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| ABSTRACT
'A ] . :’ )
3 ) t&‘

’ )Behzéﬁediazonium‘églts with BF)~ and~?F6f counterions, or

AN

their 4—sﬁbstituted'derivativeg, reacted with Cp2WH2>(Cp =

\ -

“5-c5ﬁ5) in toluene/methariol below 253 K to produce yellow T:1
adduct salts in high yield. Proton mégnetic rQsonancez"with 15N(1)

" substitution, allowed a nearly complete structural assignment of the

-

-

‘cationic complex as [Cp,WH(N=NHAr)]*, a doubly~bent diazenido
2 oent d1a

?
A
o

complex protonated at N(2) rather than N(1) as in all previous

. * L ‘
examples. This hydrazido(2~) ligand is believed to lie at 90° to
the Cp,WH midplane. fln solution above 253 K the yellow>sai£s

i s . <,
underwent a novel rearrangement to a brown hydrazide complex

QSEZM-NHZ-NAr]+., , - . - -

.- o v
P . N - —

o ) .
The low-temperature reaction of diazoniud’salts with CpZReH

produced a broWn 1:1 adduéﬁ, difficult to pufify, which -was belieVed -
- to be the expected diazene‘comblex, [CpZReNH:NAr]+. It reacted-

with bésg_Lg fofm the neutral diazenido complex. Similarly, from
-Cp2M0H2 the hydrazide [q;ZMo-NHzNAf]BFu.was identified in
product mixtures, but this decomposed before it was i§olated. With
two molds of diazonium salt a distinét 1:2 adduct cfystallized from
the reaction mixture. On the basis of:neutralization by
triethylamine, this was identified as a bisdiazenelcomplex

[CpZMo(NHNAr)Z](BFu)Z.

iii N , :4//,(/

A



With diazonium salts the monohydrideé}IrH(CO)gPPh3)3 and
IrH(CO)Q(PPh3)2 also prodﬁoedrhydrazido(lw)'oemplexes, }7"
identified by X~ray orystalLography and spectroscopy as

orthometalated.  Geometry at the iridium is aeprox1mately square based

idal ‘with a trlphegylphosphlne on the axis. The four qpoms of

' that the N-N bond order (N-N = 138.8(13) pm) is reduced at.the expense

| ' o o
i[ ~ of other bonds, compared to aryldiazenes JThe*hydrogens are located

| - Gounterion. Reaction of EIP(NHNHC6H3G)(CO)(PPh3)2]BFu (G=general

. substituent) with base produced the cerfesponding‘orthometalated
: - , ‘ -

iridium(I) diazenes. The hydrezido complexes were readily oxidized by

)\ dlhalogens or air, producing previously known 1r1d1um(III) dlazenes -

[IP(NHNC6H G)(CO)(PPh }2X]EFu where X is the halide or, from

air ox1dat10n, -F or FBP3

The reactions of benzenediazonium salts with ﬁransition metaiy
complexes other than hydrides were not suooessful.\\With
‘Na[Fe{SZC2(CN)2}2] the diazonium salt attacked at the sulfur
and the product of ligand abstraction and dinitrogen extrusion was
- isolated, ArSC(CN)C(CN)SAr. Experiments with Fe2(CO)9,
Fe3(C0) 5, Fey(CO)g(SMe),, NagFe(CN)NO, NaIrClNO,

and [Ru(NH3)5€OH2)]Cl2 are also noted.”

iv

¢ ) i lane/ toward the apex. Bond lengths in the metallocycle indicate - ;

| .on-each nltrogen and both are Weakly bonded to. the BFy % o "Vc



*

To Anne

.
B N ‘
P »
y -7
> -
b
R -

-

.



1

Acknowledgements

\

_During my rather‘lengthy residence in the Simon Fraser chemistry .

[

department the vast majority of its other members have been

helpful, supportive, and/or encouraging to me. TolsLart a list of

individuals who hize been particularly helpful would mean that

the lii3byould have to end with someéne; and I feel it unfair to
those ould be excluded. “I have tried to express my appreciation
all aiong and so w1ll Jjust take’thls opportunlty to empha51ze the

slncerlty of earlier gcknowledgments, % ‘ ‘
3 - o
I .
I would like to thank the Natibnal Research Concil of'Canaga_for

X\‘a Postgraduate Scholarship, which served as encouragement as well as
N 4 .

financizl support. ' N

.IL.()

EM]

S vi - . .



List
List
List.

List

Chapter I. Diaio:Complexeg of Transition Metals -~

A.

E.

Chapter I1I.

A.

B.

0

o]

0

f Tables

f Figures

o

f Abbreviations and Symbols

of Numbered Compounds

o

Introduction

N, Complexes

. NNH-Type'Compléxes »

RN

. NHNH- and NNH2—Type Compléxes

. NHNH2-Type Complexes

NH,NH,-Type Complexes

e

. Thesis

™

e

Introduction‘ .

Synthesis 3

1. From IrH(CO)(PPhg)

2. Froﬁ‘IrH(CO)é(PPh3)2

3. From TrC1(T0) (PPhy),

Crystal éﬁd Molecular étructﬁre

Infrared Spectra

Nuclear Magnetic Resonance

. Visiblei§pectroscopy

-

- ovii

Table of,Contehts

Orthometalated Arylhydrazido Complexes of iridium

xi
xiii
xXiv

Xv

13

14

17
17
19,
19
22
22
2l
39
46

62



Chapter III.v,Synthetic and Réaction Chemistry of 1,

[Ir(NENHCgH3G) (CO) (PPh3),1BF) ‘\ 64
A. introduction ' | : o “ . | 64
B. Results\ang Discussion . | ” 5 - o 65
1. By-pyoducts Peculiar to IrCl(CO)(PPh3)2 Reactions ‘, ~ %?5
2. By-prodgcts‘Peculiar to‘Iercq)é(PPh3)2 Reactions o b- : j‘65
3. By-prédu?ts Pecuiiar to IrH(CQ)(P§H5)3 Reactioﬁs u:>'»  -  69
4. By-product Complexes Formed From wa(NNAf‘Units ‘ 73
. 5.fProductslof Oxidation of ] - IridiuﬁZIII) Diazenes 5 - < T5.
| 6. Product of'Neuéralization~o%<1 - Iridium(%égDiazenes 10 | 80
7. Other Reactions Felated to Figure ITI-1 )' s

8. Ir‘deppe)2 and;RhH(CO)(PPhé)3 Reactions -
Qiﬁh Benéenediazonium Salts : , 88
C. Discussion of the Mechanism of Orthomegalation - 89
.D. Expérimental ‘ 98
1. Instrumentation - o ’ | 9é

=, .

2. Starting Materials, Sol&ents, and Apparatus - 100

3. Reactions of IrH(CO)L(PPhs),

102’

with Benzenediazonium Salts,

. 4, Preparation of [IP(NEN06H3G)(qp)(PPh3)2] . - 122
5.  Reactions of [IT(NHﬁHC6H3G)(CO)(PPh3)2]BF4 128
6. Reactions of RhH(—EO)(PPhé)3 and IrH(dppe)Z

with Eenzenediazohium Salts - : . 133

viii



I

Chapter IV. Biscyclopentadienyl Complexes of‘wolybdenum,,Rhenium,; -

and Tungsten with Diazo Ligands - ’ A35

’ B. Results i»‘ I ) : s o T . 137%
o : , v e
1f,Synthesis and Spectroscopic Chaqacterizzgign.gr’_aj Wxi | o
of [CpWH(NNHAP)I* =/ s . - 138
° "z;uéynthesis and Spectrbscoﬁic Charactenizé£;£h o e |
v of [epHENARIY T . s
“ 3. Other Cpék-Containiqg Products . . ; ’ ’.155'
~4.7Reaqti;néyz}.Cp2MoH2 C . . ; 156
5. Reactions of CbZReH withiﬁeﬁzenediéionium Salts | - 159
© . Discussion | * 162
D.:Experimental ) | ' - ’ o : 16§
1. Insfrumentation, Tecpnique§§ and Reagents , . 169
_ 2. Reactions of Cp,WH, - - : . ’ - i69,""
j;3. Reactions of-Cp,MoH, ) . ) i 7‘_ ' - - 175
'ﬁ. R?actions of CpéReH . . o e f79

@

S

{

‘Chapter V. Ligand Abstraction in the Reaction of'Diazonium Ions with

Iron Complexes of 2,3-Dimercapto-2-butenedinitrilate(2-) 183

A. Introduction - . . . ) 183

' B. Results and Diseussion . | S . K 18y
o . - *—*/r . ) :

» C. Experimental , L O . 191
aogengral B - 191

2. ‘Rehetions of Na{Fe(mnt),} ) - - 192

3. Reactions of Et,N[Fe(NO)(mnt),] g 195

4, Reactions of NaZSZCZ(CN)Z | ) q 196

ix

. ‘ M

¥

. 3 v - v - - ) <, o K - 4[
s A. Introduction SR : : a ' 135 §v ‘



"

>
L+
e
-

K . - '\L// N
‘Chapter VI. Appendix . .
A. Réarc:fions of Mctél Nitrosyl Complexes - !
'to;:ar'drsynthesis of Alby'ldviazenj:des - _. 4 19_\7
© g Nay R (aN) oNO) q BT
'a. Intr'odijction — 197
| b. Results anﬂd ‘Discussion e ' 200
: ). c. Suggest‘iion for Further Wc;r'k' L i 203
2. Other Metal Nitrosyls \ 20k
b a. Irit;j"od’uci:i@rklt: | . “ & : 2(_);1;_‘“
b. Re‘s}u]’.ts - ': T4 ‘ 207
;_ - 3. ;"Sulﬁn';ar'y and >1;rfog'r;c5§is 2'1‘11 7
B.’k Reactiéné of Di- and\'Lr:i-Nuc‘lear‘I;on Carbonyl Complexes B '.‘2'1u2
1. Introductién . C e | i | 272
. 2. Resu"lt's-y a.pd Diécussion ‘ ' 213
3. Summ;wy and Pi"ognpsis, ‘ ‘{' T ";‘ 214
| 4 E;)“cpepi;lrevntal : » 21‘5:;%
. Atﬂtemptlg‘d Synthevset_s of [Ru'(NHB)M;(NNPh‘)_J]% o - 2(19f
s Introduction : | ‘ ‘ S e219 -
‘2. Results T 20
A 3. .‘Pr'ognos(is c - / - 222
- ll.l Experimentél’ | ‘ | - \ ' 223
I}%efer‘e;ices | ‘ L, g\, | 2?5
-
T '
S



List of Tables

II-1. Elemental Analyses of Orthometalated Arylhydrazido Comﬁlekes,
Ir (NHNHC,B,0-CE ) (CO) (PPhs ) B EPY
63 ! 372 b .

II-2. Crystal and X-Ray Data for

> [IP(NHNHC6H3-2—N02)(CO)(PPh3)2%§Fu> , 25 -
Y FAA S
- II-3. Selected Interatomic Distances{?%r
[Ir(NHNHC6H3-2-N02)(CO)(PPh3)2]BFu ‘ | .29 !

II-4. Selected Interatomic Angles for
[Ir(NENHCgH5-2-NO,) (CO) (PPh3), 1BF) _ 30
. e
II-5. Deviations ‘for Least-Squares Planes Calculated for

o /////Llp%ﬂﬂﬁﬁaéﬁg:z-Noz)(CO)(PPh3)2]BFQ ‘ | o 31

——

II-6. Bond Lengths Useful for Comparison with Those of

[ Ir (NHNHCGH3-2-NO,) (CO) (PPh3) 5]BE) 36
II-7. Proton Mégnetic Resonance Data gor )
[Ir(NHNHCGH3G) (CO) (PPh3),1BF) | \ 49-50
II-8. Collected Infrared and Proton Magnetic Resonance Data for
N-Bound Hydrogen in Complexed Diazenes and Related Species .52-54
II-9. Proton Resonances of Hydrogens Bound to
Planar Second Row Atoms . S ’ _ 56
II-10. Visible-Ultraviolet Spectra of’
[Ir(NHNHCgH3G) (CO) (PPhsy), 1BF) - ) ) 63
III-1. Infrared Absorptions of [IrHZ(CQ)é(?RhS)Z]BFu
in the Metal-Hydride and Cafbonyl Regions ) . 67
III-2. Infrared Absorptions of [IrH,(CO)(PPhg)3]BF) |

in the Metal-Hydride and Carbonyl Regions . 67

xi



’

III-3. Elemental Analyses of Nitrogén-Containing Iridium Complexes:

[Ir(CO){Nu(C6HuG)é}(PPh3)2]BFu, 4; and

[Ir(CO) (NNCgH,G) (PPh3),]BE), 9 | 6

I1I-4. Elemental Analyses bf Nitrogen-Cdntaining Iridium Complexes:
[IrA(NHNC6H3G)(CO)(PPh3)2]BFu, 5; and A
Ir(NHNc6H3G)(Co)(PPh3)2, 0 ‘ 79

IV-1. Elemental Analyses of Biscyclopentadienyl Complexes: R

[Cp, WH(NNHCgH)-4-G) 1A, “14; [Cp,W(NH,NCcHy-4-G)34, 15; .- o~
[Cp2Re(NHNC6H4-M-G}]A, 22; and Cp2Re(NNC6H4-4-OMe), %5‘ © 139

1V-2. Proton Magnetic,Resonance bata for

Biscyclopentadienyl Complexes: [Cp,WH(NNHCiHy-4-G)]A, 14;
. oWH(NNHCgH) -4-G. X

and [CpéW(NH2NC6Hu—4—G)]A, 15. , I F TS -

V-1. Analytical Data for (4-GCgHyS)C,(CN), -7 185

VI-1. Comparison of Properties of Nitrésyl Complexes 207
I

xii

N



— " List of Figures

" 1-1. Geometries Established for Bound Diazenide

II-1.
II-2.

II-3.

II-4.

II-5.

A Perspective View of a Molecule in
[Ir(ﬁHNHc6H3-2-N62)(CO)(PPh3)2]BFu

Molecular Packing in Unit Cell of
[Ir(NHNHCgH3-2-NO,) (CO) (PRh3),]1BFy

Infrared Spectrum of [ Ir (NHNHCgH-3-F) (CO) (PPh3), 1BF)
Stereochemistry of metaeSubstituted Arylhydrazides as
Suggested by Infrared Abéorption

100 MHz Proton Magnetic Resonanéé Spectrum of

[Ir(1\1_Hr\mc6ﬁ3-u-OCH3)(co)(1>1>ri3)‘2]13}?}L

III-1. Reactions of Orthometalated Aryldiazo Complexes of Iridium

III-2. Mechanism of Formation of

Iv-1.

S Iv-2.

Iv-3.

IV-4.

IV-5.

IV-6.

V-1.

[Ir(NHNHC6Hu)(CO)(PPh3)2]EFu»

60 MHz Proton Magnetic Resonance Spectra of

[ Cp,WH(NNHCH)~l~Me)JPFg at 237 and 259 K

Infrared Spectra of [CpZWH(NNHC6Hu-M-Me)]PF6 and
[C;ZWH(15NNHC6HM—M-Mé)]BFu |
100.MHz Proton Magneﬁic Resonance Spectrum of -

[ CpW( 15NHNCGH,~4-Me) JBF,

Infr?fﬁﬁ;éiéCtr”m4°f LCPow(NH,CeH) - 4-Me) IBF),
Infrared Spectrum of [Cp,Mo(NHNCgH,-4-0Me),]1(BF),
Infrared Spectrum of [CpZRe(NHNC6Hu-M-OMe)]BFu‘

Infrared Spectrum of (4—FC6HMS)2C2(CN)2

xiii

27

28

1o

4y

47

90

- 14324

149

152

154
158
161

187

.
t,f



“

List of Abbreviations and Symbols

A = general anion

Ac acetyl, ethéhoyl, CH3CQ}

Ar

aryl = substituted phenyl or phenjl

bipy = 2,2'-bipyridyl, (CgHyN),
5 .

Cp =71 —cyclopentadienyl
dmso = dimethylsulfoxide - CF
dppe =-],2-bis(diphenylphosphino)éthane

Et = e@hyl, C2ﬁ5—,

G = géneral radical gfgup: H, alkyl, aryl, silyl,
acyl, éroyl, alkoxy, nitro, etc. |

L= 2—electr$n donor ligand |

M = metal

Me 2 methyl, CH3—

mnt :.maleonitriledithiolate, 2,3-dimercapto;Z-butenedinitrilate(2—),

~SC(ON)C(CN)S-
n = igféger .
Ph- = phenyl, CoHe-

Pr

propyl, C3H7-

pz = pyrazglyl, cyclo-C3H3N2-
R = alkyl

thf = tetrahydrofuran

X = halide, F~, C17, Br~, I”

xiv



List of Nu@beﬁed Compounds

' la-m. [IP(NHNHCBH3G)(CO)(PPhj)Z]BFu

o

. IrH(C0) ,(PPh3),

o

IrH(C0) (PPhy) 5 o
Ya-e. [Ir{Ny(CgH;G),}(CO)(PPhy),]BF)

Sa-f. [irA(NHNC6H3G)(CO)(PPh3)2]BFu

13

6. [IrC1,(00)(N,CqHy=2=NO,) (PPh3),]
. [IrH,(C0),(PPh3),1BFy - | )
8. [IrH,(C0)(PPhy) 3EF)

9a-b. [Ir(C0)(NNCgH,G),(PPh3),1EF,

10a-d. Ir(NHNc6H3G)(CO)(PPh3)2

11, "Ir(NHNHPh) (CO) (PPh x"

3)2
1?. II"(NNC6H3G)(CO)(PPh3)‘2X~

13. [Ir(NH,NHCgH3G) (CO) (PPhy), X IEF),

-~

Tha-e. [Cp,WH(NNHC(H,G)]A
15a~e. [Cp,W(NH,NCCH,G) 18

16. Decomposition'product of 15 b
¥

17. Insolublé decomposition product of 15

4
t oo

. [Cp,W(NH,NHCH)G) J(BF) ,

—_
O

¢

%p. Decomposition product of 19 -

2

—_

. [Cp,Mo(NHNCgHyG) ,1(BF)),
" 22a-b. [Cp,Re(NHNCGH)G) JEF)
23. CpyRe(NNCgHy-4-O0CH)

2ha-c. ArSC(CN)C(CN)SAr

)

~

Xv



i

Chapter I A
 Diazo Complexes of Transition Metals.
. L
A. Introduction

There is considerable activity d4nd interest currently in the area 53

"

of métal diazo cﬁmplexes; This work has(beeh stimulated Hy several
things, but greatest aﬁong t hese is a desire to:uhderstand processes of

facile fixatioh of dinitrogen, a worthwhile goal by any account.T

P

-Enzymatic fixation of dinitrogen produdés ammonia, with no detected,‘

R
o

v

intermediate or cobrodllct:2
N, + 6e” + 6HY o> 2NE;.

A cheniéal mddel syste@ baséd on tungs%en or‘molybdenum also reduces

dinitrogen largely to amménia rather than hydr'azine,“3 apd a postulated

mechanism for this model does not involve a hydrazine intermediate, but

generaﬁion of ammonia via M:NH—NH2 and M-NH-NH3‘species.3a A"

second current proposal involves reduction of N2 to N2H2 and then

disproportionation and decomposition to give nitrogen, s&me hydrogen;

and either hydrazine, which would be further reduced,u

or possibly
ammonia.5 Our understanding of the rele?ént chemistry is so scanty at

this point that new results éan easily have a significant impact on such

proposals.

In our studies cleavage of the N-N bond has not been prominent, so

4
4

we shall be concerned with the four-electron reduction and increased
‘valency of each nitrogen atom from N, to NH,NH,, or actually the

comparable series from Ar'N2+ to ArNHNH2. (See page xiv for a 5
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listing of symbols used throughout the. the31s ) The 1ntermed1ate members

are unst;gie as free compounds, but complexation to a metal markedly
increases their stability and-allows their 1solation and 1dent1fication. ! (?‘

Because this work involved'every step‘in the series of complexes M-N2

)

to M-NHZNHAP, 1t w111 be convenient to 1ntroduce briefly each type of

camplex in turn The substltuted and unsubstituté&d-species of a given
diazo parent are easily and appropriately discussed together.
: // ‘ -
Since the free ligands were‘largely unknown, naming of tnein‘< ’

complexes has been unusually nonstandardized, even in recent. literature.

i

The names used below for each ligand follow the recent IUPAC

recommendation for nitrogen compounds.6 The terms diazo and aryldiazo
have been used generically; to cover all N—Hfipecies. If numbering is
done systematically,Athe nitroéen designated N(1) may change as
M=N(1)-N(2)-Ar is stepwise protonated. To avoid confusion we nave ’
numbered all complexes in the way just snown; the aryl-bound nitrogen is

N(2).

B. N2 Complexes
At one end of the series are metal-dinitrogen complexes. Though
over 100 dinitrcgen complexes have been identif‘ied,7 in most of them
the N2 is stable except'to simple dissociation. Substitution for N2
can be used synthetically,8’9 but the dearth of chemistry other than

nitrogen loss has served to calm some of the early excitement with this

10

ligand. The lack of current reviews, after an éarlier flurry, is a -

symptom of this change. : ,

)
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Though there is evidgnce for/&ide—on bonding of N2:to

’

i;
. metal;11 dinigrogen generally binds end-¢n" to simpLe_mep%i complexes;
The crystal Sﬁruc;t:h\r:e of trang-thl‘(N2){P(2-C3H7l)3}2 is -

purported to show side-on bound NZ.12 Howeven\the complex was
described-és cent?ﬁsymmet;ic due to disorder and the bbnd lengths and.
fhermal ;arameters ;ge peculiar, so‘it seems that the crystal structure
results are not unequivocal. The reported medium intensity of the |
infraréd N:ﬁ stretching'fregggncy doesAnot seenm consisteﬁt Qith side-on
bonding, and N2 in the closely relatéd compounq
'.'r;r'ans—RhH(Nz){P(Cuﬂg)zPh}2 was earlier found to be bound
end—on.13 Structures with bridging, side-on N2 are conglomerates
with lithiums at the end-oh positions.'¥ Suc

sufficiently different from the other well characterized transition
- A

metal complexes that this sort of side-on bonding will not be further .

Such species15 are

tonsidered yn this diseussion.

Dinitfogen binds to metals of groupsyMA through.B in their iow
oxidation states.7 fhe critical bonding interéction i§ appareritly
delocalization of‘electrons from éhe metal into nitrogen 1T%éntibopding
or'bit,als.’16 This lowers the N—N.stretching frequency and-slightly
increases the N-N bond distance;1-3 When large, this shift of electron
density makes the ligand more negative thantcarbonyl, as in the
analogous complexes ReCl(L)(PMeZPn)u where L = N, or co. 17 Tﬁen
the termi;al;nitrogen of .M-N=N is moderately basic. Adducts with a Qide

b 4 L

range of Lewis acids. have been identified.1s These -binuclear

N,-bridged species are linear. 9 o



' ’ - \\ i . S Lo .
. v L »

o

B

v}Thé br;dgegjcomplex, f(Cp;Zr(NZ))2§2], reacts with acid to
genera?e_hydrgﬁiﬁé,zo as does the“relatéd species
t(CpéTi)N(MgCl):N(szTi)].15 Ammonia is the principal reduced
product of the hydrolysisxqf Cr2N2Mg4012(§hf)5 or o

21 There is ohly one other type of isolated22

{Cr(dppe)z}zNé.
dinitrogen complex which produces ammonia upon treatment with‘aéid,
[M(NZ)Z(PPhB-an)M]” where M is %gfgstenaor molybdenum.3

Studies of these latter have been extraordinarily fruitfu123 for 2

several=pesearch groups,fwith a series.of intermediates (vide infra)

isolated as well as complete reduction to ammonia accomplished.t’

C.*NNH—T&pe Complexes

Compi@xes of the diaZenide function, G-N:N',24 are sufficiently

25

numerous to have deserved'a recent review, so they shall not be

dealt with in detail heré. Though the title of the review nptes a close

“aryldiazenido-nitrosyl structural analogy, the analogy has not been

tremendodsly useful because many syntheses of oompléxes of one ligand

f

are. not cqnvertible to the other, and the most interesting chemistry of .

~

each is not shared by the ether. The most common reagent for nitrosyl-

synthesis has been NO gas. Typical syntheses of’aryldiazenido

complexes, on the other hand, involve diazonium cations, by substitution -

for a'carbonyl or phosphine, or by simple (oxidative) addition to a

basic metal.

-

e e e e



o

-

2

Iso;atedveﬁahpies ofréynthesesjof alkyl-, acy{-,'aryl-, éroyi-{ and
un§ﬁbs£ithted diazenido complexes fram hydre;éines,26'31
.phenyl(trimethylsi]}.yl)diazene,32’33 and diazbalkénes3u have béern
brepbrted. A few dinitrogen compiexes have been found to react-to form
diazenido complexes, mémbers of the series mentioned at the end of
-éection B. For example w(Nz)Z(dppe,)2 reacts with a large exceés
of HX to give t he diprotonated species, WXQ(NZHZ)(dppe)2;35
which can be neutralized to WX(NNH)(dppe)2.36 Attémpted addition to
w(N2)2(dbpe)2 of one mole of acid to form the diazenido complex
direcgly is unsuccessful since protonation occurs at the.metal under

these conditions.23 A mechanism rationalizing this has been
described,37 which alsé ;elates to the formation of acyl- and
ardyl—diazenides of the form ReClZ(NNCOR)QPMeZPh)3 and
WCl(NNCOR)(dppe)2.38 The analogous alkyldiazenido complexes are
:formed'from M(N2)2(dppe)2 (M: Mo, W) generally by irradiating 34
solutions iﬁ the prese;be of chlor‘o—,39 bromo—,38 or

iodo-alkane.40 The mechégism of formation is thought to involve an
excited state of the metal comple* with increased electron density at

41 or homolytic cleavage of the R-X bond in

42

Nz’
RXMO(NZ)(dppe)Z.

Aryldiazenido complexes are known for metals of groups 64 through 8
except for technetium‘and nickel. The crystal and molecular structures
of several examples have been determined. In mononuclear complexes the.

most common-geometry is singly;bent;25 with MNN greater- than 171°
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and NNR in the region of 1200.u3 Variations of these angles towéfd

the all—linearuu

or doubly-bentu5 forms have been reported and
examples of each extreme are known.u6'u9 Diazenide can also function
és a bridging ligand, generally by binding two metals to

‘1\1(1).27’334’50’51 An example of the alternate N(1),N(2)-bridging has

*

also been found.??2 s }
Figure I-1. Geometries Established for Bound Diazenide t
R R R
I / /
N N N
I || |
N N N
| I /
M M M-
Linear RN,* Singly-bent RN,* Doubly-bent RN,~
R .
| | -/ : :
i . N , R, o
| [ / |
' ‘ N N=—N
N /N
M M! ‘ M M!
N-Bridging RN," N',N2-Bridging RN,~

The singly bent form is ahalogous to the majority of nitrosylé, in which
NO acts as a three-electron donor. -In the case of nitrosyls ﬁhere is no .
obvious structural indication of the hybridization of the oxygen. But
with aryldiazenides the location of R off the 'N-N axis suggests

approximate sp2 hybridization of N(2), The doubly-bent form,

corresponding to bent, one-electron-donor nitrosyls, o?curs in complexes

T

where the electron density is better stabilized in the ligand than at

the metal.

id :
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" There has been speculation tﬁat the catalytic propertiés of some of

@

the nitrosyl complexes arises from the abi%ity of iiﬁéar NO.to act as a
relatively stable electron pair holder és'it bécomé§ bent in reaction
intermediat;es.53 Though diazenido complexes havé a §imilar ﬁgtential,'
iﬁ doesrnot appear they will be as useful‘as nitrosyls because‘theylﬁénd
to dec;mposé too readily. Férbexample, PtQ}(NNPh)(PEt3)2 decémposes

to the phenyl'66m51ex during chromatography on alumina,'and evolves
“dinitrogen rapidly upon dissolving in chloroform.5u And " |

ReClZCNNCOR)(PMe2Ph)3 reacts at room temperature with excess

ligand and methanol-to give ReCl2(N2)(PMe2Ph)u.55 ‘ , r

In general the chemistry of no metal-diazo species has been well

s §5'°‘~s\\ developéd, but more papers are now-dealing with this aspect in‘additioni

ii%&\synthesis and struct;re. A novel reaction‘of diazeﬁido compiexes is
exchange with NQ*- The equilibrium
[ArNN-Fe(CO),(PPh3),1* + NO* €=,
) ArNN 4. [ON—Fe(CO)2(PPh3)2.]+
is found go lie to the right.56 The diazenide in ReCl2(N2COPh)(PPh3)2

is replaced by NO giving ReCl2(NO)(PPh3)2.28

Thﬁhreaction most looked for involves additien of acids to the

basic nitrogens. Many,‘but not all, diazenides can be protonated, as-

A
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'reducing agents, e.g. borohydride, produces metal hydrides.

-~

exemplified by the reactions:>’ : -
[RuLNNAr)(CQ)Z(PPh3)2]BF4 + HBF <, ’ - Eg. I-1

[Ru(NHNAr)(CO)2(PPh3)2]4BFu)2 :

and [Fe(NNAr CO) (PPh ) )JBFN + HBFu -> N. R.” ' Eq. I-2

b,

_W1th\hxdrohallc acids addltlon of a halide to the metal may occur at the

same time.” 7
[Ru(NNAr)(CO) (PPh3), ¥ + HI §——y o Eq. I-3
o [RuI(NHNAr)(CO) (PPh3)2]

* -

Though'reduction at a diazenide function by dihydrogen occurs, the

—

expected M-NH—NHR has not yet been. isolated, because such species are

reactlve enough to undergo further changes " (i) decompositon to meta;//~
e
e

hydr'lde,58 (11);r'educt10n,59 (111) addition of HX, 32 or (iv) loss

of HX.6O Reduction by H2 using forclpg,condltlons or by stronger
61,62

.D. NHNH- and NNHQ-Tyde Complgxes
Protonation can occur at. either nltrogen of a complexed dlazenlde

A diazene complex, NLNH_NR, is produced if the metal bound nltrogen is

the-basic site. -°Diazenes make up tpe largest class of diazo llgand§,‘-

for it includes such stable members as azobenzenes and pyraéolines; A.
1 oL
recent review has discussed the metal complexes of such dialkyl-gand

dialjyl-diazenes..63 Their bonding to metal clusters, as indicated by

crystal structures, is quite complex. It is hoped that an appreciation

. of the ligand-cluster interactions may lead to devélopment of more

efficient catalysts for commercial reduction of .dinitrogen.
“ - ‘ v

<
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Complexes of the more stable, disubstituted diazenes are formed-
. o : hdeb Lo

P

~ directly from the-free ligand. This is not true for less substituted

diazenes beoause<thé'uncoordinated species are .too unstable to handle
easily, though monosubstituted alkyl- or aryl-diazenes have been
‘detected in dilute solution,6)4

65,66

M =

"

and can be stabilized in a (GuCl)x; c::>J*‘—N\‘gﬁ

polymer. Complexes’ of diazene and its monpsuﬂstitpted derivatives

must be made from an/already metal-bound pﬁecur§6r, but once synthesized s

L

such tigands are stgbilized by interaction with the t:ansition'metal. R

Monoaryldiaienes are most commonly synthesized from diazenido

X

species by protonation (Eq. I-1,2) or insertion into a metal hydride

bond;su N

—_—

. PtCL(NNPh)(PEt3), + Hﬂ\\\g

Analogous syntheses, of monoalkyldiazenes have not been developed

5

[PtCL(NHNPR) (PEt3),1" ~ Eq. I-4

rl‘PtClH(PEzg)Z + PhNNY

because there is no generally available method of obtaining the '
; \ . S
bPerequisitg,alkyldiazeniégs. The addition of a diazoalkane to ‘

a metal hydride has given a cﬁelating diazene after rearrangement,

[CpMo(CO) 5{NHNC(CO,Et) coH} .57 |

Joe

Ve

Synthesis of dtazene complexes by oxidation of complexes of

substituted.or unsubstituted hydrazines has been d yel d spottily. It

~_has been used to prepare bridging diazene,68'70 but the non-brid

ligand may possibly be oxidized more easily than the starting hydrazige

a



canplex and so be unobtainable this way.71 Acyl- and aroyl-hydraiines

have been used repeatedly to make N,O-bonded chelates,'e.g.72 ‘

PhoP .,
cl | !
\T\\\ 44‘N**N
B
cl 0”7 ™\g
Ph,P

By

which contain a delocalized diazene.’2~TY PhNLiNLiPh reacts with
(Ph3P),NiCl,7° and similar palladium and platinum species’® to

form Tr-bound diazene complexes such as (Ph3P)2Ni(PhNNPh) with
elimination of LiCl. Diazenides have been isolated from
phenylhydrazine, as noted above. The ngaction of hydrazine itself with

transition metal complexes has produced complexes of nitrides, hydrides,

or dinitrogen rather than diazene.7'Z

Reactions of coordinated diazenes include substitution Qy CO,62

extrusion of N2,63’1§ reduction by borohydride to metal hydr'ide,62

aerial oxidation to dinitrogén,79 and generation of hydrazine by (i)

32,60,80,81

disproportionation,S'(ii) reduction by HZ’ or (iii)

reaction in a protic solvent with oxidation of the metal.82’83“

The-hydrazide(2-) ligand, NNRR', is an isomer of diazene. The one

example outside Mo, W and‘Re chemistry is (MeZNN)Cu3Cl3.8u The

29,85

synthetic route to this and other examples involves reaction of

e

10

&
%



1,1~-disubstituted hydrazine. The group 6a and 7a species are also
formed by protonation or alkylation of a dinitrogen complex (vide supra)
or by attack of an electrophile, e.g. H* or Ft50%, at an

18-electron, éingly-bent,diazenido complex:29

Mo(NNPh) (S,CNRy)5 + HBFy - ' - Eq. I-5
’[Mo(NNHPh)(S2CNR2)3]BF4. |

This early transition metal chemistry :is-distinct since singly-bent -

diazenidd complexes of group 8 meta;s have not been prbtonated/gt N(2).

(though they may bend and be protoﬁéted at N(15, vide supra). THe

formationiof complexed hydrazido(2-) rather than diazene~cén be

partially rationalized, since the latter would have a 16-electron metal

configuration without coordination c¢f an additional donor ligand,

>

» , +

H R ¥
N\, R
N : » |
| AN
o N N/
P P P. P
» Mo\ Mo\
p l P - T | Sp
X - X
Hydrazido Complex ) Diazene Complex
Metal has 18 electrons Metal has 16 electrons-

but this does not explain why a hydrazido form is still generally

preferred in the presence of excess halide, which could coordinate to

-

Equations I-1 and I-3, and reference 38.) ' S

the diazene form to give an 18-electron configuration. (See further I-1.)
: e

11
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The'substancgi[MoF(NNHZ)(dpe)ZJ(BFu) has been shown to react
like phen&%hydrazine in conaensing with a ketone to from a |
hydrazone—type ligand, NZCRR'.B6 Othef_reactions of fhe
hydfazido(Z—) complexes include isomerization to diazenes,23

deprotonation,38 and heduction to amines.87

E. NHNHZ-Type Compiexes

There have been only a few brief reports of hydrazido(1-)
complexes, so each can be mentioned here. Most éxamples‘arise from
hydrazine cheniétry. For instanqe, a bridging, unsubstituted hydrazide
[ {(Pt(PEn3), (NHNK,)}5]C1, forms from cis-PtCl,(PPhs),
and hydrazine.30'The species [CpMoI(NQ)(NHNMeZ)], which is monomeric
in ch}cnoform, was isolated froﬁ CpZMoI(NO) and MeZNNHZ. It ‘
feadily loses dimethylhydrazine to form a bridged hydrazido(2-) complex
of known structuré.85 A dihapto-phenylhydrazine,
V[CpMoI(ﬁO)(N2H3éh)]BF4, is forme; by acidification of a compound
now formulated as [CpMoI(NO) (N H,Ph)] . The structure of the‘
latter is not clear but may be a bridging hydrazide(1-) bound at both

nitrogens.88

© AV

There are two reports of hydrazido complexés produced from other

sources. Cp2MoH(NRNHR) was isolated from insertion of an azo compound

with strongly electron-withdrawing R'functions into CpZMgHZ.Bg’

" And, in the series of products from group 6 dinitrogen complexes,

o

reaction of W(NZ)Z(PMePhZ)M with HCl in dichloromethane produces

JPATEEE



WC13(NHNH2)(PMePh2)2. This reaction is quite sensitive to

change of solvent and phdsphine; in most cases addition of acid o

82

generates diazenes b’r*'( é(glmonia. ‘

It is noteworthy that this series of complexes derived from
W(NZ)2(PRnAr3_n)u does not extend to a hydrazine derivative,
though small yields of free hydrazine have been found with the ammonia
produced in reactions of the varioﬁs species with methanolic sulfuric’
acid.3 The stabiiity of (OC)SCrQZHu to reduction argues against

»

me ch anisms ;nvolving feduction of a complexed (unidentate) hydrazine
dgfing enzymatic nitrogen f‘ixation.69 Furthermore since free hydrazine
is not detectible in acﬁive extracts, nor is it feduced by the enzymes
studied,2 a pathway through free hydrazine/is barely tenable. Thus

the chances that the W(N,) (PR Ars_ )y chemistry is indeed a

good model increases as other possibilities are eliminated.

F. NH2NH2-Type Complexes
Hydrazine and substituted hydrazines, the other end of this series
of diazo species, have long been known as ligands but their chemistry,

o

like that of disubstituted diazenes, has not been well developed. Two

relatively recent reviews have dealt with the transition metal chemistry

of hydrazinez7 and subétitqted hydr'azines.76 This arealwas

considerably extended with the preparation of neutral complexes of

terminal and bridging hydr'azine.69’7o’85’89’90 .

13
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The chemi stry of canplexédlhy .azines is intimately connected with
the'more oxidized)diazo species. Sever;l hydrazine complexes have been
produced by reduction of diazenes with Qihydrogen. It was such a
redUctioh in the case of his platinum aryldiazenes that led ‘Parshall té
" title a paber "An Inorganic Analogue éf Nitrogey Reductase."SO While
analogy to the enzymatic process n ow appears weak, such reactions remain
of interest for possible large scale synthes¥s of substituted

el

hydrazines.

Conversely, oxidation of substituted hydrazine complexes is
believed to involve hydr'azide391 or diazeﬁes,6u though theée»have
rarely been i"solated.‘69 Syntheses of diazenido complexés from

.

hydrazines have been more successful, but only for group 626'29 and

327 metais. N

G. Thesis

At the time my research program was initiated, there were
relatively few aryldiazenido complexes known. It was not readily
apparent which synthetic methods would be generally useful. The
objective was to prepare aryldiazenide analogues of well-studied
nitrosyl complexes to compare the .structure and bonding of thg two, with
the idea that such data might help lead to catalytic use of
aryldiazenides (vide supra). But the study envisioned could not be

carried out as synthesis was a great problem.
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As tide passed it became clear that one of the generally useful
synthetic procedures is inserfion of ar;ldiazonium into a metal hydride
bbnd.25'we have extended the application of this method by using
déieobalp group hydrides and grodp 6 and 7 hydrideSabecause(infeach
case tﬁe'chanistﬁywof diazonidm eddition/insertion‘pgoduéfé;appeefedfypfﬁigx
-be novel. Thus the research reported in the follo&ing\chapferéiis"

highlighted by reactions of metal’hydrides with diazonium salts.

Bydridocarbonyltris(triphenylphosphine)iridium and
hydridodicarbonylbis(tfiphenylphosphine)iridium react with diazonium

salts to produce orthometalated compounds, 1. The hydridic and

ortho-aryl protons appear in the product bound to nitrogens:

¥ [

TfﬂnépH(CO)(PPh3)2L + PhNNT =

where L = CO or PPh3.

P
P
The diazo ligand is thus one d;)fﬁe rare hydrazido complexes identified

and is both quite different from and better characterized than the other
. . _
examples. Synthesis, solid state structure, and spectroscopy of these

hydrazides is discussed in Chapter II.

Syntheses of arylhydrazido complexes 1 wefe accompanied by

)

formation of several by-products. These are identified in Chapter III.

»
By neutralization of the acidic arylhydrazido complexes, one can obtain
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neutral, orthometalétedvaryldiazene complexes o},iridiuh(I).‘QThe
arylhydrazido complexes'react with hydrohalic acids as well. The

t

,chenlcal propertles of 1, 1nclud1ng thls acld and base chemlstry, is

. ) B }
also covered in Chaptgf’III« whlch is’ concluded W1th the experlmental,J .

’descrlptlon ofzall this 1r1d1um chemlstry . : (1; S -
Biscycigpentadienyldinydridotudgsten reacts at low temperatureé
with one mole of benzenediazonium salt to give an insertion préduct,
[Cp2WH(NNHAr)]+, which has an arylhydrazide(2-) rather than an
aryldiazene structure. As solutions of this cation are warmed, it
isomerizes to a hydrazide(1-) bound at both nitrogens. With change in
the central metal to molybdenum or rhenium the reactions'still occur

without nitrogen evolution, but the products are different; they appear

to be aryldiaienes. Presentation of this work composes Chapter IV.

{ It was discovered that diazonium 1ons attack sodium
blsémaleonltrlledlthlolato)ferrate(III) at the sulfur atoms to g%ve

uncbmplexed-thioetheps. -This work is covered in Chapter V.

<

. A . ' o
/”yK;: pen&Tf’gZEcribes and discusse variety of reactions
. ap Ser . ﬁﬂ,é%étiw, y

inecluding: 1) attemptgd insert%on of diazonium ﬂoﬁ'into the metal-metal
bond of ironAbarbonyls, ii) aftempted,reactions of metal nitrosyls with

anilines, afid 11i) attempted synthesis of [Ru(NH3)5NNPh]3+.
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ot benzenedlazonlum salts w1th IrH(CO)(PPh3)3, 3, s dlrectly

Chapter I1
Orthome talated Arylhydrazido Complexes of Iridium
A. Introduction‘

4

. Our 1nterest in- the p0331b111ty of obtalnlng products by reactlon L

stimulated by earlier studies on IrCl(CO)(PPh )2 When this widely‘

used chlor01r1d1um compound, Vaska s complex, reacts with diazonium

salts in'ethanol or 2-propanol, the alcohol is stoichiometrically

oxidized to the corresponding aldehyde or ketone'.60 As this was_

rénin;scent of alcohol acting as a hydride»donor in the synthesis of
some metal hydrides,92 the reaction of an iridium hydride suggested
itself as a way to isolate intermediates not obtaihable from Vaska's
camplex: But an earlier ré;ort of the reaction of §‘with a diazoni&h
salt was not encouriging as no product had been isolated.32 ’

The synthetic breakthrough was the realization that if one mole of

diazonium salt were !'lost! reactlng with tr1phenylphosph1ne,9:3 then

two moles of- dlazonlum salt would be required for each mole of .

’IrH(CO)(PPh3)3. Usipg this proportion\?f 2—02NC6H4N2BFur<§?. ”

Nicholas Farrell isolated a deep purpléLred iridium complex, 1b (See
Table II-1 for~a listing of complexes 1.), with %nfrared absorption at
3280 and 2000 cm™'. With other diazonium salts the crude, dried
reacqun mixturgs showed inter alia these infrared absorptions, but Zhé
analggous products were rot separated. As an extension owaork~on other

metal hydrides , I hoped to develop the reaction chemistry of 1b, the

correct formulation of which had not been established.
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An X-ray crystal structure determination, done largely by Dr.

