl group is co- |
ordinated in a non-linear fashion with Ni-N-0O = 163.3°, Ni-N =
1.632(4) and N-O = 1.147 A. The Ni-0, Ni-N(pz") and Ni-N(amino)
bond distances of 2.045(2), 1.989(3) and 2.071(3) 2 may be.com—
pared to the corresponding distances of 2.090(3), 2;085(3) and
2.112(3) A in the octahedral Ni(II) complex fac-[Me,Ga (pz) (oCH,
'CHZNHZ)]ZNi which has a similar ligand geometry. The longer
distances in the Ni(II) complex probably result from considerably
greater steric crowding. It is noteworthy that the nickel
nitrosyl compound is optically active and both enantiomefic

forms are found in the crystal structure. The suggested mechan-
ism for the fluxional process observed in solution would inter-
convert the two optical isomers.

Attempﬁs to prepare lé-electron trigonal complexes, similar
to the l6-electron pyrazolyl bridged dimers (Chapter IV), but
involving bidentate bispyrazolylgallate ligands proved to be
unsuccessful. Reaction of Ni(NO)I with Na+[Me2Gé(pz“)2]_
resulted in the isolation of [MeGa(pz“)3]Ni(NO) and'[(ON)Ni
(pz")2]2Ni while the reaction of Ni(NO)I with Na+[Me2Ga(pz)2]_
resulted in the isolation of [MezGa(pz)Z]zNi. Again, these
"decompositions" may be due to the 'stability' of the resultant
products. When Ni(NO)I was reacted with Na+[Me2Ga(pz"}é]_ in

the presence of Et4N+Cl' in the hopes of preparing Et N+

4
[MeZGa(pz")z]Ni(NO)I7 the isolated products were Et4N+[(ON)Ni
(pz")z(I)Ni(NO)]— and [MeGa(pz")3]Ni(NO). In this respect, it

is noted that (pz"H)zNi(NO)I (see experimental) is easily
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v

- prepared and does not exhibit any disproportionation reactions.

in solution (under Nz).

CH,NMe, ) Mo (NO) ,C1

2—2

5.3.2 [MezGa(pz“)(OCH

The reaction of Na+L- (R=R'=Me) with Mo(NO)-ZCl2 gave
LMo(NO)ZCl. Thevhighesﬁ m/e in the mass spectrum of this com-
pound is attributable to the p-Me” ion and the strongest signal
is due to the p-2NO-Me" ion. The lH nmr spectrum (see Figure 44)
displays two signals for the —GaMez group, one signal for the
2CHp"

group and is indicative of a facially coordinated chelating

—NMe2 group and two complicated multiplets for the -CH

ligand (the expected two —NMe2 Signals are probably accidentally
degenerate). This mode of coordination (facial) is not sur-
prising since previously studied systems (viz [HB(pz)3]Mo(NO)2Cl
(36) and CpMo (NO) ,C1 (99)) oﬁ this type éontain faéially coor=
dinated ligahds. However, it is sdmewhét surprising that only
one isomér (out of a possibility of three) was isolated.

The ir spectrum of [MezGa(pzf)(QCHZCHZNMezﬂ Mo (NO) ,C1

exhibits two Vyo bands at 1778 and 1660 em . 1In addition, two

weak but distinct overtone bands appear at 3550 and 3320 cm—l.

As expected, the NO bands of the present compound are slightly

lower than those of the analogous boron compound (VNO of
1

[HB(pz") y]Mo(NO) ,C1 = 1781, 1678 cm ~ (36)). However it is

)3
puzzling that both the pyrazolylgallate and pyrazolylborate °
derivatives possess YN0 bands that are anomalously high compared
to those of CpMo(NO),Cl (v, of CpMo(NO),CL = 1759, 1665 cm™t

(CH,C1,) (99)).
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5.3.3 Dinitrosyl Derivatives of Manganese and Iron

If the NO ligand is considered to be a three-electron donor
ligand, then two NO ligaﬁds may formally replace three CO ligands
and the compound LMn(NO)2 would be the nitrosyl analog of LMn
(CO)3 (Chépter III). This compound was prepared by the reaction
of Mn{P(OMe)3}2(NO)2Br with AgPF6 followed by addition of Na+L—

(R=R'=Me) to the resulting intermediate, [Mn{P(OMe)3}2(NO)2(THF)]+

PF6 . In this reaction, the THF is probably replaced first by
one of the donor atoms on the ligand L and then the stronger
P(OMe)3 ligands are susceptible to‘displacement via a chelate
effect. Direct reaction of Mn{P(OMe)3}2(NO)zBr with Na'1~
(R=R'=Me) resulted in an intractable oil.

