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The first part of this study describes the substitution
reactions of various metal carbomyl derivatives with phemyl-
isocyanide, Qualitative studies of the substitution of hale-
mangenese carbonvyls have shown the ease of substitution to |
increass in the order iodide, bromide chloride. Complete
atopwiae replacement of the carbonyl groups in bromo-penta-
carbony lmaongancse has been achioved by variation of the
reacticn solvent and temperature.

Similar substitution reactions with the eyclcpentadienyl
metal carbomyl halides of iren and molybdenum have also shown
the degree of substitutiorn te vary with the electronegativity
of the halogen used. Reduction of the mono substituted iron
gomplex; iodo=carbonylphenylisocyanidecyclopentadienyliron
has been found to give a dimeric complex comtaining a 'brideing’
isocyanide group similar to the well esteblished 'bridging'’
carbonyl groups of metal complexes.

Substitution reactions of methyl and phenylmanganese=
penfacarbenyi with phenylisocyanide have been found to give
a mixture of mome and di-substituted derivatives of dimanganese
decacarbonyl. This is in contrast to the reactions of the
pentacarbonyls with carbon monoxide and amiae@w whi@h @re

reported to give the scetyl and benzoyl d@yivatﬁvego



The isocyanide analogues of tricarbonylcyclopenta=
dienylmanganese and di(carbonylcyclopentadienylnickel) have
been symthesised.

The second part of this study describes the various
attempts which have beon made to prepare heterocyeclic
derivatives of metal carbonyls, inwhich the heterocycle is
bonded to the metal in an analogous manner to the bonding
in metal~T{=cyclopentadienyl compounds. Reaction of
2-methylpyrrole and manganese carbonyl has been found to give
tricarbonyl=2-methylpyrrolylmanganese. Pyrrolyl potassium
has been found to react with iodo-dicerbonylcyclopentadienyl.-
iron to give pyrrolylcyeclopentadienyliron. Unesuccessful
attempts were made to prepare the pyrrole analoguefof

farrocone and nickelocane.
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dince the discovery of the firut metal carbonyl,

_ : 1
nickel tetracarbonyl, in 1688 by Mond and Langer, the

chemistry of metel carbonyls has expanded into a large

field which has engaged the interest of experimental

293 7498
and theoretical chemists alike,

They occupy an

unusual place in %the matal complex field chiefly becausse

of the avility of carbon monoxide to form stable complexes

with transition metals in their lowest oxidation staten.

The resulting complexes, which are listed in Table 1 are

electrically neutral, diamegnetic, except for vanadium

hexacarbonyl, and guite volatile,

71

f .
Gyoup VII

Group V | Group V Group VIII
v(co), cr(co), | Fe(C0), lﬂi(ﬂﬂ)ﬁ
'{Mn(co)ﬁj2 Fe, (COJg [CO(CO)@]aé
[Fe(c0), ]y | [Colco)y ],
Mo(CO), [7c(C0)g ]| RulCo), ?
Ru{CO), [Rh(CO)%jzi
[Ru{co), J; | [Rh(co)a]n;
[an(co)xijn
W(CO)g 0s{CO)g
[Re(C0)4 ], {1r(co)y )y |
085 (C0), [Ir(co)a]né
TABLE I.
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Structure

In the metal’ carbonyls the metal atom normally
attains the effective atomic number (E-A.N.) of the next
inert gaaf This rule impliea that all such compounds
are inner orbital complexes, the inner d corbitels of
the metal always being completely filled or used in
UébondingT This tendency of the metal to sttain an inezt
gas configurﬂtion e shown in table IY for carbonyls of the

firast transition series which oblain %the E.A.N. of krypton.

Ketali Atomic Carbonyl | Numbar of Electrons |E.A.N. |
Humbher Donated by GO ?
groups.
Cr 24 Cx{CO)q 12 36
Fe 26 Fa{CO), 10 36
Go 27 Co, (COJ, 8 36
Ni 28 Ni(C0), 8 36
TARIE TI

SEN T SR ST R AN 8

The stereochemiatry of covalent complexes is &
-result of the formation of hybrid bond orbitals. This

is most clearly seen in the case of nickel t@tracarbonyls
which hee been shown by electiron diffraction studles to
‘possesg a tetrshedral structura? The Ads and 4pmorbitals

of the metal atom ere hybridised resulting in four



equivalent 8p® hybrid orbitals directed towards the corner
of a tetrahedron. Eéch carboﬁyl group férma & c” bond with
these orbitale whilst the overiap of the metal 34 orbiials
and suitable orbitals of the cazxbonyl group”enablas?{~bonding
to occur. The octahedral atructuraa ef the hexacarbonyls of
@hroéium, molybdenunr a2nd tungsten are a result of @& ap®
hybriéizationy The siructure and hybridization of iron
ponta#arbonyl is of perticular interest because of the rers
occurrence of penta~coordinated complexes and the axistence
of two egually probable structurss, trigonal bipyramid and
tetragonal pyramid, bwoth of which can result from‘dap3

hybridigaticn,. The foramer structure is favoured by eleciron

diffréctian; Reman and infraved spueiroscopic atudiea.gsiz
& wide wariety of polynuclear complezes occur in ths

mebal carbonyls. Infrared apectroszcopy has provided a

powerful if not infallable methed of structural investiga-

tion of such compounds. The elucidation of the structure

of iron anneacarbon&lis (I) and the subsequent assignment

of a bend in the infrared at 1829 ca.”t to the tbridging' or

ketonic carbonyl14 ded to further investigation of similar

compounds. Cobalt octacarbonyl has been shown to have ftwo

18
bridging carbonyls and six terminal carbonyls. The othex



dimeric carbonyls, dimanganese decacarbonyl (II) and
dirhenium decacarbonyl, have however nearly regular octa-

. 18
hedral coordination.

' O 0
c o : -
\\c\ e BN ; c*
oC \ <o l/// ////
N\ / NS S |
OC ~—F'¢ —Fe ——CO oc Mn M co
ce / \C/ ~0 r\/a ,/]
i oY ¢ o ¢
0 o 0
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Whereag the bridging carbonyia absorb in the range
1750 to 1850 em.” in the infrared, which is similar %o
normal organic ketone groups, terminal carbonyls genei&lly
absorb in the range 1900 %o 2100 cmowio Variations of the
terminal carxbonyl stretching frequencies are howe#er observed
when the carbonyls are substituted by ligands. The donation
of electrons by the ligand to the metal atom causes & formal
negative charge to reside on the metal atom which it tends
to dissipate in accordance with Pauling's electroneuntrality
principle. This dissipation of charge may occur in two

ways; either by back donation of the 3d electrons of the

metal %to the entering ligand or by increasing the bond order



&1

in the metal carbonyl system. The latter effect reaﬁlté

in a lowering of the carbonyl stretching frequency in the
infrared and is at a maximum when the ligand has iittle or
no ability %o accept back donation from the metal. When

the ligand has orbitals available for acceptance of d
electrons, the trend is reversed and the carbonyl frequencies
are shifted to a higher value. This is illustratéd in

A 109
table III.

cm.<1
Compound 2100 - 1900 1700

Py Mo (CO), . :
(PPhy )4 Mo(CO), v
(48Phy )5 Mo (CO), ] | :
(SbPhy )5 Mo (CO), C

(Pcl, )Mo (CO)g e

(PhPC1, )Mo (CO), oo

(Ph, PC1)5M0(CO), , '

(PPhy ), Mo (CO), ' )

TABIE III

MEBEETTZIR



Substitution Reactions in Hetal Carbonyls.

Reactions of metal carbonyls fall into two main
categories; displacement of carbon monoxide without changeb
in the oxidation state of the metal stom, and displacement
with disproportionation. The Yormer type is‘more common
and has been effected}by~a variety of ligands, e.g.
phosphinés, amines, hydrocarbons etc. Thia work, and hence
this review, is concerned principally with such reactions

of metal carbonyls with isocyanides.

Isocyanide Derivatives of Metal Carbonyls.

Isocyanides together with carbon monoxide are anong
the very few substances with a lone pair of electrona on
a carbon atom. Their structure can be considéred to be
a hybrid of the two resonance siructures (III) .and {(IV).

Structure (III) 4i& in agreemanﬁ with 2 bent molecule and

— (+) ()
R-«N=2¢C R =~ N=C
. (111) (1v)

structure (IV) with a linear molecule. No evidence is
available on the linearity of the aryl isocywdﬂes}.
However measurements of the C-H-C angle in methylisocyaunide
show the molecule.to be linear which suggests that

132
structure (IV) is the more important,



The lone electronm pair on the carbon atom and the
ability of the cerbon atom to accepﬁ back dénatiqn of
d-electirons enablee 1socyanides to act as ligends in a
similar manner to carbon monoxide. “An exact paralielism
with carbon monoxide is however nct observed. This may be
attributed to the leaser selecivonegativity of the nitrogen
atom in isocyanides in comparieson to the oxygen atom in
carbonyls. This results in the relative favouring of

structure (VI) over structure (V) in the metal isocyenide

complexes. (-) (+)
M = € = ¥ - R ¥ - C=F§ - R
(¥) (vi)
In the matal carbonyl complexes, structure (VII)‘pra&omin&taﬁ
over structure (VIII). () (+)
H = C = 0 ¥ « C = 0
(viz) (VIII)

Thus isoccyanides tend to stebilize low valency siates,

but to & smaller extent than carbon monoxide.

Displacement by Isocyanide without Change in the Oxidation

State of the Metal Atom.

Ths preparation of isccyanide derivatives of nickel

18

carbonyl by Hicter wag the first of many reactions %o

demons$rats the similarity beiween carbon monoxide and
5



isocyanides in me tal complexes,

Complete replacement of carbon monoxide from
unsubstituted metal carbonyls occurs only with nické;
tetracarbonyl, and even in this case aryl isocyanide must
be used. With methylisoecyanide the reaction atops to'give
tris{methylicocyanide )carbonyl nickel,

ﬁith iron peniacarbonyl substitution of up ﬁo two
moles of carbon momoxide cccurs to give bis(isocyanide)
tricarbonylironi9 Replacement of the two carvonyls by one
mole of ethylisocyanide and one mole of methyliaoéyanida
vields the seme complex irrsspective of the order of uss of
the different isocyanides. This shows that‘the isocyanide
ligands must be in eguivalient positions. Recent evidenceiio

further suggests thet they are in itrans positions %o each

other (IX)
(co),
R Fe
|
C §
¢
N
o _ -
Fe co o :
Oc/ U\/
' ‘ R
c ¢
i ]
R fe
(CO),
1 A
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An intereating derivative (X) of irea pentacarbonyl
has been prepared using para=di~iaocyanobenzenef9 Attenpis
Yo preopare the moncmeric tricarbonyl derivative did not
succeed due to the linecarity éf the‘ai»iaocyanide molecule.
Dizplecerent of only one carbonyl grovp by isocyanides
from ths hoxacurdonyiz of chromium, molybdenum and tungsien

‘ 20
has bheen schisved.

ﬁighér substitution dsrivatlives of
chromium and molybdenum carbonyle have been iaola?@d Ly
replacenent of other ligande from carbonyl complezes e.g.
the replacemsnt of the arene group from cyclah@ptatzien@
tricarbonylchromiue by iéosyanide giveas tris(phenyliscoyenida )
txicaw%onylehrcmium?i

Ho displaconent roections with dimeric carbonyl
without change in the oxideiion siste are kunown. The spacial
case of cobsl? cavbonyl is discussed later.

The inconplete pubstitution of the meial carbonyls
is due to the increassing strength of the metal-carbonyl bond
on introduction of a pvsrer slectron accepting ligand. This
is shown by the higher temﬁératura required before replacemsnt

of a second carbonyl group with isocyanide from iron pentsa-

carbonyl.



Displacement with Disproportionstion

‘This occurs in the reaction botween cobalt carbonyl
and isocyanide. Originally the product of the zreaction wes
repox‘tedgaan veing [Co(CO)(CKALkyl)y ], or Co, (CO)y (CHALlky1), .
This was.mﬁbaequen@ly disprovadas and the complex identified
as [Co(co)é]o[Co(GNR)a}4 by the resction of sodiocobalt
tetracarbonyl with pentaisccyanide cobalt(I) lodide to give
an identical product to that isclated from the subetitution

reaction.

Isocyanide Complexes of Transition Elements.

The transition slements of Groups VI, VII, and VIII
gencrally form mors then one type of isocyanide derivative
cérreaponding to the verious oxldation states. Lower
valoncy sitate derivatives are usually preparad by treatment
of the wetael szlis with isceyasnide and a rsducing agont.

Table IV gives the lowest valency state derivatives

Group VIA | Group VIIA - Group V1II

Cr(CHNR ), Mn(CNR),I [Fe(CKR),Cl, Co(CNR)zsI Ni(CNR),

to(clm)‘, Ru{CNR),Cl, Rh(CNR);I Pd(CNR),

(CNR)g Re(CNR ) I Pt(CNR),
TABIE

SINT IS IR IR NS ER 6N
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The Group VIA derivatives“ ma’asare stable
crystalline complexes akin to thsir carbonyl analogues.
The univalent manganese complex on oxidation yields the
divalent Mn(CNR)s++ cationﬁ7 The.compounda obtained by
direct reaction of iron(II) salts snd isocyanide contain
at most four molecules of isocyanide, the heiaisocyanid@
derivatives are obiained by alkylation of hexacyanoferrates.
The higher valency state derivatives are generally

formed by the alkylation of complex cyanides. An excellent

2
review covers all these compounds comprehensively.
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Cyclopentadienylmetalcarbonyls.

