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ABSTRACT

.

r. * sl
. . LY .
- ) C - -

~

In chapter I, the _protgnation of the anion

Fe(CO)3NO-,Na* is described. Addition of triflugroacetic

acid on Fe{C0Q)3NO-,Na* in ether in the p%esence of six

equivalents of trjphenyTphosphine yielded the disubsti-
tuted hydride HFe(CO)(NO)(P(CgH5)3) 2, having-a reasonable

kinetic stability at 250C. Its structure was established

by NMR, IR, elemental analysis and finally by a single

crystal X-ray study. It Was successfully demonstrated
that. the reaction procéeded thxoﬁgh.the monosubstituted
iron nitrosyl Antermediate HFe(CO)2(NO)(P{CgH5)3)-
unlike HFe(CO)(NO)(P(CgH5)3)2 which is air stable for
weeks _fh the 'solid "stéte;g‘ HFe{(CO)2(NO)(P(CgH5)3)

instantaneously oxidiZed to a mixture of degradation

-

products = (P(CgH5)3)Fe(CO){NO)2, (P(CeHs)3)Fe(CO)4,
(PCCéHE)3)2Fe(CO)3, '(P(C5H553)2Fe(N0)2. Comparing the
reactivity of the new iron nitrosyl hydrides to that of
the isoe1ectrohic cobalt hyd;ides (HCo(CO)g(P(C5H5)3)y;
x+y=4) towards substitution, it was shown that the NO

l1igand induces - a greater accessibility to the

coordination sphere of the metal.

.
L e



| - (341)
This wgs"demonsi}éted~ in the reaction of the hydf{dé
HFe(CO)szO)LP(C5H5)3) Qith aﬁ ;;cess of P{CgHs5)3 which
yielded the disubgtitﬁted hxdride HFe(CO)(NO)(P(C6H53352.

unlike HCo(CO)3(P(CgH5)3) which is inert towards further
CO substitution with P(CgH5)3-

_These *iron nitrosyl hydrides ~ thermally
decqmpoéed to give monometallic degradation products
(Fe(COx(P(CEHE)T)y xy=5; Fe(N0)Z(CO)x(P(CoHs)3)y X+y=2)
resulting from ligand exchange. For. such an exchange
'reaction to occur, the forﬁa;ion of a dimer.appears to be
a prerequisite. | Hence it ciﬂ__be concluded that ‘irog
n%tro§y1 metallic dimers are unstable with respect- to
ligand . redistrdbufion and fragmentation into new
monometallic compoundsﬂ When compared to cobalt carbony!l
hjdrides, this is the most stiriking difference.. These
cobalt hydrides are krnown fo decompose into metallic
dimers which are not subject -to further facile

’

decomposition to monometallic products.

Debending on the conditions used (THF instead of
ether; HBF4 instead of CF3CO00H}, protonation of the
anion Fe(C0O)3NO-,Na* also yielded the cation

[Fe(CO)2(NO)(P(CgH5)3)2]*BF4-. Formation of the hydride

HFe(CO)2(NO)(P(CgH5)3) was detected through IR monitoring

e

of the.réactfon'm{kEJFa:\HIn this reaction, the dihydride

[H2Fe(CO)2(N0O)(P(CeH5)3}]Y could be also a _ logical

intermediate.



(iv)

Substitution of a CO with P{CgH5)3 wii{ekpected_tc-

increase the basicity of the metal and onsequently
enhanced the stability of a. cationic iron nitrosyl
dihydride with‘fesggct to Hz_e1?mjnation. This Ted us to
study in }cHapté;-.II, the prqt'nation of the hyafide
HFe(CO) (NO) (P(CgH5)a)z- Inst ‘

of the generation of the

. . . ™
expected dihydride, the reaction proceeded towards the

rapid formation of  the “pseudo ;coordinatively“

unsaturated cation [Fe(CO)(NO)(P(C5H5)3)2]+EF4' with .

concurrent Hp loss. All avaitable results suggeste&'the

presence of a very accessible coordination site. For

example under- approximately one atsmosphere  of (O,

[Fe(CO)(NO)(P(CgH5)3)2]¥BF4- underwent -a clean solid-gas

reaction to form the coordinatively saturated cation

[Fe(CO)z(NOj(P(C5H5)3)2]+BF4-. Also <on ~ dissolving

[Fe(CO)(NO){P(CEH5)3)2)"BFg4~ in methylene <chloride or

acetone, decomposition into Fe(NO)2(P(CgH5)3)¥2 resulted.
Hoﬁevgr, on dissolution of [Fe(COi(NO)(P(C5H5)3)2]+BF4‘
in acetonitrile, the acetohitrile complex
[FE(COJ(NO)(P(C5H5)3)2(CH3CN)J+BFﬁ' was /formed which was

- | 7
soluble without any decomposition chlorinated solvents

‘ }
and acetone. The coordinated acetonitrile showed @ very

high lability.
R

-
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Finally in chapter I}I, the. reduction offthe iron
nitrosyl  cation  [Fe(C0)2(N0)(P(CeHs)3 )2]*BFg=  with
hydr1de transfer1ng reagents, was $studied. 5dﬁition of
one to three: equ1va1ents of reducing agent on the cation
[Fe(CO) 2(NQ) (P (CsHs) )2]*BF4~ resulted in the decomp051-
tion products FeINO)z(P(CsHs);Lg, Fe(C0)a(P(CgHg)3) and a
sinall qﬁantity of Fe(C0)3(P(C5H5)3)2. _THe.course of the
reaction wés‘drasticaIIy altered when an excess of the

reducing agent (6 eéuiva1ents) was used. . The anion
(P(C5H5)3)Fe;CO)_£TNO)r,-1.1'+ was generated exclusively. .In .
aﬁ attempt to identify at Teasﬁ one of the primary-
processes implicated in the formation of this anion, the
~reduction was done directly in- the NMR tube at low-
temperature by ‘mixing'r the cétion [Fe(Cb)g(N0)=
(P(C5H§)3)2]*BF4' with a limited quantity of the réducing
agknt. The 1H NMR showed conclusively the formatfon of
the formyl complex (P(CsH5)3)é(HO)(CO)FeGHO. Preparation
of the anion (P(CGH5)3)2F.(CO)(NO)',L1+ and its reaction
with ~C0 to give (P(Cg::}})zFe(CO) ( 0)- L1+ is also

discussed. .

The ion pairing phenomena observed for the' iron
carbonyl nitrosyl anions, synthesized dur%ng this work,

are discussed in the appendix.



GENERAL_INTRODUCTION

-~
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It was in the early 1930's awith the discovery by

Hieber - of the unstable hydridocarbony1s; HpFe(C0)a (1)
- and” HCo(CO0)g (2) that hydride complexes ‘of the transition
metals became and remained a laboratory curiosity for a
relatively Jlong  period of time. Three add1t1pna1
~ examples of hydride complexes were reported in 1955,
namely HRe(C5H5)2 (3), HCr{CsHs)(CO0)3 and (CsHg)(C0)3

(4). However, it was not until two years later after the
discovery of trans-HPtCl(P (CoHg)3)2 by Chatt, Duncanson
and Shaw {5) that advances in the syntheses of hydride

complexes have been especia11y significant. Since then

hydride complexes, containing such diverse: 1igands' or

gqroups as tertiary phosph1nes amines, nitrogen, carbony]s

etc. have been isolated and characterized for most of the ’

transition metals (6, 45, 47).

‘Recent years have seen a tremendous growth of -

research activity 1in the field of these ver} important

class of compounds (44, 45, 46). Some have. found their
application in organic and organometallic synthesis (7,
34, 44, A45). The pivotal role of others have been
recognized in many ‘}ata1ytie , reactions such as
hydrogenation (48, 49, . .50}, isomerisation or
hydroformylation of olefins (7, '54) and also 1in the
methanolysis of €O (110). HCo{CO)a, one of the most

extensively studied hydride so far is catalytically
active in all of these reactions (7, 34, 110).

1t 1is noteworthy to indicate that the cobalt
catajyzed hydroformylation of o1efins. was discovered
as a side reaction of the Fisher-Tropsch reaction
(Hp reduction of €O to synthetic fuel) e~catalyzed by an
heterogeneous cobalt catalysts (76). rYF that particular
reaction, involved in sqxeral practical applications,

e  im e Bt etk o
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iron based cataTySts are a1so_a¢tive and are ﬁurrenth
used im Sasol "(Scuth Africa) mainly for economical

reasons. "Lt is most Tlikely that transition metal
hydrides are also implicated as reaction intermediates in
the Fischer-Tropsch reaction  {34). Provided the

mechanisms (which are *still very specu1a11ve (34) for
both the iron and cobalt based_-catalysts) are similar
(190) 1in these 'Fischer-Trppsch reactions, that could
suggest thé occurrence. of a ciass of iron hydrides whose
react{vity might parallel to a certain extent those of
selected cobalt hydrides .such as HCo(CO)jz. )
The search for these iron hydrides should be
worthwile to pursue in an effort to develop ultimately
new catalysts'for-reactiohs 7mp11cating‘synthesis gas.

In  that context, -«carbonyl " hydrides contéfning a.

nitrosyl ligand attracted our interest. While
investigating the use of the iron -nitrosy]"aniqn

Fe(CO)3NO-,Nat as _a reagent for organic synthesis (42;5

43), it _appeared to us that there might be an-overlap ‘in
the Feactivity of complexes containing the Fe(CO)xNO and
" Co(C0)xe1 (X=2,3) metallic fragments.

Indeed, Fe(CO)3NO- and Co(CO0Y4a- are both weak

nucleophiles, which- is to be contrasted with the higﬁ

nutTeophi1ic power of the isostructural and'iSQelectronic

dianion Fe(C0)g2- (94). Furthermore, HFe(C0)3NO0 and -

_HCo(C0)4 behave as strong acfag and a literature: survey
revealed also common features in their reactions with
dienes and carbonyl compounds.. Both yield n3 crotyl

complexes upon reaction with butadiene (90) as depicted

below.

FEIXN LR ST R e
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The cobalt hydridg reaction with butadiene afforded .

H

. CH2
. -€E0 V4 .
HCo(CO)a + CH2=CH-CH=CHp —————» CH-=----Co(C0}3
: ‘ : - CH(CH3)

and *the iron nitrosyl hydride with butadiene afforded
the isoelectronic n3 allyl 16 (in that case 2a was
generated in situ by protonation of the anion 1).

Fe(CO)3NO-
1] |
HY, -c0 CH2
HFe(CO}3NO + CH2=CH-CH=CH2 —». (H----Fe(C0)2NO-
.28 ¢ | , TH(CH3) 16
&4 I e
pHe{"“\CH3
CHp=CH-CH=CHp 3% CHp  °
(CH3)2C-Fe(CO)3NO - RH-—ﬂFe(CO)zNo |
OH v €0 CH(CH2-C(CH3)2)
OH
17 . 18

In the reaction of the iron hydride with butadiene an
interesting byproduct, the n3 allyl derivative 18; was
formed. Its formation wmay ‘be gxplained in a
straightforward manner as resulting from the rea¢f®on of
2a with acetone (the acetone comes from the preparation
of anion 1) (90) to give complex 17 followed by the
incorporation of butadiene to give 18. That being the
case, the mode of addition of "hydride 2a on the ketonic
function would be 1identical to that of ‘HCo(CO)g on
formaldehyde shown below (191}.

\ > ' *
/;=0 + HCo(CO0)g —————3 H2C-Co(CO)g
H H

>

“¥

‘i

s o e b =

s m nale nmbnl e



P T ‘ ) 4a
, These similarities in reactivity prompted us to
initiate a more detailed investigation of the chemistry

of iron nitrosyl hydrides (8-11). With respect to

reactivity, such\compounds should be attractive to study.

The introduction of a nitrosyl group in the metal

_coor@ination'sphere could be advantageous with respect to

— »(CO)Fe(NO)oL  + CO

.substitution reactions ,(12-22,' 29-31). Because of the

dual nature of the nitrosyl group, the possibility of a
change in the bonding mode during a reaction could

.facilitate the access of an external Iigaﬁd to the metal
coordination spWEre: (28). The ability of the nitrosyl

group to serve either. as a cne electron (as  in the

complex [IrC1{CO)(NO)(P({CeH5)3)21*BF4" (185)) or a three

electron donor (as  in the complex
EIrH{NO)(P(CEH5)3)3]FCl04™ (186}) has been = well
established from X-ray studies. - . .

The conversion of linear to bent NO is believed to
require only a -small amount of energy_ (23-27, 187). The
conversion can be either spontaneous (188) or induced by
t&a addition of an external ligand (189). In particular,

substjtution reaction of CO0 ligands in coordinatively

saturated nitrosyl complexes frequently proceed a]gng an
associative pathway -~ such as the reaction depicted
below {111): _
“slow 0
. | oyrei?
Fe(C0)2(NO)p + L— (_CO)z(NOéFe-ﬂN

|

fast ' S

L=P(CgH5)3 for example

:'?‘

i sene

L fwan
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In such reactions this linear ¥ bent convérsioniis
- thought to arise in order to prevent the formation of a
20 ' electron intermediate during® the addition of the
phpsﬁhihe ligand to the metal coordination sphere. It is
significant to noée also that.the repIacemeht of a CO by .
a NO coﬁ]d.resu1t in the labilisation of the remaining
C0's towards further substitution reaction. For example,’
although LpFe(CO0)3 is inert to substitution with respect
to phosphites, LpFe(CO)2NO* readily reacts at room
temperature with phosphites (181) having a small cone
angle to yield substituted derivatives-'as depicted below.

a

+ NOt + L

L2Fe(C0)3 —» [Lz_?e(CO)z(NO.)T"——P [L3Fe(C0)(NO)J+‘
- €0 , - €0 Y .

- - =

L=P(0CH3)3 for example

From those results, it can be inferred .§}at the
presence of an NO ligand may enhance 1in some cases the
accessibility of an external Tligand to thé metal
coordination sphere. This is a key requirement for
catalytic activity (32).
s & . -

-

This  work concerning the -synthesis and the
exéﬁoration of the reactivity of iron nitrosyl hydrides
was initiated #d order. to obtain answers to two
fundamental quéstions.

- What is the influence of the NO ligand on the.
accessibility of -the coordination sphere of the
metal.

- What are ;he'miniﬁum experimental cqonditions to
satisfy in order to initiate a study on the
catalytic activities of diron nitrosyl hydrides,
especially ih'the reactions anolving synthesis
gas.

J,
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The syntﬂesis and the study of the reactivity of the .

new jron nitrosyl hydrides containing t?ipheny1phosphine

" ligands discussed in chapter I, serves to provide answers

to these questions.

Chapter Il describes the reaction of hydrides with
-anhydrous HKBFz and. the synthesis _of a2 “pseudo
coordinatively" unsaturated complex. )

Finally, chapter IIl discusses the synthesié_ of
transition metal monoanions [Fe(CO)x(NO)(L)yl- (x+y=3)
_and the intermediacy of a metal formyl complex.

Iron pairing phenomena observed for these monoanions
is discussed in the appendix.

e p—— T
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CHAPTER I

§ynthesfs of Iron Nitrosyl Hydrides

INTRODUCTION

The transition metal hydrides containing CJ Tligands

form a large c1gss of compounds. However, those
cqntaining -the niérosyl ligand have not received much
attentfon. Only a small number s presently known.
Informatfon' concerning the methods of preparation and
some pertinent data are presented in table-I (page 15).
The methods used for the synthesis of these transition
metal nitrosyl hydrides have been organized into four
general categories: 1) Substitution of a one electron
ligand 2) ‘Subsfitution of a two electron Tligand 3) H

elimination and 4) Protonation.

1]



1. Substitution of a one electron ligand

N

. A useful methdd for preparing- transition metal

hydride complexes, consists of reacting a metal complex

with hydroborate or aluminate salts (44). In some cases
hydrides generated by this method can best be prepared

starting from the respective metal ha]ide_comp1ex.

N
-

g

Some possible complications should be considgﬁgd in

-

utilizing these hydridic reagents. In. a particu?ar'case,.

‘when a monohydride is desired, the initially formed

hydride complex may react with hydrogen libeérated in the
reaction of with solvent molecules to give an unexpected
polyhydrido complex. For example, -alcoholic sodium
bdrohydride.has been used to obtain polyhydrido complexes
of cobalt (52) and of iron (53). |

CoCl2.6H20 + L (excess) + NaBHg —Pp H3Col3
FeCl2.2H20 + L (excess) + NaBHg ——P HaFel3 i
L=Phosphorus ligand | .

In both cases it.,is believed that part of the reduction

is'occurring by hydrogen transfer from the solvent. 7
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Although h}drdborates and aluminate salts Sometimes
'yigld the same product with a given complex, thgy cénnot
alQays be used interchangeably. For example, . the
preparation of-the nitrosy]uhydride I (Table I, page 15)
starting from (n5-C5H5)N(N0)2Q1 and NaBHiiresulted in a
yield of 13:. "However, treatment of the same}-ha1ide
complex precursor with the gentle reducing égent sodium
dihydridobis (é-methoxyethoxy). aluminate in toluene at
-78°C gave a yield of 61% (41); The complex is a bright
green, diamagnetic solid which can be handled .in air for
short periods’ of time without the occurrence of notice-
able decomposition. Similarly, OsH(CO)(NO)(P(CgH5)3)2 11
(56).and:MnH(NO)g(P(C5H5)3)2 IIT (57) have been obtained

from the corresponding chioride.

The ratio of the reactants may also influence the
outcome of the reaction. This is cjearTy demonstrated in
the reaction of 0sCl12(PP)2 (PP= bis - diphenylphosphino-
methane) with LiATH4; a 100% e%cess of LiAlHg gave trans
HOsCf{PP)? while a tenfold excess gave trans Hp0s(PP)>?
(55}). For the preparation of hydride 1, the author
mentioned that the optimum 'stoichjdmetric ratio of

reactants was.l:1.



2. Substitution of a two electron ligand.

c . i

-

Reduction of a Cationic Carbonyl with lydride (H=)

" fydride I and 11 {Table I, page 15) could also be

formed from the reduc;ion 'of the cationic cowmplexes
‘(nSLC5H5)w(N0)2(CO)+ and 05(N0)(C0)(P(C5H5))3+
respectively with NaBHg. - Although details of  the
mechanism were not given in the formation of nitrosyl
hydrides ! and TII by reduction of their respectiye
cationic c;mp1e¥e5‘~ (nS-C5H5')N(NO)2(CO)+ and
'Os(Nb)(CO)(P(CsHs))3+ with NaBHg, it is most Tikefy that
initially a metal formyl derivative was formed (58) by

attack of H- on the carbon of the CO group (59).

0

[

*IM(CO)x(L)yd * He—p M(CO) o1 (L) yr”
—'<:M(CO)X-1(L)}{ + CO
M(CO)x(L)y-1 * L

e.g. L = phosphorus ligand



Hence, in the case of hydride-I *54) the initially
formed f6rmy1 possibly decgmposeﬁ through. migration of

the hydfide‘from the formyl group with concerted loss of

CO. .In the case of hydride II (60), the initially forued.

formyl ﬁost likely decomposed through loss dof P(C5H5)3
followed by rapid “hydride wigration from ‘the formyl
carbon tﬁ the metal (154). A more detailed analysis of
such reactions is given in the introduction of chapfer

III.

3. H elimination

a) Reactions with Alcohol in the Presence of

Ligands in a Basic Medium

r

During fhe period 1960-65, Chattland Shaw and also
Vaska (45)'estab1%shed that a primary alcohol is oxidized
to an aldehyde (or a secondary alcohol to a ketone) with
thﬁ transfer to the metal of the & hydrogen of the

initially formed coordinated alkoxide.

_ 0. R N
M-X + R-CHpQ~ ——— M/\/‘\c/ b X ——
_ MR — N, T
R L]

C=0 + H-M + ¥~

4w

vt
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In some cases a more extensive rearraﬁgemént méy
occur in these types of redictions. It may invelve the
Itnansfer to the metal of both hydrogen-and_thg‘carbonyl
group of the alkoxidé to form.a ﬁydrOmgta1.c$}bonyT and ?
hydrocafbon of one less carbon than the orfginal a]cohoi;
(45). |

In the preparafion of HRu{NOJL3 IV (L=P{CeH5)3>
P(CeH5)2(CH3), P(CeHS)2(CH(CH3)2), P(C6H5)2(CeH11)), the
author reported their generation in high yield starting
froh Ru(NO)CI3L2 w%fh _ref]uxidg ethanolic KOH in the
presence ‘of excess L (50). Similarly the osmium hydridé-
HOs(NO)L3 Vv (L=P(CgHs)3, P(CsHsjz(CHB)) was prepared

using 2-methoxy~éthan01 as the solvent.

b) Hydrolysis of Metal Cations

The generation of a hydridometal complex Dby the
hydrolysis of cétionjc metal carbonyls _wés first
demonstrated by Fischef (63) who isolated HMn{CO}s5 in the
hydrolysis of Mn(CO)s". Less fhan a decade after, the
results of a kingtic study, done by Clark and Jacobs (quu

on the feéction of trans-Pt(C1){CO)(P{C2H5)3)2"BF4- with
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water to give the hydride HPtCI1(P(C2H5)3)2," were
consistent with a’ Mechaﬁism; involving - '@ carboxy
intermediate from which  the hydride‘ is obtained with

evolution of carbon dioxide.

H20 L

. = _
[PtCI({CO)L2]* P\Pté\ \H—PHPtC1L2 + C02-

acetone Cl// \\L

A cérboxy derivative of iridium was obtained by
Qgeming and Shaw (65) by treatment of the corresponding
cgtionic complex with water. }reatment of this carboxy.
derivative with acid restored the cationic complex andQI

its pyro]ysfé gave an hydride complex.

‘H20 (-H*)

[IF(C])zé:O)2L2]+ r—?—?————jr | HO-EJ}rC1(CO)L2;é_,
HCT (-H20

HIr{C1)2(CO)}L2-+ CO2
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From the reaction of [Qp5-C5H5)Re(C0)2N0]+

with - triethylamine in water-%fetohe, Stewart {66)

" reported the preparation of thé rhenium nitgosyl hydride
(n3-C5H5)ReH(CO)(NO) VI in 60% . yield. N The propbsed
mechanism involved a nucleophilic attack of the hydroxidé
ion (or water) at the carbonyi carbon. The .resuiting

.carboxyTate intermediate'formed undérwent decarboxylation
to give the neutral hydride with eGo]utfdn of carbon

dioxide.