Dinitrosyl derivatives of iron could be prepared by reac-
tion of Na+L- (R=H or Me; R'=Me) with Fe(NO)zl. These compounds
contain a formally 19-electron Fe centre and are expected to be
paramagnetic. Considering.this fact, they are remarkably stable.
Solutions begin to decompose after several minutes in air but
crystals of the pure material only begin to lose their lustre
after several days in air. Attempts to prepare the 18-electron

complex [LFe(NO)z]+ (via oxidation of the 19-electron complex)

were not successful. LFe(NO)2 did not react with NO+PF6- in

refluxing benzene and reaction of LFe(NO)2 with Ag+PF6 gave a
black tar which was not characterized.

The mass spectra of the LFe(NO)z compounds were very simi-
lar and the spectra of [MezGa(pz") (ocnquZNMez) ]M(NO)Z (M=Mn, Fe)

were essentially identical. In each case, the highest m/e

observed was due to the P-—Me+ ion (3%) and the strongest signal
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corresponded to the P-2NO’ ion. Other strong signals were due
to the P-NO' (40%) and the doubly charged P-2NO-Me'® (20%) ions.

The absence of parent ion signals in the mass spectra of organo-

gallium compounds, particularly those containing the -GaMe2

moiety has been observed previously (83,100).
The lH nmr spectrum of the manganese complex (see Fig. 45),
[MeZGa(pz")(OCHZCHZNMeZ)]Mn(NO)z, displays one sharp signal for

the —GaMe2 moiety, one sharp signal for the -NMe, signal and

2

two well resolved triplets for —CHZCHZ- moiety. These results

suggest a trigonal bipyramidal structure with equatorial NO

groups and a meridional gallate ligand. Attempts to obtain the

lH nmr spectrum of the iron compounds were thwarted by their

predicted paramagnetic character. However, since the mass
spectra and ir spectra (positions of YNO

(R=R'=Me; M=Fe,Mn) were identical, a similar structure is sug-

excepted) of LM(NO)2

gested for the iron complexes.

It is interesting to compare related uninegative-six-
electron ligands in this area of chemistry. A very early attempt
to prepare CpMn(NO)2 resulted in an associated material, of the
correct empirical formulation containing both‘bridging and term-

N
advanced at that time to explain the absence of the monomeric

inal v 0 bands in its ir spectrum (10l). Various reasons were

species. CpFe(NO)2 has not been reported. However a dimeric
compound [CpFe(NO)]2 has been described in which a Fe=fe double
bond and bridging NO groups are postulated to link the monomer
units (102). In the case of [RB(pz)3]— (R=H, alkyl), no dini-

trosyl complexes have been reported and our attempts to prepare
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[MeGa(pz)3]M(NO)2 (M=Mn,Fe) have so far proven unsucceséful.
The reaction of [MeGa(pz)3]_ with Fe(NO) ,I produced only [ MeGa
(pz)3]2Fe and the reaction of [MeGa(pz")3]_ with Fe(NO),I gave
only [Fe(pz")(NO)z]z.

A likely explanation for the above observations is the
ability of the asymmetric gallate ligands to occupy a set of
three meridional coordination sites about the transition metal
atom, an arrangement which appears necessary to stabilize the
monomeric species and which is impossible for the ligands n5-
C5H5, RB(pZt)3 arMeGa(pZ)Bo This is further substantiated by the
structure of Mn{P(OMe)zPh}Z(NO)2Cl where\monodentate ligands are
involved (103). In this molecule, the halogen atom and phosphine
ligands have been shown to occupy meridional coordination sites
in the trigonal bipyramidal molecule, with the two nitrosyl
groups occupying equatorial sites (103,104). In addition, theo-
retical studies predict that in five coordinate dinitrosyl
complexes, the most favourable arrangement would have a trigonal
bipyramidal geometry with equatorial NO groups (82).

The coordination geometry suggested by the physical data
was confirmed by an x-ray crystallographic study (done by Dr.

S. Rettig) of the iron compound [MezGa(pz")(OCHZCHZNMeZH Fe(NO)z.
The molecule (see Fig. 46) has a distorted trigonal bipyramidal
»geometry with the oxygen and two nitroggn atoms Qf the_[MeZGa
(pz")(OCHZCH2NMe2ﬂ'1igand occupying one.eqﬁatérial and the two
axial sites respectively. The twd nitrosyl groups occupy

the remaining equatorial positions. The iron atom is slightly

[+]
(0.075 A) displaced out of the equatorial plane and the nitrosyl
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Figure 46. Molecular structure of [Me.Ga(pz")

2

(OCH2CH2NMe2)]Fe(NO)2.

groups are non-linearly coordinated (Fe-N-O 158.6°; Fe-NO =

o]
1.703(6), FeN-O = 1.153(7) A) with ON-Fe-NO 108.1°. The

equatorial Fe-~O distance is 2.037(3) ; and the axial Fe-N dié—
tances are 2.112(3) (pz) and 2.279(amino) 2. The axial bond
lengths are considerably more different than expected on thé
basis of hybridization differences at the nitrogen atoms and
this is probably due to steric interactions between the amino
methyl groups and the two nitrosyl groups.-

Attempts to prepare LCo(NO), (R=R'=Me) resulted only in
the isolation of [Co(pz")(No)z]z. Evidently a 20-electron Co
metal centre éould not be stabilized sufficiently by the gallate

ligand to yield an isolable complex.