Intensive research in the decade following the
discovery of ferrocene'(XI,.M = Fe) in 195129,30 resulted in
the synthesis of numerous organometallic compounds inéorporating
the large majority of transition elements. Dicyclopentedienyl
compounds of the type (CyHg ),M (XI) are now known for all the

33
metels of the firat trangition series from $itanium to nickel.

©

M

XI
Carbon monoxide was found to displace one cyclopenta-
a2
dienyl group from dicyclopentadienyl vanadium (XI, M = V) o

give the correspending tetracarbonylcyclopentadienylvanadium.

v n Co
3'1;7\Q>\QA C//; \\C C// \\C
0 % 8 o o 8 0 0 o

XI1 XIII v
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Shoftly aftefﬁards the corresponding cyclopenta-
dienyl derivatives of cobalt carbonyl“,?4 (XIV) and manganese
c»a.rbom,r?l.a':s’a5 (XIII) were prepared in a similar fashion.

Tricarbonylcyclopentadienylmenganese (XIII)is the most stable
of these compounds, and where&a further itreatment with carbon
monoxide of dicarbonylcyclopentedienylcobalt (XIV) leads to
cobalt carbonyl,the mangansse complex (XIII) does not readily
react further with carbon monoxide.

Tricarbonylcyclopentadienylmanganese (XIII) has been
shown%eto undergo electrophilic substitution reactions typical
of an aromatic system. Competitive experimenﬁséé have shown
that compound (XIII) and tricarbonylmethylcyclopentadienyl
manganese (XV) possess a higher reactiviiy than benzene in
electrophilic substitution reactions.

The search for alternative routes to dic&clopenﬁ&m
dienyl complexes resulted in the discovery of other compounds
containing only one cyclopentadienyl group bonded to a
transition metal. Wilkinson  in an attempt to prepare the
molybdenum and ftungsten analogues of férrocene by the reaction
of the metal hexacarbonyls with cyclopentadiene isolated the
dimeric species, bis{tricarbonylcyclopentadienyl metal) (XVI,
M = Mo or W). The chromium anslogue (XVI, M»- Cr) was isolated

38
later using milder conditions.
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Qo

\l

(xv1)

Di(carbonylcyclopentadienylnickel)s9’(XVII) is
obtained from the reaction of dicycloPentadienylhickel and
nickel carbonyl, Prolonged heating causes the reaction to
proceed to the trimeric species.

§i(C0), + (CyHg ), B —= 200 + [C4H,N1(CO)],~»CO + (CgHy )y Ny (CO),

The diwer (XVII) has been reportedqo to react with
diphenylacetylene, losing two molecules of carbon monoxide,
to give diphenylacetylene di(cyclopentadianylnickel} (XVIII),
This suggests that éompound (Xv1I) poa;eﬂaes a ‘folded structurs?,
i.e, with two bridging cerbonyl groups lying in intersecting
planes. |

The only other symmetrical dimeric cyclopentadienyl
carbonyl complazes known are thqse of the iron triad,

v 4

. . 36°%41
[CsHgM(CO), J, - Tron carbonyl and cyclopentadiens resct at
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135° to give di(carbonylﬁpecarbonylcyclopentadienyliron)

a2
(XIX) which has a structure in which the two bridging

4] 0
?\>ﬂ”c

: NaZo )

Ni

. 2 Q0O

. 80
carbonyl groups are coplanar. The ruthenium derivative
. 81
has a eimilar structure unlike the osmium analogue in which

there are no bridging carbonyls.
‘ 0
G A
/\ //
////Fe\\\\\\ //////Fe\\\\\
o ¢ .
8 | 1

XIX

c

The halides derived by oxidation pf the dimeric
cyclopentadienylmetal carbonyls attain their E.A.N by behaving

as covalent compiexes (XX; XXI, XXII).
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Fe Ni

Mo
<7 N 7 I\ / \
C X ¢ |-
o ¢ 0 ix. ) D
0
XX ' ¢ XXII

Arene Metal Carbonyls.

The discovery of 71 -cyclopentadienyl derivatives of
transition metals led to %the re-examination of Hein's polyphenyl-
. , 3 :
chromium complexes by Zeiss and Tsutsui. They proposed

structure (XXIII) for Hein‘'s sowcalled 'tetraphenylchromium

iodide?. The dibenzehechromium cation was also identified, by

; 66 :
Zeiss and Herwig, aes being one of the reaction products and this
was reduced to dibvenzenechromium (XXIV). Evidence for the

. 87
g8ix~fold symmetry of this compound has been repcried.
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XX1II o XXIV

The direct preparative route to the arene chromium
. . 44 %48
compounds 1s due %0 Fischer and Hafnex and involves the
reaction of the aromatic hydrocarbon with chromic chloride
in the presence of anhydrous aluminium chloride and aluminium
pvowder at high femperature. Fischer has axtended this work
to the preparation of the bis-arene compoundes of other
. 487%37%48969 760

transition metals.

Reaction of dibenzene chromium (XXIV) with chromium

nexacarbonyl led to the synthesis of tricarbonylbenzenechromium

51752
(xxv)



A more general method of preparation, devised
88969 53 v LY
independently by Fischer, Ratta and Whiting is to heat
the aromatic compound with chromium hexacarbonyl under reflux
or in an sutoclave under pressure in a solvent such as diglyme:-

diglyme
Ar + Cr(CO0), i ArxCr(C0), + 3C0

It has been ahownﬂ4 that the netal carbonyl residue resulis
in electron Wwithdrawal from the arene system. This causes
decreased reactivity of the arene group towards elgctrophylic
reagents and conversely an increase in reactivity towards

nucleophilic reagents.
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Heterocxglic Metal Carbonyls.

The main hindrance to the preparation of maQy
heterocyclic transition metal compounds in which the
hgterocyclic ring is beund to the metal atoms in a
similar feshion to the bonding in 7V -cyclopentadienyl and
arene metal complexes, is the doncr function ésaociated with
the presence of lone pairs of electrons on the heterc atoms.
This is illustrated by the reactions of pyridine with metel
carbonyle. Pyridine whilst possessing a sextet of Ti-electrons
also contains a lone pair of slectrons on the nitrogen atémo
Reactions with the hexacarbonyls of chromium, mol&bdenumg
and tungsten result in the displacement of up to thres meolecules
of carbon monoxide by e similar number of molecules of pyridine
to form mixed ¢arbonyl pyridine metal complexes in which the
pyridine molecule is bonded to the metal atom by a dative
o° bond.

The blocking of the donor function of the nitrogen
atom iﬁ pyridine by forming the corresponding N-methyl-
.pyridinium iodide, has given rise to salts, such as
[CoH; N'Me][ICx(CO)s "] on reaction with chromium carbbnyléasyas
Pyrolysis of this salt has ylelded tricarbonyl-Cemethyl-

pyridinechromium {XXVI).



20

B,
(:::) ¥

<IN\
c ¢

¢

0
XXvI

Blocking of the donor function of thevnitrogeh atom
in pyridine has aleo been achieved by steric hindrance caused
by substitution on the ring syatema Whiting?o has éhowu that
2,4,6=-trimethylpyridine reacts with chromium carbon&l to give
: tricarbonylmz,4,6~trimethylpyfidinechroaium‘(XiVII)a

Several Ather gyotems containing a heterooycls
bonded to a transition metal have been prepared. Iron
pentacarbonyl undergoaa.displaoemant of two molecules of carbon

monoxide by thiophenedioxides to give compounds of the type

) o 658
tricarbonylthiophenedioxideiron (XXVIII).
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Rovel heterocyciic &erivatives, in which Che
metal atom is incorporated in the heterocycle, have been
isolated from the reactions of iron carbonyls and acetylenes.

The reaction of iron carbonyl with acetylene in
aqueous alcohol under pressure has been reporited by Reppe72
a8 giving a product, C,,H,Q04Fe. This compound was later
reformulatedvs ag C,,HsOzFe, but its structure is not yet
definitely known. The reaction of alkalins solutions of
ircon carbonyl and acetylene wers also described by Reppe
who formulated the reaction product as C,,H ,OzFe,. The
structure (XXIX) of thie compound has been elucidated by
X-ray meaauremeﬂtsa2 of its dimethyl derivative, obtained
from but-2-yne and iron cerbonyly the preseﬁce of the

, 0):1 45
\ ] \ \ .
fregment ~C - CR = CR ~ € ~ in the complex having been shown

74978
previouvsly by Jones et al.
¢ ¢
OC\ L/h\
oc \
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oo 58989771 T76-78
Hubel and his co-workers have

exfensively inyebtigated the reactions of the three iron
carbonyls with a variety of acetylenes, but principally with
phenylacetylene and tolene. These have been found to give

. 890979
two main products with the general formula (CzﬁaLFez(CO)6

77979
and (C,R,}Fe, (CO),, the former having a structure (XXIXa)
related to the butyne-2-complex and the latter a structure as
shown in (XXIXb). Also identified from these reactions were
tropone &nd cyclopentadienone iron carbonyls together with

many other compouhdSvdepending on the acctylene and the

conditions wsed.

0

¢
i -R :
v \“E/b'\‘_‘

/1‘8' CR .
oc N
C=CR
ql

| XXIXa XX'1IXb
Compound (XXIXagR = H) has also been isolated from

B 682 . C
the reaction of iron pentacarbonyl and thiophene. Reactions

of compound (XKIXQ;R = Ph) with dichlorophénylphosphine givew
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7
tricarbonylpentaphenylphosphole1ron1(XXK; R = Ph)

Tetrafluoroethylene and iron pentacarbonyl have
63 .
been shown to react to give compound (XXXI) in which the
iron atom is bonded@ to the organo group by twoo -bonds

OF,, ————(F c©

(,: Fd G Fn
i b3

XXXI
Prior to commencing this woxrk no compounds had

been reported in which the heterocyclic ring system is
bonded %o & transition metal in an analogous manner to the

bonding in T -cyclopentadienyl metal compounds. The only

&4
reported attempt to prepare such a compound wase by Fischer,
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when he found that [Ni(NH, ), ](C,H,N), 41d not undergo reaction
to give dipyrrolylnickel, (C,H,N),Ni, unlike the cyclopeﬁta~
diene derivatiﬁe, [§i(NB, )g J(C4Hy ), which on heating is
converted to e-bia(cyc:hpentadienylnickelf5 Fische: and
afeles‘ found however that thiophene and c¢hromium ca;hohyl
react together to give tricarbonylthiophenechromium (XXXII)

in .which the heteroocyclic residue behaves as a six T{-electron

arene sysfom.

Gr\
o“ ¢ Co
0



TSOCYANIDE DERIVATIVES OF METAL CARBONYLS
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Examination of the structure of isocyanides shows
that they possess several properties which render them useful
as ligands in substitution reactions of metal carbonyls. The
ability of isocyanides to donate & lone pair of electronsffron
an atom of low electronegativity is céupled with the availability
of orbitals on the donor stom. This enables the ligand to
accept back-donation of d-electrons from the central metal atom
resulting in the greater stability of the complexes. Unlike
triaryl phosphines, arsines etc., isocyanides are not bulky
groups. This diminishes possible stereoéhemical problems which
would tend to inhibit substitution of metal carbonyisa Finally,
the presence of isocyanide groups in a metal complex is easily
discernible by their asbscorption in the infrared spectrum around
2100 cm.”' due to the stretching frequency of the C-=*N entity.
This enables further conclusions to be made concerning the
structure and bonding in mixed complexes.

