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MPLEXRES OF HETEROCYCLES
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The sgitudy deseribes the verious attemphs which
beer made o syntheslse hetervocyelic derivatives of
trangition wmetals, e.g. irom and manganese, in which the
heterocycle is bonded to the metal in an analogous manner
b0 the bonrding in 7T - cyclopemtadienyl - metal CompounRds .

The T = pyrrelyl manganosae carbonyl complexes wero
prepared by one ovr both of the following methods. I e
first the pyrrole or substituted pyrrole was heated with
dimanganese decacarbonyl ln an inert solvent. In the
socond method, the potassiuvm salt of the hetorocycle was
heated with bromomanganese pentacarbonyld . The latter
method was found to be more widely applicable and was
sxtonded to the preparatiomn of such comploxes Ffrom Ry el

bearing functienal groups, to indeles, pyrazoles and

Venzotrlianzele, In seme of these cases ¢ - heterseycle
mungenese pontacarbenyl could be isolanted as the Tirst

produet.

Similerly the potessiuvs salt of heterocyeles

g ONE DLtrogen, en weaction with ledo -
dicarbonyl cyclopentadienyl iron gave O - complexncs, L.
dicarbonyl - W - cyelopentadienyl - ¢ - heterecsyclo lron.

These ¢ - bended complexos by lLoss of eartbol monemido
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yielded asa forrecenes, L.0. T - syelopentadienyd = i -
hetoroeysle ivon abt higher tomporaturo,

Abtompits o effoct clectrophllic substltutlion of the
two parent compleoxes, 1.0, tricarbonyl « T - pyrrolyld
menganese ard T - eyclopentadionyl - 7 - pyzrolyl ivon
wore made in order to prepare hotercsyclic metal comploxe
with fumctional groups. Friedeld and Cxafts Asylatilon
appotred to give a trace of asylated produets, while
atteompbed aminomethylationm resulted in decomwmposition.

The reaction of pyrroyl chloride with sodliomanganese
pontacarboryl resulited in the formation of the ¢ - bonded

complex, 2 - pPyrrelyl mangancse p@n@@@&rb@myl vie pyrrovk

mangenese pentacarbonyl by loss of scarbon menexide.

AlLlyl Zzom tricarbonyl fodide om reactlon with pyrrolyl
potassium gave & : &4 M@x&di@m@ tricarbonyl fromn.
Unsuccessful attempts have boon mude to prepare @ipywr@ly
analogons of ferrocems, cobaltecene and nickelocome. Tia
reastion bobwoen m@iylad@mmm hexacarbonyl and pyrvolyl

potassivm rosuléted in decompositlon.



THES TS

Tttt e oY
CENTITETITY

submitted o

THE UNIVERSIETY OF GLASGOW

in fulfilment of the

regquirements foxr the

DEGREE OF _DOGTOR _OF PHILOSOPHY

by

ABDURRASOOL, _OAZT

Department of Pure and Applied Chemlstzmy,
Universdity of Strathelyde,

Glasgow,

July, 1965,



e ety Py ey

e

SOME IRONM AND MANGANESE COMPLEXES

or

e S T S S T




A O XN O WLEDGHBMUE NTS

The author wishes to eoxpress his sincore
npprecliation o Professor P.L. Pauson for his
continued guidance aund encouragement and %o
thonk Dre, G.R. Enox and W.B, Yatts Ffor their
ugeful suggestions and discussions. Thanks
are also extended to Dr. P. Bladon and his
atalf for infrared and nuclesr magnetic
resonanee spectra, Go Mr. P. Preston Ffor mpos
spectra and to U.8. Army for research Ffellovwe

shipo



INTRODUCTION cco 00 ooo 1,
DISCUSSION coo ono ovae 25,
EXPERIMENTAL oc00 ocao coo 59,
APPENDIX L co0o o000 o000 20O,
APPENDIX ZIXI co0o ocoo oo 105,

REFERENGES Q00 o0 Q 000 lDGD



ITNTRODUGCTION




LA

ORGANOMETALLICS

Orponometallic chemistry, an dlntoresting braneh

of choemintry, was Ffounded in the middlie of the nino-
toenth combtury by the famous researches of Bunsen on
cacodyl amd organcersonic compounds and the studies of
Frankland on organcderivatives of zmimc, Since then &
stoady development of this aspect of chomistry has
produced a vast number of metal and metalloid complexes
with oxganic reslduss of widely varying nature.

Besides,addition of large numbers of mew compounds
to the litaratmr@o the organometaliic chemistry hag
brought changes in the fundamental modern theoriss of
valeney and chemical bonding.

Crganomotalliics, the valuable intermediates in the
synthosis of other chemicals, have Ffound direct
technological application. One cam very well appreciate
Griguard’s revolutlenary worlk on organcmagnosium halides,
Mldgley'a utilizatlion of tetracthyl leoad ap “antilnock®
in gaseline, and Ziegler's recent remarkable discovery
that othylene can be polymerised by catalyste containing
organodluninivm compounds in combination with metal salts.

These few exemplos give am idea of the significent role



2,

played by ovgenometallics inm the prepent day chomistry
and choemical technology.,

In splte of the large smount of rescazeh im
@r@@mom@@&l&i@,@h@@igﬁry during the lest centupy,
however, 1% appoared that the erganic derivatives of
the tramsitiom metals wore gemsrally difficult o
propare, although come wé@k@r@ celaimed the synthesils of

1
such derdvatives durimg this péeriod .

DISCOVERY OF FERROCENE

The orgaunic chemistry of ﬁrém@iﬁi@m moetals was
more ox less confined to cortain alkyl complexes of
prociouns m@@&iég&m@ polyphenyl chromiuvm d@riv&ﬁivagﬂﬂ
whose stxructures were nog woll undexrstood, T 1951
twoe different groups woriting independently discovered
an entirely mew type of organometallic compound,
@i@y@lop@m@&ﬂi@mylir0ﬂgv& (x) which was unexpos tedly

$

very stable. Kealy and Pausom isolated

@i@y@lmp@m%&@i@myliromv from the reaction of



(£X)
eyclopentadionylmagnesium bromide with forrxic chloride
in eothereoal solutiomn in en attompt to propare
dihydrofulvalens (IL).

Miller ot al;obtalimed @i@y@lop@ﬁ%m@i@@yliwum Trom
a weactlon of cyelopentadiene vepour and reduced iron
at 300°C,

Simcoe the discovery of di@y@lap@mt&@i@mylim@mg'@g
the chemistry of ovganie complexes of transition metals
has d@v@l@@@@'aﬁ an exceedingly wrapid rate, Shortly
aftor the discovery of this meow compound, Voedward,
Rosenblum and Whi&img? nemed Lt “Fervocone? (III M = Fo)

a8 o result of

(Tx3) |
its owromatic remetivity. Sinco thom numorous organo-



&,

matallic compounds, insorporating a large masjority of
tramosltion metals nve been synthesised, Dicyelo-
pentadionyl compounds of the type (II1I) are mow very
well Imown for all metals of the first treansitlion
series, from tita mlum to mi@%@lﬁg but only ferroceme
bohaves as an aromatic compound, Judged by ito chemical
reactivity., Other mowmbors of the iron triad,
ruthenovens (ILIX M = Rm}gg and osmocome {(IIL M = Oa}a@
also underge the reoactlions typlcal of an aromatic
compound and those togothor with tricarbonyleyclopento-

19, 92, 93, 14
dienyl mam&am@ge ng) tetracarbonyleyolopantadionyl

13,»,
vanandd um QV) and dicarbonyl ni krosyleyclopentadionyl
@nromimm (VI) are importent members of the rapidiy

developing family of non-benzenold arometic systeoms,

}&f‘& oc “T | Seo /ﬂ\
(183 co OC | 00 .w 0Cnq NO
(xvy (V) (VE)

B, 98-8y
Beveral reviews have boon published suwmmarising the

resoarcehas in roecent years,



STRUCTURYE AND SOME CHARACTERISTICS OF FERROGENE
The strueture of f@rﬁo@@ﬂ@aa °e deseribed as “a
molocular sandwieh® has Further been confirmed oy
detalled X-ray crystallographlc anmnlysis, which shows
that the controsymmetricsal melecule comforms to o
pentagonal antiprism (VIL) with the irom atom at an
aqual dlstancso ?rmm all tom caxrbon atoms of the rxings,

2426
. whiech Lie inm parallel planes 0

/(vx:a:) ) @mm}

Ruthonoosone (VIIL M = Ru) and osmocene (VIIX M = Cz)
have the oppo@red comformation im their ortho-rhombile

~

srystals, the carbom atoms of ome rimg “eclipaing® those

of the @ﬁhér in the Fform of o pmigmﬁﬁ'ﬁ@o Thio variance
is atétwibuted to smalli differences in tho lattice Fforces

and to o desrease in significamce of the rapulsive forces
batween theo hydrogen atems of the differomnt rings as they
are pushed further apart by the heavy metal atom. Qthor
nountral metallocenss form & serice of isomerphouns mono-

39" 34 34,38
clinic crystals ¢ Lorx which the X-roay measurcoments




Go

demonstrate "sandwiech? structures similar to Lfervocons.

ga 39
The imfra-wrod and nuclear magnetic resonance apeetrn
36y 37
and the zero dipole momonts of these compounds are

in favour of their stiructuwral symmetry. The noxn-
existonce of rotatiomal isomers of fervocome dorivatives

beoaring & substituent in each ring supports "Froe?

38
rotation of the rings in the molecule . The rotation

5%, 40 ,
has booen discussed and thie viow has beon Ffavounrad

by the studies of proton magnetic rosonanco gp@@twagso
Forrocono, an ovenge ecrystallime compound melts at
173%C, sublimes readily and can be purified oven by otoam
distillation, thus behaving as an exitremely stable
covalent system which bhas boen aﬁown@a to be stable ab

Looeg,

NATURE OF RONDING IN FERROCEN

& oyclopontadienyl ring and a metal combime in throe
WaYH o Piratly, thore can bo transfor of am olectron
from thoe metal to the eyclopombadionyl, ring, vesultlng inm
a poaitively charged motal atom and @ nogatively ceharged
cyelopontadienyl Ting, thue givimg rice o an lomie bond,

@oFo Bodium oyelopontadionide,



Sceondly, the motal and ome carbon obtom ef the
eyclopontadienyl ring can oash contribute am oleetromn
for bonding, rosulting im ohared pair of aloetrons .,

Thin typo of bomd ig a loenlised covalent bomd and ig

roforred to as & ¢ -~ bond,

A thizrd type of bond exlsts, In wvhich, the ontire
eyclopentadienyl xing 48 bonded uniformly to thoe metal
ABom. This type of bond occurs mainly in cyelopemtas
dienyl compounds of transitiom metale, o.E. dleyelo-
peontadienyliron QE@E@@@@@@)Q’@O

Bonding of this type xesulés from the overlop of
Vi = gloctrons, 1,6. (ﬁh@ slectrons, that are not involved
in localisad G=beonding botweon the carbon atoms and
botwoen carbon and hydirogon atems) of the cyclopontadd eyl
ing with the d-orbitals of the metal and can, therofore,
be roeforred to as ﬁmh@m@imgn

Fisgﬁégaam@ m$§§§gﬂhava advanced the stheory that the
nature of the bonding &m d&@y@l@p@m@adi®myliron (f@rr@@@m&}
is similar Co that found in the penetration comploxes,
such 2s the lon [FQQGN}@fW'g Bo that the metal atom nccepts

three pairs of 7i-olectrons from oach cyolopentaddenyd ring

into Lt vacand Jd, 4p and bp oxrbitals thus attalning the



8,
90
sonfiguration of am ilmert gag.

Adbernatively om the baois of moleouler orbital
theory Dunlts and Orgﬁig? and latex M@f@&&ig Proposed
that the bonding dopends ossenvially on the possesslon
by the eyelopoembtadiene mings of moleculer orbitals with
symm&twy.@imilaw te the 3d, 4o and Lp motal orbitals.

Of the five 34 motel orbitals only the pair with gpuam Gum
mamber m = F 1 hoave the same transformation properties
and approximately the seme onergy content, a8 one of the
avallable of each cyclopentadieone wzimg ond this is the
condition for strong bonding. One ench of these
orbltales of the motal will thorefore combine with tho
appropriate orblital of esech wrimg te give a stwomgly
bonding {(and of sourse aleo an anti-bonding) moleculawr
orbltal. Thus considering thoe cyclopemindienc i Riv Y

as & whole, a2 single delocalised covalent bond io
produced from the metal atom to the vimg as a wh@lagg
1.9, mot to ome p&rti@m&&r carbon atom but "reosomatlmng?
squally amomg all five carbon abomsg, The molecular
theexy well sccounts for tho poramagnetie nature of
nickeloceone and the stability of dicyoclopontadienyl
titanium chloxride (which cannot attain en inert gos

configuration).



GENERAL PREPARATIVE METHODS FOR

FERROCENE AND OTHER METALLOCENES

The two geomersl methods, vhich have boen employed
foxr the preparation of forrocons, 1ts derivatives end
relatod metallocones axres-

L. troatment of cyclopenbtadienyl saltse with irom halides.

2, roactionrn between eyoclopentadiene amnd lrom carbomyl.

1. From eyolopontadienyl derivativess-

46,47
(2) Cyclopentadionyl megnesium halides reast with

Torric chloxide to yield f@f?O@@%@ﬁ’ﬂgo

(b) Cyeclopentadiene wensts with mercuric chloride im
prosense of godlum asetate to produce
dieyslopontadienyld m@mamwyégo

{c) Tho alkali motal salts of cyclopentadicme wore

39

(4]
’ in 1900, Alfermnatoly

flret propared by Thi@l@ﬂ
the sodium gall can be prepared using sodamide ox
sodium ascetylide in liquid &mmoni&ga and the eyclo-
pontadicnyllithiun by treating the hydrocarbonm with
solutions of alkyl or aryl lith&mma@go These reachH
with drom halidos to give ferrocone.

(d) A comvenient method for preparation of forrocene

conrslots of direct reactlon betwoem cyclopeniadiena

and forrouws chleride in prosence of basgie solvonts
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sush an piperidine and triethylamine or sodium

80
othoxldeo im ethanel containing reduced irem powder .

High tempersnture refghiongs-

{(a) The original forxocone gyﬁ&h@@imén the high
tomperatura ww&@%i@m betwaen educod izrom and
cyslopontadiene, gives only poor yields of f@rw@@@m@ﬁg
and much bettexr results are obtained using the mosal
@xi@@®®o Dieyolopentadienyl m&gm@@imm@“ can be
prepared using metallic megnesium at high towporatura.,
{b) Cyclopentadiene roachs directly with iron carbonyls
at high tomporatures to give f@wro@@m@@a‘ago in a
gimiler fashilon, thormal docomposition of the totra-
carbonyl, (IX) or dicarbonyloyclopentadienyl halide,
(X, X = ©1) obtailned by chlorination of tho totra-

64
carbonyl, (IX) producos feorrocens .

‘IIQ; ///@\\\ //” ®)
g_g/ \/b B

Qﬁ‘é@\ &£

{xx) (%)
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CYCLOPENTADIENYL METAL CARBONYLS

Intonsive research soom after the discovery of
f@ﬁ@@@@%@ga®ﬂ resulted in the preparation of compounds
with only ome cyclopombtadicnyl rimg bonded to a
transdtlion metal, The eyclopentadienyl carbonyl
compounds of molybdeonmum and ﬁmmg@tﬁmag (Cslis ) eig (00),
and (Gghg)aWa(C0)e, are the £irst oxamples of this type
and these resulted from the roaction B@ﬁW®@m vapours of
eyclopentadiens and the metal carbomyl im a tube heated
at 250-300°C, Under simlilar conditions @hmmmium
carbonyl yieldeod disyclopentadiomyl chromiuvm, but at
lowver temperature the bimuclear, dicyelopentaddomyl
dichzomium h@x@@ambomyl®®éxx} wan produced,

éizii\ oc\<°° co
|/
s <

718
oc/ZL co j@izy

(x1)

Cyclopentadieons reacts with all iron carbonyls ot 135°C
62, 64
to give tetracarbonyl-dicyclopentadienyl-diiron = {IX),

68
vhich on halogenatiom fowrms the halide (X). Tho

57, 60
latteor on troatment with sodium eyclopentadionide

68, 60
or Crignmerd roagonts | yelldoed dicorbonyleiecyslo-

pentadienyl-g-cyclopontadionyliron (XEE) along with other



PRodna e .