-

-MCH2)3N + Hgo\::_—‘(cn;;cﬂggmﬁ* + OH-

Re Re

: oH-
c(T%o — co/' \fzo '—bco/| N\

fo)

PN

NO NO “UH NO

Al

This rhenium hydride (an orénge Thgquid) hés é re]ativg}y
high thermal and oxidative stability. _ The author
indicated that practica]lx'no decomposition was observed
.after heating the hydride at 90°C for twenty hours in a

sealed tube.
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4. Protonation

A-variety of unchaﬁged c6mp1eXes may .be protonated'
with various acids (44) such as anhydrous’ hydrogen
halides, concentrated sulfuric acid, Perchloric acid, .
acetic acid, etc., .to form a hydrido cation. In most
circumstances, the anion of the ‘acid is not coordinated
but remain in the product as a counter-ion of the hydrido
cation. | '

Reaction <c¢onditions can .significant1y alter the
course of such reactions. For example, Ni(dppe)?2
(dppe = bis-diphenylphosphinoethane) and aqueous acids
nroduced hydrogen and Ni(dppe)p2* o salts (67) while
anhydrous acids gave the [HNi(dppe)p]lt ~cation (68).
Furthermore, the reaction product may depend on the
reaction temperature as in the case of 053(C0312. and
concentrated sulfuric acid which gave tHOs3(CO)12]+‘ at
25°C (69) and [HOs(CO)gI* at 100°C (70). ' ;

The iridium complex Ir(NO}(P(CgHg)3)3 is protonated
by non-complexing acids to form the stable hydrides
CIrH({NO)}(P(CgHg)3)31* Y~ yil (Y=C104, BFg, PFg) (71,
72). The diridium complex  Ir(NO)(P{CgH5)3)3 is
regenerated on addition of bases toy}he hydrides. These
salts occurred in several crystalline forms differing in
colour, melting point, and solid state infrared spectra.
The colours of all these salts varied from greén to brown
with the exception of the perchlorate which also existed
as almost black «c¢rystals. The neutral hydrides
IrHX(NO)(P{CgH5)3)2 (X=CL,Br,I) are easily prepared (90%
yield) by the redction of [IrH(NO)(P(CHS)3)3IF Y- with
Tithium halides in ethanol.
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A conveniant synthesis of - many neutral metal .,
carbapyl hydride compfexes ihvd]ves_ the protonation of
the éorreSponding anionic speéies with an acid such as
sulfuric, acetic, hydrochloric etc. (44). Hydrides such
as HCo(CO)g ¢2), _HMn(CO)s (75) and HRe{CO)s (1) are
readily obtained by protonation of the _corresponding
. anions. ) | ' '

-

The iromn nitrosyl hydriaes HFe(NO)(PF3)3 VIII (73)
and = HFe(CO)3NO IX (74) “were both prepared by

protonation. HFé(NO)(PF3)3 was obtained in an overall
yield of only 1% from Fe(NO)2(PF3)2. Fe(NO)2(PF3)2 was
reduced to the anion, ~-Fe(NO){PF3)3 and treated with HpS04
to generate the hydridé.

_ ‘Na/Hg . H2504
Fe(NO)2(PF3)2 —» “Fe(NO)(PF3)3 —— HFe(NO)(PF3)3
. . <

HFe(CO)3NO was prepared from Fe{CO)3NO-,Nat and dry
HC1. The hydride decomposed at temperatures above -45°C.

Becéuse in expTorétory studies it is more convenient
to work with compounds of reasonable kinetic stability,
this hydride HFe(C0)3N0 was not the proper candidate to
select. From a synthetic point of view, the basic
problem to solve was the synthesis of iron nitrosyl
hydrides ,of greater kinetic stability. [t is known that
replacement of CO's with tertiary phosphine ligands could
improve the kinetic stability (80). Thus diron nitrosyl
‘hydrides containing phosphine ligands became our target
molecules. On the assumption that phosphine substitution
of a CO in HFe(CO0)3NO could compete effectively with its
decomposition, the simple synthetic route to investigate
was the protonation of the anion Fe(CO)3NO- in the
presence of a suitable phosphine.



TABLE I

L

Survey of Nitrosyl Hydr1de Comp]exes
COMPLEX - PREPARATION- - i Ref.]
Substitution of one ®electron l1gand
@X+H-—~>Mﬂ+_k
{n5-CsH5)W(NO) 2H (n5-CsH5)W(NTG)2CT + NaATH2R2 I{ 54
OsH(CO)(NO) (L) 0sCT(CO)(NO)(L)2 + NaBHg II| 56
MrH(NO) 2(L)2 Mn{NO)2(L)2Br + NaBHg 111 s7
R = OCH2CHoOCH3 )
= P(CqH5)3 —
 Substitution of two electrons ligands
' M(CO)x-1(L)y + CO
| PHM(CO)y (L) y-1 + L
(n5-CsHg )W(NO) oH (n5-C5H5)W(NO)2(C0)* + NaBHg 54
OsH(CO)(NO}(L)2 . 0s(NO){CO)l'3 '+ NaBHgq II] 60
= P{CgH5)3
H eiimination
(a) M-X+ R-CHz0- ——»
M-0CHR —> M-H + RCHO
RuK(NO)(L)3 Ru(NO){C1)3(L)p + KOH+ E+OH + L Iv| 50
0sH(NO)(L)3 ‘0s(NOJ(CT)3(L)2 + KOH + CH30CH2CHOH + L -V
L = P{CgHs5)3 etc.
' (b) - M(CO)* + OH- —pM-C-0H _
—» H-M+ COp
: (CH3CH2) 3N
(n5-CsHg)Re (CO) (NO)H (n5-CgHg)Re(CO) (NOY*
acetone - H20 VIj 66
Protonation
. Mt H ——— *M-H
[HIr(Nd)(P(C5H5)3)3]Y Ir{NO)(P{CgH5)3)3 + HY ——— _» VII| 71-72
= €104, BF4 or PFg '
M-+ HY ——p HM
HFe(NO)(PF3)3 “Fe(NO)(PF)3)3 + HY —— P VIII| 73
HFe(CO0)3NO 'Fe(C0)3N0 + H —> IXfp 74

~
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RESULTS
' A\
In 1965, the first example of a complég.éontaining‘
the [Fe(CQ)(NO)(P(CgH5)3)2] metallic moiety was reported
{(77). - The complex, CF3COFe(CO)(NO){P(CgH5)3)2 .was'
obtained by the protonation of anion Fe(C0)3ﬁO‘,Na+ 1l in
ether at -65°C with a 40 fold excess of trifluoroacetic
acid in the presence of two equivalents of tribheny1—

phosphine. Under these conditions, no reactiqn inter-

mediate ‘was observed. C ;"”/ ‘

We -found that éqution_of a modest 1.5 equivalents .
of trifluoroacetic acid go a stirred icerfold (water-ice
bath) ether solution of anion 1l and five to-. six
equivalents of .triphenylphosphine in the same solvent
yielded ~ the new iron nitrosyl ﬂydride
HFe(CO)}(NO)(P(CgH5)3)2 4 which precipitated from the
solution as a mixture with most of ) the sodium
trifluoroacetate within 2% hours (Re¢ 1) (R¢ = reaction;

also note-that the formulae of the compounds 1 to 12 are

. e
summarized in scheme II, page 32). .
Re 1 *
Q -
Et20
Fe(CO)3NO-,Na*+ 1 CF3CO0H + 2 P{CgHg)3 > >
1 T - 0°¢

HFe(CO)(NO)(P(CEH5)3)2 + CF3C00-,Na*t + 2 COme
4 -
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The soljd was filtered out,-washg¢ with ether and
dried under vacuum. §e1ective extraction of the residue
Wwith benzene at room temperature followed by crystalli-
zation in benzene/pentane afforded hydride i\in 65-50%
yield as a microcrysta]l%ne orange solid solvated with
benzene. Nheﬁ tﬁe crystalline solid was kept under high
vacuum of é mass épectrometer,_ remﬁval of -the solvate
mo1écu1e of benzene occurred. Single crysta1s suitabie
for an X-ray study Qere obtained from recrysﬁa11%zation
in CS2/hexane (10). ,fhe compound in the solid form was
routinely stored under argon at room temperature, though
no oxidation was observable after it was exposed for
several months in <contact with air. (However its
so1utions were more air sensitive. lThe compound
dissolved in a number of solvents such as benzene, THF,
acetone, chToroform_ and carbon disulfide but was

sparingly soluble in acetonitrile and ether.

On refluxing hydride 4 in THF, a thermal "degradation
occurred within four hours. 'The;mixture of the degrada-
tion products consisted of the dinitrosy]l 6 and-carbonyls

“a

7 and 8 (Rc 2)°

Re 2 ——
FE(NO)Z(Z(C6H5)3)Z
HFe(CO)(NO)Y(P(CgH5)3)2 * THF L -
. > — Fe(CO)4(g(CsH5)3)
4 A r
Fe(C0)3(g(C6HS)3)2
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L 8
) They were readily identified by infrared
spectroscopy and analytical thin layer chromatography.

No attempt was made to separate the compounds on a .
preparative scale.

The ~structure of the(disubstituted hydride 4 was
established by NMR, IR and elemental analysis. A large
high field shift’ in proton NMR is the best single
diagnostic property for a hydrogen linked to a transition
metal. ' In a number of cases -t has made possible
detection of M-H bonds formed in solution when the
complex could not be isolated (79,80). '

The proton NMR in CgDg at 3fbédwith TMS as internal
reference, indicated the resonance of the hydrido ligand
which appeared as a 1:2:1 binomjal triplet (J(P-H)=
80 Hz) centered at & = -5.0 ppm ( & {(H-Fe)). The
phosphorus resonance in CeDs as solvent with 85% H3504 as
reference placed in a coaxial tube indicated: ¢ P = +77
ppm, doublet J(P-H) =80 Hz. No significant changes in
the proton NMR 8 and J values were noted when other
solvents such as CDCI3 or CH2Cl12 were used. Also. no.
change was observed when the temperature was lowered down
to -50°C, fndicating that the compound is stereo-
chemically rigid.

The infrared spectra of most hydride complexes show
bands in the region 1700 - 2300 cm-! for the M-H
strétching frequency (81). No Fe-H vibration was
observed in the spectrum of hydride 4. Strong peaks at
1915 cm-l and 1690 cm-1 (THF) 4in the infrared spectrum



-

19

- proved the presence of the.carbonyT and nitrosy1'gr0ups
reépective]y (Table II, page 30). The v (NO) value was
similar ‘Eo/ tkat of other derivatives containing thet
(P(C3H5)3)2Fe(C0)IN0) fragment, suggesting a similar mode
of bonding. A X-ray single crystal analysis carried on
a single crystal of 4 demonstrated. unequivocally the
presence of. a linear Fe-N-0 sub unit (10). )

Although the protonation. of anion 1 in ether was
routinely used for the preparation of hydride 4,
different approaches were also studied. '

A second route to hydride 4 was investigated by
modifying the introduction/of’tertiary phosphine and the
hydrido ligand on .the jron. ‘In this case a triphenyl-
phosphine 1ligand was introduced on the iron before
protonation (schemé 1, page 20).. Such a_proceduﬁe was
achieved by converting anion 1 into bis (iron tricarbonyI
nitrosyl) mercury 13 (82) which underwent carbonyl
substitution with triphenylphosphine to give “the
derivative bis (iron . dicarbonyl nitrogyl

' s
with sodius amalgam in THF, afforded anion 37 ({structure

trjpheny]phosphine) mercury 14. Reduction of complex
discussed in _chapter, III). Ten equivalents of
triphenprhosphine was .added -to the filtered yellow
solution  of anion 15 and 1.5 equivalent of
trifluoroacetic acid was added dropwise aty room
temperature. The anion reacted rapidly with concomitant
gas evolution to generate hydride 4 within ten minutes.
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Scheme I

Fe(C0)3NO-,Nat+} Hg(CN)z —2= y 3 Hg [Fe(c0)3N0l2 -CQ
| T
1 B
i Hg[Fel(CO)2(NO)L]> THF Fe(C0)2(NO)L-,Na* CF3COOH N
Na?Hg! : THF,L{excess)’
14 s

b 4

» HFe(CO)(NO)Lz + CF3C00-,Na*

L=P(CeH5)3

- -

A

The v61ume of the sdiﬁtidn containing hydride 4 was
repuced under wvacuum and the péecipitation was completed
by the addition of ether. The solid residue was filtered and
hydride 4. was isolated ié 32%  yield, after selective
extraction with benzene and crystallization in; benzene/
péntane (hydride contains benzene solvates).' It is important
" to indicate that protonation with trifluorcacetic acid in THF

starting from anion 1 was unsuccessful. Contrary to anion 1,

anion 57 is protonated with trifluoroacetic acid in THF.

>
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A third route to hydpide. 4, involving the
proionation of anion 1 with anhydrqus HBFg4 (HBFg/Acetic
anhydridej (83), sﬁowed that the-na£ure of the reaction
product was a function of the relative concentration of
the acid  and the phosphine with respect - to " the

concentration of anion in solution.

Protonation of anion 1 in THF with a limited amount
(1.5 equivalent) of anhydrous HBF4 in the presence of 2.5
equivélents of triphenylphosphine, _generafed hydride 4
(Re 3). The homogenqﬁus solution was brought to‘dryness'
under vacuuﬁ at room temperature. The residue was washed
with ether and extracted with benzene followed by
crystal}ization in benzene/pentahe which yielded 30% of
hydride 4. J

Ho@ever, when the ratio HBFg:P(CeHs5)3:Fe(C0)3NO-,Na¥
‘was modified, the reaction diverted ipwards the formation
of the cation 9 (Rc 3). On acidification of an ice cold
THF solution of anion 1 with excess “anhydrous HBFg (5.5
equiva1enfs) in the opresence of '%%ve equivalents of
triphenylphosphine, cation § precipitated as a mixture
with NaBFﬁ with concomitant gas evolution. The reaction
was, completed after stirring at room temperature for

apgroximately eight hours. The solid was filtered out,

-
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"washed with THF, dried under vacuum and extracted with !
PO :

chloroform. Crystallization in CHC13/pentane yielded 50%

of cation 9. The infrared sﬁectrum (fab]e II, page 30)

of cation 9 was in agreewent with IR data reported in the

literature for the same ;ompound (84).

Rc 3 b4

HBFg + L (Timited ag}ntity)
: —»HFe(CO) (NO)Ly

Fe{CO)3NO-,Na* 4

p—>Fe(C0)2(NO)L2* ,BFg~
HBF4 + L (excess)
3

L =-P(CeH5)3

(For details of suggested mechanism, see page 32}

IR monitoring of the reaction mixture revealed the

formation and slow d%sappearance of an intermediate with
v (CO0)'s coincident with those of the dicarbonyl heride
3 (scheme 2, page 32) {vide infra; absorption due to ACQH
and Ac20 obscured the 1700-1800 cm-1 region) making this =

compound a potential direct precursor of cation 9. It is

LY



e

Y

oy

23

» ‘.

mostlliﬁely in this caséfthat not enoﬁgh free {unproto-
nated) phbsphine was available for, further rapid CO
subStitption and conversion to hydride 4. A detailed
ana]js%s will be given in the discﬁssion section of this

L

chapters

The formation of the monocarbonyl hydride 4 siarting
from the tricarbonyl anion 1 required two CO substitution
reactions. This substitution reaction must occur after
the protonafion step since the anion is unreactive toward
triphenylphosphine 1in non acidic solution. Provided
these reactions proceed at reasonably different rates,
the poss{bi1ity of gtopping the reaqfion ‘prior to the
incorporation of a second phosphine 1igand was investi-
gated. Indeed, on addition of 1.2 ,equivalent of trjfluo;
roacetic acid to an ice eo1d solution of anion 1 and
approximately one equivalent of triphenylphosphine 1in
ether, the generation of hydride 3 in situ was atmost
instantaneous (Rc 4). Unfortunately every attempt to
}§b1afe the hydride was, frustrated by decomposition

during the work up.



Rc. . . -'

Fe{CO)3NO-,Na* + CF3CO0H + P(CgHs5)3 0° >
: _ ., ether
1 . .

02
H-Fe(CO)g(NQ)(P(CsH5)3)———-'--:> mixture of

(P(CEH5)3)2Fe(CO)(NOY2 12

3 | (P(C6H5)3)Fe(CO)g 7
P(CeHs)3 .

(P{CeH5)3)2Fe(CO)3 8

H-Fe(CO)&NO)(P_(Csus)z)é " (P(C6H5)3)2Fe(N0)2 - 6

-
-

The formulation given was based upon the resU1ts of
a spectroscopic studj carried out airect1y on the proto-
nated solutions. The v (CO) (2020 and 1960 cm-1l) and
v (NO) ‘(1755 cm-1) agreed  well with those of other
derivatives containing the Fe(CO)2(NO)(P(Cgtg)3) fragment
{Table 11, page 30). A single crystal structure of.a
re]atéd compound, the merﬁuric derivative
Hg(Fe(NO}(CO)Z(P(C2H5)3))2 (86), had established unegqui-
vocally the linear mode of bonding of the NO ligand. In
the proton NMR, the hydrido ligand resonance-appeared a§
a .doublet at & = -3.5 ppm {(J = 12 Hz) at higher field

than TMS. Extensive and reversible broadening of the
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.signé1 was, observed upon raising the temperature from
-30°C to 0°C. Despite a small peak relative 1o uﬂréacted
tripheny1pﬁosphine ( §p= -5.1 ppm), the 3ip (1H.
deé%upled mode) spectrum conéisted of a single. line at
§ = ;64;6 ppin. The solutions were extremely air.
"sensitive and darkened rapidly on contact with a Timited
" amount of air. | The ‘decomposition products
(P{CgH5)3)Fe(CO)(NO}2 12, (P{CeHg)3Fe(CO)q 7 and small
quantities of (P(CgHs)3)2Fe(NO}2 & and  (P(C6M5)3)2
Fe(COY3 8 Qete the only products formed containing CO
and/or N0. Hydride 4 was alse formed and precipitated
from the solution during this dedra&ation, presumably
through CO'”subét{tution “by a free ﬂhosph%ne 1igand
liberated during the degradation. Where al precéutions
to exclude &ir were t;ken, the kinetic stagi1ity of 3 in
the solutions .where it had been generated was not
increased greatly. ‘At low temperatures (~75°C) Hydride 3
Qas' stable for several hours. However at  room
temperature, degradation to the mdnometallic.degradation
products 6, 7, 8, and 12 (+ hydride if,resu]ted wfthin
one hour. In some circumstances, a raté enhancemgnt of
the decomposition was observed. For example a simple
£iltration through a tygon tubing cou]dlprovide the rate
enhancement. A likely hypothesis for such an observation
is the p;esence of dimpurities which tou1d have initiated

a decomposition implicating radical intermediates, in a

manner similar.to that found very recently for HCo{CO)g
(87).
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On addition.of an excess of triphenyIphdsphine (ffﬁe-

equivalents) to a solution of_ hydride g,' hydride 4
precip%tated with concqrrent gas evolution (Rc 4, page
24). Through IR monjtoring of the solution, hydride 3
was completely consumed-aftgr fourty minutes of\reaction
time. Small amounts of the compounds 4, 6, and E_TTEFé
detected by IR and TLC of the /golution. The solid
residue was filtered oht, waéhed with ether anﬁ'extracted
with benzene. Crystallization id benzéfe/pentane yielded

-

64% of hydride 4.

Furthermore, hydride 3 could also be obtazined by
displacing one phosphine Tligand of"i with carbon
monoxide. On passing carbbn monoxide through a THF

solution containing hydride 4 (room temperature} for

»

twenty minutes, the infrared spectrum of the solution ~

indicated a partial conversion into hydride 3 (Rc 5,
page ' 27). Passing argon through the same solution

. L4 .
demonstrated the partial reversibility of the

carbonylation reaction.‘ Hydride 4 was regenerated, but .

was accompanied with some formation of the degradation-
s . B .

products 6, 7, 8, and 12.

o
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-_Re 5
- . _ - co
H-Fe(CO)(NO)(L)2g———> H-Fe(CO)2(NO)L + L
- argon

4 THF o 3

4 _ 3
L = P(CgHs)3

~

L .
With the presence of an excess of triphenylphosphine

in the reaction medium, the displacement of the phosphine

L

.ligand by carbon monoxide was completely inhibited.
-

- In order to form hydride substituted by a
phosphine ligand differept than a  triphenylphosphine
ligand, anion 1 was pfotonated in the presence of

" bis~-diphenylphosphinocethane (dppe}.
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,To‘a stirred ice cold THF solution of anion 1l and

1.2 equivalent of dppe was slowly added 1.5 equivalent of

-~ anhydrous HBFg. After~ stirring one hour ‘at 0°C and 2

hour at room temperature the homogeneous solution was
subjected to vacuum until complete evaporation of the

THF. The yellow residue  was washed with ether and

_ extracted with benzene. Crystallization in benzene/CH3CN

afforded H-Fe(CO)(NO)(dppe) in 60% yield (dppe =
bis-diphenylphosphinoethane).

The proton NMR and IR are in agreement with . the
proposed s;ructure. The IR spectrum shoﬁgd two strong
peaks at 1940 cm-l (v €0) and 1710 cm-! (v NO). The
proton NMR (CDCl3) indicated: § (CgHs) 7.82 - 6.82 ppm
(multiplet), & (CHp) 2.04 ﬁpm (doubliet, J(PfH)=18 Hz),
§ {Fe-H) = ‘-3.35 (triplet, J{P-H)=26 Hz), TMS 'aﬁ

reference (This dppe substituted hydride was prepared by

Or. J.Y. Mérour in our lab).
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when:iﬁ was exposed. to air, oxidation was apparent
within a mgnth. As it was the case for hydride 4,
so1utiung-we(e more éi} sensitive. It could be dissé]ved
in THE, CHzClz, cngj, benzene and was sparingly Soluble
in CH3CN and in ether. Similar to the trialkyl and
triaryl phosphite cobalt hydride which showed a high
barr{er to ligand dissociation (89), the dppe substituted
hydride J\H not undergo ligand dissociation after pa551ng

€0 through its THF solution for more than twelve hours.

f1.