This work describes the results of experiments designed
to investigate the extent of the similarity between isocyanides
and carbonyls as ligands in transition metal compleéxes. Phenyl-
isocyanidelwas used exclusively in these reactions for two
main ressons. Aryl isocyanides are less toxic8 ee than alkyl
isocyanidcsand form metal complexes which are more stable than

alkyl isocyanide metal complexes.
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Isocyanide complexes of manganese
The only.reported isocyanide complexes of manganese
: , o 92 93
are the hexakisisocyanide derivatives of Mn(I) and Mn(II) ,
and the bisisocyanide derivatives of halopentacarbonylmanganese,
, : 86789 94 '
XMn(CO)g, (XXXIII)

The isolation of tricarbonylcyclopeqﬁadienylmanganese

(XiII) suggested the probability of an isocyanide analogue,

XII1

Substitution of compound (XIII) by isocyanide
occurs only under viéorous conditions and gives only.fhe mono
substituted derivatives, dicarbonylisoéyanidecyclopentadienyl
manganese (XXXIV)QB. |

Co@pound (XIII) has been prepared by the reaction of
bromopegfacarbonylmanganese (XXXIII, X = Br) with cyclopenta-
'dienylsodium.a6 This reaction presumably proceeds via fhe
crlbon&;dlihtermediate, pentacérbonylcyclopentadienylmané&nese,

which loses two molecules of carbon monoxide to give the
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=bonued complex (XIII). It was found'tha£ hexakis(phenyl-
isocyanide)manganese(l);;odide (XXXV) also underwent reaction with
. cyclOﬁentadlenylsoulum to give trlq(phenyllgoqy<nlde}cyclopentaaneny}
manganese {(XXXVI), a yeJlow crystalline substance which unlike
the carbonyl analogue does not readily volatilise.
In order to investigate alternative routés to
complexes of this type, the substitution of halomanganeseé
carbonyls {(XXXIII, X = Ci, Br, I) with isocyanide was investigatad.
Hieber et al. have repo_rted5 that'compounds (XXXIII) underge
substitution by e variety of ligands, including isocyanides, to
glve the corresponding disubstituted derivatives Mn(CO)SIQX
(XXXVIL). Cls stg;c?urev wore asqlgned $0 these complexes
by Wilkinson et al. and the absence of any higher substitution
products was explained on the basis of the increased back-bonding
from the metal to the remaining carbonyl groups on introduction
of ligands with peoorer accepior properties. More;:ecently Basolo

20 :
t al. have synthesised both cis and trans isomers of several

o— Votvnn—

disubstituted derivatives.
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Phenylisoccyanide was found to react with bromo-
pentacarbonylmanganese (XXXIII, X % Br) to give bromo-
tricarbonyibis(phenylisocyanide Jmanganess (XXXVII, L aicsﬂgucg
X = Br) using refluxing sthanol as sclvent. This compound shows
&bsofption in the metal cerbonyl stretching frequen&y region
of the infrared at 2053 cm.mi, 2004 cm. ™ én@ 1954 cﬁ'l (gll
strong). This is very similaf té the reported carbonyl absorp-
tion frequency of cis~ bromotricarbonylbis{tri?henylphosphi%e)
manganeseQOE(XKXVIII) fviz. 2053 Cmo~1g‘2000 cmowz'and 1949 cma"1
(a1l strong)] and suggests that the bisisogyanidé derivative has
structure {(XXXVII, L = CgH,¥C).

The uge of tetrahydrbfuran'as ﬁolvent was found to
increase the ease of substitution of brommpentacarﬁonylmanganese
bylphenylisocyaniﬁe. The major ﬁroduct from the rgaction was
found to be bromoﬂarbonyltetfakis(phenylisoéyanide)manganese
(XXXIX). 2 small quantity of bromopéntakis(phényliso@yanid@)
mangénese {(XL) was slso isolated. Excess of compound (XXXIX)
o§er compound (XL} can be explained by the aésignment of
structure (Xhi) t6 the tetrakisisocyanide defiv&tiﬁe. The
Qcarbonyi in this structure is trans to the bromine atom and
s & result is more strongly bon@ed to the mangéneSe atom
than the other original fo#i carbonyl groups due to thé.greater

T{-bonding character of the carbonyl in contrast to the halogen.:
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Gonaequéntly the low yield of the penta-substituted derivative
is not surprising. This result is in agreement with kimetic
stuﬂissas on bromopentacarbonylmanganese which show that one
carhonyl‘group is less labile than the remaining four groups.

In order to investigate the role of the solvent in
this reaction, bromopentacarbonylmenganese alone was heated in
refluxing tetrahydrofuran. Itﬂwas found that & volume of gas
was evolved which was eguivalent to the displacement of four
molecules of carbon monoxide. This suggests that the substitution
ieaction proceeds via an intermmdiata tetrshydrofuran complex
which in the presence of a donor-scceptor ligand reacts further
to give complexes of the type (XXXIX) and (XL).

Kinetic studies . on hale-pentacarbonylmangsnese
systems show that the rates of carbon monoxide exchange decrease
in the order; CLPBr»I. This is explained by the decreasing
electronegativity of the halogen atoms. The flow of electron |

density away from the manganese atom towards the carbonyl



groups is enhanced by a smaller effective positive charge

on the mangaﬁese. Since iodine has the least elecﬁr;ﬁégativity
it renders the manganese the least positive and pfbmdtes~a
nanganese-carbon dduble bond and consequently more carb;n-

oxygen double bond character. This is illustrated by the

L : 97
ebsorption in the carbonyl region of the infrared (Table V)

1

Carbonyl CO Stretching
Halide’ Mode (em®?)
IMn(CO)g - 2056, 2017

BrMn(CO), 2064, 2017

ClMn(CO), 2070, 2016

TABIE ¥

Iodopentacarbonylmanganese (XXXIII, X = I) in which
the carbonyl groupsrpossess more double bond character; absorbs
at a lower frequency than the more polar chloro-de:iyative
(XXXIII, X = Cl1) |

It was found that the iodo derivative (XXXIII, X = I)
reacted with}phenylisocyanide to give iodaearbqnyltetrakis
(phenylisoqyanide)manganese (XLI); The pentagaﬁbstituted
derivative was not observed in contfast to the Teaction of the

bromo derivati?a.
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Chloro-pentacarbonylmanganese (XAXIIL X = Cl) under-
went complete substitution by pﬁenylisocyanide to give hexagis
(phenylisocyanide Jmanganese chloride (XLIII). Conductance
measurements show this compound to be a ;giaalectrolyteg, The
corresponding hexakis(phenylisocyanide )manganese lodide (XXXV)

has been pfepéred from the Mn* '

. g2
equation: :

salt according o the following

2MnI, + 12CgH,NC —~Mn(CNCgHy )gI + Mn(CNCgHy )y Iy
4s none of the lower substituted derivatives of
brome-pentacarhonylménganeee vere found, alternative iqutee
to such complexes were sought.
Molybdenum hexacarbonyl has been shownée‘to erm
tri-substituted derivétives via aen intermediate etherate (XLIV)

of diethylene glycol dimethyl ether (diglyme).
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Phenylisocyanidé and bromo-pentaearbénylmanganese
were found:to react in the presence ofﬁwarm'diglyﬁe to givé_
bromo-dicarbonyltris(phenylisdcyanide)manganeae (XﬁV)e That
this reaction proceeds vias a simil&r diglyme compiex is |
supported by the evideﬁce that & voliume of gas equivaleﬁt to
thé displacement of three molecules of carbon monoxide is
evolved when the halo-carbonyl is heated in diglyme.

97
al has reported the synthesis of tis(bromo-

—

Wilkinson et
tetracarbonylmanganese) (XLVI), and assigned a structure in
which there are two bridging halogen atoms bonded %o the

manganese satoms.,

oc

XIvI

. 07
Substitution reactions of compound (XLVI) are reported

%o yield the disubstituted derivatives (XXXVII; X = Br) of bromo-
pentacarbonylmanganese when carried out in refluxing ethanol.
It was found however that at room temperature phenylisocyanide

reacted with the dimer (XLVI) to give bromo-tetracarbonylphenyl-
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1aocyaniﬁemanganeae(XLVII). This illustration of the ease

with which thé halogen dative bond is broken is in agreement
with the reactions of éeveral other dimeric compounds containing
similariiy bonded halogen atoms. e.g. bis~dﬁloroCethylene}~wu*~
dichlorodiplatinum?i bis(dimethylaluminium‘chlorida)to0

Formation of substituted derivatives of halopenta«
carboﬁjiianganeea suggested possible routes to substituted
derivatives of dimanganese decacarbonyl. -Bfomo-pentacarhonyl-
manganese has been shown to react with a variety of éndium salts
of metal carbonyls to give the corresponding mixed metal
darivativeafo1 Bowever attempted feactﬁan of the pentakis (XL},
tetrakis (XXXIX), end bis (XXXVII, L = CgHyNC; X = Br) isocyanide
derivatives of the bromecarbonyl with a variety ﬁf réagsnteg
metallic silver, zinc dust, cyclopentadienyl sodium, sodium
borchydride, and esodium amalgam gave either unreacted starting
Qaterialor gumswhich could not be obtained éuffiéiently pur@ﬂ
for analysis-

The results of the above substitution reactions of
halu—pentacarbonylmanganeaéby phenylisocyanide are'suMMariseﬁ‘in
Table VI, |

It can be seen that the complete stepwise substitution
of the bromo compound haa‘béen accomplishedﬂ‘ Comparison with
the prﬁ@ucta from similar réactions of the icdo and bromeo

derivatlges confirms the conclusions which have been made fronm



the exchange reactions

on the»étrength of the

34

. regarding the effgct of the'hqlogen

metal carbonyl bonds.

Cérﬁonyl‘ Reacfion Reaction . Phenylisocyanide'Sﬁbsfitution
Halids Solvent | Temp. Derivatives.
C1Mn(CO),4 T.H.F. | Reflux 'Mn(CNPh)scl_
[Br¥n(c0), ], TLHF. RjTD _ Brin(C0), (CNPh)
Brin(CO), C,HgOH | Reflux Brmﬁ(co)s(cnph)z'
Brin (CO), Diglyme | 100°C Brin(C0), (CNPh),
Brin(CO), T.H,P. | Reflux BrMn(CO)(CNPh)Q
Br¥n(CNPh); .
IMn(CO), T.H.F. | Reflux IMn(CO)(CNPh),
o TABLE VI __ ;

The reactions of phenylisocyanide end methylpenta-

carbonylmanganese (XLVIII; R = CHy) and phenylrentacarbonyl-

-manganesG(XLV;Ilg R = CeHa) have also been exéminedo

Compounds (XIVIII; R = CHy) end (XLVIII; R = CgHy)

have been shown

107

to react with carbon monoxide to give the

corresponding acetyl (XLIX; R = CHy) and benzoyl (XLIX; R = CgHy)

o 102
derivatives, It has been shown

that the entering carbon

ﬁonoxide group does not become attached to the alkyl or

aryl group.
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XIVIII | XLIX

Amines have also been shownw3 to react with the
methyl complex (XLVIII; R = CH; ) in a similar fashion to give
the substituted acetyl derivative. By analogy it waé expected
that phenylisocyanide would also give addition éompounds.
However the products f;om this reaction were shown to Se the
dimeric derivatives; nonaqarbonylphenylisocyanidedimanganese (L)

and octacarbonylbis(phenylisocyanide )dimanganese (L1).
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Isocyanide Derivatives of Cyclapent&dienylmetal Carbonyl

Ralides.

As & result of the findings from the isocyanide
substitution reactions of manganese carbonyl halides it was
decided to investigate similar reaciions of the eyclopenta~

dienylmetal carbonyl halides of iron and molybdenum,

L1I ‘ LIII

Chloro-dicarbonyleyclopentadienyliron (LII, L = CCj;
X = Cl) has Leen sha:wnm{6 to give the ionic derivative (LIII,
L = CO; X = C1) on treetment with carbon monoxide. Treatment
of the chloro-derivative with triphenylphosphine alsc gives rise
to the iounlc derivative, dicarbonyltriphenylphosphine-
cyclopentadienyliron chloride (LIIX, L = PPhy; X = C1l). It
was found however that reaction of compound {LII, L = COj
X = C1) witl. phenylisocyanide gaveAfhe cdmpletaly substituted
lonic complex; tris(ph@nylisacy&nide)cyclopentaaienyliron

chloride (LIV). The higher substitution of compound
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(LII, L = CO, X = C1) with isocyanide may be attributed to
the greater donor-acceptor properties of this ligahﬁ in
contrast to the pﬁosphine ligagd.

The bromo-derivative (LII, L = CO3y X = Br) was
found to react with phenylisocyanide to give the covalent
compound 3 bromo-bis(phenylisogyanide)‘cyclopentadienyiiron
(LV). Iodo-dicarbonylcyclopentadienyliron (LII, L = CO,

X = I) was found to undergo substitution by phenylisocyanide

to give a mixture of the two covalent derivatives 'ioda—
bis(phenylisocyanide Jcyclopentadienyliron (IVI) and iodo-~
carbonylphenylisocyanidecyclopentadienyliron (LII, L = PhKNC,

X = I), the latter being the major prdducts. This is in contrast
to the reaction of the iodo derivative (LII; L = CO; X = I)
with triphenylphosphine where the two products obtained are

the addition complex (LIII; L = PPhy3: X = I) and the mono~
substituted derivative (LII; L = PPhyy X = I)g

Similar results were obtained in the, molybdenum
series. Phenylisocyanide replaced three molecuiés of carbon
monoxide from chloro-tricarbonyléyclopentadienyIMO;ybdenum
(XX; X = Cl) to give chloro-trisjghenylisocyanide )cyclopenta-
dienylmolybdenum (EVIIL,whereas iodo-tricarbonyleyclopenta~

dienylmolybdenun (XX, X = I) only'underwent replacement of one
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carbonyl group on reaction with phehylisocyanide to give iodo-
dicarbonylphgnylieécyanidecyclopentadienyl molybdanumé(EVIII)
Thé abovéasubstitution reactions show that the cyclo-

pehtadiehyl metal carbonyl halides behave in an analogous
manner in aubatitution reactions to the manganeaé cardonyl
helides, i.e. a decrease in the positive charge on the metal_due
to polarizability of the halogen results in an increase in the
metal carbonyl bonds. Wojcicki and Basolo have obtained éimilar
results from thedr exchange reaction studies in the cyclopenta-
dienyliron carbonyl halide seriesao9

| The mono substituted iron derivative (LII, L = CgHyNC,
X = I) wag also obtained from the reacﬁion of the phosphine
complex (LII, L = PPhy,3 X = I) with isocyanide. The reverse
process viz., replacement of isocyanide from compound (LITj
L = CgHyNCs X = I) by phosphine failed %o occur. Isocyanide

was also found to displace phosphine from bromp<ricarbonylbis-

(triphenylphosphine )manganese [XXXVII; L = PPh,; X = Br|
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to give the tétrakieiaocyanide derivative (XXXIX). These
recactions ahow.thét the phosphine ligand is more readily
replaced than carbon monoxide or isccyanide from such_miiéd
complexes. |