08 = o= QO

@)

{XZ%) |
Cyeclopentadiens on reacitlon with the carbonyls of
mangancse and venadivm formo the csorrespondimsg

19=94
tricarbonyl syclopontadienyl mongoneso (xv),

18, 16
and totrasarbonryl eyvelopoemtedionyl veamadium

(v,
vikile cobalt carbonyl weaects with cyelopentadione at
low bomporaturo to Lfemm @i@arb@myim@y@l@p@mﬁ&@i@myl
@@h&i@gE‘%@ (XITL) accoxrdimg to tho following oquetlions-

O
A

g o
{HEET)

Cop{C0)s + 3CgH; = 8O8;00(C0)s ¢« LOO & CgH,

74
Di (earbonyl-eyeclopentadionyl-nielkol ) (XIV), is

78
obtained from the renctiom of dleyvelopentadienyl-mickold
(ZTT, M = Ni) and nickel cerbomyl. Prolongod Woating

cansos the roastlon o yleld s tvimuvclear opocies.



lgo

NL(G0)y ¢ (CgBg)alNi = 200 ¢ [CH;81{C0)1, -

(Cgily ) 54 5(C0O)
@T | Pﬁ@é%%éﬁ;cpm
\NMJ#” \jxi\
<<i§}xxﬁg=ﬁm~uﬁwmﬂ4{:i>> | (ijwaﬂaéim:wgﬁf%:23>
(xzv) (xv)

The Gimer (XTV¥) gives diphenyl seedylenc di(eyslo-
@@n@&@i@mylﬁi@&@hﬁgb (X¥) om roaction with

diphonyl aecebylone by loss of two moloesules of csarbon
monoxlde, suggosting that the compound {(XIV) posseosses
& "folded structure”, L.6. twe brldging carbomyl groups
ilyidmg in intorsecting ploanes.

The halosyclopontedienyl metal cavbonyls, (X, XVI
ond XVIL) ebtaimed by the halogon oxidation of the
dimeric spocies atitain thelw B.AN. by bhaving the
halogen atom covalently bonded,

O 0

AN 7N

0C GO
{xv) (xvER)




b,

The displaosment of one cyclopentadienyl group by

carbon monoxrlide has been cupleyed feor the conversion

18, 16

of the dicysliopontadienyl dorivetives of vanandium o
74 o8 70, 79

ghromivm , RARELANOTO and cobalt to tha

correspendlng eyclopentadienyl medal carbomyls.

Tetrasarbonyl-cyelopontadionyl venadium (V) sosiste

further reaction with olther ceyeclopontadiene or caxrbon

monoxlde, while dicarbonyloyelopontadienyvl cobalt {XKEE)

leads bto cobald carbonyld.

BIS - ARENEMETAL GOMPLEXES

76
Hodn obtained a series of “polyphonyl? chromium

compounds from the veoastlien of phonylmagnosium chlexide
witlhh chremiec ow chromeus chloxide. Theso compounds
wore later reocogniscd by Zoios and Tgmﬁamiru ae
Ygandwich® molecules through the 1ithivmesluminium
hydride degiradation o yiold the eoxpostod amounts of

bonzene and diphenyl. Hemoo 6.g. the structure (AVIIL)

vas proposod forx Hein's soe called teotrephenylehromivm lodide.
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Cx" X" ¢ ‘
@ Ye)
9) O
Q:::»
(XVIZX) T (XEX)
The diboensone chromivm cation was also idontlfied by

@ B
as being one of the roaction products,

7
Holss and Hemrwig
and this on reduction yellded dibomzene chromium {(x1x),
Evidence for the six fold symmedzy of this compound has
979 6o, 09

been mreported . Flechor and Hafnor found a new
and direct mathod for the preparation of arene wovtal
COMPOVRNAS o This mothod involvwes the ronchtilom of tho
aromatic hydrocarbon with chromic chlovride im DECHERNRES
of amhydrous aluminium chlozide and sluminlum powvder ab
high tomporature. FlLechor has extended his work e tho
properation of bis-arome compounds, foxr oxnmple, oF

&3] 83 54 28 D6

molybdoniuwn , vanaddium , shendum , ruthondum o iron

and cobald,

ARBNE METAL CARBONYLS
Chrominm hexnearbonyl and dibemzemo chromiuvm (XIX)
react in benmzmene in o seeled system at 2209, to give

tricarbonylbensone shromivm (XX).



26,

<:> <§;§§>3H@OM

k] /
0C oq GO ¢ o, €O
{(xx) {xxx)

The most gomeral method suitable for the preoparation of
%hﬁ$>@y@@ of @@m@l@x»ﬂi$@@V®r®@ independontly by
Fi@@h@mgﬁo N&%@&gg and Whi@img@g involvos heating
togother the aromatlic compound with chromivm carbonyl
under reflux in an auvbeclave under pressure in a
solvent such as diglyme.

Arone @yf(c@)em%ﬁ}i’i‘% Azeno Cr{(C0), + 300
A very wide rengo of arense motal compouvnds from
substituted bonzene derivatives, G.g. trdearbonylibensgy L.
alsohol-chromiwn (AXEL) amd Lfrom polyeyelic aromatic

D0 87, 06
aystoms, such as diphenyl, mnaphthalense and,

ﬂnﬁhm&@@m@g@ arse newy kKmowm. It has beenm @m@wm@ﬂ that
the metal carbonyl residue results in eleotron wiithe
drawval from thoe arene sysboem. This ecauses decreased
reachlvity of the aveme group tovarde olectrophilic

roagents, end conversely am inerease in renctiviity

towards mucleophilic reoagents,
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MIXED "SANDUICH® GOMPOUNDS

The first mixed eyclopentadionyl bonzone madtal
@aﬁpl@xg Qmm@%hyl@y@l@pémtmﬁi@myl hensone m&ﬁgamegagg
({XZL) has been prepared by the roncbtion of phonyLe
magnesiom bDromide wi%hjﬁsm@ﬁMylcy@l@p@ﬁ%&d&@myl

MATLTAROS S o

(xxxx)‘ (XXTEL) - (xxIV) | {(xxv) -

£l

The analogous, but peramagnetic syclopentadlienyl bomzono

93
chromd um hes alse been roporéed,

@m13ﬁ®di@mrh®nyl@y@l@p@mt@dﬁ@mylim@m@QQX) and anhydrons
alunlaium chloride om wrefliuxing with mosdtyione produce

the eyslopeontadienyl mesdtyviensiron ﬂ&@io&é (xxxmx% vhich on
hydrolysils and subooguent troatmont with potas alum

lodide glves the cprrosponding stable somplex {xxIv).
Recontly Stono and Kimgge ha&& ebtadned eyelopentadilonyl-—
syeloheptatrionyl-vanadium (XXV), a paremagnetiec

compound, with one unpaired slestron, by the wreaction of
%@%rac&w?wmyi@y@1@@@%@@di®myluv@mm@immﬂ5'ﬂ@(v) wih

@y@i@hﬂpéatwi@m@o




HRTRROCYCLIC METAL COMPLEXDS

The main hindronee in preporimg the heoterooyslie
transltlion metal complexes, im vhish the hoteroeysiie
ring 1o bound to thoe metal atoms im & similar Pashion
s¢ the bonding In f-eyelopentadlienyl and arome modal
complexes, ia the doneor funetlion asgeciated with thoe
progence of lone palrs of elestrons om tho hoebere
aboms . The mixed carbonyl pyridime motal complonos,
whieh wosult from vearlous renctions of pyridime width
hexncarbonyls of chromium, molybdonun and tungston
ahow dioplacement of, wp e throe moeleosulos of carbon
monexlde by the same number of moleowles of pyridine,
end, in these somplencs,pyridine is bonded to tho metal Ly
0 dativo g-bomd. Tho complex salto sueh ap
[Coligii*Me [T 6x(C0)5) have boem propaved by bloekimg tho
donor function ef the nitrogen im pyridime by Formnlng |

NmM@Eﬂyl.pyfiQimimm dlodide ond roasetimg the lattew
with chiromium @@rb@@yigg”QQO Pyrolysis of this sald

has yielded trliscarbonyl-l-mothylpyridinylehromium (xxvz).
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()\chﬂm

S

Cx
@@/ @!c;\’ co

(nxvy) .
A&%@ﬁm&&@ly'b&@@kimg of the dener funetlien of nltrogen

im pyzidine has alse beon ashieved by the stoerie
hindrance on She wing sysbom, Whi@imggw has shown
that 2 , & » 6 trimothylpyridine roacts with chromium
carbonyl to yield twriearbemyl - 2 | 4 , 6 - trimethyl-
pyridinyl chromivm (XXVIL)

' O
w0 (N
R
Cx

ZIN
0¢ co

)

3

co
4 {(XXvIZ)
Somo heterveyclic compleoxecs containing a metal,

90
as hotore atom im the ring avre now Bnewn. Reppeo
has reported mamy products as a rosult of roasction
botweoen scesyleone and ifroen carbomyl, parslicularly the
produet § Hy0sFe, which results from the monction
botwoen allkelime solutlen of acebylome and lvem

carbonyl. The structure (XAVIIL)
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N
oc” oo (Xxvizx)
of this compound has boon elusidatod by Hemay

90
MOABUPOMSHE D of its dimethyl derivative as o

dimethylother, obbtained From but-2 yme and ivon
sarbouyl, the presomce of the fragment
woRowoom
=0 =€ =0~ € -« in tho sompleox having boon shewn
100, 109 102009
proviously by Jomes el ad e Hubol and so-workors ?
in their intensive researeh have shown thag roaction of

difforent irom sarbonyle with o varlety of asetylones,

espesially with phenyliecetylone sund telana, viold twe

] 103, 109
products of the gomersal formuls L{g Ra)@FQQ@©)®] and
106, 100
[{c ﬁ@}@Fg(Q@}7J o The foxrmer has structuro

(XXIX) wolated to the butyn-2-compl ox.,



2o

o
o¢ 4> 6o (xxix) |
Many compounds sueh as tropome and cyelopentadienone

iron carbonyls were also obtanined in these rosceftions
depending on the acetylone and the comditions used.
Reaction of compound {(XXIX, R = Ph) with dichloro~
phonylphosphine gives tricarbonylpontaphonylphosphole-

109 :
imomn (XxX%, R = Ph)

PoC,____CFg  CO
co

o & oo

Po0 b—tfip, €O

(XXx1)

169
The ocompound (XXXE), in which the irom atom 1z bonded
%o the oxgeme group by two G-bords, has beoen obitained
from & rwoaction betweon tetrafiuvoveosthylone and irom
pentacarbomnyl . Several other systoms containing o
hoterocycle bonded to a trensition metal have boon

prepared. Compounds of the type tricarbonyl -
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108
thiophonedioxida lwom (XXAXXL) nave boem

{XXRXT)

ropoirvted as a result of displaé@mgmt of two molacules
of @a;b@m momonide im dxron pembacarbonyl by thiophene-
dloxnide.
Thiophene has beon reported te reaet with iron
199, 199

ontacarbonyl.te produce the compound with structure >
B

Ldentical with

(XEXTRT)

1923 - 104
the complex (XXITX, R = H) obbained from acebtylems .

On the other hend, chromim carbonyl and thiophense resct
992
to yield the complex, tricarbomyl thiophenyl chromium

(LAY .
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0G ﬂ)\co oe %‘% Go
(RERTV) (zv) (R¥XV)

In these conploxes the h@térpcygl@q realdue bohaves
a8 si#éﬁ;éleeﬁwon Arene sysbem, An attempt by
Plocher te preparve dipyrwolyld nickel (533 HaN), Ni
via [Ni(mﬂﬁ)ﬂ](g Holl)r feiled in combrast to the
eyoclopentadienyl derivative [Ni(mmﬁ)b](g Hs)a, which
on heating 1s converded %o dicyelopentadienyl nickeiﬁgo
The present work is the extension of the discovery
of 8 novel compleox, Bricarbonyleie PYCTOLY A -
m@mg&m@a@ﬂﬁdv {(¥X%V); obtained by Joshi and Pauson,
by weaction betwoen pyrrole and dimengeneso decacarbonyl,
The heterocyelio ring system in the compound (KXXV) ig
honded to the transdtion metal, .0, mangoanese in on
antlogons manmner te tho bonding in =gyolopentadlenyl
metal compounds, @.g. @wi@&wbgmylwﬂm@y@lop@mﬁ&di@myl

KPRy
BANELNGS G {zv),
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A more recent account

complex, iumecluding a pyrrole analogue of ferrocene

(azafervoceone XXAVI), has

of this type of pyrrole

appearad,

2k,






1982 990
During the past soeveral years many workers

attempted to prepare -pyrrolyl metal complexes by a
variety of methods, but without any success snd it was
gunsidered that f=-pyrrolyl metal complexes may not be
gstable gnough to eoxieb.

In 1962 Joshi and Paugon attompted So prepare a
diareno moetal complex (XXAVIL) by substitution im
dimansenese decacarbonyl, in view of the reported

199 9198
complexes of the type, (C0)gMu-Mr{CO0)l, o

OQ\\(ﬁiGO cg\%n%/co
s I

(XXXVIT)

As a result ofiﬁh@ir faldlure to propare such complexes,
the next attempt was to make use of pyrrole and
dimangonese decacarbomnyl. Thoy obtained a yollow
eryotalline compound from the reaction of dimangenese
decacarbonyld and pyrrole, (XXXVIII; R =RpeRyuR.= H) in
refiuxing othyleneglycoldiethyl ether to whiech wae
agsigned the @%ﬁ@@t@@@ﬂ:ﬂ(XKXVs R¢sRguRyuRe= H) om

the basis of infrared, ultraviolet and nuclear magnetie
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regonance specevra and analysds.

H
R @N R N R
] / 4 R“ © 4
{ i
oC 1{{)\66
(XAXVEIX) (xxxv )

In this compound the hetercveyele is bonded to the metal
in 2 fashion amalogous to Tthe bonding of the eyclopenta-
dlenyld ring in the tricarbonyl-i-cyclopentadiecnyl-
manganese {(IV). Compound (XXXV) has been nemed

$ 94 '
tricarbonyl-f-pyrrolyinensansso o This rosult

indicated that T-pyrrolyl metal comploxes had approciable
stability, and it weas therefore decided to imvestigate
more thoroughly the synithesis of other W-pyrrolyl
deordvatives.

Another aspest of the proseont investigations was to
ptudy moxe closely the various types of bonding whick
might exdlst dm pyrrole metal complexnes, comsdderidng that
pyErole § Hﬁ N, could react with metal carbomyls in the

folloving fashlomse
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() Intoraction of the lone pair om the mitrogen atom
with motal ecarbomyls to give oubstitutlon type complexes
similar to those Fformod by pyridine sand meotal carbonyls

v.8. Mo(G0)4(Q mgm}ﬂwo This type of reactiom is unlilkely
in view of the low basielty of pymmal@ﬂg@o

(41) Interaction of the diene system with metal carbonyls
pimller to the reactioms of 1, 3-butadieons; lgzm@y@lomaxégiaéé
etC.

(144) PBach carbon atom sontributing ome electrom end tho
nltrogen two electromns, thus @iving rise to aromatic—ii-
bonded complexes, Qoo thiophome in tricarbonylthiophone-
@mrumimm%ﬂao

(iv) Replacement of tho hydrogon atom attached to nitrogen
atom by a metal carbonyl residuo to give a sigme bonded
compPlex,

() Substitution im the @ end B positioms of the PYErole
ring by a motal rosiduo.