-
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L= b(C5H5)3

strong, m = medium

TABLE 11 .
‘IR DATA -
: _ -
Complex - “veo em-l WNO cu=lfsolvent
HFe(CO)(NO)L2 "4 |1915s 1690s° | THF ‘
' 1910s 1680s CHC13, CHzCl12
1910s 1690s - |KBr
HFe(CO)2(NO)L- 3°12020m, 1960s }1755s Ether
LpFe(CO)2NO* ,BFg-= 9 |2050s 19905 [1790s CHpCl2, CHCl3
‘lLFetcoya . 7 |2060, 1975, THF, CH2C12
' , 1945 _ .
. ) L4
L2Fe(CO)3 .8 {1890 THF, CH2C12
L2Fe(NO)2 6 17205,  |THF, CHpClo
\ 1670vs
Selected
Complexes Ref
CF3COFe(CO)(NO)Lp (77)|1931vs 1710vs KBr
CNFe(CO)Y(NOYL>  (138)[1930 1700 nujol
Hg{Fe{CO)2ENO)YL)2(175)[1989, 1963 1725 KBr
ke 1924, 1917 1715 )
TlgFe(CO)2(NOIL (175)12000, 1943 1746 CHC13
vs = very strong,.s =



-DISCUSSION ' .

: Ahaiysis of Conceivable Reaction Pathways Implicated

in the Protonation Reactions

1-A Protonation Leading to Hydride

HFé(coi(NO)(P(fEHS)s)z -

b4

In 1962, ﬁeiber andlBehtner feported the‘pfoton%tion
of the §6dium sa]£ of anion 1 4t low temperature (-60°C)
fn dimethyl ether with anhydrous HCI (74) .~ After ;ork up
at low temperatu;e, a very unstable liquid formulated as
2a was fisolated. | Sometimes a violent decomposition
occurred at -45°C, giving a mixture of the dinitrosyl 10
and the carbonyl dihydride 11.

2
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Fe(NO)aL2
Fe(CO)aL
Fe(CO)3L2"

o |~ oy

THE/A

|+

Scheme I1
Fe(CO)2(N0)2, H2Fe(CO)sa
10° o
HFe(CO)3(NO)
. . 2a '
Fe(CO)3NO-,Na* + HFX= ——> | Fe(C0)3(NHO)
1 . - Fe(CO)3(NOH)
2¢
+1 -Co
+  + LHtX- v
L +iH- Fe(CO (NO)L R mam— HFe(CO)2(NO}L ——-—)ﬂFe(CO)(N,O)L;
H , . - LHTX-
3
3
- +
H2 . L s
~
[Fe{CO)2(NO)}L2T* Fe(NO)2L2
Fe(CO)al
- 9 , ’Fe(CO)3L
CO) (NO) oL
P(CgH5)3
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In 1967, the chemical evidence for the in situ
generation of hydridé 2a was provided by Pauson (90). As
mentioned earlier in this,chap;er,_Pduson reported that
when hydride gg. was- Qenerated in  ether from the
protonation of ‘anion 1 with acetic acid at -75°C in the
presence of butadieﬁe (fo11ow€d by élow.warming to room

temperature); the n3 crotyl complex 16 (Rc 6) was formed.

Re 6

Fe(CO)3N0- + H* —> H-Fe(CO)3NO

1 2a

CHo= CH-CH=CH2

v

H2
/
/I
Fd
CH ~ = ~-Fe(C0)2NO
‘\\ M
CH(CH3)
16
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Similarly,  we observed that when the anion 1 was
protonated (ether, 5°C) with trifluorocacetic acid in the
absence of triphenylphosphine, formation in a few seconds
of the volatile Fe{CO)2(NO)z was observed (H2Fe(CO)q was
not detected under these conditions). This qualitative
observation .can be taken as a good evidence for the
efficient generation of the hydride HFe(CO)3NO under
these "reactional" conditions. ‘ '

: .

However, the analysis of the solvent dependency of
both the qualitative rate of protonation and the solutdon .
structure of anion 1 makes it uncertain that it was
hydride 2a - which actually underwent the first

substitution reaction. In sharp contrast with the
‘protonation in ether, when THF was used as solvent, the

disappearance of anion 1 became a much slower process.
IR monitoring of the THF solution.showed no significant
decrease in the intensities of the Vv (CO0) and v (HNO)
shortly after acidification ( ™~ 15 minutes). There was
however a s1owidecompdsition reaction taking place after
several hours.. )

Change in the. acid strehéth 0of the acid species
(CF3CO00H or [{CeN5)3PH, CF3C00-1 if- it is- the actual
protonating species) can be expected in principle. But

.such an effect’ 1is difficult to evaluate, since this’

change of solvent also induces a modification of the
solution structure.of anion 1. This modification of the
nature and the state of aggregation of the idon pairs
formed between Fe(C0)3N0O- and the counter cation Nat was
studied by Pannell (93). The solution structure of anion

1 and fits monosubstituted derivative P(€5Hs)3Fe(C0)2N0+

will be discussed in more detail in the appendix (page
98).



It isseqdugh to say at this point, that thefe
is an equilibrium between tight (A) and Toose'(g) jon
pairs’ and that in the tight jon pairs the cation is
interacting §pecif%ca11y with the oxygen of the nitrosyl

T{gand {Rc 8).

-

—_—

Fe(CO)3 NO- mMWNa* + S ——— Fe(C0)3NO-(S)Na*
A | B |

In THF, both tight ion pair species A and solvated

ion pair species B are present in observable amounts. In

ether, only the tight ion pair species is observed.

However, the f?Eht jon pair species found 1in THF 1is
different from that in g;her. The interaction in the
tight ion pairs is greater for the species present in
“ether than those in THF. Alteration in the chemical
reactivify induced by ion pairing phenomena has been
demonstrated in 'many circumstances. It has been
demonstrated very elegantly in the alkylation reactjons

of Fe(C0)s2-, 2Ha* (94) or in the .Lewis acid catalysed

alkyl migration in R:Fe(C0)4',Na+(95)-
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In NMP, NapFe{C0)4q reacted predominantly as 2 hiéh]y‘
unuc]eophi]ic solvent separated complex. In THF the'1e§s
reéctive tight ion pairs (by a factor of 2 X 104) were
the dominant ;olutidn species. _ The }-ray sfudies (96)
showed that in the tight %on pairs the cation was
_interacting predominantly with the oxygen of the carbony1
ligand. Whenever the interaction M-CO-WANa*. was weakened
(tight — sofvated ion pairs) the = back bonding from
the metal to the CO decreééed and the electronic density
on the metal increased. fg the alkylation reaction, the
reaction center was the metal. Thus, the solvent
dependency on the rate of reaction para11é]s the solvent

influence on the electronic density of the reactive

center, which is the metal in this case.

. More closely related to the present situation is the
‘recently reported (97) dependency upon ion pairing of the
rate of disappearance of anion 1 1in its reaction with
methyl iodide. If all cases, formation of a metal-carbon
bond was postulated. The rate was increasing in_ the
order k (ether) < K (THF) and again paralleling the
increase of the electronic density on the metal or
conversely a decrease ~of the eIectrbnid density on the

NO 1igand.

/‘?_

«
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lSuﬁh an influence of ion paifiﬁb phenomena could be
gqua{ly impdrtant in the protonation reaction of anion
1. The basicity of each of the sites in thg anion which
aFe avaf]able for pnotohaﬁion (meta1 or Tigand) is
dependeﬁt upon the electronic digtribution which in turn
is affected by the nature and the -extent of the
@ation-anion interaction. As the binding of Na* to NO
increases, the electronic distribut%én in the anion 1is
modified which 1in tﬁrn a1ters~the basicity of all the
sites whjch.are avaj]ab]e for reaction.with H* . if that
is the case, protonation at the metal 1in etheméis the
less likely site since it is the Tless basic .center.
Consequently, kinetic protonation at the N and/or 0 atoms
of thé nitrosyl ligand (which'is the most basic site in

ether) leading to the intermediate 2b and/or g; cannot be -

L]
-

disregardéd.

o e

Ce



Iﬁdeed, an example of a protonatidn reaction (98) in
_which protoﬁatiop~was precisely directed at the site of
the metalate (the oxygen center of the organic .ligand)
which- interacted specifically with .the ‘cation Na* in

tight ion pairs is shown in Rc 9.

+ N4r

Furthermore, the electréphi]ic attack of an acid at
the njtrogen of an NO ligand to convert the coordf%ated
nitric oxide‘to-a coordinated nitrosyl hydride HNO was
observed in complexes such as 0sC1(CO)(NO)(P{CgH5)3}2
(99) and ReH(NO)2(P(CgHs}3)2 (100). éecent1y also was
reported the protonation at the oxygen of a bridging CO
Tigand in iron (101, 102) and in cobalt clusters (103)

(Re lb).
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Rc 10

(a). HFe3(CO)11- + HY g————-—).HFe3(CO)1g(GOH)_

(b) Co3(C0)1g=s + K ——p Co3(CO)g(COH)—p HCO(CO)4
‘ + & Cog(C0)12

It is integresting to note “that fn the contact jon
bairs' formed .by 'HFé3(CO)11', the site of preferential
interation was also a bridging CO. In the cobalt case H
_migration to the metal 'was observed during - cluster
‘fragmentation (103).. (It is a possiblity that hydride 2a

could be generated in this way from 2b and/or 2c).

In summary, because of the uncertainty in the number

of .species actually present after protonation of. anion 1,

the cdmp]ex implicated in the very fast substitution

leading to hydride 3 cannot be identified with certainty

as being HFe(CO)3NO 2a.

S
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{
. It is important to _note‘ however that the fast
substitution rate of the reaction is very reminiscent of
the one conl’rfihg HCo(C0)4.19 into HCo(CO)3(P(CeH5)3) 20
(104). At the time this reaction was discovered 2
dissociative mechanism was suggested as depicted in Rc

11. | '

-

Re 11

: ' L
H—Co(CU)o;‘._. HCo(CO)3m + 0 ——PHCol

Co)3L
19 0o

L = P(CgH5)3

The low raﬁking' of the hydride ligand 1in the
cis-Tabilizing series (105) has led to doubt about the
dissociative nature of this reaction. A radical chain
mechanism, demonstrated to occur in complexes such as
HRe(CO0)5 (106): and HM(CO)3Cp (M=Mo,W) (107), has been
suggested instead (87 ). With H-Mn{CQ)5 however, in
addition to a - radical chain process, a paralleling
reaction converting the hydride into an unsatura?ed
formyl was also suggested (109), although it is generally
assumed that the reverse reaction is thermodynamically
more favored {see Chapter III). It is worthy to note
also that—a.similar conversion into an unsaturated formy]l
was postulated in the HCo(CO)g .cata1 sed Synthesis of

oxygenates from synthesis gas =% 200°C (110).

°.
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Fur}he?ho%e,'with thé ability of the nitrosyl figand
to serve either as S one' electron or a three electron
donor (23-27, 111);.associative and/or dissociative (105,
112) reacti%n pathways are also possible-with these iron

nitrosyl hydrides.

Heqce, it is clear that more detailed studies are
needed before attempting to understand ,the nature of the
substitution Eeactions invoIved_in thq/:ormation of these

iron nitrosyl hydrides.

'Somg differences in chemical behaviour between the
two families of hydrides HFe(CO)x(NO)Ly and HCo{CO)yLy
(x + y =3, u+r v=4, L.= phosphorus 1igapd) are worthy -
offnote. Contrary to P(0CgH5)3 (113) or P(OCH2)3C-CH3
(Iiﬂ) which underwent facile carbonyl bolysubétitutjbn
with  HCo(CO0)g, triphenylphosphine  underwent  only
monosubstitution (114). The formation of a monosubsti-
tuted complex on reacting P{CgH5)3 is to be contrasted
with the ease of formation of the disubstituted iron

nitroysl hydride 4. This behavior in the case of iron

implies the- availability of lower activation energy in

the reaction pathways leading to polysubstitution.

. J
)
S




42

A second and most str{king difference is found 1in
the nature - of the ‘thermal decomposition produdts.
Decomposition of monchydride complexes are Eene?a]]y
known to afford molecular hydrogen and metal-metal bonded
metallic dimers. ‘Indeed metallic dimers were obtained in
the thermal decomposition of HCo{CO0)3(L) (L = CO (108);
L = P(CgHs)3 (104); L = P{0CgH5)3 (115))-

2 HCo(CO0)3L —» L{CO0)3C0—Co(CO)3L.+ H2
L = €0, P(CeHs}3, P(0CeH5)3

This is to be contrasted with the thermal
decomposition of .iron nitrosyl hydrides 2a, 3 and 4
HFe(CO) (NOT(P(CaHsI3)y (x + ¥ = 35 ¥ = 0, 1, 2) where in
no case could the formation of an iron-iron dinitrosyl
dimer be detected. Instead monometallic degradation
products resulting from ligand vredistributions .were
characterized. Among these de§radat{on' products were
found dinitrosyl derivatives, demonstrating the occurence
of a nitrosyl exchange reaction at some point in the
reaction pathways. For such an exchange - reaction to
occur, the  formation of a dimer appears to be a
prerequisite (116, 117}. Hence it suggests that this
decomposition reéction actually yields iron metallic
dimers. But contrary to cobalt dimers, iron dimers are

apparently unstable with respect to jrreversible and fast
NO {(and CO) exchanges, inducing a fragmentatibn into new
-mono metalilic complexes.
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The following decomposition pathway for the iron diﬁers

.. is suggested. | : T
: L(c0)2ré——+ﬁe(cof£L ‘-L—————-p L(C0)pFe—=Fe(CO) L
éﬁl— '%§, : 4y| 1¥§
0 0. : 0 lp 0
0 0
]
. . . . Asf/n -
2 LFe(CO)2(NG)* . L(CO}Fe—Fe(CO)L
. i / N\+A
0=H N¢
. ‘ ’ 0
AN | | l
2 HFe('CO)pNOL ﬁ ﬁ
c_C
y
. Lum)?ég/§¥2(c0)L
\ =
0=N NI
]
0

L(CO)Fe(NO)2 ; uFe(C0)3L

-

decomposition

coj - |L

: | -  .Fe(c0)ql - BFe(C0)3L2
L = P(CgHs5)3 - o

In this mechanism the bent mode for the nitrosy!l Tigand

was used, but the linear mode could also apply in most
.intermediate steps..
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Other observations are consistent with this view. A
~similar redistribution of ligands has beéen observed when
préparing. bimetallic ~complexes such as (NO)((PCgH5)3)2=
Ni-Fe(C0)3(NO) or (NO)2(P{CgH5)3)Co-Fe(CO)3(NO) and it
was syggested that the migration of ligands ‘between the
metals follow an intermolecular mechanism With P(CgHg)3
and an intramolecular one with CO and NO (117). Also the
scraﬁb1ing of the two ligands in (n5—C5H5)NCN0)2H, when
treated = with equimolar amounts of HCo(CO)4' or
‘(n5-CgHg)W(CO)3H, was believed to proceed via a
bimetallic intermediate (41). More closely related is.
the one electron oxidation of metalates yie1ding'meta11ic
radicals -which dimerize subsequently . (118), in the<v :-
absence of ‘steric effects (119). Also. in the one
electron electrochemical ox}dation of Co(C0}gq-,
- ' v '\ i

o (1+1)8 . o
2C0{C0) 4~—=> 2C0(C0)4" —> Co(CO)q—=Co(CO)q

the dimer £02(C0)g was obtained but with Fe(CO)}3NO-,

(l+1)e ! .
2Fe(C0)3N0~ ——<Z$2Fe{C0)3N0" —— Fe(N0)2(CO)ps unidentified
' 10 decomposition
- products

formation of dinitrosyl 10 resulted (120, 121}.
Furtherhore occurence - of eTecfron transfer has ‘been
recognized in some reactions between alkyl halides and
metalates (122); metallic dimers are often formed as
-byproducts in quantities depending on the nature of both
reagents. In that coptext, formation of variable amounts
of dinitrosyl products was reported already for various
alkylation reactions of anion 1 (90). In a case, related
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.to our study, it was observed that the MOnosubstituted'_

anion, -(P(C5H5)3)Fe(C0)2(N0)',Na+ reacted with allyl
bromide (8) to form alkylation products but only a
.mixture of 6,7,8, and lg’was produce& fn the reaction
Wwith BraCHp-CH=C=CHz (123). Finally we have demonstrated
that reactions _betweed some cationic’ and anionic iron
.nitrosyl complexes'a%forded only monometallic degradation

products (chapter II1), contrary to the related reactions

in the'cobakt family yielding dimers.

In the context of catalytic reactions implicating H»>
]

or synthesjs gas, the potential usefulness of

mononitrosyl iron complexes should be ~critically

debendent upon:

-

1} the possibilities to prevent the formation of

dimers or

2) the ability of the metallic dimers to react fast
enough with suitable reagents prior to irreversible

degradation due to nitrosyl (carbonyl) transfer.

et
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The study of the reduction of iron nitrosyl cations

detailed in chapter III showed that it was indeed

possible to have situations in which the reactivity of
the metallic dimer towards suitable reagents was fast

. enough to compete effectively with degradation.

Protonation Leading to Cation

~ [Fe(CO)2NO(P(CEH5)3) 21" 2

A conceivalbe route to cation 9 ‘was depicted in

scheme II;'pagé 32. As mentioned, protonation of anion 1 "

may lead to gi, 2b and/or Zc where one or more of these
" species may undergo substitution to formr u1timéte1y
hydride 3. The ease of its detectfon through IR
monitoring of. the reaction mixture on -protonation of
!rg;ion 1 with‘anhydrous HBF g inléhe presence of P(CgH5)3

in the molar ration 1/5.0/5.5 indicated that free

triphenylphosphine was not present in'suff}cient amount .

to convert hydride 3 ‘into 4. Thus, most of the free

phosphine must have been converted finto the protonated

form. Formation of cation 9 under these conditions may
“occur subsequent to proton delivery by a protonated
phosphine which would generate ultimately the dihydride
intermediate 5. - The free triphenylphoshine liberated is
now availabTe to occupy the vacant coordination site

liberated by molecular hydrogen in the reductive

elimination step.

Y



b\

<

g
-
-

Such a ﬁrotonation step by .a protonated phoéphine

has been considered prev%ous]y (85).
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. CHAPTER I1I

[

‘Reaction of Hydrides with Anhydrous HBF 4
and

Synthesis of a "Pseudo~Coordinative1§"

Unsaturated Complex [(NO)Fe(CO)(P(C6H5)3)2]+

INTRODUCTION - i

In the previous chapter, the anion Fe(CO)3NO- 1
{scheme 1II, page 32) was shown to be a convenient
starting material in the synthesis of iron nitrosyl

hydrides substituted by triphenylbhosphine Tigands.

Protonation of anion 1, in the presence of

“triphenylphosphine, yielded hydride 3 which was converted

into the hydride i or into the cation 9, depending upon
‘ é
the reaction conditions. In the previous discussion,

the possibility that the dihydride 5 might be a reaction

intermediate had been suggested.

In their own right, dinydride complexes éfe known to
form a very interestin% class of comﬁounds. Their .
invo1vémeqt in some catalytic hydrogeﬁétfbn.réactions
of unsaturated ' molecules has been firmly
estéb1ished (32, 33). Depending on the corresponding

.,
g

catalytic . precursor, neutral dihydrides  such as
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Hth(CI)(P(CéH5)3)3' (33) as”  well as cationic
~dihydrides such - as [Hth(P(C5H5)3)3]+ (33) and
EHzIr(o1efin)z(P(C5H5)3)2]+' (124) were the active

intermediate..

Recently, these dihydride complexes were recognized
as key jntermediates in the in?ustria11y important
."water-ggs—sﬁift-reaction“ (NGSRY (420 + CO Hp + C02)
(33, 125). -Again in these catalytic reactions, depending
onn the, nature of the éatalytic system, neutral
(i.e. HpFe(CO)a {126)) or cationic (33, 125) dihydride

complexes were .implicated. ' . N

¢

-

In order to complete the information in the
literature regarding synthe§is' and reactivity of iron
nitrosyl dihydride combTexes, we were prompted to
investigate in more detail different approaches to the

generation of such importaht complexes.

If. indeed‘ our analysis of the reaction pathway
1ead{ng to the cation 8 wa; correct, instability of such
dihydrides with respect fto the reductive elimination of
Hyp can be expected. The equilibrium depicted by Rc 12
was conven1ent for study1ng the factors affecting the
thermodynam1c stability of the dihydride complex 22 w1th

respect to the unsaturated metallic fragment 21 and

mo1ecu1§r hydrogen.
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Re 12 . et

-

i) [LgMI* + Hp ——— [Ln#-HI*

H
2l 22
1) LpM-MLp + 2H X~ =— 2[Lal-HI* X~
- H
- +
i11) [Ln m-*x- T LM+ Hz+ X

H

“

LnM+ + X' "_'_'—> LnM-X

L = ligand

8 .
A11 the available results have shown a shift of ‘the

equilibrium toward the dihyaride . species 22, as the
electron releasing ability of the auxillary ligand (L)}
(consequently the basicigy of the metallic fragment) was
increased - (88). Hence, an increase in therﬁodynamic
stability of dihydride similar to'§ was expected as Ehe
number of phosphorus 1igangs was inCrgased at the expen§é

of the carbonyl ligands.

For this reason, the two hydrides HFe(CO)(ﬂp)(dppe)
23 ‘and HFe(CO)(NO)(P(C5H5)3)2 4, both containing one
additional phosphorus ligand than hydride 3, ,were

. selected as_ the neutral precursors. In the situation.
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where insufficient stability would be achieved in the. -
cationic dﬁhydfidg complexes generated. by protonation,
wery reactive fragments . were ‘éxpected tb be formed
following . the spontaneous reductive .e1iminatioﬁ of

molecular hydrogen.

The/ generation of a ~cationic .dih_ydride by [ ]
protonation of a neutral monohydride, which was expected
tg be forméd i@ our case, could lead to complications
depending on the nature of thé reaction medium. This 1is
clearly 111ust}ated'fn Re 13. Protonation of the hydrido

cobalt complex 24 (127) with HPFe yielded the dihydride
25. '

Re 13 -

n
H-ColLg + HPFg —-L'[H-T0L4]+ — [CoLgl* + H2

H
24 25 -z
| redox reaction
[CoLgl + 5§ == [Colg(S)T*
| CoLa(L )* + S
26 27 28
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_:Slow.decompgsit}on of the dihydride 25 was obéervéd‘
in dphor so]yenfs sﬁch as acetonitrile or in-the presence
_of‘an additional two. electron ligand L , such as a
tertiary phosphite. " Kinetic ‘data suggested a
dissociative pathway leading to the., coordinatively
unsaturated cation 26. The pfoof that the equilibrium 25
;:igg laid fgi%to the left (on complex 25 side) was
demonstrated by the solid-state reaction of the
coordinatively unsaturated cation 26 (prepared by another
route) with molecular hydrogen (128): However, in
solution, the stabilization of this reactive cation by a
solvent molecule (for example CH3CN) shifted the
equi{ib}ium to the righf, allowing other reactions such
as the formation of the penta coordinated species 27 to
take place at a reasonable rate. .