Reaction of the phosphine complex (LII, L = PPhys X = I)
vith sodium borohydride has beenreportédm1 to lead to the |
etable hydride (LII, L = PPhy3 X = H). The stebility of this
complex 1s in contrasi to the instability of the unsubstituted
hydride (LII; L = CO, X = H) which readily decomposes to give
the dimeric cérbonyl derivative (XIX) and hydrogen?oc; It was
found that treatment of the monoisocyanide derivative (LIIy
L = PhNC3 X = I) with sodium borohydride undef gsimilar conditions
gave rise to several products. Togetﬁer with ferrccene (X1,
¥ = Fe) and di(carbonyl-p-carbonyl-cyclopentadienyliron) (XIX),
there was isolated‘a red cfystalline complex which analysed
correctly for (CgHg; ),Fe, (CO)y (CNCzH; ). The infrared spectrum
of this complexﬁﬂmwed absorption in the terminal carbonyl
stretching frequency région at 2004 cm‘,"1 and 1949 cm,m1 and
also strong absorption &t 1795 cm.,"'1 and 1704 cmc-i. The band
at 179% cm.~ has been assigned as due to the presence of a
bridging carbonyl group Dy analogy with several other metal
complexes containing bridging carbonyl groups. The peak at
1704 ému.ﬂ is thoughi to be consistent with the presence of a

bridging isocyanide group. Consequently structure (LIX) has
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been assigned to this compound

Li1X

By analogy with the unsubstituted dimer the isocyanide
complex (LIX) should possess a structure with the carbonyl group
and the isocyanide in the same plane. »X~ray measurémen&a, which
are currently being recorded, should provide definite proof of
such & structure. It has long been thought that isocyanide,2
might behave in e similar faéhion to carbon monoxide with respect
to its ability to form bridging groups with transition metals,
This complex is the first however to be reported containing a
bridging isocyanide group.

Alternative routes %0 this derivative were sought by
reaction of the moncsubstituted halide (LII, L = C4HgNC; X = I)
with sodio-dicarbonylcyclopentadienylircn (LII; L=C0Oy; X=Na) and the
attempted substitution of the dimer‘(XIX) with isocyémiden The
former reaction gave unchanged iodo~complex and the dimer, and

in the latter reaction the dimer was recovered unchanged-.



This result was not unexpected in view of the stability of
the dimer e.g. it may be crystallised from boiling pyridine,
An attempt to dimerise iodo-bis(phenylisocyanide)
cyclopentadienyliron (ILVI) with sodium borohydride gave
ferrocene as the major product and also very small guantities

of gums which could not be identified.

Isocyanide substitution reactions of carbonyl derivatives of

chromium and molybdenum.

- Bicyclo[2:231]hepta=2;5-diene (orbanadiene) has
103
been shown to react with molybdenum carbonyl to give complex

(1x). It was found that reaction of this complex’with

% :
//'&q\
'oC/ \c:O
o¢ Co
X

.phenylisocyanide led to displacement of the hydrocarbon

residue by isocyanide to give tetracarbonylbis(phenylisocyanide)

molybdenum (LXI).



42

An attempted Buhstitution reaction of dicarbonyl
tropyliummolybdenum iodide (LXII) with phenylisocyanide led
only to decomposifion of the starting mate:iain
A series of reactions was attempted Cesignéd to
synthesise the isocyanide analogue of tricarbonylbenzene
chromium {XXV). Direct reaction of complex (XXV) and
phenylisocyanide resulted in unchanged starting material.
Phenylisocyanide was found to react readily with tricarbonyl-
cycloheptatrienechromium (ILXIII) displacing the hydrocarbon
residue to give tricarbonyltris(phenylisocyanide)ch:omium
(LXIV). Several other isocyanides have been founa’ ®® to
react in this fashion with compound (LXIII).
| No reaction was observed on heating the mixed
carbonyl isocyanide derivative (LXIV)in refluxing 1,3,5~
trimethylbenzene in contrast to the reaction of the unsubstituted
carbonyl which gives tricarbenyl 1,3 5-trimethylbenzene {LXV) chromium.
Displacement of isocyanide from hexakis(phenyliso-
cyenide)chromium (LXVI) by cyclohepta-1,3,5-triene was found
to be equally difficult and no reaction occurred even on

raising the reaction temperature to 165°C.
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Isocyenide substitution reactions of Cobalt and Nickel

derivatives.

An unsuccessful attempt was made to synthésiaé the
isocyanide anslogus of dicarbonylcyclopentadienylcobalt (XIV) by
the reaction of pentakis(phenylisocyanide)cobalt iodide {IXVIZ)
with cyclopentsdienyl sodium. Extensive de@ompoaition ccouryed
and the presence of a metrl isocyesnide complex was not observed.,

The preparaticn of (CO); Ma-Co(¢0), (LXXXIV) has
recently been repbrteduaOﬁ An attempt was made %o prepare an
isocyanide derivative by reaction of'ﬁhé cobalt complex (LXVII)
with sodio-pentacarbonylmanganese. The malor prodvet from this
reaction wes manganese carbonyl. A brown gum was also oblained
which showed characterimﬁic abgorption peaks in the infrared
of ismocyanide and carbonyl groups., Attempts to purify this
product proved unsuccessiul. B

An unsuccessiul substitution resction was obserxrved
when sodio-tetracaerbonylcobalt and phenylisocyanide were heated
at 65°C. Treatment of the reaction mixture with iodomethane and
chromatography did hot yieldlany netal isocyanide'derivativa¢

'Reaction of bis(p-carbonyl-carbonylbicyelo-[2,2,1]~
hepte-2,5-dienecobalt) (IXVIII) with phenylisocyanide caused

decomposition of the starting material and did not yield any

stable isocyanide complex.



44

The labile nature of the cyclopentadienyl groups

in dicyclopentadienylnickel (XI, M = Ni) is shown by the
reaction of this complex with phenylisocyanide. Reaction
occurs readily at room temperature to give tetrakis(phenyl~
isocyanide )nickel (LXIX). Hickel tetracarbonyl has been

ahovms9 to undergo reaction with dicyclopentadienylnickel

to give the dimeric carbonyl complex. Reaction of the nickel
isocyanide derivative with dicyclopantadienylnickel glves =8
similer typé of complex, di(phenylisocyani&ecyclopantadienyl~

nickel) (LXX). The infrared spectrum of this complex shows

CRPh
Nimﬂ/

-

e

PhHNC

LXX

=1 '
only one absorption peak at 2174 cm. . This suggests
that the isocyanide groups are not bridging and structure (LXX)
has tentatively been assigned to this derivative. An Xeray

analysis of this compound is in progress.
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During the course of their investigations into the
occurrence of bridging carbon monoxide groupe, as evidenced by
their absorption in the carbonyl strefching region of the
infrared, Joshi and Pauson investigated the possibility of
preparing a dimeric manganese carbonyl derivative containing
two such bridging groups.

It was thought that the subﬁti%ution of mangsnese
carbonyl by arene eygtema night give rise to a di-arene melial
carbonyl complexv(LXXI) in which the carbonyl grouée may bs in
a favourable position to sllow bridging to occur, assuming thab
the dimeric molecule retained a near octahedrél configuration

after substitution.

Og cO Co 0
\ / \ /
o Mn Mn ... ‘ :
AN
LXXI

Substitution of manganese carbonyl by several ligands
has been reported to give disubstituted dimers of the type,
\ 131 %112 '
(CO)gs¥n-Mn{CO)y Ly . Although benzene does not appear

to react with manganese carbonyl, mesitylene has been reported

: 1138 v
in a patent to react to give bis(dicarbonylmesitylenemanganecss



( LXXII). This cbmpound has not beén fully.dharacterised,and
the preparation could not be repeated using éhe few e#periw
mental details provided.

in alternative route to complex (LXXI) appéarsd
poseible by dimerisation of the moncmer, iodedicarbonylmesitylens-
manganese (LXXIII). An attempt wes made to eynthesise compoumnd
(LXXIII) from the ionic complex, tricarbonylmesitylenemenganese

iodida (LAZIV) which is readily formed from the hydrocarbon and

144
halo-pontacarbonylmanganese under Friedel-Crafts conditions,
CHy
g HC
. ; CHy
‘ +
Bin ’i"\\ 1"
c/'l* \T / o '\e
7 s A ',g‘ 3 )
0 0 o 0 0
LXXIXII , LXXIV

Reaction of dicarbonylitriphenylphosphinecyclopenta-
dienyliron 3odide (LI, L = PPay ¥ = I) with trityl chloride
in the presoﬁua'of zinc gives di(@arbonylﬁpucarbonylcyc10pentac
dieﬁylirdn) {XIX) and the covelsnt complex lodo-carbonyltriphenyi-
phosphinecyclopentadienyliron (1II, L = PPhy, X = I)iaio .\
Similar reaction with complex {LXXIV) gave only small yields of

the monomer (LYXIII) and no dimeric derivatives,
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A further route to the dimeric derivative (IXXI) was
next attempted using pyrrole and RAncanese oarbonyli Pyrrole,
G;H,N, is unique in the sense that it could react with metal
carbonyls in the following fashions:

(1) Interaction of the lons palr on the nitrogen atom with
metal carbonyls to give subsiltution type complexes similar to
those formed by pyridine and metal carbonyls, e.g. Mo(CO)s
(c,n,m)afis This type éf reaction is unlikely in view of the
extremely low bascisity of pyrrole’;15
(11) Interaction of the conjugated diene system with metal
ca:bonyls similer tc the reactions of 1,3-butadiene, 1,3-cyclo-
hexadisne, etco;lvﬂlzo |
(iii) Combinstion of effects (%) and'(ii) to behave formally as
a cyclic triene syatem:e.gb thiophene in tricarbonylthiophene-
chromium,

(iv) Replacement of the hydrogen atom attached %o the nitrogen
atom by a metal carbonyl residue to give a aigma-bonded complex
similar to the o'~cyclopentadienyl ring in dicarbonyl-gecyclo-
pentadienyl-?fwcyclopentadienyliron,

(v) Substitution in the a or B position of the pyrrole ring
by a metal carbonyl residue.

(vi) Combination of effects (ii) and (iv) to give a complex im

which the bonding of the pyrrole to the metal is similar to
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that in7 ~cyclopentadienyl complexes of transition metals.

The yellow crystalline material obtained from the
reaection of pyrrole and manganese carbonyl in refluxing ethylene
glycol diethyl ether analysed correctly for a compoumnd of
empirical formula, C,H MnNQ; . Detailed examination of this
complex by infrared, ultraviolet and nuclear magnetie resonance
techniques led to the aﬂeignment121 of structure (IXXV) in
which the heterocycle is bonded to the metal in an analogous
fashion to the bonding of the cyclopentadienyl ring in tri-

carbonylcyclopentadienylmanganess.

@
/TN

0

OG
LXXv

As a result df this work by Joshi and Pauson it was
decided to investigate the possible existence of other
complexes containing heterocycles bonded to a transition

metal in this fashion.
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| The reaction of pyrrole and manganese carbonyl was
repeated in 1oqhzo ligroin to give a slightly increased yield
of complex (LXXV). Thus the choice of reaction solvent appears
to be of little significance.

The reactions of various substituted pyrroles were
investigated. 2~Methylpyrrole was found to react with manganese
carbonyl to give iricarbonyl-2-methylpyrrolylmanganese (LXXVI).
This eompound is 2 pale yellow liquid which decomposes on
exposure to air. Reacfion of pyrrole-2-aldehyde with manganece
carbonyl resulited in extensive decomposition. This may be
due to the inductiive effect of the aldehyde group which reducesz
the stability of the desired complex, tricarbonylnﬁyrrolylon
aldehyd%manganese, and alzo to the loss of symﬁetry. |

That the latier sffect is a factor in determining the
relative stability of these complezes is illustrated by the
instability of compiex (1XXVI) which decomposes on exposure to
air. The more symmetrical $ricarbonyl-2,5-dimethylpyrrolyl-
manganese (LXXVII), which has subsequently been synthesised
in these laboratories, and the unsubsiituted complex‘(LKXV)
appear to be more stable.

A reaction was next atiempted betwesen N-methylpyrrole
and mangsnese carbonyl to investigate the pessible'formatien of
bis(tricarbonyl~N-methylpyrrolemanganese ), bils(dicarbonyl-N-

methylpyrrolemanganese) or the charged complex, %tricarbonyl-N-



methylpyrrolylmanganese. ‘No reaction occurred however and the
manganese carbonyl was recovered unchanged.

As the chemistry of T -cyclopentadienyl complexes is
extensive it was decided to investigate the possible existence
of 71 ~pyrrolyl complexes of other traﬁsition metals.