Roger Cobbledick, was helpful in the elucidation of the structure of 1b

show1ng the . presence of an orthometalated aryl ring Combined witn

sy B RS . v

~spectroscop1c data,,this allowed the compounds to be identified as
variously substituted (arylhydrazido-g6,El)carbonyl~ |
bis(triphen§lphosphine)inidium tetrafluoroborates, 1. (To avoid the‘
attendant confusion of using different numberings for the reactant‘

~diazonium salts and their products, we consistently number the
' A\

»diazo—substituted position C17and<the metal—substituted \\\

(orthometalated) site cb.) .
/ .
{

" Details of the crystal structure are indicative of the electronict
structure and so the dimensions of the cation can be compared with

parameters expected for the predominance of resonance extremes such as

forms 1' and 1.

—— T
Ph3P .Q ’ | . Ph3P
Ph P -~ H Ph P X H ’
3 N .. 3
, ////
OC
1', hydrazidoiridium (III) nl', diaZzeniumiridium (I)

Thus, the discussion’ which follows below, of both the crystal structure
and(ﬁhe spectroscopic and chemical data, is directed toward definition

of tne most reasonable, useful picture of bonding in the complex.

a
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s . B. Synthesis - . | o SRR
_* The set of arylhydrazido complexés 1 has been prepared from three ‘ -
different iridium complexes: IrCl(CO)(PPh3)2, IPH(CO)Z(PPh3)2,

r

2, and IrH(CO)YPPh3)3,"§., The last of these was generally used, and

El

will be described first.

1. From IrH(CO)(PPh3)g

Reasonable yields were obtained by simultaneously adding both a
solutioh of § in benzene or.toluene and a propanone solutioﬁ of ﬁwo
.moleS‘of the diazonium salt. At low temperatubeq (253 K) the normal
color ;hange‘to intense red stili occurred,4but more slowiy. Since
there seemed no.advantage to working at low temperatures, all syntheses
were run.aﬁ room temperature: The propanone/benzene or
propanone/toluene reaction mixtures were first evacuated to dfyness
under vacuum (stripped). 1In ‘the case of pfopanone/toluene a usefﬁl
separatién occurred thereby, in that the desired arylh&drazido complex

generally oiled out of solution later than other iridium-containing”

products and so could be partially purified by decanting.

3

- H

Pure microcrystalline samples of 1 were £hen obtained by additibn
of a small yolumeiof methanol acidified by addition of aqueous
fluoroboric acid. Spontaneous solidification of the o0il ‘occurred upon
stirring.in this solvent and other products were sufficiently soluble or

slow-to-s0l1idify that they did not interfere. When the separation of

pure solid was slow, addition of ether and hexane followed by brief



'i~e0acuation did faqi;ifate the process: Elemental anaiyéeé for the -

hydrazido complexes isolated are given in Table II-1.

s

\
The solids isolated by recrystallizations of 1 from mixed solvent

systems such as alcohol/ether/hexane upon'cboling were always mixtures
of 1 with iridium diazene complexes 5,
[Ir(NHNC6H3R)F(CO)(PPh3)2]BF4. ‘Thus the afylhydrazidé

complexes .obtained as described in the lést paragraph were not

- successfully recrystallized except that crystais suitable for x-ray
‘ difffacfiéh could be gfown by slow solvent evaporatiqh (Done for 1b aﬁd
d; see further Section II-C.) ﬁrom pure sampies\of 1. The presence of

N

even a small amount of § iﬁ a sample of 1 was appayent in the infrared
from a caébonyl’abso;ggiOn neaPZZOMO em™). (See'Figure II-3.) This
seemed £o be a more.sensitiQe test of the purity og a sample of 1 than ~
analyéis. All analyses in Table II-1 wefe done on samples with no
digtinct absorption above ca. 2000 em™ 1. 7
The crude'isolatesvfrom the reaction of each monosubstituted

benzenediazonium“saltlshowed infrared absorptions typical'of 1. " Thus,
even when ﬁﬁé‘arylhydraiido complex could not be separated (1c;e,g,j,

. - o .
and m), there was evidenéevthat it was normally produced.

Orthometalation is appérently blocked with 2,6—F2- or 3,5-Me2-

benzenediazonium salts since no hydrazide was detected in these cases.
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Table II-1. Elemental Analyses of Orthometalated Arylhydrazido

 Complexes, [Ir(NHNHCzH;G-CO,N!)(CO)(PPny),IBF).

No. R Percent Composition Yield |
Found _ Calculated )
| cC H N - C H N
©1la  H " 54.8 4.06 2.77  55.1 3.87 2.99 13 4 . -
b 2-NO,  52.8 3.74 4.09  52.6 3.59 428 11°P |
1c 2-CF3‘ Not purified -
14 2-F 54.2 3.74 3.02 25\4.0 3.69 2.93 1P
le - 2-Br - _Not purified - /
A br . No | P
1f 2-0CH;  54.6 3.98 2.85 5.6 3.96 2.89 2P 5
e 3-N0, Not purified | S
1 3-F Not analyzed <2P
11 3<CHy  49.9 h.04 2.93% 55.5 4.02 2.94
1j  4-NO,  Not purified : -
Ik 4-F 540 3.73 2.89  54.5 3.69 2.93 5°,17%,u3d
11 4-CHy 55.1 4.12 2.93  55.5 4.02 2.94  34°
Im  4-OCH;  53.6 4.00 2.38  54.6 3.96 2.89  63°

. a) Average of three analyses of same product. Carbon Yalues vary
widely (+ 3 %).

-b) From IrH(CO)(PPh3)3.
¢) From IrH(CO),(PPhy),.

d) From IPH(CO)Z(PPh3)2, unrecrystallized.



slowly. No normal products were identified except

| 22

Initial crystallization from different solvent pairéﬁWas tried but

- was never quceésful, at room temperature, -with slow cooling to 268 K,

[

“or at 198 K. Synthesis using other;;oivents was also unproductive. For

example, an ether sﬁspension of hydride 3 treated with diazonium salt

slowly produced a green'éoiution until toluene was added, after which

£

-

thé reaction appeared to proceed normally, giving red products. 1In a
dimethylformamide solution/suspension, the hydride again reacted quité

IrHZ(CO)(RPh3)3EFu, pr d here in 50 ¢ yield, distinectly -

higher than usual (c.f. Chapter III).

2. From ipH(co)Z(PP‘h3)2
Only one mole of diaéonium salt per mole of 2 was used. Otherwise
the reaction and isolation proc;dufes were similar -to those above.
Deve;opment of redngss in the reactidn mixture is not much slowef with g
than with 3. Since the red is ascribed to 1 (and/or tetrazene complex;

see Chapter III), the loss of CO from the dicarbonyl hydride is not’

especially difficult. No bubbling of CO ﬁas apparent.

3. From IrCl(CO)(PPh3)2

Addition of propanone at below 273 K to an intimate mixture of

-

solid IrCl(CO)(PPh3)2 and an equimolar quantity of solid

72-nitrobenzenediazonidm tefrafluoroborate, followed by addition of

ethanol and warming produced a mixture containing 6,

[Ir‘ClZ(CO)(NNC6H4-2-N02)(PPh3)2],ug and the hydrazido complex,'

¢



7

,lb5 The former is insoluble in propanone/ethanol'and s0 could be -
ﬁiltered'off, but 1b in the dried‘f;ltrate wés.still contaminated. The
contaminénf, apparently 6 by infpared absorption, could be’extracted
into benzene, but not efficiently. Though this synthesis, plays an
important roie in the elucidation of the mechanism of reaction of
Vasr,ka‘s4comp>lex,'91L there were no advantages that would have made this‘
the preferred method of synthesis of 1, so it was abandoned.

The hydrgzido complexes isolated are nystalline, red solid§. The
‘colors of sam@*es are ;omewgat varied. With nitro substitution the
coler is shaded toward violet and with less electrbneéativé groups
éoward orange: The comple;es d£ssblve moderately wéll in polaf solQents
(ethénenitrile, chloroform, dichloroﬁethane, propanoné, ethanol,
metharnol) and are‘insoluble in eéhanoic acid, benzene, toluene, eﬁher,

hexanes, and water. Their narrow.proton magnegic resonance absorptions

(FWHM = 2 Hz) indicate complexes ] are diamagnetic.

23
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o
C. Crystal and Moleiular Strucéﬁre.
Under a-slbw:flow of N2, evaporatién of mixed éélvents prbp%none
and methanol’ from an HBFj-acidified solution of 1b left well-formed,
elongated plateggts. To remove the involatile'fluoroboric acid,: the
;crx;talsfwéfe'washed'four timés with glacial-acetié acid and three times
with benzéﬁe, then vacuﬁm dried. Once free from solvent the solids- are

N

stable to éif undef fluoresceﬁt lighting at room temperature for months.
.

Oscillatioﬁ, Weissenberg, and précession photographs were taken
usihg a rod-shaped’ crystal éhosen for similar dimehs;on of the short
axes, approximately30.3 x 0.15 x .0.1 mm. Accurate determination of,unit
, o~ .
cell dimensions, data collection, and‘solution of the cfystal[structure
were then done bler. Cobbledick on a Picker FACS—l automatic four-circle ~
diffréctometer. Unit cell dimensions were determined from a,k least-squares
refinement of the setting angles for ten sfrong reflections of the MoKa(_1
peak with 28>é7°. Intensity data were collected with the long crystal a
axis approximately coincideg?lwith‘the ¢ axis of the diffractometer,

‘using a graphite monochromator and a scintillation counter ‘with

pulse-height analysis. Relevant data are shown in Table II-2.

==

B

A Patterson synthesis allowed p?sitidning of the iridium and .
phosphorus atoms. Further non-hydfogen atomé were detepmfned from
electron-density difference syntheses. Full-matrix lé;st-sqpares
refinement was used throughout.95 Anisotropié temperature factors were

included for the iridium, phosphorus, fluorine and nitro-oxygen atoms.



Table II-2. Crystal and X-Ray Data.

Formula: 043H35BFuIrN303P2
- M = 982.8
Crystal‘system: monoclinic

Space group: P21/c

Unit cell dimensions: a #£:1092.1(3) pm

T

b = 2012.5(7) pm
c = 1806.1(5) pm
p=97.78(2)°
zZ =l o V= 3.933'm3
Po = 1.65 glcm‘3 (by flotation)- -~ .
pPe = 1.659 g cm™3

X (Mo Kq1) = 70.926 pm

Mo KV = 37.5 en”!

T s 2084 2K

Reflections = 2504  (0<26<35°)

Observed reflections (I > 2.3 ¢(I)) = 2069
_Totai parameters = 275 |

R = 0.0415

=25

e
e

-



Most phenyl and aryl hydrogéﬁ,atoms were apparent from the
“electron-density difference syntheses so these were added at calculated
positions with a C—H bond length of 97-pm. With R reduced to 0.045,
peaks in the difference map remained in chemically reasonablerpositions

for N(1)- and N(2)-bound hydrogens. These were then included in the

n
- A

fixed positions indicated by the difference map peaks. In two fing%:

cycles of refinement, no parameter.shifted by ﬁpre than 0.15 stan@ggd,
deviation. The greatest residual electron deﬁsity was a beak 147 pm-
from the iridium, }ougﬂly‘toward N(1).96 
, . =

Tables II-3 and II-4 list reséectively éelected fé}eratomic
distances and angles. Displaéemenfs of atoms normal to the most
pe;tinent least—squarés planes is reported in Table II¥5. In a full
report the reflection amplitudes and calculated structure factors,
atomic coordinates, and equations for least—sqﬁares planes have been
listed,97 so these'ére’not included herein. |

The cryétal structure consists of discrete, cationic,
pentacoordinate, iridium complexes linked though weak N-H'''F bonds to‘
tetrafluoroborate anions. A diagram illustrating one ion pair is shown
in Figure II-1. Figure II-2 gives the packing in the unit cellf There
is no unusually close intercomplex separation; the sg;ftest suchr
Lontacts are to the nitré group (622)"'0(2), 321; 0(2)'**H(1), 258

pm) and the tetrafluoroborate ion (F(1)'"'C(4), 324; F(1)"*"H(3),

249 pm), each from a phenyl of an adjacent complex. The packing shows a

26
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A perspective View of a Molecule in

Figure 11-1.

[1r(NENHC F;-2-NO,)(CO) (PPhy), JBF)

%



Figure II-2. Molecular Packing in a Unit Cell of

[Ir(NHNHC6H

3-2-N02)(C0)(PPh3)2]BFu



Table II-3. Selected Interatomic Distances in pm

[ Ir(NHNHCgH3-2-NO,) (CO) (PPh3) ,1BE,.

Ir-P(1)
Ir-C(37)
Ir-C(39)
P(1)-C(7)
P(2)-C(19)
P(2)-C(31)
B-F(1)
B-F(3)
N(1)-N(2)
C(38)-C(39)
C(40)-C(41)
C(42)-C(43)
c(uj)—N(3)
N(3)-0(3)
N(1T)  F(W)

N1A-(3)

H(34) F(4)

N(2) 0(3)

240.
175.
209.
180.
183.
184.
132.
137.
138.

135.

141

130.
4,

122.

295
110
203

263

2(4)

0(12)
1(13)
8(13)
7(13)
0(13)
4(26)
5(25)
8(13)

7C17)

.8(18)

0(18)
4(20)

4(17)

a7
7

Ir-P(2)
Ir-N(1)
P(1)-C(1)

P(1)-C(13)

P(2)-C(25)

'Mean phenyl C—C‘

B-F(2)
B-F(4)
N(2)-C(38)
C(39)-§(uo)
C(41)-C(42)
C(38)-C(43)
N(3)-0(2)
C(37)-0(1)
N(2) F(2)

N(2)-H(35)

H(35) F(2)

H(35) 0(3)

a

232.

191

184,
180.

181.

137

128.
140.
130.
140.
130.
149,

122.

121
287

97
196

220

for

2(4)

.2(10)

8(12)
8(13)

1(13)

.8(5)

6(26)
0(27)
2(15)
3(17)
0(18)
0(18)

9(18)

.5(12)

2 Estimated standard

deviations in parentheses.
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~ Table II-4. Selected Interatomic Angles in Degrees® for

[ Ir (NHNHCGH-2-N0,) (CO) (PPh3) ,1BF).

" P(1)-Ir-P(2) 99.
P(1)-Ir-N(1) 88.
P(2)-IP-9(37) 93.
P(é)-IP-C(39) 99.
C(37)~Ir-N(1) 152.
Ir-P(1)-C(1) 121
Tr=P(1)-C(13) 112.
Ir-P(2)-C(25) 113.
'F(1)-B-F(2) 113.
F(1)-B-F(4)‘ 110.
F(2)-B-F(4) 108.
Ir-N(1)-N(2)  119.
N(2)-C(38)-C(39) 119

C(39)-C(38)-C(43) 114.

Ir-C(39)-€(40) 125.

S

C(39)-C(40)-C(l41) 115,
C(41)38f§2)-c(43) 122.
C(38)-C(43)-N(3) 117.

C(43)-N(3)-0(2) 117.

0(2)-N(3)-0(3) 121

N(1)-H(34)  -"F(4) 139

5(1)
6(3)
o(4)
h(y)
6(5)

L(H)

B(L)
9(5)
8(24)
6(21)
1(22)

1(8)

.0(13)

5(13)

3(10)

8(13)

6(16)
8(15)

5(18)

-9(20)

P(1)~Ir-C(37)
P(1)-Ir-C(39)
P(2)-Ir-N(1)
€(37)=-Ir-C(39)
C(39)-Ir-N(1)
Ir-pP(1)=C(T)
Ir-p(2)-€(19)
Ir-P(2)~C(31)
F(1)—B-F(35
F(2)-B-F(3)
F(3)-B-F(4)
N(j)—N(2)-C(38)
N(2)-C(38)-C(13)
C(38)-C(39)-Ir
€(38)-C(39)-C(40)
C(H0)-C(41)=C(k42)

C(42)-C(43)-C(38)

C(42)-C(43)=-N(3) ~

C(43)-N(3)-0(3)

Ir-C(37)-0(1)

N(2)~H(35) " "F(2) .

96.

159.

89.
77.
110.
113.
114,
106.
112.
105.
113.
126.
110.
123.
122.
121.
121.
120.

175.

155

6(4)
8(H4)

.T(3)

6(5)
5(5)
3(4)
9(k)
8(4)

2(22)

3(23)

4(20)

2(11)
3(14)
0(10)
6713)
2(15)
0(15)
1(16)
5(18)

3(10)

a

Estimated standard deviations in parentheses.
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. Table II-5. Deviations from Least-squares Planes Calculated for
\\ fIr(NHNHC6H3-2—N02)(CO)(PPh3)2]BFu.
Atoms Defining Plane ’i Deviations From Plane in pm X2

P(1),N(1),C(37),C(39)2%  P(1)  0.3; N(1)

\,
N

“C(39) 6.0; Ir
\\
c(38),C(39),C(40), C(38) 1.8; C(39)

C(41),C(42),C(43) C(41) =1.0; C(42)

N(1) =4.6; N(2)
N(1),N(2),C(38),C(39) ,N(1) 0.1; N(2)
C(39) 46.2; Ir

N(35) 25

@ These atoms are not coplanar.

<

1
w

36.

. C(37) -h.0 48.11

; C(40) 1.5 . 6.04

s C(U3) -1.4

s Ir 1.4

; C(38) 0.4 0.14
+ H(34) =11



A

distinct pattern along the a axis of alﬁernating non-polar (phenyl) and

32

polar (BF), NO,, NH) layers. Otherwise the packing .is not

noteworthy.

 The polar functions all seeﬁ weakly hydrogen bonded.98 Approach
of each of two tetrafluoroborate fluorines to tpe twq‘hydrazido NH
groups is close enough to indicate weak hydrogen bond;ng.99
Furthermore, since the dihedral angle between the aryl ring and the
nitro substituent islonly 7°, 0(3) is in close contact wiéh Nfé),

. suggesting a bifurcated hydrogen bonding system100 about the

"N(2)-bound hydrogen.

The coordination geometry about each iridium is best described as
an irregular square-based pyramid. The apex is occupied by one of the
two tFiphenylbhosphine ligands, so the phosphorus atoms are*mutually
cis. The apical Ir-P bond of 232.2(4) pm is significantly shorter than
the equatorial Ir-P bond of 240.2(4) pm. This is a larger difference_
than that of 4.2 pm in the structure of carbonylbis{(triphenylphosphine)-

(1,4-di~p-fluorophenyltetrazene)iridium tetr'af‘ltior'obor'ate,.ilc,m1

Ph,P ‘
. Ar
Ph,P_ R
3 N
\Ir/ N BF,”
0 |
|
' Ar
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although the mean of the two bond iengths is identical in the two
Vcomplexes. The phenyl rings are all bonded normally. One phenyl of the
bgsal phisphinevoccupies the region trans to the apical phosphine, but
the closest approach to the.iridiﬁm of an ortho hydrogen is over 300 pm,

which implies that no significant interaction is involved,

There are two idealized geometries-forAfive—coordinate‘complexes,
trigonal-bipyramidalv(TBP) and’sqﬁare pyramidal. These have‘quite
similar total electronic energies so that predictive calculations have
been difficult. Examples of square pyramidal geometry are most common
for d6-transition metal systems, which are in fact calculated to be

more favored with respect to their TBP isomers than any other :

|
¢
£
i
i
i

dn—system.102 Thus the gross gepmétry about iridium suggests that

the metal is effectively'iridium(lli) as in resonance form 1'. If one
considers the alternative d8—iridiu@(l) electronic strﬁctu;e of 1M,
the h;ghegt energy d-o}bitaP, d(x2_y2), would be empty and the

d(ZZ)-orbital filled. This would in turn require that the axial

Ir-P bond be longer than the basal Ir-P gjnd; the opposite is in fact

true.

It is notewdrthy that othef five-coordinate, square-pyramidal,
d6—complexes have an axial ligand, such as NO',48’103’10u,a1ky1,105
or acyl, with a strong trgns influence. In 1b the -group with the
strongest expected trans influence, the coordinated aryl, is not

axial but trans to the basal phosphine. 8o this structure and the

closely comparable one of the tetrazene 4 are exceptional. One : :
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rationalization is that the bite of the chelate ({CIrN = 77.5(5)0) is
small enough to appreciably destabilize the complex if the»;ryl gréﬁﬁ
were axiaily disposed. If the bite'requires the chelate to coordigate

in the base, it follows that the phosphines must be cis to one another

in spite of their bulk.

Recent crystal structure datam:6 for Ir(III)-P separations féll
in the range 232 - 242 pm Qith only one exception, IrH3(PPh3)3.
The ir&;&;P distances vary generally from 227 tq 233 pm, though thQ{i
afe séveral exceptions. Here’again,.the structure of 1b is more
consistent with an Ir(g}l)vformulation than Ir(I). Furthermore one may
note that the axial phosphine of 1b, with no trans ligand, is at the‘
short end of the range'of Ir(III)-P bond lengths while the basél
phosphine, with a stronglywtrans—lengthgning aryl group opposite to it,
is at the long end of the same range. Tﬁe difference in Ir-P bond
lengtﬂs can thus be seen as a simple functionnof the tfans liganq; %\\

, . Eviﬂ}

The iridium-carbonyl bond is short and the carbonyl C-0 bond is the

'longest‘rébently reported,for ;n i}idum complex.106 Discussion ofgthis ’

o

is deferred to the next section.

The basal aﬁoms are the carbonyl carbon, the triphenylphosphine
1Y

-

phosphorus, the aryl carbon, and N(1) of the chelating arylﬁydrazide.

‘These are only approximately planar. As usual, the iridium atom lies

out of the least-squares plane toward the axial phosphofus, 36.8 pm.

[
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_The iridium coordination strongly.indicates that the metél is
appropfiateiy described as d6-iridium(1115, and that resonance form 1"
'dées not dominantly‘contribute to the actual electronic structure. Wex
will see thaf the geometry of the hyaraZide ligand sﬁpports tﬂis'
conclusiqn. Though the complexes are properly named as iridium(III) .

hydrazides, there waé no particular reason to expect that the name would

be as appropriate as it is. 'f\

£

~

~r

The four, arylhydrazide ligand atoms in the metallocygle are
coplanar,‘but tipped so that the iridium is 9.4 pm out‘of this piane;
towafd the dﬁial phosphine. To give'perspecfive to the bonding in the
metallocycle,\Table I1I-6 preSenfs the bond lengths in the arylhydrazido

complex along with the corresponding bond lengths in related complexes.

The arylhydrazido 1 and tetrazené ﬂ complegés showAdistinct
parallels in the metallocycle as well as in metal stereochemistpy. The
similarities between the two ligands are apparently more éritical than
the. differences. They are both ligandg of ambiguous electronic
structure, found to be coordinated as dianions with charge formally on
the ligating atoms, one of which is an N trans to the carbonyl. In both
struc?ures the Ir-N bond tfans to the carbonyl is shorfer than the bond
trans fo phosphine.

o

The greatest difference between the.orthometalated arylhydrazide
ligand in 1b and orthometalated aryldiazenes, e.g. in 5, is the long

N-N bond length of the former. The additional 10 pm N-N separation

¢
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implies a sharp decrease of net N-N pqnding in the hydrazide. Though

the N-N distance in 1b is not as long as'a:tybical hydrazine singie .
bond, as shown by comparison with the bond length in the platinum -
hy&péziné complex included in Table II-6, some of the difference is

likely‘aue to more sp2-character (c.f. section II-E) in each

hydrazide nitrogen coﬁpared to the hydrazine. Lengths of the N-N bonds

of - /Fe : P o Fe
C==N ' - '
- | , >C=N
- \
/ v and ’
H .

@

e , .
in macrocyelic ligandslo7,are identical to the N-N bond length in the
hydrazido complex 1b. So it appears that there is little N-N multiple
pond character in this complex, as depicted by structure 1'.

Other bond lengths:\however, do not all agree with those one would
,expeét if bonding were well-described by 11,7 First, the Ir-N bond is
significantly shortened compared to the diazenes. Tﬂe most reasonable» : ﬁ%

mechanism for this effect is donation of the N(1) lone pair of stricture

1' onto the iridium, as in resonance form 1''.

i . Ph3P ' | Pth'
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This wouia,reduce repulsion with the lone pair on N(Z), equalize the
atom charges, and give iridium an 18-electron valence system. Second,
the N(2)—C(aryl) bond across the metallocycle from the iridium is
moderately shortened, suggeéting some multiple bond character. Wi;h
2-nitro substitution it is reasonable to postulate some importance to an

[

' orﬁhoqdinone-like resonance form for the aryl ring:

Ph4P PhsP
Ph.P AT  PhP ‘WH
-3 \Ir/ N. < S~ AN H O .
: H Ir & ] /
ot | 0r N
i'_“' /, -
N

The aryl C-C bond lengths, though not unifdérm, show no diétinct

alternating pattern. There appears to be'no appreciable Ir-C(aryl)

multiple bond character, as this bond is quite long.

In summary. the ¢rystal structure indicatgs that the complex is‘one
of an iridium (III) hydrazide with the lone pairs on each nitrogéﬁya\ '
moderately delocalized, but in such a way that the N-N bond order 1is
little incregased above that of a single bond. While none of the
resonance forms is dominant (or negligible), 1'” would appear to give

the best single picture of bonding.
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D. Infrared Spectra

Though the infrared spectra wgre not interpfeted conclusively until
the crystal structure was available, it is satisfying that information
from vibrational spectrosccpy does éppear conpletely consistent with the

bonding picture derived from the structure. -

The absorptions. occurring in virtually all the complexeé 1a-1h are:
3280 m, 3058 wm, 2000 vvs, 1481 m, 1435 s,.1311 w, 1185 wm, 1162 wm,
1118 s or sh, 1090 vvs, 1055 s, 999 m, 744 m, 693 vvs,.617 vw, 519 vvs,
and 421 crn"1 wm. See Figuré II-3 for eiample. Many of the;g are due
to coordinated triphenylphosphine. The tetrafluvroborate absorpfions
, P

are at about 1355 and 519 cm‘1. The latter is coincident with a

phenyl band.

The single moSt characteristic peak is the medium intensity band,
generally near 3280 cm‘1, due to NH stretching. itslintensity is
ratﬁer high, as expécted with hydrogen bonding.108 The bénd is quite
broad to lower frequency due to the presence of a second band, not
generally resolved, at ca. 3230<cm'1. With isotopic substitution of
5y at N(1) the absorption Qf 1k drOppéd from 3282 to 3275 em=1,
Thus the higher frequency ;bsorption is assigned as primarily N(1)-H
stretcﬂing_and the lower freqﬁency, broader band as primarily N{2)-H

-

stfetching. The energy of these absorptions is about the same as that

109

of the NH stretch of 1,2-diphenylhydrazine, imines,110 and

coordinated or free diazenes (3500-3120 géf], see Table II-8). Itvis

T
s
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higher than that of ammoniﬁm‘and imine salts.'!] Like the crystél
sﬁructure results, this argues agaihst influence of resonanée form 1™
_since the N(2)-H stretch fof such a structure would be exbected at a
lower frequency than the obserﬁed bands. Both structures 1' and 1'"-are

compatible with'the infrared since coordination of the nitrogen to a

metal does not lead to an NH frequency lowering. (See Table II-8.)

The very strong absorption at 2000 em™!

is clearly the CO

‘stretch. This band is not as useful here as it generally is. Iﬁ is not
by itself indicative of the presence of 1 in crude isoiates because ﬁhe
dihydridoiridium cations also absorb at this energy {(c.f. Chapter III).
Second, there is 1little variation in the absorption freguency with

change in aryl substitution. Since 2000 em~! is the frequenéy at

which the spectrometers used cbange gratings or prisms, the uncertainty

of measurement of this peak is especially high and precludes correlating I

frequency with chénges in aryl substitution.

Finally, the position of the aﬁédfbgibd is bethgn those for
closely related Ir(I) and Ir(III) monocarbonyl complexes."JWithout other
informatibn this datum would remain ambiguous. But we have seen that
the solid state structure is char;cterisfic of Ir(III). The question
becomes why is the carbonyl stretching frequency so low in these
cationice arylhydrazidoiridium(III) complexes. The principle component
in M-Cé bonding and in lowering V(CO) is interaction between filled

metal d orbitals and the’W*-orbitals of -C?O.112 As this interaction

41
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42
increases CO antibonding increases, lengthening the CO distance and

lowering v(CO), while M-C bonding increases, shortening this bond.

'~ As noted above, the C-0 separétion in 1 is the longest in any

-: recently reported iridium carbonyl structure by nearly three standard

deviations. And except for the structure of IrCl(CO){P(C6H4—2—CH3)3}2,
which has high uncertainties‘due to.disorder,113 1 has the only’

Ir-CO bond 1éngth less than 180 pm. Clearly, the x-ray results |

are consistent with the low carbonyl stretching frequency observed,
though the displacement of'the éarbonyl darboﬂ toward the metal is

unrealistically 1arge.114—'

¢
Both these structural and infrared effects might result from good
overlap of T-type-orbitals along the 0(1)-~C(37)-Ir-N(1)-N(2) chain.
The novelty of the~bohding in this five-atom system is supported by the

aforementioned shortness of the Ir-N bond trans to carbonyl in both 1

?

Other bands in the spectrum are generally weaker than those noted
above. Absorption characteristic of the substituents is generally

clear. A medium strength absorption at 1213 (3-F and 4-F) or 1234



.

cm™ ] (2-F) is assigned to V(aryl-F) in 1d,h,k. Strong absorptions at
1253 and 1029 em™ ! in 1f are eue to asymmetric and symmetric C-0~C
stretching. 1b has‘no band of intensity appropriate to asym(N02)

in the region 1600-1500 cm'1; a band at 1496 cm™ is‘assigned to

this mode. This indicates an unusually high degree of conjugation w1th

a good electron donating group, which requires that the nitro group lie

close to the plane of the aryl group. The crystal structure does

support this high degree of conjugation.' Absence in 1b of the weak

1 in the spectra of differently

intensity band found at 1311 cm™
substituted 1 suggests that in 1b this is coupled with the
Sym(Noz)' the peaks at 1332 (m) and 1285 (s) are thus assigned as

coupled modes with intensity due to an extremely intense

The out-of-plane bending modes of C(aryl)-H are seen to.change upon

sym(NO2)

component .-

orthometalation, but because some bands are masked by the more intense
phenyl absorptions any consistent assignment is seriously hampered. It
was primarily for this reason that orthometalation was not realized
before the crystal structure. We mote that others have not been able to
discuss(their infrared evidence for orthometalation using group
frequencies of out-of- plane bending modes.115'117'lt would seem that
extension of the group frequencies noted for alkyi- and halo-substituted

118 to aryl-metal compounds is generally not valid, 119

benzenes
though it is possible in some cases. 60 This should not detract from

the use of these infrared bands in simply detecting orthometalation;

43
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the absorptions characteristic of the unmetalated ring are lost and new

"ones arise when metalation occufs. .

The limited number of deriva;ives lends uncertéinty to correlations
of frequency patterns with'substitution patterns, but some
generalizations and inferences can be madé. Ortho~substituted
benzenediazonium salts givé 1,2,3-substituted aryl groups once
orthometalated. Tﬁis’is seen in 1d and f as a shoulder near 765 cm‘1,
~shifted to 793 cw™! in the nitro analogue 1b. A band at 772 em! in
lh>suggests that orthometalation of the meta-fluorophenyl group occurs
so as to give a 1,2,3-substitution pattern as well. (Figuré II-3) In

complex 1i, the meta-methyl analogue, the shift of this band to 800

cm‘1 is so large that the alternative 1,2,M—substitution is implied.

Figure 1I-4., Stereochemistry of meta-Substituted Hydrazides as

Suggested by Infrared Absorption in the range 900-700 e 1.

Ph,P | A
P . Ph,P .
Ph,P H Ph,P H >
N
/ r /]:r
oC @\ o¢
, F
CH, »

1)

The 1,2,{:sﬂbs£itution necessarily obtained by orthometalation of a

g

\_t\k

para-substituted phenyi‘group is characterized by a band just below 800

cm"1 in 1k and 1. All complexes 1 have weak, and often broad,

absorption bands in the range 925-840 cm™ .
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There is no evidence fé; infrared absorption corresponéing to an NN
stretching mode. With isotopic substitution thefe was no shift noted,
even in &ryl frequeﬁéies with which w(N-N) might be‘éoupled.120 This
would indicaté fhat Q(N-N) occurs below the region of V(C-C aryl) and
éight be Raman active. Most samples pfaced in the Raman beam

decomposed quite visibly immediately. A sample of 1d however survived

well enough to allow recording of its spectrum, which was poor because

1

of fluorescence. The relatively strong peak observed at 1329 cm™
.is tentatively assigned to ¥(N-N). The assignment is consistent
-with reson;nce forms 1" and 1' since it suggests little multiple bond

—

character between the nitrogens.

A Raman band at 1348 cm"1 in the orthometalated diazo complex
ir(C6HuN=NPh)ClH(PPh3)2 has been assigned to ¥(N-N).'?! 1n
'the orthometalated Ir(1ID) aryldiézenes,[IrClKﬁHhC6H3R)(CO)(PPh3)2]BF4,
N=N stretching has been assigned to iﬁfrared bgnds at 1410 or 1440 cm'1
depending on the positien of substituent R.60 Commphly V(N=N) has

been assigned at frequencies above 1450 em=1,122

The infrared of lg-15N(1) does not allow identification %; an
iridium-nitrogen stretching mode either. One band is apparently shifted

from 551 to 533 cm'1 with the 15N-substitution, but since many of

14 1

the y, its assignment

N(1)-arylhydrazides do not absorb near 550 cm~

as v(Ir-N) in lg is unreasonable.



E. Nuclear Magnetic Resonarice Spectroscopy
The 30 hydrogens of the,triphenylphosphine generally obscure the
signals of the orthometalated aryl ring, so 1H-nmr is not ‘useful for

1dent1fy1ng orthometalatlon in the hydrazides 1. However information

obtained about the nitrogen-bound hydrogens is especially valuable. The

nmr spectra allow the definite location on different nitrogens of these
two hydrogens. Their low:field resonance indicates that there is

appreciable delocalization about this NH-NH group.

The aryl and phenyl region extesds‘from $7.8 to 6.4, though most
of the intensity lies within two bands at §7.5-7.3 and 7.2-6.9 in
deuteropropanone or 0.15 ppm lower in CDCl3i (See Figure II-5.) In some
compounds phenyl resonances have besn found to separate sufficiently to

<&

allow assignment, based on integration, of peéks due to ortho-H at

123

different chemical shift from meta- and para-protons. This appears

to apply reasonably well to‘1OO MHz spectra of 1. The effect of the -
nitro group of 1b shifts all aryi signals down}ield so that the upfield
band integrates to 12.0 hydrogens, as expected solely from ortthphesyl
protons. The spectral pattern in the upfield band of 1b, a sawtooth
pattern of‘pairs of peaks (THese are recorded, as “doﬁblets", in Table
II-7 because the pattern does appe\\ consistently.), i ;ﬂé&ﬁf?igtéq in
the other hydra21des, though integration suggests S e aryl hydrogen
intensity occurs in this range with the léSs~e;g£j;onegat1ve
substituents. The pattern, presumably A and A\ out of an A

system, could not be transformed&;nto a set of.coupling constants, the

3JPH of which might have been informative.

46
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The pattern of resonances in the downfield band is not as
consistent as the upfield peaks. Integfation suggests that most éryl

intensity is found here. The residual CHCl3 in the CpCl3 solvént

absorbs in this region as well so the integrations reported in Table

2

"II-7 omit the phenyl region when done in deutehochlqroform.' In
ihstanoes of oceurrence of an apparent pattern’df peaks separated froﬁ
the bulk of aryl and phenyl absorptions, tentative assignments have been

e

made. (See Table II-7.)

(N

The hydrazido cBmplexes 1 all showed ahsorptions from- two hydrogens

- v

-

bound to different nitrogen atoms well downfield'from the phenyl - -,
" absorptions. The poéition-of these was quite sensitive to solvent.
This sensitivity is obvious for the NH of coordinated diazenes and
hydrazine as well. (See Table II-8.) Upon addition of 1ﬁdrop H2O‘to

1b both NH signals disappeéred fasper'than a duplicate spectrum could be
run (0.1 h). Wifh 1d the methoxy hydrogens serve as a usefui internal
reference for/reiagive integrated intensity, which is 1.0:1.0:3.0 for

N(2)H NC1)H:OCH3. (Figure II-5)

The par spectrum of 1g-'°N(1) allowed verification of the
assignment as only one of the two NH signals was split, the upfield
signal. The slightly broad NH resonances are not significantly

sharpened by 15N-substitutibn so the width arises from the effect of

14

slow exchange more than the N guadrupole. A small splitting (J=3

;Ll

7

Hz)of the N(2)-H resonance appears rather consistently in both . -

’

~3
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14N1uNlandw15N(1)1uN>complexes and,mayibe due to 3JHH,.though
it is not seen for N(1)-H. A gJNH coupling between"15N(1) and the-
" H at N(2) might be expected 122 4nd could- be large 1f‘there were a
lone pair at 15N(1) 124 Its absence is not too instructive o o
‘The large '°N-H splitting and low field chemical shift of |
deserve more than passing comment because they empgasize the importance
of a facet of the electronic structure which the infrered~and Xx-ray data
did not, tnat is'the»similarity of the envirenment of each nitrogen with
that in diazeﬁef: Previously,-ﬁorkers have rarely éiven more than av
o ) , , "
mention to the'significancerof.the:PMR of diazene complexes, though the,
NH chemical shifts are extraqrdinarily hign (above 11.1, see Table II—8)\ .
and quite different from velues typical for isomeric hydrazido(Z-)
complexes (below 5.9). What is more, the little the&'do write is
misleading. The high shifts have been improperly reported to (i)
indicate the acidity of an aryldiazene NH68’125 or (ii) be tynical of .

protons at metal—bdund'nitrogen.35’126 Point (i) is improper because a

N
!

“ﬁroton‘signal does not shift'allvthat sharpli with decrease in electron:
deneity,127 so extreme shifts sueh as these require that a, further
effect than (i) be opérating. (The PK, or methyidiazene is thought to .
be about 18,6)4 barely low enough to be called acidie, yet its NH)
chemical shift is 15.6.) The data on which (ii) is based are apparently
limited to diazene M-N@ and hydrazido(2-) M=N=NHG systems, which
differ by fer more thanNgerely the site of protonation. OQur chelatlng

arylhydra21do(1 ) complexes 1 are an exception which disproves thls

point since both N(1)H and N(2)H absorb at low field.
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Table II-8. Collected Infrared and 1H-NMR Spectroséopic Data

for N-Bound Hydrogen in Complexed Diazenes and Related Sp§ciea./}/,///”///

bompound | 77/_,IR/”VNH'7§MR Sng 1JN
4 o Med em™! Sol ppm Hz
[Pt (NHNCGH,-4-F) (ONEt) (PEt3) ,1(C10,) N 3215
[Pt (NENCgHy-4~F) (PPh3) 5 1(BFy), N 3500 T 2.85
[PtCL(NHNPh) (PEts) , ]BF), K T 15.1 77
H D 14.25 T4
[Pt (CCPh) (NHNCHy-4-E) (PPh3) 5 1BF), T 13.5
RhC1 3 (NHNCgHy ~4-OMe) (PPh3) T 11.60 65
- [IrC1,(NHNCgHy-4-Me) (PPhy), ]BF), T 13.98,
o 13.90
[ IrH, (NHNCgH)~4-OMe) (PPhy) 5 JBF), ”%515 13.5 .
[IrC1(CO) (NHNCgH5=4-Br) (PPh3) ,]BF), K 3160 E 14.8 92
[IrH(NENCgH;-4-0Me) (PPh3) 3 ]BF) : 3210 5.79
IrCla(NHC6H4-4-Me)(PPh3)3 T 13.12
IrCl,(NENCgHa-U-OMe) (PPh3) , N 3230
7 N 3350 insol
IrC1H(NHNCgH;-4-OMe) (PPh3) , 3200 5.29
[0SCL(NENCgHj-4-Me) (CO) ,(PPh3),]BF) T 11.76
[OSH(NHCgH, ~4-Me)(CO) (PPh3) 5 1BF) T 12.28
0sC1(FBF 3) (NHNCgHy -H-Me) (CO) (PPhs),, T 13.78 69
0C1,(NHNCgHy,-4-Me) (CO) (PPhs) T 13.50 67

H Ref

81
58
80
122
125

32

134
32
134

135

134

32
32
32
32
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Table II-8 (continued). Collected Infrared and 1HeNMR Spectroscopic Data.

»

Compound - : //\l IR wNH NMR 8y Jyy Ref
' Med cm™! Sol ppm Hz

[RuCl(NHNC6H4-4-Me)(c0)2kPPh3)2jBF4 T 11.66 32
[RuCl(NHENPh)(CO),(PPh3) ,]C10), - D175 65 122
[RuCl(NHNPh)(CO)Z(PPrz(t-Bu))Z]BFM . N 3378 T 13.57 136
[ Ru(NENPh-4-F) (C0) ,(PPh3) 51 (CF3C0,), N 3130 T 13.65 57
[RuCl(NHNC6H4-n—OMe)(Cd)(NCMe)(PPhB)Z]PF6 n=1 P 12.10 137

n=3 P 12.65 137
A | 1 n=2 P 13.96 137
[ Rul (NHNCgHy,~l-Me) (CO) (PPh) 3 1BF), - T 12.05 32
[ Rubi(NENCH),-4-Me) (CO) ,(PPh3) , 1BF), T 12.70 32
RuCl,(NENCgH, -l4-Me) (CO)PPh3), T 12.6 32
RuC1 (FBF 3) (NHNCgHy~4-Me) (CO) (PPh3), T 13.10 32
RuCLH(NHNCgH)-4-Me) (CO) (PPhs), T 12.97, - 32

' 12.62
{CpMn(C0) 53 N H, | K 3250 P 14.27 68
{CPMn(CO) L} NHNE{Cr(C0) ;) > K 3250, P 15.64 128
, 3215 e
{CPRe(CO) 5} N, H, K 3240 P 15.33 138
[ReCl,(NH3) (NNHPh) (PMe,Ph) ,]Br H 2650 T 4.92 139
{Mo(C0) 5} HN,Hy - K 3480, P 16.5 70
' 3240
MoC1,(NHNCOMe) (dppe) ' N 2700, D 12.0 39
» 2640

MoC1,(NHNCOPh) (dppe) , N 2600 1,1 126
[MOI(NNHC8H17)(dppe)2]X 3275 3.76 141
[MoBr(NNHEt)(dppe)é]Br ' H 2860 D 5.9 39

[MoBr(NNHMe)(dppe)Z]Br K D 8.5 39



Table II-8 (continued). Collected Infrared and

Compound

0

WF(NNH) (dppe) 5
WC1,(NHNCOPh) (dppe),
WCl2(NHNCOMe)(dppe)2
WC1,(N,H,) (dppe),
[WC1(NNH,)(dpPe),]BPh)

[WBr(NNHMe)(dppe)2]Br

[WBP(NNH(t—Eu))(dppe;;]Br

{CP(CO)5}2N2H2

{CP(CO)5}2N2H4

[CpFe(CO)Z(NH2NH2)]EPhu

NHNMe

3

IR
Med

5

1H-NMm Spectroscopic Data.

vNH NMR § nu

1
JNH Ref
em~! So1 ppm  Hz )

3450, P 16.4 140

3250 .
3365 D 9.60
2650 D 12.5 39

2780, D 13.0 95 39
2700

3270, T 6.50 -735
2920 D 5.85

3340, T 3.0 35,
3230 D 3.02

2980, T 5.9 39
2820

3080, D 3.4 - 39
2925

3480, P 16.2 69
3250 ‘
3355, P 5.45 69
3300 ‘

3345, D 1.73, 142
3247, 0.70

3217, b 3.52,

3145 3.12

3130 E 15.6 143

Key: b, nitrobenzene; D, d2-dichloromethane; d, dichloromethane;

E, d3—ethanenitrile; H, hexachlorobutadiene; K, potassium

bromide; N, nujol; P, d6-propanone; T, d-trichloromethane;

t, trichloromethane.
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In searching for a qualitative explanation for the shifts, a gobd
model is clearly the low field resonance of an aldehydic proton. This
is due to the neighbor-anisotropy ef‘fect,129 but beyond this little

has been developed, historically becéuse Pople did not have good

\

wave funct i 127

&ng\ibr calculation of carbonyls and pedagogically
because the/i; ernate example of an alkynyl hydrogen is easier to

130 p,

present begause of its symmetry. Briefly then, the planar carbonyl

carbon atom\has a greater diamagnetic susceptibility perpendicular to

the pla'e than in it. When averaged over all orientations in space this

isotropy at carben leads to an increase in the effect of an externally

applied magnetic field at the site of the hydrogen. (Compare

ethylbenzene witﬁ styrene, Table II-9.)
: 5

The anisotropy of the carbon susceptibility is due largely to an
anisotropy of the paramagnetic pért arising from the mixing of the |
ground state ﬁith excited electronic states by the magnetic field.129
This effect of anisotropy increases with increasing émplitude, af
carbon, of the HOMO of fhe excited state (Compare styrene, 7
N-me thylbenzylimine and benzaldehyde, Table II-9.), and is thus greatest

for a formyl proton.