The ability of a metallic fragment to bind molecular
.hydrogen, as shown in Rc 121, could only be tested under
condit'ions where other reaction pathways such as
reductive eliminatidn and 1ligand addition were not
readily available.  The use of an' acid 1in wh%ch the
conjugated base wou1d- act only as‘ a weak 1Tgand Was
required. It was assumed that the HBF4 /facetic anhyﬁride

i, . .
mixture used previously had such properties.
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Ver_y recently, as our work was a]ready submtted for
pubHcatwn (9),. 2 s1m11ar approach was followed in the
ﬁrotonation of the manganese hydride 29 (Rc 14) by

CF3SO3H in that solvent (129).

HMn{CO)g5 + CF3SO3H' _—) [H-~l‘|!ln(C(J)5]+ S03CF3”
- H

— p HZ+ [Mn(CO0)s1* ,CF3S03~

The spontaneous Hzlreductive elimination from the
dihydride 304 which was 2 likely reaction Wtermediate,
afforded the "unsolvated” specie 31 in which the
interaction with the Tligand CF3503% was minimal. The

reactivity of these species in solution toward addition

of another ligand, such as carbon monoxide, demonstrated

the ready accessibility of an additional coordination

site in the, metal. According to the author, their study

pnu\yided the first example of a'.l seudo coord1nat1ve1y
unsatupt-&d complex”. - -\*




S
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RESULTS-

Unfortunately, several .attémptsﬁ to protonate the
hydride HrFe(CO)(NO)gdppe) 23 (in the presence of CO gas’
or exéess dppe) in THF with anh}drous- HBF 3 wére
continuousTy‘met‘with failure. Although the hydride Qas‘

completely’ consumed, Conly Fe(NO)2(dppe) . was

-

Despite the failure to protonate with the hydride

23, éncouraging results were obtained on pfotbnating the

hydride HFe(CO)(NO )(P(CsH5)3)2 4 (scheme III, page 70).
OA dropwise add1f1on of 1.2 equ1va1ents of anhydrous HBF4

on a stirred THF or THF:ether ({1:1) solution ‘of the

mydride 4 at 0°C, precipitation of.a_brown powder with °

concurrent H2 loss (verified by mass spectroscopy) (9}
resulted. The precipitate was collected, washed with
ether and dried in vacuo (yield = 86%). The. same result
was obtained' by adding anhydrous HBFg4 to a stirred

suspension of hydride 4 in ether.

The reaction medium must be perfectly anhydrous.
Traces of water in the reaction medium caused immediate

decomposition of the solid suspended in THF. The

'decomposition proceeded with gas evolution ac;ompanﬁed

with solubiltization of the solid material. Carbon



monoxide was the only gaseoué product detected by mass

spectroscopy. In solution, the iron dinitrosyl complex

Fe(NO)2(P(CgH5)3)2 10 was the only dron containing
product characterized by infrared spectroscopy of the

reaction solution. -

-

-

The structure of compound 32, obtained from the
“protonation of hydride'i, could not be deduced directly

from spectroscopic data. -1t was inferred from its

vl

chemical behavior in the- solid state as well as in-

solution. All the available results favored the presence
of a very easily accessible coordination site in compound

32. - : . ' . N

~

Consider the reactions of compound 32 in the solid’

-

state and in solution.

© 1. sblid State Reactions

)

Under one atmosphere -(approximafely) of carbon

monoxide, compound 32 underwent a clean solid-gas

reaction. The colour gradually changed (12-24 hours

depending on zmount) from orange-brown to yellow during
]

its transformation into the coordinatively saturated-

cation ¢ [Fe(CO)g(NO)(P(C5H5)3)2]+BF4', with the absence

bl
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of any other compounds containing CO and/or’NO ligands.

Such behaviour indicated the cationic nature of compound

32.

On pressing a KBr. pellet of comp0qﬁd 32 and
recording the infrared speetrue of the metal-CO and metal
metal-NO region, Seaks of equal intensity at 1920 cm-1
and 1695 cm~1 were detected. This infrared pattern Qas
identical te'.vthe neutral five-coofdieate halide
ﬁ}Fe(CO)(NU)(P(C5H5)3)2 (34)2. synthesized independently

in this work. It is very 1likely that a very fast

reaction between ‘the compound 32 and the bromine anion.

has occurred, as the pellet was pressed. A similar solid
state reaction, on pressing a KBr pellet, was recently

.

reported with the cation (n7-C7H7)Mo(CO)3*", BF4- (130).

The XBr spectra of the solid after convers10n of
compound 32 to the cation 9 or 1into the neutra1 ha11de
(34)2 provided no evidence which indicated the presence
of a molecule of either acetic ac1d or acetic anhydride
~acting as 2 Jigand in compound 32. " The prospect that the
. compound 32 could be a solvent stabilized species was
then ruled out. It thus seems likely that compound 32
was another example of a "pseudo coordinatively unsatu-
rated' speEiee with the counter anion interacfing very

weakly with the metal.

PRTPE L
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; 2A - Reactions in Solution, S ' LT

oy

On- dissolving compound 32 in methylene chloride or

acetone, decomposition into the dinitrosyl 10 and cation

" 9 resulted. The formation of the, cation 9 may be

attributeﬁ to the reaction of the undecomposed compound

32 with :Ijbgra%ed cérboj monoxide ~ during- the

decomposition. - Under argon; compound 32 in the solid
form underwent a slow decomposition (several dayst‘info

the same decomposition products.

Despite its instability in the- above solvents,

compound 32 was soluble in acetonitrile without any °

decomposition at room temperature. The infrared spectrum

the so1ut}on exhibited two strong peaks of equal

intensity and width at 1960 - cm-l and 1750 cm-1,
’ &

corrgspondihg 3t0 a carbony]J and a linear, nitrosyl
respectively. On comparing this spectrum 'to those of
ngutra] iron gitrqsyl_cbmp]exes Such as the hydride 4 or
the Ha]idq (3&)2 (having s 1ligands, two triphenyl-

phosphine, one nitrosyl and one carbonyl), a eshift of
N

about 40 to 60 cm~l in the v CO and v NO was observed.

Such a shift was consistent with the. presence of - a
pqsitive charge in the compléx (8?,'134);" ‘ .

»
-

3

Y

‘s
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(J(P-H)=2 Hz)), characterﬁsfjc of 2 coordinated CH3CN

and dried in vacuo (80% yield).
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solution of compound 32,

table crystals

(for <several weeks) of the 33 [Fe(CO){ND)=

(P(CGH5)3)2(CH3CN)3+BF4'; having ag~acetonitrile 1ligand

in the coordination- “sphere, prect

solution. The crystals were gSl]ected, washed with ether

. -

r
»
.

The structure assigned to the cation 33 was
consisfént witﬁ NMR, IR and eIemental'ana1ysis data. The

proton NMR (VARIAN HA 100; _c0c13/ with TMS internal

reference indicated; § {pém): C5Hy’f?.58), CH3CN solvate

(2.05, large singlet), CH3CN Tigand {1.58 triplet

iigand (131)) showed the presence of a CH3CN ligandi

-

-

These crystals were now. $oluble in chlorinated

solvents and in acetone without any decomposition.,

However, decomposition inte a mixture of dinitrosyl 1

and cation 9 still occured on heating these solutions of

cation 33 around 40-50°C for two to four hours. T

ated from the,



-l

N

-

2B - Lability of Acetonitrile and Metathefis °
Reéctions.

The most E}ﬁminent 1igaﬁd_%e$tufe‘of gcétonitri]e'in
trgnsitidn'metal complexes is- the ease with wgich’it can
be rep]aced.by other ligands (132). The rate of exchange
of coordinatea acetonitrile (with forf‘ example
n&n—cqordinated acetonitrile) 1is greatly influenced by

— -

thé other ligands in the complex. A trend frequently

observed in these acetonitrile complexes was thé ability

‘of the phosphorus ligands. .to reduce the rate of'

exchange. For example [C3F7Fe(CO)2(CH3CN)3]* exchanged

rapidly one acetonitrile 1ligand at room temperature

.contrary"to the [C3F7?e(CQ)2(P(C5H5)3)(CH3CN)2]+ which

was inert to exchange (133).

-



_pellets were pressed, solid states splitting

" 60

* Despite the preséﬁce of éﬁo phoﬁphoru§;1igands in
cation §§; the high lability® of the coofdinated
acetonitrile ligand was demonstrated by its instantaneous
exchange with CD3CN in the NMR " tube, a - rapid
diséppearancé of.the peak at 1.58 ppm acCompaﬁied by. an. .,
increase.in intensity of thé'peak‘at 2.05 ppm (assigned

yl

to the,uncoqrdinatéd acetonitrile) clearly indicated the

- lability bf.the coordinated acetonitrile.

Thi§ labildity ‘of acetonitrile towards substitution
reactions in.the solid state was demonstrated on pressing
a . KBr pellet of cation 33. The infrared spectrum
initially jexhibited the v CO and v WO characteristic of
the, gatioqic species 'wh3ch . were gradual]y“‘repTaced
(approximately half hour) by those of the neutﬁa1 bromide

(34)2 Br-Fe(CO)(NO){P(CgH5)3)2 (depending on- how \the

observed).

.0n many occasions these acetonitrile complexes, with
thé coordinéted acetonitrile having a high lability, were
used as precursors to a variety of species (135). The
isolation -in high yield of cation _gg and its ready

conversion into -the highly labile acetonitrile complex



(cation 33), suggested that cation 33 ;hou1d be a useful
precufgdr‘.to a variety of ‘neutkal five coordifiate
comp]exesf(NO)Fe(CO)(#(C5H5)3)2x (X = halide). Indeed,
portionwise addition of the cation 33 to the appropriate
salts (A*, X-) in aCetgnitrile affordedr the respective
compleXkes (NO)Fe(Cd)(P(c5H5)3)2X (34)p (n =1, X = cl |
n . 2, X =8r; n =3, X =1) (Scheme I11) as crystalline
material in yields varying from 60 - 80% (136, 137). On
addition of the salts- (A*,X-) -at roomatemﬁérétures, the
corresponding product .insténtaneously precipitatéd from
the reaction solution as 2 microcrystaf]jhe colored
solid. They are dark-brown Eelafiver air stable solids,
soluble in methylene chloride and acetoné_and sparingly
ﬁo]uble in acetonitrile. A decomposition t6 uncharac-
‘tizqﬁ products proceedéd slowly when they were dissolved

in chlorinated solvents or in acetone.

The elemental anaIyéis for C37H30FelNQO2P2 was
consistent with thé'§ssigned structure (34)3. Infrared
.spectra of these compTexes-(é&)n.(n=l,2;3) were also in
agreement with data reported by'Lé]or (136) who prepared
"these halide complexeé by a different‘ route. quever\
yields were not given and the iodide eompTex could not be

obtained in pure state.
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By rea;tion with AgPFg in acetone (with CH3CN in the
reaction medium) the ha]idg complexes (NO)Fe(CO)(NO)
'“(P(Csﬂs)i)zk (X = Cl, Br or I} were converted to cation
§§' (with counteranion PFg=), with the simultaneous
precipitation of the cqrresgonding silver.ha1ides (AgX; -
X = Cl, Br and 1). In the absence of acetonitrile in the
reaction medium thg expected decomposition to dinitrosy!l
10 occurred, due to the instability of coordinatively

unsaturated cation 32 in acetone..

The azide c?mp]ex (NO)Fe{CO)(P(CgHs)3)2N3 (25)4 was
also prepared, using [(P(CgH5)3)2NI" ,N3™, under Simila}
conditions. The azide complek was characterized by
infrared (}36, 133) was obtained -in 43% yield as 2 brown

crystalline material.

Additional evidence of an easily : accessible

coordination site’ in cation 32 was given by the formation

7
h . -

.

of cation 9 in.55% yield on protonation of hydride % 1
7
——— THF- under one atmosphere of carbon monoxide and excess

4
triphenylphosphine by anhydrous HBFg (139) (Rec 15).
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Re 15
HBF g4
" H- Fe(CO)(NO J€P(CsH5)3)2 r(—H—b) BF4Fe(C'0)2(N0)(P(CsH5) 3)2
- (exgegs§ -
CO/THF L

~
S

On protonation under .the. same conditions, except
‘under argon atwmosphere rather than "~ €0, the gxpécted
coordinatively satur&ted complex *Fe(CO)(NO)(P{CsH5)3)3,
' BF4'- was -not dbtaiped, probably due to° steric reasons

(136). Instead cation 32 was formed.



Discussion

-

rFy

A conceivable route to cation 32 and subsequently to

cation 33, starting from hydride 4, is depicted in Rc 16.

Rc 16
H-Fe(CO)(NO){(L)2 + HBF4 ——> BFg4~ *[H-Fe(CO)(NO)(L)2]
, THF R - .
4 or THF : ether 35
or ether :
: , ~ CH3CN_
——— L[Fe{CO}(NO)(L)21"BFg- + H2 -
32

[(L)2Fe(C0) (NO) (CH3CN) J¥ BF4"
33

P(CeH5)3

£

L.
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In the formation of 32-from hydride & the dihydride
’ 35 could hot be defgcted by infrared spectroscopy, but is
a logical intermediate. Unlike the osmium dihydride
analog [H20s(CO)(NO)(P(CgHs5)3)I*PFg=(139), dihydride 35
was very unstable and decomposed rapidjy a;_0°t to the

“cation 32 through reductive elimination of molecular

'hydrogen; on treatment of hydride 4 with 1.2 équiva]ent-

of anhydrous HBFj4.

These results are in. agreement with the

generalization (140) - that dihydrido 'complexeé of the

third-row transition elements are much more basic than.

their first row counterparts. The greatler stapi1ization
of the 'osmium dihydrido complex mayﬁbe ascribed to the

‘nigher electron density 1in the osmium complex relative to

the iron complex (88). ~Furthermore unlike cation 32, -

~acetone did not cause _ decomposition of

[0s(CO)Y(NO)(P{CgH5)31" PFg~, Dbut instead formed the

’

acetone complex [ds(CO)(NO)(acetone)(P(05H5)3)j+PF5-,

t

stable in CH2Cl12 (139).

Formation of the dinitrosyl 10, on decomposition of

L

cation 32 implied the intermoleculer transfer of the’

coordinated nitrosyl group. It was sHown (116, 141) that

such nitrosyl transfer vreactions occured through a

.
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bimetallic comp]é? TR nitrosyl‘[M(u -NOJML1] which can be
formed only if the acceptor comé]ex possesses an easily
acceésible cbordinatjon site or was caprdinative1y‘
unsaturated. Preceeding qxperimentaT results have shown
thaf this Qaﬁ the case with cat{ah 32.° ‘ With the
information available, the dedompo;ition mechanism of

cation 32 depictéd in Re 17 is suggested.

Re 17
(P(Cais)3)2Fe(CO)(NO) (L) + [(B(CoHs)3)zFe(CO)(N0) (L)1 —ms
32 32
+ \ . |
(P(ceHs)3)2Fe(CO)(NO) Fe(CO)(P(CeHs5)3)2L —>

(P(CgH5)3)2Fe(NO)2 + 2C0 + Fe2t + L + 2P(CgH5)3

L =L = Hgo,'BF4-, acetone, CHpCl2 or CH3CN as examples.
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The decbhposition reaction involves the formafion of
a biﬁeta11ic intermediate bridging nitrosyl §§,'which is
formed by dimerization -of 32a and 32b throug% the
displacement of the ligand L; Similar decomposition
products were obtained from the ‘decomposition of the
‘unstable iron complex Fe(CO){NO){P{CgH5)3) prepared by

polarographic reduction of Fe(CO)(NO)2(P(CgHs)3) (142).

Rc 18

slow o
decomposition <€ [Fe(CO)(NO)2(P(C6H5)3)]2"
: : A '

?e(CO)(NO)z(P(csns)a,) + B :.tFe(CO)(NO)z(P(C'.sHs)s)]'

H¥

b - - \\/ T
"1Fe(N0)2(P(CaH5)3)2 €—— Fe(CO)(NO)(P(CgH5)3)I* +NOH-

b

+ } Fel* + (O

<
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Since carbbny] ligands also have fhe ability of
forming bridges, the pdssibi]ity of a transfer mechanism
involving a bimetallic intermediate similar to 36 but

containing a u-C0 bridge cannot be neglected.

Overall the decomposition caused by water can be
exp1aTned by the formation of a soluble aquo (carbonyl
n1trosy]) comp1ex (L= L =H20) which s unstable .toward "
dimerization by displdcement, .1eading to . the
decomposition products. Format$3n of analogous aquo
complexes of manéahese wefe lrecently descr{bed‘ in the
Jiteratuee (135, 143). For example, the aqua ligand in
[Mn(CO)4(Hgb)(P(C5H5)3)1+-were readily . displaced to_gi&e
the speddes [Mn(C0)a(L)(PCgH5)3]* (where L = CO, or
P(CgH5Y3) . However contrary to H20, acetonitrile
(L = LU = CH3CN) can interact sdfficiently with the metal
to increase the kinetic stability of the complex 32 at
room temperature. SoIvents such as methyTene chlor1deh
acetone and ch]oroform were inadequate in 1ncha51ng thel

stability of the complex.
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uq}thy of note is the preparation of iroﬁ nitrosy!l
divalent complexes. Ru£heniﬁm complexes, of the type-
RuXYz(NO)(P(C5H§)3)2, were - prepared " from ‘ their
'corrésponding halide complexes ana isolated by.Laing an
_coworkers (137).. 'Ana1ogous divalent idiron nitr
(NO)FeXYg(NO)(P(‘C5H5)3)2 (X = Br, Yy = 1; X = C1, ¥/=1
and Br; table III for }R) were preparea in this 1lab by

oxidation of the. corresponding zerovalent complex

A

(NO)FeX(CO)(P{CgH5)3)2 in methylene chloride  with

halogens. Unfqrtunate]y; these gomplexes rare unstab1é;'
and decomposed réhid1y during work up, so they ¢pu1d not
be obtained in pure state. HoﬁéVer, these divalent iron
nitrosyl complexes have infrared épectra sﬁmiTar to those

of their ruthenium counterparts. .

-
-
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Scheme III . < B o

- : So¥id, 20°C, slow
HFe{CO)(NO)(P(CgH5)3)2 :

3 Fe(CO)2NO(P(CeHs)3)ot ,BF4™

RO =y

3 (THF * H20) or CHaC12 9
- | or CH3COCH3 : " and/or
o . Fe(NO)2(P(CgHs)3)2
10
-Hp | +HBFq
\L‘ - .
_ . © €0,20°C(approx. 1 atm) |
Fe(NO)(CO)(P(CgHs)3) 2+ ,BFg~ > Fe(C0)2(N0)(P(CeH5)3) 2", BF4”
32 solid-gas reaction _ s
d Br-— (KBr pellet) ) :
> (P(CgHs)3)2Fe(CO)(NO)Br
) ' (34)2
CH3CN
R X -
Fe(N0) (CO) (P(CeHs)3) 2(CH3CN)* ,BF4~ " = > (P(Cots)3)2Fe(CO) (NO)X
B- . (38)n
n=1, X- = C1- and A* = PPN"
n =2, X~ = Br- and A" = CgHgCH2N{C2H5)3 °
n=3, X" =1~ and A* = Na"
n =4, X- = N3 and A".= PPN )
% . IR
(PPNF = P(CgH5)3=N=P(CgH5)3)
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Table III ‘
{ Complex > v (CO)(cmfl) “v (NO) (em-1) v‘(N3)(1_:m':‘L) . Solvent
Fe(C0)(NO)(L)2(CH3CN)* ,BF4~ 33 | 1960 ° 1750 CH3CN -
Fe(CO)(NOY(L)2X (38 . .| T T
1 x=c0 = .n-1 1925 _ 1700 - CHaCl2
. . ' 1920~ - 1690 KBr .
f X = Br n o= 2 1930 - 1710 CHaCl2
: D 1920 ¢ 1695 . KBr
~ . : , _
X =1 n o3 1930 1710 CHC13
P | 1925 - ‘1700 . KBr
) 4/, | 20 et -
X =3 n = 1925 1670 - 2060 -~ CHoglp |
__ o 1915 1680 45 Ker . .
- [Fexi(n0) ()2 S ‘
X=8r, Y=1 . . 1800, CHaCl2
X=C1,Y=1" 1800 . CH2C12
X=Cl, Y= Br ¢ 1830 CH3CT12
. L = P(CgHg)3 and absérption si:rfér'lg in éI__I cases
. .. " T .
| . v
r\ . . .
e il _ o
- ' / .
- - \" « ) |
. : :
N g % SR
. ‘ . |
] .o
v . . ’ 'h

il



CHAPTER III

INTRODUCTION

Synthe51s of Trans1t1on -Metal Monoan1ons EFe(CO)x(NO)Ly]‘

(x+ry = 3); 1ntermed1acy of d metal formyl complex

The imcreasing demand Ffor energy, . coupled witH

uncertalnty and expense of 1mported crude 0il have caused

jncreased dinterest in the research for 'a1ternat1ve
sources of Tliquid fuels' and petrochemica1"feedstocks.

One such a1ternat1ve, now be1ng extens1ve1y 1nvest1gated

is the conversion ‘of synthesis gas (Hz + CO mxxture)

obtained from .coal gasi?ic£t1on *into .hydrocarbons

(Fischer-Tropsch-.(34)) - or  into-  oxygenated ..products

. , =,
(methanolization for example L(61)). (Scheme IV).
. . - & R

Scheme IV
: Ve ‘ Hydrocarbon products
‘ ) : (F1scher Tropsch)
: . ‘heterogenous
. CO0 + H2 —_ ) e

Lﬁ_//i> catalyst
. - , 3 oxygenated product®
' ‘ ' - (CH30H for exanp1e)

13 ]

72
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One ‘theory hons (34) that - w1th most heterogeneous"
catalysts,: tge primary products of the reaction .are
straight chain alkanes, while sécondary products‘inc1ﬁde
branched-chain aikanes} a]}enes, a]goho]s,'aldehyde§ and
carboxy1ic acids. - The distribution of fhe various
products depends on both the type of cata1yst and the

reaction conditions employed (144)

a
‘0
- ~

Metal formyl comp]ex intermediates are believed to

be formed in some of these react1ons (34), as dep1cted in

»

the over‘s1mp11f1ed mechanism in scheme V.