(vi} Vie anlon formation giving =ice to @@m@l@g@@o iz
which the bonding of the pyrrole to tho metal is analogous
to that in lecyclopentadienyl complexes of transdtion

metals .



28,

The renctlon of pyrwele amnd dimangonese decacarbomnyl
vas ropoatod in ligroinm. (bop. LO0-L20°C) to give a
slightly increased yleld of the complex (XXAV; R =R cBi=Rg@i)
Thus the cheilece of solvent eppears to e of Littie
significance,

Ag 8 goneral method the reaction of pyrroles with
dimenganess decacarbonyl was found te be of only limited
WG, Thus when applied to 2, Y5-dimethylpyrrrole QKXXVEXI;
RyuRqwCHjzs RgmRym H), %he compleox (IXXV R =R,=CH,;
ReoRym H) could mot be obbtained amalytieally purs,
probably due to the prosence of polymowised substituted
pyrrole, which might bave formoed as a wosult of high
tomporature (L00-120°C) cmployed.

This approach alse falled im an attempt to propars
teicarbonyl-We-3, S~dicarbethonry-2,b-dinethylpyrrolyl-
mangenese {(XEXV; Ry= Ry OHys Ras Rom C00GH).  The
synthesls of wesyslopentadienyl metal comploxes has been
facilitated by the uwse of alkalld salés of oyelopentadiene,
BoEo. CYeclopentadienylsodivm (XXXIX)G Pyrrole sleo roacts

with potasslum to gilve pyrrolylpotassivm (Xi).
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) ©

Na” x*

(XAHLK) , (L)

The omly wepoxted weaction of pyrrolylpotasgivm with a
trancition motal hallds, wlith a view to preparing Ve
bonded complenes analogous o Ti-syelopentadienyl metal
derivatives is by FPlsocher and Ole@ﬁﬂao They did not
ocbasexrve any reactlon between pyrrolylipotassium and
kexammino-nickel {(IL)-thlocyanate. The reaction of
pyrrolylpotassium with bromomangencse poentacarbonyl

(Br Mn(C0)s] in refluxing totrahydrofuran, hGW@V@%Bg@VQ
the expocted complex, tricarbonylen-pyrrolylmangancne
(EAKV5 Ry=RpaRz=Reo H).

This second method was Found to be mors widely
applicable, and was oxtonded mo% omly to the p@@p&fétion
of many substituted pyrrelylmenganess complexos but algo
to other heterceyeclie compleies.

By this moethod the substituted PYTrolyimengancss

complexes,
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{a) RiwRzaClHzi RanRgol

R, R
4§§§§7 ’ (b) Ry=Rg=CHy3 RasRgeH

Ra I Ra
M (@) Rﬂ&rﬁgﬁﬂgmﬁﬁﬂ 2CH 5
7
oG gzbco (8) RyeRyeCHys RemCOCHg; RyoH
(X357 ) (e) Ry=CHys ReuCOCH;; RysRgwl

(XAXV, a-0) have beem prepared, Thoir structures,
analogoun %o that of tricarbonyl-fi-pyrrolylmanganesae
(XXXV; R=Ra=Ry=Rywl), bave boon supported by infrared
spectra ,shoving Swin MC=0 streteching frequencies in the
expeatod E@gﬂ@maby nuelear magnetlic rosomance spectra
and by analytlical deata.

Yhom the potassiwm salt of Z2-acetylpyrroele (ANIVIILj
R¢=COCH; RgaRzoRqcl) vas treated with bromomangenosse
rentacarbonyl in tetrahydrofuran at low temperature, an
unstable yellow compound was obtainmed. The infrared
gpostrum of this compound showed more then twoe MC-0
pesls, 1.0, ot 2040°" 7 (m); 2051° 7 (8); 2020°® ~ () and
lgﬂlQMQﬂiﬁ)a A similor observation was made im the case
of complon (XXXV; R=RpaRysR,=CeHg), where the MC-0 poaks

appesrcd at ggél@mﬁw(m)g gaigﬁm”%sbg lgél@mmgﬁgb
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and l@gﬁ@mmmég}o On tho other heand thoe 2-acebtylpyrrole
(XXFVITL; R =COCH 3 RpoRyoRyol) on reaction with bromos
manganese pontacarbonyl in the came solvent at weflux
tomporature, ylelded tricerbenyl-f-2-acetyilpyrrolyl
wangancse (XEXV; R¢=CO0CHg; R oRpeRzuRgcH), wvhose infrared
spectrun showod btwin MC-0 peslsts at 302@@m'ﬁ($) and
l@ﬁ@ﬁmaﬂisjg do@, in the wogion of such T-complexes.

The occourrence of more than btwe MC-0 bands in the
infrarod spectrum and the imstablliity of these products
Tormed at low temperature suggested the possiblility thab
the g-bonded intermediates, .. derivatives of pontae
earbonyl pyrrolylmangancse had boon isolated.

This view has beom @uppém@@d by the icgolatliom amd
eharastorisation of g-bomded izon comploxes (vide imfra).
This suggests that the reactlion always proceeds via
g-bonded intormediates, Whi@ﬂ'i@@@'twg wmolocules of
carbon monoxlde to glve the w-bonded tricarbonyinongancse
CompPleRes .

This second mothod has %twe main adventages over the
Tirst ome, |

() possibility of iselnting g-bonded cOmMpPloxes
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() lov tomperature of vonctliom, thus avolding the
polymerisation of pyrrolo.

Proseomnce of o functlonnd group such as -CHO amd
COCHy im the @ positiom of the pyrrolec makes the
corrospondins complox nobiceably unstable. his effect
appears to be partly oiffset by methyl groups.

The comploxes (UXXV; £oi)

R, AR (£) Ry=COCHy5 RapsRy=Rg el
d i
: R;@Rg (@3) RQQQK‘§03 Rgmmgmﬂ(smﬂ
/Bﬂ"& (h) Rﬁ@ﬂg&&@ﬁgg R_y&‘mﬁﬂ'&sﬁo@gﬂg
0¢” 4, ©O
(1) R uCO0CHy; RypcRyoR,=H
(3cxxv)

wore all obtained by roactlions cuployimg the sccond mothod.
These products could mot be purificd smalytically due to
their instabdlity and the difficulily of romovimg the
pycrole (unchenged or formed as a result of tholr
decomposdtion during the attomptod purification),

An attompt Go prepare trdearbonyl--indolylmanganose
(xLzs Ry=RpoRsuRoRgoResl) by heating indele with

dimangenese decacarbonyl failed.



L
s
e

Howeveor the reaction of imdolyipotassiuvm with bromo-
mangansse pentacarbonryl yieclded a yeliow oily product,

9
S (V%} E

The infrared aspectrum showed MC-0 bands at 2030
and Agffuzvs)o The n.m.%, spestzum, | incompatible with
the structure (XLI; RisRzeRzoRioRgeRe=H)] and the mess
@p@@ﬁrmmﬂgg ghowed the presence of two additiomal
hydrogeons. A similar obsorvabtion was made for o
\@@mpommdﬂ&® obtaidned from the weactlon between bromoe
manganese penthcarbonyl and carbazolylipotassiwsa, Both
products reguire further study to esstablish theiy

BLIVC UGS o

By contrest, allyl-substituted indoles do give

compleses of the expected type (XLL). The dimethyl
derivative (XLI; RuRiaClss RaeRyuRgaReoH) has only beon
obtadned in dmpure stato. The main diffisulty in the

purdfication of all the indole complexes wase the
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spreading of the free indolss on chromatographic colummn,
malkding the products rathor difficuld to elute, Frastlonal
@mblim@@iom and vasuuws distlllation wore @mploy@ﬁ For
puvification. Only tho complox (XLIs R,=CHgp
RpoRyolyeRgaResl) has been fully identified by amalysis,
infraved and B.M.r. SPOESETR. A similer complesx,
mri@awbomylmﬁwﬁ@ﬁrahydfO@&xbaE@lylmawg&m@@@ﬂgé has been
synthesdsed 4in those laboratories.

Pyrazole and the mothyl substituted pyramzoles yielded
plmilar -w-bonded manganese complexes, of the type (XLEI),
which are unstable partieunlarly im solutiom. They show
twin MC~0 peaks in the expested region of thelr infraved
spoctra. An attompt to obtain the complex (NLIL; R,=CH,p

Rgellg Rﬁsa%%g) failed,

R&@ 3

M
AP

oG GO co

(XLIX)



Annlyses were zrather difficulds o obtain foxr these

somplexos bosause of thelyr unstable nature. Foxr example
a yvellow pilerate propared Lfrom the somples, tricarbonyl-
ﬁméggggémalylmamgmM@a@ (RLEL; Ry=CHy; RasRy=H) was shown
by molting poimt (143°C) to be the pilerate of the pavent

pyrascole, .0, J-maethylpyrazole. This shows that the

comploxes decompose weadily, zogenerating the corvesponding

pyr&@ol@@o

A yallow product obtaimed either by allowling
bonzosriazole to roact with dimangonose decacavbonyl ox by
sroatment of bongotriezolyipotassivm with bromomengoanese
posntacarbomnyl h&@ not yot boon @ﬁm@&@%@ri@@@y adthough
tho twin MC~-0 bands at 2041°" " (VS) oma 1940°™ T (vS) im
the infrored gpectrr cuggest the formatlon of the desired

tricarbonyl-vi-benzotriasolylmangancss (XLIII),

(XLIIT) (xLIV)
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Sdmilarly the vnmstable yellow product obteined Firom

3,2, b-trinzole showod MU-0 poaks ot 204%™ ““@vs) and
lyﬁﬁ@m"w(VS) in its infrared speetmum suggesting the
Pormation of the corresponding bricarbonyleNel , 2, -

triagolylmangenese (XLIV),

Ail thogse experimonts omn pyreasoles and triazocloes
augzest that the complexes of hoterooycles comtaining
more than one hetero atom ave highly unstable and
difficult to obtain im & pure stato. (cf. the PyYrrole
Gotiploxes are rolativeoly stable).,

Cyclopentadione has boen shown to reanct with
carbonyle of group VI metals %o glve @i@(ﬁrﬁ@a@bomylm
eyclopentadd emnyl, mobal ) compleoxes, Roeactdon of pyrrole
with melybdonum carbonyl gave a yollow solutlon, which
rapldly decomposed on axposure to air. Since solwvent
omployed was diglyme, it scems mod unreoasonable to assume
the Fformation of the diglyme metal carbonyl @@mpl@xﬂg?
(XL¥), which did not weaet with pyrrole and which
decomposad on oxposure to alo

eyerorentadienyl-
The hydrides of @ri@arhony%fﬁum@@ﬂ@n and molybdeommm

188
have boon propared by troeatment of the sodium salt
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from the ronedtion of the metal carbomyl and eyclopontoe
dienyl sodium, with acetle aeid, A similar renctiomn
van attompiod with molybdonum carbonyl and pyrrolyl-
potassium, The reactliom mixbture turned yellow omn
addition of pyrrolyl salt %o the metal carbonyl. Troat-
ment of thie reaction product with scoetic ascid ox with
Lodomethane gave omnly molybdenum sarbonyl suggesting
that the expected hydride and the methyl desxivative, if
formed, are too unstable o isclate,

Wilkingon and ggmégr&gga have treated izom (IL)
and (ILL)s, cobalt (III) and N4 (II) acotylacetonates
@&@h eyeclopentadicnyl-sodium obtaining Terrocons,
cobnltocone and nickelocone respectively. Atbompts Go
propare pyrrole analogue (XLVI; MeFe, Co, on Ni)
similarly, using 2,5-dimethylpyrrole (XXXVIIL; R =R.=CHss

RooRy=l) resvlted im decomposition, showing that the

Ry Ry

Rg Ry

{(XAXVIII)
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conddilons omployed wore mnoet fovounrable foxr the
formation and dscolatiom of the desiwzed dlpyrrolyl mobtal
COBMPLOROS o

Wi&kim@@mga Qn a@ghmv@ propared Terwocene by strenbe
moint of cyeloponbadienyl-sodinm with anbhydrous Lerwrous
chloride. An attempd G0 pPropere bi@(ggﬁm@imaﬁhyl@yrr@iyl)
avon (XLVI; MeFos RyoRieCHys RgeRyell) by thic method
veosulted i@ the formation of am uﬁi@@m%ﬁfﬁéd yellow produet
i traeco aﬁ@mmﬁo |

The desirod complex might bo obtaimneble by use of o
booe, 6.8. trimothylamine or pyridime as in tho preparation
of FTerrocomne Trom @y@l@p@m&&@i@m@@Qo

Im order to propore pyrrolylmiclkel comploxos, reaetions
botweon totrapyridoniekel-dichloride $BLVIL) or aliyiniclkeold
bfamid@%$@{XLv111)@n@ 2, S-dimethylpyrrole and ite potassium
derivatives were carriod out, but falled. The eomplox
(XLYILD) heo boon shown to wemst with eyelopentadionyl-
soddum té vield Weallyl-f-ecyelopemtadlonyld mi@k@iﬂgﬂ hee
(XLIX). o The complex (XLIX) hes also boen obtained by

she reactlion of allylmagnesium halidos with mnickolocono.

133
Groom and Nogy obtained dicarbonyl-g-allyleN=
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eyelopentadienyliren (L) from the reaction of allyl-

chioride with Na'[W-¢ H_Pe(C0)]”. The complex (L) is

converted into monocarbonyleW-allyl-w-cyeclopontaddenyl-

dron (LI) on w.v. irradiation. An attempt Go proparse

similar pyrrole complexes by reagtlom of pyrrolylpotassium
134 1389

with lodotricarbenylallyliromn (LLX) resulted in the

Formetion of @ yellow odl, whieh was

TABLE X
Infrared )
Complex Mothod MC-QGm ™
2036 (VS)
x - (&) ¢ B NE « ¢ H Fe(C0) T
r 1970 (vs)
2080 (VS)
(b) ¢ B MgCL + ¢ H FPo(C0), T
1970 (vs)
156 2040 (VS)
X CHy CHeCH-CH=CH @mg%ﬁg(cg)@z
1960 (Vvs)
059 P _ aoka (vs)
I3 0) Fe [CH3CH=CH=CH CH CH,lBF,+Nam
> 1972 (vs)

%% (a) and (b) are produets of the present sdtudy.

also obtained from Metbod I(p) in higher yield. (Table I).
The MC=-0 stwretching Tfroguenciss of all the three produets

I, IT and YTIX show similardity of thelr mature. The mom.i o
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iYOn
spoctra of I and XX, 4.0, tricarbonyl-2,4-hexadiono-are

L
suporimpossble. The R.w.%. Bpoectrum of product IIX
(obtained by @@$1@03®§§m§£) which 15 complex, WK gives
the information about the formation of a mixture of hexa-
ddenelrontricarbonylis. This suggosts that the complex
IiX is analogous to products I and II,

An unidentified unstable red @ompommd obtained hy
method $(a§ showod MG-0 poake at 2095°™7 (s); 2042°"~ (vs)
and 1961.°™ (vs) in ite infrared spectrum. Forther siudy
s required to establish lts sbtructure.