5 With the NH of iminodiphenylmethane three effects giving low
chemical shifts come together. A nitrogen-bound hydrogen typically
resonates at lower field than its carbon analogue because electron

density is displaced away from the hydrogen. (Compare ethylbenzene and
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Table I1-9. 1H-NMR Resonances? of Hydrogens Bound to

Planar Second Row Apoms, and Related Species.b
Compou;d CH Resonances NH Resonance
PhCH2CH3 v 2.53 1.19
PhCH2NH2 3.85 1.52
PhNH,, 7 3.32
PhCHZﬁH3+» ' 4.4¢ ca. 7°
PhNE-NEPh ’ 7.49
PhCH:CH2 6.59 c¢is:5.59
: trans:5.11
" PhCH=NCH ‘ 8.11
Ph,C=NH,* 9.564
Ph,C=NH 9.68¢
PhCH=0 , 9.97 7
MeN=NH 15.6€ - )
8 1n ppm downfield from tetramethylsilane
b Reference 144 unless noted. |
© Ref. 146
d Ref. 145 ’

€ Ref. 143
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benzylamine; Table II-9.) The neighbor- anisotropy effect occurs because
of the planarity at nitrogen. - And finally the paramagnetic contfibutibn
is substantial because of the low energy n ->1T* states not poséible
with carbon ahalogues. The result is NH resonances in the }aﬁge of
aldehydes. In changing the imine carbon to nitrogen, the HOMO of the
excited state should have greater amplitude at the retained nitrogen so
the NH proton resonahce should be further shifted downfield. Thus it is
not unreasénable to find that protons of diazenes (and other -NH=

species131) absorb above §11.5. (See Table II-8. The values below § 6

would seem to be spurious.)

How do couplings fit into this picture? The expected 1JNH for

an sp2 nitrogen hybrid orbital is about 92 Hz vs. 73 Hz for an sp3

1

orbital. A linear relation between hybridization and 'J can exist if _

the Fermi contact term is largely responsible for the coupling.132
However Roberts pointed out that the coupling to Tr-bonded nitrogen
atoms which show large paramagnetic shifts is not necess§ziilygﬁbermined
largely by Fermi contact interaction. He specifiecally p;ggicts that
"1J(15NH) for a system such a phenyldiazene should not/6§ \\b
determined by the contact term alone.“j33 if gne may extend his
prediction to complexes of aryldiazenes, it seems to be borne out, for
the 15yH splittings of coordinated aryldiazenes range from 95 down to

65 Hz. (Table 11I-8) Thus the wide variation in couplings is seen to be

consistent with the large effect of anisotropy at the nitrogen.

5T -



The posiiiGﬁ\B£§Mﬂ\£§sonances has recently been the object of more
thorough considerati§n7o as ;ore data have appeared (See Table II;8).
A particularly intefeSting area ofkapplication is in structure
elucidation of isomeric diazene, -NRNR', and hydrazido(2-), -NNRR',
coqplexes. From the discussion aﬁo&e we expept the former type to show
1H-NMR absorption for R or R'=H at § > 10. Wwhat about the latter?
X-Ray structural studies“”’.“w have shown such complexes to haQe
nearly linear M-N-N units. The two obvious bénding configurations which
could contribute to the electronic structure are:
R R
(a)M=N=N<R R

If the complexes are bonded as in (b) 'then the resonance should be

and (b) MEN—N:

characteristic of an amine. In fact amine-like absorption to high fiéld
of §9 is typical. Diazene and hydrazido(2-) isomers are differentiated

by nmr. (See further Table II-8.)

On other evidence the differentiation is not as clear-cut as the
laét paragraph might lead one to believe. To start with, a central
complex to this area of research, [WCl(NZHZ)(dppe)2]+, has been
reported to contain different N2H2 structures with different
counterions: hydrazide(2-) with BPh)~ and diazene with chloride,
which is believedvto be coordinated.3? Since the NH chemical shift of
[WC1,(N,H,) (dppe),] is near 6, this would be an exception to our ?
categorization. Brief;y, we believe the diazene postulation tovbe
wrong, fhat the chloride is loosely bound to a hydrazide hydrogen and

that the lack of one-bond 15NH coupling is due to fast exchange. If
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the lack of coupling were due to exchange between hydrogens of
W-1°NH="NH as the authors suggest, then when the motion is frozen
out, which occurs near 200K, there shoulé be two different NH doublets.

It was reported that there was only one. Since the diazene form has not

141,147 of the spectroscopically

been found in X-ray crystal stﬁuctures
similar [MX(NNHR)(dppe)Z]X where M= Mo or W, it is quite reasonable
that [WCl(NNHZ)(dppe)Z]Cl should also be a hydrazide(Z-).

Secondly, complexes [WCIZ(NNHCOR)(dppe)Z] do seem to have the
diazene structure.3? The difference between alkyl and acyl complexes
is not so large that one could have'ﬂfedicted this chaﬁge, so thé
balance contrclling which structure ié taken is a fairly close one.
This is reminiscent of the ¢lose balance with rhenium complexes

[ReClZ(NNPh)L(PMeZPh)Z] as to whether protonation occurs or

not.139

Finally, the catagorization above has lumped together éomplexes
which, according to X-ray determinations, span a spe¢trum of electronic
structures between (a) and (b) above.147 It is rather startling that

the chemical shifts of hydrazido hydrogens are as small as they are even

B

W

though the complexes are probably planar',141 In terms of the
discussion above, the linear W-N-N unit does not appear to have a
particularly anisotropic magnetic susceptibility, or at least there is
little effect at the proton position in the complexes such as

[WBr(NNHR) (dppe),]*. There is a good deal of variation in shift
2

e ey
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among hydrazido(2-) species and there is a large change from |
WF(NNH)(dppe)2 ( g; 9.6; the only diazenide value known36) to most
hydrazido(2-) complexes. ﬁut with the limited daté at hand it is
impossible‘to determine what exactly is responsible for such variationé,
whether the effect is principally due to changes in bonding or in

magnetic egfects.

Applied to hydrazido cdmplexes 1, for which the chemical shift for
each NH is above § 12.2 and 1J(15NH) equals 84 Hz, the cor}elation
above suggests that both nitrogens should be planar and involved in
M-bonding. The indication of planarity at N(1) from the NMR is in
agreement with other results. The x-ray struéture shows appreciable
multiple bonding of N(1) bdth with the metal and to a lesser extent
N(2). And the infrared offers no contradictidn since the NH stretch at
metal bound pitrogehs does not take on salt-like character (shift to

e

lower frequency, see Table II-8).

~———

Planarity at N(2) is hard to rationalize with the x-ray structure
since N(1)-N(2)-C(38) is only 113° and H(35) is sited 25 pm out of
this chelate plane (Table II-5). - The extent of delocalization of the
N(2)-H lone pair of structure 1" required to give the observed chemical
shifts is not at all clear. The modest amount of delocalization in
1,2-diphenylhydrazine is sufficient to give NH resonances as high as §

7.4. This corresponds to participation of 1'“'in the bonding. (See next

page.)
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Some contribution of 1" is also expected, but a fairly slight

contribution may be all that is required for the observed NMR low’field_

shift. A large contribution of 1" or 1"" would not be consistent with{

the infrared since' V(NH) of 1 is at higher frequency than is typical of

imine and diazene =alts.

A

_The PMR data on the hydrazide complexes 1 is not inconsistent with

structure 1'"' but does accent the necessity of including contributions

61

from 1" and 1"" in any complete picture of the bonding in this compound.

A generally unsatisfactory attempt to record 31P NMR on 1b was
made at ambient temperature. The problem was difficulty in keeping the

spectrometer frequency-locked. The spectrum had one sharp peak. This
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implies that the phosphines are equivalent in solution, probably due to

rapid interchange (fluxional behavior) via a trigonal bipyramidal

iridium complex. Because the solubility of the ionié hydrazido cbmplex.

‘was not good at room temperature and was expected to decrease at lower
temperatures, no attempt was made to slow fhis presumed intramolecular
exchange to allow observation of two sets of phosphinevresonances.

| ,
by F. Visible Spectroscopy 3

'y. The red color of the hydra21do complexes 1 is due to a ;i;;ng
absorptlon of. v181ble light of wavelength near 500 nm (Table II- 10)
The 1nten31ty suggests that it is almost certalnly a M- >1T allow%d
transition of the metal-hydrazido system. Since the energy shows no

simple variation with TT-donor or acceptor propérties of the aryl

substituent, it is not possible to make any superficial correlations.

The weaker bands at this same ehergy in six-coordinate,
orthometalated, iridium (III) aryldiézo complexes were assignea to
n ->5T* or "chargeftransfer transition within‘the metallocyélid
ring."121 A similar hedge against specific assignment was méde

involving the visible spectra of theltetrazenes 4,?"8

J
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Table II-10. Visible Absorption (wavelength in nm) of
- [Ir(NHNHC6H3R)(CO)(PPh3)2]BF4 in Methanol

S

\‘éubstituent Ay loge Xpay log€ Xpay logE
1b 2-NO,(+#BF,) 515 1367

b 2-NO, . 532 3.9 ca. 350 3.8 268 4.3
1d 2-F 478 325

If 2-0CH; 495 4.3 ca. 345 3.8
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Chapter III
'Synthetic and Reaction*CheqiSEry
’7,of,[Ir(NHNHC6H3G-C6,N1)(CO)(PPh3)é]BFu.‘
— A. Introduction u
The;e were several referenées in Chapter II to othe; ?roduCts
formed during synthesis of the orthometaiateé érylhydrazido complexes,
1. The low yields of 1, even after some attempt at optimisLng their
8ynthesis, are\a-distinét indication that there is more to the reaction'
than whaf was .said in Chaptef II. The separation of several by-products
fhoﬁ at le;st one’neaction has allowedmtheir‘characterization; which in
turn has led us to\try modifications éb improve the synthesis. Our‘ ' L
attempts to increa;:\@he yield of 1 héve,been only partially succe§sful.
Even sd, the feactionyzés been so thoroughiy_studied tpat it is
unlikely that any principal-reaction products have gone undetected.

Some of the compounds isolatéd as by-produéts of synthetic
reactions are probably the result of further chemical reactions on a
fully-formed arylhydrazido complex. Since the synthesis and some
further reactions of 1 aecpr together, fhe.two will be discussed
togethér in thistchapter. We ., shall firstTEresenf results and»discussion
of genuine reaction by-products, not derived from 1. Thén»some
chemistry 6f arylhydrazido complexg; is presented and discussed. A

consideration of the Sxep-by-step mechanism of the orthometalation is

given before the experimental section.
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B. Resuits and D;scussion o . 1‘ g
1. By-products Peculiar tO‘IrCl(CO)(P?h3)2:Reactions
‘ The synthesis of orthometalated arylhydrazido compl?x lb from
vIrCl(CO)}PPh3)2 also/produced a large.quantity of the aryldiazenido
compl ex IrClZ(NNCBHu-Z-NOZ)(CO)(?Bh3)2, 6. These two
products are thought to be formed in equimolar quantigy by this

r'eaction.94

Ph4P PPh, 2+
0
‘ C Ct NNATr
2 IrCl(CO)(PPh3)2 + 2 ArN2+ \\\\Ir::: ‘:::Ir////
ArNNT | C \\\Co
‘ Ph4P - - PPh, | -

+LCZNHBOH\/..(CHBCHO + HY)
16 &— Ir(CO)H(NNAr)(PPh,),"* + IrC1,(CO) (NNAr) (PPh3);

This type of>aryldiazenido complex had been previously

char-acter-ized.49 No other products were separated in our study.

2. By-products Pecﬁliar to IrH(CO)Z(PPh3)2 Reactions\
Reagt;pns of IrH(CO)Z(PPh3)2,'aL with benzenediazonium
 tetrafluoroborates in toluene/propanone were fairly clean. ‘The first
material to soiidify from crude prodﬁct mixtures was a white solid
analyzing for [IrHZ(CO)Z(PPh3)2]BF4, 7. A material.of‘this composition
had previously been identif‘ied,mg'151 but the reported infrared

spectra do not agree with those of 7 (See Table III-1.) and so a
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different stereochemistry is suggested. Possible geometric isomers are:

P H 2 P - C- . P
o H c P B c H P C c"
\1/ . \1/ Ir'/ \1/ \1/ ‘
N ZIN 2N N AN
P H ) P C H
A ' B C D B
all-trans o H~-trans P-trans, C-trans ' all-cis

\

Trans H-Ir-H would show'®2 an Ir-H stretch in the range 1615 to_

2

1750 cm“1,'which is distinctly lower than the absorptions of 7, and a

region in which 7 is transparent. Furthermore the very facile

elimination of szsuggests that the H atoms are cis. So A and Bfcan

be eliminated. Isomer C is that already known.150

P
A

structure D, if it were rectangular at the metal, would be C2v" A

The symmetry of

reasonable distortion consiéting of a shift of the carbonyls and
“phosphine; toward the hydrides dould,be accomplished withdut destroying
this symmetry. There would bé an A1 and B stretch expected for each of
the dipoles Ir-H and C=0. But thgrA1 symmetr%g\stretch of nearly trans
carbonyls might well have.low intensity. And it is empiricallxiknown
that complexes of cf%-diﬁydbides aimost always show only one infrared

" absorption if they ?re:trans to eduivalent ligands.152 The resultant
spectrum of twofstrong;absorptiohs and one weak accords well with the
~measufed spectrum, given in Tgble III-1. Since the low-symmetry,
all-cis structure E a}fords no similar, rational explanation for the

numberland'intensity of absorptiohs, 7 is deemed to grave structure D.
~ i . ¥

1
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Table III-1. Assignment of Infrared Absorptions of 7 in the

Metal-Hydride and Carbonyl Region.

Frequency (cm’1) ’ Intensity Assignmenf
KBr Nujol
2074 2071 ~ wWm vCO A1
2018 2021 Vs vy IrH
2003 1999 vvs yCO B

Table III-2. Assignment of Infrared Absorptions of 8 in the

Metal-Hydride and Carbonyl Region.

Frequency (cm'1) Intensity Assignment

ca. 2150 m sh v(IrH + CO)
2105 s vIrH trans to P
2005 s - y(CO + IrH)
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The infrare? assignﬁents are made in Table III-1. These fall
toward the low end of their respective ranges153, and afe lower than
the frequencies of comparable vibrations in the isomer of ;tructure C.
The possibility of structural confirmation by NMR spectroscopy was lost
whéﬂ a soiution of the complex decomposed upon contact with an infrared

salt cell.

Small améunts of the isomer of structure C have been detected in
some samples of Z (e.g. see Seqtion III D 3 o). Sinpe the complex of
;tructure C is formed by simple protonation i;'l,e1:hanol“‘l9’150 of the
mixture of the two isomers of 2 preéent in solufion (Both are trigonal
bipyramidal with axial hydrogen; one has éxialfqarbonyl and thérother
axial phosphine.15u), Z is probably forﬁed'indirectly, perhapsiby“f
decomposition of an intermediate: (See furthér bélow.)'

Because less diazonium =salt Was reqﬁired, synth€§e§»af 1.from 2
were generally clganer than from IrH(CO)(PPh3)3. But the practical
difficulty of separating Z from 1 tended to discourage the use of g. An
'optimﬁm strategy might be to use 2, coltlecting 1 in cases for which Z
could be completely removed before crystallization of l, and

-

neutralizing reaction mixtures from which 1 and 7 coérystallize. This

was in facf applied to syntheses using [M-FC6HMN15N]BFM.
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"3. By-products Peculi;r to IrH(CO)(PPh3)3 Reactions

IPH(CO)(PPh3)3, 3, was similarly pfotonated during reactions,
but the product, [IrﬁZ(CO)(PPh3)3]BFu, 8, did not solidify at
all easily and so.did not interfere with isolation of the hydrazido
compl exes 1. It was genera%ly purified by neutralization to recover the
neutral iridium hydride %, but crystallization of éolvéted § from
evaporating propanone/water was done once. ).

AN

‘%he infrared of 8 is quite characteristic, with peaké of neérly
equal intensity at 2005 and 2105 ém‘1. A shoulder neér 2150 cm™]
was never well resolved in solid state spectra.>;Possible geometries

are:

H trans to H , H trans to C H trans to P

'Thejlack of low frequencj bands eliminateé thé trans H-Ir-H isbmer
A and the presence of three bands argues against the facial isomer C
since‘only gné hydride band would be expected (on the empirical basis
mentioned above). This leaves only the meridional isomer B. Assignment .
of the infrared bands'®® is made in Table III-2. The complex cation .
had been préviously r-epor'ted.“49’155’156 A crystal stfucture of the

fluérosilicate salt revealed the meridional isomer B for the cation'.157 2

-
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From our results it is not possible téjéefine éhe route by which
the cationic dihydrides are forﬁed. A couple of points do suggest that
the reaction is not simply protonation of the neutral molecules, but
decomposition of some intermediate: 1) The dihydrides are produced in
far gréater quantity when the hydrazide is not formed (because of
blocking of orthomgtalation or in dimethylformamide). 2i). The
geometrical structﬁfe of Z is not that pfeviously formed by simple

protonation (Structure C). On the other hand, more dihydride § is

formed if a reaction is carried out by adding the diazonium salt to a

solution containing all the hydride §, than with the addition of
solutions of § and diazonium salt together. This suggests that free
hydride is’simply protonéted by the acidic reaction mixture. It was to
reduce the possibility of this protonation that simultaneous addition

was usually employed.

The same by-product, §, was*produged in larger amounts with two
variations from normal synthetic procedures (&escribed below, Section

D). When HBFu was added to a reaction mixture during combination, §-

‘'was produced in large amount and no arylhydrazido complex 1 was formed. .

When the addition of 2-CF3C6H4NNBF4 to 3 was done in the
presence of LiCl,158 the only products with a metal carbonyl
stretching vibration were IrClZH(CO)(PPh3)2, IrCl(CO)(PPh3)2
and [IrHZ(CO)(PPh3)3]BFu, identified by comparison with the

infrared spectra of known samples.
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Another by-product largely peculiar to reactions of §'was an
iridium-free material forméd frpm the molecule of triphenylphosphine
lost from the iridium in,ﬁfoducts other than §. An obvious possibility
was that it-reacted in some way with the second mole of diazonium salt.
None of the crude products of any iridium hydride reéction showed any
evidence of containing excess diazonium salt, though the mole ratio of
diazonium to hydride raqgedug to three. Clearly then the diazonium

ions must be involved in side reactions, but these need not necessarily

include reaction with phosphine.

The reaction of triphenylphosphine with diazonium salts has been

previously investigated.159’160 While [Ph3PAr]BF4 can be formed in

over 50% yield, the reaction was found to be strongly affected by change

of solvent, acidity, buffer, and aryl substitution. In alcohol the
reactions seem to occur via unstable, red diazophosphines,
[ArNNPPh3]BFu. Resonance stabilization involving T-electron
donation from a para substituent affords isolable compounds

(Ph3PNNCgH, -4-NEt ,]BF) and [Ph3PNNCgHy-U4-OMelBF)

in propanone.93 Otherwise the diazophosphinés can either be

hydrolyzed to ArH, N,, and OPPh3159 or reduced to

derivatives by excess phosphine.160 Production of A in our reactions

?
eactants and

was indicated by the distinct mass defect between total
crude, involatile product, more than can be accounted f6r by loss of
N2, and by the detection of the odor of nitrobenzene from the

nitro-substituted diazonium saltq.

71
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To complete the picture of this aspect of the reactions,
considerable effort was made toward identifying this non-volatile —
iridium-free product, wiﬁhout success. Rather than displaying ~‘f\\\~‘\
particular solubility characteristics, the material just tended to
colleqt with and contaminate crude isdlates of other products. However
in one yeaction of 4-fluorobenzenediazonium salt a smali amount ofvfree
solid formed in suspension during solvent removal. This was filté%ed
out before it becgme‘trapped in laterffopmed oil, and recr&stallized.
The product contained ﬁd nitrogen and was not [FC6HuPPh3]BFu.
3§uch a formulation does not fit the C,H,N analys&'\gJ which does not in
%act agree wi%h any acceptable single formulation. que to the point it
%oes.not fit the infrared spgctrum, which has no aryl-F vibration (ca.
;230 cm‘1), 1,4-disubstitutea aryl bending absorptions (830 cm'1), |
or BFu streteh (1050 cm'1). The very strong absorptions it does
have are common in crude isolates from other syntheses of 1 from %, so
the sample is typicai. In general, these strong bands are those
expected for Ph3PBF3, or a sim;lar compound such as Ph3PF2. The

band which is not explicable by comparison to literature reports of such

161 is the very strong

" four- and five-coordinate phosphorus compounds
band at 833 cm’1, reported at only medium intensity for
162
Ph3PBF3.
~, If this product of triphenylphosphine reaction is not a quatehnary

phosphonium salt, which seems to be thevcase since this would have

crystallized out rather éasily (MP [PhuP]BFu is 628 K), then there



is no tidy explanatién for a required stoichiometry of more mgles
diazonium salt than iridium. The diazonium is however consumed, and
with only one mole present, there is probably so little hydrazido
complex formed that it can not be isoﬁétedf
’ y, By-product C%mplexes Fonmed From Two NNAr Units.

The tetrazene complexes ﬂ were intréduced back in Chapter iI
because of their structqral similarity to the hydrazido complexes 1. A
series of\phese tetrazenes was isblated and studied extensively by Dr.

B
r

AlamB. Gilchrist, who obtained them from IrCl(CO)(PPh3)2

reactions with diazonium salts in benzene/alcohol solvepf mixtures. 1In
addition to the diphenyltetrazene,
[IriCO){NM(Céﬁu-H-G)zl(PPh3)2]BFu (G = halide,
trifluoranethyl, and methoxy) were feported.1u8

Since this sé; of tetrazenes was the only one formed from a
diazonium "salt, it was of considerable interest to define the mechanism
of their. formation. This has recently been done.94 Since there is
nothing in this mechanism that obvioﬁ%ly restricts the formation of
tetrazenes with ortho; and meta—substituted'aryl rings, it wou;d appear
that the principal reason for isolaﬁing E only with para substituents is
that camplexes with other patterns of substitution have a far lower
tendency to crystaliize. They are siﬁply not separated, even though

they may be formed in yields equivalent to the yields reported for the

symmetric ligands.
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In our study of the reactions done to synthesize‘l, tetrazenes have
been isolated several times from I?H(CO)(éPh3)3 and once fram
IrH(CO)é(PPh3)2. In the latter case the reaction was done in
prepanone at low temperature with the reactants not completely
dissolved. It is likely that the diazonium salt was in excess in
solution, allowing tetrazene formation even though the diazonium:iridium
ratio employed was 1:1. The range of tetrazenes was extended slightly
but significently with isolation of bis(u-methylphenyl) and especielly
bis(2-fluorophenyl) tetrazenes. The latter in particular shows that
ortho substitution eoes not block the formation of other tetrazenes: and

that they are simply not crystallizing from crude mixture.

Since the spectroscopic characterization of tetrazenes- is not
‘ easily done, it should be noted that all those we have prepared absorb

1

strongly near 1500 cm™ . This is possibly a useful group frequency,

though it was earlier found not to shift with'15N-subst,it1,1ti,<_)n.11‘l8

Neutralization with methanolic KOH of a crude producf mixture
‘obtained during synthesis of 1szrom § produced a neutral comp;ex with a
strong infrared absorption at 1497 cm‘1. {See Section D 3 b for full
spectrum and analysis.) This band was the key to formulation as a
tetrazene complex: Ir(CO2Me){Nu(C6Hu-M-F)2}(PPh3)2. Such

a substance could be formed by attack of OMe™ -at the carbonyl of
y 163

-~
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de examples of another complex containing two N2Ar units have
been isolated in small amounts from 2-bromo- ‘and
2-trifluoromethyl-behzenediazonium salts. The complexés 2 precipitated
éasily frpm crude reaction‘mixtures in methanolic HBFM. These
analyzed (See Seqtiéns D3 hand D 3 m.) as isomers of tetrazene Y or
gassibly [IP{NM(Ar)z}(PPh3)2]BF4. They are yellow-green.

1, no metal

- Their infrared spectra had a strong band near 1675 em™
carbonyl absorption, and g CH patterns (900-600 em™1) which suggested
“no orthometalation. They did not form when a complex 1 was reacted with

-~

an aryldiazonium salt. Two possible structures for 9 are:

Ph,P o+ | Ar
319
N=—=N
Ar / \ PhBP\ - \
\N=N=-_-'-Ir ) and Ir . C=
u \N/ Ph3p/ \N=N
\ |
PhyP Ar Ar

5. Products of Oxidation of 1 - Iridium(III) Diazenes 5
As ﬁoted at the beginning of Chapter II, my first work with the
arylhydrazido complexes involved investigation of chemical reactiVity of
1b. Thié 2-nitro derivative is the least susceptible to aerial
oxidation, the_moét obvious chemical property of 1. It is possible to
prepare solutions of 1b in air without obvious immediate oxidation. All

other 1 go yellow as quickly as oxygen dissolves in the solutions.
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III-3. Elemental Analyses of Nitrogen-Containing Iridium

Complexes: [Ir(CO){Ny(CcHyG),}(PPhg),1BF,, 4; and

No. ) R

2-F
U-F

M-OCH3

2-Br

56.
‘.52.
56.
5T.
55.

52.
48.

Percent Composition

Found Calculated

HoOON ¢ H N

3.94 5,24  56.5 3.87 5.38°
3.59 4.61 54.5 3.95 4.99
3.67 5.08 54.6 3.55 5.20
4.26 5.08 57.2 4.14 5.24
4.11 4.90 55.6 4.02 5.08
3.36 4.83 52.0 3.25 4.76
3.28 471 k9.1 3.19 4.67



.The oxidatign productsyﬁere drthometalated iridium (III)
‘ %ryldiazenes, 5, tAIr(NHNC6H3R)(CO)(PPh3)2]BFu. (See Table
III-3. Symbols such as "5a-F" specify the éryl substitution(ﬁffﬁ\thé
lower case letter and A with its chemical symbol, here F.) Aerial
oxidation~produced complexes with A = F or FBF3~ ‘These were generally
produced from unisolated 1 in reaction mixtureg, which contained excess
BFuf and F~. Halbgen oxidation produces_pomplexes with A = Cl,
Br, or 1. Aryldiazeﬁe complexes of the Eame structure had been isolated
earlier fram IrA(CO)(PPhg),. A variety were identified with A = Cl
-~ N
an single examples were prepared with A = F, B, I, and 00193. Since
4this work had included full spectr'oscopic60 and stfuéfural16”
characterization, Sur aim was solely to identify the products of aerial
oxidation of arylhydrazido complexes. This was not as straightforward
as it might have been becaﬁée:
1).The expected NH stretching‘absorptiqp was occasionally
absent in spectra prepared by Dr. Farrell, and a peak above ‘3500 cm"1
appear-ed,165 so there was some doubt whether we were dealing ﬁith one
type of compléx or two. This problem wés resolved: (i) by solution of
a crystal structure of a sample of §b, which héd the high frequency
infrared absorption by Drs. Sutton and Einétein and Peyfr Vogel,97
(ii) by our inability to cheﬁically reproduce the aberrant spectra by
variation of synthetic conditions (e.g. the addition of water to

reaction mixtures), and (iii) by the mimicing of the spectral features

by different preparation of the KBr pellet, with more exposure to water.

77
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2) Recrystallized samples of complexes 5 were not easily
identified by analysis since there were three sources of variation: (i)

the carbon analyses occasionally were highly inconsistent due to

incompleté cambustibﬁ;w(ii) the complexes often crystallized with «

molecules of solvent, and (iii) the complexes often crystallized as a
mixtufe of both & = F gnd?ﬁBF3. Substantiation o% the ;aSt séurce of
variation was offered by>isolation'and fluorine an;lysis€:f pure
un;olvatgd samples of both §d-F’anq §d-FBF3 from the same reaction.

For thé FBF3,complex x)Céfwas about 40 cm™] higher than for A = F.

This was the only useful spectroscopic difference between these. It was

impossible to detect two'different types of BFu' as was done60

with the analogous Clbu' complex.; The presence of solvent in)
crystals was verified by PMR of their solutions, but the quantity of
pure solid available did not,injgéheral'allow précise integration.
Iherefore theoretical analySés of Table III-3 have been calculated
wi£hout solvent.

That the formation of diazenés 5 fppm 1iis an 6xidation is clear
from the equation of the halogeﬁ reaction: | |

[Ir(NHNHC6H3R)(CO)(PPh3)2]BF4 + x‘vz —_ '
[XIP(NHNCgH3R) (CO) (PPh3),]BFy + HX

.In the products Poth halogen atoms have become formally X~, thereby
oxidizing the camplex 1 by two electrons. The added ligand X~ does
not simply occupy the 'vagant dctahedfal"coordinatioaysite of 1...The,

. -

canplex rearranges to giée trans phosphines and X trans to a¥yl in 5.

[

e



Table III-4. Elemental Analyses of Nitrogen-Containing Iridium
Complexes: [Ir(A)(NHNCgH3G)(CO)(PPh3),]BFy, 55 and o

[IP(NHNC6H3G)(CO)(PPh3)2], 10.

No. G " Percent Composition
- Found : Calcﬁlated
C H N F C H N F
éa-F _2-NO2 49.6 3.93 3.88 8.77 _ 51:6 3.42 4.20 9.4Q

50.8 3.98 3.95 8.902

(// 5b-F - 2-CF3 51.1.4.11 2.44 13.7  50.8 3.89 2.58 14.0

) 5c-F 2-Br 48.1 3.54 2.57 49.9 3.3f:2.71
5d-F 4-F 52.9 3.55 2.9 11.6 53.0 3.52 2,88 11!7
5d-FBF;  4-F 49.6 3.52 2.:}?16.1 49.6 3.29 2.69 164

. 5e-F 4-CHg S54.7 4.10 2.82 54.5 3.85 2.89

5E-F 4-0CH;  51.9 3.72 2.62 \\\\ 53.6 3.78 2.86

\\\7 |

102 2-NO, 59.4 4,14 3.95 57.7 3.83 4.70

10b 57.7 4.14 2.80 57.6 3.75 3.05.

10¢ 52.4 3.88 4.63 57.7 3.83 4.70

10d 59.2 4.10 3.18P 59.5 3.95 3.23

alculated including 2 CH3OH. a
b) Average of two trials: C using V205 was 59.8%, without

V,05 58.5%.

e : . | ;
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2.

‘Since rearrangeméﬁtapf an isomer-of 5 with different geometry about the
- {. i ) ’ : ) el ) A
metal, via a dissociative mechanism, is entirely possible, the final

stereoqhanistry can’not be used to imply énything about the site of

oxidation - metal or diazo }igand. o .
: o Lt ' '

" 6. Product of Neutralization of 1 - Iridium(I) Diazenes 10
‘The arylhydrazido complexes 1‘were mildly acidic and were’
debrotonated by Eth, hydroxide, or carbonate bht not hydrogen

carbonate. The product was an iridium (1) aryldiazepe 19;

. .
-7 ‘ H

- ‘ \ )
. N=—/— N
; P 3P\ ' .
l Ir—
Ph,P” \ | ' : ,
3 . . 3 -
C 1 1 )
; 9

Most of these were red; the 2-nitroar¥l derivative was purple. They

were most easily obtained as pure solids by chromatography followed by

trituration with ether, in which they were only slightly soluble. (See
furtheﬁ Section D 4.) They were soluble in all common solvents except

water and hexane and could not be selectively precipitated from

solution. =

The problem with the purification and identification of 10 stemmed

from the existenge of a substance, which we call the "pseudddidzene",

with closely céESZ?EBIe\infrargd spectrum and color (The -2-nitroaryl

. T
derivative Qas blue; others were maroon.) which eluted with 10 when a

1

-

80



silica gel column was developed with mixed solvents, e.g.}

N b .
benzene/ether. To increase the opportunity for full separation of

ot

mixtures during chroma%ography, a rather long column seemed preferable.
With bolgr solvents the sepération was not good, so benzene or toluene
were used. But with neat aromatics complex 10 moved too slowly to be

practical with long columns so small percentages’of ether were added.

Because this allowed development of a single band we did no% quickly

Paega, )
S
e

appreéiate that the eluate was a mixture. The aryldiazene 10 is

&

effectivély separat’ed on a short (5-10 cm) silica gel column using neat

o
aromatic solvent.

«
r

The pseudodiazene was produced with an excess of anionic base. »It

X

was never solidified, and dissolved ﬁell in all solvents except hexane
and water. It did not move (Rf<0.1) on silica gel with neat benzene

" or toluene, but did%ﬁith addition of small amounts of polar solvent..

The infrared of thisiby-product had vCO shifted down to 1940 cm’1~and

1

stronger (i.e. medium) intensities near 720 and 540 cm”  compared to

values found for -10 with the same aryl‘éubstitution. An NH-stretching
absorption was unobserved or very slightl(probably due to smail amounts
of 10 presenE). On the basis of these properties one might Have .
suggeéteﬁ formulation as'{IP(NNC6H3G)(CO)(PPh3)2]', but the C, H and.

N analyses weré all low for this o; aﬁy similar product (see below,

Section D 3 1). The nature of the pseudodiazene remains unknown.

[ D
The existence of the remaining NH in 10 was shown by a very weak

infrared band near 3285 em~1. Its position at N(1) was ascertained by

PMR of the 15N(1) isotopically substituted complex, which showed a

: X

81”7
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sharp doublet at v812;0, corresponding to one Nﬁ‘split by coupling to

the nitrogen, with J(15yg)= 81 Hz. Characterization of the metal as
iridium(I) was allqwed by the carbonyl stretching %?éque;cy of 1955

cmf1. With a d8 metai the iridium(I) complei is eipected to be
trigonal-bipyfamidal rather than square-based pyramidq}fés 1, fhough the
actual geomgtry of 1p_i§ probabl& highly‘diSthted from the idealj\ The~ =

R

' » small bite'bf'the‘ortﬁoﬁetalated aryldia}ene could not be accommodated

e,

in the trigonal<p1ane, 80 either the N or aryl must be axial. quréﬁe
N grounds of,pdfﬁing.the cgrbonyl trans to the diaiene‘where it iég

freéuently located, perhaps beéapsg‘of‘favorable‘interaction4thr§pg@ the
Té?pl ﬁith thé ﬂzsys£eﬁrof tﬁerdiézene, we éssién the geometr§ ,

i
4

diégrammEd abqygfto goﬁplexeé 10.

The neuiralaafyldiazéne complexes 10 can be réprotonated to 1. The
difference in carbonylhstretching freqqency bétwéeﬁ the arylhydrazido
éOmpiex 1 and the iridiuﬁ(i) aryldiazene 10 implies that this revefsiblg
deproténation/protogggion involves appfepiable electron' shift to or from
.the metal. 'A‘meré change in chargé on the Eomplex would anount for
only 10 cm>'! of this difference.'®® But the shift of electron |

density from the metal in the protonation of 19 to 1 is of a different

- sort than that in the oxidation of 1 to 5. To help show this and to.

w
-

clarify the web of interrelations between the several known
;orthometélated iridium aryldiazo species, Figure III-1 is given. It o
pictures a number of possible reactions simglxaneously as passagés

k)

between vertices of a trigonal prism. The upper face of the prish is a



Figure IL@-{T~FEactipns of Orthometalated Aryldia%Zo Complexes of Iridium

Reactions indicated as dashed arrows have not been done definitively.

Reactions indicated with crogssed arrows do not occur at the conditions used.

-

&



'resemble this a yldiazeﬁe-arylhydrazido sygtem.

-

set of known cationic species; on the lower face are rieutral complexes

related by loss of a hydrogen ion. The neutral complex 11 in the lower

] I3 Ind .

left corner is unknown and probably non-existant, as will be discussed.

fngse-dn the right edge (5 and 12) are more oxidized than'the others.‘

ﬁeactions to form these from the cher species would be an oxidatiqn,
e.g. .ihe reactidn of 1 tolg, diséuéseduiniéeqti6h 51just évae, which -
can be seen as an oxidative addition of X5 to a coordinétiyely ]
sat;rated q8-metai complex.. | : . | :

'
-~ ¥

Transformations bétween‘[@ and 11 or 13 involve change of oxidation

Vg

state of the metal, but by a shift of electron density between the metai»

S . »

and the diazo ligand. They are nptvoxidations of the complex and so

are not oxidative additions.'®72188 ne relation.between 10 and 1 is

I3

of the same sort. In their similar transfer of electron density to the
' §

ligand on protonation;‘reactions such as 109 )
+HC1 —
RUQIZ(NNAP)(PPh3)2 RhCl3(NHNAP)(PPh3)2

i /} -~ +:E‘t3N | - . 'f

-~



‘followed by récipitétion~with'wafer and drying under wacuum left a

85
7. Other Reactions Related to Figure III-1.
_ Addition of LiCl to a methanolic solution of 1b had no effect on

o
its visible spectrum. Addition-of LiCl to a methanolic solution of 1a

- -~

mixture which:appeared by infn@red to contain , ‘,
[Ir(NHNHC6Hu) Cb)(PPh3 2]Cl from anion exeh§nge“3nd-
[Ip(NHNC6Hu)(CO)(PPh3)2] from loss of volatile HCl from the.

chloride salt. Since no Ir-Cl stretch was seen'negr4300 cm'J, there

-

was probabiy nomIrCl(NHNHC6Hu3(CO)(PPh3)2, 11, present in the

JSo'in th&varylhydgazido complexes 1 there would seem to. be

donation .of electrons from N(1) that the iridium is

. —~ @

v%drdinatively saturated (Recall resonance form 1'' .in Chapter 1I1.).
?upport for the lack of coordination came from the. reaction of tetrazene

5 with LiCl, which also gave apparently sihple anién”exchange'because~ ”
. . F’

th;; was no change of color and little shift- in carbonyl strétching

frequency. Complex 11 qfes not form from 1; it is probably unstable in
. . % ; .

~-solution with respect te eitpér 1 orflp depending on solution acidity.

- . 0y

. yd B
. A

s

‘This instability of 11 was obvious in earlier work as well. When

vpalladium—catalyzed H2-reductioq of one examplevof 12,
[Ir(NNC6H3¥M-Br)(CO)(PPh;)g],'Was éééomplished, the product .
obtained was not the expected170 11 but }p.éa;>We feel the hydrogén
re@uction required catalysislbecause it occurred at the diazenid; rather

than at the metal, tkat the immediaée reduction producb—ues indeed 11,

but this simply lost HCl to the solution, leaving 10.’

o _
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The remaining reactions of 1 are.thosg with acid.:‘The‘
arylhydrazido compl exes 1 are not visibly changed by an excess o;i;g;u
and do not appear to be further protonated under normal solution

conditions. It\%;‘not Suﬁ%risingcthat the iridium(I) aryldiazenes 10

;;2? not be dq&i}y protonated. Most diazenes'are“qot basic enough to be

[further pgétonated eye% oncé{ to‘hYdrgzides. This is clearly connected

1

»with the fact that most diazene complexes have a six-coordinate d6

metal configuration, unlikely to be effectiv suﬁpLying fhrthqr

.

eleeﬁnpn densitfizg\égdiéio iigang. The -ohe reported d8 metal diazene

1580 [pte1(NENAr) (PEt;),1BF,. "No mertidn has been mage of any
, _ }

attempt to react this with HCl, which might produce
E{PtClz(gHyHAr)(PEt3L2J2](BFq)2 or

Pt913(NHNHAr)(PEt3)2. . , v

S

The process of fixation/reduction of dinitrogen is one of supplying

electrons to thgadiazo ligand. Chapter I emphasized the numbér of

5

hydrogens (or organosubstituents) because\this is the best measure of

how effectively metal complexes can move electrons onto the diazo
ligand. ,It is still hard to predicgk}f’a given complex has a q}a20i
group sufficiently ba;ic for‘protonafion or at which nitﬁogen({;is
protonation will occur, as is obyious’in the‘work.of Chatt's group on
group VI.dinitrogen complexes82 (See Chapter I.), in the
reactions139

ReCl2(NNPh?(NH3)(PMe2Ph)2 +’HY o

ReClZ(lNHPh)(NH3)(PMe2Ph)2+

ReClz(NNPh)(PMe2Ph)3 + HY -> N.R.,
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e

o 9 v, | - :
The arylhydrazine_cdqgiff’ = Figupe;III-1) had been prgp@req'by
catalytic hydrogenation of diazene §.6Q It wéhid seem4zhat the additioen

“of HX to 1 might also produce 13, *but this did not occur at ;oém

- . .

Ly 3 8 \

tempé%ature with dilute methéanib solutions of HBr or HCl. As with

‘\ J/

3

~methanolic HBFM, the hydras%do Bmplex was not prbtonated; as with X7,

Ay . .

a simple anion eychafige cturred. With mild heating (ca. 320 @%\

_methanolic HBrdig react:ﬁigb:l, producing IrBrZH(ﬁﬁ)(PPhé)z. The - .

decomplexa

BH of orthometalated a?}lhydrazzfe did ndt occueria the
:grtﬁometaiétéd aryldiazene complex 5 becausé a similar heatimgpof 5

' - / . :
with HC1 or HBr solutions was tried withou}ﬁreaction. Because the

»

uncdﬁplexea aryl product was not isolated; one can not say if the-
reattion occurred via the arylhydrazine complex 13..

ca

Three trials with very small amounts. of impure 2-nitroarylhydrazido>

»

~‘complex 1b prepared by Dr. Nicholas Farrell, two with HiC1 and one with

HBr addition, showed similar room temperature inertness of 1, but ip.o
3 ' ) ‘
each case the solutions were evacuated under vacuum and as they became

concentréted near dryness a color change did occur to yellbw—broﬁg. ﬁy
the tim§ these samples;wefe recfystallized they were aryldiazene$‘§,
analytically difficult to distiﬁguish from arylhydfaéines 13, but
characterized by infrared specfra, . A crude sample was distinctly
different however, with infrared absorption as expected. for an

. a

iridium(III) (V CO 2060) aryihydrazine (VNH ill-defined 3300, 3240,

and-in the grbhp VI complexés described i the,ne;t chapter.-. L . ,,j'

h.-
Lo
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3140, § NH, 1600 cm) complex 13 with a hydrazine N(2) lone pair in

Sym 1340 m,

1300 s) and a chloride trans o the metalzéfyl bond (V IrCl 290 cm‘1).

conjugation with the nitro group (yaéym?NOZ 1511, ¥

Though this evidence "for 13 is sketchy, it does appear that@thebreaction

did occur with very concéntrated,fppobably molecular, HX.

e
8

Thoﬁgh 13 may not be acidic,~he suspect that it would react with '
base to generate 1] and then-10, the neutral iridium(I) aryl?iezene.
This tendency to reduce the metal upon deprotonati@:f a 'complexed

¥

h&arazine is one reason so few hydrazide angd hydra%i:jgpomplexes are
known.77 Syntheses of other hxdrazido complexe;nzie as likely to come
from diazene chemigtry, like 1, as fbom hydgazine chemistry.