O _ g
Scheme' ¥
P . ‘ : ) + p
. 0 0—M
knds ' g Ty [c[ -
. unknown - M
[M] + CO + Hp —— (17, S = N -
mecham‘_sm . I
A ‘ _ +/§" 1':1
L _[MJ-CH;' [M]-—.-C.\H
- . lco insertion
< ﬁ ‘Y ' e
S+ O— M
. o [M]-C-CH3 [M]=c< {" .
y I
{ B ) A' Y _ 1 : H
: ‘ etc -
A = route towards .
oxygenated
products

and/or hydrocarbons

L



‘the interaction is the enhancement of the e1ectrophi]i‘c

: Unfortqnatelyd this route did not prov

- R
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Current tHeoE%es}favor the idea of the interaction
of the oxo dkygen .gf the fdrmy1 Iigahd with another 
metallié center (M') acting as a Lewis acid (Bjmetéllic
catalyst (146, 153, 190)). Such an 1nteractioﬁ is
thought to provide further stabilization of the formyl:
complex with respect to & mono or polymetallic carboﬁyl
hydrido species. An additional benefi;1$1 consequence of .- .

character of the formyl carbon atom which-is an important

¥

factBr in sub§équent,réduction of the formyl ligand.

The first formyl. complex (CO)gFeCHO-#as synthesized

by Collman (124) from Fe{(C0)a2- acetic ‘formic

anhydride and was isolated as the [N(

P(C6H5)3) 2] salt.

to jpe general.

-
- s

/

. ) .
" However, in the last few years ﬁhe=synthesis of a

“variety'36f-*anionip metal formyl %Fmplexes has Dbeen

achieved by treatment of neutral carbanxlﬂgompouhds'with
limited amounts of hydride donors, such_ as boron

hydrides. Some examples are given in Table IV.



Table IV S < os
R Lo - 8 N
LxM(CO) + HBR3™ —— ——> LxM-C-H  + BR3 Ref.
e e - ‘ . '
CgHg=C-Mn(CO)g + (C2Hg)3BH™ —> (CO)AMQEEO + B{C2Hs)3 2(147)
VA |
CeHs
cl] - - .
CH3-C-Fe(CO0)2CsHs + (C2H5)3BH- — (C5H5)(CO)FéEﬂO + B(CzH5)3 b(147)
Ve
CH3
Fe(QOiSI# (CH30)3BH ———> . (CO)gFECHO + B(CH30)3  ©(148)
Cr(C0)g + (i{PrO)jBﬁ' l"___:——-f—) (CO)5CrCHO + B{i-Pro)3 | d(148)
P(0CeH5)3Fe(C0)4 + (i-Pro)3BH~ —> Pt0C5H5)3(CO)3FeCHO-+ B(i-Pro)3 e(151)

’ (a9 & (B) yield measured relatiQé to 1,2,4;5 - tetrachlorobenzene internal
' standard ‘ :
(a) 98.4% .
{b) 96.8%

r

— e—e = B
—

(c) & (d) NMR ahalysis_yield measured relative to toluene internal standard.
(¢) 80-90% ' ' '
(d) 76%

-

(e). 'By reacting six fold excess of K"HB{0-iPr)3- with' (C0)4FeP(0CgH5J3 in
THF followed by cation exchange of the resulting .potassium salt with

[EtgNIr Br- and 1N NaOH gave [EtNI*(CeH50)3P(C0O)3FeCHO- as a light tan
powder in 64% yield.

‘ -,
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Recently, this pdtentiéﬁ1y genera]smethodology has been extended to the preparation

of neutral metal formyl complexes fr@mc-cationic metal carbonyl precursors.  Some

examples are given in Table V.

TABLE V

[LxM{CO) I + HBR3~ = = — JRT N B3 Ref.

»

E(Csﬂs)Re(C0)2N03*3F4' + (CoHg)BH" — (C§H5)(Co)(N6)ReCH0 + (céns)gs | a(37.')'
| [(E6H5)3P)21P(C0)3]+PF6' + (CoHs)3gH~ — (CsHs)3)2(60)zxrcno + {C2Hs5)3B | b(38}
E(ﬁg(C034(P(CsH5)3)2]+PFs' * (C2H5)3§;' -75—9 ((CSH5)3)2(ng3MnCHO + (C2Hs5)3B C(§8)
C(CsHe)ReCO) (H0) (P(CoHg)3) T8R4~ + (CoHs) 3B~ —> (CHs) (NO)RECHD + (C2Hg)38 " (38)

[(Cs#5)Mo(CO)3(P(Cets)3) TP + (Co3)3BH- —> (C5H5) (CO)2(P(CGHS) 3)MOCHD
- | | + (CoHs)3s  e(38) | =~

-

[(_C5H5)Mn(C0)2(NO).‘:[‘*PF5'+ (CZ_H5)3BH; — (C5H5)(C0)(NO)'MnCHO+ (Csz}B T(38)

Yield by 1H_NMR relative to an internal standard:

“(a) 60% (b) é;;:::z%) 71%  ("d") isolated yield 59% (e) 41% (f) 100% h

4
H
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A11 the above systéms are indirect routes to‘meta1

formyl speciés. At present, although sugggéted as a key

intermediate step in the €O exchinge of HMn(CO)5 (109),
there are no proven examples of the direct insertion of

carbon monoxide into a mepa1-hydrfde-bond (152).

v

H ? H
1 ) l
M - CO > M-C = 0
However, it is important.to note that -very recently

a diméric tantalum hydrido formyl complex 38 (Re 19)‘was
Liso]éted by Schrock (153) from the reaction of -a dimeric

tantalum Hydride‘complex 37 with carbon monoxide.

»

- Re 19

Tag(n5-Cs(CH3)4R)2C14H2 + CO

v

37
Ccs(cHalaR
1 - ‘ c1
N /
. ///,Ta //F\\\ Ta\\
c1 \ H 'o/ c1
H .Cs'(CH3)4R
38

R = CH3z, CH3CH2 -

.. e e AT
0 .

fn e am
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Contrag&fto_the direct }nsertiqn‘of O in a metal-

; hydride bond, the _reverse reactipﬁ‘ has received cdﬁsif
dérable( experimental “support. For: example, the metal
formyl compound 39 (Re 20), which w;; generated by the
additién of metal trialkoxyborohydride (HB{0-i-Pr)3~,K")

to the corresponding neutra]_meta] carbonyl, decomposed

in THF at 65°C into hydride 40 (by loss of phosphite and

hydride migration) and into hydride 41 (by loss of CO and
hydride migration) (154). ‘

9 _ _ _ -
_ (CH3CH2) gN*,(CO)4FeH~ + (CgH50)3P
0 .
and - (CH3CH2)a

, ((CgH50)3P) (CO)3FeH- + CO

e
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This isomerization into fhe more thermod}namicalfy
stab]e'hydriae may occur at a much lower femperathfe,
dependiﬁg .on the stability of the—formyl. Such é
sftuatfon Wwas .observed for a ;neutra1 iridium comp1e;l
which cleanly decomposed at ~-40°C (20 minutes) into the.
corresponding hydride (Rc 21) (38), as did the neutral

osmium farmyl OsBr{CHO)(CO)2(P(CgH5)3)2 described by
Roper (155). : ' . ' : . ¢

Re 21. .

-~

((C5H8)3P)2(CO)2IrCHD  =40°C | HIr(CO)2(P(CeHs)3)z + CO

Further:compiications were very likely to arise when
the "hydride was itself kinetica]ly unstable. Ln‘these
casés,.the formation of a bimetallic dimer accompaniéd by -

'ﬁz evolution was expected to occur (41, 58). As an
example, the transient formation of the unstablelhydride
HCo(CO)é(P(C5H5)3) was suggested in»}he.reduction of the
cobalt cation [Co(€O0)3(P(CeH5)3)I* with NaBHg which led
to a high yield of the cobéftfdimer [Co(CO)3(P(C5H5)3]2 
(189) 7 : R G

-
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Prior to decomﬁoﬁftibn, some formyl complexes are
known . to undergo further .reactgﬁn with additionai
reduciﬁg equiva1ent§ yiejdiqg a wvariety of produpts-
{depending on which electrophilic¢ center in the complex
is the site of the reduction ' (-C0 or -CHO)). Recently,
‘the sequent{ql ‘polyréduttion depicted 1in Rc 22 was
reported (156) by treatment of the rhenium cation 42 with
sodium borohydride. It was the first instance in which

models for all presumed Fischer Tropsch stages were

isolated. . roT
Re 22 - |
| THF/H20 o
BFg-.,CpRe(CO)2(NO)* + 1NaBHa ‘ > Re
. ©0°C, 15 min // H
/
_ co ¢
) . NO O
N
"~ +1NaBHg THF/HZO +1NaBHg
5. . Re —
(93% yield) . 0°C, 15 min // AN
co CHz
. NO

.OH (943 yield)
’
TYF !

Il : !

. > Re
25°C, Shr . CO//,I\\CH3 ‘
~NO : :
(97% yield)
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Furthermore, treatment of the rhenium complex 43 .

-

with one equivalent of (C2H5)3BH-,Li* yielded the
diformyl metal complex 46 (157} depicted in Rc 23.

Rc 23 4 L
g . _‘ ! H
" _Re 2 equiv. {CoHg)3BH- Re-
/ ‘ \ /‘H > H / \\ Y
co c THF, -78 to 25°C ¢ ¢
NO i . NO ||
0 N 0
43 - - '
' 46

Alternatively, the reduction 'can Tlead - to the
"generation of metalates. .This has been demonstrated by
Re 24. FéLCO)s reacted with 2:5 equivalents of

~  (s-CqHg)BH-,K*  at room . temperature to afford the

analytically pure KpFe{CO)q in 95-100% yield (158).



Rc 24 - o

H— -4Q - N H- . . -
Fe(C0)s ——» . H-C-Fe(CO)g ———— "~ Fe(C0)q2-
: fast slow

\ .

-

<

.- -
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The reaction. proceeded via a rgpid]y gormed metal formyl

-intermediate.

Similarly, the bimetallic dianion 48 was obtained by
reacting the binuclear formyl complex 47 with .excess

redﬂcing.agent (159), as shown in Rc¢ 25.

-

. Re 25 ) . B
: THF -

(CO)gRe-Re(CO)5 + (s-C4Hg)3BH- — (C0)gRe-Re(CO)5

- " H
| . f ! a1

+ (s-CaHg)3BH~ . ' : _

' > ((CO)gRe-Re(CO)5)2- + HCHO .
THF 48 -

. .
.‘é\

TN




R

83

)

If‘is'ﬁorth noﬁ{ng‘the Stabiljty‘ofztﬁg dirhenium
?ormy1- 47 with respect.”to “metal-metal bond .cieavage.
Contrary to il;'theiétructura11y re1atea dimer Mn2(CO}10
51 (Rc 26) 9nderwénfﬁ,méta1—me£a1 bond cleavage when
reacted unde;'the sameiconditioné.(lﬁﬂ).- It is. believed

~that the reactidn‘proteeds as illustrated 'in Rc 26. ’

Rc-26

(CO)sMn-Mn(CO)5 + H- ————> (cq);;,m‘{-nn(co)s
a 51 ' e=0 -
— ”~ .
H- *

© 50 -

=

v | <
(C0)4Mn-C-H + Mn(CO)5~

52 54
Ho + Mn(CO‘)s' —— HMn{CO)s (__I isomerization
54 53 |
. )
A

‘“.
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The fast reduct1on of the manganese hydr1de 53 into

“the, manganese an1on 54 has been ver1f1ed 1ndependant1y

(161). o @ -

The reaction depicted in “Rc 26 was shown to be of
‘ ' ~ ' ¥ |
preparative ,value in the_sxnthesis of 3 variety oﬁfmeEa]

rd

_carbonylated ‘mono anions when extended to" other bimetal-

lic dimers (160, 162, 163). . ‘ - _’J{r.;_

These férmyl compliexes are attractive'compouhds for

-

at least two reasons: ) .o _ .
1) their re]evéﬁce'tofhdde1'Fischer4T}opéch L.
chemistry; ’
iZ) the1r ab111ty\to be converted into metal

~.  hydrides or meta111c anions. _ -

A second preparative route, to hitrosy1 iron .-

-

‘hydr1des "(and the re]ated ary1d1azon1um (164 165)) to

be exp]ored was the reduct1on of 1ron n1trosyl cat1on.

-

s

o o R

S1nce the cation [Fe(CO)g(NO)(P(CsH5)3)2]+BF4' 9 was
.readily available from ‘anion 1 (Chapter I), a study on
"the reaction of,'this ¢omplex with reducing agents \Was

-

undertaken.



Y

Results and Discussion

. - Since 'the reduéin . agént (CH3cH2)3BH' Li*  was
ava11ab1e as a one molar >HF solution, the reductwon were .
carried out initia11y in THﬁ\fs solvent (see the reactign
scheme VI, page 96). Addition of one to three

equivalents of reduc1ng agent\ 55 on a éqspension of

cation 9 [P(CgHs) )zFe(CO)g(NO)J+BF4 in THF resulted

in decomposition products. Cat1_n 9, suspended in THF,

reacted very s]oﬂly at témperatutes ‘below -20°C~ but

withinﬂ;S minutes in the temperatufe range -20 to 0°C.

Once the reaction was completed, the! homogeneous dark:

greéﬁ reaction mixture.was examined by 31P NMR, IR (table

VI, page 97), and by thin layer chromaﬁ graphy. Free

tr?bheny]phosphine and a nmixture of irao

[ 4

Fe(NO)z(P(C5H5}3)é 6 and iron car%ony]\ complexes

Fe(C0)4(P(C5H5)_,)l and a small amount of )\ Fe(C0)3=

(P(CsH5)3)2 8 were detected (this mixture of d composi-

tion products will be referred thereafter as degf dation

products).

The course, of the reaction was drastically altered
when an excess of the reducing agent 55 ( ~ 6 equiva-
. 1gnts) was used. Now the Tlithium salt of aniop
(P(CgH5)3)Fe(CO)2NO- was the only Rron containing product
to be detected by }nfrared or 31p  NMR (table VI) of the

dinitrosylt -

.
i —
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~.orange 'solution. “A-spectrbsbbpic yield of approximately

80% w;é ﬁbta{ﬁéd‘kexplanation of-spéttfoscopic yield in
the experimental secfion). ‘.There was no indicatién,
either by IR or 31P NMR, of any forma;jbn of éhe anion 58-
(PtC5H5)3)2Ee(C0)(Np)-,Li*.' The lithium‘salt of anion 58
waé_ge;erated independantly by adding 55 to- a stirked‘l

solution of hydride 4 in THF at room temperature. After

stirring for one hour a single peak at, = 8l.4ppm was’

detected in the 31P NMR spectrum of the red solution. On

passing CO 'through ,the solution, .the red colour gradually

changed to yellow within a few minutes. The infrared . and

3}? NMR spectra were in agreement with the formation of

anion 57. This offers an alternate synthesis of 'a

solution of anion 57 with a known concentration.

A third. route to 57 involved the rediction of the
iron nitrosyl- hydride 3 (prepared according to Rc 4,'
chapter 1I). Addition of the reducing agent 55 (1.2
equivalent} to a solution of hydride 3 in ether at 0°C

resulted in the rapid conversion {5 minutes) into the

~anion 57.



The Tithium salt of anion 57 could also be generated

by slow.addition (at room temperature) of the cation 9.

disso]vedOjn methylene chlorfde,fto.six equiva]ents of
the reducfng ageﬁt 55 (in THF). Inverting the order of
addition (addition of hydridic reagent 35 to cation 39)
resulted once égain iﬁ the formation af he degradatién
products. Trace of anion 57 was also detected by

-

infrared in téis Fasé.
.-‘\

To rationalize tﬁese observ;tioﬁs, .a._simp]e model
could be developed when it was observed that the anion 57
(generated from 4 with 'one equiva]en; of éé). reacted
_a]mosf instantaneously in THF at 0°C with cation 9 added
as a.solid. The séme mixturé (based on IR spectra of the

+

solutions) of degradation products 6, 7, and 8 was

obtained as in the direct reduction of ‘cation glwith Tess
.than 3 equivalents ’6f 55.  This formation of .the
degradation products suggested again that the decomposi-
tion reaction must proceed via a bfmeta11ic
intermediaxe. Indeed in -*similar _reactions <closely
related to the iron nitrosyl cation 3 and the anion 57 by
the NO displacement rule (78), such as in the reaction of

cobalt cations with cobalt anions (166), yielded stable

metallic dimers.

87
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However, - as petaifed in cﬁapter 1, ekteﬁsivé
nitrdsy],and'éarbonyl transfer reactions occur once thé
iron nitros}j dimer 1is forméd,'unliké'most cobalt dimers.
The effect of excess hydride on .ghél products
distribution can’ be fationa1ized upon considering the

demonstrated property of the boron hydride 35 to

. reductively cleave metal-metal bonds which is known to

yield monometallic anions' (fSO);' As ‘the " reaction
proceeded, anion 57 and cation 9 being in contact led to
the_formaﬁion of. the bimetallic ;omp1ex.(sEﬁeme VI{ page
96) (P(CS}is)s)x(NO)(CO)zFé-Fé(CO)z(NO)(.P(CsHs)s)y (xry%4)
59. As the ‘amount of reducing égent 55 is progressively
intreased, the reductive cleavage of the iron-iron bond
in .the bimetallic comﬁ]éx 59 is, expected to compele
progressivéIy more efficiently:with nitrosyl and carbonyl
transfer reactioné (leading to - the degrédation
products). Indeed this 1is what was "actually observed.
On gojng from 3 to 6 equivalents of reducing agent 55, an
increésing amouﬁt of 57 was produced to the point where

it was the only product to be formed (on -the basis of IR

"and 31P analysis).

¥



In an attempt to identify at 1least. one ofe'tﬁe
primary processes implicated in the'reaction of 9 with

-~

"H-, the reduction was done directly in the NMR tube (in

" CH2C12) at low temperature by mix{ng eation s with a

limited amount of the reducing agent 55 (55/3 = 1.5;

-

temperature of mixing was maintained at -70°C). The
1K NMR showed contlusive]y the forﬁation ef the formyl
complex (P(C5H5)3)2(N0)(¢0)FeCH0 56.  The 1low field
trfp]et (8 = I3.5 pom; J{P-H)= 10 Hz) is the diaénostic )
of a formy] proton coupled to two equ1va1ent phosphorous
nuc]e1‘(150) 1H 'NMR did not .reveal any proton resonance
_ehich coqu be assigned to hydride.g. The proton N MR
qaia were very sjm%1ér to those of the Iiridiem formy]

complex (P{CgH5)3)2{C0)2Ir-CHO (& = 12.85 ppm, J(P-H)= 17

¢

The evolution of these react1ons is more

-

Hz) recently reported in the literature (38).

conveniently monitored by 31p NMR wh1ch 1nd1catéﬂ for the

. formyl 56 :831p = +64.3 + 0.2 ppm (external lock on D20,
. x,

85% H3PQa). The measurement of the peaks' intensity for
cation 9 and formyl 56 indicated their presence -in the
reaction solution in a ratio of 56/9 = 3 (Low temperature

NMR ) .
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This may suggest “an équilfbr%um' between -9 and- 56
(9 + 55 -.,——’5_6)" as-r;'c’fted previbusijlin. other cases (62) or
a ba;tial conversion of 9 to 56 (9 + éé-—)SGS. Ana]ysi%
of ‘the case favored an equilibrium between 3 and 56. The
formyl” comp1é; _ég, partiCU1an1y unstable, 'decomposed

rapjd]y- above -30°C into the degradation products

(infrared off_the reaction solution). CIf @ partial

reaction opﬁurréd (g.+ 55 =>56), 1.5-0.75 = 0.75 equiv.

of unreacted 55 ﬂ%s still available (1.5 equiv. of 55
imitia1;y} aftér- reacfian 0.75 _équiv. of wig\'and 0.25 -
eduiv. of 9), which will reécf .with water, 1if any
present, to givé OH-.. This 0.75 equivf of OH- can now
react w%th'hydride 3 (from the decomposition of 56) to

form 0u75~équ{v.‘of the anion 57 where 0.25 eduiv.lbf

which would react with the available 0.25 equiv. of

cation 9, affording the degradation products.  Hence,

this reasoning would imply that 0.75 - 0.25 = 0.50

_ eduiv. of undecomposed anion 57 is still present in

solution. But no trace of anion 57 was detected by'IR
and 31p NMR of the reaction solution at the end of the
reaction. One may go further and assume that exactly

0.25 equiv. of OH™ was produced (hot more, not less)

leading to the detection. of the degradation products

~only.. But this hypothesis is very unlikely.

n
-
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From this deductive reasbning,-it was concluded that the
A v ' o . ; } :
hypothesis "of an equilibrium between 9 and 56 was the

-

most valid.

Thus 355 was still available tq'ireatt with éhy.
hydridelg wﬁfch could have precluded 1ts"§etectibn in the
IH MR expérimént. fndeed as the decompbsition of 56
(-40 to - 30°C) proceeded towards the fﬁrmakion of the
dégradation productss-anion 57 (on the basis of § values)
was detected as a transient iﬁtermédiate: thus suggesting

that a reaction between S and 57 was still possible even

iy

if 55 was present in minimal amount.

Based on the ability of hydride 3 to réact very
rapidly with the vreducing reagent 55 and on the
demonstrated tendency of formyl complexes to isomerize

‘inté hydrides, which when kinetically unstable are known
to decompose via a bimetallic intermediate, one of the
pr%mary processes (if not the only reaction mechanism) is
very 1{ke]y to be the following (scheme VI). On the
addition of én excess of reducing. agent 55, the formy!l
complex 56 is formed which isomerized into the known .
nitrosyl.hydride 3 and is subsequéntTy reduced into anion

7. Anion 57 may react with'unreactedﬁngiign 9 to give

the unstable bimetallic complex 59. But in Eﬁefpresence

e
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bf an excess of .55, the bimetallic 59 -is reductively
cleaved to gjvé.fhéfanion 57 aQain. In the absence of an
excess of reducing agent 55, .the bimetallic 359 (under

-certain conditions hydri&e'g-also) will decompose into

the degradation products 6, 7 and 8.
In summary, ﬁhe ‘new features investigated in ‘the

above system are: |

~
-

\J (a) ;As itT was. Qetailed ‘in_ the introduction, a
forﬁ?l, or a hydride or a.mgfaxlic dimer can be formed'
(depenﬁing on ﬁhe‘ kinef{c _§tabi1ity of. the reaction
%htermediate).id the reaction of metallic cations with an
_equivalent amount of reducing agents. To the bes; of our
knowledge, there 1is no previous work vreporting the
formation of an unstable -dimer in similar reductive

reactions.