An attempt Go preparse totracarbonyl-dipyrrolylidiiron

(LIZT) by heating pyrrole with

0

@} F\; /F@m@

(LxxT)

C.
iron pentacarbomnyl or iron dodﬁé&rbonyl in an autoclave
(of. the preparatiom of Hetracarbonyldicyclopontadienyl-

64
diiron ) failed as did the reactiom botweon PYrrolyl-
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potasgium and iwronr dodecancarbonyl. Simtlearly the
roaction botveon dror-ennoncarbomyl with 2,5-dimothyle
pyrrolylpotassive regultod in fallure,

The roastion of pyrrolylpotassium with chloro-
tricarbonyleretyliron (LIV) failed te give the desized
carbonyliren ecomplesx (LIIIL), ailthough the resction of
the somplox (LIV) with diphomyleyelopentadienyl-sodium
has bosn @h@wmﬂ§® to give btetracerbomyl bis(diphenyl-
eyclepentadienyl )-diiron., Compounds of ¢the btype
R F@(@@)gg Ky have boon obtained by twroatment of the
holides, € HsPo(CO)K with Grignerd reagents or eyclo-
p@mﬁ@di@mylw@@@iwmﬁgo The Grignard roagents wused
include methyl, othyl and phonyl magnosivm halides.
Howover, the syntheses invelvimg these Grignard raeagents
are Llnferior to the corresponding synthesos of the same
sompounds from the sodium salt, N@*E?@i@@}@% Hg] and the
corrosponding lodide besause of a groater tendoney to
side renctions such as thope producing (¢ H Fo(C0),1,.
The rewnction botwoen eyelopentadienyl-sodium and
Llododicarbonyleyclopontadionyliron (X; X=Br or I)

produces a compound (g-¢ HSBF@(@QEQQng B, ) tegether with



forreocene and the dimeric comples (g Hﬂﬁ@ﬁﬁa)algo

A slwndiar roaction botwoon lodedicarbonyleyelo=
pontadl enylliron (LV) anpd pyrrelylpotasgium in boenzene
at roflux tomperature yielded azaferrocone, .o

=cyclopentadionyl--pyrrolyliron (xxxvE),

(Lv) o (xw) (XxxVI)

a wed velatile eryotalline compound along with ferrocens.

Table II shows comparison of infrared epestra of the

compound (XXXVI) and forrocome. The infrared spesbrum
contains stromg 9 end 10U bends (1100 @mf%m@ l@@@@m‘ﬁ)
charasteristic of an unspbstrituted @y@l@@@@%@ﬁi@myl group

and other bands correspondling to these of ferroecno.
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TABEY KL

Comparisen of TR spostra

Perrocone Amaferrocons
em=? om =Y
3086 (m) 3080 (8)

2009 (w)
1767 (w) 3745 ()
1715 (m)
1700 (m)
1660 (m)
1638 (w) 1640 (m)
1508 {(m) 1409 (m)
1386 (m)
1342 (m)
1253 (w) 3265 (m)
1188 (vw) 1285 (8)
1204 (S) 1209 (8)
1058 {w) 1062 (m)
1001 (8) 1002 (8)
850 (w) 855 (m)
8l {w)

814 (8) 816 (8)
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The coupound ig moderatoly soluble im orgonic solvemts.
Its voletdility and solubllity are very similar o those
of f@rw@@@m@,mamimg the ceparation of Lorrocone and amae-
Forroceone, % HQEQ g H@NQ'@iﬁh®m by Tractional erystellisation
o sublimatlion dAiffdeuls, The separation was readily
offected by chvomatography, other being moscossary o elute
the pywr@lyi complex, whille Aigroim readlly elubes Fferrocene.
This imecroase im polarity in swbsitituting a wecyelopenia-
dienyl gwoup by Wepyrrolyl group wes aloso oebserved in the
purification of tricarbonyl-w-pyrrolylmanganese (XXXVj
Ry=Rae=Rzoily=Hl), vhich was cluted by ligroln-beonsene, while
tricarbonyl-=cyclopentadionylmangancse (IV) is readdly
cluted with ligroinm alomne. The complex (XXXVI) gives em
unstable yollow pilerate and brown methiodide with pierxie
acid and lodomethane r@@p@@ti@@lﬁ in benzone.

The basiclity of the complox (XXAVI) was dotorminad
potentiometrically, The value foumnd Tox asa-forrocenc im
aquoons ethanol (pK, 4.5) is closoly similer to that of
gquineline (4.635) vader idemtical conditlons. Azaforrocenc

dissolves im agueous acdds.
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Tho mm@l@aw'm&gm@%i@ speotrum g also im bhoarmony
i

with the structure (XXXKVI). The singlet resonances ab
@fﬁo?% and T 5.56 ench of wolative imtonsity 2 may be
asslgned to the twe pairs of oquivalont ¢ and B protons
of the wepyrrolyl ming rospectively, and the singlot
TOLONANRCasad ?”5085 off relativeo intomsdty 5 o the

five squivalent protons of the Weeyelopombadioenyl zing.
The resonancesduse te the W-pyrrolyl hydrogens appear ab
higher field them the correspondimg @@@@n&M@@;ﬂ@ at
TCT3.9 and 4.8 in G m W m(@mge This difference may be
attributed to the deshieclding offeet of the cleetron
withdraving carbonyl groups, and comparod, G.g. with the
chemical shift difference betwoem the M-cyclopenitadiemyld

: 1386
protons in ¢ B Mn(G0) , which occur at T 5.17 and those of
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ferrocens, which ocour a@'?’§°9#839 ﬂ@go It dsg of
intorest to obsewve that in the n.m.r. spectra of
¢ B Fo ¢ H N ond C H N Mn(CO), thers is mo observable
coupling between the two difforent typos of protomns
of the Yepyrrolyl ring in contrast €to the n:moro apeebrum
of Lfreoe pyzrole. A preliminary X-ray m@uggﬂaf B BR=
forvoceone (XXXVI) hes shown that it lo isomorphous with
\f@mwu@@n@o The structure is therefore disordered, with
nitypgen atoms rapndomly placed in any of the tem positions
ogeupled by carbon in a Ferzrocene molecula,

Azaferrocense (XXXVI) has also boem obtained im very
pooy yield by the zeactlon of pyrrolylpotassium and cyclu-
pontadionyl sodium in presence of Fferroug @hlu@id@gggo
This wethod da inferior to the ome employed in these
studies as roeogards yvield and ease of reaction,

An attompt was made to determine the aromaticity of
azaferirucena, PTwo woactions (a) acetylation (b) amino-
mothylation were carried out to imvestigate (1) the
posedibility of substitution (11i) to Finmd which of the Hwo
vinge io mof@ reactive towards the electrophilic attaclk.

Priedel and Orafts acetylation of azaferrocene afforded
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an uwnstable yYellow gummy product, The Iinfrarcd speecbtium
of thic product ohowod two CHsG-0 poalks at 703%™ (vs)

and lﬁﬁ?gmcﬂ§v3) but mo stwrong 9 and 10 M bands. Thad &
suggosts the formatlon of an ascetylated product which
appeaxs to be a mixdture of lsomers. The reaction reguires
further study. A simileyr experiment using tricarbonyleiie
pycrolylmanganese (XXXV; R =RausRzaRy=H) afforded a trace
of reddish brown product,which decomposed guliekly.

The aminomethylation of azafervoceme led to
decomposition, This suggosts the instabllisty of tho
aminomethylated product,

In view of the unfavourable behaviour of azaferrocens
towards electrophilic reagoents, another moute to substituted
azaferrocones was employed.

In addition to amaferrocene the following derivatives

(xxxvi){a=-ad)

(a2) Ri=Ry=CHys Rp=R,sH

Fe

(b) RyuRymCHys RomRy=H

Rb 3
;3 ©§Rﬂ (@) Rﬂmﬁgmﬁgmﬁﬂﬁgmg

R (d) RicRy=CHys RpwCOCHs; RgwH
4

(xx%vI)
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have beoen prepared in similar fashion, L.0. roactlon
b@t%@@n.th@ potassivm salt of the substlituted pyrrole
and dododicarbonyleyelopentadienyliron (LV). It is
notable that the resomancesof the pyrrole patiterm in

the R.m.T. spectra of (XXXVI; (a)) anmd (XXIVI; (b))
appear at higher £leld than the resonences of the
corresponding pyrrolylmangenese complexes, i.e@.

(XXAV ;s Ry=Ro=CHjs Rﬁﬁ,ﬂc&eﬁ) and (XAXV; R=Rg=CHy; RamRp=H)
which in turn appear at higher fleld as compared wlth the
parent pyrroles (XXXVIII; R =R;=C0Hs; Ra=Ry=H) end (AXXVIII;
Ry=Rg=CHy3 Rp=Rysl), (sce Appoendix). In all these
complexes pyrrole metal bonding is analogous to that
found with the Wecyclopentadienyl @ompl@xé@ of transition
metals .

To explore the possibility of syunitheslsing complexes
oxiibiting a different mode of bonding of the pyrrole to
maetal atom, the rescticn between pyrrolylpotassium and
iododicarbonylcyelopentadienyliron (LV) was sarvied out

in the same solvent (benzens) but at a low temporature

(50-60°¢) . Oon chromatography of the reactiom product
dicarbonyl-ifi-ecyslopentadienyl-g-pyrrolyliron (LVI) was

eluted faster them W-cyeclopentadienyl-W-pyrrolyiiron
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TABLE XXX

Comparison of IR Spoetra

am =?

2015%
1965
1785
1706
16654
1806

1086

1LOL5
1001

923
8k

705
750

(vs)
(vs)
()
(w)
{wow)

(w)

(v)

(m)
(m)

()

(s)
(s)

ko,

=g H Fe(C0),~0-GH N

em =Y

2020
1975

15085
1623
1353
1160
1220
1090
2035
1045
1030

995
908

885
840
795

0o

703

(vs)
(vs)

(w)
(w)
(vows)
{vowo )
(vowr.)
(s)
(vows )
(w)
(w)

(vow.)

(m)
(w)

()
()

(vs)



onexr)s Thio shows that thoe' g-bomded complesx (LVI)
is loss polar then the TW-bonded complex, L.6. ABR-
forrocene (XEXVI). The infrared spectrum(table IIL) of this
g-bonded compound ic comperable with that of diearbonyle
Ww@y@lop@ﬂwﬂdﬁ@nylm@m@y@l@@@m&@di@mylﬂwomé? ®9§X11)v
showing the structural similardbty ofiﬁh@ two complexes.

This structure of the complexn (1vZ) 45 confirmed by

the n.@m.L. spectrum, which ohows

ﬁ@ w0 2B

Wa

08 =% e= CO

(LvI)

doublets centred a%‘?ﬁhs@ and ?melﬁ each of relative
intensity 2, which may bo assignod to twe palrs of
@qu&v&&@@ﬁ Protons (bomd@d to ¢ and B carbon aboms) and
the singlot rosonanse ab ?f 5,17 of wolative intonsity §
oeplignod to @h@:fiV@ equivalont protoms of the W-cyelo-

pontadionyl ring. It 45 of imtercst to mote thad
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rosonanecss dune to the g-bonded pyrroelyl =ing appear
at higher fiold than those of tho parent pyrrole
(JOKVILLs RooReoRzsRy=H) but at lower fleld tham those
(ot T ho7b smnd T5.56) of azaferroceme (XXXVI)(see
Appendix),

Anotheor aspect of the nm.m.r. spectrum i that the
singlet due to the wesyclopentadienyl ring iz at
appreciably lower Field than that in the N-cycloponta-
dienyl ring in azalorrocend (XKKVI z Tegyslopentadionyl-
T-pyrrolyliron at T 5.85).

The formeatlom of dicarbemyl-ti-cyeclopontadienyd—N-
pyrrolyliron has shown that comploxes ecombaining pyrirole-
g-bonded %o iron (type iv) are stable and capable of
isolation. On heating this o-bonded complex (LVI)
losos carbon momnoxide and ls converted to VW-bonded

complex (XXNVE),



NS, 50/&50 gi;zz ESEP R ER

\@ @H;9 Gﬁ=ﬁ GG c@ﬁj% f@
O O

, N

08 L, X

(%) (LV) - {(LvxI) {xXxxvy)

A lLogleal extemsion of the preparation of the
compounds {(IXAVI and LVI) épp@am@d to bo the roaction of
diiodotetracarbonylirany Fe(C0) I (LVII) with pyrrolyl-
potassium, Thoe complexn (LVEII) reacts with eycloponta-
dienyl sodium to glve Ferrocene. The zreaction using
pyrrolyipotassium at 09 afforded an unidentifiecd umsitabie
produet im trace omounts.

The reactlion of lododicarbonyleyeclopontadienylixon
with other heterocyclic systems, ©.g8. indole and cavbazole
was oxamined with a view to prepawring the corresponding
benzo-agunalogueos of both - amd g-bondod pyrrolyl iron

QOMPLeXes o
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Fhnwe the reaction of lodedisarbonyleyelopontadienyl-
iron with indelyipotassivm yielded the corresponding g-
1ndOiy: eomplosr (LVIIL) accompaniocd by & red viscous
product which sppoared 0 bs Wesyclopontadlonyl-v-indolyl.
iwon (LIX). Tho infrared spectrum of the latior showed
9 and 1@&& bands, demonstrating the presence of an

unsubstituted eyelopentadionyl ring TW-bonded to Lzon.

TARLE XV
Complex ﬁm@y@lgg@ggiiignyl WL

WeeycloponbaddenyleWe

indolyliron 5.95
didsarbonyl-v-cyclopentadionyd-

g-dndolyliron 5,16
fieeyelopentadionyl-N-pyrrolyl-

iron $5.87
diecarbonyl-NT-cyclopontadienyl-

G=pyrrodylirom S.47%

Table IV compares the zresonance frogqueney of the evyelo-
pontadioenyl protons of these bwo imﬂalyl complexos with
those of the corvespondlimng Wwe and g-bonded pyrrolyliromn

complexnes (XXXVI amd LVI),
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In & similar way two different reactlione at lower

tomparature between lodocarbonyleyclopentadienyliron amnd

vhe potassiuwa salts of sarbazoeole and tedtrahydrocarbarole
yielded the corvesponding -bonded complexes, (i)
dicerbonyl-t-cyclopentadlenyl-N-corbazsolyliron (LX) and
{i1) dicarbomyl-T-cyvelopantadienyl-N-tetrahydrocarbaszolyle
iwon ( LX) respestlively. The m.m.r. spectrum of the
g-bonded complex ( LX ) shows two rosconemnces atb Ewgoﬁﬁ
{complex) of relative intemsity 2, which may be mssigned
to ¥y and Hy of the o-bonded carbazolyl ring end ati Tz.8

{complex) of relative intensity 6 due o the remaining

alx protons, The singlet resonancs
Mg B, M.
He gﬁ"—f: \@.\3,/ s /’,ff"’\\ /"*“* Ha
N LT —_—
wg N N7 He
l M |

00 < F@e GO 00 = Fa= CO

l A

A “\W}

(1x) {nxx)

at Z94095 of relative intonsddty 5 cam be assigned to the



LR
W1
°

Plve protons of the syclopontadlienyl ring. Thus the
product san be reasomably assigned the sturcture (LX).
The n.m.r. spectrum of the compound (LXL) iz complex
and the singlet reosonence éﬁ ?’409@ can be agsigned to
the five protoms of the cyclopontadienyl dng. Xt is
noticeable that the eyclopentadienyl mesomances of these
complexee are at lower Fiold thanm thoss of either the G-
bonded pyrrole ow U-bonded imndole complexes.

In similer roactioms at higher tomperature, bthe
potagssium saltes of tetrahydrocarbazole and indole afforded
products, which appeared %o be T-irom complexes. The
infrared spectra of these products showed strong 9 and 10 W
bands, characteristic of w-cyclopentadienyl moetal E3ouRs .

A similar reaction of indenyl go@i@mﬁﬁa with dodo-
dicaxrbonyleyclopentadienyliron in tetrabydrofuran afforded
the correspomding U-bonded indenyl complex im poox yield.
The reactiom of 2-Formylpyrrrelylpotassium with the iodide
(LV) gave mo isolable product, but reaction of 2-Aeaty L~
pywrolyl@o&&@sium with the lodide (LV) arfforded di@@ﬁbonyla
fecyclopontadionyl-o-2-acotylpyrrolyliron (LXIT).
Surprisingly the CHz;C-0 poak in the infrared spestrum of

=9
the latter appeared at 1575 (8) shifted from 1ts usianl
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position (im the parent pyrrols, i1.e. 2-aceiylpyrrols,
the acetyl peak appears atb léﬁ&ﬁmmg)a A similax
phenomonon ls apparent with the correspondiung manganeseo
carbonyl derivative, i.e. tricarbonyleT-2~acetyipyrrolyl-
manganese {XIXV; RngQﬁﬁ%Rgmﬁng@mH) which showed its
CH5C-0 peak at 1587°% ',

The n.w.1r. spestrum of dicazrbonyl-tfi-cyclopontadienyl-
O~Beacetyipyrrolylivon (LY¥IL) shows resonsnces at T 3.15;
3.5 3.95 {all weak end broad), which may be assigned o
the 3 protoms, ome at ¢ and ftwo 8t B positions im the

pyrrole Ting.
H@

H, ? GOCH ,

00 == Fo-= GO
H 3

o

" H
H
(LXIL)

A singled resonance ot 1“5025 may be assigned to Live
protoms on the F-bonded eyclopontadienyl wxing and anocthar

singlet resonance at T’?q§9 assigned to three protons of
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the asetyl group. The obseorved melative intoemalties ave
in tho watlo 3 s 4.9 : 3, vhorons the sbtrusiure (rxza)
roquires a ratdo 3 s 5 3 3. Tho structure (LXZIX) 4is
accoptable on the basis of (1) anmalysias, (13) iunfrarod
spectrum, (IIT) m.m.r. spectrum and ({dv) moos @p@@%rum“ag
(so0 Appendisx). 3

The crxackimg patitern has boen interpreted as feollows

(soe Appendix).