5.4 Summary

]

The compounds DNi(NO) where D = [MeGa(pz)3], [MeGa(pz")3

and [MeZGa(pz")(OCH2CH2NMe2)] were prepared by reacting the
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appropriate tridentate chelating gallate ligand with Ni(NO)I.
These compounds were found to be stable under nitrogen but in
the presence of air, solutions rapidly lose NO, and Ni(II) pro-

ducts are formed. 1In the case of D = [MezGa(pz")(OCHZCH NMez)],

2
'controlled' oxidation led to the isolation of [MezGa(pz")'
(OCHZCHZNMeZ)]Ni(pz")ZNi(NO) which contains both a Ni(II) and a
Ni(I) centre. The four coordinate nickel nitrosyl complexes
were found to have tetrahedrally coordinated nickel atoms and

the compound [MeGa(pz")(OCHZCH NMez)]Ni(NO) was found to be

2
fluxional in solution.

The compound LMo(NO)2Cl (R=R'=Me) was prepared by reacting
Na'L™ with Mo (NO) ,Cl,. The gallate ligand coordinates in a fac-
ial manner and only one isomer (out of a possibility of three)
was isolated.

The compounds LMn(NO)2 and LFe(NO)2 (R=R'=Me) were prepared
by reacting Na'L™ with an appropriate dinitrosyl precursor. 1In
each case, the ligand occupies a set of meridional coordination
sites in the trigonal bipyramidal»comple#es with equatorial NO
groups. This configuration of the gallate ligand’aépears to be
necessary for stabilizing these complexes. Although both the
'Mn (NO) ,' (18-electron) and 'Fe(NO),' (19-electron) ¢omplexes
proved to be thermally stable, attempts to prepare a 20-electron

'Co(NO)z' complex were unsuccessful.
1 ‘
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CHAPTER VI

FURTHER INVESTIGATIONS

6.1 Introduction

In Chapter III, several chromium,.molybdenum, tungsten and
manganese carbonyl derivatives of pyrazolylgallate ligands were
described and in Chapter V, a variety of nickel, iron and mant-
ganeéederivatives incorporating these ligands were discussed.
This‘chapter describes attempts to synthesize some related com-
plexes involving other first row transitron metal elements. 1In
addition, a number of new gallate ligands are introduced and
their coordinating properties discussed briefly.

1

6.2 Experimental

6.2.1 Starting Materials

(C3H5)2N1 was p:epared from C3H5MgCl.and NJ.Br2 and subse-
guently converted to [(C3H5)NiBr]2 by reaction with HBr (106).

[('allyl')PdCl]2 ('allyl' = C;H; and C,H,) was prepared via the

reaction of PdCl2 with 'allyl'Cl in the presence of CO and MeOH

(lO7)and(PPh9CuBr was prepared from PPh3 and CuBr (108).
Fe(NO)z(CO)2 (109), Co(NO)(CO)3 (110) and Fe3(CO)12 (111) were

prepared by literature methods.

}

6.2.2 Preparation of [MezGa(pé")z]Pd'allyl'

THF

' ' + " - "
['allyl PdCl]2 + 2Na [MezGa(pz )2] > [MezGa(pz )2]

Pd'allyl' + NaCl (42)
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[(c,H,)Pacl], (0.394 g; 1.5 mmol) was dissolved in THF and
Na+[Me2Ga(Pz")2]—(3.0 mmol) in the same solvent added. The yellow
solution slowly turned colourless and after stirfing for 1 h,
solvent was removedvin vacuo and the residue extracted with
benzene. Filtration of the extracts followed by slow evaporation
of the filtrate gave white crystals of the product. Yield:

(D.61 g; (58%).. Anal. Calcd. for MeZGa(pz")de(C4H C, 42.6;

7) ¢
H, 6.0; N, 12.4. Found: C, 42.8; H, 6.0; N, 12.4. lH nmr

(T, CgDg) -GaMe,, 9.57 (s,3H), 9.65 (s,3H); pz-Me(3), 7.78

2
(s,6B); pz-H(4), 4.23 (s,2H); pz-Me(5), 7.92 (s,6H); methallyl-
Me, 8.28 (s,3H); methallyl—H (syn), 6.71 (s,2H); methallyl-H
{(anti), 7.51 (s,2H).