We also recognized that the formatiogn of metallic
dimers can occur by other routes than the decomposition
of hydrides such as the fast reaction of the starting

material (cation 3) with the reaction product (anion 57).
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+(b) " In all of‘tﬁe‘brevﬁously reportéd éxampTés of

.

reductlve react1ons with excess reduc1ng agents (reaction
that does not 1nvolve reduct1ve cleavage of a metal meta1
‘bondyn metalates were foqmed w1th~one CO less than the
sta?ting ‘material. This was contrary to the present
stuay where the metalate was formed from cation § with mo
CO loss. This result implied that further reduction of
the formyl compiex_was a slow procéss with respect to its
transfo}matidn into the.hydride.' |

L

In order to'demonstrate that. the polyreduction of

oﬁg of the carbonyl ligands in the cationic comlex -3 was
a feasible process, new strategies which would inéreésé
either the "stability othhe'formy1mintermed%ate or .the
reactivity towards furtﬁer reduction . had to Dbe
investigated. Towards this end, . it was deeided to
attémpt.thg polyreduction of catioefg_with a large excess
of RpAlHo~,Na* “Red Al; R=CH3-0-CH2CH2-0). It was
possible that after the transfer of the firsf equivalent,
RpATH could act as a lewis .acid center toward thg\oxygen

atom of the formyl ligand and provide an increase in the

formyl stability as illustrated in Rc 27.

o

93
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Rc 27 .
) Y
' . " N . - . ) 0 -
[(L)2(NO)(CO)2Fel* + R2AIHZE™ ——> (L)z(NO)(CO)Fe”k‘jH
s - : ' 56
H
+ -
0----AlR?
+ H-ATR3 — (L)2(NO)(CO)Fe H

L = P(CgH5)3

This:wou1d bring the second reducing equfva]ent (the

remaining‘hydridé attached to A1) in the near vicinity of
~ . ’ *

the - formyl carbon and consequently facilitate the over-
reduction, of cation 3. A similar approach was used
recently by Casey (150),'as'our work was in progrgss, by

converting in 45% isolated yield the rhenium cation 60a

-

into the hydroxymethyl complex 6la #Rc 28).

lQ

Rc 28

(C5Hg)Re(CO)2(NO}Y* ,PFg= + (CH3CHR)2ATHp g Na™
602

o

(CsH5)Re(CO) (NO)(CH20H)
6la



“Also this reasoning was based on the " reported

observation that Mo(CO)g .was successfully reduckd to .

_ethylene with AlH3 as reducing agent (167). In this
-stud&, the _author pbstuiated that tﬁe comp]exapion of the
aluminum (Lewis acid céhter) on thel oxygen of the
capﬁonyl ligand was the key factor in allowing the pojy-
reducﬁioh to occur. Also, attempts with Pe&ucing agents
" of the .e1ectr0phiTic type such . as \BgBH-,L1+ wére

unsucceséfu]i(seeking directly electrophilic center).
} . oo . -

o

o On addition .of an excess of (CH3CH2)3BH",Lif (100"

equivalents) on cation 9, only mélecular hydrogen was
detected by vapor phase. chromatography (vpc). However,,
_ _ o g Hy

using (CH3-O-CH2-0)2ﬁ1H2;Na+ instead of the boron hydride

1e& to the genefatiqn 6f a small quantity of ﬁydrocarbons'

(1% of méthanelcharacterized by vpc and mass spectros-
L "}

copy, (m/e}*=16 ° and 15 with equdl intensity;-

L4

collaboration -~ 'with Professor B. ~ Morrow, Ottawa
b

University).

va

-

a



_Séheme VI‘

(P(35H5)3)2(gg)(C0)FeAH

© (CH3CHp)3BH-,L it

AN

2X 55

(P(CqHs)3) x (NO}(CO) 2Fe-Fe(CO)2(NO) (P(CaHs)3)y
59

. ~' B

(P(CsH5)3)2Fe(NO)2, {P(CgHs5)Fe(CO)4,(P(CeHs)3)2Fe(C0)3

6 : 7 8

P{CgH5) 3

(P(CeHs)3)Fe(CO)2(NO

3

57

HFe(CO)

e
T

)-H + P(CgH5)3 -

-

55

H2

P (CeHs)3

|+

96

CsH5)3 Fe(CO)oNO-,Li* + P( C5H5)3

x+ y<4 ; x and y are function of the number of bridging NO and/or CO and on

£

”

-~

the coordination mode of NO {three or one electron ligand).

"



Table VI

IR and NMR Data

97

a UNICAM SP 1100 IR apparatus

b external lock on D20, & in ppm (j_O.Z ppm débending on.
the relative amount of CH2Clp, THF and the' temperature)

with & P(CgH5)3 = -5.1 ppm relative to external 85%

H3P04.

¢ PERKIN ELMER 287 IR apparatus

' [compTex. v {C0) v{NO) Solvent? §3lp b
LoFe(CO) (NO)-,Li* 38| 1830 Overl apped s
‘ ' by solvent +81.4
: _ absorption
L2Fe(CO)(NO)~,Na* 35811830s, 1780w 1540 THF
ILFe(C0)5(N0)-,Li*C 57]1920s, 1850s 1530s THF +78.3
1895w, 1820w 1600w
18955, 1820s 1600w CH3CN
LFe(C0)2(NO)~,Na" 57{1920s, 1840s 1570s THF
. | ‘ 1900w, 1800w . 1620w
18955, 1820s 1600s CH3CN
LaFe(CO}(NO)(CHO) 56 | +64.3
. ’ ' : > ) .
LFe(C0)q . 7|2060, -1975, 1945 THF, CHpClp [+71.5
S 2059, 1978, 1958 : CHC13 :
LoFe(C0)3 811890 THF, CHoClp |+83.3
» CHC13
LoFe(NO)7 3K 1720s, 1670vs |THF,CHaClz  [+61.4
1724s, 1678vs nujol
L= P{CgHs5)3 h .
s = strong w = weak -
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APPENDIX S . o S
Characterization of Anions D .

Aniod Fe(CO)QNQ‘,NE*‘i was fﬁe only example of an
iron éarbonyi nitrosyl anion published in the literaturé
for which infrared data were given(de,SO).The synthetic
use of Fe{CO)2(NO)(P(0CgH5)3)~,Na* was briefly mentioned
in one publication, but no in%rared.data were given by -
tHe author (175). As was the case for anion 1, ion.
pa%ging phenomena were obserQed' also - for the irbw
caggbny] nitrosyl anions synthesized in this york. These
fon pairing phenomgna,.which;were'brig{ly considered in

Py

chapter I, are now discussed in more detail, in order to

“illustrate the >approach used to characterize the new

metalates-prepared in this work.

Although ion pairing phenomena have been observed

several years ago between alkali metal and the oxygen
2

atom of a terminal ketonic group or carbonyl aroui for

Co(C0)a= (168), Fe(C0)a(C(O)R)- (169) and others (170,

171), cation-nitraosyl ion pairing was reported -for the

first time in 1977 by Pannell (93) for anion 1.

The solution infrared spectrum of anion 1 in

solvents known to solvate cations efficiently (DMSO,

“r

CH3CN, diglyme) dindicated the presence of single species

(IR(CH3CN): VCO 1982 cm=1, 1882 em-1; u (NO) 1640 cm-1).

*



In tetrahy&rofurap, a spectrum tﬁatf'was essentially
.doub]ed,'compared to the bne given above, was vbserved
(IR(THF): 'V (CO) 1990 and 1977 cm-1, 1890 and 1873 cm-1;
J.(NO) 1615 and 1648 cm- 1) The gradua1 addition of a

-~ -

solvent thh a high so]vatTng power,'such as 18- crown- 6
cyclic po]yether diminished the intensity of the high
frequency carbonyl bands‘(1990 and'1890 cm;l) and the low
frequency nitrosyl band (L1615 cm-1) with a correspond{hg‘
increase in the intensity of the low carbonyl (1977 and
1873 cem-l) and high nifrosy]_(1648'cm‘1) bands, until a
single pattern . was ‘obtained similar to— the pattérn
reported in acetonitrile. ' : ;) . L -
These changes in the IR spectrum, ‘brought about by
chénging the solvating ability of 'the soTvent,‘ are an
indication of the occurence of an equilibrium between

tight ion pair species A and solvated ion pair species B

(CO)3FeNO- WANa* # S /= (C0)3FeNO~(S)Na*
B A ) ' ; B |

D CRLR
YA TV

1%
.
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. Furthermore, the trends " observed can ~only be
‘explained by considering a specific interaction of the
cation and the nitrosyl's oxygen in the tight ion pair.

-

~As the interactions Na* WAAAQN are gaining stréngth
(in solvent - of 1low solvating powér) the electronic
. T
density is transfered from the [Fe(C0)3]- moiety into the
NO  Tigand. The back?bonding M NO incneases' and
N :
consequently the NO bond order and the.v (NO) decreases.
’On the other hand increasing back bonding'towards the.ND .

implies decreasing the ~back bonding towérds the . CO

“\ligands. - Thus the CO bond order and v (C0) increases as

‘fg_served.

.\-Fe had_independant1y undertaken the same study (172)
.-‘o the publication of Panne]1's.paper. An addi-
| bserv%ﬁion was made since the infrared spectra
were rego:ded in ether (data in ether were not given by
Panne]])l"L These spectra showed that the v (CO) and
v (NO) of"f e contact dion pairs in ether {v(C0=1995,
1905 cm-1, v NB= 1985 cm-1) are respectively higher and
lower than th6§ of the contact ion ﬁairs in THF. This
implied a st}ohg r ‘interaction (see table page 110) of
the cation with the nitrosyl ligand in ether than in

THF. Considerablie) aggregation of the ion pairs is

suspected to occur (93) and it is possible aiso that the

state of aggregation of the contact ion pairs in ether

compared fo those in THF“re indeed different.
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The identification of anionic spécies.in solutien is

complicated "severely iby' the occurrence of 1ion pairing

phenomena. For example, in the case of Fe(C0)3NO‘,Na+,‘$.

C3y . symmetry for the three carbonyls would give a
theoretical spectrum indicating two absorptions from the

carbonyllligands (one being degenerate) and one nitrosyl

absorption. Howevery, the infrared spectrum in THF

indicated four carbonyls and one nitrosyl absorption

which is totally incompatible with the given structure.

Thus when infrared spectroscopy of an anionic specie

reveals more vibrations than predicted, in order to

formulate a structure, it is necessary to ipyestigate the
-mgdifications in the spectrum resulting from a change in

the solvent and/oﬁ:by transforming. the species into known

<?\\ \

These principles have been followed fin order to

compounds.

characterize the new anionic nitroéy1 derivatives
containing triphenylphosphine as one of the 1ligands,

prepared in this work.

The ion pairing phenoména occurring for anion 1,
were observed also for the sodium (prepared using sodium
amalgam) and lithium salt (prepared using lithium boron
hydrides) of the anion Fe(C0)2(NO}(P(CgH5)3)- 51 and

58.

possibly for the anion Fe(CO){NO)(P(CgH5)3)2"

b
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The solution infrared spectrum:of the sodium salt of
ﬁnion;gl, as was the case for anion 1, indicate&Athe
p%esenc& of ~ single species in’ atetbhitri]e: | (IR
(CH3CN): v (CO) 1900g-1, 1825 cm-1; v.(NO)=1600 cm=1).
In tetrahydrofuran, the infréred spectrum was e§§eﬁtia1]y
doubled compared to that above (IR (THF):v_(CO) 1910 and
1890 cm-1, 1840 \and 1800 cm-1l; v(NO) 1560 and 1620 cm-l.
However more tight ddn pair species‘ were present in
solution than thg solvated 1ion paif species by an
approximate ratio of 2:1. Addifion of acetonitrile andl
then subjecting the systenm to vacuum to re-establish the
origind1'concentfation, gave the same infrared spectrum
obtained in ‘“pure" acetonitrile. . Since acetonitrile
removed the cation from a tight ion pairing situation,
the data iﬁdicated the-presence of two species, tight
ion pairs A and solvent separated ion pairs B in
equilibrium as shown below.

+

(P(C5H5)3)Fe(CO)?NO',Na“‘ = (P(CgH5)3)Fe(CO)2N0-(S),Na*

A _ B
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It 1is. apparént thét jon pairs _&rﬁhVo1ve' a cation
nitrosyl 'interactjon since removal of the cation from
this environment by adding ° acetonitrile caused an

- increaée in the v (NO)

r

andfa decrease in the v (CO0's), as

observed for anion 1.

The 1nfrar€d'spettrum of the ani6n$§§_(P(0555f%)2=
Fe(CO)(NO)",Na*, in THF, again showed é spectrum -which
wa§ essentially doubled with high intensity 'bands Ef
tight ion pair species. at 1830 cm-1 ( v (CO&) and
1540 cm-1 v (NO)) and’ very low intéﬁsfty bands at
1780 cm~1 ('v(CO)) and 1595 cm=l (v (NO)) for ﬁight be
those df the -so]vent.‘separated ion ﬂair species.
Unfortunately, the ion pairing phenomena could- not be
fully studied for anion 58, because ‘of its extreme

-

sensitivity to oxygen.
| i
The same ion pairing. phenomena was obser;ed for the
sodium salt of the anion Fe(CO)z(NO)(P{OC@H5)3)--having a
spectrum which was essentially doubTed;. indicating the
presence' of tight and separated fon 'pair species 1n

solution. (IR(THF); w (CO): 1950 cm-1 and 1875 cm-!

-

strong, 1930 "cm~! and 1845 cm-l weak; v (N0): 1600 cm-1
strong and 1655 cm-1 weak.\ Again, the idion pairing
phenomena could not be studied due to the air §ensitiéity

of the anionw '
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" The Li* salt of anion 57 and anion 58 exhibited
sfmilar behaviour to that of the Na* counter cation, but
with a greater (amount of tight 1ion pairing sﬁecies
compared to the Na* salt. Furthermore, in anion §Z:the

stretching frequency of the carbonyls was shifted to

higher value by 10 cm'l“ﬂénd the nitrosyl stretching

frequency to lower values by 10 to 20 cm-l as illustrated

in Table VILI.

Table VII

IR DATA of "Fe(CO0)2(NO){P(CgH5}3)~ 57

Cation v (01 - v CO2 V v N0
A B A B A B
Na* 1920 1900 1840 1800 1560 1620 ~~
Lit 1920 1900 1850 1825 1540 1610
A = high intensity absorption band (tight jon pairs)

B

low intensity absorption band (separated ion pairs)

v in em-l; solvent = THF
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: Such a shift in the'stretching frequencies can - be
explained by the fact that the smaller, less polarized
cation Li* has a greater interaction with the oxygen of

the nifroéy] ligand (Litv~a~0-N-Fe-C-0).

A‘simi]ar trend was observed by Collman (95) for the
complex [RC(0O)Fe(CO)g]-- It was anticipated ‘that the
facyl group wés the cation binding site. ConsiStgnt Qith
this reasoning, the acyl stretéhing frequeﬁcy.shifted to.
lower values witﬁ smaller, Tessﬁ polarized cations
PPN* —= Na*t = Li*). Similarly, with the iron nitrosyl
anions, the greater alkali metal nitrosyl interaction
exhibited by Li* resulted in an increase fn° nitrogen
mback bonding and causeq 2 greater decgrease in the

nitrosyl stretchihg, frequency. Thi; increase in M-NO
mbonding resulted in a decreasé of elect on dgnsity on the
.metal, thereby decreasing M-Cé T bondin;

v

increase in the carbonyls stretching frequencies. -

with a - resulting

Coﬁparing the stretching frequencies of‘the anions
Fe(CO)3NO-,  P(0CgH5)3Fe(CO)2(NO)=  P(CgHg)3Fe(CO)aKO~,
(P(CGH5)3)2Fe{CO)(NO)-, a gradual decrease: in the

frequencies was observed.

~
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It h$s been,$Eowﬁrfpr'Sdﬁq.time that replacement of one."
or mofe COj]iéands of a trénsition_mef&] carbonyl complex

with a :ertiiri phosphorus'ii@and caused fhé'stretching_
~frequencies 0}2 the ‘remaining carbonyls to fall ‘by' an _
amount which depended on the number and nature of.the
phosphorous liéand§ (173; 174). The carbonyl group is a
ﬁtrong n A§cegtor and triphenylphosphite is a stronger
racceptor than tripheny]phospﬁipe but. weaker than the
carbony1%}igand. Hence, replacement of‘a carbonyl group_ 
with :other ligands such as tertiary phosphine ligands
lf“i]l iﬁcrease-the electronic density on the centré1 metal
atom (dgpending on the ¢ basicitj of the ligand) which
will drift in the o orbitai of the carbonyT‘groups
(back bonding) and consequently decreasing'tﬁe.bohd order”

and v (co).

Tertiary phosphfne 1igands (which are bettfer

g dgnors and poorer back-bonders than CO ligand) are also
known to iﬁcrease the basicity on the metal and conge—
quently ‘the nucleophilicity of mg%511ic anions {155).

—— e -
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According to the structure proposed for anion 57 and

58, an ificrease in reactivity towards formation of the
correspopding = allyl (on .reacting with allyl ‘halides)
-should beyobserved with.increasing numbers of .triphenyl-

phosphine ligands coordinated on the complex.

Indeed, addition of allyl broE)de to anion 58.in THF
(generated either with Na/Hg amalgam or with Li(C2Hs5)}3BH)
reacted. instantaneocusly at room temperature‘ to -give

mallyl 60 (176) as showa in Rc 28.

Rc.28
RT
(L)2Fe(COM(NO)- + o _-8r — ‘-_-Fe(CO)(lNO)(L) s L
58 THF 60

60 was obtained as a red crystalline material in 63%

yield, after chromatograpHhy on alumina.
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Similarly,. ;dditian of ‘allyl brdmide on anfon 57,
(prepared either wfth Na/Hg ama]éam or with Li{C2H5)3BH)
affqrded a 3:5 (based on IR absorption intensities)
mixtgre of = allyl 60 and = allyl 62 (177) (Rc 29) after
sfirring for ‘15 hours. The reactioﬁ pathway 1is bélig}ed
fo involve a o allyl intermediate 61, based on IR
monitoring of the reaction solution (vCO = 2010, 1950
cn-1; v‘NO = 1740 em-1l). This intermediate was formed

instanthne0u51y on addition of the allyl bromide. and

evolved gradually (hours) to give a mixture of wall

&

and 62.

Re 29

( ' ' RT

(L)Fe(CO)2NO~ + :;;;>\\//,Br >
- | | THF
57
N Felc0)z(no)L N
61
. fl "
! / c
=-Fe{CO)(NO)(L) + ﬁ—Fe(CO)gNO
"1 6_0 \\ -6—2.

L = P(CpH5)3

r
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" Table VIII depicts the. obsérveq trend in  the

“.reaction time td form .the corresponding T allyls,

starting from iron nitrosyl dnions ¢ taihing 0 to 3
coordinated tripheny1phosphine;?\\\\///%? ‘

Table VIII .

Complex | Reaction time Productg

for completion

Fe(CO)3NO- . T~24 hrs  C3H5Fe(CO)2NO,

(P(CeH5)3)Fe(CO)2NO- 15 hrs C3H5Fe(CO)2ND +
' C3H5Fe(CO)(NO)(P(CgH5)3)

(P(CeH5)3)2Fe(CO)NO~  fast (sec) C3H5Fe(CO)(NO)(P(CgHs)3)

Thgse conversions with allyl bromide to yield the

corresponding ,i\jllyl together with the spéctroscopic
properties. given s earilier have enabled a ¢lear

identification of aé?sQ 57 and 58.

N

-

P
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Complex (¢0) (em-1) { v (NOY{em-l) | Solvent
Fe(CO)3NO- ,Na+* 1990, 1977, 1890, 1873 1615, 1648 - THF
1 1990, 1880 1650 CH3CN
1995, 1905vs 1585 . ether
Fe(CO)2NO(L)~,Na* 1920, 1900(w) 1840, 1800(w) 1620(w), 1570 | THF
57 1895, 1820 ) 1600 CH3CN
ether
Fe(CO)(NO) L)o-,Na* 1830, 1780(w) 1540+ THF
Fe(CUTZ NOY (L) —NF 2010, 1950 1740 THF
C3H5Fe(CO)2NO 2030, 1980 1750 CTHF
62
C3Hs5Fe(CO) (HO)L 1940 1700 THF .
60 :
v = Strong in all cases except when indicated otherwise.

L= P(CgH5)3

L
Tl e
.

i
e e
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EXPERTIMENTAL ‘ -

‘. o . \
22 Aﬁparatuﬁ and Materials

All the operations were done 1in argon or in vacu;.
THF (tetrahydrofuran) was ‘refluxed, then distilled from
sodium/benzophenone under nitrogen and‘used immediate]y.
Methylene chTéride and atetdn?frile wefe refluxed énd‘
distilled over phosphorous pentoxide under argon. -These
were\s;orea under argon over mplecu]ar sieves 4A. A1l
the solvents wére saturated wjth argon Dbefore wuse.
Anhydrous ether (Mallinkrodt) triphenylphosphine (Aidrich.
99%), Fe(C0)s (Pressure Chemical), Na+NOé‘ "(B.D.H.),
acetic anhydride (Acp0, J.T. Baker), CF3CO0H (MCIB® or
J.T. Baker), aqueous 37% HBF4 (Applied Chemicals) CO,
(Matheson, CO C.P. 99;5% min.) were used as received.
Lithium triethyl borohydride (IM in THF) and $odium .bis
(2-methoxyethoxy) aluminum hydride (3.5M in benzene)
(Aldrich) were a]so used as received. Silica gel plates
for analytical cﬁromatogréphy were obtained from
Analtech, Inc. IR spectra were recorded on a UNICAM SP
1100 calibrated with a polystyrene film or on a Perkin

Elmer 283.
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SR 112

NMR spectra ﬂére recorded on a'Variap HA 100 for protons

.(TMS'Entérnal reference) and on a Varian FT 80 operating

Y

at  32.2 MHz for -phosphorus (85% H3POq external

Shi%t indicates a

positive chemical

resonance downfjer from the .referegce. Elemental

were performed by Chemalytics "Inc., Tempe

Arizona or M.H.W. Labofatories,‘Phoenix, Arizona U.S.A.