45 \X GOCH 5 @ CocH
=1G0 ’

s QC ..ﬁuo =260 5 0

m/e = 285 ] '(ﬁfgy m/e o 257 m/e = 229
. Q * ,!f’. ‘ &
’ é §

\p~COCH
!

h“;i%f ‘ e i\?igewﬁ
K@\ =2 fﬁ{’mx\ co

s g

Pe ﬂ
Pa
= m/e © 122 m/e o 149

Pe

B/e o 56
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$o@iom&mgaﬂe@@@@mﬁa@arbcmyl has boen reporited to roasw
with ae y ihalides to give eomplexes of the typo
R@OMn@GG)Qﬂﬁﬁo Pyrroyl chloride om such treatment
afforded two yellow producta. The infrared spectzum of

Tl s “
the lesg stable produet sxhibited MC-0 poalks ab 21h5%" (s)

2088°™ " (3); 2050°® " (v.w)s 2022°" (¥ S and brosd) and
1940°® 7 (v5) in sddition o acyl pé@k@ at 275550 (vs);
lé&&emam(VS) and appears %o be the s-bonded ascyl complex,
pyrroyimanganesepentacarbonyl (¢ H M WO, ) (LRXTID (e,
furoyim@mg@n@@@p@mﬁ&@&ﬁbuﬂ&lﬁﬂﬂ)d The infrared spectium
of the second product showed MC-0 peals af glkl@maﬂésﬁg
208157 (vs) and 19237 (vS, bromd) but no acyl pealks
and can beo assignéd the struchbure, Z2-pyrrolyimanganesi-—

pentacarbonyl (¢ H Mn ¥O_)(LXIV) fosmod by

.;; )
4$;§@0 Mn{C0)g ;é£2§” ¥n(Co) 4
M

i

(LXIIL) (LXIV)
the loss of ome molecwnle of carbon momnoxide in the complex
(ILXITX) im o similar fashion G0 2-Purylmangancsopontae

14 9

sarbony o Analytical data pupport the formuls (LXIV)

for the somploes,
2
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GBENILRAL

ALL weactions wore carrvied out im am atmosphere of
oxygen free “white spot" nitrogen.

ALY solvents used in renctions wero sarefully drieds
2.8. potroleum other (b.p. 100-120°C) wos purifisd by
washing in turn with comc., sulphuzric acid, aclidifled
potassium permanganate solution and vater, drylng ovesx
caleium chloride and distilling over sodium.

Ligroin refers to that fractiom of petroloum other
Oof bop. 60-80°C umnless otherwise specified. Spence s
Grade H' alumine was uwsed for shromatography and was
eartially ﬂ@&@tﬁvmﬁad by expusure to air for 3-6 hours.

Neutral alumine wsaes propared by ctoring 'Grade H?
alumina under ethylacetate for L2 daye, filtering,
washing with methanvl and water and finally drying at
160°C fur 4 hours,

ALl melting and boiling points are uncorrestod.

Akl dinfrared spectre wore recorded ap potassiam
chloride discs unloss othexrwlse statod.

H.M.R. spectra were recorded om Perikim-Blmer how/c

Spectrometor &t@&mam@ﬁhylailan@ being the intoxrnal



reference) in carbomndisulphide unless otherwise apecifliod,
Percentage ylelds are based on warecovered carbomyl

oxr halocariponyld.
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The feollowing two methods (A) and {(B) have been
followed as standaxd omes in the preparation of

neterocyclic manganese complexes.

ITRICARBONYL -1 - PYRAOL YL -MANGANBSE

(&} Prowm pyrrole and dimanganese decacarbonyl.

Pyrrole {12 ml.) was added te 2 solution of
dimanganese degacarbonvl (309 8. 10O mmoles) in Ligroin
(hupu LO0=-220°%C: 4% ml. ). The mixture was stirrved at

reflux btemperature for 14 hx, cooled, and the solvent

was svaporated ander reduced pressure. The residue
was chromatographed on alunina, Ligrodn eluted
dimangenese decacarbonyl (1.7 g3 43.7%). Ligrodne

4,

benzene QQ : 1) eluted eoxcess pyrrele, Further elution
with the same solvent mixture gave ErlearbonyleT-pyres Ly ke
manganess (1.5 g3 68%), which was purified by sublimation
{0.0L wmm at room bemperature) as bright orango crvstels

194
MoPo L4L.0% [1it BO.5.L1.0%C],

(ﬁ) From pyrrolylpotassivm and bromouwsnganese pentacarbonyl .
Pyrrole {0.7 g. 13 mmoles) was added dropwise to a

suspension of potassium (0.39 g; 0,01 goatom) in tetra-



€0

hydrofuras (20 Who ) o The mixture was stlrred at

room Gemperaturs, until all potassiun had reacted
148
(Ca 5-6 hr.) Bromonsngansse pentacarbonyl (2.75

w4

10 mmoles) im tetwabydrofuran {40 wl. ) wes added ko T
white suspension of potassinm salt pnd the mixitare wao
neated at vefiux temperature with stiering for i hr.

The mizture was coolaed and Pilbered through kieselguhir.
The solvend was svaporabed A vasuo. The residue was

extracted with benzene and chromatographed as undsy (h}.

Dimanganasa decacarbonyl (0.77 g.) and tricsxbonyd-=T-

. nea .
prrrolylmenganess (0.88 g3 72%) mop. B1°C L[14% B0, 541, 0% ]

were obtained beslides some unchanged pyrrole.

TRIGARB@NYLmﬂm%ﬂ5mDIMETHYLPYRR@LYLuMANG&NESE

1, From dimethylpyrrole and dimenganese decacarbonyl

148
2, S-dimethylpyrroie (9.35 g. 100 mmoles) and

dimangenese dscacarbonyl (L3 s L mmoles ) were wrefluxed

for 16 hw, The reaction mixture was proecessed by method
(o). Dimangenese decacarbonyl (0.57 g.) and unreaeted

dimethylpyrrole &%032 g.) were eluted by Ligroin and

DeNESNS . Blution with ether afforded a yellow Lliguid
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(0.74 g.); which on distillatiom at 60°C/1072 mm, gawve

&ri@@fb@mylmwmzn%m@imaﬁhy;myrr@iylnmmm@am@s@ﬂ whosge

spactrum showed that 1t was stilil contamninated with
wnchanged pyrrole, A pure gsample was obtained ag
followss-
2. From 295mdim@thy1pyrr@lylwpmta$ﬁium and hromoe-
manganese pentacarbomyld.

Cooled Ev5m@im@thylpyrr@1ylmpmtaﬁgium obhtalned
(3 iz, w@flux} Fyom @ S~ddmethyipyrrole (103? &3 Lk muroles )
and potasaium (QD@Q g3 C.0L go.adom) im Ltetrahydrofuran
{30 mi.) and bromomavganese pentacarbonyl {(2.92 g;
11 mmoles) in the ssme solvent (30 ml,) were trested wnder
the reactlon conditions (B) for b hwe, Dimanganese deca-
carbonyl (0.75 g.); unchanged 2, F-dimethylpyerole (0.37 g.)

and ﬁw:@arb@mvlmﬁma&&3@im@%hvlwvrrmlwl«mamg&naﬁ@ (0016 &3

12%) were obitained., The product was purified by
sublimation (0,01 mm Hg at room temperature) as yellow
Crys8tals m.po.25.,5-26.0°0
Fownd C, B46.0; H, 3.5 N, 5.95
¢ He Mn MO; wequires ©, b6.4y H, 3.4 N, 6,0%

. cm =" |
Infrared peaks (liquid film) MC~0 at 2022 (vs)

"
and 1923°% (vs)
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NoMoR@edm ot (5. 1{B=H) and 7.87(c-CH,), relative intemsities

L s 3,08, required intemsdties 1L 3 3.

ERICARBONY L2, b-DIMETHYLPTRROL YL -MANGANESE

Cooled 2sh-dimethylpyrrelyl-potassium, obtalined
(3 hr; roeflux) from 29hmdiM@ﬁhylpyfr@igwéoo8Q g3 9 wmoles)
and potassium {0.30 g3 0.007 g.atom) in Letrahydrofuran
(30 mlo) and bromomanganess pentacarbonyvl (306 g3 13 mmoles)
were treated for 3-4 hr as under {(B). On chwromatography,
ligroins ligroin-benzene (30 : 70) and ether elutad
succsssively, dimanganese decacarbonyl §0060 go)3 unchanged

2, hoddmoethylpyrrole, and tricarbonyl-n-2,hodimethyipyrrolyle

monganese; as & ysillow oil {0038 &3 lﬁﬁ)ﬁ which was
purified by distillation at 55-350°C/0.0L-0,05 mm,

Found s 0, 46.5; H, 3.8 ¥, 6,0

¢ Hp M NOy roquiress €, b6.Ly M, J.b3 XN, 6.0%
Infraved peaks (liquid £1lm) MC-0 st 2010°™ - (vs) and
2925%% " (va),

NoM.R. peaks (€ Clg)atTh.33(0=H); 5.23(p=H); 7.85(c-CH;)
and 8.03(B=CHy), roelative intemsitles 1 s L : 3 sz 3,

regquired inmteneldties L s X 3 3 3 3
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ERICARBOWYL-T=2,3, 1 , 3=TEIRAMETHY LYY RROLYL-MANGANESE

Cooled 2,3,%,5-tetranethyipyrrolyi-potassinum
(1l mmoles) preopared (2-3 by, reflux) Ffrom 2,3,4, 5
t@&r&m@ﬁﬁylpyrroizf(laﬁﬁ g3 A4 mmoles) and pobassium
(0.53 g5 0.00k g.atom) in tebrabydrofuran (30 ml.) and
bromomanganese pentacarbonyl (3.8 g: l%ammolgg) in the
same solvent (40 ml.) were allowed to react fox I-& hr.
and processed as under (B). Blution with ligroin,
ligxroin-benzene (30:70) and ether isolated dimanganese
decacarbonyl (0.42 g.), unchanged tetramethylpyrrole and
tricarbonyl-=2,3,4, 5~=tetramethylpyrirelyvi-manganese {(L.5ig. )
regpectively. The crude product on purification
{sublimation at 60°C/L0°% mm.) gave orange czystals
(043 g3 22%) mepo 35.5-369C,
Fowund s €, 50.4y H, k.55 N, 5.5
¢ Mg Mm NO; wegquiress €, 50.635 H, 4.65 M, 5.4%
Tnfrared posks MC-0 at 2020°™  (V8) and 2042°" (vs)
NoM.R. poakest¥7.93(a-Cl,) and 8.1(8=Cis), relative

dntonedities L & 1, reqguired inteunsidties 1 s 1,



TRICARBONY Lo 3o ACETT L 2-METHYLPYRROLLL -MANGANESE

Goolad $a@@@@ylmzwm@ﬁhylpyrralylwpoﬁaﬂgium obiained
(3w, reflux) Lrom Bwa@@my&mzmm@ﬁhy&pyfroig@§109 83
15 mmolos) and potassium (0,33 &3 0,00k gombom) in
totrahydrofuren (25 ml.) and bromomanganese pentacarbonyl
(3.3 gs L2 mmoles) im the same golvent {50 ml.) were

rofluxed (5 hw.). Subsequent chromatography gave

dimengonese decacarbonyl (0.76 go.) and tricavbonyleii=3-

peatyle2-nethylpyrrelyl-Banganesg, @& yellow mass, O

eiution with ligroin and peitrol-benzene {2 s 1)
rospeetively. The produst was purdfied (sublimation
180°C/10-2 mm), (0.91 g 50%) as y@liow srystals

Moo 670 5=-68°C,

Pound s C, 6.4z H,3:53 W, 5.4

G Ho Mo N0 requizes ¢ ¢, 16,05 ¥, 3.L5 N, 5.4%

Infrared peaks MC-0 ab 202%™ ~ (vs) and 2961°" - (vs)
CHyG=0 ot 1682°% (8).

HoMoRo poakectTh.08,8.22(0-H)s oy b u8(B=M); 7.6(0=CH,)
9.72(B-CH ), welative intensities 1 s 1 & 3 ¢ 2.9,

roguired imtemsitlies 1 3 1 s 3 8 3o



6%,

TRICARBONY L=~ 3-ACETYL~2 , 4-DIMEIHYLPYRROLYL -MANGANESE

3=l 0atyleR, bodimethyipyrrolyl-pobassium {coocled),
obtained (2 hr. roflux) from 3-acetyl-2,l-dimethyl-
pyzrrole (2.6 gs 9 wmmoles) and potassium {0.%54 g 0.0LL
s.atom) im tetrabydrofuren (2% ml,) under reactlion
@anditi@ﬁ@'ﬂﬂb with pentasarbomnyl bromomengensese (3 g
11 mmml@a) for 5 hr, gave dimanganese decacarhonyld

(0.625 g.) and tricarbonyl-d~acetyli=-2, h-dimethyipyrrolyl-

menganese (1.03 g.), eluted sucscessively with ligroin
and petrol-benzene (1 3 1). After purdification by
distiriation (80-82.5°C/0.02 mm) the yellow compound
(0.72 @i L5%) thus obtaimed was sublimed (20 ~2mm. room
tomporature) to pgive yollow erystals mop. Lb.5-L5%°C,

Poumnd I‘gg 25099 50@

QT

G, ¥, Mu WO requires 3 N, 5.1%

w=af) s §
M (vs) and 1961°%  (vs),

Infrarod peaks MC-0Q at 2041
CH,G-0 at 1681°0  (s).
NoM.R. peakses Th.28(0~H); 6.63(0-CB, & B8-COCH) and
7.85(8-CHy), wrolative intomsitics 1 & 6.1 3 J.1,

roeguired intemsities 1 s 6 : 3.



ATTENPTED REACTION OF INDOLES WELH DIMANGANESE DECACARBONYL

Indolea Qﬁoﬁ g5 21 mmoles) and dimanganose decacarbonyl
(3.9 g5 20 mwmoles) wnder condition (A) gave only mangancse
carbonyl (2.1 g; 84%) and unchanged indole spread over the
o lunm, ¥rom a simllar reaction betveen 2-methyl-indole
(2.9 g:) and mangancse carbonyl (1.5 g.), unchanged
monganese carbonyl (1.32 g. 88%) and some 2emethyl-indolie

were recovered.,

REAGTION OF SNDOLYLPOTASSIDM VITH BROMOMANGANESE PRITA -
CARBONYL

Indélyl-potassivm, obtained (3 hr. room temperature )
from indole (2.73 g; 2.3 mmoles) and potassiuvm (0.6 @3
0.016 g.atom) in tetrahydrofuran (20 mL, which was
ovaporated under & stroam of nitrogen), was allowed (s’
react (B) with bromomangancae p@m@m@awh@nyi (2, 77 g
10 mmoles) for 5 hr. in bomsenc (60 m2.). Blutiom with
petrol and potrol-bensene (70:30) gave dimemgoncoo docoe
earbonyl (0.60 g.) and a viscous yellow oild (0.8% g.).