The compound [MezGa(pz")z]Pd(C3H5) was prepared in an iden-
ti¢a1 manner. Yield: 75% . Anal. Calcd. for MezGa(pz")de
(C3H5): c, 41.2; H, 5.6; N, 12.8. Found: C, 41.3;‘H, 5.8;

N, 13.2. lH nmr (7, C6D6): -GaMe 9.61 (s,3H), 9.66 (s,3H);

2’
pz-Me(3), 7.77 (s,6H); pz-H(4), 4.22 (s,2H); pz-Me(5), 7.93
(s,6H); allyl-H (unique), 4.89 (tt (J = 7,12 Hz), 1H); allyl-H
(syn), 6.59 (4 (J= 7 Hz), 2H); allyl-H (anti), 7.49 (4 (J = 12Hz,

2H) .

6.2.3 Preparation of [MezGa(pz")z]Ni(C3§5L

THF

[ (C4H ) NiBr], + 2Na+[Me2Ga(pz")2]_ > 2[Me ,Ga (pz") ,INi (C5Hy)

+ 2NaBr (43)

A THF solution of [(C3H5)NiBr]2 (0.287 g; 0.8 mmol) was

cooled to -78°C and a solution of Na+[MeZGa(pz")2]_ (1.6 mmol)
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in the same solvent added dropwise over 30 minutes. The colour
of the solution gradually changed from red to yellow and after
stirring for a further 30 minutes at 0°C, MgSO4 (z 5 g) was
added and the mixture filtered. Removal of solvent from the
filtrate gave yellow-brown flakes of the product. Yield:0.27 g
(70%) . Anal. Calcd. for MezGé(pz“)zNi(CBHs): C, 46.2; H,
6.5; N, 14.4. Found: C, 46.0; H, 6.5; N, 14.4. TH nmr (r,

C6D6): -GaMe 9.19 (s,3H), 9.66 (s,3H); pz-Me(3), 7.81 (s,6RH);

2’
pz-H(4), 4.36 (s,2H); pz-Me(5), 7.89 (s,6H); allyl-H (unique),
4.69 (m,1lH); allyl-H (syn), 7.32 (d (3 = 7 Hz), 2H); allyl-H

(anti), 8.02 (d (J = 1.5 Hz), 2H).

6.2.4 Reaction of Na'L  with [(C,H)NiBr],

A THF solution of 'C3H5NiBr‘ was cooled to -78°C and an
eguimolar amount of Na'L™ in the same solvent addéd dropwise.
Slowly the red solution became yellow and a white precipitate
was observed. After stirring the reaction mixture for 1 h at
0°C, volatiles were removed in vacuo. In some cases, a yellow
solid co-condensed iﬁ the cold trap and this material was iden-
tifed as (C3H5)2Ni by mass spectrometry. The remaining yellow-
brown residue was extracted with heptane to leave a green or
blue residue (the colour of the residue depended on the substi-
. tuents on the ligand, L). The heptane extracts were filtered
and evaporation of the filtrate gave red crysfals of [Ni('pz')"
(C3H5)]2. Finaliy, the green or blue residue was extracted with

benzene. Filtration followed by evaporation of the filtrate

gave crystals of L2Ni, [LNi(pz)]2 or LNi[(pz")éGaMez].
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(These compounds were discussed fully in Chapter II).

6.2.5 Preparation of [Ni(pz")(C3§5l12_

THF

[(C3H5)NiBr]2 + 2Na+(pz“)- > [Ni(pz")(c3H5)]2 + 2NaBr

(44)

[(C3H5)NiBr]2 (0.180 g; 0.5 mmol) was dissolved in THF and
a solution of Na+(pz“)_ (0.118 g; 1.0 mmol) in the same solvent
added. The colour of the solution changed from red to yellow
and after the reaction mixture Was stirred for 2 h, the solvent
was removed in vacuo. The remaining yellow residue was recrystal-
lized from benzene to give red crystals. Yield: 0.08 g (41%).
Anal. Calcd. for Ni(pz“)(C3H5): C, 49.3; H, 6.2; N, 14.4.
Found: C, 49.1; H, 6.3; N, 14.1. THnmr (1, C.D): pz-Me,
7.64s, 7.71s, 7.89s; pz-H(4), 4.21s; allyl-H (unigue), 4.59 m;

allyl-H (syn), 7.2 m; allyl-H (anti), 2.

6.2.6 Preparation of [MezGa(pz“)(OCHZQEZNMez)]Cu(PPh3L

THF

' (PPh,) CuBr' + NatL™ (R=R'=Me) > LCu(PPh,) + NaBr (45)

A THF solution of NatL™ (R=R'=Me) (1.6 mmol) was added to
a slurry of '(PPh3)CuBr' (0.649 g; 1.6 mmol) in the same solvent
and after the reaction mixture was stirred overnight, solvent
Awas removed in vacuo. The remaining‘white (slightly tinged
blue) solid was extracted with toluene and the extracts filtered.
Slow evaporation of the filfrate gave laige white crystals of

the product. Yield: 0.77 g (80%) . Anal. Calcd. for
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MezGa(pz")(OCHZCHZNMeZ)Cu(PPh3): c, 57.2; H, 6.3; N, 6.9.
Found: C, 57.6; H, 6.4; N,7.0. I H nmr (r, CeDg) : '-GaMez,

9.97 (s,6H); pz-Me(3), 7.66 (s,3H); pz-H(4), 4.0l (s,lH); pz-Me

(5), 7.85 (s,3H); —CHZCHZ—, 5.97 (¢ (3 = 5 Hz), 2H), 7.90 (t

(J = 5 Hz), 2H); —NMez, 8.15 (s,6H); -PPh3, 2.41 (m,6H), 2.95

(m,9H) .