Cyclopentadiene has been shown to react with the
carbonyls of Groups VI metals to give bis(tricarbonylcyclo-
pentadienylmetal ) complexes. Reaction of pyrrole with
molybdenﬁm carbonyl gave a yellow solution which rapidly
decomposed on exposure to air and proved too unstable to hanale.
Since the reaction medium used was diglyme it seens not unreason.
able to assume the formation of the digiyme metal carbonyl

28
complex {XLIV)

which decomposed on exposure to air.

The synthesis of 17 -cyclopentadienyl metal complexes
haes been facilited by the ready formation of the alkali salts
of cyclopentadiene. Pyrrole alsalreaété with potass um to give
pyrrolyl potessium, C H,N K. ‘The only feparted reaction of
pyrrolyl potassium with a transition metal halide with a view
to preparing 11 -~bonded complexes analogous to T1 =cyclopenadienyl
netal derivatives is by Fi%cher and Ofele.64 They did net

observe any reaction between pyrrolyl potassium and hexammino-

nickel(IL) thiocyanate.
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It was found that pyrrolyl potassium on reaction with
both bis(trlphenylphosphine)nitroayl nickel bromide and bis
(triphenylphOSphine)nigkel bromide caused decomposition. The
only product obtained being triphenylphosphine.

The reaction of pyrrolyl potassium with bromo-
pentacarbonylmangarese (XXXIII, X = Br) in refluxing tetrahydro-
furan however gave complex (LXXV). It is likely that this
reaction proceeds via the O’-bonded intermediate, pentacarbonyl-
pyrrolemanganese which under the conditions employed lost two |
molecules of carbon monoxide to give fhe 71 -bonded tricarbonyl
derivative.

Unsucceseful attempts were made to expand this
reaction to indole. Both the reactions of indolyl potassium
with bromo-pentacarbonylmanganese and indole with manganese
carbonyl gave only starting maferialsa The presence of small
quantities of any products proved difficult to detect due to
the difficulty of removing unreacted indole.

The hydrides of tricarbonylcyclopentadienyltungsten
and molybdenum have been preparedigé by treatment of the sodium
salt from the reaction of the metal carbonyl and cyclopenta=

dienyl sodium, with acetic acid. A gimilar reaction was
attempted with molybdenum carbonyl and pyrrolyl potassium. The

reaction mixture turned yellow on addition of the pyrrolyl salt




\n
%]

to the metal carbonyln Ireatment of the reaction mixture
with acetic acid and carbon tetrachloride gave only molybdenum
carbonyl; suggesting that either the intermediate hydride an&jor
the chloride are too unstable ito isolate.

The reaction of bis(tetracarbonylcobalt)mercury
(IXXVIII) with bicyclo-{2;23ljaheptaoZQSmdien@'has been shown -
to give the substituted dimeric complex (LXXIX). No reaction

was observed when complex (LXXVIII) and pyrrole were heated

together.-

===

\
o

LXXIX
. i2s
Hallam and Pauson have reported that bromo-dicarbonyl-
cyclopentadienyliron (LII; L = CO; X = Br) undergoes reaction
with cyclopentadienylsodium to give a complex (Csﬁs)zFe(CO)z

(LXXX) to which structure (LXXXI) has been assigned.

LXXAX
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A similar reaction of iodo-dicarbonylcoyclopentadienyl-
iron with pyrrolyl potessium as well as giving ferrocene also
gave a small yield of a red crystalline compound which analysed
correctly for (CyHy )(C,H,N)Fe. Structure (LXXXII) has beexn
assignéd to this complex on the basis of the strong ?9,10" bands
in the infrared spectrum and the similarity to ferrocene of its

ultraviolet specirum.

LXXXII

The nuclear magnetic resonance spectrum of this
compound shows three peaks at 4.72%, 5557, and 503513 The
former may be assigned to the « and B protoné on the heterocyclioc
ring. The latter peak has been assigned to fhe protons of the
cyclopentadienyl ring. The orientgtion of the rings with
respect to each other awaits the X-ray analysis&

No complexes wexe isolated from this reaction
corresponding to types (iv) and (v) suggested earlier. In the

separation of the reaction products by chromatography it wés
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noticed that complex (IXXXII) was elufed by ether unlike
ferrocene wh;éh is readily eluted by ligroin. This increase
in polarity in aubétitﬁting é 17 ~cyclopentadienyl group by a
T -pyrrolyl group was also observed ‘in the purification of
tricarbonylpyrrolylmanganeaé which was e;uted by ligr§in!bénzene
whilst tricarbonylcyclopentadienylmanganese is readily'eluted
by ligroin.
A logical extension of the preparation of compound (LXXXI:!
appeared to be the reaction of iodo«teﬁracéxbonyliron, Fe{(CO), L,
* (LXXXIII) with pyrrolyl potassium to give the pyrrole analogue
of ferrocens. Complex (IXXXIII) has been shown125 to react with
cyclopentadienyl sodium %o give ferrocene.
However addition of the pyrfolyl_salt to a tetrahydro-
furan suspension of complex (IXXXIII) caused complete decomposition.
An sttempt was made usihg the fodide, (CgHy )Fe(CO), I,
and the potassium salt of carbazcle to prepare the carbazole
analogue of compound (LXXXII). Decomposition occurred however,
which may have been due to the instability of the desired
complex. in the analogous hoﬁocyclic series the cyclopentadienyl
complex is more stable than the indenyl derivative whilst the

fluorene compound has not heen isclated.



EXPERIMENTAL
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General.

Al;‘feactions were carried out in an atﬁosphere
of oxygen-free ('whitecépot") nitrogen.

Spence's 'Grade H' alumina was used for chromato-
graphy and was partially deactivated by exposure to the
atmosphere for 3 hr.

.Heutralized alumine was prepared by storing 'Grade H'
alumina over ethyl acetate for 1-2 days, filtering, washing
with methanol and water and finally drying at 160°C, for 4 hr.

Holecular weights were determined cryoscépically in
benzene solution.

All melting points are uncorrected and were determined
in sealed, evacuated capillary tubes.

| Unless otherwise stated, all infrared spectra were
recorded as potassium chloride disecs.

Petrol or ligroin refers to that fraction of petroleum

ether of b.p. 60-80°C.
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Tris(phenylisoqganidq)cyclopéniadienylmanganesee =
A solution of hexakis(phenylisocyanide)méngaﬁese fodide
(4 g-y 5 mmole) in N,N-dimethylformamide (50 ml.) was added to
a solution of cycloPentadienyisodiumg'prepared from scdium
(OQ54 8oy 0,015 g. atom) and excess cyclopentadiené, in
tetrahydrofuran (15 ml.). The mixture was stirred for 17 hr.
at room temperature. Methyl alcohol {5 ml.) was added and the
mixture was gtirred for a further 15 min, after which thé solvent
was removed in vacuo. The residue was extracted with a- |
minimum quentity of benzens and chromatographed on neutral
algminao Ligroin eluted trace amounts of phenylisocyanide.
Ligroin benzene (1:1) eluted & yellow band which afforded yellow
needles (0.36 g., 20%) m.p. 97°C., which were recrystéllised

from chilled pentane. 7ris(phenylisocyanide )cyclopentadienyl-

manganese shows intense absorption in the metal isocyanide
' . i
stretching frequency region of the infrared at 2096 cm. and
-1
1961 cm. (ce1y)e
Found: 0972075 Hg404§ N99089
CpgHpoMnly requires  C,72,7s HydoTs No9.8%

Reaction of bromo-pentacarbonylmenganese with excess

127 :
phenylisocyanide. - Phenylisocyanide  (5.15 go, 0.05 mole)

87
and bromo-pentacarbonylmanganese (2.75 g., 0.0l mole) were

stirred in refluxing tetrahydrofuran (100 ml,) for 6 hr. The
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mixture was cooled énd the sﬁlvent removed in vacue. The
residue (5.9 g.) was extracted with warm benzene ((Bvx 20 ml.)
leaving a pale yellow solid (Oo4 g;, 0,61 mmole) wﬁiéh
crystallised from tetrahydrofuran as colourless plafés, MoPo

213°C (dec.). Bromo-pentgkis(phggylisocyahide)mangaﬁese shows

maxima’ in the metel isocyanide stretching frequency region of
the infrared at 2101 cm.™ (strong) and 2012 cmo™ (medium)
(c,H,CL,) |
Found: C,64.95 H,4.3; Br,12.9; N,11.0;
Cy s H; o BXMnK, requires: C,64.6; H,3.93 Br,12.2; N,10.6%
The benzene extract»was evaporated to drynessvin vacuo
and the residus (2.3 g., 4 mmole) crystallised from tetrahydro-

‘furan as orange orystals, m.p. 180°C (dec.). The infrared

absorption of bromo—c&rboni;ﬁetrakis(phenglisocyanide)mang&n@a@
I | , -3 o
shows mazima at 2101 cm., - (very strong), 2012 cm. (medium)

and 1919 en.” (strong) (CCL,)

Found: 096102§ H94005 BI‘914005 N9907§ Og}ol&
H, 587

Co9H, BrMnK, O Tequires: C,60.5; H,3.55 Br,13.9; E59o7; 0,2.8%
- M, 575.

Brome-dicarbonyliris(phenylisocyanide )manganese. -

Phenylisdcyanide (1.54 g., 15 mmole) was added to & solution
of bromo-pentacarbonylmanganese (1.37 g., 5 mmole) in diethylens
glycol dlmeéhyl ether (50 ml.), and the mixture stirred at 100°C

for 3 hr, Cooling and removal of the solvent in vacuo left a
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solid which was recrystallised from diethyl ether to yield

yellow crystals of bromo—dicarbogx}tris(phenylisoéyanide)

manganeése, m.p. 129-130°0{(1.58 g., 65%).
Infrared absorption mexima occurred at 2179 cm.La
(weak) 2114 em. ™ (strong), 2049 em. ™ (strong), 2020 cxno°1
(strong) and 1942 cm. ™t (strong). |
Found: €,5%.43 Hy3.05 N,8.73%
C,g H, gBrMnN; 0, requires: C,55.23 H,3.03 N,8.4%

Bromo-tricarbonylbis(phenylisocyanide Jmanganese.-

Phenylisocyanide (2.06 g., 0,02 mcle) was added to & solufion
of bromo-pentacarvonylmangsncse (2075 g., 0,01 mole) in absolute
alcohol (60 ml.). Phe mixture was stirred st 60°G for 3 hr.
After cooling, the solvent was removed in vacuo to give a
yellow solid which crystallised from methylene chloride{ligroin
as pale yellow needles, mop. 84=86°C (3.05 g., 70%). Bromo-

tricarbonylbis(phenylisocyanide Jmangenese shows maxima in the

infrared at 2198 cmo-l(medium)g 2174 cmo°1, 2053 cmoéi‘2004 cmggl
1954 cmo ™ (all strong):
Found: C,48.73 Hp2.45 N,7.03
CyqH, gBrHNN, O; Tequires: C,4B.03 H,2.4; N,6.6%

Bromo-tetracarbonylphenylisocyanldemanganese., -

Phenylisocyanide (0.8 g., 8 mmole) was added to a solution

bis(bromootetracarbonylmanganese)87 (6-429 g., 0.87 mmole) in
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tetrahjdrofuraﬁ (50 m1,) and the mixture stirred at room
temperature for 4 hr. The solvent was removed in vacub
and_the residue crystalliaed from metylene chloride/ligroin
to give yellow ncedles, m.p. 86-87°C (140 mg., 45%). Bromo-

tetracarbonylphenylisccyanidemanganese absorbs in the infrarved

" at 2188 cm.” (weak) 2107 emo ™ (weak) 2045 em.” (strong) and
1993 cmo-i(medium)‘(C01ﬂ)
Pound: C,3537.435 Hy1.83 ;4.2
C, , By BrialO, requires: C,37.7s Hylody N,4.0%

Reaction of bromo-peniscarbonylmanganese with

tetrabhydrofuran and digllmeQ - Bromoapantacarbonylmanganese

(2.7% 8-, 0.01 mole) was heated in tetrahydrofuran (50 ml.) at
reflux for 4 hr and ths volume of gas evolved wes found to be
420 ml, 'The theoreiical volume equivalent to displacement of
4 molecules of cerbon monoxide is 448 ml,

4 similar reaction earried out in diglyme csused
evolution of 300 ml, of gas. -The volume equivalent to aisﬁlacea

ment of three molecules of carbon monozide is 356 ml,

Iodo-carbonyl tetrakis.phenylisocyanide )nanganese. -

Iodémpentacarbonylmanganeaei?6(005.gag 1.5 mmole) and phenyliso=
cyanide (1.0 g., 0.0l mole) were stirred in refluxing tetra-
hydrofuran (30 ml.) for 3 hr. The mixtuée wéslcooled and

the solvent removed in vacuo. The residus crystallised from

diethyl ether as yellow crystals, me.p. 171°C (0.47 g., 51%).



60

lodo=-carbonyl tetragiégQhenylisoczgpide)manganese shows

i : -1
maxime in the infrared at 2088 cm. (strong), 1992 cm.