~

2. Preparation .of sodium tricarbonylnitrosyferrate

NaFe(CO)3NO 1,

The preparation was taken from referéncg'(74) with

changes to the work up procedure. The reaction system

‘éonsisted'of a three-necked flask provided with a rubber

: . [ _
septum, a reflux condenser attached to a mercury .bubbler,

and a 'stopcock attached to an argon inlet.

NaNOp (5.2g) was dissplved in methanol (270 aml),

then sodium (4.09)__was added 1in .smaI] pieces. After

dissolution, Fe(CO)s5 (10.0 ml) was added and the system

refluxed at 70°C for one hour.



113

i

-

~After the addition of Fé(CO)s-a light oraﬁge coTour_
‘appeared whfcﬁ intensified with time to finally give,
after 20 minutesu a brown solution éndiaftgr one~hqur,
‘net depoSf;ion of ra‘ brownish~precipitate. Then fhe"
methanol was removed by subjectfng the system to vacuum
at 40°C and the solid residue was "kept under vécuum at
1e;st 24 hours at room témperature_ to enﬁgre maximum
dryness.. The résu1tant-5rownish red mass. was extracted
with ether and the fiIteEed solution concentrated under
vacuum at 0°C until Jféw' crystals appeared. . Furtﬁer
cooling to -10°C with.;ddition of small amounts of hexane
{or benzene) and occasional swirling afforded most of the
compound in. the solid state. The solid was separated
from the slightly colored solution, washed with hexane

and benzene and dried under vacuum (3 hours) (yield: lég,

99%). : ~

The so]%d retained approximately one mole of
methanol as a solvate per wnole df anion (NMR of a
CD3COCU3 ~solution calibrated with a known amount of
toluene). It was taken }nto aﬁcount in calculating the
amount of 1 wused. The compound was known to form
solvates with dioxane (74) and~ acetone (90). It was-

stored under argon at 0°C, because of its sensitivity to

8
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water, oxygen and 1ight.“fAfter seveh§1 months tﬁe yellow

color s11ght1y turned green, poss1b1y due to éome

oxidation. Hydride 3 an& 4 cou]d aIso be prepared with

the -slightly oxidized anion.

3. HFe{(CO)(NO){P(CeH5)3)2 &

frjfluorbacetic acid (0.52 m],-O.é g, 7 mmoles, 1.5
equivalent) diluted with ether (diethyl ether) (10 ml)
was added dropw1se with a syringe to a stirred ice cold
solution of' (CO)3N0‘ Na+ '(1 049, 4.6 mmoles) and
triphenylphosphine (7.lg, 27 mmo1es, ~ 6 equivalents) in
175 ml of ether in a three ne@ked rgund bottom flask.
Once the addftiqn Wwas comp1e£ed, the ice bath was removed
and stirring was maintained unt%] gas evolution-was no
longer observed ( ~2 hours). .(The orange hydride preci?

pitated gradually as a mixture with sodium trifluoro-

acetate -and ~with concurent evolution of ™ carbon~

L
—

monoxide) - After 2 hours, the .reaction mixture was
cooled and the solid was filtered, wéshed with 3x10mlof
cold ether, and dried under vacuum to remove any trace of

»
trifluorcacetic’ acid (a small* amount of hydride 4

dissolved in ether, but was not recovered). The hydride

was extracted selectively with benzene with

-

R—
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“‘which it formed so}vates. " The extracted .solution was

reduced under vacuum at room temperature until a few

'qusta}s appeared.' . Cooling of the cryStaI]ization

solution followed by addition of ether/pentane afforded
hydride 4, as a microcrystalline orange powder. . The
preduct'was filtered, waqfed with pentane and dried in
vacuo. The yield‘of the‘orange micfoerysta1line material
Was 2.3g, 70%: The hydride is soluble in solvents such
as THF, benzene, methylene chloride and is aiflstable in
the solid state for several weeks. Desolution of the
selyate moTeCU1e ef benzene OCCered at room temperature
when the solid was kept under _hi§h vacuum of a mass
spectrometer. The  mass spectra were not veey
ieformative. Ionized iron containing fragments could be

detected only at tehperatures above 120°C when thermal

-

~decomposition of hydride 4 was occurring.

Anal. Caled. for (C37H31FeNO2P2,CeHs: C,72.0; H,5.2;
N,1.9. Found: €,71.9; 4,5.2; N,l1.6. , /)

IR(TYF); v (CO) : 1910 (s) cm-l
v (NO) : 1690 (s) cm-1 ¢

14 WMR : TMS internal reference, solvent CgDg (37°C), & H

aromatic : complex multiplet (J = 79 * 1Hz) between 7 and
8 ppm, |

8§ H-Fe : -5 ppm, triplet J{P-H) = 80 *+2 Hz.
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3lp NMR : reference 85% H3P04 placed in 2 coaxial. tube,
S ] | , ) :
solvent CgDg, 8P : +77 ppm, doublet J{PZH) = 80 Hz.

4, Gene}a1'procedure for the identification of fhe

degradation products 6, 7, 8, 10, 12:
5 : :

ot f

"They were"ideﬁtified by their characteristic infra
red spectra, (Fe(NO)z(CO)u(P(C5H5)3)V (u = 0,1,2; utv=2)
(178);‘(P(C6H5))xFe(C0)y (x = 1,2; xty.= 5) 179 and by
_ana]ytical thin layer chromatography (si02, - hexane/
benzene = 3/1) for the compounds containfng a phosbhine
1igand. (P(csHs)s)FetCO)q'l (180) and (P{CgH5)3)2Fe(CO)3
8 .(179) were already in hand. ' '

Thermal degradation of the cation [P(CgH5)3]2Fe(C0)=

(NO)(CH3CN)*BFa- (33) in acetonitrile Jt 50°C afforded

—

(P{CgH5)3)2Fe(NO)2 6 which crystallized out.

Solutions of _(P(CsHs))Fe(CO)(NO)z 12 contaminated
. with a trace amount of 6 were obtaineqd from the reaction
of Fe(CO0)2(NO)2 10 with excess (P(CgH5)3 in ether or

hexane. On the TLC plates the Rf values of 7 and 16 were

found to be very similar, as were those of 8 and 6.
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5. Thermal decomposition of hydride 4 in THF: .

A solution of 0.5 g of 4 in 30 ml of THF was heated
"at reflux. under argon. Saﬁp1es were periodically

=

wi;hdra%n for IR analysis. After 4 hours hydride 4 was
nSHJonger present. The CO and/or NO containing products
consisted mainly of (P(CGH5)§)%ﬁg(NO)2 6, (P(CgHs5)3)2=
Fe(CO)3 .§ and a small amount“{éf (P(C5H5)3)FE(C0)4 7.
retative to 8 (as judged from tpe'fe1ative iﬁtensities of
the v CO of 1:and 8) (P(CSHsﬁ%)Fe(CO)(NO)z 12 was not
detected. The fgrmation of thése'éompounas Was fdrther
con$%rmed by a TLC analysis.of the mixture.

I

6. Preﬁérationlof [FeQCO)z(NO)(P(CsHs)j)]z Hg 14

The preparation was_takeﬁ‘frdm referencé {82). A
solution of Hg(CN)p (0.67g, 2.7 mmoles) in oxygen free
dist111gd Ho0 (10 mi1) was added dropwise to a stirred ice
cold solution of Fe(CO)3N0'?Na+ (1g, 5.2 mmoles) in
oxygen free distilled H20 (50 wl), under the absence of
light. . Once ;he addition was completed, the.'reaction
mixture was §tirred for an additional 30 minutes aﬁ 0°cC.

The yellow precipitate formed was extracted with
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2
'methy1ene‘ch1oride {red solution)f,'On evapbration_of‘the

solvent under vacuum, red crystals of 13, were obtained.

... These  crystals ' were dissolved - in benzene and

"triphenylphosphine (1.8 é, 6.8 mmoTes) was added. Upon
siirring, ~the 'solution for sevééal hours .at room
temperature, a fine'yellowﬁor;nge precipitate éhadua]ly'
formed. After 20 hours this precipitate was fi]tered,
washed with wminimum amount of methylene’ chloride and
dried in  vacuo to give 1.62 g (63% yield) of
.Hg[Fe(CO)z(NO)P(C5H5)3)]2. Thé relatively ‘stable

-compound is sparingly soluble in organic solvents.

IR- (CHpC12) 5 v (CO} (cm=1l) : 1990 (w) , 1960 {(m)
v (NO) (em-1) : 1720 (s)
7. Reduction of Hg[Fe(CO0)2(NO)(P(CgH5)3)]2 with
Na/Hg amalgam (generation of NaFeﬁgpjg(NO)(P(C5H5)3)

o '
Hg[Fe{CO)2(NO)(P(CgH5)3)]2 (0.40 g; 0.39 mmol).was
added portionwise to a stirred 100% excess Na/HQ amalgam .

“in THF (30 ml). 'Thg reaction mixture was stirred at
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room temperature for 2 hours. Upon filtration of the

reaction mixture, a-yellow homogeneoys solution of the

S air senéitive - anion NaFe(CO)g(NO)(P(C5H5)3) was

obtained.

L4

IR (THF) 5 v (CO) (em-1) : 1920(s) ,, 1900(w)",

1840(s) , 1800 (w)
v (NO)(em=1) = 1620({w) , 1570(s)

8. Preparat%on of H-Fe(CO)(NO)(P(C5H5)3)2 4 from
Na Fe(C0)2(NO)(P(CoHs)3) ‘

Trifluoroacetic acid (0.06 ml, 0.71 mmole) diluted
with THF (5 m1) was added dropwise to a .stirred -solution
of NaFe{CO0)2(NO){(P(CgH5)3) (from the Na/Hg reduction of
0.59 mmole of Hg(Fe(CO)2(P(CgH5)3))2) and 1.6 g (5.9
mmbles) of P(CgHg)3 in THF (30 ml) at roém temperature.
The reaction mixture was stirred for an additional 5
minutes. The volume of the'so]ution was reduced under
vacuum until a slight c¢crystallization was eyident. The
mixture was cooled to 0°C and the crystallization was
completed by addition of pentade and the solvent was
decanted. The residual orange material was extracted
selectively with benzenf and then the vo1uhe of benzene
was reduced under vacuum until a slight crysté]lization
was evident. The mixture was slowly cooled to 0°C and

crystallization was completed by addition of ether. The
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prdduct'was filtered, washed with cold ether and dried in
" vacuo: The yield.of the okahge.microcryftalline hydride

 was 32%.

9. Stock solution of anhydrous HBFa (83):

The stock so1ufions of aﬁhydrous HBF4 were prepared
.priof fo its ﬁse.by dropwise .addition of 2 ml of.éﬁueoqs
37% HBF4 ( ~ 11 mmq]és of HBFgq) into 10 ml of acetic
.anhydride which wasfstirred and maintained at O°C with an

-ice-bath.

10. Protonation of the anion Fe{CO)3NO-,Na* 1

in THF in the presente of triphenylphosphine: .

Formation of hydride 4 or cation 9:

0.7g of Enion 1 Fe(CO)3NO-,Nat (3.1 mmole) and 2.00

g _of P{CgH5)3 (7.6 mmole, '~ 2.5 -equivalents) were

dissolved into 70 ml of THF cooled with an ice bath. On
the stirred solution, 5 ml of th HBFg stock solution

( 1.5 eq. of HBFa) were added dropwise.  Stirring was

‘discontinued after. two hours, and the homogeneous

solution breught to dryness under vacuum a oom

temperature. After washing the residue with 20 ml of
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ethér; extraction wiﬁh benzene‘foL]oqéd'by’crysﬁa11{sa;
tion in bénzene/pentane yielded 0.66 g(30%) of 4 identi-
fied by TR and 1H NMR (& Fe-H = -4.9 ppm, JP=H =79 + 1
Hz in CDﬁI3 at 37°C; we thank Dr. J.Y. Merour for this
_prepération). when-different molar ratios ofAthe_rea-
gents were used, the catiqn‘(P(c5H5)3)2Fe(CO)2(N0)+BF4- 9
was farmed instead (ih_variable yields depending upon the
ﬁéaction conditions). Precipitation from the reaction
mixture was either spontaneous or had to be induced by
addition of diethyl ether, that could coprecipitate also
some protonated bhosphine (Csﬁs)jPHﬂ,BF4". In the
procedure described below,a maximum yield éf 50% was
obtained. Fe(CO)3NO-Na*(0.37 g, 1.6 mmole) and P(CgHs) 3
‘(2.1 g, 8.0 mmole, 5 eq.) in 50 ml 6f THF were
protonated as described above with 10 _m1 of the HBF3
stock solution ( v 5.5 eﬁ.). IR of the solution after
acidification indicated compfete disappea;ance of 1 and
the formation of an intermediate with C0's identical to
that of hydride 3. Stirring was continued for an
additional two hours (temperature ;f reaction mixture
kept cold with ice b;th) 'by' that time a yellow
precipjtaté had started to form. After stirring an
additiona1'six hours at room temperature the solid was

filtered, washed with THF, dried and extracted with

CHC13. Crystallization in CHC13/pentane yielded 0.6 g
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(50%) of cation (P(C5H5)3)2Fe(CO)2NO+8?4‘ “with IR
'spectra (KBr or CH Ij)'idéhtica1\to_that of an authentic
samp]e_;prépared by reacting .(P(C5H5)3)2Fe(C0)3 ,wiﬁh
.NO+BE4- in methylene thloride: (181). . |
- Anal. Calcd. for C3gH308B FqFeND3P2 : C,60.5;
H, 4.05 N, 1.9; P, 8.2. Found: C,60.4; H; 4.0; N, 1.9;
P,8.2. ‘ ‘ -

- IR (CH2C12); v (CO) -+ 2050(s) cm-1, 1990(vs)cm~l
- v (NO) : 1790(vs) cm-l

»

- Reported (84) ; v (CO)} : 2050(s) cm-1, 1993(vs) cm-1

v (NO) : 1788{vs) cm-l

L11. HFe(CO)2(NO)(P(CEH5)3) 3 synthesis in solution;

- oxidation, thermal decomposition:

" Trifluorocacetic acid (0.13 ml, 0.2 g, 1.8 mmole)
diluted with ether (5 ml) was added dropwise with a
syringe to a stirred, ice cold solution of Fe(CO)3(NO)-,
Net 1 (O.§3 g, 1.5 mmole) and triphény]phosphine (0.45q,
1.7 mmq]e) in 35 ml of ether. An IR spectrum recorded
shortly after the addition (2 min) indicated the

formation of hydride 3. The solution was cooled with a
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a dry ice-acetone - bath and CF3c00-,Nat  (solid) was-

decanted by gravity. The . clear yellow-orange solution

was used for 14 and’ 31?_ NMR. The solutions .were

a

_extremely'oiygen'senéitive. An IR cell was filled under

argon and. the IR sbectrum of 3 Wwas recorded.  The.

solution in the ce11.wa§ transferred back into a s}r%nge
with_no.precautions to efclude air. . The §51ution became
dark ‘immedigtely and v{e IR ,sﬁecfrum indicéted' total
decomposition of 3 and formation of (P(Céﬁ§33)Fe(C0)4 7,
(P(céH5)3)Fe(CO)(N0)2 12 and small amounts of,(P(C5ﬁ5)3)2
Fe(C0)3 8 and (P(CgH5)3)2Fe(NQ)2 6. In order to coﬁpare
with anion 1, the same procedure was _app]ied to a
concentrated éolution of anion 1 %n ether. Only
negligible modification of the IR spectrum and the
formation of a small amount OFP Fe(CO)z(NO)z 10 were

»

observed.

- The temperature of the solution of hydride 3

was brought to room temperature under argon. Hydride 3
decompesed into 6, 7, 8, and 12 within 4 hours. During
the decomposition, some hydride 4 was precipitated from

the solution which indicated that some free {uncomplexed)
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:ﬁtiphenylphosphine was re]eésed "~ and  reacted with

~undecomposed 3 to forﬁ.ﬂ. The degradation was much more

-

rapid when solutions similarly prepared were concentrated
under reduced pressure in order to attempt the isolation

of the compound.

- IR (ether) 5 ¥ (CO) :.2020(m) em-1, 1960(s) cm-1

v (NO) : . 71755(s) cm-l

.,

12. Reaction of hydride 3 with triphenylphosphine;

conversion into hydride 4:

Trifluoroacetic acid (0.09 ml, 0.14 g, 1.2 mmole)
-was added dropwise to a stirred‘solution of Fe(C0)3LNO);,
Nae* (0.25 g, 1.1 mmole) and P(CgH5)3 (0.34 g, f.3 mmole)
in 27 ml of ether (cooled with a-water-ice bath}. After
stirring two minutes, the réaction mixture was cooled
with a dry ice-acetone bath. Solid P(CgH5)3 (1.36 g,
5.2 mmoles or 5 equivalents) degased under vaétuum was
added to the stirred solution. .The temperature was
allowed to rise to ~ 5°C and was maintained at this
temperature with a water-ice bath. Precipitation of 4
with concurrent gas evolution occurred and no hydride 3

- was  present after 40 minutes (IR monitoring of the

solution). The solution contained (IR, TLC) small"
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“amounts of 4, 6 7 (traces) ~and . 8 with ' no

[P(CsHs);}Ee(CO)(NO)Q 12 detected. =~ The solid was
filtered, washed with 20 m] of efher'and extracted with

benzene. . CrysEETTization in benzene/pedfane' afforded '
. ' ‘ ’ -\*
0.51 g of 4 (64%) identified by IR and lH NMR (& Fe-H =

-5.0 ppm, J(P-H)= 79 + 1 Hz, in CHpClp at 37°C).

13. Partial “conversion of hydride & into hydride 3

under.CO:

0.25g of 4 were dissolved ‘in 10.-m1 of THF under
argon. The orange solution darkened rapidly when CO was
passed. through the solution and afer 20 min no furthgr
change in the relative intensities of the v (C0's and.
vV NO's of 3 and 4 was observed. Again the stability of
the solution under C0 was dramatically affected by
impurities. In one experiment where pre{iminary purging‘
of the aﬁgona”line was omitted, the presence of .a
contaminant (which could have been an olefin) ca;sed
rapid formation_of.the degradation products-g, 7, 8, lﬁ-

No evidence for the formation of 3 was obtained in that
case. We have indeed observed very recently the rapid
decomposition of 3 in the presence of dienes (4 was Teft™

unchanged) at 25°C.
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e, HFe (C0)(NO)(dppe):

To a stirred ice cold THF (100 ml) solution of Enion
Fe(b0)3N0‘,Na+ 1 (lg, 4.5 mmole) and 1.2 equivalent of
dppe (29, 5.0 mmoles) was slowly added (18" min.) 1.5

equiValentl of anhydrous (stoc¢k) HBF4 (7.4ml, 6.5
mmoles). After stirring one hpur at 0°C and { hour at

room temperature, the homogeneous solution was subjected

to vécuqm'unti1 complete ‘evaporation of the THF. The.

yellow residue was washed with ether and extracted ﬁith‘

benzene. Crystallization in benzene/CH3CN ~afforded
HFe(CO)(NO)(dppe) in 65% yieid (we thank Or. J.Y. Merour

for this preparation). -

.

Note: dppe = (CgH5)20CH2CH2P (CaHS)2

- = IR(CH2CT2); v (COJ : 1940(s) em-i

i
L]

v (NO) : 1710(s) cm-1

- 1H NMR: TMS intgrﬁal reference, so]vent‘CDC13,

6H aromatic : multiplet between 7.86 and 6.82 ppm;

« 8 (CH2) : 2.04 ppm, doublet J(P-H) = 18Hz,

SH-Fe.: 1:.35 ppm, triplet J(P-K)= 25 Hz.

"t
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15. Protonation of anio 'L Fe(C0)3No- Na+ | o~
in the absence of tr1pheny1phosph1ne in hexane,
_‘hexane- water or ether '

0.15 g of anion‘il ‘(0,6? mmole) was suspended in
10 ml of hexane and the stirred suspension cooled with a
‘water-ice bath. 0.04 ml of CF3£qu (0.54 mmole,
l0.8 equivélent)_was added rapid]j?i\The hexane solution
became immediately colored. The IR spectkumuwés composed:
of‘the abﬁorptipns characteristic of F%(CO)Q(NO)Z {one of
the reported decomposition product' of HFe(CO)éNO (74);
v C0 = 2090 5,72040 5,v NO = 1810 5, 1770 vs (in cn- 1)
(178)) and two other absorpt1ons at 2020 and 2000 cm-l

. indicating ,that at 1east another compound X was present

in this solution. Both products were volatile and could

" be transferred with the solvent intq a trap ét ~196°C by
distillation at room te&;erature under vacuum.’ Apart
- from uqreacted 1l no other nitrosyl complex could be
detected in the solid residue left behind whicﬁ was
redesolved in THF. After warming to room tempe;;ture,
the orange hexane solution was reacted with an excess of

triphenylphosphine (1,41 g, 5.4 mmole, 8 equiv.) which
.‘qTSSO1ved partially. After .two hours .of stirring

Fe(CO)2(NO)? ' was totally transformed



_iﬁto . the  non ﬂjvclati]g monOSubstigzpion proqﬁétr
 Fe(CO)(NO)2(P(CgHs)3 (- vCO= 2010 s, VNO = 1765 s,
'1725; Vs ‘cﬁ'l)“and a " trace” of Fe(CO)z(P(C5H5)3)2
(TﬂL.t.J. X whiéh. did dot"réact was fransferred agaiqw

into a cooled trap. At room temperature the very paTe
yellow solutioﬁi exhibit?d only the two . v CO observed
previously at 2020 .and;_2000 em=1, The nature of this
material i's unknown at preéent. However, based on ‘the
thermal stabi]ity,‘the aack of reactiom with P(CgH5)3 and
‘the  vCO values, it cannot be H2Fe{C0)4(182), the other

reported (74) decomposition prdduct of © the hydride

HFe(CO)3NO. -

»

-~

?The_same results werelobtained.when-the-profona;ion
Wfthi CF3CO00K was run in efher. Conversion {nato
(p(CSH5)3)Fe(c0)(Nd)2 was however faster (less than
Y hour) and formation of a trace amount of (P{CgH5)3) 0=

Fe(C0)3 (T.L.C.) was also detected.