Sublimatién removed indole and subsequent high vecwuuwn



digtilletion gave the produst.

Found 5 N, 5.7

Go He Mn NOy woguires s N, 5.58 qgﬁ@mm Ngﬁ roquires
Boh5%, Infrared peaks (ldquid £ilm) MC-0 ab
20307 (vg) and 1952°% 7 (ys)

ERICARBONY LTl = 2 METHYLINDOLYL ~MANGANEST

gm%@@hy&im@@iylmp@tgg@ium (cocled), obtaimed (2 hr.
wofiux) from 2-methylindole (2.0 g3 17.5 mmoles) and
potosalum (0.42 g3 0,01 g.atom) in benzmeme (50 ml.) on
roaetion (B) with bromemanganose pentacarbonyl (3.26 g3
12 mwolos) im tho ceme solvent (50 ml.) and subsagquant
ehromatography yiolded dimnnganeso decacarbonyl {0.84 &o )
unehangod 2e-methylindolo and o @@mﬁléxo Prolongoed
subldmetion at room temPerature/lo ° Hmy rEHOVed 2

mothylindole, followed at 60°C/10~¢ wm by trlearbomyl-iie

gmmgﬁm§igmﬁ@ﬁgg@m&mﬁ@m@a@5 wvhich forméd eronge cxysbals

BMoPo QX o'g‘?gg@@o
Poumd 8 8y, 53:13 H, 3.0 W, 5.3
G2 Mo Mn NO; woquiress G, 53.93 N, 3,05 N, %.2%

o
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Infroared poalts MG-0 at QQM&QmmGQVS) and igélgmwﬁévsy
NoMoR, p@&&&ﬁf@éné(@@mp&®x phonyl)s 2.5(%-H) and
7.78{a-CHy), rolatlve intenmsities &.ls 2 3 3, requived
dmdonedities & 3 L s 3o

REAGTION OF 8, 5-DIMETHYLINDOLYL -POTASSIUM WITH

BROMOMANGANESE PENTACARBONYIL,

2, 5=Dimethylindolyl-potassium {(cooled) prepared
{3 br. refiux) from 2,%-dimethylindole (1.67 g3 12 mmolesn)
and potassivm (0.59 €3 0.015 g.atom) im sebtrahydroluran
{20 ml, evaporated under nitrogen) was allowed o woact
(B) with bromomangencse pentacarbonyl (3.2 g3 12 mmoles)
dm bomsmene (7% mi. ) Chromatography, besides dimanganese
doeonoarvonyl (0.72 go%,gaV@ o small omouvnd of yellow
product, contamineted wiith unchangoed indele, which could
not be separsated by froctlonal sublimotlon to yield thoe
complox im pure state, 1% showed infroared poaks MC-0 af

L] =) :
2020°" " (¥8) ama 1962°7 " (V8)
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n—m.——-—-n‘

PERROLE WLTH T DEMATRZA I

et e

150
Qogw@i@&whﬁﬁmgxym@ hedimothylpyerole (k.71 g3

20 amom@@) amd dimanganese decarbonyd (0,59 g5 1.3 o Les )
om wosetion (A) gave dimanganese decacarbonyl (0.24 g3
50%) and uwnrencted 3,3 dlcarbethoxy 2, bodimothyipyrrole

&:ﬁ.'o 62‘2 ﬁfgo »

REAGEION OF 1, 5-DICARBEIMORY =2, h-DIMBTHYLEYRROLYL~

POTASSTUM WITE BROMOMANGANESE PENTACARBONYL

395&Di@arb@$m@xym29&mﬁimaﬁhylpyrmolylm@o@a@8imm
(coolod), cbtaimed (3 hr. refims) €rom 3,S-diearbothoxry-
2, hedimothylpyrrolde (3,79 g3 10 mwmoles) smd potassium
(0.55 g 0.01h g.atoms) im totwahydwofuran (10 mlo )
was allowed to Oacd (B) with bromomengencse pentacarbouyl
(4.0 g3 15 mmoles) im the same solvendy (B0 mil.) For b hw.
Chromntogrophy, on eludion with petrold, p@@g@léh@mg@m@
(7:3) ond othor gave dimmngencse dosasarhenyl (0.62 o)
tho wmchenged pyrrole (1.23 g.) emd a yellow solid im
poor yiold wmm@@@ﬁiﬁalyo The yollow solid was unsteble
Tafrorcd ponks MC-0 ab aomlgmm&(vs) and lgmlﬁm‘ﬂ(vs)

w2 sl so <2}
GH,G-00 at 1626%% 7 (8), 1550 (8) and 21528 (8),
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REAGTION. OF R-MEFHOXYCARBONYLPYRROLYL POTASSIUN WETH

2.Mothoxyearhonylpyrrolyl potaseium prepaved {2 br.
0 Om %@m@@m@@mﬁ@) Prom &wm@@h@xy@arhomylpywrmi%ﬂ(19@3 23
8 mmoles) and potmssium (0.28 g 0.007 goabtom) im tetra-
nydrofuren (30 mi.) om reaction (B) with bromomenganess
pontacarbonyl (2.21 g3 8 wwolos) in the same solvent
(40 mi,) for 5 br., gave dimenganese decacarbounyld (.06 go)
and & yollow molild, whi@h.nn sublimation gave unchanged
2mothoxycarbonylpyrrole (0.500 g.). The imfvared peaks
of tho vellow gummy resldue (unotablo) are MC-0 at
2020~ (v8) ena 1942°" “(v8)s CHs0-00 1667°" “(s8)s
1565°% " (5) and 120%™~ (8),

REAGTION OF 2,73, 4, 5-TRERAPHENYLPYRROLYL -POTASSIUM WITH

BROMOMANGANESE PENTACARBONYL

%939%9ﬁéﬁ@%rmph®myipywwolylmp@ﬁa@simm {(cooled),
obtnined (6 br. reflux) from &939495«@@&@@@%@@ﬁ;@ygﬁoiésa
(2,09 g; 5 rmolos) ond potassium (0.20 gs 0.005 o abom)
An tetvebydrofuran (30 ml.), on roactlion (B) with browe-

mangangse pentacarbomnyd (L.97 @3 7 mwoles) im the same



Tho

solvent (B0 ml.) For & hr. gave, on subsequont
shronetography, dimangencse decaserbonyl (0.35 80)3

tho snroasted pyrzolo (1.5 g.) snd a yollow product
(unotable) im vory peosr yield.

ingrarod pocko HE=0 206192 " (v8), 2025°% " (v8), 196257 7 (vs},
@géﬁﬁ (¥8)s GCoHg 190%™~ (8), 14932 ™ (8), 1472%% 7 (8)

ns%
and 1428°% (8) show the produet as ponbacarboryl O«

sobrophenylpyreolyl-nanglness.

REACTION OF 2-ACETYLEYRROLYL~POTASS TUM WETH BROMO-

MMMMW“-M'WW*MWWW--

MANGANTER PENEACARBONYL

1, Goolod, 2-ncotylpyrrolyl-poiassium obitalnod (b v,
roflax) Trom zwmaaﬁylpywroﬁgmkloéﬁ-gg 15 mmoles) ond
potoscium (0.50 g3 0.003 g.otom) im botrahydrofuaran

(25 ml.) ond bromomanganose pontaccrbomyl (3.0 gs 1L mmoles
im the seme solvens (50 mi.) on weaction (B) fer 4-5 hw.
gave on olutlon with Ligroin end other dimangameso Aoane

caxbonyl (0,99 @.) ond Gricerbonyl-U=2-a00tyIRYErolyl-

mangenoge (0.086 g3 0.8%) ao yollow exryobalo MoPo
60-70°0 doecomp.

Infrared ponls MC-0 2042°" " (v8) and 1923°2 " (v8),
CH,c-0 2587°0 (8).
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2o B-Acotylpyrrolyl-potassivm prepaved (4 hr. woom
tomporature 28°C) from 2-acetylpyrrole (1.37 @ 12 mmoles)
and potassium (0.35 g; 0.008 g.atom) im Lotrabydrofuran
(30 ml:) was stirred with bromomanganese decacarbomyl

(2.0 g5 8 waoclon) im the some solvent (390 ml,) Bt reom
@@m@@w@t@ﬁ@ foxr 3 . Chromatography on neubtral alumins
yieldod dimangeneso decacazbonyl (0.56 g.); uvnreacted
pyrrole and o yollow compound {0,095 g.) which decomposed
qui@mly;

Infrored ponks im € Cly MO-0 at 21450°% 7 (m), 2041°% " (vs)
2020°™ " {w) ond 194250 (V8) and CH,C-0 at 1640°" " (8)
show that this produst in probably pontacarbomyles N -

(2-nootyrpyrrolyl )-mengancse.

BEACTION OF  2-FORMXLIYRROLIL, POTASSIUM WITH BROMO-
- MANGANESE PENTACARDONYL

gﬁﬁowmylpywr@&ylmp@@@@@@umg%r@pmr@@ (3 hr, woom
tomperature) from &mf@fmylpyﬁm;l@ (0.97 g3 10 mmolos)
ond potassiwn (0,22 €5 0.005 g.atem) in tetrahydrefuran
(30 m2,) was stizred with bromomANEERSHO PoRBACTLORYL

{2.6 g3 B0 mimnod im the same solvemt (40 mi.) Ffor & hr,
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Chromntography on silieca gave dimanganope deecacarbonyl
(0:.70 g.) ond an twpure and westablio yellow preduet (0, &l@u}
the infrared spectrwa of whis pw@mv@@ @h@wa MC=0 goaagm ivs}
and 1923 (v8), HE-0 1750%2 7 (), A@k@ﬁm {(8) ama
1600°" 7" (8, broad).

&Féawﬁav OF PYRAZOLYL-ROTASSIUM WITH BROMOMANGANESE

PFE“A@&RﬁONYL

FPyrazolyl=potassivm obtained {1 hw. zoom temporature )
from pyrazole (2.08 g; 25 mmeoles) and potagsivm (0.67 g;
0,018 g.ntom) im teotrehydrofuraun (30 ml.) and bromo-
HONEANOS O pam@a@&mh@my& (3.68 g5 13 mmoles) im the same
solvent {950 ml.) wero troated as (B)." OChromatography
geve dimenganese deeascarbonyl {(0.50) and fowv Biliigrams of

@ yollow product,vhleh blackemod quielly,

g@gg@ggmm@gmawMEﬁﬂ%vamaz@L&&w@@ﬁﬁsﬁxwm WITH BROMO-

I-Hothylpyranolyl-potassivm prepavod (2 nr, rofiug)
from Jemethylpyrasole (%o@'gs 3 mwmolos) amd Potassium

(0.78 a5 0.019 g.atom) im tetrahydrefuran (20 mi.) was
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trooted (B) with bromomonganese pemtacarbonyl {5.36 g3

19 smoles) im the seme solvens (50 mi.) for & hw.
Chromatogrophy on noubtiral alumlng afforded dimenganese
dosasarbonyl (0.24 g.); en wnidontified gummy unstable
produet (0.07 g.) and thon pyreselyl cemplex (0.85% g.)
Thads Torms yellow erysbtals m.p. 138.5-150°, The product
was furthor purlificd by sublimation {(90-100°C/0,005 mm).

=9 ‘ o =0
Infrared poaks MC-0 2030 (V8) and 19232  (vs).

REAGTION OF 3, 5-DIMEIHYLPYRAZOLYL, POTASSTUM WITH

BROMOMANGANESE PENTACARBONYL

3, 5=-Dimethylpyrazsolyl-petassium obitained (3 hw.
room temporature) From ﬁﬂﬁmﬁiméﬁhy&pyr&%ola (1.5% g3
16 mmolos) and potassium (0,54 ms 0.0LL g.atom) in
totrahydrofuran (30 mi.) was treated (E) with bromoe
manganese pentacarbonyl (4,12 g3 40 ml.) in the same
selvont for H hw, Chromatography on neuntral alumine
gave dimenganese decasarbonyl (1.53 g.) end en erange
orystalline produst (0.66 g.) m.p. 120-124°%C docomp.
Infrarod poaks (CSaz) MC=0 at 2030 - (Vv8) and
292988 (vs).
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ATERMPERD REACTION OF 3-METHYL, 5-PHENYLEYRAZOLIL
PORASSIUM YI%H_BROMOMANGANESE PENTACARBONYL

Cooled, J-mothyl,S-phenylpyrasolyi-posassium
obtainod (& hr, 20-30°) from F-methyld,S-phemyl-
pyresole (3.08 g3 16 mwmoles) and putessium (0.70 &3
0.007 goantom) in tetrabydrofuran (30 ml,) and bromos
manganese peatacarbonyl (5.8 g3 17 mmoles) im the seme
solvont (50 ml.) on similawr reaction (B) For & hwr. gave
on ehromabography omly dimangancss decacarbonyl (1.82 g.)

while the pyraszole spread all over the coluem,

REACGTTON OF BENZOTRIAROLE WITH DIMANGANDSE DECACARBONYL

Benzotriaselo (1.49 g; 12 mmwoles) amnd dimongancso
docacarbonyl (2.5% g 6.5 mmolos) were troated uwnder tho
conditlons {A). On silutdon with ligroin, benuene and
methanol, dimemgeneso decasarbonyl (0.5% g.), wnehongod
bonmotrinsslie and & yollow compeund (0.852 g.) wexe
suceessively obiainad, The yellow compeound when
oryatallised from dichloromethene and petrel afforded a
produst m.p. L2B=43°¢,

am =

4 wnf)
Infrored poaks MO-0 at 2041 (V8) ana 1900°%  (vs),
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REAGTION OF BEENZOTRIAZOLYL-POTASSTUM WITH BROMO-

MANGANESS PENTACARBONYL

Bengetriagolyl-potassiuws obdtained {39 nr. room
tomporature) from benzetwiasele (0.83 g; 7 mmoles)
and potassium (0.28 g; 7 wmoles) in tetwahydrofuran
(30 ml.) ond bromemengenese pentasarbonyl (3.5 g3
13 mmoles) in thoe same solvent (40 ml.) on treatment
(B) for 3 hw, ond subsoquent chromatography gave
dimangenese decacarbonyl (0.25 g.), bonsotriazole and
8 yoellow compounid on olublinmg the column with petzold,
bonpone and methaneld . The yellow compound was
roehromesographed and erystelliised from tobzabydrofuramn
and petrol v gilve the produet m.p. #2-43°C, obtained
in the proceding oxpoviment. -

=q =g
Tofrerod peaks MC-0 at 2081  (v8) and 194250 (vs).

REAGTION 148, heTRIAZOLYL-POTASSTUM YITH BROMO-

MANGANRSE CARBONYL,

2,2, b-Priazolyl-potassivm propared (2 hr. room
tomporaturs) from 1,2,4-triazole (2.50 g3 22 mmoloo)

and potassiwa {(0.30 g 0.008 g.atom) im bebrahydsofuran



(30 mi.) om Groatment (B) with bromomangancse penbe-
carbonyl (3.0 @5 2} mmoles) 4n the same solvent (L0 ml. )
gave om chromntegraphy, dimengeness decasarbonyl (0,69 z.)
the triasole end a yellow solid (38 mg with ccotone),
whieh docomposad guliclkly.

. md o
Infrared poaks MC-0 2043°" (vs) ama 1923° (vs).

ATEEMPTED REAGEION OF TETRATODOPYRROLE WITH DIMANGANESE

DECACARBONYL
185
Totratodopyrrole (L.63 g3 ) and dimangsnose decaw

sarbonyl (1.0 g.) in ethylemoglyceldicthyl othor (50 mi.)
on treatmont (4) gave o black residus, from which only
. dimonganese decasarbonyl (0.26 g.) was rosovered on

chromatography .