. -l
(medium) and 1894 cm. (strong)
Found; Cgﬁreég H9§c5§ N9992§
Cpoly o TMnN, 0 Tequiress £,55.93 H,3.5; _N,go'o%o

Hexakiz(phenylisocyanide )manganese chloride, =

Phenylisocyenide (5.15 g., 0.0% mole) and chloxspentacarbonyle
manganess (2.3 g., 0,01 mole) were stirred in refluxing tetra-
hydrofuran {50 ml.) for 4 hr. The mixture was cooled and the
solvent removed in vacuo. The residual brown gum crystallised
from méthylan@ chlcridefligroin az pale yellow crystals, BoPo

178°C (2.5 go» 32%). - Hezakis(phenylisocyanide)manganesa chloride
Y .

abzorbe in the metal isocysnide stretching frequency region of
o -l ol
the infrared &t 2114 cm, {very strong) and 2016 om. (strong)
Found; C,70.7s Hydo53 Ny1l.83

Ctgzﬁsoc:‘-h’{nﬁa ?aqui?eﬁz Gg?lol% Hg4o§% I‘{,,,lloa%.

Conductivity (nitvobenzene, 25°C)
o ;ﬂn(cm@gﬁ )eCl = 28.4 S

o Mn(CNCHy )T = 27 N7

Substitution of methylpentacarbonylimanganese with

' 128
phenylisocvanide. - A mixture of methylpentacarbonylmanganece

(2.1 g, 0.01 mole) and phenylisocyanide (1.8 go., 18 mmole) in
tetrahydrofuran (40 ml.) were heated with stirring at reflux for
3 hr. After cooling the mixture, the solvent was removed in

YRCUO. The residue was dissolved in a minimum of benzene and



61

chromatographed. Elution with hexane gave four compounds.
Unreacted phenylisocyanide was eluted first, folldwed by
manganese carbonyl (15 mg.). The third band from the
chromatogram afforded yellow crystals, mo.p. 54°C, (132 mg. 5.6%)

which were recrystsllised from pentene. Nonacarbonylphenyliso-

cyanidedimenganase shows intense absorption in the infrared at

2169 cmo’ig 2101 cxzxfﬁ9 2045 cﬁcwi 2016 cma-i and 1980 cﬁo‘i
(cc1,) (all strong).
Found: C,41l.1y H,1.53 N ;3.1
C, 4 g Mn, NQ, requirea? C,41.33 H,1.1y R,3.0%
The final bend 9luied with hexéne}gave yéllow

cryetals (112 mg. 4%) of bis(tetrscarbonylphenylisocyanide-

manganese ), ma.p. 111°C; which were recrystallised from pentane.
Infrared zbszorpiion maxzima cccurred at 2165.cmam1 (wesk) 2128
ca. (medium) 2062 cmo"i(meriium)i 2020 cmo"i (redium) 1996 emo°1
(strong) and 1957 cmo ™ (medium) (CC1,).
Fourd: G,49.1l; H,2.65 H,5.2;
Cpp H, M, I, 0, requires: C,48.93 H,1.9; N,5.2%.

Substitution of phemylpemtacarbonylmanggnese with

phenylisocyanide. - Phenylisocyanide (1 gy 0,01 mole) and
phenylpentacarhonylm&ng&a@sei2@ (2.7 oy 0,01 mole) were stirred
in refluxing tetrahydrofuran (60 ml.) for 2 hr. The mixture
was cooled and the solvent removed in vacuo. The residue was

dissolved in & minimum of benzene and chromatographed. The
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products obtained, in order of elution by hexane, werej
phenylisocyanide, phenylpentacarbonylmanganese, nonacarbonyl-
phenylisocyanidedimanganese (0,14 g., E%L ané bis(tetracarﬁonylw
phenylisocyanideméngan@se) (0,095 g.p 3%). The products were
identified by m.p. and infrared spectrosEopy.’ |

Attempted reaction of broma@entékis(pheqylisoéz@nid@)

manganese with Zinc. = To & solution of bromofpentakis(phenyl-

isocyanide) (0.65 g., 1 mmcle) in benzene {50 ml,) was added
zinc dust (0.1 go). The mixture was stirred at reflux for

.14 hr. After cooling, the mixture was filtered and the solvent
removed in vacuo. The residue wes dissclved in benzene and
chromatographed. Elution with beazens afforded an orange gum
(42 mg. ), the infrared spectrum of which showed the pﬁesence of
izocyanide groups. The gum could noct be obtalned crystalline
end wes not examined further,

Attempted reaction of bromo-carbonyltetrakis(phenyl-

isocyanide -manganese with gilver. = Powdered silver (4 g.,

0.04 go atom) wes added $o & molution of brqmo-carbonyltetr&kiSc
(phenylizocyanide Jmanganese (2,87 g., 5 mmole) in.tetrahydrofuran
(150 ml. ). The mixture was stirred at room itemperature for

72 hr. The mixture waz filtered and the_solvent removed

in wvacuo. The residue was extrected with methylene chloride

and precipitated with ligroin to give starting material.
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'(1097 Ees 69%)-

Attempted resction of bro@oacarbonyltetrdkia(pheﬁyliEOm

cyanide )mangsnese with sodium borohydride. - Sodium borohydride
(OQO§S>go) and bromomcarbcnyltetrakia(phénylisocyanide)ﬁaﬁgénes@
(1,15 go, 2 mmole) were heated in benzene (40.m10) at féfluz
for 4 hr. After cooling, watar (30 nl,) was added cautiously
to the reaction mixture. The mixture was shaken and the water
layer removed. Removal of the benzene ggixgggg_gave ﬁnchanged
starting material»(oo94 oo 82% rec. ).

Attempted reaction of bromOmcarboglltetrakis(phenyliacw

panganesg with cyvclopentadienyl sodium. - 4 solution of bromo=

carbonyltatrakis(phenyliaocyanide)manganese (403 goy To5 mmole)

in tetrahydrofuran (50 ml.) was added to a solution in tetrahydro-
furen (30 ml,) of cyclopentadienyisodium (0,03 mole), prepared
from sodium (0.69 g., 0,03 g. atom) and ecxcess cyclopentadiens.
The mixture was stirred at rocm tempgratur@ for 14 hr. After

the removal of the solvent in vacuo, the residue was extracted
wifh benzene (3 x 15 ml,) and chromatographed. Ligroin/bénzene
(1:1) eluted a yellow oil {340 mg.) which showed strong absorption
in the ﬁetal isocyanide atretchiag freguency region of the
infrared. Distillation in high vacuum caused complete decompos-

ition. Benzene eluted a purple gum (210 mg.) and ether eluted

a deep red gﬁﬁ (210 mg.). The absorption in the metal isocyanide
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stretching frequency region of the infrared of both these
complexes was extremely weak and they were not examined’fufthera

Attempted resctvion of bromo-carbonyltetrakis(phényl-

isocyanide )manganese with sodic-pentacarbonylmanganese, - Bromo-

carbonyltetrakis(phenylisocyanide )manganese (1.9 g., 3 mmole) in
solution in tetrahydrofuran (60 ml.) wés added to & solution in
tetrahydfofuran (Zo‘mlo) of sodio;pentacarbonylmanganeseﬂ prepared
from sodium (0.077 g.., 3.5 mg. atom) and manganese carbonyl

(0:65 goy 1.5 mmole). The mixture was stirred for 3ihf; at room
temperature. The solvent was removed in wcuo. Extraction with
ligroin gave mangﬁneae caébonyl (0.4 g., 61%) and left unreacted
bromo-carbonyltetr&kia(phenylisgcyanide)mamganeae (1.73 g., 90%),

Attenpted reaction of bromo-tricarbonylbis(phenyliso-~

cyanide Jmanganese with sodium amalgam, - Bromo-tricarbonylbis

(phenylisocyenide Jmangenese (1.41 g., 3 mmole) in solution in
tetraﬁydrdfuran (30 ml,) was added to sodium amalgam (1%, 8 g.
0;003 g- atom of sodium) and the mixture stirred for 3 hr. at
room temperature. Todomethane (2,27 g 00015 mole) was then
added, and the solution stirred for one hr. further at room
temperature. The mixiture was filteréd and the'solvent removed
in vacuo. The residual brown gum (112 mg.) showed maxima in_
the infrared 2178*cmo°1(weak), 2123 cmo ™ (strong) 2016ch717
(strong) and 1953 cmomi(strong)0 It could not be obtained

pure for analysis and was not examined further,
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Reaction of bromq-tricarbonz}bis(triphenylphoéphine)

mangaﬁeaeiwithgpheqylisoqyanide. - 'Phenyliéocyanide (1,03 g.,

0,01 mole) was added to a solutioﬁ of bromo-tricarbonylbis(triphen-
ylphOSphine)manganeseas (1;83 oy 209 mmoie) in tetrahydfofuran

(50 ml.). The mixzture wae stirred at reflux for 3 hr. After
cooliné, the solvent was removed in y&ggg and the residue
recrystalliced froﬁ tetrahydrofuran to gifs broﬁOQQarb§nyltetrakis
(phenylisocyanide Jmenganese (0.63 go, 44%) which was identified

by infrared evidence and m.p. |

Substitution of iodomdicarbonylcyclopentadienyliroﬁ

123

with phenylisocyanide., - chc»dicérbonylcyclopéntadienyliron

(18,2 g., 0.06 mole) and phenylisocyanide (9 g;g 0.87 mole) in solu-
tion in benzene (150 ml.), were stirred at reflux for & hr. After
cooling the solvent was removed in vacuo and the residue e#trac%@d
with.ether and chromatographed. Ligroiq/benzene (10:1) eluted
ferrocene (99mg., 10%) which was identified by m.p. and infrared
spectrum. Ligroin?benzene (6:4) eluted two bands. The first

was unchanged iodoodicurbeﬁylcyclopentadienyliron (9,72 g-»

53%) and the second band afforded brown needles (805 go 35%)

m.p. 108 after recrystallisation from methylene chloride/ligroin

Iodo-carbonylphenylisocyanidecyclopentadienyliron shows two

' -1 -1
intense bands at 2151 cm, and 1969 cm.  (KI) in the infrared,

.corresponding to the stretching freQuencies of metal isocyanide

and metal carbonyl respectively.
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Found:s C,41.75 Hy2.8; N,3.8;
C,sH, oFeINO requiree: C,41,25 H,2.73 Ny3.7%
Ligroin{benzene (1:3) eluted a maroon band which
afforded deep red crystals (2.3 g. 8%) mop. 104-105°C, which
were récrystallised from methylene éhlpride/ligrein. Jodo-
bia(phenylisocyani&é)cyclopenta&ienylirbn absoi/ligrﬂiﬂ55 em.”
(étrong)‘and 2096 cmo°i(strong) 2024 (weak)‘(KI) in the infrared
correaﬁonding to the metal isocysnide stretching fregquency
Found: €,50.03 By3.75 N,5.53 |
C, gH, sFelIN, requi:eéss C,500.23 H,3.55 N,6.1%
The insoluble reeidue (1.6 g.) from the reaction
showed absorptiom in the infrared in both the metal carbonyl and
the metal isocyanide stretching frequency regions, and also showed
"9.10" bands ihdica%ing the presence of & cyclopentadienyl ring
' The materisl could not be obtained crystalline and was prodably
e mixture of several icnic compiexea;

Substitution of bromo-dicarbonylcyclopentadieanyliron

with phenyliscceynide. -~ Phenylisocyanide (1,01 go, 0,01 mole)
was added to & solution of br0m0«dicarbonylcyclopantédienylironiz5
(1,28 ., 0.005 mole) in Eenzaae (60 ml,), and the mixture stirred
at reflux for 3 hr. After cooling, the solvent was removed in
vacuo. The residue was extracted with a minimum of benzene and

chrometographed. Ligroin}ether (9:1) eluted unreacted phenyliso-

cyanide. Ligroiﬁfether (1:2) eluted a deep red beand which
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afforded purple needles (0.75% g.s 37%), m.p. 107°C, after
recrystallisation from methylene chloride ligroin. Bromo-

bis(ppegylisocyanidelpyc1opentadie§yliron absorbs in the infrared

at 2155 cmo“1 (strong) 2087 cm. ™ (strong) and 2020 emo ™ (&eak)
(KI) in the metal isocyanide a%tretching frequency region
Found, N,7.1
G, gFel,B  rpequives, N,6.9%
Retainsd on the‘chromatogram was & red bhand Whiéhvcould not be
eluted by acetone,

Reaction of chlore-~dicarbonylcyclopentadienyliron

with phenylisccyvanide, = Phenyliscoyanide (6.18 g., 60 mmole)

123
was added to a sgolution of chlore-licarbonylcyclopentadienyliron

(4?24 €.y 20 mmole) in benszene (50 ml,), and tﬁe mixture stirred
at refiufoor 90 min, After cooling, the solvent was removed
‘gg_zggggf The vesidue (6.3 g., 68%) crystallised from methylene
chloride/ ligroin as orange needles, mo.p. 174°C (dec.). Tris-

(phenylisocyanide )cyclopentadienyliron chloride shows maxima in

' ot ol
the infrared at 2190 cm. and 2123 cm. (both strong)
FPound: (,67,05 Hy.4.55 Ny9.1p
Cgsﬂgocheﬂﬁ requires: C,67.05 H,;4035 N99OO%°

Attempted reaction of jodo-garbonylphenylisccyanide-

cyciopentadi@nyliron with triphenyiphosphine. - . Triphenyle-

phosphine (0.87 g., 0.0033 mole ) was added to a solution of
iodo-carbénylphenylismeyanidecyclopentadienyliron (1.23 go,

0.0033 mole) in benzene (6C mlo). The mixture was stirred at
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sodiuve borohydride

reflux for 3 hr. Aftef cooling, the solvent was removed

in vacuo. Thé residue w' - °°  »lved in & minimum of benzene
- Ligroin G
and chrometographed. Ligroinibenzene (911) eluted triphenyl-
phosphine. Ligroingb@nzene (614) eluted iodocarbonylphenyliso-

cyanidecyclopentadienyliron (1.1 go 89% rec.).