-

niggza(co)(PPh‘)3 Reactions with Diazonium Ions

Two further vardakions of metal complex closely related to

8. IrH(dppe)é

,IrH(Coy(PPh3)3 have been reacted with-diiﬁénium salts.’ Uﬁder argon‘
IrH(dbpe)2 formed ir(dppe)zBFiﬁ Sincébthis occurred even at ;ow |
temperature; the’reaction may be one of elgctﬁon transfer to the

diazonium ion and decomposition of ﬂhe radiéals produced. When the
reaction was done unde; an atmospﬁéée of‘N2, phe involatile, solid
isolate absorbed at 2060 cm'1, suggesting the presence of
Ir(NZ)(dppe)zBFu. By‘comparison Wwith the known "

MH(N,) (dppe) ,* ‘where M is an iron f:amily metal, 170 this iridium

complex may be reasdnably stable. o )

88
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Prellmlnary work-with RhH(CO) (PPh )3 suggested that it reacted
with diazonium salts without loss of 15 but without orthometalatlon as
well, g1v1ng a diazene [Rh(CO)(NHNPh)(PPh3)n]BF4 It would be;of i \\\\\\\
obvious interest to 1solate such a complex and compare its chemistry to
that of the otﬁe%«;dﬁ-metél diazenes, 10 and . -
[PtCL(NHNPh)(PEt;),]BF). ' | | o

C Discussion of the Mechanism of Orthometalation

A good deal of effort has been spent trylng to ascertain the,
mechaniem for the formation of the tetrazenes 4§ and orthometalated
aryldlazenes [IrCl(CO)(NH:NAP)(PPh )2]BF4 from the reaction of:\‘
'dlazonlum salts with Vaska's complex in the presence of

94 171 The hydraz1do complexes were an integral part of that-

alcohols
effort. The establlshed, overall plcture is that an 1r1d1um(I) complex
of arqulazene.or arylditzenide either is attacked by a further
diazonium catfon to form tetrazene'oiﬁis orthometalated.gu Thebdetails .
of the orthometalation itself would pe even more difficult to pin down
than was the grer picture. Still, lt is useful to discuss the process
in terms'o} a proposed mechanism for orthometélation and to pglnt out
the particular‘features of this'example} |
. ; g

A complete mechanism based on’'a concerted additlon step (vide

ipfra) is given in Figure III=2. Step (a) is the coordination of’

electrophilic Ar'N2+ to the metal, analogous to protonation, creatiné

a six-coordinate Ir(III) complex. In step (b) the aryldiazenido ligand.



Figure III-2. Mechanism of Formation of [IP(NHNHCESHM)(C-O)(Pph3)2]BFU,'
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inserts into the iridium—hydride“bond, forming a five-coordinate Ir(I) ’E;»

complex which (c) loses L (the third phosphinelof 3 or;the second,

* carbonyl of 2) to become a square-planar complex. The s;ne conplex is
believed to be formed from IrX(CO)(PPh3)2 and dlazonlum salts in "\ ;
alcohols.94 Phosphlne does partlally d1ss001sre from 3 in

“ solg;c_ion172 but this is not’ likely to be the first step in the

fg mechanism since: i) th1s would not parallel tig reeétionrof 2'from

whlch carbon monox1de does not d1ss001ate at.room temperature, and 11)

thiS‘dissociation is farvslower172!{ﬁ3ithan‘formation of'llat:room‘

- . o

ey

temperature. - ( - ,f2;<“

3

- - - . = -

. e H
-~ R - PN .

S R B}
'9

There 1s no dlrect ev1dence whlbh bears on the eequence of the

insertion of N(1) 1nto the Ir H bond and the dlss001atlon of L. The

ruthenlum and osm;um complexes [MH(NNPh)(CO)(PPh )EL]’readlly lose L

174 ., ‘

trans to H. he same reactlon could occur for'the 1rid1um analogue,

>
- o

but the flve-coordlnate 1ntermedlate from such a d1ss001at10n,

[IrH(NNAr)(CO)(PPh ) ]+, would 11kely contaln slnglyfbent ArNN w1th a :

15

_non-basic N(1) 45 The aryLdlazenlde in. the 1ntermed1ate corresponds to

(SN

3 -
a carbonyl or,ffﬁggr nitrosyl in;qualitat}ve electronic»structure.

Since‘these_do not insert‘intova meta;ehydride bond,:it is'aneasonable
to postulate thatca singlyébent ary}diaéenfdegggéd'either; The
indirect evideénce thus suggests=that the insertion’is unlikel§ to oceur
if a dissociation occnrs first and so argues against reversing the .
sequence-of steps b angd c. . - :", ' | ~

- - ¢
"

e
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Crystal structures of two platinum complexes analogous to our>
square planar intermediate, [PtCl(NHNHAr)TPEt ) 30104 75 and

_ [Pt('CCPh)(NH-NAr)(PPh\a ]’BFH,‘ show that the aryld1azene is *
. ,vﬂf‘. - ,. .

92

: cls and that,the NH.NC plane 1s perpendicular to the coordination plane,

PRt , N
but the energy difference between the- ClS and—trans isomers of

F]

cdordinated aryldiazene 1s probably qulte small 176 The aryl ring must

‘Gbe bent "toward the m%tal (the diazene must have trans geometry) for

; 'orthometalation of the 1ridium complex, so conversion to a trans diazene .
f\ .

s

. is step Cd? A platinum imine complex 15 known to have thls required

. tranststructure.177 a ‘ e

S

: v
The.cr1t1caI step (e) is an ox1dat1ve additlon167 of C(aryl) H to -

. ' L

*bthe 1r1d1um Vaska's complex, IrCl(CO)(PPh )2, is very well known

3

vfor the ox1dative addition reactlons 1t undergoes It has been

. e
determined‘that the common examples‘gll occur to*give cis-added

178

llgands This is the stereochemistry rfpresented in Figure III- .

3

Y

Wh!te there is precedent for this orthometalation, 1ts ease 1s
®

- ;rather surpr1s1ng For 1nstance, thqugh the- additlon of halobénzénes to
. . ‘
179
[IrCl(CO)(PPh3)2] has. been reported thg\£§§§ of this reaction ,
) o N ~ {‘7 2
is appreciable only at elevated-temperatures~b>400 K). And the related
azo—iridium complex'es.'IrCl(ArNNAr)(PR'§2 orthometalated at room
Y
temperature, but- only slowly 180 Espe01ally 1n comparison to the
d1aryld1azene case, no definite ba51s for ‘the rate enhancement .in. our-
, g . ; o
’reactionsris apparent.
AN .
'/JT ’ ‘ - . .. s
A - .

~
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Steps f and g constitute together the shiff of a proton from‘the

&

‘metal to N(2). It appears that N(2) is a significantly more basic site

£han the metal. Deprotonation of iridium hydridesfis not generally
’répid (e.g. 8, See Section‘Dz), but no buildup of Ir(III)*hydridﬁ‘
during reaction was detected. 158 .
Orthometalations have previously been described in terms of three

mechanisms. These are: 1) the concerted insertion}of a nucleophilié

, metal into a C-H bond,181 2) nucleophilic\aromatic substitution, and
'3) electrophilic aromatic substitution;1s2’183 None has béen well
invest;;l;gatedlwu ‘The latter two mecha;;sms havé beeﬁ modeléd on
thosé 8?5%}5ical organic substitutions at an aromatic ring since the
organic moiety is cqpmonly an aryl ring, and it has been stated that

only theqe‘two apply to cycliiétion of N-donor ligands.18u’185

The most straightforward model mechAQ;sgf?Sxﬁhatfgéizzg;‘£;;;iv’
‘typical SE aromatig substitution:‘jthe mg&gl is attacked by electrons
from the aryl ring, preferentially at thé site of greatest electron’
dehsity. The proton at tng-site of M-C bond formation dissociates and

the'arométicity is restored.

(Eq. III-1)182

Cl

’ Cl
Cl F’|d< — Cl——Pd

N=—=N l )

N==p
A‘r/ /
Ar
L A

93



.,

The metal is electrophilic and doés_not change its coordination number

n

or formal oxidation state during. the reaction. The leaving group is an"

acid which' leaves from the carbon. Since the Ir(I) complex which
undergoes ﬁetalatibn in our studies is most unlikely to be appreciably

electrophilic, this mechénism does not apply.

“"‘>\ .o , —

Several closely related models are all nucleophilic mechanisms.

For substitution of a halogen by a metal atom at an ortho site, a

-

mechanism related to a typical SN(Ar) reaction186-can be written.

- ' S (Eq. I1I-2)187

(00) Mn o (0C)gMn

OC)I,Mn F—>! 0c),Mn (00) Mn—

ArN L ArN==pN~ ) | ArN=y’

This is not known for a leaving hydride and can not be satisfactorily
applied to .our Ir(I) orthometalation, especially since the

2,6—diflubrdbenzenediazonium salt does‘not orthomefalate.
¢ : ‘.

A detailed mechanism depicted by Par‘shall182 is a vitiation

of the nucleophilic alternative above.

' |  (Eq. 11I-3)182
- Gl d CK‘/V | (Eq 3)
[(PhQ)4PI,Ru @
M0)3Pl, —>
Qim0 .
(PhO) P\ X - : ’
2 0 : (PhO),P :
. . . 2 \O '\\ ' ’ v
Cl o HH
-H \|/
[(PhO)P1,Ru <L 1(PhO),PI,RU

(PhO), P ~ (PhO),P—_
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" Because Parshéll showed no charges or oxidation states, it is not clear

what héjmeans by his drawing but it appears to represent a nucleophilic

attack by .the metal on the ring followed %y ; 1,2-h§dride shift and

§ e -

elimination of H2 from the metal.

‘ Orthometalation of a,d6—manganese intermediate formed from
MnCHa(;CO)5 and- 32fluoropfenyl (phenyl)diazene was qesbribed'as a

nucleophilic attack at carbonyl by Bruce,183 but no delineation was

/[ ‘ :
,given of this mechanistic pathway. A pathway related to Parshall's

1

can be written.
) N " (Eq. III-4)
‘ C.H& A R oo M ‘
—> —
(OC)3M!n 2 . CO I |
) ' ArN=_
—~=
Arrq::::N N

While an SNgAr) mechanism such as these could be applied to our
iridium(I) chemistry, the ease of orthometalation found evegféith 
electron donating ring substltuents discredits ‘the 1dea NotééhoweVer
that the product of the two steps of nucleophlllc attack and 1 2 hydrlde
shift is the same as that directly obtalned by concerted addltlon181 ?

of the metal into the C-H bonq.

(Eq. III-5)181

Ph,P—1IrCl(PPh

Ph,P—IrCl(PPh ), u
S —_—
) Ph,P— IrCIH(PPh3),
3

302 = ?



T\\\Ihis is the third mechanism prqpoSed for orthometalation. It is
By . ‘ ; ‘
someti referred to as the oxidative addition mechanism,18u’185

though this is biguous since oxidative additions occur by several

i mechanisms,188‘includiﬁg nucleophilic substitution like that just

discussed. For Equation III-5, which is clearly related to our diazene

ofthometalation of Bigure III-2, the metal must be electr‘on-r‘iqh,wO
but it is not acting aS a_classic'organic nucleoéhile in that it is
attacking at two atoms. The metal is increasing its coordination and
oxidation numbers during the reaction (oxidative addition) and in this
example the product is stable to loss ofvﬁCI (reductive elimination).

This mechanism finds its precedent in transition metéi chemistry rather

than in organic chemistry.

.
. -
¢

In this scheme the. aryl T-system is not directly involved. Thié

agrees well with our observation that changing aryl subsfituents from a

strong TM-acceptor (NOZ) to a strong J-donor (‘OMe) has no marked effect

=T,

on the apparent rate of reaction. --.

96

This concerted addition is clearly the preferable mechanism for our

irigium(l) system. Parshall181 and.Dehand182 stated that
orthometalation depends on the ligatiné atom, N or P; that the concerted
processes are characteristic of P~donor ligands. Our work and that of
Vrieze180 would sﬁgge;t that the ligating atom of the orthometalating

) 4

moiety‘is less important than a high metal electron density, commonly

found in N-donor complexes as well.



Bruce and Goodall note that metalation of a 3-fluorosubstituted

¥

- aryldiazo group by nﬁcleophilic attack on the ping should occur to'give
preferentially a 1,2,3-substituted product, e.g. with attackuorthd ta

both the,fluorb and diazo sites, because of the inductive effect of the

4

fluorine.183 They argued that the observed preference for this

stereochemistry in the products from azobenzenes and CH3Mri(CO)5

provés that the nucleophilic meChanism‘épplies. Our infrared evidencey
suggested the same stereochemistry with the 3-fluoro derivatives. This

can be raﬁionalized’with a concerted mechanism as well, cénsiderini’fhe

effect of a neighboring fluorine on the C-H o* energy, the LUMO of the

reaction center.80 1t is our opinion that few of the orthometalations

of nucléophilic metals go through -an intermediate with a

pséudotetréhedrally coordinated oYﬁhoafyl carbon atoﬁ as has been

c@mmonly=represeﬁted{

97
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D. Experimental

1. Instrumentation

e

Elenental analyses were determined by Mai-Keng Yang of the
m1croanalytlca1 laboratory at Slmon Fraser Unlversity (C, H, N) and by

H. Reuter'of the A, Bernhardt'Microanalytical Laboratory,vGermany (F

v 4

and a few C, H, N).

Infrared-spectra were recorded as dispersicns in KBr discs on a

Perkan-Elmer 457 gratlng spectrophotometer u51ng polystyrene to

calibrate. K&r dlSCS were prepared in a dry box with a Wilks mlnipress,

* e

which blocked of f over half the sample beam. To enlarge the range of %

transmittance in such spectra the "100% transmittance" comb»was‘opened

3

"and the reference beam attenuated so that percent transmittande at L4000

cm'1 was increased to tnrice its unattenuated value or 80% of full

scale’, whichever was less. with this procedure the-gain was such that

.

spectra run at medium Speed (Oégéjh/spectrum)~were consistently sharp.
.While the absorption frequencies of a given pellet were dlmgst, always

-1

reproducible to + 3 em™', the accuracy was not this good because a)

the sensitivity of the instrument was low near 2000 cm'1 (Peak
positions between 2015 and 2000 cm~! recorded on both the 4000-2000
and 2000-600 cm™! gratings rarely agreed.), b) some peaks seem to

shift in a different pellet pressing, and c¢) there was no calibration

below 600 cm‘1.
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In reporting infraﬁed.Spectral,inlensities we have used a scale

which appears to bg both useful and in.agreement‘wifh intuitioh. The.
scale is‘bQSed'on absorbance, each boundary being 2.25 times greater

than the last. ,Bécause the mesh of -the scale is fine enough, a few
o A . S, co
spectra recorded on inadvert ntly very doncentrated or\dilute'pellet$‘
were ad justed by shi{ting all ‘nténsities'one‘pnit;’to agree with
' ’ T al .

intensities of’ similar complex&s. ; : .

v

. .
o ‘«“
. - 2

’

e <

Table III-5. Abbreviations Used to Designaté IR Intensities

il

6 91 82. 63 3% 10 0.6

Transmittance (%) 9
Intensity Abbreviation*' vij, VW W Wil m s vs vVS
Absorptivity 017 .039 .088 ..20 .uk {0 22

A\

o . ' ‘ i
Letters are applied as usual to mean: v, very; w, weak; m, medium;

s, strong. PReaks of vvw intensity not reported; feaks of vvs

['\ B
intensity not usually differentiated from vs étrong because

-

spectrometer not calibrated sufficiently well.

Proton magnet ic resonande spectra were recorded on Varian A-56/60
and XL-100 spectrometers at ambient temperatures (ca. 305 K) unless
noted. Positive chemical shifts are repohted in parts per million (§)

downfield from (CH3)u81. . —
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- Raman spectra were obtained with'a Cary 81 spectrometer with He-Ne
; 7 v o . .
laser excitation from a Spectra-Physics Model 125 laser.

v

\‘ . . Y .'.Aj
Visible-ultraviolet solution spectra were measured on Unicam SP
8000 or Lary 17 spectrophotometers in quartz cells.

kgl

Electrical conductance .was determined with a Radiometer Type CDM 2d,

conductivity meter. The cell used was’designed for uee‘with small

- »

volumes (>3 ml) solution, and could be drained to, and refilled from, a

closed pear-shaped flask, allowing measurement under_N2 atmosphere.

Melt ing points were obtained for samples heated in air on a

Fisher—Jehns apparatus.

s

r.

2. Starting Materials, Solvents arid Apparatus.
' %

Variously substituted benzenediazonium tetrafluoroborates were

prepared at 273 K according to the method of Roe using HBF4{189

Except for the 15N(1) enalogues, about 35 mmoles of unpurified,
commercial aniline derivative was reacted and the sodium nitrite
solut{on added until a positive starch-iedide eest was‘obtained with the
reection solution. ’Yierds para%;eled those reported pr'eviously.189
Hexafluoroehosphate salts were prepered in-the same manner. For the
15N(1) diezonium salts analytically pure anilinium tetrafluoroborates

were prepared'and the Na15NO2 added stoichiometrically by weight.

The diazonium salts were stored ih the dark at 268 K. If not

£
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recrystallized withiﬁ the previoﬁs two months, or if decomposition,were’X
evident by color in thé&sample, the salt was fu;ther reérystallized from

~propanone/ether. -

Y _

S . o . .
Na3IrCl6-wé§ generously loaned.by Johnson; Matthey and Co.

2

IrCl(CO)(Pfﬁ3)é,199 IrH(C0),(PPhg),, 7
IrH(CO)QPPh3)3f91 anggInH(dppé)2192 were synthesized a¢cérdihg

to literature methods using unpurified commercial sampLés,&% the
appropriate phosphines. Purity was checked by inffared'and analysis.
‘One preparation of IFH(CO)(PPh3)3 did contain a bit éf
IrCl(CO)(?Ph3)2, recbvered eaéily as methanol insolup%g material
after a reaction. RhH(?O)(PPh3)3 was prepared by Dr. Nicholas
Farrell and contained KhC1(CO)(PPhg),.

-

Solvents were reagent grade and distilled under nitfogén before u§§
fr&é generall& used\strbng reduéing‘agents. This was ﬂ;t sufficient for
'wo}k with thé hydrazido complexes because of the sma1l quantities of
complex often involved, so much of the work (except for the reactions
witﬂ HX and X2) was done with soiveﬁts degassed immediagelyvbefore use
by repeatedly evacuating a side-arm tube containing the solyent; and
.then refilled with N2. The "methanolic HBFMJ solution'commonly used

in this work was prepaied by adding a few drobs of 48% aqueous HBFM to

me thanol to make a concentration of about 0.02 M.
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-The manipulations described were greatly’facilita€ed‘by the use of

a bench-top vacuun rack with ghree—w taps allowing connection to i -

either the vacuum line ‘o“r"a’N2 tank. The rack was attached to side

arms of reactlon vessels with thlck-walled Tygpn tublng The glassware

‘was of standard échlenk type encept that some use was made of fllter

sticks having frits of Corning medium porosity_trimmed to 1 cm(diameter.

This allowed easier collection of small quantities of product:

oo ' T e

g.lReactlons of Ir'H(CO)L(PPh3)2 with Diazoninm Salts
a. Reaction of Iridium Hydride with C6H5N2+

A tnree-neck round bottem flask was'equipped witn two pressure-
equalizing addition funnels and a tap to a vacuum/N2 connection. The
funnels we.r'euloaded with solid IrH(CO)(PPh); (301 mg, 0.299 mrnole)
and benzenediazonium tetrafluoroborate (117 mg, 0.612 mmole) and the
"ent ire system evacuated and-refilled with nitrogen. Degassed
solvents (30 m1 toluene and 15 ml propanone) were added toAthe
respectlve funnels with precautions against contamlnatlon byKO2 The
hydride and diazonium reagent solutlons‘were added 31multaneously to the
flask while thg;mixture was stirred at room temperature, starting with
hydride but keegzng the flows balanced so that additions of the two
reactants ended 51multaneously after 0.1 h. The solution went
redéorange. It Was'stirred anothef Q.Z‘h and then partially evaporated
nnder vacuum, with no exte;nal heating or cooling of the‘flaSk. After 1
hyiwigh ?bout 20 ml ongeep red solution remaining, this»was decanted

from the'brownish 0il which .had formed on the walls of the flask. -Both

oil and\decantate were evacuated to complete dryness.
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rThe hydrazido CSmpiex 1a was recovered from the decantape as
follows. The residue was aissolv&ggi? 1 ml;methanolic HBF), then
addition of 3 ml Et20 and 4 ml hexane gave some oil.. Another 0.2 ml
methanolic HBF), was aéded to redissolve the oil and the solutioﬁ was
then briefly évacuated~while being stirred very vigorously. The orange
solid‘la which formed was filtered, washed twice with ether and vacuum
dried. (See Table II-1 for aﬁélyses of hydrazido complexes 1.) With
heating in air,'la Heéomp@sed without melting anve'396-K;‘it decomposed

with melting when placed on a hot stage above 428 K. ¥hen a Raman

spectrur was attempted, the sample decomposed in the beam.

f‘v’The‘early-oiliné material Qas treated’with 1.6 ml me thanolic HBFu
‘apd t he marooh solid tetrazene Ma (61‘mg, 20%) which formed walk
filtered, washed twice with 1.5 ml 1:3 methanol/ether and vacuum dried.
(See Pable III-3 for analyses of 4.) IR: 3060 wm, 2031 vsi(mlco);'1587

wm, 1576 sh, 1483 s, 1454 w, 1437 s, 1333 w, 1313 wm, 1281 w, 1266 w,
1832 w, 1220 w, 1190 wm, 1163 wm, 1088 vs, 1055 vvs, 1035 sh, 1011 m,
1000 s, 930 wm, 848 w, 744 s, 692 vs, 615 w, 567 m, 534 s, 514 vs, U57

wm, 420 em™! wm.

3b. Reaction of Iridium Hydride with 4-FCgHyN,*.
Synthésis of 1k was done in the manner of [é, usihg a large
quaﬁtity of hydride 3 (425 mg, 0.422 mmole) and correspondingly larger
quantities of diazonium sal£ and solvénts. The ea?ly-oiling material

was dissolved in 1 ml methanol and tetrazene Y4c crystallized as a single

gy
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large red crystal cluster (51 mg, 11%) by addition of methanol and - -

cooling to 268 K. The crystal turned to powderiwith vaéuum drying.

‘CharécteriStic IR: ‘2039 (v CO);T1H99; 1218.(V arylF); and 837 em™1

i

(s CH of 1,4-aryl).

¥

The hydrazido complex{ig solidified from late~oiling material in
meth;nolié HBFu/egher on standing ana was filtered and-washed with
ether. IR: »3283 m, 3056 wm, 2003 vs, 1603 wm, 1589 w, 1564 m, 1509 w,
1482 m, 1465 wm, 1434 s, 1311.wm, 1278 wm, 1244 wm, 1210 sh, 1193 m,
1162 m, ;115 s, 1189 s, 1053 s, 999 @, 888 2m, 864 w, 794 wm, T42 s, 693
é, 658;w; 574 wm, 550 wm, Si9lvs, 475 wm, U452 wm, 418-wm, 313 em™! vw.
// ' | ‘ : .

P

/‘/When the red filtrate of 1k was allowed to stand overnight at 268 K-

with an ungreased-stopper, the solution color went to yellow as expected

for the oxidation of 1a to an iridium(III) diazene complex §. The

solution was precipitéted with hexane and the yellow solid 5d-F

recrystaliized twice from ﬁethanol/ethér. IR: 3160 m,‘3058 m, 2041 vs,\
s .

1595 5, 1565 m, 1485 m, 1438 s, 1417 wm, 1393 wm, 1315 wm, 1259 wn, 1228

s, 1194 m, 1165 wm, 1094 vs (with an undefined’shoulder correspondipg to

v BF) at lower frequency), 10001& 866 wm, 824 wm, 761 m, T46 s, 713

s, 696 vs, 617 vw, 583:!1, 567 m, 521 vs, 479 wm, 455 m, 450 sh, 430 wm,

309 cm"1 Ww.

Upon cooling to 268 K, an oil containing much of the
(IPH2(CO)(PPh3)3]BFu separated from methanol/benzene/ether

solution of the collected filtrates of the three previous separations.

-
&
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821 wm, T46 s, 709 s, 694 s; 569 wm, 518 vs, 456 wm, 417fw, 312 em™ ! w.

\ R e Tt e A e e e st S e A 2R LR S gt rorpapp T R R R R R
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The supernafé was stripped dry, dissolved in ﬁfoﬁanbné/toluepé and théf

solution allowed to evaporate to'dryness in ‘an oﬁén:beéker. A

in a brown oily matrix which : , “
PR . . . -

-1

ligﬁtyy-coloﬁéd solid formed,. imbedded
. 4 ) ’ > o .

could be washedsaway without much loss of the solid if:washed with

propanone before the oil hardened. .This slow érystalfiza;ipn was C,

repeated several times uﬁtil a cleqp yellow solid QQ-FBF3 qu‘ o ,)j e
Y N A -

collected. 1IR: 3165>m; §O60 wm, 2074 s; 1592vm,\1567 m, 1482 m, 1“36‘

7

-5, 1311 wm, 1256 wm, 1226 s, 1190;#’ 1085 vs with very broad low .
\ - e

o ;oo
frequency shoulder of completely undefined absorptions,.9§@ s, 861 wm,
| H

¥ After partiilly stripping and/gecantiﬁg the reaétiép mixture of a
duplicate synthesis,"a solid forméd in"fhe decantate during further
evacuation., The solid was filtered, washed twicefaith toluene and
vacuum*dried to a very gale orange:solid. This was recryséallized from
propanone/toluene as a white solid. MP 473 K, Anal. C, 67.8; H, 5.03; i -
N, 0. Caled. for PF2Ph3L C, 72;6} H, 5.03. IR: 3067 wm, 1589 m,
iu85 m, 439 vs, 1%?% wm, 1314 wm: 1215 sh, 1192 s, 1168 s, 1118 vvs,
1084 vs, 1029 s, 9 5 s, 883 vs, 753 s, 733‘vs, 690 Ys;(jlzﬁs, 543
vs, 525 vs, 510 s, 464 vw, 451 wm, 435 w, 387 em™ ] vw: Afte?

hydrazido complex had been removed in this preparation; the diazene 5

was obtained by overnight air oxidation at 268 K. Repeated

c

recrystallization from propsnone/ ether/hexaﬁe and -\

: , N
propanone/benzeheé%ther gave a bright yellow solid~whiTh was clearf& a

mixture of 5d-F and §g¥FBF3. Anal. C, 48.0 with VZO', 50.4; H,

-\



3.66, 3:78; N, 2.65; F, 4&.45’,“Caicd ffof i _f . ST

T[IP(NHNC6H3 -4- F)(CO)FBF (PPh )2]13FLl .C, 49 6; H, 3.52; N
- 2. 57; F, 16. 12. calcd. “for [Ir(NﬁNC6H3 —F)(CO)F(PPh3)2]BF4 ~?jf‘

fC 53 04;-H, 3 53 N 2 88; F 11 71. - IR V CO 15 a flatébottomed peak

o -
- - N 0 Ty . P I

frem 2070 to 2046 cm~ 1. S e e

o , ‘ :

' . .. . p .
7 ¥ . » . -
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The early-oiling material of this duplicate"reaction was
, 5 .
neutpallzed with methanolle KOH depositing a. s;gnlflcaht portlon (10-20
%) of the Ir‘H(CO)(PPh3)3 dded, identified: by 1nfrared along w1th

.much tetrafluoroborate, presumably as &‘K salt The flltrate'was

pre01p1tated w1th water and

[Ir(COzMe){Nu(C6Hu—M F)Z}(PPh ) 51 recrystalllzed to a

vburnt orange solld flrst from benzene/ether/hexane and then from
‘pfopanone/ ether/hexaneA An%i\‘ C, 57 H, b, ou N, 4. 76 qalcd. ‘for
'CSOHH1N/%21ro2P2 " C, 58.8; H, 4. ou N, 5.48. CIR: 3950 wm,

t-;2930 vw 1640 m, 1619 m, 1498 s, 1482 sh 1433 s,’13i1 VW, 1261 w,. 1214

s, 1151 m,.1G89 S, 1060 o, ?023 m, 913 wm, 815 m, 745 m, 728 wm, 694 s,

L

634ﬂw, 539 s,f521as, 460 wm, M2O wm, 396, 382 sh, 316 cm™ 1 yw.
“35. Reactloe of Iridium Hydrlde with 2-FC6HHN2 . ;
fIr\GNHNHC6H3-2 F)(CO) (PPh )>1BFy, 1d, was pr'epar'ed in the{
manner of - La ‘from solutlons of 3 (554 mg, 0. 54 mmole) in toluene (40 ml)
‘and 2~ FC6h4N2BF4 (246 mg, 1. 1 mmole) in propanone (20 m1l). The
A ,hydr321do complex was separeted frcm‘orgaelc impurlties in the
late-oiling fraction by stirring ‘the vacuum-dried residue in 2 ml

methanolic HBFM, filtering the solidvwhich formed spontaneeusly at

-
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room“temperatufe; washing with ether, and dryinglin vacuum; yield 58 mg.
IR: 3280 Wm (v NH); 3055 w (»?aryle; 2000 s (VY CO); 1560 w, 1480 wm,
1435 m, 1329 s, 1310 w, 1270 w, 1235'& (V arylF); 1190 m, 1100 sh, 1085
s,:1655 sh (W:Bfu), 1031 sh, 1002 m, 885 wm, 860 vw, 770 sh‘(8‘1,2,3-
sugstituted aryl); 742 m (g phenylH); 690 s (§ c-C phen;l); 613, 579,
522 S5 465 w, 425 w,.MOO cm"_1 w. Larger crystals of 1d formed from

‘methanolic HBFu/propanone by evaporation under a slow flow of

nitrogen. °

13

Othervproducts were recovered iff small qﬁantity, analytically'
impure. Additign‘of ether to an eth;gol\soiutioﬁ of the early- oiling
materjal until the firét sign of séparation and cooling at 268 K
precipitated a gummy product,'w¢ich solidified from a propanone/ethanol
solufion upon slow solvent evaporation to <b.5 ml. Mother liquor was
decanted from the orange'solid tetrazene Ap; yield 7 mg (1%)3 IR: 3050
Wi (V’érylH); 2050 s (V¥ CO); 1590 wm, 1493 s, 1482 m, 1454 wm, 1U36 s,
1310 w, 1261 m, 1210 wﬁ, 1160 wm, 1085 s, 1655 é, 1000 m,‘82u w, 805 w,

7TU4 s, 693 s, 620 w, 537 s, 520 s, 460w, 420 cm™! w.

The supernate from initial tetrazene separation was treated with
LiCl in propanone, with precipitation of ifidium complexes by addition

of water and vacuum drying. From the benzene soluble fraction of this

mixture, a propanone/hexane crystallization produced yellow

[IrCl(NHNC6H3—2-F)(CO)(PPh3)2]BFu, identified by comparison of

its infrared spectrum with that of previously prepared analogue’s',w1
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-and an off-white s0lid with a curious infrared Spectrum (V NH 3253 w, -

108

3174 w, 3102 sh; Vv CH 3050 wm; v CO 2060 s; 1568 m, 1502 s, 1485<m, 1436
s; yaryl-F 1252 m, little tetréf‘luor‘obor‘ate at 1060; 1,2-subs£. ar‘yi
ca. 76Q sh with no 1,2,3-subst. aryl expected near D785; y .IrCl 335;‘m, ?
308-cm=! m), which could not be identified. Anal. C, 45.7; H, 3.40;
N, 1.84. Caled. for fIrClZ(CO) (NE,NHCGH) F) (PPh3),]BF): |
c, 50.2; H, 3.63; N, ‘2.72. Crystallization fram propanone/water by slow
-evaporation of t.he benzéne-insoiub_le par'tion ga\}e a smail amount éf ‘
nearly colorless [IrH,(CO)(PPh3)3]1BF,, 8. Mal. C, 58.9; H,
4.55; N, 0. Caled. C, 601.3; H, 4.32. IR: (¥CO see Table III-2),
1050 vs (Vv BF) ).‘V,— . /
. . ; ' . - | §
3d. Reaction of Iridium Hydride with 3-FCgHN,*.

[_Ir'(NHNHC6H3-3-F)(6)0)(PPh3)2;33F4, 1Th, was synthesized in
the manner of 1a. Ver'y'little was recovered from the crystallization of
the late-oiling f‘;'action. Fo.r' IR see figure II-3. A duplicate
synthesis in benzene/propanone produced a large porti#®nh of hydrazido
complex by infr'arjed of the crude totalAisolate, but no hydrazide could-

be solidified even with seeding. No other products crystallized

satisfactorily.

3e. Reaction of Iridium Hydride with 2-CH3OC6H4N2+. o
[Ir(NHNHC6H3-2-OCH3) (CG)(PPh3)2}BF4, 1f, was
synthesized in the manner of 1a from 306 mg 3 and 133 mg'
2-methoxybenzenediazonium tetrafluoroborate in 30 ml ber‘lzene and 15 ml

-~

propanone r'espectiveiy. As a result of the change from toluene to

' v
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bengene, no early-oiling material formed, so vacuum stfipping left a
’single'involatile residue. Complex 1f solidified ﬁpon addition of é ml
ﬁethanolic HBFu. To remove all»hydrazidobcomplex with ghis volume of
solvent, the bottom of the reaction flask was warmed with water (<320 K)
allowing evaporationDOf the methanol which condensed and carried down
the crude product from the waiis ofﬂthe flask. The liquid was decanted
and the solid rinsed with 5:1 ether/methanol and ether. MP 448 K dec.
IR: 3256 m, 30# wm,'2926‘w,72835 vw, 2000 vs, 1584 w,'f561 m,‘1525 sh,
1481 m, 1458 wm, 1435 s, 1385 wm br, 131{ W, 1253 s,-1é14 m: 1184 m;
1162 sh, 1146 sh, 10924vsq’1058 s, 1029 s, 1001 s, 926 w, 870 w, 840 wm,
765_sh; 747 8,692 vs, 620 wm, 535ysh, 519 vs, 424 wm. Some cr&stals of
1f were allowed to stand in air and light for 3 months. These showed

only very slight surface decomposition to a brown' material.

Though impure aryldiazene complex 5 was obtained as an oil, no

useful separation could be accomplished from the filtrate of 1f, whic

V' 'm also seen in isolates from

L]

had an infrared band near 3200 cm”
4-MeOC6HuN2BFL; (See below.)
3f. Reaction of Iridium Hydfide with 2-0,NCgH N,™.
- The hy;razido complex 1b was synthesized in the manner of 1a from 3
(502 mg, 0.50 mmole} and 2~0,NCoH) N BF), (236 mg, 1.0 mmole).
After about 1 h of vacuum evaporation (with oiling in the final 0.3 h)(

the color of the remaining liquid appeared distinctly more red ﬁhén the

initial deep violet. At this point the solution was decanted and both

3
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poftions stripped to dryness; In contrast to ﬁost preparations, the
hydrazido‘complex 1b appeéged in the eérly-oiling fraction for this aryl’
substitution. ’Vioiet solid 1b separated fromumethanolic HBF,-and was
filtered and washed with ether. IR:; 3275 m br, 3060 w, 2003 s, 1590
wm, 1550 wm, 1497 m, 1482 m, 1436 m, 1416 wﬁ, 1366me, 1333 m, 1284 s,
1252 m, 1210 sh, 1183 m¢;115©\m, 1083 s, 1052 s, 597 m, 920:G,Lé§fth
790 w, 739 m, 691, s, 57‘9%5,\51‘8 s, 453 wm, 414w, 390 cn” ! vw.

<

The filtrate‘of 1plmas c;mbined with late-oiling reaction product
and thé soldition slowly okidized to fight brown solid 5a, obtained from
‘ methaﬁol/ ether;hex;ne with cooling to 268 K. The presence of solvent
of cfystallization was apparent frdn fhe infrared élkyl regioﬁ. IR:
3142 m, 3059 m, 2950 wm, 293C wm, 2870 wm, 2057 vs, 1595 wm, 1574 wm,
1532 s, 1484 s, 1437 vs, 1395 wm, 1354 m, 1303 wm, 1226 w, 1192 m, 1175
wm, 1093-1050 vvs, 998 s, 851.wm, 803 wm, 763 sh, 744 s, 710 s, 693 vs, .
" 614 w, 576 m, 514 vvs,. 456 m, 435 sh, 417 em~! sh. 1 .

\_v

Attempts to purify the crude_product of other syntheses by column
: chromatography failed because material did not move. Some neutral Ir(I)J
diazene was formed on alumina and eluted, bﬁt no analyticallyvpure
product was obtained beoause'the developing solventg used
(CHZClZ/ethanol)nwere inappropriate. (The‘diprqpanone ssolvate)'lg
of 6, {;(CO)ClZ(NNC6Hu-2-N02)(PPh3)2, was obtained &pon
recrystallizing one fraction eluted: ,Anal. C, 54.3; H, 4.30; N, 3.79.

Caled. for CygygNsClIr0cPy: C, SU.4; H, 4.29; H,; 3.88.)



38. Re\a'ction of IrCl(CO)(PPhy), with é-ozncﬁauNZﬂ
irCl(QO)(PPh3)2 (201 mg, 0.26 mmole) and
2-nitrobenzenediazonium teprafluoroborate (62 mg, 0.26 mmole) were.
,gfound fogetﬁer, added to a test.tube under nitrbgen and treated with 5
mi propanone at 213 K with stirring. When the témberature had risen to
228 K, 6 ml ethanol was added. Reactionlto give'a red color to the

&

solution occurred above ca 258 K. After 1 h total the solution had come

- ~

to room temperature and was filtered. The dull orange solid was
identified as Irélz(N2C6H4-2-N02)(QO)(PPh3)2 by comparison '
of its ihfréred spectrum with an authentic sample.49 Yield 51 mg, 41%
assuning only half the reactant iridium o;' diazonium can be transformed
to this product. The filtréte was evaporated to dryness under vacuum,
impurities' were extracted with eth?nol aqq!then benéene, and the solid
1b redrie& under vacuum. Yield 45 mg, 36%. | ¢
3AT}Reacti§; of Iridium Hydride withAZ—BrCéH4N2+.:

The hydrazido complex le was brépareq in thg manner of la from §
(492 mg) and 2-BPC6H4N2BF4 (265 mg) in toluene/propanone. When
solidification of the hydrazido complex 1e (V.NH 3250, VCO 2000 not due ‘
to 8 because of the absence of intensitflat’2100 cm'1) presgpt in the
late-0iling fraction was tried with mg}hanolic HBF,/ether, the
yellow-green camplex Qp precipitated which analyzed as a tetrazene

isomer: -C, 48.8; H, 3.28; N, 4.71. Caled. for

C59H38N4BBP2FMIPOP2: C, 49.1;*H, 3.19; N, 4.67. IR: 3054
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W, 1667 s (1675 in crude isolate), 1562 wm, 1482 wm, 1460 wm, 1436 m, - d»

1296 w, 1255 w, 1155 sh, 1095 sh, 1050 s, 1032 sh, 999 m, 747 m, 712 s,

693 s, 562 wm, 513 s, 446 w, 420 cm™! w.

When the filtrate was treated with ether/hexane and éooled to 265 K
- a broﬁn solid formed which was reérystallized thrice frpm
propanone/ether'to a bright yellow solid, ig-F. IR: in addition to
broad water bgnds ca. 3400 and 1700-1600, 3156 wm, 3055 wm, 2052 ‘s,-
1586 w, 1568 m, 1535 wm, 1507 vw, 148k m, 1436 s, 1381 w, 1368 u, 1317
w, 1286 wm, 1219 m, 1204 m, 1183 2m; 1094 Qs, {060 vs, 998 s;~857'wm,
772 m, T46 s, 611 s, 694 vs, 607 vw, 579 m, 529 vs, 461 wm, 376 cm™

4

VW .
Neutralization of the early—oiling material produced 3 and

iridium(I) aryldiazene 10 (See below, Section 4g.):

3i. Reaction of Ipdidium Hydride with 3-CH3C6H4N2+.

The hydpfazido compléx 1i was prepared from 3 (293 mg, 0.29 mmole)‘
, . v

in the manpér of 1a, but all solvents were stripped from the reaction

f;ask withqut déoanting. The residue was dissolved in methanolic HBFur

(6 ml) and t\reated with etherland hexane without formatng;qi;

precipitate. Thé olution was filtered and evacuated to‘a volume of 3-4

ml, when an orange sdlid formed, which was filtered and washed with

ether and hexane. The solid was recrystallized from minimum neutral
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me thanol by addition of ether/hexane. -IR:' 3262 m, 3056 wﬁi 2920:wm,
2850 sh, 1993 vs, 1481 m, 193§'s, 1310 w, 1247 wm, 1219 m, 1184 m, 1087
vs, 1053 sh, 999 s, 849 wm, 800 wm,v745 s, 693 s, 517 vs, 450 wm, 422 ’
cm'1 wm. Because of low C analysis another- recrystalllzation was done

. on this mater;al, whlch'left a filtrate containing 5 (y NH 3150, y CO .
2055; cryéfallization'aftempts were unsuccessful.).and materials

rabsorbing w1th medium intensity, at 1685 and 1645 cm =1, ) The lattaré«u/(;ia

,band also appeared 1n the spectrum of the SOlld sample of 11 stored six

o . 4 . , - . )
“months at room tjﬁperature. S '

After neutralization (excess NaOH in ethanol) of the filtrate of 14,
Ir'H(CO)(P_Ph3)3 was filtered from alcohol. Adeition of water to the
filtrate precipitated a red-brown paterial with no v NH, which absorbed
at 1940 em™! (v CO). A peak at 775 cm™! and shoulder at 720 cm™
is evidence for 1,2,3-aryl substitution. When‘purification of this
material by chranatography on silica gel (5% ether/toluene) was
attempted, the initially separated red band decayed as it was. further

‘developed until it had disappeared before elution. It probably was not
aryldiazene complex 10, but thermaterial described above (Section B,6)

as pseudodiazene. i - R o
Vi
~v

3j.*Reaction of Iridium Hydride with 3-O,NCGH,N,*

Synthesis of [Ir(NHNﬁC6H3-3—N02)(CO)(PPh3)2]BEﬁ’fF3& 3 —

L4

(546 mg) in the manner of 1a was successful in producing crude 1g in

both early- and late-oiling fractions, but‘efforta to obtain solid from

-

a variety of solvent systems with and without coolin%/yas ugsﬁccessful. C-

-]

\,\
i




Neﬁﬁfélization of the product ;iXture allowed isolation of g.ana'
aryldiazene 10. (SeeAbelow, Section Me.) | |
3k Reactlon of Iridium. Hydrlde w1th 3 5 (CH )2C6H3N2 .
Slmultaneous addition of IrH(CO) (PPh )3 (249 mg, 0. 25 mmo le)

and ?,5-(Me}206H3N2BFu (108\mglw0,49 nmmole) 1§;toluene and

jprpéanone'respecpiﬁely over 0.2 h gave‘g clear }ed’%olution«qhibh ﬁas‘
’ §£ripped té dryné;srﬁithoutrdégantingrv‘The infrared of,thefé;ude |

material showed no residuél diazonium sait SY‘NN qt 2280 cm'1) or 3

R RS
(v CO at 1925 em™ 1y, ahd‘no arylhydrazido compféx 1 (Y NH ca. 3280 cm-1),
" but had three strong carbényl bands at 2100, 2000

([IrH,(CO) (PPhy);]BFy), and 2040 om™ .