The same mixture of volatile products also resulted.
from the protonation with aqueous 37% HBF4. In that
case, 1 was dissolved in 'disffi]ed watér and hexane
added. After acidification. and rapid stirring, the

organic phase became rapidly colored with an IR spectrunm

identical to those described above. .. -
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16.  Preparation of [Fe(CO)(NO)(P(CgH5)3)2]"BF4~. = 32

- HBf4/acétic,qnhydridé (1;2'h1i(stock), 1.8 mmoles)
was added dropwise over a period -of_ 5 minutes  to a
“stirred ice cold THF: ether (1:1) (40'm1 total) solution

. oé H-Fe(CO)(NO}(P(C5H5)3)2(C5H5) 4 (1 g, 1.4° mmole).”~
Precipitation of an ocre solid started immediately. Once .
';He additian comﬁleked, the dce bath was removed and
stirriﬁg was- continued at rooh temperature until H?
evolution ceased (approx. 10 minutes). Once the reéction
was completed, the mixture was then cooled to 0°C to
compiete thejprecipitation. The orangé-brawn-powder was
collected, wa§hed with ether and dried in vacuo (0.87g,
86% yield). ' B

The same procedure was applied for the preparation-

in "pure" THF and in "pure" ether (84% yield).

The organge-brown complex is unstable in solvents

such as methylene chloride, chloroform, acetone, etc. and

undergp—a slow decomposition (several days) under argon
in EKQQZOTid state. '
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'17. solid-gas reaction of [Fe(CO)(NO)(P(CgH5)3)2]*BFa-

32 with carbon monoxide:‘

A small portion of [Fe(CO)(NO)(P(CsHs)3)23*BFg-( 1g)

was placed in a schlenk under approximately one

.atimosphere of carbon monoxide at roonm témperature. The

colour of the powder gradually changed from ocre to

yellow. The reaction was completed after 3 days.

A KBt pellet was pressed and the Iﬁispectrum of the
metal-C0 and meté]—NO' was fecorded._ This spéctfum
coﬁsisteﬁ' of three peaks at 2040. cm-l, 2000 cm-l and
1790 cm-1. IR in acetonitrile consisted of three peaks

at 2060 cm-1, 2010 cm-l and 1800 cm-l. This pattern

indicated the formation - aof the cation

[Fe(CO)2(NO)(P(CeH5)3)2]*BF4- with absence of any other
compounds containing CO and/or NO ligands. IR sbectra

(crystai]izatjon in‘CH2C12/he;ane) were also identical to

~those of samples prepared directly from the reaction of

Fe(C0)3(P{CgH5)3)2 with NO*BFg~- (181) or from the

protonation of Fe(CO)3NO-,Na* 1 in THF in the presence of

triphenyliphosphine.

- o S P
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. 18, Sol1d State React1on of [Fe(CO)(NO)(P(C5H5)3)2]+BF4

32 and [Fe(CO)(NO) P(C5H5)3)2(CH3CN)]+BF4‘ 33
with KBr

A small portion of 3é' or gg and §ppro£imaté1y
ten times as much KBr were placed in a viﬁ] mortar .and
the ﬁixture was crushed dnd mixed with a pestle. . A
---—pellet was pressed and the IR spectrum of the metal-CO

and 'metai-NO region was recorded. This spectrum
'-cons1sted of two pears of equal 1ntens1ty and w1dth at
1920 cn-l and 1695 cm-l.  This pattern natéhed those
.previously reported (136). This was verified by allowing®
33 to react with [CgHSCH2N(CH3CH2)]*,Br- in acetonitrile
to form BrFe(CO){(NO)(P{CgH5)3)2 and comparing the

infrared spectra. Both were identical.

19.. Preparatioc of [Fe{CO)(NO)(P(CgH5)3)2{CH3CN)I*BFy-
33:

—

[Fe (CO)(NO)(P(CgH5)3)21*BFg 32 was dissolved in a
minimum amount of acetonitrile. The sqution was
gradually cooled to 0°C and ether was slowly added to
complete the crystallization. These brown crystals were
filtered out, washed with pentane and dried in vacuo (80%

yield stérting from hydride 4).



132

fhé  tqyétél]iﬁe compound 33 s .sb1uq1é‘ wfthout_l
deéompoéitfon in solvents such -as méthyiene ch1oride,‘
chloroform, acetone and is air-stdee-jn the'§o1fd state
- for several monﬁhs. - . | : i‘-.
- Anal. Calcd: for C37H$0FeN02PéBE4 ( 1:5'CH3CN )
C, 61.1 5 H, 4.4 ; N,4,4 . Found : 9, 60.3 ; K, 4.5;
N, 4.1. | ' |

- IR{CH3CN); v (CO): 1960(s) cm-1

v (NO): 1750(s) cm-1

L]

- 14 NMR : TMS internal reference, solvent CDC13, 5C5H5:
7.58 ppm, 6 CH3CN solvate : 2.05 ppm, 1large singlet,

§CH3CN Tigand : 1.58, triplet J(P-H) =2 Hz.

20.  Preparation of CiFe(CO)(NO)(P(CeH5)3)2 (34)1, from
32: |

l o -
BF4Fe(CO)(NO)(P(CgH5)3)2 (0.40g, 56 mmole) was added

portionwise to a solution of (P{CgH5)3)2N*,C1- (0.96g,
1.7 mmole) in acqtonitri]e (6 m1) at room temperature.

The corresponding neutral- five coordinate complex

’/f
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ip%ecipjtated spontanebusly as a.prowh érystéi?ine.SOiid,
‘The reactipn-ﬁixturerwas left to Staﬁd'foﬁ's‘mfnutes,
then cooled to 0°C tp’coﬁp]ete crystallization. The§e
'relatively‘air¥stab1e‘crystals were .filtered, washed with
' co]d.acétonitri1e, andldried in -vacuo (83% yield). The
jnffared 'spectrum matched:fthosé previousI& reported

(136). )

IR (CHpCl2) 3 v (CO) : 1925(s) em-l

‘ v (NO) : 1700(s) cm-!
21.  Preparation of BrFe(CO){NO)(P(CEH5)3)2 (34)2 from
32: o

BF4Fe(C0)(N0)(P(CsH5)3)2 (0.20g; 0.28 mmole) was
_added portionwise to a solution of C7H7N(CH3CHZ)3",B¢~
(0.229 ; -0.83 mmple) in acetonitrile (6 ml) at room
temperature. The co}responding neutral five coordinate
complex precipitated spontaneously as a brown crystalline
solid. The reaction mixture was left te stand for 5
- minutes éhen cooled to OfC to comp]etg cFystéT]izationr
These relatively air-stable crystals were filtered,

washed with " cold acetonitrile, and dried in
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<

,vécuo j69%_yie1d).* Thefihfrared_spectrum_matched those
_previouS]y reported (136). N |
IR(CHzC}g) ; v (CO) 1930(S)Aém'1
' ' v {NO) :-1710(s) cm-i

o~
.

22. - Preparation. of IFe(CO)(NO)(P(C5H5)3)2 (§£)3 from
32: | o

— i

BF4Fe(CO)(NO)(P)CeH5)3)2 (0.205 ;5 0.27 mmole] was
. added portionwise to 2 solution of' anhydrous - sodium
jodide (0.i3g 0.81 mmole) ﬁn. agetonitrile (4 m]) and”
anhydrous ether 02‘ m1) at 20°C. The correspozﬁjng
néutra] . five coordinate complex pfecip}féted
spontaneously as a brown crystalline solid. The reaction
mixture was left to stand for 5 minutes then cooled to
0°C to complete crystaTTization. ~ These relatively
air-gtab1e' crysta]s ﬁere filtered, washed with cold
acetonitritle, an?\ﬂiried in vacuo (57% yield). The

infrared spectru matched those previously .reported

(136).
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IR(CHzC12) 5 v(CO) : 1930(s) cm-1.
V(NO)-:._1710(5) em=1.

Anal. Calcd. for C37H30FeINO2P2 : C, 58.13%
M, 3.9% ; N, 1.8%; P, 8.1%. -Found: C, 58.9%;
CHy 4.1%; N, 1.6%; P, 7:9%

23. Reaction of XFe(CO)(NO)(P{TgH5)3)2(X=Cl, Br and 1)
" with AgPFg: |

AgPFg (20 mg; 0.083 mmé]ef'was d%ssplvéd in‘ace£one
(2 m1) (dry over 8203) and 10 drops of CH3CN was added.
C1FE(C0)(N0)(P(C5H553)2 (40 nmg, 0.055 mmole) was added
portionwise. A brown product precipitated. The solfd
was fiitered and dried under vacuo. The IR spectrum of
~the solid in CH3CN showed bands at 1965 ch‘l (v CO) and
1750 cm=1 (" vNO) characteristic ' of [Fe(CO)(NO)=
(P{CgH5)3)2(CH3CN)I*PFg-. The same probedure was

followed for k=8r- and I and the same results” were

obtained.
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24. Preparatiqn‘of N3Fe(C01(NOI(P(C5H5)3)2 (34)4:

BF4Fe(CO)(NO)(P(CGH5)3)2 (0.050g, 0.069 mmole) was
added portionwise to (P(C5H5)3)2N+,N3' salt (6;609; 0.10
mnole) dissolved in acetoﬁiiri]e (Smj);" The neutral
azide complex précibitated spontaneously as a light brown
crystalline solid. The reaction mixture was left to
stand for 3 minutes then cooied to comp1ete crysta]liza—'
tion. These relétive]y. _air-stable Erysta1s Iwere"
filtered, washed with cold acetonitrile andf’dried in

vacuo {43% yieId){ The infrared spectrum matched that

previously reported (136, 138).

IR(CHoCl2) ;v (CO) : 1925(s) em-l S~
v (NO) : 1670(s) cm-l
v (N3g) : 2060(s) em-1

i
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25. Péotonation of 4 with anhydrous HBF4 in the pqeéence
’ . of ekcess tripheny]phosphine and carbon monoxide to

‘ give 9

Anﬁydrous ‘HBFg (0.35 ml, 0.32° mmole) was added
dropwise, at room température,‘to a stﬁrred solutibn of
hydride 4 (0.11g, 0.16 mmole) and tripheny]phogphine
.(0.429, 1.6 mmole) in THF (10 ml1), saturated with carbon.
monoxide {c¢arbon monoxide was passed through tﬁe so]utﬁbn
during ad&itidn). Cation 9 precipitated gradually as a
mixture with sodiunm trifluoroborate. After stirring fbr
thirty minutes, the reaction mixtdre was cooled to 0°C
and the solid was filtered. The yellow-white powder was
washed with éther and sdbséquent]y extracted selectively
with chTorofofm. Afterwards, thehvo1ume‘of the solution
was reduced under Qacuum.untfl a slight crystallization
appeared. The mixture was cooled to 0°C and the
crystallization was completed by adding ether. Theée
crystals were collected, washed with cold ether and dried

in vacuo. The orange cation 9 was obtaiped in 55% yield.

£
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26.  Reduction of cation 9 with (CH3CH2)3BH-,Li* to

form anion 57:

A suspgnsidh of cation 9 in THF (0.0Sé. 0.066 mmole)
was frozen at -196°C under aégﬁn. After addition of the
: required amount of (CH3CHz)3BH-,Li* klM solution in THF,
X 6 equivalents), the temperature was allowed to raise.
As soon as melting occurred, Stirring was started. Gas
evo]ution‘ hegan arand -20°C 'and became- vigoroﬁs at
approx1mate1y O C -as the solid gradua11y solubilized.

The solutions of anion 57 were vellow in colour and those

containing the degradat1on products were green1sh

R(THF) ;v (CO) @ 1920(s) cm-1, 1850(s) cm-t

1395(w) em-1, 1820(w) cm~!

v (NO)Y.:  1550(s) cm-l '
1600(s) cm-1

s

- For gas phase ana]ysis; the cooled reaction flask
Was rapidTy cornected to a vacuum line. Upon warming <o
20°C, evolved gases could be isolated in different bulbs

for subsequent mass spectometric analysis, oOr the gases

3
. P .
i i sl -
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were direétTy passed thrdugh 2 previous]& 'caljbrated
V.P.C. apparatus which was capable of separating H2, Coz,

0p, Np and CHg (molecular sieve column).
~

b}

- In the low températures NMR experiments;-a CHoCl2 +
THF solution of cation 9 in the NMR tube weas cooled to
~78°C and the appropriate amount of" reduciﬁg agent

(CH3CH2)3BH-,Li* was added. Argon was slowly passed

‘through the solution to ensure adequate mixing. The tube

was quickly traﬁsferred- into the probe of the
spectrdmeter, after securing thé tube with a }ap tight
enough to withstand the pressure .dévé1oping as  the
reaction proceeded;

\.
25. Reduction of hydfide 4 with {CH3CH2)3BH-,Li* to form

anion 58 and its reaction with carbon monoxide:
| -

The reduction could be performed in a flask or
directly in the NMR tube as follows. The reduction was
done directly in the 31P NMR tube by dissolving hydride 4
{0.05g, 0.0? mmole} in 4.5 ml of THF. To the stir}edl
solution was added 0.4 ml of a 1M THF solution .of

(CH3CH2)3BH-,Li* (6 equivalents). ‘After stirring one
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-

_hour -at room temperature, the 31lp- NMR of the red so1ut1on

was takenn . A single peak at'$ _-+81 4 in the 31p NMR

spectrum. 1nd1cated comp1ete convers1on of hydr1de 4 1nto

.theAan1on-§§.

»h

. ; ' o
The,red solution graddaliy turned yellow on passing
carbon monoxide through the solution during 10 minutes,
1nd1cat1ng transformat1on of anion 58 1nto an1on 57..

- .

As expected, on the basis of an overall -100%

“conversion of hydride 4 into anion 5, the 31p° NMR

- spectrum of the solution showed only two peaks. One

peak corresponding to uncoordinated triphenylphosphine
(6= 5.17 ppm) and the other corresponding to (P{CgH5)3)=
Fe(CO}p(NO)-,Li% 57 (&= + 78.3 ppm), in a ratio of 1:l.

When ueing a limited amount of reducing agent (1.1

equivalent) for the conversion of hydride 4 into “anion

. . ) - . & . .
58, it was necessary to heat at 50°C during 2 hours to

achieve total conversion.

-

The yield of an1on 57 from the reduction of cation 9

Wwas obtained by comper1ng the 1ntens1ty of the v CO at

1920 cm-1 to that of solutions of 57 of known concentra-

tiongs, resulting from the reduction of hydride 4. A
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- " Perkin-Elmer ‘283 éppératu§_ope?atiﬁg‘1ﬁ the absorbance

mode was'used for this burpoﬁe.' .

' 28. Reduction of Hydride 4 Usiflg Na/Hg Amalgam:

Hydride 4 (0.40g, 0.62 mmole) was added port%onwise'

to‘a siifred-}od% excess sﬁdium amangm (6.2 mmolé Na,

4 ml Hg) in 20 ml of 'THE.' The reaction miXture was

étirrgd, at room teﬁperature, for 2% ‘hours. Upon

"filfration' of .the reaction mixture ftaking extreme
~ ’

precautions of excluding-air), a dark red solution of the

sodium salt of anign 58 was obtained.

. IR(THF) 5 v(CO) : 1830(s) cm-1, 1780(w) cm-1
v(NO) : 1540(s) cm-1 - em-1
/ - . .
' ~

29. Formyl Complex 56 (31 NMR and LH NMR)

3

For the 31p NMR, the reaction was done directly in
the ‘tube by dissolving cation 9  (0.05g) in 5 ml of
- CH2C12. The tehperature of the saqlution was lowered to

- .
-78°C and 1.5 -equivalent of (CH3CH2)3BH,-Li* was added.
. ) e ’
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The -temperaturé was maintgﬁned - around - -EQﬁQf;untiT
transferred into the probe of the, spectrometer.  The

'31P. NMR sthed‘. the . fotmafibn " of the = formy]

. (P(CEH5)3)2(NO)(CO)Fe~CHO 56 ( & = +64.3 + 0.2 ppm at

50°C) with some cation 2 remaining (the‘ratio_of 56/9 was
S ‘ ~
approximately 3). Decomposition started to appear around

-40°C followed by fast decomposition at about ~30°C.

. The samples for 1H NMR were prepared simf]ar]y. The
1y NMR'éhowed conclusively the formation of the formyl'éﬁ
with & = 13.5 ppm and (triplet) J(P-H)=10 Hz.

©30. Fe(CO)(NO)(C3Hs5)(P(CaH5)3) 60 prepared from hydride

4:

Ll .

To a stirred solution of i'(O.SQ, 0.78 mmole) in

- -

5 ml of THF was added 1.3 equivalent of (CH3CH2)3BH-,Li+.
After stirring at Teast 2 hours at 50°C, the temperature

of the dark red solution was brought to room temperature.

.
LR
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ATy brémfde‘(lf3 equivalents) was_adde¢ to the aniph
. and the solution was ‘st}rrgd for -5 _Minupgs. After
: evaﬁéraﬁ{On under reduced pressure the ‘proquct- was
'chEOmaﬁographed on alumina prepared in hexahe.. |

”

Hexane:benzene. (1:1) eluted Fé(CO)(NO)(CsHs)(P(C5H5)3)

60 in 63% yield (176). - S I~
' . . a

- Note: The atumina used. for chromatography is a product

from Merck (Al203 90, rqctiﬁify- II-I11, neutral,

70"‘230 mESh A-.S.T.M.. )'-.

-

\31-' (P(CgH5)3)Fe(CO)2N0- 57 prepared from hydride 3

and its reaction with allyl bromide: ’ - A

Trifluoroa;etic acid (0.38 m1, 0.57g, 4.9 mmole) waes
added Hropwise to a stirred solution of Fe(CO)3NO-,Na* 1
(1.0g, 4.4 mmole) and triphenylphosphine (1.35g; 5.2
mmole) in 100-m1 of ether at 0°C (water-ice bath). After
the addition was completed, the react%on mixture was
stirred for 2 minutes and 1.5 . equivalents of
(CH3CHp)3BH-,Li* (7.7 ml of a 1M THF solution) was
added.. Gas evolution occurred and the solution became
slightly red. After stirring for one minute, IR of the

solution indicated formation of the anion 57.
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Al

\ -Kddigioﬁ of 1.3 équﬁva]ehts.of allyl bromide to the

" above solution of anion 57 or to a solution of anion 57

. prepared directly from- cation § or by Na/Hg amalgam -

reduction of i& afforded a 3:5'(based on IR abéqrptions
intensities) mixture of allyl (C3H5)Fe(CO)(NO)(P(0555)3).
60 and (C3Hs)Fe(L0)2(NO) 62, after-'stfrring for 15
hours. -An intermediate (pﬁpbabTy'thé &al]yl).was formed
as soon .as the allyl :bromide‘ was added. It evolved

gradially into 60 and 62. B .

v

32. Preparation of CH3COC3HaFe(CO)2NO (184):

_'Some.acyT'deriQatﬁves of cobalt are recognized asg
1mportant. intermediates in hydroformylat{on and related
carbonylation reacfions (90).* It was worthwhile to Study
analogous systems sihce anion 1 was readily available.

The following preparation was modelled on those of Ofsuka
and Nakamura (183).

Fe(CO)3NO-,Na* (3.9g, 2 x 10'2‘mo1es) was dissolved

in 200 ml of THF and 1.35 Titer of gaseous allene was

introduced into the yellowish brown solution at  0°cC.



. . 185

1

3.7 m1 of CH3L was added dropwise at 0°C and the reaction
mixture was sTowTy. warmed ub. to_ room temperature and
stirring was maintained overnfght,A LR oflthe solution
indicated the absénce ﬁf”any ﬁétalateg;_ After filtration
and evaﬁoratioh under reduced pressUré the prdducf"Was.
.chromatogfaphed.oﬁ aluminum (Merck: Al203 90; activity
1I-111, neutral, 70423p-mesh3A;S.T.M;) prebareébih hexahe
and . e]uted. with. benéené. ~ Upon evaporation of';tﬁe
so1bént, a dark red oi1’was obtained in 30% yiéTd (184).
Mass spectro§c0PY__fndicated (m/e)*+=225 and peaks’
corresponding‘to 3gccessive loss of two éO'and‘NO. |

IR(THF); v (C=0): 2050(s) cm-1, 2000(s) cm-1

v (€C=0): 1685(w) cm-1
v (NO)- : 1775(s) cm-l

H NMR : TMS internal referencé, solvent CD2C1, (37°C)
or CD3COCD3 (-60°C)

s (H1) = 3.55 ppm, singlet
8§ (Ho) = 4.67 ppm, singlet
6§ (CH3)=

2.17 ppm, singlet

Q

£,



Infrared Spectrum of Selected Complexes

In The v CO and Vv NO Region
(Recorded on Unicam SP 1100)
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Fe(CO)3NO=, Na* in THF
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~dependency on the protonation of the anion

~ CLAIMS TO -ORIGINAL RESEARCH

Synthesis of two new hydrides: - -
a) HFe(CO)(NO)(P(CgH5)3)2 .
b) HFe(C0)2(NO)(P(CgHs)3)

1) - _
R

The reactivity of iron nitrosyl hydrides pbwards
supstituticn;-it'was shown that the NO ]jg}nd induces-
a greater accessibility to the coordination sphere of

the metaJ;

-

- -

Recognition for the finst. time of the solvent

Fe(CO)3NO-,Na*. = .

6)

‘A new route to the cation [Fe(CO)2NO(P(CgH5)3) 21" BF4-
- g ..‘ :

First recognition of the instability of iron.nitrosyl ' -

fragmentation into¥new monometallic. cogpounds. - -

@

i

was developed. . : 3 >

*

dimers with respect to ligand redistribution and .-

- Cs

Synthesis‘Of the new hiah]y'réactive “pseudo T

coordinatively" unsaturated complex

[LFe(CO)(NO)(P(Ces)3)2l¥ BFam.
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' -
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13)

-Synthes1s of the new aceton1tr11e comp1ex.:

T ¥ 2 T

[Fe(c0)(N0)(P(C5H5)3)2(0H3CN)]+BF4

Denonstrat1on of the h1gh lability of the aceton1tr1Te
11gands in methates1s reactlons. ) '

-

First study of- the reduction of the iron nitrosyl

cation [Fe(CO)z(NO) (CsH5)3)2]+BF4 with H-.

.-

Synthesis of thé/hew anions (P(Celi5)3)Fe(C0)2(ND)}"~

and P(CeH5)3)2Fe(CO)(NO)~ in solution.

e

// * - . .- v - T ]
Characterizdtion in solution of the formyl complex

(Pfc5H5)3)2(N01(c0)Fe;CHo.'

First investigation of the ion pairing phénomena
observed for the iron carbonyl nitrosyl anions
Fe(QO)x(NO)(L}y‘ (x+y=3} in soiutions.

v o< . . -

Synthesis of the new acy! derivative-

‘ !
CH3COC3H4Fe(CO)2NO. . I {‘