Substituiion of iodo-carbonyltriphenylphosphinecyclo-

pentadienyliron with phenylisocyanide. - Phenylisocyanide (0.2 go

2 mmole) was added to'e solution of iocdo-carbonyltriphenyle
phosphinecyclopentadienyliron (1,08 go, 2 ﬁmole) in benzene (60 ml.)
and . the mixture stirreé at.reflux for 3 hr. The mixture was.

cooled and the solvent removed in vacuo. The residue was dissolved
in a minimum of benzene and chromatcgraphed. Ligroiﬁfbenzene

(9:1) eluted trace amounts of unreacted phenylisocyanideo'Ligroiﬁ/-
benzene (713) eluted three bands. The first band afforded brown
erystals, m.p. 108°C (48 mg., 0.12 mmole) of iodo-carbonylphenyl-
isocyahidecyclopentadienyiirono' The second band gave iodo-carbonyl-
triphenylphosphinecyclopentadienyliron (0.1 g., 9% rec.). The

final band‘eluted from the chromatogram afforded'deep red crystels
m.po 104°C (0,38 go, 0.84 mmole) of iodoébis(phenylisocyanide)
cyclopentadienyliron,

Reduction of iodo-carbogglphenz;isocyanidecyclopehtaa

dienyliron with sodiur borohydride, - Iodo-carbonylphenyliso-
cyanidecyclopentadienyliren (2,17 goy 5.7 mmole) and sodium

borohydride (0.5 g.) were stirred in refluxing tetrahydrofuran
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(40 m1.) for 3 hr, The mixture W&sfcooled and shaken with
water (66 ml.). After filtering through keiselguhr, the mixture
was extfabted with benzene (3 x 50 mlu),.dried over-sodium
sulphate, evaporated to small bulk and chromatographed. Ligfoin
eluted ferrocene (170 mg. 16%) which was identified by m.p. and
infrared spectrum, Ethegfligrain (1:9) eluted red cfystals of
bis(carbonyljn~carbonylcyelopentadienyliron) (170 mg., 8.4%)
which was also characterised by its m.p. and infrared spectrum.
Further elution with eﬁherilig?oin (1:9) afforded a third band
which gave a red solid which crystallised from methylene ehlorid%/
ligroin as deep red crystals, m.po, 131°C (115 mgo, 5.3%).

B15[carboqylgm£§arbonykphenylisccyanidécyclqpentadienyliroﬁ}

absorbs in the infrared ét 2004 cm,-ig 1949 cmo-ig 1795 CMO-i
and 1704 cm. ™ (211 strongs KI).
Found: C,55%.Ts H 35,03 N;3.1;
CpoH, sFe, HOy  Tequires: €,56.05 H,3.55 N,3.3%.
Elution with ether gave a red gum (10 mg.) which

' : -1 =t
showed maxima in the infrared at 2155 cm. (medium), 2020 cm. .,
: -1 ot
j&howed maxima in the infrared at 2155 ca. (medium), 2020 cm.

-1 : 1 i
(@nglgm; (both strong) 1786 cm. - (V. weak), 1692 cm.  (strong)

Reaction of iodoecarbong;phegylisocyanidecyclopentac :

dienyliron with sodio-dicarbonylcyclopentadienyliron. = A

solution of bis(carbonylipwcarbonylcyclopantadienyliron) (0.88 goy
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2.5 mmole) in benzere (50 ml.) was added to 1% sodium am&igaﬁ
(5.5 g+5 0,005 g; atom) and the mixture sfirréd vigorously

for 13 hr, at room temperature. The mixture was filtered
rapidly through kieselguhr and added to iodo-carbonylphenyliso-
cyanidecyclopéntadienylixon (1.87 505 5 mmole); The mixture

was stirred for 2 hr. et room temperature. The aqlvent was
removed in vacuo and the residue dissolved in a minimum of
benzene and chromatographed. Ligroin eluted ferrqcene (32 mgo,
0,17 mmole), identified by m.p. and infrared spectrum. Benzenej'
ligroin (6:4) eluted biz(carbonylep-carbonyleyclopentadienyliren)
(0.1 g., 11% rec.). Lther eluted icdo-carbonylphenylisocyanide-
cyclopentadienyliron (0.16 g., 8% rec.).

Substitution of lodo-tricarbonylcyclopentadienyl-

molybdenum with phenylisocyenide. =  Phenylisocyanide (4,12 g.,

-0004 mole) wes added to a solution of iecdo-tricarbonylcyclo-
peﬂtadienylmolybdenuﬁfzé (1.8 go, 5 mmole) in tetrahydrofuran

(50 ml.), and the mixture stirred at reflux for 3} hr. After
allowing to cool, the solvént was removed in vacue and the

resjdue extracted with benzene and chromatographed, Ligroin j
bbenzene (9:1) sluted unreacted phenylisoscyanide. Ligroié/benzene
(1:1) eluted a fed band which afforded red needles on recrystalliis-~
ation from chilled pentane, m.p. 75°C (0.42 g., 19%) Iode-di

(carbonyl )phenylisccyanidecyclopentadienyl molybdenum shows

-1 : -1
maxima in the infrared at 214lcm. (strong), 2070 cm. (medium),
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1, -1 -
2004 cnm. (strong), and 1942 cm. (strong) (CCl,)
Found: C,37.03 H,2.43 N,3.33 0,7T.0;
C,4H, o IMoNG,  requires : C,37.63 Hy2.33 Ny3.1y 0,7.2%.

Substitution of chloro-tricarbonyleyclopentadienyl-

molybdenum with phenyliscovanide, - Phenyligocyanide (1.5 go»

15 mmole) wes added to a solution of chloro-tricarbonylcyclo-
pentadienylmolybdenum226 (1.4 g., 5 mmole) in tetrahydrofﬁran

(50 ml.) and the mixture stirred at reflﬁx for 4 hr. The orangs
solid which precipiteted on cooling wes remcved and recrystallised
from methylene chlorida/ ligroin as red needles, m.p. 180°C(dec.),

1.2 g.y 45%). Chlero-tris(phenylisocyenide)cyclopentadienyl-

molybdenum showe mexima in the infrared at 2169 cmoal (medium)
and 2096 oo™ {stzong) ‘
Founds: ©,63.9; Hy3,65 N,8.53
CoHy ,ClMo¥,  reguirss: C,64.1; H,4.03 N,8.3%

Substitution of bieyclo:2,2,1l]-hepta-2,5-dienetetra-

carbonylmolybdenum with phenylisocyanide. -~ Phenylisoc¢yanide

(1 g., 0.01 mole) was added to a solution of biecyclo|2,2,1]~hepta
2,5~dienetetracarbonjlmolybaenuml05 (0,91 mgo, 3.3 mmole) iﬁ
tetrahydrofuran (30 ml.). The mixture was stirred’at reflux
for 4 hr. After cooling, the solvent was removed in vacuo.

The yellow residue was febrystallised from methylene chloride/
ligroin as yellow crystals, m.p.116-8%),.748 bgo, 59%). Tetra-

carbonylbis(phenylisocysnide )molybdenum absorbs in the infrared
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-4 ‘ -1 -1
at 2160 cm. (medium), 2110 cm.  (strong), 2033 cm.  (strong),

!
1905 cm. (stzrong).
Found: N,7.1

cisﬁxou°né0b'rﬂquires ,6.8%

Reaction of lropyliumdicarbonylmolybdenum iodide

uith phenylisocyanide. - 4 mixture of phenylisocyanide (3 g-
0,03 mole) and tropyliumdicarhohylmblybdenum iddide (104 &5
37 mmole) in tetrahydrofuran (50 ml,) was ztiiééd_at-reflux
for 3 hr. After cooling, the solvent was removed in vacuo.
The brown residue was precipitated from methylene chlofide by
ligroin as a gum (1.32 g.). The infrared spectrum of the gum
did not show absorption in either the metal carbonyl or metal
isocyanide streiching frequency regions and was not examined

further,

Attempted substitution of tricarbomylbenzenechromium

with phenl}isocyanideo -~ Phenylisocyanide (3.1 go, 0,03 mole)

was added to a zolution of éricarbonylbenzenechromium (1,01 g.,
5 mmole) inm tetrahydrofuran (40 ml.). The mixture was stirred
at reflux for 3 hr., cooled and the solvent removed in vacuo,.
The residue was dissolved inm a minimﬁm of benzene and chromato-
graphed. Ligroin eluted first unreacted phenylisocyanide then
tricarbonylbenzenechromium (0.91 g., 90% rec.).

Tricarbqgl;tris(phenylisocyanide)chfomium. Phenyliso~

cyanide (5 go» 0,05 mole) was added to a solution of tricarbonyl-
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: 109%129 , -
cycloheptatrienechromium (0.88 g., 0.004 mole) in benzene

(25 ml.). The solutidn‘was stirred at reflux until the red
colour of the cycloheptatriene complex had disappeared (30 min.).
After cooling, the solvent was removed in vacuo and the residue
crystallised from chloroformfethanol ag yellow erataisg m.povb

(1,6 g., 90%). Tricarbonyltris(phenylisocyanide)

chromium abeorbs in the infrared at 2159 emfl(medium) 2088 cm.°1

: =1 . -l
(strong).2004 cm. (medium) i905 cm.  (broad dand, strong)
Tound 0565063 H9337§ Nggo?g,

Cogdy gCrll; Oy Teqguires C,64.T75 H,%.43 H,9.4.

Attempted substitution of tricarbonyltris(phenylisc-

cyanide )chremium with 1,3%.5-trimethylbenzens,. - Tricarbonylirise-

(phenylisocysnide jchromium (0,89 g., 2 mmole) was heated in
refluxing 1.3%,5-trimeshyibengene (25 ml.,) for 2 hr, The mixture
was cooled and chromatographed. Ligroin eluted 1,3,5-trimethyl-
benzene, followed by unreacted tricarbonyltris(phenylisocyanide)
chromiﬁm (0:73 go0 TO% zec.)o

The reaction was repeated using the same quantities
of raactants, and the mixture exposed to ultraviolet irradiation
for 14 hr. The starting materials were recovered (51%)

unchangédo

Attempted substitution of hexakis(phenylisocyanide)

chromium with cyclohepta(l,3,5)triene. - Hexakis(phenylisocyanide)

chromium (3.3 g., 5 mmole) and cyclohepta(l,3,5)triene (9.2 g.,
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0.1 mole) were stirred at reflux in each of the following
solvents (50 ml.); A |
(2) ethylene glycol dimethyl ether
(b) ethylene glycol diethyl ether
(¢) diethylene glycol dﬂmmthyIE*her,
Cooling and removal of solvent in zgggg_gEVe unreacted
atarting materisls (70-90%) in each case. |

Reaction of pentskis(phenylisocyanide)cobalt(l) iodide

with cyclopentadienyl scdium. - Pentakis(phenylisocyanide}cobalt

iodide (7.0 go, G.0L mele/ nag added to a solution of cycloPQntam
dienyl sodium {0,03% mole)9 prepared from sodiuzm (0.69 g., 0.03 g.
atom) and excess cyclopentadisne, in tetrahydrofuran (130 ﬁio}u
The mixture was stirred at room temperaturs for 16 hr. After
‘the removal of the solvent in vacuo, the residue was extracted
with benzene and chrometographed. Extensive decomposition
occurred and only one band was cbtained from the chromatogram.
Benzene eluted & brown band which affordsd a gum {0.14 g.), the
infrared spectrum of which did not show absorption in the metal
isocyanide stretching frequency region, and it was not examined
fuxrther.