Neutralization of this mixture with ethanolic KOH slowly
precipitated a mixture of IrH(CO)(PPng)s (v CO 2075, 1925 em™1)
with materials absorbing at 1955 cm™! and 1300 wm, 1050‘ vvs (v BF)).
This was dissolved in hot toluene, leaving KBFM as a white solid:
rgadily soluble in wafer, did not melt <525 K,Kdid not bupﬁ‘or char in a
flame. Thé toluene solution was cooleé (268 K) ovefnight bﬁt no solid‘

Ezj\formed until additlgp/of a large excess of methanol. . The,yello;
j/ff*\\pggcxp/kate wasg identified as IrH(CO)(PPh3)3 by infrared (;%IrH

7
/ QOMO 1928 cm™ ).
3 : 3

S~ ’ . ' N
31. Readtion of Iridium Hydride with N—CH3C6HMN2+.
Syntheses of hydrazido complexes ] from IrH(CO)(gPPh3)2, 2,

were aIso done by simultaneous addition of both the qydra21de and

diazonium salts, but with only one mole diazonium salt. For example,



’ just cloudy, theﬁﬁfgc

x\J' ; . : '»;1i5_‘;

' M-CH3C6H4N2BFh (21 mg, 0.10 mmole) in degassed propanone (10

dml) and 2 (79 mg, 0.10 mmole) in degassed benzene (10 ml) were added

dropwise under:nitrogen to the stirred mixture at room temperatube'ovér

‘0.1 h. The solution color remained yellow until near the'end of

Q dltloﬁ but over 0. 3 ha full redness developed All solvents were
,i .

str‘pped then 1 ml methanolic HBFM used to dissolve the resldue

- Addit\on of 6 ml ether 1ncreased the amount of prec1p1ated white solid

IrH,(CO),(PPh3),1BEy, 7, which was filtered and washed with .

" ether; yi Id¢14.2 mg, 16%. IR: see Table III-1 and Section 3m.

Addition*of hexane to the filtrate deposifed an oil so all

9

volatiles were again striﬁped and 0.8 ml fresh methanolic,HBFu added.
Orange solid 1§ formed; 4 ml ether were added, the solid’wes filtered,
drained well without washing, and vacuum dried. MP ca. U05K dec.

Recrystallization did not remove a traceﬂof 5e. IR: 3276 s, 3170 sh

e

(¥ NH of impurity); 3056 m 2917 w, 2034 (V CO impurity), 1996 vs, 1587 m,

1566 m, 1481 s, 1434 s, 1396 wm, 1310 m, 1276 wm, 1255 wm, 1220 m, 1187

m, 112] m, 1086 vs, 1055 vs, 997/§; 879 w, 845 w, f96 wﬁ, 745 s, 993 vs;

615 w, 583 vs, 565 wm, 556 sh, 517 vvs, 466 wm, 450 wm, 432 m, 390 w.

oLt .

The filtrate of 1¢ in a side-arm tube was treated with hexane until

T 7 .

.

1 methanol to reclarify the solution and placed
in the freezer w1txout greasing the stopper The solution slowly lost
redness and depos&ted yellow solid 5e; yield 12 mg, 12%. IR: 3161 m,

3053 m, 2920 wm, 2848 sh, 2037 vs, 1591 m, 1483 m; 1432 s, 1399 m, 1309
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. vs, 457 m, U436 Cmfj m.
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‘m, 1269 Wi, 1223 m, 1208 wm, 1189 m, 1169 wm, 1087 vs, 1057 vs, 997 s,

884 wm, 866 w, 807 w, T45 s, 708 s, 693 vs, 614 vw, 584 wm, 565 m, 515

v

%

’ . »

v

.+ - Neutralization by[excéés:methanolic;K2CO3 of the matefial not

. collectableVfrom'recrystallization of 12 géve a red solution which

deposited a purple-maroon solid, especially after addition of water. '

The solid was filtered and‘washed’thricé with 4:1 methanol/watervand

once with water. Anal. C, 49.6; H, 3.89; N, 1.61. This’correéponds to

a C:H:N: ratio of 72:67:2. IR: 3285 vvw (v NH),1958 m (vCO). (See

discussion of pseudodiazene, Section B 6.)

A relatively large scale reaction of M—CH3C6HMN2BFM,Qith .

. 3\(370 mg) was éone like the synthesis of 1a but in benzene/propanone so

that both solvents came off together‘under vacuum anq no preliminary
separation was accomplished. The crude, dry residue dié not seem t§
have mhch hydrazido complex.in it by infraréd and when 2 ml methanolic
HBFM was added no precipitate formed gnpil the solution was
concentrated té about 1 ml and 4 ml ether were added. ihis solid was a

1

mixture with only low iridiumvcafbonyl intensity at-2040 cm™' and was

discarded. From the filtrate a mixture of tetrazene g and diazene 5
separated from methanol/ether at 268 K. The diézené was purified by
repeated crystallization from propanone/ether using too little propanone

to completely dissolve the solid, since it was hard to get solid to

separate without seeding. After removing diazene the tetrazene Ud was



' crystallized from pr0panone/ether“ IR: 3058 wm, 2921 w, 2867 vw, 2026
' vs',,‘; 1586"wm 150u s, 1482 m, 1u35 s, 1316 w, 1266 wm, 1235, 1214 Wi,

© 1187, 1179 wm, 1160 m, 109T vs, 1057 vs, 1010 sh 999 my. 923 w, 820 m,l “fm
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744 s, 690 s, 638 vw, 609 vs, 561 m, 530 s, 515 s, 497 m, 422 cm™' wm.
Because of difficulty in obtaining pure samples, the yields of'qg and 5e

by this method were less than 2%. ) 7

3m. Reaction of Iridium Hydride with 2- CF306HMN2

o

A

At tempted synthe51s of 1c from 2 the manner of 19 (Sectlon 31)

with addition done over two minutes or 0.5 h gave a brown isolate which
by 1nfrared contained 1little or no hyd¥a21de complex 1c. The firsts

. &
material to separatesfrom methanol/ether was 7. Anal. C 52 8; H,

~

i
3.75;'N, 0. Caled. for [IrH2(CO)2(PPh3)2]BFu: C, 53.0; H,

3.7“. IR (Nuj): 3065 wm‘ 2071 wm, 2021‘vs, 1999 vs, 1585 vs, 1M80 m,l ;
1M35 8, 1305w, 1183 wm, 1165 wm, 1095 vs, 1056 vs, 996 m, 754 m, 7%& s;’>
688, 679 s, 550 w, 517 vs. In KBr a peak of medium iptensity is seeq at
350 cm'1. The carbonyl region is nearly duplicated (See also Section
I11,B,2) if scanned very quickly after preparation of the salt mull; but
a peakrat 2030 cm™ -1 grew in quickly and after standlng overnight the
spectfum had two peaks at 2000 m and 1929 cm"1 s. When a proeanene
solution was loaded into»a salt’ cell to observe the carbonyl %ggioi,

t here was an extremely vigorous.bubbling.lastihg only seconds, and the

spectrum was similar to that in KBr after long standing. "

. . o
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Addition to the filtrate of 7 of more ether and cooling gave'impure

diazene 5b, which was recrystallizéd from methanol/ether/hexane with

~cooling to bright yellow crystals.- The presence of nonstoichiometric

ethér not removed at hiéh vacuum4was shown by)both infrared an PMR; the
analyses suggested 0.25-0.3 mole. IR: 3142 wm, 3060 wm, 2951 w, 2931
w, 2868 vw, 2056 s, 1584, 1574 wm, 1484 m, 1437 s, 1393 wm, 1314 s, 1302
sh, 1224 m, 1136 s, 1090 vs,~16?5 sh,. 1060 sh, 998 s, 858 w, 817w, 798"
wm, 743 m, 708 m, 693 s,. 576 wm, 516 s, 456 cm™ - m.

§ynthesis_6f [IP(NHNHC6H3-2—CF3)(Cé)(PPh3)2]BF4 was :
attempted from 3 in the manner of 1a. Infrared spectra of both early-
;nd late-o0iling residdes ihQicated the presénce of a@preciable émounts,”‘ 
of 1c, with the late-oiling ﬁaterial being slightly richer. When"
meéhanolic HBFM was addgd to this a greeﬁ solid 9a formed. (Analysis
in Taple'}II—3) It was very solublg in ppopahone, CHC13{ soluble in
methanol[ ethanol; sl.n soluble in benzene,‘%they; insoluble in'water,\
hexane. Upon heating in air it decomposed aboveica. 433 K without
me 1t ing; above 473 K it decomposed with rapid evolﬁtioh of gas and
reformed into a solid. The solid decombosed overn;ght durihg attempted
crystallizatibn from propanone/methanol under slow N2 flow. IR: 3058
w, 1679 s, 1599 wm, 1573 m, 1480 m, 1435 s, 1315 s, 1269 m, 1177 s, 1{38
vs, 1097 s, 1048 vs, 1036 sh, 998 m, 778 m, TU5 m, 712 m, 693 s, 650 m,.

580 w, 513 s, 521 vw, 321 em~! vw.
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FurEher'aﬁﬁémﬁts\to isolatej1§ from the 6bmbined residueSfoffthe
reaction were unsucéessful, only »
[Ir(NHNC6H3-2—CF3)(CO)F(PPh3)2]gF4 separated so the crude

hydrazide was neutralized to 10. (See Section 4d.)

[}

3n. Reaction of Iridium Hydride with N—CH3OC6H4N2+;
[Ir(NﬁNHC6H3-u-0Me)(CO)(PPh3)2]BF4, m, was synthesized
fram 2 {111 mg) by the method described for 1 . After white solid
[IrH,(CO),(PPhy),1BF, (21 mg, 17%) was collected, addition of
hexane gave an oil. When, without decanﬁing, solvehtg.were almost \es-_
VCanletely removed under vacuum, thé residue turned yellow. . Additiop of
o N . .

eéher ahd water gave return to redness. The liquids were poured off and
/'/ i

~

“the remaining‘crude im vacuym dried. IR: V¥ NH, 3285, 3228 sh; VCO

1993 cm™ . .

Some 1m was allowed to oxidize'iq proﬁanone/etheg{and yelloﬁ/;:;éd
rhéf precipitatéd with excess ether.: IR: 3190 wm,b3058 wm,72047 s, 1590
s, 1557, 1541 wm, 1482 m, 1437 s, 1384 wm, 1330 2m, 1285 m, 1246 s,
1188, 1179 wm, 1162 wm, 1120 éh, 1090 s, 1060 s, i035 s, 998 m, 870 wm,
8U5 w, 817 w, 759 sh, 746 m, 709 sh, 69% s, 612 w, 576 wm, 515 s, U455
wm; ll30’cm'1 wm. W |
-1EvThe synthesis was also attempted at 233 K by intimately mixing 2
(85 mg, 0.11 mmole) and N-CH3OC6H4N2BF4 (25 mg, 0.11 mmole)
and condensing degassed propanone in under vacuum. Reaction is visible

at 213 K both by evolution of gas and color change to orange. After 3.6
(’4

by
i
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~h the solutmon was allowed to warmm.as volatlles Were removed under - ‘

vacuunr' thhanollc HBFu/ether alloWed solldlflcatlon of both

. Irfi5(C0), (PPnB)ZJBFuJ, and : |

[Ir(CO){Nu(C6H4-lJ, ~OMe) ,} (PPn ) ]BFM, 4e. ' These were

separated by recrys!tallization fram propanone/benzene‘.’ ﬁach was

ident ified by analysis and infrared: yalues for z agree with those

reported above; Y4e IR: 3058 wm, 2837 w, ca.- 2040»sh,v2030 s, 1600 s;

1;85'm, 1%03 vs, 1481 m, 1434 s, 1301 m,” 1250 s, 1185, 1179:sh, 1168 m,

1087 vs, 1057 vs, 1038 sh, 1600 m, 835 m, 746 m, 695 s, 565 wn, 534 m,"

520 em™ ' s. | ' | 4
Attempted synthesis of 1m in a mannenﬂi;;ggéfio 1a msian181 mg\of

7
3 was successful’ln producing appre01able crude hydra21do complex in the

decantate (1dent1f‘1ed by infrared: Y NH 3285; »00' 1990 om 1). An

attempt to pre01p1tate Tm by addltlon’of NHMBFh was unsuccessful and

.-
the methanol solutlon was largely preclpltated_w1th water and drled.

Samples of yellow materlals spectroscoplcally identlfled as 5f (e g v NH-
3183, v CO 2040 § CH of 1,2,4-aryl 866, 8&6 803) were recovered from
the filtrate and preclpltate above as well as from the early 01llng

" reaction re31due, but these had w1dely varled decomp031tlon temperatures
(433 and 473 K) and 1rrat10nal analySes C; 52.4, 49.5; H, 3.91, 3.8?; -
N, 2.56, 2.62. Caled. for / - .
[IP(NHNC6H3'”‘OMe)(OQZF(PPh3)2]BFﬁ: C, 53.6; H 3.78; N, 2.84. 8
Caled. for [Ir(NHN06 3-u-OMe)(CO)FEF3(PPh3)2]BEu: C, §O.é; ;

H, 3.54; N, 2.66.) and were atypically .unstable during attempted
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recrystallization. The early-oiling residue from this synthesis alsé
segned to contain peculiar products. For instance, after the residue
was%iissolved in dilute methanolic,HBFu and the diazene if (nofed

-~

above) precipitated with benzene/hexane, addition of eXcess hexane

caused separation of an impure, red 0il with a relatively intense VY NH
. .

at 3202 m, VCO 2070 and a band at 1507 m(tetrazene?), and §CH -of
= 1 - e .

1,H—arylAat1836 em™! m.
30. Products from 4-NO,CcH,N,BF, y }t\¢
Synthesis of [; (detected by V NH 3260 cm'j) was acédmplished
usiﬁg 2 and 4-O2NC6HMN2BFM in benzene énd propanone in the
manner of 14 abbve, however it‘could not be separated‘beforev
decanpoéition to a yellow‘éolid prgsumed to bé FBF3 diazéne froﬁ:'VCO.a
at 2075 em~ 1. Attempted ﬁecrys£allization of thié.f?om

propanone/toluene gave a chocolate oil; nothing was recovered.

Attempted synthesis of 1j by addition of(dimethylformamide (4 ml)
to a mixture of IrH(CO),(PPh3),, 2, (81,ﬁg5 and
4-0,NCH,N,BF, (25 mg) gave a crude reaction product with no VNH
apparent and hydride or carbonyl absorptions about 2140, 2080, 2040,
1

1970, and 1925 cm™ No pure materials were isolated from this,

though methanolic HBFu allowed separation of an o0il containing

i

[IPHZ(CO)Z(PPh3)2]BFh of stereochemistry C (See Section III B

2, trans phosphines); IR includes'lJCO: 2140, 2075 sh, 2040 em~1.

The 1925 em™ ! absorption probably comes frdm decomposition of a

dihydridic cation to IrBy(CO)z(PPh3)2 in the KBr matrix.

A
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4 . -
Attempted synthesis of

[ Ir (NHNHCgH74-NO2) (CO) (PPh3),IBE), from 3 (577 mg) in the
2 = . .
< manner of 1a with addition over 0.5 h was distinctly’unsucceésful in
that neither crude fraction contained appreciable 1g. Although the
1

late-oiling material displayed some WNH intensity near”3270‘cm' ,

.+ there was'very~little,IrCO_infrared absorption compared to the inténsity
Rt

of the phenyl modes (e.g. 1less than the intensity at 1480 cm'1).
Early-oiling material seemed to have an unusually large amount of
[IPHZ(CO)(PPh3)3]BF4 from infrared absorption at 2100 em~ 1.

No products were isolated.

4, Preparations of»Ir(NHNC6H3G-C6,N1)(CO)(PPh3)2;VLp.
a. Preparation of gr(NHN06H3;2§N02)(CO)(PPh3)2.
The aryldiazene complex 10a was synthesized by addition of 4.53 ml-
.of 9.66 mM NaOH (43.8 microequivalents) degassedvaqueoué NaOH to 43 mg
1b (Mé.8 micfgequivalents) in propanone. The solution color became
purple but no solid precipitated until addition of water, thch was done - -
so fast that a colloid’formed. Thé colloid was collegted,,vacuum dried}
‘dissolved in benzene and freeze dried. IR: 3280 W, 3050 wm, 2921 w, .

- 2855.sh, 1960 vs, 1585 wm, 1572 w; 1511 m, 1480 m, 1435 s, 1408 wm, 1335

m, 1265 s, 1225 m, 1186 m, 1161 wm, 1118 wm, 1090 m, 1029 wm, 1000 wm,
861 wm, 789 wm, 769 wm, 745 m, 695 s, 619 vw, 591 w, 541 sh, 521 s, 460
w, 426 cm™! w. PMR (CDCl3)i 12.7 br s, NH; 7.9-6.55 complex, aryl,

phenyi and1CHCl3;
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Addition‘of concentratea KOH in water to a solutioh,of 102" in
propanone gave no further co;pr change. A solution allowedfio stand in
air bebame slightly more reddish, but did not discolor. When the SOlid‘

‘fd‘to stand in a loosely stoppered flask decomposition

oceurred, {giving a material with carbonyl stretching frequencies at

) .

y _ ;
2020, 1960% and 1948 cm~!. The former is probably due to the presence
pseudodiazene.

) 4b. Preparation of Ir(NHNC6H3-4-F)(CO)(PPh3)2.

When [Ir(NHNHCGH;-4-F) (CO) (PPh3),JBFy, 1k (21 mg, 22

micranole) was treated with 0.05 M methanolic K2C03 (0.6 ml),

the orange solid dissolved té give a dark red(solution and then
reprecibitated to leave an orange solid in a slightly pink solution.
After 3 ml water were aqded the solution pH was 6.5 on narrow

| range pH test paper. the orange éolid 10d was filtered and
;ashed Qith water. IR: 3287 vw (3283 in CEC13);.3051 w, 1953 s
(1961 in CHCly); 158é m, 1533 w, 1479 wm, 1434 m, 1280 m, 1240

wm, 1221 wm, 1183 m, 1158 w, 1089 m, 1025 wwm, 998 w, 892 w, 860'
W, 82f‘vw, 808'w, 741 m, 693 s, 580 w, 513 s, 451 wm, 431 wm, 418
wm. PMR (CDC;35; 12.0 br s (with 1N d, J=81 Hz); 8.2-6.4 complex,
aryl, phenyl, and CHC13. The 19N analogué was prepared similarly by

neutralizing a mixture of 1k and [Isz(CO)z(PPh3)2]BF4.
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4c. -Preparation of Ir(NHNC6H3—2;-F) (co) (PPh3)24.
Upon eddition of 2-FC6HHN2BFH (61 mg, 0.29 mmole) in

propanone (3 ml) to 3 (140 mg, 0.14 mmole) in toluene (8 ml) at room
temperature under N2, the solution 1mmed1ately turned brown and then
went to a clear, deep red After stlrrlng for two hours the solution
was cooled to 200 K and 0. 2 ml Et3N (1.4 mmole) was added, which gave
a darker red color to the selutlon. All volatlles-were removed under
vacuum at 273 K and the residue extrected ﬁith 7 ml benzene in foue
-poftion.:AThe extract was centrifuged, fiitered to remove all solid, and
then freeze-dried. The "isolate was'notrsufficiently seluble in ether to
allow effective cryetaiiizagioh, but with 0.5 ml toluene and 6 ml ether
the solid -was diffichltTto precipitate at ca. 210 K. So the material
was qerely tfiturated with hexane. Analysis not performed. Iﬁ: 3287
VW, 3057 wm, 1956 S, 1596 w, 1526 wm, 1479 m, 1434 s, 1306 sh, 1272 ﬁ,'
1235 m, 1183 wm, 1157 w, 1116 wm, 1083 m, 1025 w, 996 w, 895 m, 766 wm, |
631m, 717 wm, 691 s, 598 w, 530 s, 510 s, 450 w, 416 cn™' wm. The
s0lid had decqmposed coﬁpletely ih six months stored in a screw-cap vial
undef air, but was moderately stable in air for short periods.

Solutions are quite air-sensitive.

= e,

ud. Preparation of IP(NHNC6H3-2-CF3)(CO)(PPh3)2
After repeated attempts at crystallization of
LIr(NHNHC6H3-2—CF3)(CO)(PPh3)2]BFu (See above, Section 3m),
a reaction mixture frcq Ir'H(CO)(PPh3)3 and 2-CF3C6HHN2§FM

was treated with 4 m1l 0.1 M methanolic KOH, making the solution basic.
&
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Red-orange solid [Ir(NHNCgH3-2-CF3) (CO)(PPhy),], analytically
impure 10b, was filtered from the methanol, washed and well triturated
with wateg_gntil no BFu' could be detected in the infrared of the
solid. More fed so0lid could %asily bé precipitated.frém methanol by
QAdition of water and, though this contained little aryldiazene [pb (by

infrared in the ¥ NH region), it was combined with the material above

for a chromatographic separétion.

A 2.3x9 cm qolumn of siliea gel was prepared under N2 using
benzene, the crude aryldiazene complex loaded as a benzene solution and .
the column developed with degassed benzene. The bands in order of
elution w;;zf a yeliow band well separatéd from the af?ldiazene and
discarded, a mixture of 10b and pseudodiazene looking violet-red at the
bot tom and orange-réd at the top of the band, well separated from a
faint pink (pfobably_orthometalated iridium(III)diazenido complex

[Ir(NNC6H3CF3)(CO)F(PPh3)2]), above which are yellow, black,

and brown bands which were washed off with methanol:

The 10b/pseudodiazene eluate wés reduced to an oil under vachum and
triturated with hexane and ether. The hexane decantate was red. Th
solid was left with an impurity, quite obvious from alkane and carbonyl
infrared absorptions at 2955f‘291b, 1850 sh, and 1715‘cm'1, whosep
origin was traced to the benzene. Ether trituration gavé a near

colorless decantate and left pure 10b. IR: 3278 wm, 3048 wm, 1958 sh, L

T

A
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1943 vs, 1582, 1572 vw, 1480 m, 1434 s, 1315 s, 1280 s, AZMO m, 1204 m;
1184 wm; 1161 m, 1123 s, 1089 s, 1067 m, 1049 m, 1026 wm, 998 wm, 869
wm, 822 wm, 777 m, 744 m, 721 wm, 694 s, 624, 617 vw, 581 wm, 534 m, 517
s, 485 m, 459 wm; 317 en™! wn.  The solid readily decomposed in the
Raman beam. Decomposition in a KBr pellet in air ovef three dayérgave a
decrease in VY NH and increase at 720 and Suo‘cm'1.
Je. Preparat&on of Ir(NHNCgH;-3-NO,) (CO) (PP3),.

Neutralization%of crude isol;tes fran syntheses of 8 (SgctiOn 33)
with 0.1 M methanolic‘KOH and 'precipitation with wgter gave a red-brown
so lid. IrH(CO)(PPh3)3 was separated by filpréb;on of a proﬁénone
" solution of the crude aryldiazene complex 10c. Furthgr purification of
10 by selective precipftation was unsuccessful.” The impure sample of

1

aryldiazene complex was therefére chromatographed on vacuum—degaSSedv
silica gel using degassed toluené to make and load the column (1.3x16
cm) gnd initially develop it. A yellow-brown material was readily °
eluted folldwed by a deep—red band. Because tﬁe column'Las 30 iong,
solvent mixture of Y4:1 toluene:ether was used to hasten the movement on
this band. No golid formed during vacuum evaporation of toluene/ether,
but addition of ether to the dried residue gave insoluble purple 10c.
IR: 3278 w, 3253 wm, 1965 s, 1579 wif'ﬁueo m, 1435 s, 1331 s, 1264 wm,
1241 Wi, 1161 W, 1159 w, 1090 m, 1025 wm, 998 w, 765 sh, 742 s, 695 s,
7535 sh, 517 s, 459 w, 422 cm'J‘w. A sample precipitated from '

ether/ﬁexane had an additional ®houlder at 1498 cm'1.
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*

- 4f. Preparation of IP(NHNC6H3a4—N92)(CO)(PPh3)2.

The standard reaction (Section 31) of 110 mg g aﬁd 34 mg
h—OZNC6H4N2BFu was done in benzene/propanone.and the voiatiles
removed under vacuum. The maroon residue was treated with 2.8 ml
methanolic 0.05 M K2C03, which gave a blue solution and bﬁrple
solid. The solution was stirred to allow full reactioh, filtered, anév
solid 10 washed twice with #;1 methanol/water. The first washing was
clearly blue, the second a clear yellow. These washings, added Eo.the
filtrate, caused precipitation of a blue solid, also filtered and'washed
upﬁith methanol/water. The first solid clearly contained aryldiazene 10
from vNH at 3280, VCO 1965; the second did not. Ether did not
separate the impurities from the aryldiazene, so it waé chromatograéhed
(degassed silica gel, 1.3x15 cm, prepared with degassed benzene) first
with benzene, then 3% ether in benzene. The band on the column appeared
pug;le but the solution was blue as eluted and ether trituration gave
canplete sblution, which is not characteri;tié_of 19; buf is typical of
pseudodiazene. Though the aryldiazene was lost, it did not necéSsariiy
comvert to pseudodiazene, since both were present before chromatography.

The'pseudodiazene could not be separated®from 0ily impurity and was lost

during attempts to do so.

4g. Preparation on Ir(NHNC6H3-2-Br)(CO)(PPh3)2.
The aryldiazene complex Ir(NHNC6H3—2—Br)(GO)(PPh3)2 wd!~)
similarly prepared by heutrdlization, using 0.1 M KOH in ethanol, of the

early-oiling fraction of an attempted synthesis of 1e (Section 3h).
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Ir'H(CO)(PPh3)3 first ﬁrecipitated s;owly frqm the éthanoi‘and was
removed by filtration. Addition of.water then precipitated a maroon
product which contained.the aryldiazene and some KBFM (broadv
aﬁsorption’centered about 1050 cm'1). The Sampie hés chromatographed

on silica gel (1.4x30 ¢m prepared with degassedﬁtoluene'under N2) |
using degassed toluene then 5% ether in toluene éo develobvand elute a
dark red band. The infrared of phe material thained by stripping off
toluene and then freeze-drying from benzene had, in addition ﬁo
absorptions'of Lp,(those fromothe ﬁon-volatile residue (2920, 2850, 1720
cm’1). The sample was allowed to stand in a covered flask before
further work was attempted (18 weeks) and by this time t;e sample had
decomposed. IR peaks common to the water precipitate and the |
chramatographed sample and thus assigned to lgrappeared at: 3280:wm,
3058 m, 2000 sh, 1955 vs, 1585 w, 1571 wm, 1480 m, 1433 s, 1388 vw, 1273
s, 1229 m, 1188 m, 1159 wm, 1119 m, 1090 s, 1062 m, 1028 wm, 998 wm, 864
m, 770 m, 743 s, 695 vs, 617 w, 588 wm, 576 Q, 515 vs, 454 wm, 420 -

cm’1 m.

5. Reactions of Ir(NHNHCéH3G)(CO)(PPh3)2, 1.
a. Reaction of 1 and 4 with LiCl - Anion Exchange
[ Ir (NHNHCgH,) (CO) (PPh3) ,IBE,, 1a, (9 mg) and LiCl (30 mg)
were stirred:O.1 h.in 1 ml degassed methanol under N, and the
volétiles fanoyed under vacuum. The solid was triturated twice with 2

.

ml water, filtered, and vacuum dried. The {nfrared was very similar to

-

that of 1a, but with the expected lowering of BFM intensity at 1050, a
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shoulder at 1959 aésigned to the pfesence of some Ir(I) aryldiazene 10,
and ‘'slight absorption at 204510m"1 from fr(III) aryldiazéne 5. 'Within

ten days the red color of the solid in a vial nominally under nitrogen

had diéappéared; the infrared showed almosf no absorption at 1996~‘cm"1
from the cérbonyl of 1a, though the carbonylsbof the iridium-(I) and
=(III) diazenes were gpp;rently unaffected. A solution of
[Ip(CO){NM(C6H4-2-F)2}(PPh3)ZJBFM in methanol was treated’

with a large excéss of LiCl and 5 d 45% aqueou; HBFu.' The tetrazene
coamplex was recovered by addition,of water to cloudiness and cooling to

268 K. The infrared spectrum showed no significant change ( vy CO 2044

vs. 2040 cm~! before reaction).

5b. Reactions of ] with EiementalOHalogens

When [Ir(NHNHC6H3-2-N02)(CO)(PPh3)2]BF4, 1b, (98 mg,
0.10 mmole) in 3 ml methanol was treated with a stoichiometrié amount of
freshly prepared p.084 M Br, in water (standardized with
NaZSZOB)’ t he veri’intensely colored redgish sol&tion £§st much of
its color quickly:. As there was some color left, more bﬁbmine was added
to a total volume of 1.53 ml, but the final portioniif color was not
quickly removed. The solution was completely evacuated under vacuum at’ \?id
room temperature to a yellow solid with brown.impuritiéé. This impuﬂg'
5a-Br, [IrBr(NHNCGHNO,) (CO) (PPh3),]BFy, was washed with
water, benzene, and ether and recrysﬁallized from’CHZClZ/hexane.

—

(Analysis in Table III-4) IR: 3143 wm, 3051 wm, 2060 w, 1589Am, 1527 s,
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1483 s, 1434 s, 1399 m, 1352 s, 1309 m, 1209 m, 1192 sh, 1163 m, 1040 br
s, 998 s, 854 m, 802 m, 745 vs, 695 vs, 618 vw, 579 s, 521 vs, 463 m,

442 cm~! sh.

Oxidation by iodine was conducted by adding a benzene solution of -
the halogen to a-methanolic solution of a sample éf 1b (10 mg, 10
micromdleé) of uriknown purity prepared by Dr. Farrell. Addition was
stopbed when thé solution color, .which had gone from red to
orange-yellow, started to da;ken to brown; 7 micromoles 12 used. The
solution was stripped to dryness and recrystallized from
propanone/hexane -to a reddish solid. Anal. C, 45.7; H, 3.48; N,‘3.35.>
Caled. for [IrI(NHNC6H3NO2)(CO)(PPh3)2]BFu: C, 46.6; H,
3.09; N, 3.79. This formulation does not account for the infrared
evidence of some substitution of I3' for BFu' (shoulder of peak
at 1087 has no inflection cav1060 em~! as did samples with ohly
BF),” count%rions.). Characteristic IR: ¥ NH 3155 w, V(O 2060 s,
v sz 1532, 1346 cm™ 1.

, Reaction with HI in ether (freshly pfepared by extraction of £he
acid from 47% aqueous solution) gav; the same product, presumably due to
ihadvertent oxid¥bion of HI by air since the ether solution was yellow. '

» :
Oxidation by a 6% excess of Cl, in benzene proceeded similarly
Qut the yellow-brown product was precipitated. from é solution treated

with 48% aqueous HBF) which was not removed under vacuum. /“
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Anal. C, 42.9; H, 3.47; N, 3.03. Calecd. for
[Ir(NHNC6H3N02)(CO)Cl(PPh3)2]BFu: C, 50.8; H, 3.37; N,

4.13. (haracteristic IR: <VNH 3150 w, VCO 2070 s, Q)NOZ 1533 m,
1350 m; ﬂJIrCl 300 cm'1 Ww. In another trial a ten-fold excess of

Cl, was added at roam temperature, and then the discolored solution

evacuated to dryness, leaving a yellow solid. Addition of methanolic

’HBFM left white insoluble Ir(C6HuN02)(CO)ClZ(PPh3)2.

Anal. C, 5“'3;_,1'1:/ 3.96; N, 1.43. Caled. C, 54.5; H, 3.95; N, 1.44.
Characteristic IR: V(O 2040, VNO, 1536, 1364, no Y BFy, v IrCl
346, 284 cm'1 uncertain because vvw.
5c. Reactions of ] and 5 with HBFH and HX//"
¥ Treating [Ir(NHNHC6H3-2-F)(CO)(PPh3)2]BFu, 1d, in

methanolic HBFu with two moles LiBr for 0.1 h, precipitatihg with

T

ether and washing twice each with ether and water produced no reaction
detected visuél;y or by infrared of the isolate except loss of

b BFu‘ intensi Yy, presumably due to anion exchange with bromide.

When [Ir(NHY\IHC6H3-2-F)(CO)(PPh3)2]BFu (9 mg) did not
visibly react at rooé temperature wiﬁh LiBr (1 mg) in methanolic HBFu
(0.4 mYy), more‘LiBr (ca. 5 mg) and methanolic HBF), (0.4 ml) were
added and the solution stirred at ca. 320 K._'The'orangevgolid
previb&sly Preséptftuﬁﬁed yellow-tan. Ether (1 ml) was added, the
solution filéered and the solid washed twice with/ether. The solid was
identified as IrBrZH(CO)(PPh3)2 by analysis: C, 48.8; H,73.44; N,

0. talcd. C, 49.1; H, 3.45. haracteristic IR: ¥ IrH 2225, VCO 2035
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sh, 2020 em~!. After the dried filtrate had be&n extracted with ether .
to remove any possible IrBrzH(CO)(PPh3)2, the waxy solid remaining
r had no,apparenf infrared absorption except % BFy and H,0 bands.
) . : i ‘
When [Ir(NHNC6H3-2-F)(CO)(PPh3)2]BFu was treated with »
LiCl and m thanol¥6 HBF, for 0.5 h at roam temperature the yellow 1
°solid recovered after water triturétion had an infrared spectrum _
correéponding to that of the reactant complex except for lower BFu

intensities at 1050 and 520 cm™ ..

The same sample was theﬂ refluxed
0.2 h with 1.5 ml uethanoiic HBFu and 10 mg LiCl without formation of
ahy IrCle(CO)(PPhé)z or‘furtheﬁ‘?hange in the infrared of the

isolated solid.

The sample of [IP(NHNHC6H3-2—F)(CO)(PPh3)2]+ with mi;éd
bromide and tetrafluoroborate counterion, prepared as described thrée
paragraphs above, was allowed to air oxidize in propanone solution to
[IrBr(NHNC6H3—2-F)(CO)(P?h39§j+‘(Characteristic IR: 7V NH ca.
3160, V co\§653, v aryl-F 1253, § 1,2,b4-aryl 888, 782 cm™'), then
treated b%%f% with LiBr and methanolic HBF,. The brown solid filtered
fran the reaction mixture contained |

[ IrBr(NHNC. H,-2-F) (CO) (PPh,),]1* from comparison of its
e 372 ,

e SO

‘infrared spectrum with that above.

.

7/

Addition of 4.00 ml of 0.045 M HBr in ether to 75 mg 1b (76
micromoles) in methanol (3 ml) under N2 gave no easily seen color

chénge. When the addition was complete a solid was visible, but this
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_.as not precipitated in sufficient qﬁantity to dallow collection so all
volatiles were remoggd under vacuum énd the reéidue érysfalliZed from

¥ -
propangne/éther at 273 K. The maroon solid was washed with ether and
vacuum dried. Chafacterist£c~IR: ¥ NH 3360 br sh, 3160 ; 1)Cd 2061;
propanone of solvation‘2930, 2847, 1724 em~'. Anal. C, 49.5; H,
4.03; N, 3.35. kaled. for |
[IrBf(NHZNHC6H3N02)(CO)(PPh3)2]BFu Me;CO: C, 49.3;
H, 3.77; N, 3.75. The cdmbinea reaction products were reérystallized

from thf/hexane to obtain a solvent-free complex. Anal. Found: C,

46.2; H, 3.37; N, 3.71. Caled. C, 48.6; H, 3.32; N, 3.95. ;

When 0.02 ml of a 0.416 M solution of gaseous HCl in ether was
added in two portions to [Ir(NHNHC6H3-2-NOé)(CO)(PPh3)2]BF:;
1b (26 mg, 26 micromoles) in 4 ml methahol, no reaction was at all
apparent. The solution was stirred 0.2 ﬁ and evééﬁated under vacuum.
When the volume was reduced, a;yellow solid was first formed and then a
brown dry residue contain{ﬁg | '
[IrCl(NHZNHC6H3-2-N02)(CO)(PPh3)2]BFu. Characteristic IR: ;;
see text, ~end of Section BT. |
6. Reactions Of"RhH(CQ)(PPh?))3 and IrH(dppe), with Diazonium salts. P
a. RhH(CO)(PPh553 Reaction |
The reaction of 2 equivalents 2-FC6H4N2BFM with
RhHﬁCO)(PPh3)3J%n the'manner of 1a gave, in the brown, eanly—bil}ng
product mixture, material which absorbs very broadly about 3160 (Vv NH)

‘and 1990 (v CO of a cationic Rh(I) complex) but not above 2000 em™.



wWhen done with M—MeOC6H4N2BFu in benzene/pnbpanone and the

B '»'; #‘_,,« LT .

e

yellow brown solution evacuated tocdryness w1thout\gecant1ng, tﬁe crude

C e T,

>

brown product had a dlstlnct-i)NH at 3180 cm™ 1‘a;nd carbonyl .
N ) - w ' . . -

absorptions only at 2000 and 1975 cm™'. A peak at 1505 cm™! is o
' ? L 5 7 e > - ' * .
possibly jndicative of a tetrazene complex. . ' e,k

9

6b. Reaction of IrH(PhZPCHzcﬂzPPhZ)z.
A solution of 2-02NC6H4NZBF4 (2b mg, 84 mlcromole) in

\prOpanone (3 ml) was added to. IrH(dppe)2 (84 mg, 85 m&chE le),in

o
toluene (8ml) while stlrrlng at 200 K under ‘argon. The mixture wag

-
©

stirred for O 3h and flltered The orange SOlld ‘was(l ntified as e

IS
Ir'H(dppe)2 by comparison of its 1nfrared wlth that of th reaetant\\\‘

*

The filtrate was partially stgipped, an opangeJtan solid filtered. out

L4

washed with toluene, and,vacuum drled ~Anal. (, 55.5; H, 4.32; N, 0.

Caled. for Ir(dppe),BFys C, 58.0; H, 4.50.
b ] - ’ : -

The same reaction was also done inﬂethanenitrile/toluene unden}
nitrogen, withvall voiat;les removed under vacuum after the filtration
of unreacted Ir'H(dppe)2 Anai of the- orude 1solate C, 60.1; H}
4.74} N, 1.4, Taled. for "Ir(dppe)eBF4+G?H5N02". C, 58.1;

H, 4.46; N, .17. LR included absorption at 2060 cm~! (P NN of

Coa

. , . )
3
. : i S

* IP(NZ)(dppe)ZBFh9)

C13t
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Chapter IV

Biscyclo;entadienyl Complexes of Molybdernum, Rhenium, and -
‘lTunngeﬁ'witthiaZO Ligands.
| .A. IQ;geauction
. 3 N '

‘The study of the F€action of diazonium salts with
bis(cyclopentq?igpyl)mgtal hydrides arose from our desire té Synthesize
new aryldiageﬁido\complexes with relétively simple coordination, more
specifically, c;mplexes having no phosphines. This pﬁéjudice formed
SeCause it seemed that most aryidiazenide complex chemi stry invoived
phosphine comple of low-valent metals (thé most obvious exceptiop
being CpM(CO)ZNN§F193), and thétvsome'potentially interestiné . ‘

chemistry was thus being largely ignored. Attempts to prepare other

phosphine-freg aryldiazenido complexes are reported in later Chapters;

The property bf CpZMHn,”where M = Mo, Wand Re, and n = 2 for
. -
the group VI metals and 1 for Re, which most interested us was its

basidity. Each of these hydrides can be protonated by aqueous
a,cid.191l The molybdenum and tungsten complexes had been shown to -
reduce alkenes and alkynes, reacting via insertionﬁinto metal-hydrogen

bonds1.96 With strongly edlectron-withdrawing substituents on the

.

reactant hydrocanbd;s, the intermediate insertion products were

impressively stable.

3

1

\

A few months after our investigations started, a paper appeared on

the reactions of'CpZMH2 wiph diazo and diazene ('azo')
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compounds.89 The diazo'chemistry was‘generaliy uni?teresting.
ﬁethyidiazoapetate was found nqt to react with Cp2M0H2 at room
t'emperature; in refidkihg thf it did so, but with loss of N2“
£p2WH2 did rot react even inlrefluxing thf. Similarly, diazomethane
does not react with CE;ReH.197 With diazofluorene at 353 K,
szMoH2 reacted'to give'Cp2Mo(diazofluorene) and fluorene

azine.89

The reactions reported with azo compqunds were more
encouraging.89 Diazenes with electron-withdrawing ester substituents,
ROCON:NCOzﬁ, reacfed at room temperature with Cp2MoH2 to give
1,2-addition broducts, e.g. [CpZMoH{N(EOzR)-NHcozR}] much like

the qcfivatéd hydrocarbons. 1In refluxing thf with excess diazene these

decomposed to 1,2-disubstituted hydrazines and

szMb—N(COZR)-N=C(OR5:6. The less-activg diazene azobenzene reacted
only at.343 K; ét this temperature the presumed intermediate <
szMoH(NPhNHPh) reacted with another molecule of azobenzene to give
1,2-diphenylhydrazine and - |

NPh T

szMd//
AN

NPh

~

A single sentence in a communication'9® had reported ‘isolation in -
low yield from Cp2WH2 and benzenediazonium tetrafluoroborate a FJJ

campound formulated to be [Cp2WNNPh]BFu, having v{NN) at about 1800
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cm'1 in the infrared spectrum199. This éompound has never been

detected during the work reported herein.

Qur first efforts were with Cpo,MoH,. The stoichiometry of
Cp2M0H2 to diazonium usedea§;if} un£il we obtaiéed a solid 1:2
product directlyvffan é reéé£ionﬂmixture. Wheﬁ ﬁhe tunéétenlghemistry
was started a"stbichiometry of 1:2 was abplied:wiﬁh‘no'success. “The
work was shelved for over two years and only upon returning to it was a

1:1 reaction with Cp2WH2 attempted. This combination has been

"thoroughly successful and is presented first, folloﬁed by othér

tungéﬁen, molybdenum, and rhenium results and a discussion.

-,

B. Results

5

Reaétions with all three metals ?Eye beep done inra closed system
to allow monitoring of any evolved gas. The various pressure changes
observed indicated that less that 3%’of added diazonium salt reacted
with evolution of dinitrogen, dfhydrogen, or other gas. Bubbling was
noted only for reaction of solid 4-nitrobenzenediazonium salt with _
methénolic Cp2WH2 when mixed at room temperature. (Reactions werei
geneﬁally done at lo% temperatures. See Chapter IV,D.) Wi£h7Cp2&H2‘vw
in molar excess of diazonium salt, the dihydride remained after

reaction. Up to two moles diazonium salt were taken up by a mole of

Cp2MH2,‘provided the reaction was not stopped short of completion.

-

This occurred praminently for reactions in tetrahydrofuran in which the

diazonium salt was very slow to react, présumably simply because it must

*dissolve first and does so only very slightly even at room temperature.
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1; Synthesis and Speqtroscopic Characterizapion of [szwﬁ(NNHAr)]+.