6.2.7 Attempted Preparation of LCu(CO) (R=R'=Me)

CuCl (1.0 mmol) was suspended in a solution of diethyl
ether which was saturated with carbon monoxide and a solution of
NatL” (R=R'=Me, 1.0 mmol) in THF was added dropwise over a period
of 30 minutes. Slowly a flocculent white precipitate formed and
after the reaction mixture was stirred overnight (under an'atmo-
sphere of CO)(.the pale blue mixture was filtered. The ir spec-
trum of the solution showed a Veo band at =z 2070 cm-l. However,
after removal of volatiles in vacuo, the remaining white solid
showed no evidence for a Cu-CO moiety in its infrared spectrum.
When the white solid was treated with CO gaé, the infrared spec-
trum of the resulting residue showed a weak Veo band at 2078 cm—l.'
Again, this band disappeared when the solid was 'pumped in vacuo'.
The white solid was reexamined after one week and lH nmr and mass
spectrometry indicated that the majority of this solid was
[MeZGa(OCH2CH2NMe2)]2, The propensity of this Cu compound to de-

compose as well as its extreme sensitivity to air prevented a

more detailed study of this reaction.
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6.2.8 Reaction of Na L~ with Fe3(CO)12

Fe3(CO)12 was dissolved in THF and an equivalentvamount
(1 mole/Fe centre) of NafL_ was added. Immediately, the dark
green solution became dark red and a gas was evolved (2 moles/
Fe centre). After the reaction mixture was stirred for 3 h,
solid Et4N+C1_ was added. Further evolution of gas (2 moles/Fe

centre) was observed. Removal of solvent from this mixture gave

a dark red oil which could not be induced to crystallize.

6.2.9 Reaction of Na'L_ (R=R'=Me) with 'Co(CO),I' (112)

To a solution of COZ(CO)S (0.342 g; 1.0 mmol) dissolved
in ether (25 ml) was added 12 (0.253 g; 1.0 mmol) in the same
solvent (15 ml). After stirring the reaction mixture for 5 min
at 20°C, the solvent was removed in vacuo and the dark green
residue dissolved in THF (50 ml). Na'L~ (R=R'=Me, 2.0 mmol) in
THF was immediately added and after stirring the mixture for 1 h,
solvent was removed in vacuo to leave a purple blue solid. Ex-
traction of this solid with benzene gave a purple solution which
on evaporation gave 0.10 g of LCo[(pz“EGaMez] (identified by
mass spectroscopy). The remaining blue residue was extracted
with CH,C1

2772
(0.13 g) which were identified as LCoZIZ(pz"H)2 by microanalysis.

and evaporation of the extracts gave blue crystals

Anal. Calcd. for MeZGa(pz“)(OCHZCHZNMeZ)Cozlz(pz H)Z:. c, 29.8;

H, 4.6; N, 11.6. Found: C, 29.9; H, 4.7; N, 11.4.
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6.3 Results and Discussion

6.3.1 Allylic Derivatives of Nickel and Palladium

In Chapter V, the preparations of several compounds of
general formula DNi(NO) (where D is a tridentate pyraZolylgallate
ligand) were discussed. The formal replacement of the NO ligand
by the isoelectronic allyl ligand leads to a marked difference
in the stability of the resulting compounds. When Na+L_ was
reacted with [(C3H5)NiBr]2, the isolated galliuﬁ containing pro-
duct was inevitably the same Ni(II) product obtained from the
reaction of Na+L- with NiBr2 (see Chapter 1I). In addition,
when Na'L~ (R=R'=Me) was reacted with ['allyl'PdCl]2 ('allyl' =
CyHg, C,H.) the only product isolated was [Pd(pz")'allyl']z. In
sharp contrast to these anomalous reactions, the reaction of
[(C3H5)NiBr]2 and ['allyl'PdCl]2 with bidentate pyrazolylgallate
ligands did give the expected compounds. In the case of the
nickel derivatives, this is again in direct contrast to the
nitrosyl systems where Ni nitrosyl compounds containing a bis-
pyrazolylgallate ligand could not be isolated. It should be
noted that in the cyclopentadienyl system, the compounds CpPd
(C3H5) (107) and CpNi(C3H5) (113) have both been prepared and
Cde(C3H5) has been structurally characterized (114). In addi-
tion, the compound [HB(pz)3]Pd(C3H5) has also been prepared but
the lH'nmr'data for this compound suggests a bidentate pyrazolyl-
borate ligand (33).