REAGTION OF TRON-TRTRACARBONTL, DYIODIDE WITH PYRROLYL
POFASSTUM

Trof pontacarbomyl (2.5 ce) and todime (2.66 go)
w@$®'gmi§@@ﬁ at 0° in ether for 2 hwr. to Loxm irem
totracarbonyl-diiodide. Pyrrolyl-potacoims (L.35 g.)

in totrehydrofuran (30 ml.) wvas added and the minture
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was atirred for another 2 hrs. at low temperaltura. The
rosidue, obtained after wemoval of solvemt im vecuwo, on
chromatography vielded a few milligrams of & yellow

compound (ether elution) which decomposed quiekly.

ATTEMPTED REACTION OF PYRROLE WITH MOLY B DENUM GARBONYL,

A mizture of pyrrole (5.36 g; 80 wmmoles) and
moly b denum caxbonyl ($.28 g; 20 mmoles) in dlethylene=
giyeol dimethyl ether (50 ml.) was refluxed (16 hr.).
AfGor cooling saund filterimg (lcleselgubr), the yellow
fil%ﬁ&%@.ﬁu?m@ﬂ black on exposure to aiwr. Removal of
the solvent and subseoguent sublimation of the wxesidue

gavo moly bdenum hexacarbonyl (1.96 g.)

REACTTION OF PYRROLYL-POTASSIUM WITH MOLY B.DENUM

HEXACARBONYL,

Moly b-donum carbonyl {(5.28 g3 20 mwoles) and pyrrolyl-
potoassium (obtaimed Ffrom pyrrole {(2.97 g; &5 wmoles) and
potaspilum {(1.17 g3 0.03 g.atom) im & hwr. reflux) in
totrahydrofuran (60 ml.) were stirred at reflun tomperature

foxr 16 hr, The yellow mixture was cooled at -20°C amd
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acotic acid (2 g3 3 9 mmoles) was added ond tho sixture
allowod to woarm up to Toom temperature with stivrdmg

(1 Bre)e The solvent was vemeved in vacue and
dodomothane (2.9 g; 20 wmoles) inm benzene (7% wi.) was
added, The roaction mixtvre was refluxed again fox
another 2% hr. during which the econtents of the flask
blackened, The black mass was exbtracted with diehloro-
methane, solvemt romoved and on sublimation of the

resldus, molybdonum hoxacarbouyl (0.27 g,) wes obtained,

ATTTMPTED PREPARATION OF BIS (2. 3=DIMETRYLPYRROLYL ) - TRON

186
L. - Reaction of forric-ncotyl-acotonata with 2,5 methyl-

PYrrolyli-potasaium,
Ferric-acetyl-acetonate (5,24 8% 15 mmoles) and 2,5
dimebhyipyreolyl-potassivm (6.2 g3 U6 maoles) in totra-
hydzofuron (100 ml, ) wore reofluxed with atirering for 3 hr.
The black wesidue, aftewr cooling and ovaporating selvems
in vasuo on chromatography gave unchanged 2, S-dimethyl-
pyrrelo leavimg lot of docomposition product on tho

SO lumn
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XX, F@@@@@@w&QQEVlm&@@ﬁﬁggg@ (2.08 g3 & wmolen) and
2, Sedimetliyipyrrolylepotasciun (2.1 gy 16 wmolos)
in tetralydrofuran {30 ml.) under jdentical conditions
of oxpoerimont as deseribed above (I) geve only 2,5«
ddmethylpyrroie (0.85 g.)
TEL. ) Porrie chloride {(1.68% g.) and ivonm metal (powders;
0.8 z.) in totrehydrofuran (30 ml.) werse refliuxed 1411
the yollow colour diseppeared (Ca b hw.). The ccoled
solutlon was gtirred with 2,5-dimethylpyrrolyl-potassiuvm
(3.t go) et room tewmperature foxr I hx. Chromatography
affordod a fovw milligreams of yoellow exrysitals,
unidentifded and very unsitable.

(11)In another similer wremetion fervous chloride
obtained by refiunxing fewrwric ehloxide with ehlorvobonsenc

Failod to weaet with 2, S-dimethylpyrrolyl-potassiumm,

ATTENPTED PREPARATION OF 2, 5-DIMETHVILPYRROLYL, COBALT

156
Cobalt (TIX)-acotyl-acotenate (2.0 m.) and 2,5

dimothylpyrrolyl-potassium (3:.16 g.) in tobtrahydrofuran
(60 ml.) wore refiuxed for 3 hr. Aftor cooling and
filtering (koelselguher), the solvent om ovaporadien

4m vacwo @#ave & brown residue, which was oxtractod with



B,

diehloromnethane and srystallisced to give a fow milligrams
of a brown compound, (highly uwneteble) condaining cobald

and albrogon,

ATTEMPIED PRUPARATEON OF 2, B-0IMEIHYLPYRROLY L~ LCHEL,

COMPLEXES

I, Ni{IX)asotyl-acotonate (3.06 g.) and 2,5-dimotiyl
pyerolyl-potassium (4.8 g.) in bonmone (30 ml.) were
rofluxed Lfor J hw. The blaek comtents of the flask,
alftor cooling, filtoring and ovoporablmg the solvent

An vaouo and subsoquend @hwom&ﬁog&&phy @gave omnly
unchangod 2, %-dimethylpyrrole (2.1 @)

XX, Al&y&wniQMleb@omiéé@(lo0 o) ond 2, H-dimothyle
pyrrolyl-potassiws dn tetrahydrofuran {30 mi.) were
stirred at roem tomperature. The blesk contonds of
the flask were filteroed, solvent romoved im voouo amd
the rosidual blocl gum on chromatography save unchemgod
2, S-dimethylpyrrole (0.%3 g.)

¥E%. Totwapyridoniokel dichloride (2.36 g.) angd 2,5
dimethylpyrrolyl-potassivm (2.02 g.) in benseno (60 ml. )

wore roefluxed foxr =L he. The ronetion mixture, which
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turmod med ond thonr blaock was eeoled, Tilbored aund
tho coelvont cvepomated Lm vaswo. The ropidwe omn
chromabography gove unshangod £, f-dimothylpyrrele
{0.75 @o)o

IV, lockolooome (2.2 g.) apd 2,5-dienthylpyrrolyl-
potoosiwa obtadined (3 hwr. moom temperature) Ffrom 2,5
dimothyipyerole (2.0 g.) ond potessiuvm {0.49 g.) 4in
sotoohydrofuren (30 ml.) wvoxre stirved foxr 3 hi ab
Yoom BOMPOrature. O prooopsimz the brown roaction
mixture dn thoe uswal menner, only a fov miliigrams of

niclkolocene and pyrvoio (0.92 g.) were obitaimed.

ATTEMETED REACTION OF 2,5-DIMETAYLPYRROLE WITH TRON

DRNEACARBONY L,

2, S=Dimethylpyerole (6.5 g.) ond ivon cnneacarbomnyl
(3.56 go) wero rofluxcd for L4 hr., The cooled blaelk
mans oxn chromabography gave warststed 2, Y-dimotbhylpyrrole

{3.03 go)o
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ATEEMPEED REAGTION OF PYRROLYL-POTASSIUM. WITH IRON.-

gl AT A

DODBCACARDOUYL

Pyrrolyiepotassive propored (3 hw. woom tomporature )
from pyrrole (3 ce.) and potassivm{0.52 g.) in botra-
bydrefuran { 30 ml.) and irom dodesacawbonyl (2.5 @.) im
the same selvent (25 ml.) were odlrred af voom
bomperature for 3 by, during vhich the mixbure turned red.
The solvont was evaporabed im vacue and the wesidwee on
chromatography goave o fovw milligrams of iron dodecasarbonyl

along with unroacted pyrrole (1.25 g.)

ATTEMPTED BRAGTION OF PYRROLE WITH TRON CARBONYLES

o Pyrrole (40 ml.) and Aron pontaserbonyd (30 mi.)

wore hoated at 150%C imn en adtmosphore of casbendioxide
in o rosking antoslave for 20 hw, The ronotion minturoe
on vacuun distillotion adt room Gempeznturo affordod
wnroactod iren pontocarbounyl (20 mi,) and thom pyrrole
(20 ml.) at BO%.

TL. PByrrele (15 ml.) end iren dodecacarbomyl (15 g.)
wnder similar comditions as deserdibed above and
subseguent ochromnsogiaphy gave only uwnchanzed L3omRn-

dodocacarbonyl (10.% g.) aud pyrrele (L2.2 @.)
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ATEBMPTED REACTION OF PYRROLYLPOTASSIUM WITH CROTYI-

IRONTRICARBONYL--CHELORIDIE

Pyrrolyl-potassium obtained (3 hr. wvom tomperature)
Trom pyrrole (2.5 oc.) and potessivm (0.hE =.) im tetra-
wydrofuran (20 ml.) was stirred with erobyl-iventriearbonyl
@h&orﬁgg (2:.55 z.) in the same selvemt (30 ml.) Tor 1 hr.
The eolour of the reaction mixdure became blue, green and
Tinally browvi. Thoe residue, aftor ovaporatimg solvent
in _vavwo, on chromatography geve irvon dodecasarbonyl (0.19 g.

ST ETTIIR R ] W

and pyrrole {1.73 g )

REAGTLON OF PYRROLYIPOTASSIUM WITH TRICARBONYL-N=ALL¥L-
JODO-LRON

Pywrrolylpotassivm propared (5-6 hr. refiux) from

pyrrole (3.0 g5 45 mmoles) and potassium (0.62 g3 0,016
g.otom) in benzeno (50 mi.) wao refliuxed with dodo-
tr&@awhonylwailylmiégg%(6°$6 83 22 mmolos) im bemzeno

{5@ miob Tor 5 by, On procosging the roaotion mixbure

in the uwsual way petrol eluted a yellow o4l as the
principal produst (0.65 g.),vhich distilled (31-31,5°C/10¢

mm) affording o mizture of 2:k-Hoxodione somplexes {(0.21 g.)-



8%,

Infrared poslse (Liquid £13m) MC-0 at 2038°™7 (VS) end
1970% 7 (¥s, ). Purther olution with the seme solvent
afforded a wed compound (0.130 g.), which sublimos

(0,005 mm. at room Lemperaturo) and is Wighly wnstable.
Infrorcd (Miquid £11m)MC-0; 2043°°  (V8) end 2962°" " (vs ).

Bonsono-petrol eluted unchesiged pyrrele {(0.36 g.)

P D L ¢

MAGNESIUM CHLORIDE

| 160
ALlyi-magnenium-ehlorido obtalned (6-7 hr. at 0°C)

from aliyichloride (B.1g: 593 mmolos ) end mogneosium {1,232 g3
0.05% goatom) im ether (30 ml.) wvas stivrred at 0°C with
allyl-iron-trisarbonyi-todide (%.1% g; 16.5 mmoles) for

2 he, and them rofluxed foxr amother 2 Ly, The cooled,
filtered (Kicselguhr) solution wos reduced to small bulk
{(in voswo). The residue on chromstography yielded s
yollow odl {0.350 g3 20%) idombical %o tho ome obtoined im
abeve exporiment. Infvared poalks(liguwid £ilm)MC=0
2062°""" (v8) ama 2070°"" (V8,b), infrorod posks Lit,.
1e-0 2088 (v8) naa 1092 (vs,b).
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GENBRAL METHOD FOR THSE PREPARATION OF T=CYCLOPENTA-

DIENYL-T-PYRROLYLIRON AND ITS DERIVATEVES

T-CYCLOPENTADIENY L= FYRROLYLIRON

Pyrrelyipotassiun (cooleod) preparsd (& hr. refiux)
FTrom pyirolo (L.36 gs 24 smoles) and potassium (0.76 g3
0.02 g.atom) in bommene (50 ml.) was refluxed with lodo-
@&@arbemyl@y@iop@n@aﬁimmyl&w;%“(600 @3 20 mmoles) in the
same solvent (50 mi.) Ffor % by, with stircing. The
mixture was cooled and solvent reduced to small bullk
in_veecuo. The resldual mass was chromatographed om
alwiina. Ligroin eluted ferroceme (0.27 gi 7%)
idontified by ite infrared spoctrum and m.pP. Bonsena-
potrol (iel) oluted unreacted lodo-disarbonyleyeloponto-
dlenyiiron {(0.2% g3 3.2%). Blutlon with other afforded
rod erystels of H-cyelopentadienyl-i-pyrrolyiiren (1.2 g;
25%) mopo. 3113,5-224°, It sublimes (10°% mm room
sompoerature)., Infrared poaks 3039@m“m(s)3 ll@g@mcm€v$>
mane 1002@@6%(vs}0 NoMoRo {C Cle }a8Th.70(0-H)s %.36(B-H)

and 50&5§mg Hg) of relative iatomsitios 2 3 2 s 5,
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LY CLOPENTADTINY Lorli== 2, e DEMB ANV L P Y REOLTLIAON

20@wﬂim@@hy&pymwmiylpo@m@@&mm (@ool@ﬁ} obitained
(B tw, pofinx) from 2y b-dimethylpyrrole (1.29gs 12 Enolos )
and potasaium (0,38 g5 0,01 g.oatom) im bemzeno (30 mi,)
and Lodecarbonyl-oyelopontadionyliron (6.8 g5 22 mmoles)
i tho onme solvomt (b5 mls ) wore tmonbted for 3= hw. ao
(¢). Chromesography gave Porrocone (0,050 g) Adodow
diearbonyleyelopontadionyiiren (2.83 g.) and W@ elopontoe-

aionylow-2, b-dimothyipyrrodyiivon (0,84 g 20%) a wod

liguid, vhich was purified by vacuwm Qlosillasion (bop.20-
82°6/0.5 wn), Infra med poslks {idquid £42m) maam“”“(s}
and ww@mm“(&)o 'NOMQRQ (6 ealatTh .87 (a-H);s 5.03(B-H);
5:936¢ Ho)s 7.8(0-CHy) and 8.03(P~CH,) of roletive
intemodbies L 3 X 3 5 ¢ 3 5 3, Found N, 6.9

G, BysPe N roequives N, 6,55,

Eggzgkgﬁggzéégﬁgz&gﬁzﬁ&ﬁzggﬁgxﬁzkgggﬁggg&éﬁgﬁ
2o 5=-Dimethylpyrrolyipotassdum (cooled) prepoxed

(& be. rofiuz) from 2y S-ddmathylpyrrole (1,97 g a2 mmoLes )

and potaosium (0,48 g5 0,012 Goatom) Am bommomo (90 mi. )

and Zododicarbonyleyelopontadionyliron (L.62 z5 15 BHOLos )

in the seme polvont (30 mls ) wore troatod wnder condltions
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{¢) Foz b hw, The rosulting produets wore farrocona.
{0.030 55 )y Lodocarbonyloyelopontadionyiiron (L.b go)

and gi=oyelopontadionyd -2, j-dimethyipyrrodylizon, o

thiols rod liguid (0.68 g 925) which was purifiod by
sublimation (30°G/10-% mm dry cold probao) giving rod
ptout eryatales mep. A2.5%5-13.%% or by dletilintion
(40.5-81.5%C/6.2 mm); domoity 1.,18/20°., Pound G, 6.,75;
H, 6,03 W, 6.8, ¢, HixPo N wequires G, 6L.bg H, 6.03

N, 6,5%. Infrared peelks (liquid £ilm) l@??ammﬂ(ﬁ) and
l@bﬁ“mmﬂ(sﬁo NoMaRo (€ elg}maxgovggammyg 5.94(C Hy)s
7.76(0-CH,) of wolotive intomsitios 2 ¢ 5 1 6,

T=GYGLOPENPADEENY Lo =2, 3, 4 » 5= TRERAMETHYLPYRROLYLIRON

2530l S-Tobramethylpyrrolylpotassium {(coolod),
propared (b hr. m@f&mx) Lrom 2,3,4,5-totramobhylpyrrole
(Lobl g5 32.5 mmoles) and potacsium {0.43 g3 0.01L g.otom)
in bonzemoe (30 mi.), wos treeted for 9 hr., with todow
dicarbonylieyeslopontadionyliron (3065 83 12 mmoles) im theo
sema solvent (50 ml.)., This ylolded forrocene (trace)s
Lododisarbonyleyelopontadionyiiron (2.1 g.) and the

T=tobrawethyipyrrolyl-nogyeloponbadionyliron, a browm gus
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am

. 9
(0.085 glvith the Anfraved poaks at 1099 (8) end

)
2000°% (8);

B2 ACEE o2 , be-DIMETHARLEYRROLY L (-G GLOPUNTADEINTL,
Faheatyled , bedimathylpyrrelyipetaosium {coolad)

propored (3 hw. wofluzx) from J=ns0byl-2,k-dinothylpyrrole

(2,66 gy 12 mmolos) osand potascivm (0.51 g3 0.13 @.) 4im

tetrabydrofuron (10 ml. oveporated under & stream of

nitrogen) ond iodedicarbonyleyelopontadienyliron (4.6 z.