When a methanolic. solution gf aiaioniﬁm ion was added to a toluene
solu%ion of Cp,WH, below ca. 258 K, the mixture briefly (ca. 2 s)
developed an orange color. This was similarly transient ét 260'K in
pure methanol and so the material responsible for solﬁtion color was not
isolated. It may be simply a loose charge-transfer complex.196b’c
During adgition, or with removal of séme solvents under vacuum near 253
K, amorpho&%, bright‘Yellowvsolid 14 formed in suspension. It analyzed
as a 1:1 addﬁct. (See Table IV;1 for listing of compounds and
analyses.) There was a stgoné tendency either to o0il or decompose upon
attempted recrystallizatioﬁ;;buf a solid could be obtained from
me thanol/ether/hexane or propanone/hexane working quickly in cooled
solution. Small, single crystals were ghown at 263 or 195 K from
Vpropanone/toluene or propaﬁ%ﬁe/hekane. These wére initially bright
yellow. Upon exposure to air, é;pecialiy when warm (R.T.), the Eolid
became distinctly green. Considering the ;ensitivity of C_p2WH2 to
air, hydride 14 }s surprisingly air-stable. A dry, solid‘sample was
.left out in air 10 h with only minor color change. The solid was not
sensitive &o light. Dry solids kept moderately well under nitrogen at

room temperature. Heated in air, they decomposed below 373 K; no single

temperature of melting or decomposition could be defined.

The solubility of 14 was typical for a monocationic complex

tetrafluoroborate: very soluble in ethanenitrile, soluble in propanone,

AR R B AR T
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Table IV-1. Elemental Analyses of Biscyclopentadienyl Complexes: :
[Cp,WH(NNHCGH, -4-G) JA, 14; [Cp,W(NH,NCGH,-4-G)14, 15;

[CpoRe(NHNCGHy-4~G) 1A, 22; and Cp,Re(NNCgH)-4-OMe), 23.
No. G AT Percent Compi:Ttion
' ‘ Found alculated
‘ C H N c H N
%a H BFy 38.0 3.4/ 5.33 37+8 3.37 5.51

4b  OCH; BFy ° 39.5 3.79 4.94  37.9 3.56 5.21 i
¢ CHy  BFy Not analyzed | o,

144 CH;  PFg  35.4 3.27 4.81 35.2 3.30 4.83 igd
e F PFg  34.4 3.01 4.71  32.9 2.76 4.80 -

152 H BFy, 38.2 3.44 5.38  37.8 3.37 5.51

"15b  OCHy BFy  37.9 3.615.33 37.9 3.56 5.21

15c CHy  BFy 38.9 3.855.26- 39.1 3.67 5.37

22b° OCHy BFy 38.5 3.54 5.35 37.8 3.36 5.19 .

20 'F PFg 32.9 2.7h 4.64 32.8 2.58 4.78

23 OCH3 - 41.4 3.83 5.17 45.2 3.80 6.20

o b e

®

a) Calculated including 0.7 C6H5CH3 in agreement with

proton magnetic resonance intensities.

B A SR
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me thanol; slightly soluble in CHC1,; insoluble in ether, toluene,
hexane. Complex [ﬂ was not stable in degassed solutions of dried'

solvents above ca. 258 K, isomerizing as described below. With

addition of HBFM solutions turned brown immediately.

Nuc lear magnetic resonance spectra of 14 (See Figure IV-1, énd
Table IV-2.) at different temperatures below 260 K, and of a 15N(1)
analogue; allow a‘full structural picture to be drawn. Appearance of a
‘high-field PMR resonance, below § -2, identifies 14 as a metal
monohydride complex. This peak is relatively broad due to coupling with
ten4cyclopentadienyl hydrggens, not reso;ved for the hydride signal. It
is the only'peak in the spectrum which shifts appreciably with change of

temperature, dropping from § -2.09 at 259 K to -2.18 at 230 K (for 14d).
o o 2

The aryldiazokgroup has a low-field resonancé near § 11 which does
not split in 140-15N(1). Since with 1L‘N(1) this peak becomes
sharper at low tenperatures (5 Hz at 237 K vs. 7 Hz at 259 K), as
expected with a decrease in broadening dué to slow exchange, the proton
is not decoupled from the 15N dipole simply due to rapid exchénge. It
must be boupdﬁ;t N(2), giving a hydrazido(2~) complex,

&

[Cp,WH(NNHAr) ]*. The resonances of the 2,6~ and 3,5-aryl hydrogens
2

appear rather well separated and in 14d and 1l4e are interpretable in
first order terms. (See Table IV-2.) Resonances of aryl substituents

,oceur at typical frequencies.
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Table IV-2. 1H-NMR Data for Bisdyclopentadienyl Complexes: |
[CpZWH(NNHC6H4-4—G)]A, 1435 [szw(NHZNC6H4-4-G)JA, 15.

No. . Anion Positiona Descriptionb [Integ.] Assignment
42 H  BF, 11.0brs ~ [0.6] N(2)H
(254 K) 7.66-6.74 m [5.] phenyl
6.13 br s FWHM=5 Hz (10.] Cp
<0 not observed i
144 CHy PFg 10.8 br s FWHM=7 Hz [1.] N(2)H
(259 K)¢ 7.19 d, J=8 Hz - [2.5] 3,5-aryl & PhMe ,
6.73 d, J=8 Hz [2] 2,6-aryl 7 ‘ o ,-
6.05 d, J=0.6 Hz, FWHM<2 Hz [10.] Cp . T
2.33 s : [3.] Me
-2.09 m, FWHM=3 Lz [1.] WH
he F PFg 10.8 br s FWHM=5 Hz [0.9] N(2)H

7.07 pseudo t, Jpy=dyu=9 hz [2.] 3,5-aryl
€.77 d of d, Jyp=9,Jpy=5 Hz [2.] 2,6-aryl :

6.04 br s FWHM=11 Hz [10.]1 Cp
-2.05 m FWHM=3.5 Hz [1.] WH
152 H BF), 7.28-6.61 phenyl & PhMe
’ 5.52 s ' ‘ Cp
3.96 br s FWHM= 114 Hz NH,
2.33 s trace PhMe
2.17 s -trace Mezco,
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Table IV-2 (continued). 1H-NMR Data for Biscyclopentadienyl Complexes.

'S
»

No. Anion Position® Descriptionb [Integ.] Assignment
1§b OCH3 BFu 6.79 pseudo d, J=9 Hz 3,5=aryl,
: 6.57 pseudo d, J=9 Hz [4.0 total] 2,6-aryl
) 5.49 s [10.] ¢cp
3.92 br' s - FWHM=15 Hz [1.7] NH, , .
3.71 s [3.0] OCHj ”
15c CH; BF, T7.21s L [0.5] PhMe
" 7.04 pseudo d, J=8 Hz . [2.0] 3,5-aryl
6.55 pseudo d, J=8 Hz [2.0] 2,6-aryl
5.50s ’ [10.]1 Cp
3.92 br 89" & FWEM=14 Hz [1.6] Wi,
- 2.32 s - ~_[0.4] PnMe
2.22 s o [3.1] Me
15d CH; PFg 6.98 pseudo d, J=8 Hz . 3,5-aryl
(267 k)  6.52 pseudo d, J=8 Hz [4.0 total] 2,6<aryl
'5.49 s i [10.] Cp
3.93 br s " FWHM=8 Bz [1.8] ‘NH2
2.20 s A -+ [3.6]" Me
15e F PFg 7.17 s ~ [3.5] PhMe
‘ 7702-6.52 complex - [4.0] aryl
s 5.40 s [10.1 cp
3.90brs , [1.7] NH,
2.32 [2.1] PhMe

a) Reported in ppm downfield from internal tetramethylsilane.

b) Abbreviations: s, singlet; d, doublet; t, triplet; br, broad;
FWEM, full width at half maximum.

c) See text for discﬁssion of temperature dependence.

d) In 15N(1) analogue: d, J=88 Hz, FWHM=2 Hz.
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What is the gedmetry of the hydrazido(2-) group? Crystallography

has shown earlier examples with Group 6 and 7 metals to be linear at

1«

N(1).1”1’1”7 In each of these examples the metals obtain an

145

18-electron configuration with this electrbn arrangement (See Chapter

I1.) Bét [Cp,WH(=N=NHAr)]* is a 'system with 20 valence electrons
2

about the metal. There are two possible ways for this system to return

1

to a more stable 18-electron conffgurétion.ZOO;The first is

exemplified by recent crystail structurés of CDZVNNCSiM73)2201.\
and CpZW(CO)E202 in which one or both cyclopentadienyl rings bend-

to becane a trihapto ligand. Note the first case in particular.- The

o

vanadium complex is formed from Cp2V and Me351NN81Me3, through an

unstable intermediate which is probably a TM-coordinated d1azene 203 . .

e

This 17-electron complex rearranges to a "19-electron" complex which,

like CpZMo(Me)(NO),ZO” becames assymetrlcally bound to the

cyclopentadienyl rings. From this chemistry and that of the hydra21do

complexes discussed in Chapter II, a clear tendency'cah be seen for
N2R2 to bind to early transifion ﬁetals as hydrazido(z;) specles -
rather than as:diazenes. (Wiberg Ealls these "isodiazene" ‘
canplexes.203 This_ncmgnclature does describe the electronic struétgre
better than "hydrazido(2-)" and is unambiguousrwhen applied to the
recently detected pérent, HZNN’205 but its application ﬁo complexes
is not advisable.)

e

The second possibility is that the diazo function could bend at

N(1). There are two resonance forms which could be applied to such a
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, e ® ' o <
structure, both with an 18-electron configuration at the metal.

H + - . H +
CpW o w/ |
P2 - VP2
. N\
or N:
l ]
N N:
. /N /' \ ,
H A H Ar
A ) -

&

The possibility that the complexes WClz(NH=NCOR)(Qppe)2'might‘exist,
in solutions in an equilibrium mixture of structure B and an acyl- or

aroyl-diazene form has been suggested.3?

- | DH | y
Cl\\~ / / and - Cl\\/
’ /
P

s

0f the options presented, structure A is the most consistent with

the data. .The NH chemical shift wou

seem to exclude both form B above
and a linear W=N=NHAr structure since t  ‘e are, respeétiyely, expected
to have or known to have amine-like r;ther than diazene-like chemical >
shifts.r The infrared (vide ihfra) NN stretching frequéﬁcy is high for
" an N-N single bond, also excluding form B. .
; , The proton magnetic Eesgg;nce due to the'two cyclopentadiehyl rings
~is also instructive. At higher temperature the’sharp signal is a

doublet (J= O.§ Hz ; combined width is 1.8 Hz at 259 K) due to coupling
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with the hydridic proton. As £h¢ temperatﬁre is 1owered to 230 K the
peak"broadens dramétically to 10 Hz, though other resonances are not
appreciably affected. Sincé the motion of the rings about the
metal;ring center axis is not slowed at much lowér temperatures iﬁ other.
complexes,206 the B;oadness must arise from the slowing of a motion of .
thqxhydrazido(z-) ligand out of the midplane of the CpZWH to make'tpe
‘riﬁgs inequivaleﬁt, withbuf changing the environment of the e
hydrazido(2-) protons or the metél-boundlhydride. ‘In other words the

preferred dihedral angle between the szw/midplane and the WNN plane

is 90° rather than 0°.

y - - 'wE:iLN7 7
‘ , A
W=

It is novel that the diazo ligand should apprdééh the ring this
way. More normal modes of bonding are those exemplified by

szVNN(SiMe3)2 in which the silffeon and nitrogen atomé all lie in the
: 201 e

[

midplane and V-N-N is linear,

NHy .

szMo‘ o

Ny
1l

C
~
Me \\hde

4

207

“in which the imine lies in the midplane, and

L PR N Y R L L A BRIt 056 L T 0 7 R S g S L ST BT T R W 1 TR X b A PP TR YT ST A
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[CpZWH(C2H3R)]+ in whicdh the alkene is V- bound 208" As observed L

in PMR 1n the molybdenum complex the rlngs are equ1valent at room

®,
Y \ 14

tenperature and would be ‘expected- to remain so at lower temperature ~In

»
4 -

fthe tungsten complex the pingsyare inequiValent eyen;gt ¥r,»_oom

tenperatnhet except where‘R=ﬁ;JbecauSe of’the'interact%ohﬂof"R withr

only one cyclopentadienylfring.‘ Thcughnthese thhee'eiampies‘cfferrno
phecedeht'fdr.the strﬁctufe of 14, the bhoadeningrefﬁect seen with 14 is"
’reminiscent of Cp3MoNO ;n;wh;chkthe n1-cyclOpentadienyl fneeies out |
below‘190 K in a'posdtion which eclipses one or~the other of the
q5-cyclopentad1enyl rlngs maklng them 1nequivalent 206 We have not

yet reached the expected llmltlng spectrum of two sharp 31gnals, orfe for

each cyc lopent adienyl r-lng .

Complexes 14 have distinctive infrared spectra as well. (See
Eigure IV-?.) The W-H stretch expected near 1850 cm'1 cannot be seen
in the infrared spectra. The change of dipole ap the atoms vibrate is

® | ~ . o ,
apparently negligible. This has been noted before for tungsten

s complexes 209 There is & 31ngle, strong, sharp band near 3240 cm”™ 1
‘(3270 cm~ ! for PF6 salts) due to NH stretchlng The 1ntensity of ' ,‘t
this band is higher than that of the d1azenes with which we have
enperience. TQ? e;pected 1,4-aryl and substituent absorptions are seen
Peaks assigned .to cyclopentadaenyl are fpund near 3120, 1500 and 1020

cm'1. Positions of other expected Cp absorptions can,not be

definitely assigned; the bending mode occurs between 850 and 800 ol
where the bending mode of the 1,4-aryl grdup also absorbs, so cne—can

A
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:nct'eonfidently assign bands to-the aryl or cyclopentadienyl hing.

‘ Furthermore even the phenyl'derivative has two peaks in this regien;

Tia : ‘ : : . ,
possibly due to the bending mode of two cyclopentadienyl rings separated

by the/dlfferent interaction w1th the hydrazido(2- )!llgand Ubon

I
) substltutlon 'with 19N at N(1), a :band at 1360 em™! ghifts to become

a’broad peakvcentered near 1340 cm™ 1. On this baaxs we assign the e

1

1366 cm™' peak as v NN. This is well below the enbrgy of this

-

vibration in other coordinated dlazenes,122 but st;ll indicative of a

degree of multiplefbonding between the nitrogens.

e J/ : o
. \’\

2. Synthesis and Spectroscopic Characterizatiqn of [Cpéw(NHZNAr)]+.

The addition of methanolic M-CH3CéH4N2BF4 to Cp,yWH,

v

"in to luene was done at ?73@K and a brown groduet, 15, obtained directly

Jat lower temperatures, the conver31on of 1H to 15 was 1ncomplete Solid

in high yield Analyses.indicated that 15 was an isomer of 1A4. (See
Table IV-1. ) Analogues of this compound w1th;other substituents on the
benzene rlngawere obtalned by letting solutions of 14 stand.for.at least

1 H between»273 K and room temperature. ~In shbrter periods, especially

5

15 could be recrystallgzed from propanone/tolﬂene. . Filtration of the °

propanone solution before recrystallization removed flccculent insoluble

solids of~two types:. bfown.1§ was.slightly:soluble in ethanenitrile and

had v NH at 3340 cm™; black' 17 was insoluble in all solvents and had

T

no infrared bands useful for characterization. . - ¢

150
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The proton magnetic resonance spectra of 15 (See Table IV-2 and

Figure IV-3.) showed, at § 3.9, broad absorption integrating to two
protons which disappeared with addition of D,0 and split with 15N(1)"
"substitution (1J(15NH)=88 Hz). The resonance is assigned as two

equivalent nitrogén—bound hydrogens. It is quite unusual: to see protons

210

of coordinated hydrazine in an NMR spectrum, so such a coupling has

"not been seen before. The slow exchange necessary for the coupling

211

implies that N(1) has no lone pair promoting ready proton transfer,

that N(1) is metal-bound. - - ~

There was a sharp singlet corresponding to all ten Cp-protons,
shifted upfield from the frequency in 14. If the structure’suggested,
= g .
__N
W\?A/H
N\\
H
15 > .
were static then the two cyclopentadienyl rings (and the nitrogens)
would be affected differently by the aryl ring and would split, but
inversion of pyramidal nitrogen would average out the effect on an NMR
time scale. The chelation of this -arylhydrazide is similar to that in

the phenylhydrazine complex [CpMoI(NO)(NH,NHPh) IBF, .58

e

The phenyl protons of 15a gave a complex pattern but 15b, ¢, and e

were interpretable in first-order terms. The 2,6-protons resonate

upfield of the 3,5-pro£onsAand all resonances were shifted upﬁield from

‘ their positiops in the.corresponding 14 complex. Chemical shifts of
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protons often are-interpretable in gérms‘of electron;density arguments,
but the relative upfield'shifts of cyclopentadienyl and aryl protons in
15 can not boih pe explained in this way. Rather, the aryl shift is
probably the one corresponding to a r;al.electron density increase. The
Cp signal of cbmplexés 14 might be shifted downfield Béoause of the
magnetic anisotropy of the diazo group which, since it is out of the
midplane, approaches the cyclopentadienyl rings closely; conversely the
Cp signal of 15 might be shifped upfield becéuse of the magnetic
anisotropy of the aryl ring.

Infrared spectra of 15 were rather simple. (See Figqpe IV-4.) The
NHé group had two strong bandé as expected, due to asymmetric and
symmééric stretching at 3300‘and 3240 em™ ] (3340 and 3260 em~! for

1 with aryl

PFg salts). The NH, bend occurred close to 1610 cm™
intensity superimposed. With 15N-substitution at N(1), the NH,
nitrogen, no band in the region 1600-800 shifted significantly so VNN
could not be identified. The shift of a weak band at 448 em~! was
significant, though barely so. Assignment to V W-N(1) or a mode

involving this motion is not reasonable since a band occurs here in 14b

and 21 as well.

4

1, not present in

A relatively intense band appeared near 1325 cm”™
14 and so characteristic of the new mode of coordination. This is
tentatively assigned to WwN(2)-C(aryl) since a band is commonly found in

this region with aryl émines, at somewhat high frequency for a single

R M S 1 3 e o5 R O Y SR T AR NS PR SR AN P A
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bond due‘to partial C-N multiple bond characfer‘with delocalization of ‘ 'é
the lone pair onto xﬁe ring.212 This same conjugation is presumably

the mechanism of the increased magnetic\éhieIQing of aryl protons in 15

compared to 14. (vide supra) No other peaks appéar exceptional.

I

3. Other CpZW—Containing Products. - |

' In one trial a purple solid; 1§, was successfully prepared by , . +
addition of a dilute HBFu solution in methanol to 15¢ and evaporation
of methanél under vacuum. It could be recrystallized from
propanone/ether. The NH‘stretching frequencies in this occurred at
about 3340, 3295(sh), and 3220 cm™!, and an NH, bend at 1635 cm™'.

We tentatively assign the structure

NH, 2+

Ch W

NHAr | | -
to the complex cation. The C,H,N analysis was done after ether |
trituration but before recrystallization and so the samplerwas | ‘ =
contaminated with HBF). A
When one molé of CpZWH2 waé combined with two moles of

diazonium tetrafluoroborate in methanol at 200 K no reaction was

dpgﬁrent. Upon warming to room temperature the solution became
red-brown and then dark chocolate brown. A crude residue left after
removal of all volatiles analyzed close to the values expected for the

canbination of reactants in a ratio of 1:2 hydride to diazonium. An

/
Bt s i s S i i Rt
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infrared showed abébrption typical of NH, T-cyclopentadienyl and aryl.
Attempted purification b& precipitation from mqthagol of the redissolvpdb
crude product led to isolation of a plack solid which had the same
proportion of C and N but which was quite low in both. This waé no
longer methanol-soluble and may be 17. The brown filtrate when dried
had an odor reminiscent of a'high alkane, éuggesting some free
cyclopenpadieneederived product.’ It appeared that further work with 1:2
reactions of this tungsten hydride would not be at all pfpductive.

4, Reactions of CpZMOHE

Reactions of CpéMgHé pave all been done ip a single solvent,
’generally methanol.: Thé progress of reactions was obviously different
fram‘those with tungsten hydride sincefaﬂpermanent red or brown color
developed even when addition was done in a dry-ice é;th. When only one
mole of UY-fluorobenzenediazonium tetrafluoroborate was added per mole
molybdenum, a product, 19, analogous to 15 was produced, as indicated by
infrared7absorption of the crude, dried isélates, e.g.. at 3300 and 3240
em™ ! (3330 and 3250 for PF6' salts). This was nevér successfully
brought out of solution, even as an 0il, unless solvent was nearly
: ccmpletelp removed bp,evacuation. Thus it was nevep purified. To the
extent that we could detect them in mixtures, thé properties of 19 were
close to those of tungsten complexes 15. The instability of 19 with
respect to 20, the molybdenum analpgue of 16, is greater. One sample,

kept only in the dry box, completly decomposed to 20 over long (> 2 yr)

storage. Degassing does not seem to hinder the rapid (< 1 hr)
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e

decanpdsition of 19 to é;fin solutions of alcohol, propanone or
ethanenitrile at ambient temperatures. Because this iestabil;ty was
interpreted as extreme air-sensig}vity,Jwe did net try the
low-temperature preparation of ﬂ;r solutions without which the spectra
were grossly complicated with deEOmposition products. On the basis of
our ‘results with the tungsten complex 16, conducting work-up. and taking
solution spectra at low spectra at low temperatures (< 273 K) sﬁeuld

allow usefud investigation of 19.

The reaction of Cp2M0H2 with two moles of diazonium salt added
quickly produced_a purple-red, methanol-insoluble product, 21, whichﬁﬁ%§\~A
analyzed as a 1:2 adduct, [Cp,MoH,e2 N-Nc6'Hu0Me](BFu)2. \The .
same sﬁbstance was also isolated in tﬁe reaction of equimolar amounts of
Cp2MoH2 and 4-methoxybenzenediazonium tetrafluoroborate. The
expected product, 19, was present in ﬁhe filtrate of 21 in this ease.
The low solubility of 21 in solventS’othef than ethanenitrile and
propanone was in agreement with formulation as a 1:2 electolyée. The

-solid decomposed without melting above about 398 K. Degassed(solutions
were somewhat stable at room temperature, but decomposed completely over
two Qeeks. Solutions lost redness rapidly upon exposure to air. Peaks
in its infrared spectrum included the expected CH, APOCH3, and BF), ‘
stretches, the CH bend of a 1,4-disubstituted benzene, and other strong
peaks useful for identification. A solution of 211in a sealed'tube was

studied by proton magnetic resonance. There was no sign of a-low field

NH or high field MoH signal, but there were multiple peaks in positions

s 4
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expected for Cp and OMe resoﬁancés, indicating a mixture of sevéral
substances was present. Changes occurrea in the spectrum over a period
of 12 days, with most peaks gradually l0sing intensity. Since the.

canposition of the mixture of the initial spectrum was unknown, we could

not determine what changes might be occurring.

The methanol-insoluble product 21 reacted with triethylamine in
benzene, in which the unneutralized ionic complex is insoluble. The
intensely colored benzene solution was separated by decanting and dried.

®

The infrared spectrum of(this duplicates that of the unneutralized -

)

material except in having vastly reduced intensities near 1050 and 52
em™!, both due to BF),”, and some weak absorptions due to EtNH.
In spite of absence of N-b6und H signals in infrared or nmr spectra, the

facile neutralization suggest§ that the complex is a bisdiazene, for

other acidic'protons are more likely to have been infrared dctive.

& 5. Reactions of Cp2ReH . - } T
Like the isoelectronic group VI hydrides, CpZReH reacts at low | |
. temperatures in methanol with one mole of aryldiazonium
tetrafluoroborate. No product separated from cold solutions so the
reaction mixtures were allowed to warm to room temperature while solvent
was removed under vacuum. The dark brown product; 22 was recrystallized
at room temperature from propanone/éther or ethangnitrile/ether.

Analysis indicated a 1:1 adduct, buf the samples contained some

decomposition products since C, H, and N analyses were generally low.
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 The sélUbility of 22 was characteristic of,ankionic’complexi soluble in
ethanenitrile, propanone, methanol; insoluble in éromatic-soiven@p;
e ‘ ’ #

ether, hexane.

The spectral data are consistent with a formulation as

[CpZRe(NHzNAr)]+BFu‘.’ The infrared speétra ofwég have a single

NH stretch at about 40 e~ lower  energy than the single band in

A

tungsten complexes'ly with the same substitution. There-is a strong,

1

somewhat broad band near 1335 cm™' which ¢an not confidently be

assigned, but which may be - NN. Otherwise the spectrum shows onl§ the
expected cyclopentadignyl, 4 —methoxyaryl, andrtptrafluoroborate bahds;‘
The PMR at ambient temperature'had a very-brdéd (ca. 15 Hz) signal at
low fieid, consistent with a protoﬁ bound to a highly anisotropic
nitrogen. Aryl resonances are at;lower field than wiﬁh the‘tgnésten
products 14 aﬁd 15, suggesting 1ess delocalization of electron dénsitx -
onto the ring in 22. The cyclopentadienyl and methoxy singlets occurred

e

as expected and are not useful in strgéturglvassignment. In sum, the

s

N
. spectroscopic data_for the two derivatives at hand lead one to conclude -g¢~4
that the rhenium coﬁplexes 22 are.sufficieﬁtly different from 14 that

the two have different atomic arrangements;, that the rheniumAcomplexes

. .7 +
are aryldiazenes. ; : .

-

y

The complexes 22 are readily neutralized by C032' or Et3N.

»

The brown product 23 was identified as Cp,ReNNC.H,-4-0Me by
- ‘ 2 674

analysis and infrared, which showed no BF#', no y NH, and no band at
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1

all near 1335vcm"1. A new, strong‘band at 1630 cm™' is assigned as

[y

x;NN, undoubtgdly cbupled to aryl modes which shqﬁ increased intensity'

e 2 &

at 1580 cm™'.

-
C. Discuséion

It is likely that the first step in these reactions of Cp,MH -

~with diazonium saitS'is the‘forﬁation of a meﬁal-N(1) bond by

'electrophilic aétack of diazonium on a metal lone pair.; This would

parallel the formation‘of comglexes by.CpZMHn with Lewis acids,

including'H"‘.194 But when hydﬁidoﬁetal complexes react with

into the M-H bond

' arYldiazohium salts, the insertion of the diazo grou
of the resulting cation has always been so facile that theN\intermediate'

cationic diazenidohydridometal cOmﬁlex has not been detécted. ince

~
attachment to a cation withdraws electrons from the metal, the hydride
bond loses electrons and the proton 6ecomes more acidic. It is sensible
that it'might shift to a .nitrogen, made basic upon coordination. Such a

shift could initially be to either nitrogen,

H
/ a ]
Cp2W-N;§§\ . . ;
H_p .NAr ‘
there‘being no apparent steric or symmetry restriction. Since a further
proton shift between ﬁhe nitrogens would probably also be fast, the~
thermodynamié product ig/expected rather than a burely kinetic one.

This brodUct has ajlways been identified as the aryldiazene, but the

mechanism need not be a 1,2~proton shift (a). In fact we suggest that

& ’ ffj ' ..

\ﬂ
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‘Zaryldiazcnium salts and f,2adisubstituted diazenes with strongly - f

- =
>

electron-w1thdraw1ng substituents could react by a common mechanism i)

-

electrophLllc attack by‘the dlazo reactant and ii) a 1 3-proton shift

(b); when the product is an arylhydrazido(Z ) ngand th1s rearranges to

the observed aryldlaZene but when the product is a hydraz1do(1 ) llgand

no further change occurs. (See also equatlon Iv-2. ) N A
" (Eq. IV-1)

~ H. R MR o H o -k
Cp.MT T+l T W A
: 'p'%@j rL\q—-—) szMH N\. — CpZM\N/R ; szM Lot
TR .\ ) , Ne___ - “J D ] ‘ - “g'
o T LR R P RNHNHR T
. . ' R - 'h“ ’ . '~< ’ :‘N:,"‘lR“t * N

. Though infrared and PMR allowed tentative character;zaticn of the

rhenium product&22 as a‘dIaZene rather than a,hydrazido(Z-) cbmprex

' there remalns a rather large number of possible structures because the

or the-T-electrons.

Ny
-

dlazene could be either cis or trans, and the electron pa1r donated tQ

the metal could be the’ loneﬂpalr at the aryl—\or_hydrogenfbound nitrogen ;J

Yy m -

’

+ B ‘Arir

.o : ey Ar
. H . '«v . /H o i . s / .
Cp,Re— NG Cp,Re—N uszRe—'N_/ ' .CpRe—N_ -
A - N—Ar B /N, . o N—H .. D" /N
oo Nan Ry
CpRe .+ , Cp Re .+
T 2 - ' . . 2 ' P
e/ \ T F N

HEN-—N<Ar o Jd<lN——N<lArH

On the ba51s of’ precedent, structure A is most llkely Crysta;

’

structures of dlazenes have shown them to be coordlnated at the Loe

[

o o SRR

.
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‘ non-substituted-nitrbgen, with cis configuration (sahs;iigengytrans to

g . ‘ Al ) \»\:\
the metal), except when orthometalation necegsitates a trans -

configuration.. But there is no spectroscopic indication that excludes

‘B. Sciuctures C.and'D are less likely'becaqse they of fer distinctly

“Tess posslbilitx for electron delocalization, and are inconsistent with
3theﬁécadify of 22. Fqnther, the nresence'of a.lonelhair onﬂthe o
aryl bOUnd n1trogen ;s suggested by the equ1valence or near-equivalence

»

eof the chemlcal shlfts of the 2, 6- and 3,5-aryl protons with 4- F and

°

- CH3O sUbst1tutlon,'s1nce as lone palr would allow comparable

resonance forms ta be drawn w1th electron density added to all Tour

E

unsubstltuped-aryl carbons; The chemlcal shlft of “the N(l)-H el1m1nates

sﬁructures,:g and F whichiwould.not haVe the necessary nitrogen
anisotropy".208 o C . } ) , T

¥

A
v

The rhenium complexes requrre more studv The proton nmr spectra

r

haxe never been free of’ m1ndr resonances that may . be due to impurities,
) - i o

some neutral [CpZRe(NNAr)] formed in solutlon, a - structural isomer
" such as B, or the hydraz1do(2 ) form It is pos51ble that changes in

aryl substltut1on could be m%anlngfully correlatéd with changes in pKa

~

h

or isomer equilibrium, ' N

v . s
o a :
2N
.

The mechanism of formation of tungsten complex 14 Wwas given

L

. above.(See also Equation IV-Z.).That it is formed #s not surprising,

£
»

. that it, rather than the diazene, is isolated is! The implicétion is

‘j that the N(2) lone pair is more basic than the lone pair of the

- - ’
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me tal¥-bound nitroged; ﬁ(1ﬁ. "It is not appérentvwhy this partiéular

compound shoula\Se subJect to an 1nver51on ofzaizigégghpa3101tles Two

P T

ratlonallzations seem plau31ble, (1) The lone pair at N(1) is sllghtly

anolved in blndlng to the‘metalv (2) Conjugation of the midplane lone

o~

-Zpalr on tungstenz13 w1th the dlazenldo N=N M-bond places addltlonal
electron dens1ty at N(2) (ThlS conjugation could also be the basis for
the tendency of the diazo group to bend out of the<Cp,W midplahe

‘rather than in it.) If the second rationalization is true, then other
- éiamgiqs of the doubly bent hydrazido(2-) liganrd should be found ih

.“campléXQS with very electron-rich metal centéks.

L]
Fu . AL, 3
v . N

. An_obvious question is how 14 isomerizes to 15. The evidence
collected doés not bear on the question, so an answer is in the nature !

"of a rationalization. A possible mechanism is given as Equation IV-2. .

ot onlar A BV
PN TR e M—N T Cp.M—N;
ARV N\
AN —}— r N—Ar -
/
H
+ + H + H *
Cp M Cp.M / \ %
ZQ\N—-N' T N e [N CpZM\\
YARRVAN ./ /N N=N_ N—N
H W Ar “H H Ar / N / ){
n | H Ar
] H Ar
\Ar“ T Ar »
\ \. P ® '
N—H N '
CpM J N Cp M
2 2
\[\’J: \NHZ ’
v
H
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The ‘several steps in‘ formation of 15 are rather obvious once the
structures of 14 and 15 are identified. No single step is warticularly

novel: the proton shift from the metal to diazene is the reverse of

that postulated?07 in the reaction:

. T - R LM R
[Cp MoX (NH,CHRR' ) I* X /M;‘\-:N\C/
. g SR 3
— , H H R™
. S Nie e »
SRR +NH,CHRR M o
- [Cp,MoH(NH,CHRR' ) J* <— lo.
\ = . [CopMoH(NE, J'-NHCRR | C/ Ny i

. P

"‘But the whole process certa&nly is interesting f}{; it may bear on the-}
%}‘ inability of nitrogenase to reduce hydrazine. The‘dinitrogen complexes

_of transition me tals_. are either linear monomeric or bhidging. This has

led discussion of biological mechanisms of Nz-f(ixation away from

’)T-bounnltr-ogen 1nter'med1ates, and somewhat toward bimetallic

dlazo-br'ldged intermediates. Complex 15 is r'elated to 'JT-bound

inter'_mediates,' it iS‘ a c;helati‘ngv diazo ligand of bite size two. The

bidentate ligand"v‘fas formed from nearrangement of a singly coondinated
< jdiazo ligand. ‘I‘t is quq.te p0551ble that hydrazine is not acted upon by

nltrogenase because ‘both n1trogens must be coordlnated to allow

a .
reduction, but Ather-e ¥s no pathway by which the the enzyme active site "

can coordinate both nltrogens, except by star'tmg fr-om a more oxidized

form of’ dlazo llgand

* 1
- ¢
°
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The instability of 14, 15 and their moiybdenum analogues is quite
~promising if such species are to be included in a model for dihitrogen
fixation, for models of very reactive intermediates sﬁ%ﬁld also be

reéctive, Elemental analysis bf the products of further decomposition

of 14 and 15 appear to arise from gross éhangés of structuyre.

1:1 Reaetioné of the molybdenum hydride CpoMoH, with diazonium

ions appear somewhat diffehent from those of tungsten, but we fee; the
difféfénce is not fuﬁdabental. We suggest the cause for much of the
differenge is simply the greater tendency‘of the moldeenum analogues of
14 and 15 to react further. For instance, whi;e reaction mixtures of
C‘péWH2 kept below ca. 258 K remain lightly colored, solutions of
‘CpZMonﬁafcome deep brown even at 200 K. The low-temperature

color could be due to [szﬁo(NHzNAr)]+, or to [CpZMoH(NHNAr)]+

if this'-were colored like/the rhenium diazene.

W -

The inconsistencies and compiexities of 1:2 adahcts of each of the
bis(cyclopentadienyl)hydridometal complexes with diazonium salts makes
it difficultho anwer even basic questions. 1) What is the nature. of
2]? 2) Why does %j form even with only 1:1 stoichiometry of the
reactants present? 3) Why is the product of Cp2WH2 reaction with
’%woA oles diazonium salt different from 21? The second and third can
AN * .
not be discussed definitively until the first is answered and it

presently seems that the first can not be answered without better

separatioh of the product mixture. If the complexity in the proton NMR

L 4 -
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spectra of 21 1is due to the presence of several of the ten geometric
isomers of a bisdiazene complex (Each diazene could be cis or trans and

oriented endo or exo.) then the problem may never be solved. : 1

' :On the second poin&-one can say that diazonium salt reacts rather
easilylwith anlintermediéte which exists at 200 K. At thi; temperature
szMoH2 was not completely dissolved in.the volume of alcohél used.

The exisgtence of 1;2 product from 121 stoichiometry could be due to
reaction of dissolved diazonium ééit in excess of dissolved szMoH2

with dissolved'intermediate. This would be especially significant in
reaétions a) under conditions where diazonium salt is much more soluble *
1,in the alcohol than Cp,MoH,, or b) where solid diazonium salt is

added quickly or in larger portions.

This leads to the third point. "Though the 1:2 molybdenum product
iS~§robably formed at 200 K, from solutioﬁ color one can say that the
tungsten 1:2 ﬁroducts clearly are not. At the higher temperature of
reaétion of tpe tungsten hydride with two moles diazonium salt, a
ggeater variety of?reactions might be feasible. The isolate from
CpZWH2 reactions using a 1:2 stoiéhiometry does indeed appeéf a‘
meés, probably contéining sevqral products each in_low gquantity.

With establishménﬁ of thg nature af {:1 products, it would pfbbably
be fruitful to react the;e substancés with a further male bgzdiazonium“

salt to gee if this allows the synthesis of a single isolable product.
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D. Experimental
1. Instrumentation, Techniques, and ﬁeagents.
For general spectrdscopic and experimental methods see Section III 
D1,2. Low temperatures of PMR spectra were held automatically with a |
Varian V-6040 variable temperature controller. Temperature calibration

was done by measuring the CH3-OH chemical shift differengé on a

<

214

methanol sample run with the same temperature setting.r

g

Reactions of szMoH2 and Cp2ReH were done on a standard
vacuun rack with solvents condensed onto the hydride at liquid nitrogen
temperature. After melting the solveht, the solid diazonium salt was
added by tipping a bent tube attached toione neck of the reaction flask.
The tungsten reactions were done using the benéh-top vacuum,rack noted
above. ' I

!
MoClS, WC16, and ReCl5 were obtained commercially (Alfa

Products) and used as received. The hydrides were prepared according to

a literature method.215

N
i

ﬁ// : 2. Reactions of szwﬁg.

a. Cp2WH2 Reactions with Benzenediazonium Ion. Drépwise
addition over 0.8 h of a/éolution of’benzenédiazonium tetrafluoroborate
(119 mg, 0162 mmole) in ﬁethéno; (18 m1) to a stirred, cooled (253<T<265
K) solution of CpyWH, (196 mg, 0.62 mmole) in 16 ml tolugne'under

N2 géve a.color change to brownish yellow. Yellow solid 14a formed

L4

Ve
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énd collected on the walls of the flask underneath the solution sUrfacgyo
Thg mixture was evaporated under vacuum to less than half volume without

noticeable change to the quantity of solid and then filtered. The

»
7

filtrate was stripped to dryness, leaving a brown residue. An infrared
of thewbr;;;ﬁ;EEIdue indicated it to be 15a, but attempted
crystallization from propanone/toluene cooled to 265 K gave a brown
precipitate of 16a. Anal. Found: C, 24.8; H, 2.80; N, 3.15. Caled.
for "C16H21N2WB;F16" C, 24.9; H, 2.74& N, 3.63. IR 3340 m, -

3125 m; 1595 wm, 1488 wm, 1433 m, 1320 w, 1280 w, 1080-1050-1020 vs, 848
m, 750 wm, 694 w, 528, 518 cm~! w. The filtrate of 16a upon standing

in the freezer slowly depositéd black [jat Anal. .Eound: c, 26&2;‘H,

2.705 N, 2.34. IR had no VNH, and only a shoulder at 1600 cm*!.

g .

The yellow solid 14a was rapidiy recrystallized ffom methanol/
CHZClZ(ether/hexane, filtered in air, washed with ether, and briefly
air dried. (See Table IV-1 for analysis.) IR: 3240 s (W’NH), 31318 (V
CH), 1601 s, 1513 wm, 1496 s, 1441, 1430 s, 1405, 1384 s, 1358 s (VNN),
1283 m, 1218 m, 1173 m, 1155 m, 1090~-1060-1018-1000 vs, 879 m, 852 s,
839 s, 753 s, 739 s, 690 s, 642 wm, -615 wm, 569 m, 525 m, 508 m, 375
cm™! wm. (See Table IV-2 for PMR.) It décomposed -in a vial nominally

under N2 in the refrigerator, turning distinctly olive green. "In air

on a hot stage, rapid decomposition did not occur below 363 K.

Solutions of tya isomerized, when not well cooled, to 15a. This

brownﬁsolid was recrystgllized from propanone/toluene. IR: 3304 m,
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3244 m (11NH2), 3124 s (VY CH), 1595 vs, 1486 vs, 1452 wm, 1436 wm,
//
1420 m, 1324 s, 1281 s, 1179 wm, 1085-1050-1020~995 vs, 845 s, 752-s, -

694 m, 522 m, 451 w, 386 wm, 346 cm™! wm.

2b. Cp,WH, Reactions with 4~Fluorobenzenediazonium Ion. —
In a similar reaction of H’FCGHHNZPF6 (76 mg, 0.28 mmole) {
and Cp,WH, (91 mg, 0.29 ﬁmoie) at 248<T<258 K, 14e was collected by
eQapgrating the reaction mikfure under vacuum for 0.3 h, cooling to‘égi
K, and filtering. The yelloﬁvsolid 1le was allowed to drain well, then
vacuup~-dried; 53% yield. 1Its infrared speptrum»clearly showed peaks due
to toluene. It was recrystallized froﬁ methanol/ether/hexane but so

muc ethanol was used that the recovery was poor. (See Table IV-1 for .

analysisi) IR:"3276 wm (v NH), 3135 m (v CH), 1625 vw br, 1507 vvs,

1431 m, 1411 m, 1392 s, 1361 m, 1205 s, 11?1522},1095 wm, 1072 w, 1020,

1008 wm, 833 vvs, T40 m, 559 s, 520, 504 m; %20 w, 357 cm™! w. Small -
crystals were formed from prOpanone/tolueﬁercooled in a capped tube
under N, placed in an evacuated tube cooled to 195 K. S;ightly larger
crystals\formed from slow diffusion &f a hexane layer into a

propanone/toluene/ether solqtion at 265 K.

The filtrate of the reaction mjxture after removing 1le was
partially stripped and allowed to stand at\265 K. The

propanone-insoluble black solid which did collect wasvremoved by,

filtration. The filtrate was stripped to dryness and purified by

dissolving in a minimum: of propanone (<0.3 ml) and precipitating with
¥

a

G
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excess tolyene. " This gave a dark oil and some light brown solid which
was filtered from the decanted so):utio,n. .The treatment was repeated
twice‘ witth the r‘emainipg oil to,,Eolidify all the{reSidue. It was
.cdnbined with the filtrate of the recrystallization of 1le and-

v

crystallized from 0.8 ml propanone/6 ml toluene, with slow cooling

provided by placing the solution ffnder‘ N2 atmosphere in a capped tube \\ e
. ?f? | i {,' =
placed in an evacuated tube in dry ice. The cold solution was decanted ~ "ﬁfﬁgzx

from the fine brown crystalline needles which formed and the solid i

, washed once with toluene and vacuum dried to a light brown solid. The |
ahal;rses and PME spectrum (Tables IV-1,2) ‘both indicated 0.7 mole

toluene, though it was not apparent from the'in‘frared spectrum: 3336 m,

3261: wm (VNHZ); 3130 wm (VCH); 1605 wm, 1498 vs, 1421 wm, 1328 m,

1281 m, 1211 s, 1155 wm, 1106 wm, 1077 wm, 1014 wm, 993 wm, 918 m, ca.

845 vvs, 792 s, 739 m, 699 w, 559 s, 511 w, 470 cm~' vw.

2c. CpZWH‘2 Reactions with 4-Methylbenzenediazonium Ion.

[CpZWH(NNHC6H4-4-CH3)]PF6,b1_4d, was synthesized from
M-methylﬁenzen;?}.\agg\nium hexafluorophosphate (111 mg, 0.42 mmole) and
Cp,oWH, (133 r’ng, 0.42 mmole) in the manner of 14e; 71%kyield. IR:
3265 w, 3133 wm, 2923 vw, 2874 vw, 1632 sh, 1661 wm, '1510 m, 1433 m,
1388 [['1”7\1361 m, 1E222 .wm, 1171 val, 1113 w, 1076 w, 1020 w, 849 sil, 832

vs, 757 w, 739, 729 wm, 633 w, 558 s, 503 cm™! wn.

[CooWH( | PNNCgH,~4-CHy) IBFy, 1ke-T7N(1), was
synthesized fram 15N--Ll-methylbenzenediza.zonium tetrafluoroborate (58

mg, 0.28 mmole) and Cp,yWH, (89 mg, 0.28 mmole) in the manner orf'/’ﬂle
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but bécauée a solid didrnot.form during evacuation, the isolate
collected was 3imply the involatile residue. IR: 3388 vw (trace 15c),
3237 wm,73;33 m, 3060 sh, 2924 w, 2870 sh, 1610 wm, 1406 s, 1431 wm,
1475 m, 1332 m, 1286 wm, 1220 wm, 1170 wm, 1085 s, 1055 s, 1012 s, 847

m, 829 m, 814 m, 758 w, 738 wm, 634 vw, 522 w, 506 cm™ ' wm.