' Reaction of pentakis(phenylisocysnide)cobalt iodide

vith sodio-pentacarbonylmengenese. - Pentakis(phenylisocyanide)

cobalt iocdide (3.5 g., 5 mmole) was added to a solutiom of
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sodio-pentacarbonylm&nganese (o.01 mole) prepared from sodium
Aamalgam (0.01 go aton sodlum) and manganese carbonyl (1. 958.;

5 mmole), in tetrahydrofuran (100 ml, Yo The mixture waa_;tlrred
for 3 hr, at room temperatureo Removal of'the solvent i£ vacuo
left a deep red gum which was extracted with benzene ané‘chromatoo
graphed., Ligréin eluied mangenese carbonyl (0.75 g., 39% rec. ).
Benzene eluted a brown gum (320 mg.) the infrared spectrum of
which showed mexima at 2062 om.” , 2033 cm.™ . 2000 cm.” , end
1976 cmomﬁanci weak absorption at 2193 cm.” end 2165 cmool_ (cc1, ).
The gum could noi be'obtained pure for gnalysis and was not
exahined further,

Reaction of bia(mmcarbqulacarbonylbicyclo-LZn2,11=

hepta-2,5-dienecobalt) with phenylisocyanide. - Phenylisocyanide

(2,02 g., 0,02 ﬁele) wag added %o a solution of bis(u-carbonyl-

carbonyibicyclo;[ﬁgz5@-hepta»29Sedienecobalt) in tetrahydro
furan (50 mlo)kand the mixture stirred at 40-60° for 2 hr, After

cooling, the solvent was removed in vacuo. The residue was

extracfgd with Eenzene and chromatographed. Ligroin eluted
phenylisocyé_xﬁide° Ligroin/benzene (1:1) eluted bis(u-carbonyl-
carbonylbicyclo-{2,2,1}-hepta- 2, 5.gienecdbalt )(53 mg. 2% recy), Benzene eluted
a black soli&'(éd mg.) the infrared spectrum of which showed only
extremely weak absorption in the metal carbonyl and metal iso-
cyanide stretching frequency regions. The cqmpbund was not

examined further,
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Reaction‘of sodio~tetracarbonylcobalt with phenyliso-

cyanide. - Phenylisocyanide (10 8oy dol mole) was added to a
solution in tetrahydrofuran (100 ml,) of sodio-tetracarbonyl-
cobalt, prepared from 2% scdium amalgam (0.02 g. atom sodium)
and bis(tetracarbonylcobalt) {2.63 g., 0.0l mole). The mixture
was stirred at reflux for 2 hr., cooled and iddomethane (7 g3
0.05 mole) added drepwise. The mixture was stirred for 1 hr.

at room temperature. After removal of the solvent in vacuo,

the residue was extracted wilh benzene {3 = 5 ml.) dnd chromato-
graphed. Ligroin eluted phenylisocyanide. Elution with benrene
afforded a brown solid (0.14 g.) Which did not show absorption
in either the metal carhonyl or metal isocyaznide stretching

frequency regions of the infrared and was not examined further.

Reaction of di(cyclopentadienyL)nicke1 with phenyliso-
cyanide. - Phenylisocyanide (3.0 go; 0,03 mole) was added %o a
solution of di(cyclopentadienyl)nickel (1.37 g.; Bo9 mmpie) in
tetrahydrofuran {20 ml, ). A yellow precipitate formed immediately
The mixture was gtirred for 30 min., at room temperature, filtered,
and the residue washed with ligroin (3 x 20 ml.,) to leave tetra-

5o
xis(phenylisocyanide )nickel (2.6 go), mop. 202°C [Lit., 202—28ﬁfﬁfj3
Removal of the solvent in vacuo from the filtrate gave a further
yield of the nickel isocyanide complex (0.6 g.) (Total yieiﬁ;

3.2 goy TO%).
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Di(phenyliSocxgnidecyclapeptédienilnickéllp -~ Tetrakis-
phenylisbqjanidenickel (117 gos 2.5 mmoie) was sﬁspended in
dry bénzéné (50 ml,). Di(oyclopentadiényl) nickel (0.47 g.,
205 &mélé) wae added to tﬁe suspengion, and the mixture héé%ed
at reflux with stirring for 3 hr. The solution changed,érom
green to red., The mixture Waé'coolea and the solvent removed

in vacuo, The residue was dissclved in bengzene snd chromato-

graphed. Benzene/lig?oin (1:1) eluted dif{phenylisocyanidecyclo-

pentadienzlnickel) (0,65 go, 57%) which crystallised from chilled
pentane as deep red plates, m.p. 91°C. | |
Found: C,63.1y H;4.95 N,6:13
Cy 4 Hp o NIV, requires: C,63.55 Hy4.65 N,6.2%.
The infrared spectrum shows absorption at 2174 cm.nﬂ

(CoH,Cl, ) in the metal isocyanide stretching frequency region,
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Tricarbonylpyrrolylmanganese., - Pyrrole (12 mls.)

was added to a solution of manganese carbonyl (3.9 g., 0.0l mole)
= :
in 100120 ligroin (45 ml,). The mixture was stirred at reflux
for 14 hr., cooled and chromatographed. Ligroin eluted mangenese
carbonyl (1.9 g., 47%). Ligroinfbenzene {4:1) eluted excess
pyrrole. Turther elution with the same solvent mixture gave
tricarbonylpyrrolylmanganese, (1.4 g., 66%) which crystallised
_ , 21

from pentane as pale orsnge needles, m.p. 41°C [Lit.g 4O°5.==41°Cj°
x . ) . .
The 100~120° ligroin was rigorously purified by

waghing in turn with conc. sulphuric acid, acidic
: pétassium permanganate solution, and water, dried

over calcium chloride and distilled from sodiunm.

Resction of bromo-pentacarbonylmsnganese with pyrrolyl

potassium. - Pyrrole (0.7 g., 11 mmole) was added dropwise to
a stirred suspension of pataséium (0.39 g., 0.0l g. atom) in
tetrahy&rofuran (20 m1.). The mixture was ctirred at room
temperature until all the potaésium had reacted (ca. 5 hr,)
Bromo-pentacarbonylmenganese (2.75 g., 0.0l mole) in tetréhydfo-
furan (40 ml.) was added to the white suspension, ﬁnd the
mixture heated at reflux for 4 hr. with stirring. The mixture
was cooled and the solvent removed ;Elzégggf The residué was

extracted with benzene and chromatographed. Ligroin eluted
manganese carbonyl (077 g2+ Ligroin/ benzene (4:1) eluted

exceas pyrrole followed by tricarbonylpyrrolylmenganese (0.18 g,
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9%) m.p. 41°C [Lit. 40.5-41°C].

Attempted reaction of indole with manganese carbonyl., -

A_mixture of indole (2.34 g., 0,02 mole) and ﬁanganesa carbonyl
(3.9 8.5 0,01 mole) were stirred at reflux in 100-120 ligroin
for 5 hr, The mixture was cooled and chromatograph@d; Ligfoin
eluted mangencse carvonyl {2.1 g., 55%). Further elution with
more polar solvente gave enly uanreacted indcle which spread over
the chromatogram and proved diffieult to recover.

Reaction of indolyl potassium with bromc-pentacarbonyl-

nanganese. - Bromo-pentacarbonylmanganese (2.9 go, 0,01 mole)

was added to a suspensicn im tetrahydrofuran (60 ml.) of indolyl
potaasiuﬁ, prepared from potessiuvm (1,54 g., 0.0l mole) and indole
(1.16 g., 0,01 moie)o The mixture was stirred ét room temperature
fqr 3 hr. After the removal of the solvent in vacuo, the residus
wae dissolved in benzene &nd chrematogi‘aphed° Ligroin eluted
manganese carbonyl (0.84 g., 29%). Ligroin/benzene (1:1)

eluted a yellow solid (0.1l6 g.), which was contaminated by indole
Examination of the infrared spectrum of the mixture showed the
présence of mefalecarbonyl peaks. Careful chromatogr@phy on

more active alumina (1 hou; deactivated) failed to separate the
mixture. Sublimaetion also failed to assist in purification

due to the volatility of imdole. The yellow solid was not

examined furthero
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Iricarbonyl-2-methylpyrrolylmanganese. - 2-Methylpyrrole
(4.9 5., 0.06 mole) was added to é solution of mgpganese'carbonyi
(0.97 g+5 2.5 mmole) in ethylene glycol diethyl ether (20 ml.)
and the mixture stiryed at reflux for 12 hr., ifter cooling the
solvent was removéd gglgégggg The residue was dissolved in a
minimum of benzene and chyomatographed. Ligroin eluted manganese
carbonyl (0.5 g., 51%). Ligroin/benzene (4:1) afforded a
yellow oil (247 mg.) which was rechronstographed. Ligroinf

'benzene (4:1) eluted tricarbonyl-2emethylpyrrolylmanganese (0,064 g..

12%) which was purified by sublimation ontola cold probe at high
-3

vacuum (10 mm. Hg.). Tricarbonyl-2-methylpyrrolylmanganese

absorbs in the metal-carbonyl stretching frequency region of the

-1 -1
infrared at 2056 cm.  end 1969 cm, (both strongy CCL,)
Found N,6,23

Coly MnNO, reguires: N,5.4%

Reaction of pyrrole-2-aldehyde with manganese carbonyl, -

Pyrrole-2-aldehyde (1.9 g., 0.2 mole) was added to a solution of
manganeée carbonyl (C.97 g., 2.5 mmole) in ethylene glycol diethyl
ether (30 ml.) and the mixture stirred at reflux for 14 hr. After
cooling, the solvent was removed in vscuo. The residual black
solid was exiracted with benzene and chromatographed. 'Elution
with benzene gave only a trace of manganese carbonyl. A black
materisl was absorbed on the chromatogram and could not be eluted

with normal organic sclvents.
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Attempted reasction of N-methylpyrrole with manganese

carbonyl. - N-methylpyrrole (10 g., 0.06 molé).was added to a
solution of manganese carbonyl (3.9 g., 0.0l mole) in 100-120
ligfoin (50 ml,) and the mixture stirred at reflux for 18 hr.

. The mixture wes cooled and chromatogrephed. Ligroin eiuted
unreécted manganese carbonyl (3.6 g., 92%). Elution with benzene

gave only N-methylpyrrole,

Reaction of pyrrole with mollgéenum carbonyl. -
A mixture of pyrrole (5.36 g., 0.08 mole) and molybdenum carbonyl
(5.28 giy 0.02 mole) were stirred in refluxing diethylene glycol
dﬁmﬁnyl ether (50 ml.) for 12 hr. After cooling, the mixture
ﬁas filtered through kieselguhr. The yellow filtrate decomposed
rapidly on exposure to air. Removal of the solvent iﬁ vacﬁo
‘left moly:hdenum carbonyl (0.7 g., 13%).

" Reaction of pyrrolylpotassivm with molybdenun carbonyl. -

Molybdenum carbonyl (5.28 g., 0.02 mole) was added to a suspension
of pyrrolylpotassium (0.03% mole) in tetrahydrofuran (60 ml.),
prepared from p&rrole (2097 go» 0.045 mole) and potassium

(1,17 g., 0,03 g atom). The yellow mixture was stirred at
reflux for 12 hr. After cooling to -20°C, acetic acid (2 g.,

33 mmole) was added and the mixture allowed to warm up to room
temperature with stirring (circa 1 hr.). Filtration gave a yellow
solid, which decomposed on exposure to air. The solid was added

to carbon tetrachloride (50 ml.) and the solution stirred at room
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temperature for 15 min. Removal of the solvent in vacuo gave
molybdenum carbonyl (0.24 g., 4%).

Reaction of pyrrolyl potassium with bis(triphenylphos-

phine)pickel(ll) bromide. - Bis(triphenylphosphine)nickel(II)
bromide (3.69 go, 5 mmolé) vaes added to a suspension of pyrrolyl
potassium (0.0l mole) in tetrebydrofuran (50 mi.), prepared from
pyrrole (0,96 g., 0.015 nole) and potassium (0.39 g., 0.01 g.
atom). The mixture was stirred at reflux for 3 hr., cooled,

and the solvent removed im vacuc. The residue was extracted with
benzene and chromatographed. Triphenylphosphine (0.73 go, 2.8
mmole) wae the only product eluted from the chromatogram,

Reaction of pyrrolylpotassium with bis(triphenyl-

phosphine Jnitrosylnickel bromide.- Bis(triphenylphosphine)

12
nitrosylnickel bromide

’ (2.4 g., 5 mmole) was added to a
suspension of pyrrolyl potassium (3 mmole), in tefrahydrofuran
(50 ml,), prepared from pyrrole (0.92 g., 0,015 mole) and
potassium (0.13 g., 0,003 g. atom). The mixture was stirred

at reflux for 3 hr., cooled, and the solvent removed in vacuo.
The residue was extracted with bvenzene and chromatographed°
Elution with normal organic solvents gave only triphenylphosphine

(0.33 g., 1.2 mmole).

Attempted reaction of bis(tetracarbonylcobalt)mercury.

with pyrrole. - A mixture of pyrrole (1.9 g., 0.06 mole) and



83
bis(tetr&carbonylcobalt)mercugy (2.7 g., 0.005 mole) were stirred
in refluxing tetrahydrofuran (50 ml.) for 3 hr. After coolihgD
the solvent was removed in-vacuo to give unchanged bis(tetracarbonyl-

cobalt)mercury (1.8 g., 65%).

Cyclopentadieag}épyrrolylironq - Iodo-dicarbon&lcycloo

pentadienylivon (3 g., 0.0l mole) was added to a suspension of
pyrrolyl potassium (5001 mole) in benzene, prepared from pyrrole
(0.78 gy 0,012 mole) and potassium (0,39 g., 0.0l g, atom), The
mixture was stirred at reflux for 3 hro, cooled and the solvent
removed in vacuo. The residue was extracted with benzene and
chromatographed. Ligroin eluted ferrocene (0.14 g.; 7%), identified
by m.p. and infrared spectrum. Benzens eluted unreacted iodo-

dicarbonylcyclopentadienyliron (0.11g., 3%). Elution with ether

afforded orange crystals of cyclgpentadieny;ggyrrolxliron (0.41 go,
22%) m.p. 108°C.
Found: C,57.-Ts Hy5.03 N,To4;
OQHQNFQA requires: €,57.83 H,4.9y N,7.4%
The ultraviolet absorption spectrum shows one peak

at 124 mp (€ = 14,750).
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