[MezGa(pz")z]Pd'allyl' and [MezGa(pz")z]Ni(C3H5) were pre-

pared by the reaction of Na+[Me2Ga(pz J7 with ['allyl'PdCl]2

and [(C3H5)NiBr]2 respectively. In each case, the highest m/e
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abserved in the mass spectra of these compounds.was due to the
parent ion (5%). Other strong signals were due to the p-Me*
(60%) and P—Me-'allylf—H+ (100%) ions.

The e nmr spectrum of [MezGa(pz")z]Pd(C3H5) is shown in
Fig. 47 and that of [MezGa(pz")z]Pd(C4H7) is similar. 1In each
case, only one signal is observed for each of the syn and anti
protons of the allyl group, and this is indicative of either a
rapidly rotating or symmetrically coordinated (with respect to
the gallate ligand) allyl group. The observation of two signals
for the Ga-Me protons is consistent with a boat conformation for
the Ga{N-N}ZPd ring and in fact this is the conformation found
for the Ga{N—N}Z-Ni six membered ring of [MezGa(pz")z]Ni(CBHS)
in the solid state (63).

The 1

H nmr spectrum of [MezGa(pz")z]Ni(C3H5) was similiar
to that of [MeZGa(pz")z]Pd(C3H5) but the signals due to the
—GaMe2 protons were very broad. On cooling the sample‘solution,
these signals gradually sharpened (the low temperature limiting
spectrum was reached at 0°C) and on.warminé the sample solution,
theseAsignals disappeared and reappeared as a single signal (60°
C). A probable explanation for these observations is that at
'low temperature', the Ga{N—N}zNi ring is static but at 'high
temperature', the Ga{N-N}Ni ring is rapidly inverting (Figure
48). A éimilar mechanism has been proposed for [MezGa(pz)z]zNi,
where two Ga-Me signals were observed at 'iow temperature' bﬁf
only one Ga-Me signal is observed at 'high temperature' (115).

In the mechanism proposed for the present compound, it has been

assumed that the allyl group is rapidly rotating.
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Me
Me

Figure 48. Proposed mechanism for the fluxional process

observed in [MeZGa(pz")z]Nl(CBHS).

The Ni compound was also found to undergo a disproportiona-

tion reaction in solution:

2[Me2Ga(pz")2]Ni(C3H5) —> [MezGa(pz")]z + [Ni(pz") (c3H5)] 5 (46)

The extent of this reaction was monitored by lH nmr spéctroscopy.
Freshly prepared solutions of [MeZGa(pz")z]Ni(C3H5) showed no
extraneous signals. However after 1 day (at rt) substantial
amounts of [MeZGa(pz")]2 and [Ni(pz")(C3H5)]2 were present in
the sample solution. (These were identified by comparison of

the new signals with the lH nmr spectra of the pure materials).
The extent of disproportionatioh increased gradually over approxim-
ately one week (at rt). However, after this time, the relative
amounts of [MezGa(pz")z]Ni(C3H5), [MeZGa(pz")z]2 and [Ni(pz")
(C3H5)]2 did not change significantly indicating that an equili-
brium had probably been established.

The compound [Ni(Pz")(C3H5)Jé could be prepared directly .
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by thg reaction of Na+(pz")_ with [(C3H5)NiBr]2. The expected
dimeric nature of this compound was confirmed by mass spectro-
metry and the lH nmr spectrum was found to be similar to that of
its palladium analogue (70). The observation of four signals

for tﬁe pyrazolyl-methyl protons and a fairly complica;ed pattern
for the allyl protons indicates that the allyl\groups are prob-
ably static and exist in more than one conformation. Variable
temperature studies on the palladium compound has shown this
molecule to possess dynamic sz symmetry at 'high' temperatures

(70).

6.3.2 Cu(I) Derivatives

The compound LCu(PPh3)(R=R'=Me) was prepared'by the reaction

‘of Na+L— with (PPh3)CuBr. This compound was found to be air
stable in the solid state and stable in hydrocarbon solvents
under a nitrogen atmosphere. However, on exposure of solutions
to air or on dissolution of the solid in halogenated solvents,
decbmposition is evidenced by the formation of blue solutions.

The mass spectrum of LCu(PPh3) did not display the parent
ion signal. Rather the highest m/e observed was due to the

[MezGa(pz"')(OCH2CH2NMe2)Cu]+ ion. Evidently the PPh. group is

3
not very strongly coordinated. Other strong signals observed

+
2

(pz")(OCHZCHzNMez)Cu]+ and [MeGa(pz”)(O)Cu]+ ions.