A similar reaction in an ice bath p%oduced no yellow solid from

M-CB3C6H4NZBF4 (115 mg, 0:56 mmole) and Cp,oWH, (177 mg,

“\%%g%h9356 mmole), but after evaporation under vacuum for 1.0 h a brown oil

e -

— 7 )
was apparent. With continued stirring and evaporation this solidified,

at which point the remaining solution was filtered off and further
evacuated to dryness, leaving a_trace of red oil. &he brown solid 1§c
was recrystallized from propanoné/toluene. Decomposed without meltiné
above 333 K in air. IR: 3298 s, 3235 m, 3158 sh, .3116 m, 3018 wm, 5923
wm, 2863 w, 1607 s, 1571 wm, 1504 vs, 1436, 1422 m, 1322 vs, 1305 s,

1287 s, 1183 wm, 1085-1045-1020-1000 br vs, 930 m, 890 wm, 842 m, 810 s,

776 m, 690w, 524 m, 370 o™ wm.

When stirred in degassed methanol in light at room température for

0.3 h no decomposition was detected, but over longer periggs a slow
7

decanpostion to a black insoluble solid occurred. Li%9/173 the solid
had no obvious infrared wNH but was not further chégécterized. When a

sample of recrystallized material was treated with degassed methanolic

HBF) (1 ml) no color change was apparent and no solid formed. In an

earlier attempt nothing was precipitated by addition of ether so the
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methaﬁol was removed under vacuum. This left a purple oil, .18, which
was well ;;acuated, triturated with hexane and then ether with no effect
and finally crystallized from propanone/ether as a deep.purple splid.
Anal. 'Found: C, 27.3; H, 3.14; N, 3.58. Caled. for

, - .

[Cp W(NHNECHyMe) 1[0(HBF))3]:  C, 28.5; H, 3.24; N, 3.91.
iR: very broad background 5650-2500 with maximum possibly near 3200;
3340 m,=§220 m, 3130 8, 1633 br wn (\lNHZ), 1587 wm, 1532 wm, 1515 s,
1433 S, 1364 m, 136; m, 1296 wm, ca. 1075 vvs (ilBEh),;865 s, 838 sh,
‘807 m, 765 m, 579 W, 531, 523 wm, U486 em=1 wm. * Addition of ayfew&;;

‘ drop§ methanol to a prépanone solution of 18 caused hapid change to

brown.‘ The reaction could not be successfully repeated by "@dding 1 d

- 48% HBF,. Though the purple oil formed with low quantity of

hydroxylic solvent; reaction continued under evacuation or in air to

give an-amorphous brown solid mixture, part of which was extremely

. A
soluble in polar organic solvents.

-
2d.. Cp,WH, Reactions with 4-Methoxybenzenediazonium Ion.

. When solid 4-CH30CgH\N,BF) (98 mg, 0.44 mmole) wes added
slowly over 1.0 h at 200 K to a solution/suSpeﬁsion of Cp,yWH, (140
mg, 0.44 mmole) in methanol (15 ml) the solution became orange very
slowly, then 0.4 h after the last addition became yellow again, with
yellow solid present throughout. Some of this was collected by tipﬁing
the reaction flask, letting solid settle in one neck and then decanting
solution away, all at 200 K. This was later collected and shown by

infrared to be a mixture of largely uncombined reactants. The solution
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and ﬁpe—rest of the suspended solid was allowed to warm. ‘Neap 273 K‘thei
soly;ion turned‘orange-brgygxand an off—yeiiow solid forﬁed. The
solvent was removed with stiﬁying, keepiné the reaction‘flask below 273
{/gngtil all solvent had been lost. The yellow solid 1ﬂ9 was |
characteriéed without recrystallization. 1IR: 3236 m, 3120 m; 2833 W,
1611 vw, 1602 w, 1504 vs, 1463 m, 1436 s, 1395 s, 1361 s, 1300 m, i245
vs, 1180 m, 1100-1010 ‘vs, 847 s, 830 vs, %66 W, 728 m, 629 wm, 535 wm,

521 m, 447 wm, 374 w, 366 em™] VW .

When yellow 14b was dissolved in me thanol, ethaneﬁitri;e,‘qrf
propanone at foom temperature, it readily converted to broﬁn 15b, and
also deposited dark insoluble solid, presumably iﬁ and/or 17. Sodid 1§b
was collec£ed by evacuating the filtrate tp dryness. It was
recrystallized from propanone/toluene. IR: 3303 m, 3237 m, 3100 m,
2950 sh, 2836 w, 1608 m, 1577 sh, 1503 vs, 1464 m, 1440 s, 1421 sh, 1316
m, 1278 s, 1241 vs, 1183 ﬁ, 1084—1032;vs, 930 sh, 890 sh, 824 s, 774 s,

600 w, 524 m, 375 cm™! w. , -

3.‘Cp2MoH2 Reactioﬁs
Freshly distilled 2-pro§anol (25 ml) was transferred under vacuum
to Cp,yMoH, (56 mg, 0.25 mmole) and stirred in an ice-salt bath as
solid M-FC6H4NZBFM (51 mg, 0.24 mmole) was added. The solution
color during reaction éppeared reddish, but was brown after 0.5 h. A

solid filtered from solution under nitrogen had an infrared spectrum

close to that of the reactant diazonium salt, e.g. </ NN 2285 and
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aryl-F 123O'cm‘1. Theggesiduevaften'removing all volatiles under -

vacuum at ambient temperature'nad_e considereble.amount of material
whose infrared spectrum mimics 1§:M(§300'm, 3240 m (VNH,); 3110 s

‘ (vCE;; 1600 m (§NH, and vC=C aryl);‘1§§5 vs, 1440 m, ﬂﬁES.m (VC=C aryl

and Cp); 1365 wm, 1315 m, 1270 m; 1214 s (varyl-F); ca. 1050.vvs, v br
(UBFy); 823 vs (§ 1,4-aryl); 778 s; 518 m (VEF)); 468 wm; 390 wm; A
327 cw™! wm. -Anal. Found: C, 42.3; H, 3.97; N, 4.43. Caled. for

[CpZMONHZNCGHMF)]BFué C, 43.9; N, 3.68; N, 6.39. PﬂRd

" ey

((CD3)ZCO) of a similar sample prepered in methanol (Anal, Found: .
C, 41.6; H, 3.57; N, 6.57): 7.67-5.90°m aryl and impyrityes; 5.63 s Cp;
3.32 and 3.18 MeOH; with expected NH, lost’in noise.

During slow addition of 4-ECgH,N,PFs (130 mg, 0.48 mmole)“
methanol stirred at 200 K the

to Cp,MoH (132 mg, 0.58 mmole) i
2 2

solutlon developed a moderately 1ntense rust color. After 4 h stlrrlng

]

some of the unreacted Cp,Moki, was nemovedvby decanting and the

©

solvent removed overnight as the bath slowly warmed to .room temperature.

-

The brown. r951due was washed w1th benzene to remove remalnlng - .

— :
Cp,MoH,. Anal. Found: C, 37.0; H, 3,21;/54;%524 Calcd . for . \[‘~j\\\

[Cp MONH,NCeHyF) JPF¢ C, 38.7; H, 3.25; N{5.657 The infrared

-

spectrum of the residue egrees with that of thé material above except
— 4 -

for-a shift in VNH and replacing 1/BEM with 'VPF6, which allows
observation of any absorption near 1050 em™1: ’3330, 3250 m (VNH); . :

t v
1160 wm, 1100 wm, 1065 wwm, 1020 m, 1006 m; ca. 840 vvs, 740 s, 555

cm:;a¢§(1)PFg). PMR (CD3CN) had two strong singlets at  7.33

T . ; .
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(benzene) and 5.64 (Cp)lﬂdlggrggg%ﬁn‘between 7.30 and 5.16 contained a
. PO [

forest of peaks and accounted for 60% of the integratéd intensity of the -

caomplex. This was taken to be the spectrum of a éignifican%ly
decomposed material in which decomposition has involved the

cyclopentadiene ligands.

The 1:1 addition of M-fluorobenﬁehediaqonium tetrafluoroborate ob

S

hexa fluorophosphate to Cp2M0H2 was done five times. By far the most
. L J ’
successful, at least as indicated by infrared spectra of the

unrecrystallize&ﬁbroducts, were those just described. 1In no‘case was
the crude product successfully reprecipitated. In methanol or propanone

solution the product mixtures decomposed to a material with medium to.

1

strong intensity absorption at 3330 cm™', and brown soiid 20 was

occasionallyfcol&ected. One such samﬁle was précipitated from )

_ methano;/benzene. Anal. Found: C, 29.7, H, 3.21; N, 4.55. C;lcd;
for "C1aéH16NZEMo(BF4)3.4", C, 29.7, H, 2.5; N, 4.3. 1IR: ca. |
3400 sh (¥ OH); 3335 m (VNH); 3110 m (i) CH); ca:. 1610 (§ oﬁz); 15004
1485 sh, 1425 m, 1080 s'(1/BF4);W83hJ(S 1,4~aryl); 560 br W ; 5é8;518
em™ ! (w’BFu). Other decompositiop/oxidation pfoducts formed, but

Wwere never characterized. . : . ' e

_ When addition of solid 4 -methoxybenzenediazonium tetrafluoroborate
(152 mg, 0.68 mmole). to a methanol (30 ml)/solution/suspengion of
CpZMqH2 (157 mg, 0.69 mmole) was done at 200 K during only 0.25 h,

the solution turned very intensely red. The yeilow solid Cp2M0H2

*.
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tookq1.5 h to disappeaf, and at that time the presence of a considérable
amount of'défk solid was first noted. Purple ;olid 21b, *
[CpéMoHZgZ‘NNC6HuOﬁe](BF4)2, was filtered out after 2 h,
washed‘once with methénol (giving a deep red washing), ana‘dried ﬁnder
vacuum;, The volatiles were stripped froﬁ the'filt;ate; and the crude

isolate purified by trituration with toluene and-thén THF. Anvinfrared

of this material indicated the presence of 19b,

[CpZMo(NHZNHnghOMe)]BFM: v NH, 3300, 3240 m; 1600 om™' L

wm. Another spectrum taken after the sample had nemaiqed:in the dry box

over three yeérs indicated complgte decbmposition to 20. The onii‘ ?
6b;iou; differenoes in the infrarediéﬁecﬁra of these samples>of‘i§;and >
1 in 20 in piace of thé two

lower frequency bands iq'19 gnd a shift in the wv(C=C aryl modéL;rom'1490

20 are the presenée of VNH at 3340 cm™

-

in 19 to 1510 en™' in 20.

i
N

Solid 21b was found to decompose above.about 398 K and to be

‘insinble ip ben%epe, céfﬁbnvtepraqhioride, énﬁ.water; very slightly
soluble in ether ané glaciél écetio acid; slightly soluble in chloroform
and dichIO(pmethane“and vefy soluble in propanone and acetonitrile.

Ay (cHgCN, 298, K) 243 §hm'1cm2pole'1. In this solvent
conductivities of71:j electrolyte complexes range between 120 - 160

ohm'1cm2mole'1; 2:1 electrdytes range roughly between 220 - 300;

R

- ohn™ lem?mole™", IR:, 3124 m ( VCH); 2940 sh, 2840 w (ﬁ)CH3); V "
1598 vs, 1575 m, 1535 wn, 1504 s, 1487 m, 1468 m, 1444 m, 1420 m, 1310

m, 1265 vs, 1165 vs, 1080-1050 vs, 834 s, 765 wir; 520 cm~' m. The

(e

3
w
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1

intensity of the peak near 1600 cm™ easily distinguishes this from

the material of the filtrate.

Synthesis of 21b was }epea;ed using 65 mg (0.3 mmole) Cp,MoH,
and 121 mg (0.545 mqgle) diaéoniumlsalt, which gave 70 mg "~ |
hanol-iﬁsolﬁbie“product. Anal. Found: 'C, 43.3; H, 3.82; N, 8.57.
gzjjcd. for [cgéﬁbﬂz.z NNCcH,Me](BFy),: C, 42.9; H, 3.90; ‘ .
“N, 8.37. Infrgred does not agree entirely with th;t just above: 1535
. s, 1504 absent, 1487 vs, 1310 shifted to 1298, 1265 ‘shifted t5\1250, new
: peék at 1150 m; 765 absént; new %35 wm, new\662kwm, new 530 m. |
Differenags are probably due“to'the presenée of [Qb'in the pnguct
ébtained from the reacfidn above, in which.only Qﬁe mole diazénium salt

1

was used per mole Cp2M0H2.

@

'y Cp,ReH Reactions L B e

[Cp,Re (NHNCgH, -U-F) IPFg, 22e. Solid .

T

4-fluorobenzenediazonium hexafluorophosphate (62 ﬁg, 0.23 mmo;e)ﬂwa34/
added in portions to a soiution/suspeﬁgion of«biscy;lopentadieﬂylrhenium
hydride (77 hg, 0.24 mmole)'in 26 ml of cold gT < 273 X) methaﬁol_under
vacuum. The §olut;0n became red_and then bfown.__Fo}lowing addition
over 0.4 h and further stirring over 0:].hé the éolutibn was codled‘with

™
- liquid nitrogen until frozen. No Ioss Qf'vacuum was detected. The

P . »

solvent was evaporated under vacuum leaving a brown,,amorphous%solid.
- <t ‘3_ R

The solid was pecrystallized below 273K with ethanenitrile (1 .

‘ml)/ether(15 m1). Anal. Found: C, 32.9; H, 2.745 N, 4.64. Calcd.
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(S€e below.)

for C,gHygN,FrPRe: C, 32.8; H, 2.58; ,N,'“'\‘“"r{s‘ FR: 3223 vw
(yNH), 3135 m (vCH), 1M99fvs (vCC“Cpiénd aryl); 1230 s (varyl-F), ca.

835 vvs (v PF and §1,4-aryl). VPMR (CD5CN) = 7 16, 7:06 pseudo d
vs (v PFg. 3

B4 H], aryl; 579s[10HJ,Cp,5623[3uHJ ;u8us[23a1,

impurity. Decomp031t10n of thegcold solution occurred over elght days
. g

with decrea31ng relatlve intensity of all peaks except that at § 4. 84

At six days new peaks had appeared at § 7.48 and 7 36 but then these -

also became lost in noise. An 1nfrared ofamaterlal present in the_

Bl

filtrate left {ram réerystallization had a .strong peak ca. 1660 cm™1

This is assigned as due to a preduct with two moles of diazonium salt.
/ . ’

e

.

[Cp2Re(NH‘NC6HM-4-OCH3]'BFH, 22, vas synthesized similarly
except that the solution was held at 273 K during addition and became

intensely bkown immediately. " The solid was tritnrated with hexane, but

not recrystallized before analysis; It was soluble in'ethanenitnile,

propanone, methanol; moderately soluble in cyc lohexanone,
dichlorometnape, chloroform, 1-propanol; insoluble in toluene,’ether,
hexane. The solid was difficult to recrystallize for concentrated

solutions were'sc intensely colored as to be opaque ‘and more dilute'

1 - solutions wene incompletely precipitated'cy addition of a poor solyent.

-
[N

The isolate which was burest was obtained as the least or

)

slowest-soluble materidl from propanone, though this nas obviously not

efficient. IR: 3195 wm (VYNH); 3120 m (varylH);‘2925, 2835 wm (V

"alkylH); 1600 wm, 1509-s (yC=C aryl and Cp); 1250 vs (v C-0-Me); ca.

s
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&

1056 vvs br %VB?M)§,83O s (§ 1,ﬂ4aryl). PMR (CD3CN): 11.5 v br, ~

NH; 7.0 m at 60 MHz or pseudo.q withlJ= 9 Hz at 100-MHz [4 H] aryl; 5.77

's‘[10/h]-Cp; 4.85 s [1 H] impurity; 3.78 s [3-4 H] OCHg. PMﬁ '

((CD3),C0): § 12.1-v br\NH;q6.92 m aryl; 5.96 s Cp; 5.58‘;nd\31907

impurity; 3.77 ; OCH3; | A
[CpéRe(&HNC6H4e4-CF3)]BFqswas syqthesized‘;igilarly

. except. that the reaction was done with 10 ml methanol at room

. teﬁperaturet IR of toluene triturated crude material: K321O W br (YNH);

3135 m fvarylH); 1660 wm sh impurity; 1§?st, ca. :1590 sh, 1590 m%ﬁVC=C
aryi and cg); 1410 s (vcfc éryi and Cp); @a. 1315 fs cuCF3)§ ca.
| fOSO vvs br O/EFQ); 840, 815 s (§1,4-aryl). %he product -was lost when
nrecrystallization.Was interrupted,by a lengthy power failure but thé low
ihtensity of the band at”1%do em™! implied tﬁat thi ynthesis mighp
not have been as\sudeessful. ) J— - K&ﬂ’
1;2 Reaction. Ohe éttempt‘Was made by1pr. 'Aia;-G;ichrist to
éynthesize a H:Z broduct by siﬁpl& adding aﬁseéond'ﬁple ofl
M-metboxybenZenédiazoﬁium tgtraflﬁorobo;éfe‘afte;'the first had been
added and given~011 h to react. Ihé-isolate obtained py stripping off
all solyent and ttituratihg»ﬁith ether was browniblack; A sample sz
recryékalliz;d from 5 mi p;Bpanone/1 d 48% aq. HBF4/2 mi
CHéClZ/ether added slowly.until solidificétionf The‘solid was

washed with ether and vacuum dried. Anal. Fousd: C, 40.&; H, 3.54; N,

6.64.  (aled. for [C,yH,cNyB,FgORel: C,—3#:9; H, 3.31; N,
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om

-1 and otﬁer

7.36. . The 1nfrared spectrum has a strong band at’ 1660 cem™
absorption at 1580 m, 1498 vs (V C= Q) 1258 (w’C O—Me), but only medium
1nten31ty at 1050 where 1/BFM is expected to absorb strongly -Ihe

: analytical formulation as a 1 2 adduct must be treated as merely

suggestive. ' ' s

[C;)A;?Rae(NNC6Hu-4-OMe)], 23. A degaésed__solution of 0105 M -
pbtéesium darbondte in‘methanol/water was added to splid‘ "
[Cp,Re(NHNCgH,-4-0Me) IBF, under nitrdgen. ATh'emixture was L L
stirred v1gorously 10 min and 1 ml H20 added to. precipltate the brown *
, product whlch was washed w1th water gnd vacuqm dried IR:i ca. 3070 W
(Varyl-H); ca.. 2920 W, 2830 W (V alkyl H); 3610 s (VY NN); 1580 m, 1492
vs (v'C=C); 1245 (1 C-0-Me); 1180 m, 1025 m, 905 m; 828 (§ 1 M-aryl)
' The solid 22b did not react as an ether suspen51on w1th triethjlamine, .3
but, in soldtion did so, producing 23 and Et3NHBF4J identified»by

canparison of its infrared spebtrum with an euthentic sample.

v B
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Chapter V.-

Ligand Abetractioniin the Reactions of Diazoniqm“Ions ‘ .

with Iron Complexes of 2,3-Dimereapto§2-butenedinitrilate(2;).

£

A. Intréduction e o

Considerable study since 1957 within the fie d of inorganie

chemistny has been goﬁe on metal thiolate c'omplexes,‘217 Currently, .

the most noteworthy results eoncern monomerjc, difieric and tetrameric K k,é'

iron complexes which mode12.'8

' ' #F . o 3.
and include the electron transfer : L z
. . - . ot = \ .. ¥
" sites of the so-called non-heme iron proteins.2'9 A direct .t 1

enteqedent to these is the study of the oxidation-reduction feactions
possible with metals complexed byL1,2-efhenedithiolate-type.ligenQS.,
pomplexes of the éeneral foéms {M(S2C2R2;;}9r and .
{M(32C2R2)3}n' we;e intrigding because, emoﬁg other things,

the& can be oxidized/feducedrthfough as’maqy as three dif%ereht
stable oxidation states,iwith»polaregraphic evideﬁce'fer the

existence of mor‘e.22O

.

i

e
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Compounds of [M(Nb)(S2C2R2)2jn° are also found to be
readily oxidized and redueed.‘?z1 Study of the ﬁoderately stable
canplexes in different oxiaation;states gives a sizable variety and
quantity of data (electfode potentials, magnetics, UV, ir) with which
one can determine théir electronic structures. Thus, this sort of

complex appeared to be an unusually attractive candidate for cemparing

e

the bonding and electronic structure of M-NO with M-NNAr.

R
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<f‘z The obvious'pfgblem>ﬁés synthesis of [FeQN&Ar)(52C2k2)2]n'. o ///ﬁﬁ

ni trosyl analogues had beeh synthesized frcm“NO gas. As noted in i
Chapter I, there is no cbmparable route for diazo. complexes. The-

reaction of anionic [ {Fe(S,C,(CN),),},12=,220 whigh will be
of anion 22 tN2)ai1™ lgp will .

abbreviated as simply {Fe(mnt)2}', with a cationic diazonium salt

was found to lead to ligand abstraction. Preliminary. attempts at other -

t
-

“synthetic routes"(reaction of diazonium with the nitrdbyl_compléx
j[Fe(Np)(mnt)Z]';.peplaceﬁént of, phosphines and carbonyls from o
< ! : : : ,

[Fe&CO)2<NNAr)(PP%3)Zj+ with oxidation; complexation of
O phenylhédrazine to be %ollowed-by oxidaﬁion; r;actionioﬂfanilinegwith
@Fe(NO)(mnt)2]‘) showed no promise. The 6riginal aim of this stﬁdf
beiﬁg entirely thwarted by an inability to synthesize tﬁe required
aryldiazehido complexes,. we repoft93 only the synthesis'of new
s\\thiéethers derived from cis-2,3-dimercapto-2-butenedinitrilate(2-),
known also as maleonitriledithiolate or ﬂ
cis-1,2-dicyancethylene-1,2-dithiolate.
/ | o
B. Results and Discussion
When coﬁbihed in methanol,nthe two soluble salts‘Na{Fe(mnt)Z} and
[M-EtéNC6HuNN]BFu undergo metéthesis and a compound of empirical
formula [M-EtZNC6H4NN][Fe(mnt)2] precipitgﬁes. The solid §;ate =~
infrared spectrum has no absorption between 2100 and 1600 cm'1,7the
region in which p (N=N) of a bound aryldiazenide might appeaf, and we

assign a peak at 2140 cm™! o V(NEN) by comparison witﬁ‘fhe diazonium
, , - . .
tetrafluoroborate. This solid is stable at .room temperature.” It is an

example of an unusual, large countérion stabilizing the diazortium

.

A

A
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M

cation. It would not be especially.noteworthy except that its'fOrmatfbn
contrasts with the reaction of diazonium cations having less fl-donating

para,substituents.~

G

-
% -

. When a similar combination of‘.NaFe(mnt)2 and 4-F= or
H-MeO-C6HuNNBFu is attempted, a smooth bubbling-is seen and with
excess diazonium salt the intense color of the solution, characteristic

of transiQ}on metal Eomplexes of the ligands 82C2R22';222 is

shaéply réduced; The{inéoluble residue left after solvent evaporation .
yielded a yellow bénzege or tdlueneﬁextract. Répeatéd'crystallizétions v/f~
from segll_volumeé éﬁ‘solvent allowed separation of
‘M-Régﬁusc(CN):C(CN)SC6HueA-R,,gﬁ. I(See listing,‘Tablé'V-1.}

Since infrared spectra of the cnyég\extradt and the crystals matched :
ey

well, it appears that the crude extract is substantially 24 and that 24—————"

e

is a major product of the reactions, though only small qUéntities of

4

crystalline material were ever recovered.

L 3

F-3

Table V- Analytical Data for 24, (4-RC6huS)2C2(CN)2.

-

Compound Analytical Data ijk | M.P.: Parent
Found "t Caiculated N (°c) m/e>
C H N cC H N
2ha R=F 56.90 2.33 8.47 58.17 2.44 8.48 545 330

24b R=OMe  24.04 4.00 8.01 24.19.3.97 7:86 156 354

2hec R=Et N 64:78 6.36 12.44 66.01 6.46 12.83 137 436
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when the aforementioned [M-Et2NC6HuNN]{Fe(mnt)2} is heated @

vin methanoi’with three moles of Qiazdnium salt, the analogou§ product is
‘iéolated'by t he same work-up. A slow reaction‘ofrtwo mo les .
4-Et2NC6H4NNBFu per mole Na{Fe(mnt)2} at room temperaturé

produces a similar material, but analyses (C, 52.16; H, 4:38;'N; i5.96%)>
suggést considerableqcontaﬁination‘w;th é material of’empirical formﬁla
HSC(CK). No evidence fé}'novel prbducts,.partiCulariy aryldiazenido
coﬁblexes, was nbted with this;stdichiomet;y and mild réaction

conditions.

. . 2 ) : . .
Infrared spectra (EigL:; V-1) of the compounds 24 are quite

simiiar; allowing for the'change i ring substituent. Thé strong
absorption near 1500 em™' is assigned to vC=C of the butenedinitrile,

though some aryl intensity can not be éxcluded.‘ The assignment requires _

B

that the similar groups lie at cis sites,

r Co "NC  SAr

NG SA
N/ N/

\
aQ==0Q0
a==Qa0

/N /" N\
NC SAp ArS CN

e

cis-24 trans-24
since the trans form is centrosymmetric and would not have an infrared
acgive vC=C. The long wayelenéth ultraviolet absorptions of Zya ana’b
(Figure .V-2) match élosely the absorption of cis-MeSC(CN)=C(CN)SMe and
are at higher energy than trans-MeSC(CN)=C(CN)SMe.?23 This is further

evidence for cis stereochemistry in 24.

%
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Though 2;3-di(alkylthio)butene_derivatiVes had been known,

inciuding RSC(CN):C(CN)SR,zZM'the aryljderivatives were not previdnsly
reporéed. | N -
The compound EtuN[Fe(NO)(mnt) ] was made to see 1f the, ‘: >'_;

."

'coordlnatlon of NO would alter the site of attack of dlazonium from

9

sulfur to iron.: Only ‘one mole of Y- fluorobenzenedlaZOnium salt was
) e -

nsed; Infrared of the crude’solid obtalned by removing all volatlles

4

had little NO intensity of the 1n1t1ai‘n1trosyl complex,_and an ' Ve

-1, Since extraction of the solid with

benzene separated 24a, showing that the diazonium ion attacked‘at;the_"

suifur rather than iron, tné new infrared absorption is likely to be a
. . ‘ L '
nitrosyl stretch. No iron gemplex was isolated, and the reaction seems

not to be productive. (See.aléo the Appendix for reaction of

[Fe(NO) (mnt),]” with aniline.)
(

The ‘reaction of {Fe(mnf¢2}' or EFe(NO)(mnt)Z]' could be-
¢ : )

"either an electron transfer to the diazonium catibn, nucleOphilic

attack, or more likeiy, both'.225'7 Electron transfer would-produce an
aryldiazehyl radical, which would rapidly- lose dinitrogen. Attachment
. , N

of the aryl radical to a sulfur WOuld.lead to 24, Since little

N

fluorobenzene was produced, either the scaVénéing_by sulfur must be
efficient, or the proportion of"ArN2+ reacting by electron transfer
mustAbe low. The outline of a nucleophilic mechanism is: ~attack of

electron density located at a sulfur on the termi%al‘aryldiazonium

[N

N
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nitrogen}and, inieither 6rder, decomblexatzﬁﬁQOﬁ\gflfur and extrusion of :

Y

dinitrogen, leaving 24.

- 5 o =y

Compounds 24 can also be synthesized directly from

'NaZSZCZ(CN)Z. This salt reacts easily at fQOm temperature with

M-FC6H4NNBF4. The reaction appears to be less clean than that of

the iron complex. Again, small amounts of pure 24a weré isolated by

fepeatéd slow crystaliizafion. Thére‘is a large amount of deep red tar
also produced. Electron transfer may be more important in rqution of
l'the,uncomplexe§ thiolate since\NaZSZCZ(CN)2 is a reasonably good

- re@53155\3§32P;2?3 In one trial twice as much mass was lost (measured

as the difference betWeen the sum of the reactant masses and the mass of

the'vacuum-dried product)ﬂés ekpedted"simply from the complete loss of

dinitrogen. We suppose the difference is the.mass of fluorobenzene

. . produced by a radical process. , E s
A 4 ' . K - -

A recent communication suggests that diazonium salts are-reduced to

'ary1hydfazines by selenols.227/1njonly bne_instappg did'we detect ‘ §J7’
evidence of a hydrazine product. In a preliminéry reaction using

T

unmeasured quantities and adding solid diazonium salt to'a methanolic
Tl LD . . v ' T . ’ :

solution of Na{Fe(mnt)Z} until the solution color was yellow, the dry
'La\§qumgf _ residue left after precipitating excess diazonium salt and removing/‘

other tetrafluoroborate salts by water extraction had medium intense

absorptions at 3340, 1620, and 1515 em™1,

— .
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In Chapter VI are reported the reactions of {Fé(CO)3SMe}2 with -

diazonium salts. These complexes are not attacked at room temperature.

-

Thus ligating sulfur atoms are not necessarily sufficiently.nucleophilic’7 .

¢

to.attack diazonium cations. Obviously phe nucleophiliéity in the
maleonitriledithiolate comﬁiexes is greaté; and is centered at the
sulfur rather than the iron. Molecular orbital calculations hayeA
suggested that the highest/?}iled levels of [Ni(mnt)é]nf complexes

have a.high aegree of ligand«chéracter.22o Qur. results give;chemical
support to this and suggest that the statement is still applicable w;th
change of metal at least as far as iron. Thus we didwnot even try .
initially e?visioned extension to cobélt complexes.’ And simiiarl& we

did not feel that the iron of [Fe(mnt),]?” would be sufficiently

nucleophilic to compete produbtivelf‘with the ligating sulfur.

__hrother ‘method of syntgesﬁs of-[ArNNFekmnt)2]n' which was :
éttempted was displacement of Cp and PPh3 from | |
[Fe(CO)2(NNAr)(PPh3)2]BFu by Na2S2C2(CN)2. The‘two

salts did not appear to react at’rodm temperaturef Wifn heat&ng CO was
evolved ( vCO Qas not seen in the crude product) but no pure substance
was separated in our attempts. _Other routes to [Fe(NNAr)(SZC2R2)2]n',

such as oxidation of the {unknown) compound

r
g
- /
e ~ £

[Fe(NHéNHAr)(Szcszfz]n' do not seem any more promising.

Our resnlts can not reliably be applied to evaluation of the role
of sulfur in possible mechanisms of nitrogenase function. There are

four different types of iron sites in reduced nitrogenase. Most, if not

1
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all, the iron is sulfur-bound.228 But beyond this Qery little is known
‘with any certainty about the iron coordination, and nothing is known
about the possible state of a dinitrog?n intermediate fhat’could react

with sulfur-bound iron.

C. Expe;imehtal
1. Geh;?al_

Instrumentation and generél procedures were‘the same as reported in
ggggper I1T. Tetraethylammoniumlchioride and nitrogen monoxide were
commefcial samples used(without”fqrther prrification§‘ Diézon'um gglqéf
were prepared as described above. Na252C2(CN)éi2?2_
(EtuN)z[FeNo(mntL)zjf21 and Et,N[Co(mnt),] 272 were h o -

prepared by literatufe methods with no significant variation.

Naéf{Fe(S2C2(CN)2}é] was prepared by addition ofy}
Na282C2(CN)2 (4.03 g) to irgn(III) chloride (1.73_é),”eaph in 50
ml water. The solution of ligand salt was proﬁected from light before'
addition. A black precipitate of the product formed steadily. “This Qas
filtered, washed well with water and dried to a constant weight over
P~0

5 Yield 2.26g. . -

EtuN[FeNO(mnt)z] was prepared by the method of McCleverty221
from Na{Fe(mnt),} (1.02 g) in 55 ml propanone by reaction with NO gas
mixed with N, over 2.5 hr. After N -purge, EtyNC1 (0.53 g) was

added, the liquid Qolume reduced to less than half on a rotary

T oG O O N
i 2 v
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evaporator, and thé ééiution cooled to ca. 263 K. The black

i pqeoipitate waé filtered and washed three times each with cold methanol

and ether. Yield 0.668 g. Anal. Found: C, 39.09; H, 4.18; N, 16.81.

Calcd;v for (CéHS)uN[FeNO(SuCu(CN)u]: c, 38.71; H, u.oe;:ﬁ, 7
.,16.95: Elect;onic and infrared spectral aata agfee with those tabulated

1

in reference 221 except that no beak at 1716 em™', probably from

retained propanone, was detected in‘ourAspectra.
' P I / \ -

’

2. Reac;ions'of,Na{Fe(ﬁnt)é}
éolid‘u-Fc6HuNNBFu vas added in small portions to a stirred
" solution of NalFe(S,C,(CN),),) (382 mg, 1.06 mmole) in 15 ml
" methanol. During addition of the first 4 mmole of diazonium salt,
obvious bubbling occurred as the salt dissolved, and solution color
changed from deep réd to orange. After this'point‘aqéed'diazonium salt
Qasslow to dissolve and did not seem to reéct, After two aéys all
Vplatiles were removed thrdugh -3 liquid N2 trap. A UV spectrum of
this trapped material showed'on%y'O‘S ﬁmole_C6H5F;-calculated from

229 of extinction coefficients (A = 278(sh),
max g

literature values
265.5, 260, 254, 248.5, 243(sh) nm). Evaporation of the toluene extract
of the involatile residue left 24a as a waxy yellow material. Solid 24a
VQaS~obtained from congentrating a CH2C12 solution by bﬁbbling argon
through it then cooling to ca 263 K. The Sglid was washed with bClu-{
Infrared spectrum (MOOO-MOO‘cm'1): 3100, 3080 vw (WCH); 2230, 2220 wm
(VCN); 1590 m, 1400 wm (¥CC arom.); 1490 s (vé:C butenedinitrile); 1295

wé 1225 s (¥CF); 1180 s, 1160 s, 1095 m, 1015 m; 840 s, 815 m sh
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( § CHof 1,4~disubst. aram.); 635 wm, 610 w ( CS);.SMS wm; 515 wm,
500 wm (. & CCN); 430 wm, 420 em™ ! w. Electfonic‘spectrﬁm‘(in
CHgOH; Ay innm (logyg€)): 334 (4.18), 248 (3.94), ca. 221

(4.28).

After toluene extraction of the involatile material, it was

,,,,,

The white was water soiuble NaBFu. éfter oven.d;jing, the brown was
characterizéd by a positive qualitative acidié—thiocyanaée test for
Fe(III), and by infrared fKBr): the only absorptions are 33OQ wm vbr
(voﬁmo);'161o w br ¢ §. OH,); 1080 wm br (VFeOH,); and 515 on-lm |
br (vFeO). The propanone-soluble material contained twé more ffactions:
(a) An'unidgntified matérial not precipitated from cold propanone/ether.
Infrared'§pectrum (KBr): 3210 m br; 2220 wm (VCN n;tnile);'ca:
1725-1620 w sh, 1585 m, 1490 m; ca. 1450, 1400, 1350 w sh;. 1295 wm;
1230 m, 1090 vs; 1060 Vs (VBF); 1040 vs, 835 m;-535,f525 m (VBF);. 290
~+ em™! wm. (b) &n 1ron—fr;;\ﬁéterial which crystallized from
- propanone/ether or methanol/ether when cooled and whi;h coupled with
’ beta—naphthol to make an orange solid‘exaétl& like a MfFC6HuNNBFu
staﬁdard,.but which had somewhat diffe;ént infrared.and UV.spectraifrom
and lower'décpgposition/melting péint (139°C) than the authentic
material - (164°C). Spéctral properties were unchanged by treatment of
&EmprOpahbne solution with charcoal. Anal. Found: C, 36.44; H, 2.71;
N, 13.09." Calcd.i for CgHyN,BFg: * C, 34.?3; H, 1.92; N, 13.35.
-Infraréd spectrﬁm: $3150 Q, 2260 m; 1585 wm, 1440 w, 1340 w, 1285 m,

5

1255 m, 1100 s, 1080 s, 1060 s, 1010 m, 845 wm, 525 om™' wm.
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Electronic spectra: in CHiCN 311.5 (4.1), 268 (3.5), 231 nm (3.6);
‘same position apd relgtive intendities in CH3OH. The,elecgronic
spectrg of 4-FCgH,NNBF), fo? comparisod: in CH3CN 265 (4a1); in
CH3OH ca. 305 (3.2), 266 nm (3.5). !
‘ ’ i 3

(4—CH3OC6HMSSQC2(CN)2 was preparediaf room tembérature
by adding dropwise to a-solution of 76 mg Na{Fe(mnt),} in 3 ml
diméthylsulﬁd;ide a sdlufiod of a large eﬁcéss of
H-CH3OC6HNNNBFﬂ in 1 ml ddso until no bubblipg or co}or change
was noted with an addifibn: Solvent was removed on tde'vgcudm line.
The residue was extracted Qith téluene; Cooling thevfiltrate of a.nb ’ ‘ -
solutlon in a minimum volume (2 3 ml) of hot (333 K) toluene and pass1ng

argon over the surface gave llghtly colored crystals.. Hexane was added

to increase the quantity of solid, which wés-then"filtered anddwashed

——
~

with hexane. “Electronic spectrum in'CH3OH 339 (b.4), 288 (4.2), 2N1
nm (4.6). Infrared spectral features: 2960 2840 w (vCH alkyl), 1495 s
(¥C=C ‘butenedinitrile); 1254, 1245's (VCOMe); 1170 vs: 835 s, 815 wm

(§ CHof 1,h-disubst. arom.).

Stirring a mixture of Na{Fe(mnt),} €163 g, 6.458 mmole) and
MfEt2NC6HnNNBFu (48ﬁ g, 1.84 mmole) in iO,mlCmethanolAaﬁ'rdom
‘temperature for/2ih pﬁoduced‘a &ellod_golution_aﬁd a b%ack insoluble
solid which was removed by filtration.> Anai: _Found: C, Fd.65;}H,
‘2.61; N, 18.56. Calcd. fdp'[EtzNC6HuNN][FeSuCM(éN)uj:A d,

42.19; H, 2.75; N, *19.13. Infrared spectrum (KBr): - 3105 w, 3075 w (VCH
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aram.); 2975, 2920, 2850 wm (yCH ethyl); 2240 wm, 2140 vvs (VNN),'ZZOS s
(vCN nitrile); 1585 vvs, 1533 m (vCC arom.); 1487 s (VCC'butene); no |
appreciable VBF, ca. 1050; 813 s ( g 1,4-disubst. arom.); 375

em™ ! m (VFeS).

24c was produced by-heating 4-Et ,CcHyN,]{Fe(mnt),} with
three moleé‘H-diethylaminobenzenediazonium tetréfluoroborate in methanol
(323;335 K) for two days, removing methanoi under vacuum, extractiﬁg the
involatile residue with benzene, crystallizing from evaporating CCly,
filtering, and washing‘with methanol. Eléctronic sgebtrum in CH3CN:
uoé (3.9), 325-300 nm (broad'pléteau of unresolved peaks, logyg€é 4.5
at 315 nm). - Infrared spectral féatures: 2970 n, 2930, 2900 wm, 2870 W
( CH alkyl); 15&0 s (vC=C butenedinitrile); 810 m ( § CH of

1

"1,4-disubst. arom.).

3

é.tReaction of EtuN[FeNO(mnt)z]

An equimolar amouﬁt of =o0lid H-FC6H4NNBF4 was‘édded in small Rtm
portions to EtuNtFe(NO)(mnt)z] (1.00 g) in 3 ml ethanenitrile.
Bubb;ing was noted with each addition. The solution was.allowed to
stand 2 h before the solven§ was removed under vacuum. An infrared -
)spectrum of the crude material showed no yNN of residual diazonium and
CF shifted down/to 1230 em™'. The nitrosyl absorption of the reactant
(1860 6m'%) shifted‘to 1865(sh), 1830 and cé. >1800(sh). Extraction

.with benzene (4x1 ml) separated'a material which was gﬁa by comparison

of its color-and infrared spectrum to those samples prepared from

o
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Na{Fe{mnt),}. The black bénzene—insoluble material was lérgely |

soluble in propanone, precipitating Et,NBF) with addition of ether ,: \‘
ang cooiihé.;1fhe benzene and propanone insolublé light brown sol;d'gave

a positive aéidic-thiocyefate test for Fe(III).

4. Reaction of Na,S,C,(CN),

DropWise addition of a yellow-green solution of
NayC,S8,(CN), (0.091 g, 0.49 mmole) in 2 ml methanol to a
solution a}*ﬁu-FC6HuNNﬂBFu (0.263 g, 0.966 mmole) in 10 ml 5

. ' i
‘methanol produced a red solution with effervescence. After stirring 15
min the solvent'waé-removed and the organic product seg;katedﬁfrom
NaBFu as a benzene solution..'Addition ofﬁqyclohexapéf;ooa‘
concentrafed benzene solution caused separation of a flaxen colored oil
" which has infrared bands at 2230 (YCN) and 1520 cm=! (vC=C A .
butenedinitrile) but no éromatic abscrption. The benzene wés stripped
from the decantate and CClu added, producing an uncharacterized dark
red oil and a ;; low solution. Crystals of 24a (MP 142°C) were
obtained from the CClu-soluble fraction after evaporation, by
///4;crystallization from methanol-water. Angl. Found: C, 57.84; ﬁ,
i 2.48; N, 8.59. Caled. for C16H8F2ﬁ282; C, 58.17; H, 2.44;

N, 8.48. Infrared and electronic spectra identical to those of samples

obtained from Na{Fe(mnt)Z}.
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Chapter VII. Appendix -
A: Reactions of Metal Nit;osyl ComplexésL
toward Synthvesis of Aryldiazenides. g
| 1. Nay[Fe(CN)NOI“H,0
a. Introduction
Prébaﬁly the most-étﬁdied nitrosyl complex has been
[Fe(CN)SNO]Z', the nitroprusside ion.23O'Sincevthe nitrosyl group
is the cente; of much of the chemistry and spectrOSCOpy of this ion, the
possibi;&ty of studying the aryldiazenido, analogue was exceptionally

inviting, especially at the time when this research was conceived to be

4

The nitrosyl of nitroprusside is quite electrophilic. Its reaction

s

,/¢~///’ﬁ§it hydfdxide is an example of thiS'property.23O

[(NC)BFeNO]Z' + OH'z:::'{[(NC)BFeN(o)OH]3‘} } (VI-1)

{[(Nc55FeN(o)0H]3'} + OH™ === [(NC) FeN0,1% + H,0 (VI-2)
With ofher bases electrophilic nitrosyl complexes have reacted in a
variety of related ways.

Nay[ (NC)5FeNO] + 2 NaNHR — Nay[(NC)cFeN(0)NR] + NH R  (vI-3)23]

[Ru(bipy)Z(No)x]2+ +2 MeZPhN-4——> - (VI-4)232

; [Ru(bipy)z{N(o)c6HuNMe2}x]+ + MeZPhNH+ V
Na,[ (NC)5FeNO] + NaSH + NaOH —>Na,[ (NC)FesNO] + Hy0 (VI-5)230
Na,[(NC)gFeNO] + 2 NHy + NaOAc —> , (VI-6)233

Na3[(NC)5FeNH3] + N5 + H,0 + HOAc

' Reactions VI-3 and 4 are completely analogous to the hydroxide

transformation 'of VI-1,2. Reaction VI-5 involves a rearrangeeent of

o
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, ‘the analogous product. Reaction VI-6;ig quélitﬁtivel} éifferené from |
the otheﬁs. It involves elimination of the nitrosyl oxygen as waté},>
vpresqmablyrvia an intermediate with coordihated dinitrogen which is then -

substituted by ammonia. Kenney has also performed syntheses of primary

233 . -

2

alkylamine complexes of pentacyanoferrate(II) along this line.

The diazenide [RuCl(bipy)zNNAr]2+ has been synthesized by the

%

reaction:23u _

[RuCl (bipy) ,NOJ?* + ArNH, — [RuCl(bipy),NoAr]2* + H,0 (VI-T)
So far this'is the only metal nitrosyl which has been‘shown to readt in
thié wéy. The synthesis parailels reaction VI-6 in that the nitrosyl
is attacked by‘the amine, eliminating.water. However the aryldiazenide
is not lost in this case; substitution by éniline in the manner of

Kenney's work does not occur.

Wwe hoped to isolate an aryldiazénide complex from the reaction (Eq.

VI-8) of nitropruéside with ah aniline analogous to equation VI-7.
Na2[(NC)5FeNO] + NER _>Na2[(NC)5FeNNR] + Hy0 (VI-8)

Though primary alkyl amines produced amine cpmplexes,233 tﬁe aryl ring
may confer added stability to an afyldiazehide complex and allow its
isolatibn before substitution by more aniliﬁe. Though
[(NC)SFéNNR]2+‘Qad not pre?iously been identified, it must be

realized fhat'much of the pelated-chemistry was either physically
oriented or qguite oid. In:the case of the former, there are examples of

. W
thorough kinetic studies of reactions from which actual products have
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not” been identified§235 and the earlier work, without the
spectroscopic techniques available today, is not unlikely to include

misidentified products. (See further section VI-A-1-c.)

s

As well as’being an electrophile} nitroprusside can act as an

230

oxidizing agent toward some potential nucleophiles. The most recent

236 combined with synfhetic wor"k,237 makes a

electrochemical study,
strong case for identificationdof é blue réductipn product { Amax= 606
nm, ¥(NO)= 1755, V(CN)= 2111, 2122(sh) en™") as [(NC),FeN0]2.

This had previously been most generally taken to be |
[(NC)5FeNOH]2'.230 In more basic solutions a yellow-brown product

is formed which is consistently supposed to be a salt of |
[(NC)gFe(n0)13-.237

/

Another potential source of experimental Sifficulty is that
nitroprusside is sensitive té light. 1In spité/of consideréple past
experience with the reactions, the substances produced in the
photochemical reactions of [(NC)5FeL]n', where L=NO, n=2; L:OH2,V
NH2R, etc., n=3; L=CN, n=l4 are not well identified.230 (Much of the
publish;d chemistry has npt’been done under controlled conditions, e.g.
atmosphere, and so it is'aigzécult to evaluatg.) But if photolysis of an
aqueous solution of nitroprusside init%@lly generates [Fe(CN)5]3' and
NO+,238 then it is reasonable té suppose that if [FQQCN)5NNAr]2+

were produced, it would be photosensitive, perhaps dissociating

similarly.
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b. Results and Discussion.
. . - 3
Simply shaking a crystal of UY-methoxyaniline in a methanolic
solution of sodium pentacyanoditrbsylferrate(Z-) in air and light gave

rapid dissolution and a gradual color change to blue-green. This, is

comparable to the reaction in alkaline water solutions, which serves as

‘a spot test for anilines.239 Using equimolar guantities and monitoring

the reaction by ultraviolet spectroscopy, a peak at'ca. 488 nm grew in

rapidly; eqUilibrium was attained in less than 0.4 h., A slower reaction

occurred as well, building up peaks at 672 and 450 nm overnight in the

dark. The‘léck of an isosbestic point, even in the first hour,

indicates that these latter peaks may merely be obscuring the 488 nm and

nitroprusside (498, 396 nm) absorptions.

Surprisingly, the deep blue solid'product, precipitated from

methanol by additioi/af'ethér, had an infrared spectrum characteristic

of nitroprusside (V(NO): 1940, V(CN)= 2140,2150,2170 em™1) but with
‘some lower intené&ty absorption at‘2100, 1500, 1380, 1550, 1170, 1020
and 840 cm'1. _The isolate would appear to be a mixture of
nitroprusside with a smallramount of intensely blue material. The
reaction in methanol of 1:1:2 mole proportions of ﬁaZ[Fe(CN)SNO],

sodium acetate, and U4-methoxyaniline over 12 h in the dark gave very

similar results. It appeared that the reaction was far from complete

under these conditions. The poorer reactivity of anilines here compared

to the primary alkylamines aﬁd ammonia used by Kenney233 paralleled
their reactivity in electophilic attack at metal carbonyls. (See

section VI-A-2.)

[ R T
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In case the aniline/nitroprusside reaction ﬁés an‘equilibrium -
ihvolvihg water and so capable of being displaced by drivihg'off yater ~
(Equation VI¥8); the reaction was éan;ied out in refluxing absolute
ethanol to allow removal of the ethanol/water azeotrope. There was ﬁo - ?

protection from light. This gave a reaction which, by,the‘variefy of

colors of the solution at diﬁferent.stagee, was obvioualy complex,

Naz[Fe(CN)SNO]'HzO alonerreacted similarly, producing, after 1

day refluxing, a blue material neariy insoluble in alcohols, with a
different UV spectrum from that of‘the products noted ;bove. An
infrared showed sharply reduced nitroprusside v(NO) intensity,and

absorbtion at 2055 and 585 em™ .

These are close to the valués of
Ky[Fe(cN)%1.2%0 The blue color would be expected from a salt with
some Fe3* eations, such as:‘NaFe[Fe(CN)E].‘?LH Attempgs‘to better’
define the product seemed ‘'unwarranted. It was clear that gxchange of
CN~ was occurring and that this was a poor choice of reaction
conditions to obtain a diazenido complex.
AL

Dehydration of Naz[Fe(CN)SNO]‘HZO was done without
decémgosition using benzene and distillétion‘into a Dean-Stark still
head.\\Q?e dehydrated solid picks up water very readil&.
Benzene-égeotrope dehydration in the presence of an aniline gave slight
reaction so that the solid was light grey, but the infrared was little

affected so reaction was not appreéiable, perhaps simply because of

negligible solubility of sodium nitroprusside in benzene.

3
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* Another related route to a’qomplex of E(NC)BFeNNAr]z"could Bé
synthesrs of a hydrazine complex in the manner of Eqﬁ\xSOn VI-6, with
NH3 replaced by RNHNH2, and then oxidation of this to the d1azen1de
(though agents such as H20 might react by .initial substitutlon for )
hydrazinezuz). When synthesis of [(NC)SFe(NﬂzNHAr)]3' was
attempted by regEtion under aétrogen'in the dark of 1:2:4 mole
proportions of NaétFe(CN)5NO]; sodium acetate and phenylhydrazine in
methanol/water at 333 K,233 a brown product formed overnig%t. This
turned blﬁe upon pouring in air,lstill in the dark, into cold ethanol.
An infréred (yellow-green KBr suspension) of the solid product filtered
from éfhanol showed no p(NO*) and no indication of absorgtion dﬁevto a
subgiituted phenyl ring. It appeéred thaé the.phenylhydrazine did
attack the nitrosyl, but that [Fé(CN)S(NHzNHPh)]3;, analogous go
{Fe(CN)S(NH3)]3‘ (Ed. VI-6), did not coliect at the derazine‘s
concentration used. Instead the phehylhydrazine dissociated to give the

known243

equilibrium mixture of [Fg(CN)S(OHZ)j3'_§nd° .
[Fez(CN)5]6‘. This yaslbrown.: Then pouring in air gave oxidation
to the yellow-green [Fe(CN)5(0H2)12' ana blue

[FeZ(CN)S]u'.244 The poor coordinating power of'phehylhydrazine

to pentacyanoferrate(II) is in agreement with the results of a kinetic o
study of the coordination of NCSHMCOI;U-INI-IZ.21‘5 Iﬁeref&?e, this

route was abandoned without further attempt to optimize reaction

conditions to obtain [Fe(CN)S(NHZNHPh)]3'.
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c. Sugges%ion for Further Work
The moét promising line té follow er synthesis of

uNaZ[Fé(CN)S@NﬁArj] is suggested by the recént report of Nast and
Schmidt'.231 They,find that in liquid‘ammonia phenylimine anion does
‘ngt reduce nitroprusside. Instead a nitrosoiminé is obtained in
moderately high yield (Eq. VI-3). This is réported to react with
dilute aqueous acids, including water itself, to give violet solutions,
and these we believe could contain [(NC)SFeNNPh]Z'. Using ‘
nonagueous é;id it may well be possible to isolate the diazenide in good

yield.
Similar chemistry in extremely basic media was reported loﬂé ago.
An orange-yellow salt formed by reaction of nitroprusside and thiourea
in methanol with excess methoxide and idéntified as
; Na5[(NC)5FeN(O)NC(O)S] was hydrolyzed to a violet-red salt with

analysis corresponding to Na:Fe:S:N of 3:1:1:7.246 The diazenide

alternative, Na3[(NC)5FeNNC(O)S]‘H20, to the previously proposed

e Z

formulation of the red salt, Na3[(NC)5FeN(O)NHC(O)SH], fits the
analytic data equally well and in addition directly explains the slow
decomposition of the red salt to dinifrogén. A partial duplication of
this older work was recently reported. This is ncteworthy because if
contrasts the dark reactions (reaction at nitrosyul)z?’5 with light

reactions (substitution for nitr'osonium).247

Syntheses of aryldiazenidopentacyanoferrate(2-) complexes should be

attempted by isolating nitrosoimine complexes prepared in very basic
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,soldtion, then titrating with acid to allow displacemént of the nitroso

oxygen as hydroxide.
2. Other Metal Nitrosyl Complexes
a. Introduction

The electrophilic behavior, of nitrosyl complexes248

and the
isoelectronic garbonyl or isocyanide complexes163 has been the object
of éome consideration. The impression given by Angeliciris that
clear-cdt differentiations of reactivity can be idéntified’ﬁith the
carboleptic systems. Force constants of MC-O stretching are a'good
indication of whether or not a éompiex has a sufficiently electrophilic
carbonyi group. Reactions of electrophilic carbonylé areinot i
complicated by competing électron transfer., And one type of product is
obtained consistently from a given reaction. For instance metal
carbonyls which react with primary alkylamines form carbamoyl complexesy
never isocyanides. Angelici took little nofe of the variation in
reactivity with different nucleophiles, though he mentipned that

163

aromatic amines have not been found to act as nucleophiles.
Nitrosyl chemistry is not so straightforward.

Eisenberg .csuggested that those metal nitrosyls with v(NO) greater

than about 1850 cm'1

are sufficiently electrophilic to be
attacked.zug\Bottomley has proposed that nitrosyl'complexes with
(NQ)23886 o™, F(NO)> 1.38 kN m™' should show electrophilic

behavior, but admitted that this measure is cr'ude.250 I believe.thisw
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impression of imprecision arises for several reasonét First,
Bottoﬁley's study250
163

covered a greater range of nucleophiles thatr
Angelici's, yet no regard was made for different reactivity of the
nucleophiles. Sécond, Bottomley.éonsidered a broadet:range of nitrosyl
comp;exes than Angelici did forncarbonyl complexes. In particular, the
list of nitrosyl complexes included species with charges fanging frbm 3+
to 2-. Though others do not comment on this point, it is at least
interesting4that the high ¥(CO) complexes are cationic or polycarbonyls,

whereas the high v(NO) complexes are all mononitrosyls, and commonly

anionie.

This brings us to the third point, the difference in bondipg
between that in high v(CO) carbonyl and that in high v(NO) nitrégyl
complexes is sufficiently gfeat that the correla£ion which works for
the former is unlikely to work well for the latter. The probleﬁ of

correlating (NO) with chemical properties was constructively discussed
by Masek, 248 He pointed out that it is misleading to use V(NO) to
assign ligand (and thus metal) oxidatﬁon states by comparison with
Y(NQO) for ﬁp*, NO and NO7, and then predict chemistry from tﬁese
oxidation states. Furthermore it is virtdally impossible, although
Masek tried, to correlate V(NO) with-the chemical property of
reduction potential because ¥(NQ) is qﬁite insensitive to a variation
in ligands which shifts the reduction bbtential by as much as 0.4 V,
"it follows that the electron aéceptance in the reduction is not

localized exclusively on the NO group and that the redox orbital

is a molecular ofbital which is considerably delocalized over the



whole molecule. An increase of the.electren density on the central atom

... concerns of course much more this delocalized redbx orbital than
® i T ’

the 4 -MO on the NO gr-oup."248 The nitrosyl stretching frequency may

(or may not2°1) be a measure of electron structure about the ligand,

but it is not 4 good measure of how readily a complex reacts with
] - . -

nucleophilic or reducing reagents.

To.a greater extent than CO, coordination of ﬁ0+ is accompanied
by electron density shift to the ligand, because the nitrogen atomi;
orbitals are of lower energy than carbon. Added electron density as in
a reduction goes thérefore as much to the metal as the.nitrosyl ligand.
So the reduction potentials are sensitive to the state of the metal as
Qell as'the state of the ligand, as noted abovg. Furthermoré; since
‘reaction of h&doxide ion with coordinated nitrosyl "must be accompanied
by a large electron density shift from the ligand to the central
me't:al,“zu8 this reaction is alsotsensitive to the state of the metal. .

~

So to predict the feasibility of nucleOphilic attack at.a nitrosyi‘
one reéuires a measure of ability of the metal to accept further
electron density,' To some exgénf this statement is trivial, since
knowledge of some chemical property of é‘complex (E°) is expected to
be more helpful predict%ng a related chemical property than knowledge of

a physical propefty (v(NO)). But with this perspective it is’ reasocnable

that [RuCl(das),NO12*, F(NO)= 1.38 kN m~!, could react with
sl :

hydroxide though [RuClSNO]Z', F(NO)=1.39 kN m~', does not.220

206
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~ Ruthenium in the former cation withhéoft arsine ligands is v

understandably better ;ble tp absérb'electron density from the nitrosyl
dﬁring reaction Wwith nuéieophiles;v To return to nitroprusside as an
example: one can use these arguéents to yationa%ize theﬂgreater
regétivityrwith agilines of [RuCl(bipy)éNO]ZT“compared to

[Fe(CN55N0j27, eVeE though infrared evidence suggests the opposite

reactivity should obtain,

Téble VI -1. Comparison of Properties of Nitrosyl Complexes

[RuCl(bipy)2N012+ [Fe(CN)SNOJ?'

v(NO) in cm™] 1927 2 (1940 ®) 1938 ©
F(NO) inkNm™! - = 1.45° 1.47 ©
Kgq equation VII-1,2 16 x 109 @ 1.5 x 10° ¢
E® inv e , +0.20 —0.82
Th—

a) Ref. 252. b) Ref. 253. o) Ref. 250. d) Ref. 230.
&) In CHaCN, vs. sat'd NaCl calomel. f) Ref. 236.
g = ' b. Results and Discussion ' 4_.‘ 3
While Fhe'point is made that v(NO) is a crude measure of
electfophilic reacti&ity, it nevertheless remains usefult We tried to
prépare [IrClSNO]‘, the/complex with tﬁe highest reported value
of VY(NO), for reaction with aniline and found it so electrophilic wé
were unable to work with it. And we found thgt otper nitrosyls»of

lower v(NO) were not active electrophiles.
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7 Synthesis of [IrXSNO]' pas been reporteq'by three groups? in
1963,25" 1969,255 and 1974.25" 0ur wofk was done before the
third paper was in press and_11ike Bottom;ey'sigrgup251‘wé'cduld not

. -

prepare the nitrosyl by the older methods. The problem was

w

principally that additjion of nit:;té salt to the strongly acid

sblution.suggested in older literature quickly,decomposed the pitrite'

without accomplishing nitrosylggggn“' Our modification, heating
TRC163' in the presence of nitrite then adding concentrated

-

aquebus HCl and evaporating with heating, was the same as Bottomle&'s

but was not accomplished as successfully, perhaps because we diﬁvnét
o - > : -

boil off solvent before HCl addition. We were left with an ‘impure

brown solid after compléte¢evaporétion and Ibst KIrClSNO during e
“handling of a methanol extract. The cher group‘obtainéd a

precipitate of solvated KIrXSNO upon cooling the concentrated aciaic

-

solution.251

-

Thé.electrophilic behavior of-[IrXSNO]' was reported in the, °

paper with the latest communication of its synthesis.2517The
chloride complex'is so electrophilic that it was impossible to obtain
solution spectra of t he nitrosyl*complex free from nitro,

[IrC15N02]3'. The equilibrium constant for the reaction of

— 3- % :
‘ IrClSNO + 2 OH 3 IrC15N02 + HaO . (V? ~8)

is 36 x 1029, close to that: for free NO* and NOZ‘.251 Most * )
chemistry was tried with IPBESNO',-in which the reactivity is
sufficiently reduced to allow more definitive study. Even so, trials

with an aniline did not give identifiable products.25® It is

reasonable that an Ir-NNAr complex would form but the Ir-N bond, .like

208



‘that in [IrBrgN,127,2%7 sould be so weak that the complex would
not survivé’inythe reaction ﬁikture. Thus we do not believe further

work with this is warranted.

4

A similar example was recently reported. The product of reaction

of NO with MoCl5 has an infrared absorption assigned as vNO at 2000
'cm'1. Like [irClSNO]' this material is so reactive it could not v
=3 . . N N . N - . \

be maﬁipulated! ,And,reactiéh;of this "red nitrosyl" with aniline gave

257

R "

&

uncharacterizable mixtures,

‘The. neutral cdmplexes in the equi;iprium

B(pz)umakco)zNo + ArNH, &= B(pz)4Mogcb)2(NNAr) + H,0 (VI -9)

61

“are both khown and stable in solution, so an attembt was made to

1

displace the equilibfium to the right by removing the water produced;
Refluxing a benzené'solutioh,of the nitrosyl with two moles
M-methbxyaniline ovérnight and coliecting-theﬁvapor in.a Dean-Stark trap

was ineffective. The rate of attack of aniline at the nitrosyl is too

slow to be useful. Tﬂe N-0O stretching frequency of 1665 em~! is wéll

out of the range ih which electrophilic character is expected.250

£

By its infrared (v(N0)=1867 cm™') the nitrosyl of Fe(mnt),NO~
. . ' f
is borderline electrophilic. When EtuN[Fe(mnt)2NO] and

4-methoxyaniline were mixed at room temperature in ethanenitrile, a new’

peak arose in the UV-visible spéctrumﬁat 442 nm. The infrared spectrum

-

of the residue left upon evaporating J!F reaction mixture to dryness

-~

also indicated a reaction had occurred. The V(NO) was shifted to 1835

209
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em™ ! and Vsymm(COC) to 1250 from 1238 cm’1; weaker absorptions |
aﬁiéared at 1780 and 1725 cﬁ'17 But in Attempting to recrystallize
this material from ethanénitrile/ether a, decomposition occurred andionlj
a salt of [Fe(mnt)2]22’ precipitated. (The dried filtrate
absorbed weakly at 1835 cm'1.) Running the reaction between 233 anq

. 273 K and stripping the mixture while cold gave a néarly{ideqticgl

M

vfe;ult exééﬁt that i) the crude product had‘almost no nitrosyl
ébSbrﬁtion and ii) coordination of the amine to\iron was apparent from
the infrared, e.g. v(NH) shifted ffom 3439,.3360, and 3230 in |
methoxyaniline down to 3300, 3250, and 3160 cm'1,‘U(NH) at 1630

broadened and 1lowered.

The bis(maleonitriledithiolate)nitrosylferrate (II) complex is
apparently eiZ;trophilic, but more at the metal than at the nitrosyl.
This result is not unexpected, for the diamagnetic iron.is at least

formally a 16-electron system, which could coérdinate a nucleophile.

221

The 1loss of nitrosyl, presumably as NO gas, is also reasonable

since this is in é sense just the reverse of the reaction by which ‘the

 nitrosyl complex is formed.
PO
-L:Fe(mnt)2'

h

[LFe(mnt)2]ﬁ' + NO -7 [FeNO(mnt),]™ . (VI -10) -

ya

-y

+L:NH2AP

The nitrosyl is displaced from FeNO(mnt),~ by pyridine.?27 While

FeNO(SQC6H3Me)2‘ and complexes with other less

electron-withdrawing dithiolates are more stable to nitrosyl loss,221
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they are also.less likely to have a sufficiently electrophilic nitrosyl.
Because our interest was in diazenido complexes, we did not pursue this

sort of reaction further. v ) o ",“’

'3. Summary and Prognosis.
In spite of the ladk_of.ény success in the work reported héreiﬁ;\
this areéjéhould be furfhébrtestedi It is clear from the literature;
that the‘feaction betwéen‘a metal nitrosyl and,an‘amine’is a deigcéte
L4
balance. It requires an glectrophilic complex, but one which reacts
appreciably fastércat thé nitrosyl nitrogen than at the métal. 'ft

requires a nucleophilic amine, but not one that will act as a reducing

agent. r

The extremely electfophilic\iridium complexes [IrX5NO]' are(not
useful for they react with solVent‘or by electron transfer.‘ The compiexv
B(pz)uMo(CO)zNOQand many others are simply not sufficiently reactive
electrophiles. By the medsure of nitrosyl stretching frequehcy,
nitroprusside shouldﬁreact. Indeed, the complex doéé’Feact with
aminoalkanes and ammonia,233 proE§bly forming from ammonia an unstable
dinitrogén complex, [Fe(CN55N2]3'. Similarly alkyldiazenides,
[Fe(CN)SNNﬁ]z’, cduld be present in equilibrium as interm?diéte§ , -

from nitrbprusside and amines. Such intermediates areidestroyed by mild

e

heating, allowingjthe amine coordination found in Kenney's products,

+ RNH2

[(NC)SFeNNR]Z" _— [(NC)SFeNH2R]3'.
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‘Aystudyrof this reaction by UV or ir below temperaturesfof ready «
’decanpOSition might be instructive, but only after isolation and
characterization of [(NC)5FeNNR]2‘ (See section VI -A-1-c.) so that
its)presence in reaction mixtures can Be inferfedrmere pesitiVelﬁi: -

Tos

N
— . 7

B. Reaééiehs of Di-jenegxpiegueleap ;ﬁen Carbonyl Complexee" a

- : Qith Diazonium Tetrafluorcborates.
1. Introduction
dne of the eommon synthetie methods used for aryldiazenide

complexes is the substltutlon by ArNN* for a metal- bound carbonyl 25
VIn our laboratory ‘this was used to produce —
[Fe(C0),(NNAr) (PPh3) 1By from Fe(CO)3(PEng),. 258 g
intriguing extension of this method was tq apply it to polynuclear
carbonyls. We used Fe2(C0)9, Feé(CO)lz, eﬁd {Fe(CO)3SMe}2.
Sucﬁ species are particularly interesting because they provide
4‘opportunity for ah alternative reac;iqn to subetitution. Particularly
in reference to the thiomethqubridge& complex, we felt it was also

possible for a diazonium salt to attack the metal-metal bond and add’

with no carbonyl being displaced, in a reaction -such as the following.

Me = ' | +
0 ‘e 0 , OC rfe 0
VC\ /S\ /C o \ > C
~
ENSLEN Me N
OC_Fe\ Fe___co + ArNN OC Fe\ o Fe CO
: "\%:;/ Lo // \\\éﬂ/// \\
¢ R C ¢
O . O } o v ‘ O II O
NAr

However, the reactions we conducted produced no diazenide complexes.
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2. Results and Discﬁssion

H-Fluofobénzenediazonium ion appearéd ﬁo«reéct wiﬁh Fé2<CO)9UOp~
}Fe3(C0)12 by oxidizing a portlon of the 1ron reactant presumably to : & s

> a -salt such as Fe(BFu)3. The one-electron oxldatlon products of

many transition metal carbonyl complexes are nbt stable and similarly

deéanpoSe Qith evolution of carbon monoxidé; No effoft'ﬁasymade

specifically to recover the'organ;c produét of the decompoéition of the
reduced diazonium saif. Diazonium salfs ha&é been‘kﬁown tobreact as

¢

one;electron oxidizing agents with other transition metal

193,259,260

ka?"'”y . o ;/L

It was interesting that a reaction occurred in benzene bétween

complexes.

Fe2(CO)9 énd a digzonium tetrafluoroboréte since both species have
negligible'solubility. 7In this case it was the diazonium salt which
reacted incompletely. Though Fe2(CO)9 was consumed, the product did
not éolidify to allow purification and identification; The iow
consumbtion of diazonium salt was not encouraging for the sort of
syntheses we desired.

Although complete recovery of either reéctant was not obtain;d, it
is cleaf that there is no reaction between {Fe(CO)3SMe}2 and the -
diazonium salts used. The diazonium salts did not attack the bridging
alkylthio sulfur (in contrast to the reactions of Chapter V) or oxidize
thé iron cdmplex. Instead, the& decomposed td organic products,

especially at high temperatures, leaving the solution acidic. Iron
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cauplexes present in crude iéolates we;e2lost during workup, probably
“due to aefial'oiiﬁa@iqn, with a minor amount of reaétigh with diézonium
decompoéition\in;eﬁmediates possibleu
3. Summary and Prognosisk

.,There is no apparent reason for any further study of the reactions
'reported here. However this does not mean fhat slightly diffefent
'approaches would not be productive. For ihstance, the bridged complex
{Mn(CO)) (NNPh)}, has been synthesized from
phenyl(tr'imethylsilyl)diazene.33 So it is possible to obtaiﬁ a

+

diazeﬁidé-adduct of a metal carbonyl complex without stabilizing

261

phosphine or othet ligands.

Furthermore,‘since the cgmplefion of our work several reports of

electrophilic:addition'to metal-metal bonds'have appeared. Insertion of
-diazonium into th¢ metal-metal bond of [{Ir‘(NO)(PPh?’)}2O]'50 and
[{PdCl(Ph2PCH2PPh2)}2] 51.has shown that the reaction '

envisioned for the thiomeéthyl-bridged iron dimer is indeed possible. In
light of this the protonation of the Fe-Fe bond in 7
{Fe(CO)2L()A—SMe)}2 when L= PMe3_nPhn is quite encouragiﬁg.262
It implies thaﬁ the metal-metal bond in the tricarbonyl, which was nof
protonated, was Just not sufficiently nucleophilic, since wé have noﬁed
above (Chapter IV) that diazonium salts will react with complexes which
can be protonated at the metal. It would be quite interesting to see

how well this generalization extends to comparable formation of bridging

hydride and diazenide complexes.
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A closely related area of study is the formation of bridging

aryldiazenide and nitrosyls by oxidative-additions not at a metal-metal
‘bond. NO* oxidatively adds to the thiolate-bridged.ifon(Ii) dimer Qf
N,N'-dimethyl-N,N'-bis(beta'-mercaptoethyl)ethylenediamine to form an.
Fe(III) dimer with a metal-metal bond and a bridging nitrosyl.263
Elemeﬁtal halogens add to [L3Mo(CO),(NNAr)1™™* (L; = HB(pz)3,
h=0;26%‘L3 =‘{(1,10-phenantholine)(PPh3)i, -
{(},2'-bipyridine)(PPh3)}, n=1 265) to produce multiply bridged
dimers {L3Mo(p-X)2(ﬂ-NNAf)2}2. ad
The immediate extension of our work would be to try the reaction of

diazonium salts with the aforementioned {Fe(CO)ZL( -SMe)}Z.

4, Experimenta;
| a. Fe3(C0) 4, |
When solid 4-FC6H;N2BFg (36 mg, Q;17 mmoie) was gradually added .
under argon to an .intensely colored solution of Feé(CO)1é (87 nmg,
0.17 mmole) in 15 ml dichloromethane, theré was no bubbling or_other
obvious.evidence'of reaction. The solution Wa; stirred 0.8 h And
filtered under argon. The goldeh brown solid Qas evidenély
Fe(BFy) - Infrared spectrum: v(BF) 1083 s, 1123 m; (4-F-aryl)
1485, 1255, 1230, 820 em™ vw. This solid was somewgat soluble in
ater. Addition of sulfuric acid and KSCN to the water solution gave a
red positive test for Fe(III) ions. The dark green dichloromethane

filtrate did not separate at 259 K and so was conéehtrated to half
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. volume and recooled. The Siack»crystals which formed were collected and
shown to be Ee3(CO)12 by comparisom of their infrared spectrum
(Nujol) with that  of the reactant. No attefipt was made,to isolate other

hal

substances from the reaction.

b. FeZ(CO)9
In small portions solid U-FCgH)N,BF, (56 mg, 0.26 mmole) was

added with stirring to a suspension of orange Fe2(CO)9 (96 mg, 0.26

'
i

mmole) in 20 ml benzene in an aluminum-foil-wrapped flask. No immediate
reaction could be detected. After stirring for 24'h<the mixture was
filtered. T£e vacuum dried, light tan solid was identified as (impure)
MQFC6HMNNBF4 by comparison of its infrared with that of known

material. The brown impurity, insoluble in prépanone or ethanenitriie,

showed in the infrared only a broad abéorption at 500 cm™!

~and those _
at 3@00 and 1625 cm~ ! typical of water of hydration. The mass of
diazonium salt filtered from the reaction mixture was 70% of that added.
The benzeneésoluble‘filtrate did not crystallize upon concentration.v

The dark scum left after removal of all solvent was soluble in ethanol.

Infrared spectrum of a dilute KBr pellet: 2072, 2036, 2000 (br with
unresolved sh at 1990), 1597, 1492, 1227, 1156, 860, 835, 610 cn™'.

There was no trace of a bridging vCO.
A )
When this reaction was done in 30 ml ethanol under argon, one could
see some tiny bubbles forming in solution after the solid diazonium salt

had dissolved, especially with stirring briefly discontinued. There was
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no noticeable heating. After O.S h gas evolutionrcould no longer be
seen but solution color was just beginningito develop. (In a blank run
without Fe2(CO)9 color developed in ethanol in 0.8 h.) Overﬁight the
liduid became brown w%th a slight reddish:rcast, but insoluble orange
crystals of Fe2(00)9 were still suspénded. When these were filtered
off.and all solvents from tﬁe filfrate, the solid residue had almost né

infrared absorption other>than that of BFM. A qualitative test for

iron with acidic thiocyanate was positive.

’

c. {Fe(‘CO)BQA-SMe)}2

After stirring for 2 h with an argén flush, a mixture of
{Fe(C0)3(SMe)}, (119 mg, 0.318 mmole), 4-FCgH,NNBE, (133 mg,
0.636 mmolé)'and 20 ml benzéne were allowed to stand in fhe dérk 21‘days
and then filtered. By infrared the vacuum dried, deep red filtrate
contained only {Fe(CO)B(SMe)}2 and so was not further'infestigated.
The tan solid was separated into threé portions:- The
propanone-insoluble portion was browﬁ anq gave a positivé-acidic-NCS'
test for Fe(III). It is a simple salt such as Fé(BFq)B since an
infrared of the crude solid had no absorption in thé Co stretéhing
fégion: 1000-900 vvbr, 400 cﬁ'T vvbr. A secénd substance was soluble
in propanone and precipitated with ether; identified‘as , : \\\&
4—FC6H4NNBF4 by mp 167 (dec) and infrared. The un%dentified )
material not preéipitatedbby ethef was characterized only‘by infrared:

1485 w, 1230 w, 1120 m, 1080 s, 820 w, 595 w, 530 w, 495 cm™! w, all

sharp. Essentially the same product distribution wa%égbtained when

. /7
N

=

m
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these reacténts were heated and stirred 6.7 h at 323 K, or refluxed two

days under nitrogen.

Reaction of U-E£2N06HMNNBF4 under nitrogen in refluxing

benzene gave after two days a brown insoluble -solid and a green

solution. The green solution had a épﬁposition closely related to the

5

previous,rgaction:~ volatile {FeﬁCO)3(SMe)}2, aWSIightly voiatile

White solid with ppominenééggfnaredeEHEE’(001u) at 2980, 1615, ca.
1580;,1525,'1495, {380, 1360, 1265, 1200, 1160, 1075, 1065, 980, and 695
cm'1, ard an involatile residue whiéh contained no new iroﬁ-cafbonyl
;omplex. (ig: ca. 2500, vNH of ArEtZNH+; ca. 1050,‘VBFM) The brown

1

solid showéd'broad, intense vBFu,at 1065 em™' and iikely.includes

some simple irdn*FétrafluorQborate. The CO stretching region has two

1._‘The3nature of the

weak-wedium;, sharp bands at 2090 and 2040 cm™
iron complex could‘not béainvestigatedrbecéuse it could not be isolated
in a purer condition. - : . T ;
-

£t room temperature in the Qargian ethanolic solutﬁon of
4-FCgH,NNBF, (0.2 mmole) and {Fe(C0)y(SMe)}, (0.1 mmole)
-decomposed in a week,'l ng thé iron dimer unchanged. Ultraviolet
irradiatioﬁ of a miituré of the same composition gave rapid loss of
diazonium salt:) Careful evaporation of‘ethanol gave crystallization of
unreacted {Fe(CO)3(E§é)}2. Vacuum drying was acco{anied by
sublimation of remaining iron dimer and 1eftva product with carbonyl ) - -

1

absorptions at 2100 and 2055 cn-'. The M-CO region had peaks at

- 1t e



600, 570,/520 and 500(sh) em~!. The only otﬁer‘peaks were from water
(3450, 1620 cm™! br) and BF, (1120sh, 1080, 1050sh cu™'). The
’material did not crystallize.
C. Attempted Syniheses of |
/;fgn%aﬁﬁfhe(phenyldiazenido)ruthenium Chloride. .
| 1. Introduction |
The first identified dinitrogen complex was

[Ru(NH3)5N2]C12.266 This simple complex is remarkably stable,

particularly toward oxidation.’ The electron-rich Ru(II) center sﬁems ——e

to interact well with the orbitéls of Nz; £hough the néture of the
bonding is still in dispute.267 A shmilar‘interaction occurs in
‘pentammineruthenium(II) complexes with other mr-acid ligands as well:
NO, CO, NCR.2072 ye believed the synthesis of [Ru(NH3)5(NNAr)]3+
would“allow spectroscopic and chemical comparisﬁns to be made with these
‘simpler analogues, which in turn might alloﬁ a useful bonding pictuge'
for the aryldiazenide to be drawn. Furthermore [Ru(NH3)5NNAr]3+
could have some interesting reaction chemistry.

Two routes to [Ru(NH3)5NNAr]3+ were tried. The_more rational
one was replacement of labile water from [Ru(NH3)50H2]2+,by
diazonium-ions. The other Qas modelled on syntheses of N2 and NO

complexes from N2Hu268 and NH20H.269 Neither was successful.
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2. Results

a: Reactions of Diazoniﬁm‘Salts with thheniuﬁ Ammines
There are few ligands which‘a;e‘cationic. The-only two‘common'
examples with an overall formal positive cﬁarge at thehcoordinéting
‘fuﬂction are nitrosyl and diazénide. There ape no examples of
.nitEOSOnium or benzenediazonium coordinating tova positively charged

metal complex, though Me3S+ 272 2nd B* have been known to do so,

e.g.
MeC&‘

, Rh(NCMe),(dppe)* + HY ——— J[HRh(NCMe)3('dppe)]2+.
- Thus, the réaction is probably unknown because thgre are few potential
examples, and these might héve inherently high activation energies. 1In
attempting one'such reaction ;e‘found that 4-FC6H4NNBF4 anq
[Ru(NH3)50Hé]2+ fofmed an drganic product, insoluble in the
water solvent; tentatively identified as a ﬁixtuhe of
u,u'-diffuofobiphenyl and bis(M-fluorophenyl)diazene. Infrared spectra
indicated the presence in the product of the f;Pmer, which was also
obtained from reduction of 4-fluorobenzenediazonium salt with zine
amalgam. The iatter prodﬁét was previouély unreported but the
electronié spectra were clearly indicative of an azg'compound. The
bresence ofyﬂhe azo compound suggested that there was some unusual mode

of reaction between the ruthenium and the diazonium ion. However if any

complex was produced it did not survive under the reaction conditions.

After these reactions had been done. we learned of an earlier, brief

Russian paper‘2'73 repbrting formation of
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[{Ru(NH3)5}£N2](BF4)u from diazonium salts and’ |

[Ru(NH3) OH2]2+. The highly-charged dinitrogen-brﬁdged

"dimer did not pre01p1tate in our reactlonsiand so presumably was’

not formed. The dlmerlc product almost certalnly formed by

combination of [Ru(NHs) 5Nh]2+ with_ [Ru(Nh3)5]2+ | o
[Ru(NH3)5NN]2+ was found by us to be stable in methanol in the presence
of benzenediazonium ion over a period of 2 hr. ngr longer peribds thef
ruthenium complex did decompose in solution.’d The difference in
pPOdUCtS obtained between the Rﬁssian work and ours probably arose from
having an exce;s,ﬁf diazonium salt iﬁ our work_and an excess of
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pentammineruthenium(II) in the other! Our work concurs with this

earlier report in finding no aryldiazenido product.

The fact that the dinuclear ruthenium compléx'forms by combination
of two cations, while [Ru(NH3)5NNAr]3+ does not, suggests that the
diazo moieties of (H3N)5RuNN2+ and ArNN* are not comparably

[N

12* as a

bopded. We suggest that the former attacks [Ru(NH3)5
nucleophile, with electron density at the terminal nitrogen donated from
the metal. (See Chapter I.) The postulated substitution of ethyl
diazoacetate. for water on ['Ru(NH3)50H2]2+ would be similar.27u |
While there is formally a lone pair at the terminal nitrogen in a
diazonium cation, ArN-N:*, there is insufficient electroﬁ dedsZW for
it to act as a nucleophile. ArNN+ attacks metal complexes much as
bydrogen ions would, as an electrophile. If, as was commonly

assumed,275 the initial bound state of dinitrogen in nitrogenase were

well-ﬁodelled by the stable dinitrogen complexes such as

RV
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[Ru(NH3)5N2]2+, then reactions of diazonium salts”” would be a

poor indicatioﬁ of the potential mode of reaction of nitrogenase. —
b.'Reactions of Phenylhydrazine
Like two other groups,276;79’2?6 we found that R13Cl3 and
[Ru(NH3)5Cl]Cl2 react Qith'an excess of.pheﬁylhydrazine to produce
[Ru(NH3)5N2]2+T In a preliminary run with one drop . { .
phenylhydfazine and an unmeasured qQuantity of aqueous RuCl3 solution,
.a different brown solid precipitated. This was insoluble in ethanol and e

ether. From infrared evidence the phenyl moiéty was definitely retained

1

in the product. There was no band between 2100 and 1620 cm™ -qu no
other peak that suggested itself as;&N:NPh. (This should be modgrately
inténse in LRULSNNPh]n+.234) So a bound diazenide was not isolated

in any detectible quantity. The phenyl infrared absorptions are thén

-~ most likely due to bound‘aniline‘277 The freq&encies characteristic of !
ammopium ion (3150 s bru§1400 em™] m) are quite apparent and éince the
solid is water-in§oluble; ammoﬁiﬁﬁ is almost Qé;tainly the counferipn of
an anionic ruthenium complex. A possiblq formulation is |

NHM[RuCl3(NHZPh)x(NH3)3_X] where x is the average number of

coordinated anilines, close to three according to elemental analysis.

3. Prognosis
In summary, the reactions of phenylhydrazine with ruthenium(III)
~ chloride and chlororuthenates were not productive. In order fo improvev

the chances for isolation of pure solids with the aryldiazo ligands,



reactions spould be conducted in water rather than organic sélvents,
used sin most of our trials. - Other countefions, e.g. I7, ZnCluz',
and BPhu' might be invéétigated as well: Another reasonable way to
synthesizevthe.desired aryldiazenido complex'would be to attempt

. synthesis of [Ru(NHB)SNHZNHAr]2+ and then oxidize this. Amine
analogues of this hydrazine cbmplex are known, and they éré oxidizéd in - <

air to isolable'nitrile complexes,278ﬁgn,%e»a cheléting imine279

from. [Ru(NH3 ), (NCgHy-2-CH,NH) ]2+,

" -4, Experimental :
Zinc amalgam reacted‘with an aqueous solutign of M-FC6HMNNBFM
with vigorous gassing. After 2 min no further reaction was noticeéble.
The mercury was removed and methanol added. The electronic spectrum of
the solution (266, 260 and 254 nm) agreed with thdt of C6H5F.229

There was also a sclid isolated, which was identified by .comparison of

peti o s e el L .

its infrared spectrum with a reference spectnum28o: '3080, 3040 vVwW,

1605 m, 1510 s, 1230 s, 1160 s, 1085 m, 1015 wm, 835 s, 520 cm™! w br, ’ ~

<, .

o

Dissolution of [Ru(NHB)SCl]Cl2 (91 mg, 0.31 mmole) in 5 ml . ,
watér'occurred during reduction with amalgamated zinc ovér O.S‘hr. The )
presence of [Ru(NH3)50H2]2+ was indicated qualitatively by the :

shoulder at 380-420 nm.287 arter removing the excess amalgam, the

solutioﬁrwas added to the diazonium salt (65 mg, 0.31 mmole). 4 light

-brown suspension formed immediately, with dérker insoluble material

collecting more slowly (ca. 15 min). This mixture of goupled, organic

%

P




canpounds could be sepérated by centrifugation or filtering with fine

porosity filter. It is at least partially volatile as it sublimed

i

‘dur&ng—égéuum drying. Electronic spectrum in ethanol ( kma in.nm):

X
430(sh), 325, 265(sh), 225(sh). Infrared spectrum ih CClﬁu(MOOO-1120,
1000-825 cm'1: ca. 3050 va, 1605 w, 1595 w, 1578 w,_1510 wm, 1500
wm, 1475 w, 1270 vw, 1235 wm, 1225 sh, 1185 wm, 1158 w, 1135 W, 835 wm.
Addition to the filtrate of NaBF) (67 mg, 0.61 mmole) in a minimum

amount of water did not precipitate a solid product, nor did addition of

éthanol saturated with sodium chloride. After extracting witﬁ ether,
which'reﬁoved some additional crganics similar to the water-insoluble
material above, the soivents were éll evaporated, leaving a red solid.
The ethanenitrile solublé portion of this solid has infrared absorptions
characteristic of M-FC6HMNNBFM with excess—tetrafluoroborate. The
insoluble is likewise identified as [Ru(NH3)SCl](BFu)XClé_X.

Anal. Found: C, 0; H, 3.59; N; 16.74. Caled. for

[Ru(NH3)SCl](BFu)2: H, 3.82; H, 17.72." Ipfrared sgectrumE ca.

3200 vvs br, ca. 2080 w br, 1615 vs br, 1300 vs, 1080 s, 800 S, 560 m,

530, 520 wm, 450 cm™! m.

One drop of phenylhydrazine was added to a filt;red aqueous
solution of RuCl and a black solid formed immediately at the top ofﬂpﬁe'
test tube. With shaking, there was considerable—foaminé, and bubbling.
The solid was centrifuged and Qashed with wate;, ethanol (in which.

solvent the solid bubbled further.), and ether. The olive-green mother

liquor was discardeds The brown solid was vacuum dried. Anal. Found:

/"\

r
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' . : : 225
C, 39.4; H, 4.65; N, 13.9. Caled. for “NHM[RuCl3(NH29h)3]n;

G, 42.8; H, 4.99; N, 11.10. Infrared spectrum: 3220 s sh, ca. 3150 s
(VNH); 2100 vw (VNN impurity); 1600 m (arom. and § NH); 1495 m
(arom.); 1400 m (ammonium); ca. 1265 wm (ammine); 1150-1095 wm, 1070 >

sh, 1025w, 800 w sh; 755 m, 690 m (pheny1); 540 cm™" vw.

.g»-\;_
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