The lH nmr of LCu(PPh3) (see Fig. 49) displayed one signal

in the mass spectrum were due to the PPh3+, PPh., , PPh+, [MeGa

due to the gallium-methyl protons, one signal due to the N-methyl

-protons and two pseudo-triplets due to the —CH2CH2— group.
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signals due to PPh3

Figure 49. 100 MHz lH nmr spectrum of [MezGa(pz")(OCHZCHzNMez)]Cu(PPh3) in C6D6'
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Again, this is suggestive of a meridionally coordinated ligand
and consequently a square-planar Cu(I) centre. However, this
geometry is very.unusual for a Cu(I) centre and indeed a low
temperature lH nmr study revealed the fluxional nature of this
compound in solution. On cooling the'sample solution, the -GaMe2
peak broadened (beginning at -40°C), disappeared and reappeared
as two sharp singlets at -75°C. Apparently, the Cu(I) centre is
tetrahedrally coordinated, but the molecule undergoes a fluxional
process that has already been observed in several compounds in-
corporating this type of ligand (Fig. 50). Preliminary x-ray
structural data for this compound also show a tetrahedrally

coordinated Cu centre in the solid state (63).

Me,

Figure 50. Proposed mechanism for the fluxional process

observed in [MeZGa(pz")(OCHZCHZNMez]Cu(PPh3).

In theory, the compound LCu(CO) where the CO ligand form-
ally replaces the PPh, group should exist. However, in practice
copper carbonyl compounds are very unstable (116). Only recently
have stable copper carbonyl complexes been isolated (8, 117).
These include the pyrazolylborate compléx, [HB(pz")3]Cu(CO) (8)

and the ethylenetriamine complex, [Cu(dien)(CO)]BPh4 (117). 1In
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both cases, the stability of the isolated compounds was attributed
(at least in part) to the increased electron density on the cop-

per centre which leads to a stronger Cu-CO bond (vCO[HB(pz")3]

1 . _ -1
, vco[Cu(dlen)(COﬂ BPh, = 2080 cm 7).

When Na+L— (R=R'=Me) was reacted with CuCl in the presence

Cu(CO) = 2066 cm

of CO, a v., band was detected in solution at 2070 em~ L (diethyl
ether solvent). However, when the solvent was removed in Vacuo,
the ir spectrum of the remaining solid did not show a Voo band.
The white solid isolated was found to be extrémely air sensitive,
turning blue instantaneously on exposure to the atmosphere. On
exposure of the white solid to CO gas, a weak Voo band appeared
in the infrared spectrum but again disappeared on pumping the
solid in vacuo. Although the clear possibility of reversible
carbon monoxide binding exiéts with this compound, its unstable
character prevented any further meaningful studies. After 1
week, the majority of the white solid.was found to be-[MezGa

(oCH

2CH2NMe2)]2.

6.3.3 Reactions of Na+L- (R=R'=Me) with Iron and Cobalt

'‘Carbonyls’

The\compounds CpCo(CO), (118) and CpFe(éO)z— (119) are
well known compounds incorporating the cyclopentadienyl ligand
and formallyvanalogous compounds incorporating the ligand L
ought to be isolable. However, when Na+L— (R=R=Me) was reacted
with Co(CO)4I, all the carbonyl ligands were displaced and a
mixture of LCo[(pz")ZGaMez] and LCoZIZ(pz"H)2 was isolated. The

former compound had been prepared previously from Na+L_ and
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CoCl2 and is discussed in Chapter II. The latter compound was
identified principally on the basis of micro-analysis. Ir
spectroscopy showed the preseﬁce of two N-H stretching bands at
3310 and 3500 cm ' and the highest m/e observed in the mass
spectrum of this compound was due to the [LCoI]+ ion. A likely

structure for this compound is shown in Figure 51.

Me Me

@ o N @
N~

I O

Me €

~H

M

Figure 51. Possible structure of [Me2Ga(pz")(OCH2CH2NMe2)]‘

Coz(I)z(pz"H)z.

When Fe3(CO)12 was reacted with 3 equivalents of Na+L_
(R=R'=Me), two moles of CO per mole of Fe were evolved. Pre-
sumably, this observation indicates the formation of LFe(CO)z-.
However, when Et4N+Cl_ was addgd to the dark red solution, further
gas evolution occurred and the isolated red oil contained no
CO ligands. |

From these two reactions, it can be readily seen that the
carbonyl groups on iron and cobalt are easily displaced by the
chelating gallate ligands. This is also true of the related
nitrosyl'ligand. When Co(NO)(CO)3 and Fe(NO)Z(CO)2 was reacted

with Na+L°, the products were agéin carbonyl and nitrosyl free.
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6.3.4 Related Tridentate Ligands

The main part of this thesis has described the reactions
of various transition metal species with the ligands [MezGa(pz)
1 - " s ' - ' =
(OCH,,CH,NR 2)] and [MezGa(pz ) (OCH,CH,NR',)]  (R'=H or Me).
The versatility of the gallate ligands and the preparation of a
variety of unique derivatives prompted the synthesis of a number

of related chelating ligands. These can be prepared by reaction

of a suitable compound with the [MeBGa('pz')]— ion:

THF

Na+[Me3Ga(’pz')]- + XH > Na+[Me2Ga('pz')(X)]— + MeH (47)

The following 'XH' compounds have been utilized in this reaction:

PhZPCH2CH20H, H2NCH2CH2CH20H, HZNC(Me)2CH

R2NCH2CH25H (R=H or Me) and RSCH2CH2

‘exception of the ligand [MeZGa('pz')(OCH

20H, Me(H)NCHZCHZOH,

OH (R=Et or Ph). With the

2CHZSR)]-, which was

studied extensively by S. Ford in our laboratory, only prelimin-
ary reactions have been carried out with these new ligands.

In general, the ligand [MeZGa('pz')(OCH CH,SEt)] behaves

2772
very similarly to the ligands, L, but ir evidence suggests that

it is a slightly weaker electron donor or a better m acceptor.

The ligands incorporating the 'HZNC(MeZ)CHZO', 'Me(H)NCHZCHzo'

and ‘HZNCH2CH2€H20' moieties were found to form octahedral bis-

ligand complexes with divalent transition metal halides and so
are not as sterically demanding as the ligénds incorporating the

'MezNCHZCHZO' moiety. However, the octahedral complexes derived

from ligands incorporating the 'Me(H)NCH,CH,O' and 'H NC (Me) ,CH, 0"

2 2

moieties were found to be considerably more sensitive to air

than compounds derived from ligands incorporating the 'HZNCH2CH20'
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moiety. The ligands incorporating the 'SCHZCHZNRZ' moiety appear

to behave similarly to the ligands incorporating the 'OCH.CH.NR.'

27772772
but do increase the solubility of the resulting compounds con-
siderably. Finally, ligands incorporating the 'OCHZCHZPPhZ'
moiety have so far yielded no isolable complexes, and this may

well be due to steric reasons.

6.4 Conclusions and Perspectives

At the beginning of this work, one of the primary objectives
was to develop synthetic routes to transition metal compounds
incorporating asymmetric gallate ligands and to demonstrate the
versatility of these ligands. To this end, this objective has
been largely fulfilled. The behavior of these ligands towards

a number of an

and 3rd row transition metal compounds, partic-
ularly those of Ru and Rh remains to be investigated. 1In
addition, the generality of the synthetic routes developed should
be investigated with related ligands such as those discussed in
Sec. 6.3.4. Moreover, the scope of asymmetric ligands may be
widened further by incorporating ring systems other than pyrazole
and the denticity of the ligands can be modified by using appro-
.priate 'X-B' compounds in the reaction given by Egq. (47).

A further area that could be investigated more fully is
the general chemical behavior of the compounds described in this
thesis. Several of the compounds prepared have exhibited stereo-
specificity in their reactions, stereochemical nonrigidity in
solutidn and some are coordinatively unsaturated. These érop-

erties suggest that selected compounds may well find useful ap-

plications in catalysis.
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APPENDIX I

THEORETICAL INTENSITY PATTERNS FOR MASS

SPECTROSCOPIC ANALYSIS

Ga .
2 Ni,
138 740 1!2 m/e 16 18 120 122 m/e
Ni-Ga Ni-Ga,

|
127 129 31 133 m/e 06 %6 2 202 mje
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Cu'Gaz

201 203 205 207 m/e

Cu-Ga

132 134 36 m/e -
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Mo-Ga

161 163 164 165 166 167 168 169 171 m/e

W-Ga

251 257 253 358 355 257 mj/e
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APPENDIX II

STERED DIAGRAMS OF SOME OF THE PREPARED COMPOUNDS

[MezNCHZCHZO'GaMeZ]Z
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HZNCHZCHZO-GaMe2

sym-fac [MezGa(pz)(OCHZCH

NHZ)]ZNi

2



- 176 -

mer [MezGa(pz)(OCHZCHZNHZ)]ZNl

2NMez) INi[ (pz") 2GaMe2]

[MeZGa(pz")(OCH2CH
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[MezGa(pz")(OCH CH NHZ)]MO(CO)Z(nB—C4H7)

2772

ce )

o
[MeZGa(pz)(OCHZCHZNMeZ)]MO(CO)Z(n -CH

SMe)

2
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n 2_
[MezGa(pz )(OCHZCHZNMez)]MO(CO)z(n CH,SMe)

[Ni (pz") (NO) 1,
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[ (oN)Ni (pz"),],Ni

[co(pz") (NO) , ],
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[Fe (pz") (NO), 1],

Et4N+[(ON)Ni(pz")z(I)Ni(NO)]_
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[MezGa(pz")(OCH2CH2NMe2)]Ni(NO)
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[MezGa(pz")(OCHZCHzNMeZ)]Fe(NO)Z

[MeZGa(pz“)szi(c3H

5)
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