13 wmolos) im bemzeno (75 mi.) wers ressbed (C) fox

be% by, Chromatography affordod forroceme (treca)s

unchangod lododicarbonyleyelopontadienyliron (2.35 go )

ond & red gummy product, which om sublimation (BO°C/L0°2 wm

Aoy

#=eyelopentadionyiiren (82 mgmy 4%), very unstoblo im

dry cold probe) geve H=3=n60%

p-dimethylpyreelyd-

air and light. Infrersd epoctrum {llquid £1ilm) peoaks at
120587 (8) and 1000°® (8), CH,C-0 at 2667°" 7 (5) and
26397 "W).  N.M.RST 4.78(0-H)3 5.95(G Hs)s 7.55
{6-CHy & ~GOBHg)s 7.85(P~CHy) of monsured relative
intomodties 1 3 5.9 2 5.7 3 3.%. roequired intonsitiles

s %5 3 6 3 3
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The Tiltored and cvoled Porzier somploxn [ obtalnad
by ohalidng acotylichloride (0.8 i 10 =moles) with cxcess
povdered alumindium chloride in dichloromothame (25 ml. )
for & hmw:]w&@ addod dropwlse %o o stirvred and jce-
cooled solutiom of pyrroivioyeloponbtadiemyiiren (1.293
6 mmoleos) im the semo solvent (25 ml.) over n porded of
1 pr., ot 0%, The mixbure was allowed %0 come o Foom
TEMPOTATULE The organdc laver sepayated, dyried ovewr
salolum chloride and filtered. The solvent wag
ovaporated in vaswe sand, the residwe, extrasted with
DONBONO o Chromatography ylolded, the geetylatod product,
an wnptable yellow gum (0,075 g.) with infrared poaks
(1iquia £12m)(0H,C-0) at 1703°" 7 (8)s 1699°2 7 (8),

ATTEMETED AMINOMETHYLATION OF N-CYCLOPENTADIENYL-T-

A mizbture of cyclopontadienyl-pysrolyliven (1.87 g.)
mothylone bisdimethylomine (1.0 g.): phoophoric aeid {1 ea.)
and gladial acetle aedd (10 ml.) was heabed with otizring
on sbtoom bath for 10 hr. The mixture was cooled and

pourced dnte water (20 ml.) and oxtrasted with othosr, whish



(p)

Dho

romeved uvmehangod eyelopenbadionylpyerelyiliron (0,75 o)
& blaels preeidpitate rocultod, wvhom tho agunoouns Layer was

modo allkaline with sodiuwm hydroxlde.

ATTEMETED ACHEYLATION OF FRICARBONYL-T=PYRROLYL-
MARGANESE

Alvmindum ehlozride (2.0 g.) in corbondlsulphide

(20 wl,) and acetylehloride (0.6 g.) in tho same solvemnt
{10 m3,) wore ndded altornately to o ctirred smd Looe
coolod solution of Briearbonylpyrvelylmangoneas (1.5 g.)
A the seme solvomt (2% ml.) over 2 hr. Tho mizture wos
rofiuxcd forr 20 mlmwnbos, trented with 10e cold HOL aumd
the carbondisulphide layoer ceoparated, dried over saleium
chloxido ond solvent ovoporated in vesue after Filtratiom.
The red residuwe om exrystallisntion Ffrom dichloromethane
and potrol gave o fov milligroms of the product, whieb

dosompoesod gquiekly .

!

PGttt

Pyrrolylpotassiom (soeled) propared ($-6 hw. woflex)
from pyrrole (3.2 gs 48 wmoloo) and potassiwm (0,70 &3

0,007 go.atom) in bonmseme (50 mil.) end lodecarbonyleyelio-



pontaddonytiron (6.6 g; 18 mmoles) im the sowe selvent
{50 wl.) wore heated at 50-60° for 2-3 hrs. Afbew
sooling and Fildtering (kioselgubs), the solubion was
rodusod to » omall bulk in vacwe and the residue
chromadtogrephod on poubral aluming. Ligxodn oluted
fovrrosone {(0.150 g.); bonmene-poetrel {il:l) oluted
umm®m@$@d Aododiscarbonyleyeclopontadienylivon {(2.56 go ).
Blution with eothor afferded irst o bhrouvn compownd
(0.6 g3 19%) which was reehromntographed to glive purer
product (0.30 gm.). The product could alse be purificd
by eryotallisation from obther ab very low tomperature,
MoPo 90.5-91%C, The sublimation {60-70°C/107% nm, )

vieldod brown eorystals (140 mgm) of dicarbonwl-fi-eyelo-

ponsadionvi-Nepyerodylicen mon. 9%.0%C.

Found N, 5.8, $.65 ¢ HoPo NQ requires N, 5.8%
Infrorcd pesks C-H 3065°0 (m), Mo-0 2020%° " (vs),

1975%% 7 (V8) othero 1090%" 7 (8) and 995°2 " (y).

NoMoRo 8% U bo {=H)s %£.2% (B-H)3 5.37(¢ Bg) of
relativo intoneitlos 2 3 8 3 5, Another fractliom eluted
by othow, rod szxystals (@oﬁ?ébwag obhiained and fdontifled
by 4%8 m.p. amd infraved aspectzum &8 focvelopentodlenyl-

Topyerelylizon.



SONYERSTON 0F DICARBONTL-#-CXCLOPENRADIENYL -1 PYRROLYT,-
TRON_THN0 W-GYCHL

Dieavrbonyl-fi-eyclopontodionyl-Ne-pysrsoiylizon (120 mgm)

S EAD Rl PXRROLYETRON .

b

im bonmseno (50 wml.) wves hoated at 90°C-200°C with stizweing
Lor ome howrw, ARGor cooling, the solubtlom woas veduced

im bulls Im vocwe, and chromatogiraphed, Pabwrol, eluded o
tznoe omeunt of forrocone, ldentified by ito yellow coleuwr,
bonuono-potrol {1:l) cluted red erystals (20 mg.) of
tosracarbonyl-diseyelopontadionyl diiwom, identified by

188 Mmop. and infrared spechrum, Plution with eothowr gave
wegyelopontndionyl-t-pyrrolyliron (56 mgm), whish om
ounbsogquent ocublimatlion yielded puro samplo (98 mgm)

Adontiflod by A% m.po A13.5°C and inmfrored opoebrusm.

DICARBONY LW -CYCLOPENTADT RN YL N-- ENDOLYE TRON

Indolylpe sassium {cosled) propared (3 br. rofiun)
from imdolo (5.27 g3 45 mmolos) ond potassium {(1.26 g
0.0k goatom) im hobrehydrefurenm {10 ml; ovaporated im o
stroom of mnltregom) ond fodedisarbonyleyslopantaddonyle
dron (8.0 s 26 mweles) im bommome (175 wi.) were

trontod as undor (D) for 5-6 hw. Chromatography gove

ferrosone (0.25 g.)s unchangod lododicarbonyleyelopondae
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dionyliron (3.87 g.) and ethor cluted Lirst, & corimson
sompound, erystallising Trom dichloromobthans and potrold

ot vory low tomperatures; dlscarbonyl-f-cysloponteddenyie

Beindolyliven formed rod exyetals (1.3 gt 31.5H) m.p.
A2h=-210,.5%C, Poumd €, 6l.1y M, Lolds N, b.83

¢, ¥ Fo NQ rogquizes G, 61.0§ H, 3.8; N, Iy, 8%,

Infrarod posks O-H at 3065°™ 1o-0 2020°™ 7 (ve)
197507 (v8)  others 090%™ (8); 997%%  (m).  N.M.R. at
T3.5 (complox - § Hg) and 5.16(¢ Hs) of welativo
Intenettios 6,05 3 5§ requircd imbonsities 6 8 5.
Another fraction was obtaimed as & viscous red eil (200 mgm)
with ether, Infroarod pooks (liquid £4ilm) at &&il@mcwiﬁ}
o l@@ﬁemmw(SEo NoM.Roat (5,95 (¢ H,), connidered to be
eoyclopentadionyl-W-indolylisron.

Qﬁg@ﬁﬁ@@g&iWwﬁﬁﬁLOPENT&QEENYLf ~CARBAZQL Y LIRON

Cosbagolylpotassivm (ccoled) propared (& hr. wreflux)

frow peotasolum (0,67 g; 0.017 g.ntom) and ecarbasele
(2,05 g3 18 smoles) im totrahydrofuran {(10-15 mi.
oveporateod undor Na) woo treated with Lododicarbonyleyslow

péntadienyliven (.88 g3 16 mmoles) in bommene (100 ml,)
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for % hwr, 29 (D)., On ohromategraphy Fforroceme (G.22 g.)s
unohangod dodide (1.07 g.) and dicerbenyleteoycloponia-
dionyl-l-carbasolyiiron (1.08 g. 25%) red orystals m.p.
150-155% {(Cocomposed) woroe obtaimed. Found 6,065.9;

Ho 3.98 Noholes ¢, ¥, Po NQ roquires C, 66.%; H, 3.8

¥, ko2, Imfrorved pooks MG-0 of 2@3®@md&(V$) ol
1978°% 7 (ve). MRt T2—3 (complos)s £.95(¢ B, ) of

ralative dndtonsities 2 3 & ¢ B

DICARBONYL-T~CYOLOPRITAD BN N-THTRANYDROCARBABOLY LERON

Potrahydrosarbasolyipetassivm (cooled) obiaimed
{5 hr. roflux) from Sotrabydwocerbazmole (3.42 s 20 mwoles)
and potasoium {(0.71 8 0.0L8 g.atom) imn Totrabhydrofuran
(20=25 mi. ovaporated aftorvards) was trentod with Lodo-
dicarbonyieyelopontadionylivon {6.72 3 2% mmoles) in
bongene {175 ml.) abt 60-70°%C fox % hr., (D). OChromatography
afforded forrocene (G.250 g.); unochanged jodide (4.32 g.)

and discarbonylef-cyslopentaddonyl-N-totrahydroearbanelyd-

dwon (0.%58 g3 19%; by olubiom with povtrol-bomsene {(2131),
rocshivomatographod and erystalliiloed from ethor ab very lew
tomperature) red crystals m.p. L3509 dosomp. Pound €, 66.0
Ho 5.35 W, b.23 G, B, Po NQ vreauires C, 65.71 H, 4.9

N, 4.0P,
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esmf) e
Tnfrorecd poaks MO-0 at 2020°"° (v8) and 2985°"  (V3,broad)
WoloRooh (o 98 (G Hy)o

oGO L ORENPADTENY L T TEFRANYDROCARBA BOLYLTRON

Tosrahydrosarbozoldyipotassivn oebitadned from Gobra-
bydeocarbnzsolo (£.75 gs 28 mmolosn) and petassium (0.80 g3
0.02 g.abom) was broated with the lodide (7.2 g 20 mmolos)
dm bomzene (150 ml.) exsetly undor the same conditions as
above but ot higher tomperature. This goave Ferrocame
(0.34 go)s Ledide (B.%52 g.) and the produst (0.23 g;
eluted with other), a yellow broun gum, vhickh sublimed
{B80-00°C/0,01 mn) to give highly unstable brown erysitols.

e : 3 en
Tnfrared pookd 1308°" (8) and 12005 (8).

RBACTION OF 2-ACETYLEYRROLYLPOLASSIUM WITH XODO-
DICARBONYLCYGLOPENEADTENYLEIRON

Conlod 2-neotyipyrrolyipotassivm propazed (5 hw,

reflux) from 2-pcetylpyrrole (1.3 g3 12 mmoles) and
potasodum (0.37 g5 0.10 go.atom) in bemmenme (30 ml.) wes
Groated wldéh i@@@d&@mmb@myl@y@l@@@@@&@i@&ﬁl@r@m {3.22 g3
10 smmoles) ad 50-60°C for 3 k. On chromnbography

forrosone (0.15 g.); todide (L.5k g.)s B-ncotylpyrrole
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(0.5 g.) and the yellow produet (0.43 gi 28%)

purificd by weshromategrapby and sublimation (80-90°¢/

107 mm), yollow ervesols M.p. A10-111.9¢C,

Pound G, Sk.%; H, k.03 I, h.63 G5 B, Po N9 requires

Gy 568y My, 3.9 N, 4.9%. Infraved poaks MG-0 ab

2020 (V5) ownd 1990 (vs), CH,C-0 1575%2 7 (s).,
MoMoRo posks at { 3.15(0=H)3 3.45(p<1); 3.95(8-H);

5025€g Hg) and 7.89(-CO0CH;) of rolative messured intensibies

38 ko® & 35 woguived intomsities % s % s 3,

ATTRMPTED REACTION B=FORMYLPTRROLYLPOTASS TUM WITH TODR0-

DECARBONYILGYCLOPENTAD TEN Y LERON

2-Fowmylpyrrolylpotessium (cooled) obtainod (2 hw.
room tomporature) from 2-foxmylpyrrole (2.1 g; 22 mmoles )
and pobtassiwe (0.52 g; 0.013 g.otom) im botrehydvofuran
(10-15 ml. evoperated aftervards) was warmed with iodoe
dilcarbenyleyelopontadionyiiron (Bo3 ms b mmoles) dm
benzene (75 ml.) at 50-60°C for % hr. (D). Chromatography
gave ferroseme (12 mg.)s unehenged ledide (1.76 g0 ) amnd
a very unstable, unidontified browm product (0.060 g.)
which could mot be handled,
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REPAGTEON 07 2-METHYLINDOLYLPOTASSIUM WITH I0D0-

DICARBOINLOYCLOPENTAD TNV, ERON

ReMothylindolylpotassium {cooled) obtaimed (2 h.
woflux) from Jemethyiindele (2.1 g3 18 mmoles) and
potassivm (0.98 g; 0.0) g.atom) im bonmeme (30 mi.) om
troatmont with i@@@di@&ﬁh@@gl@y@lap@m%m@i@nylim@m‘&hog Fo
1k mwoles) im thoe seme solvemt (50 ml.) for & hr. (C)
and subsequent chromatography gave ferrocene (0.2% . )
vnchangod fodide (2.1 g.) ond a broun gummy prodvucd
(0,225 g.) which could mot be further purificd, The
infrared spoctruwa shows poaks ab ll@gmzé) amd 1@g§m€8)

as oxpoeted inm F=gyclopemtadienyl-w-2-methylindelyiiromn.

REACTION OF SODIO-MANGANESPPENTACARBONYL WITH PYRROYL

CHLORIDE
nyr@yl@hlawéég (0.93 g3 & wmoles) in bGobtrahydroFfuran
(15 ml.) was stirred with sodiwr-mongencss pontacarbomyl
[pWQp@?@@ from dimongenese decsacarbonyl {(L.71 gz 11 mmoles)
and 20 ml, of approximeately 1% codivm emalgam Iin the same
solvent (20 mlojﬁ for 1 hw, Aftor filtzation (kiosolgubr)
and evaporation of solvent inm vacwe the rod gum was

chromatographad on noutral alumine, Blutlion with poetrol
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afforded dimengoncse docasasbonyl (0.25 g.) and ether
eluted an unstable yollow compound (L0 mgm). The
infrared spoectzum In € Clg contalining - N peals at
39622 7' (8)5 MO-0 poaks at 2145°" (8); 2088°° 7 (5);
2050°" " (Vw)s 2022°" 7 (v8, ) ema 1950%® 7 (VS) and sise
acyloarbonyl bands et 1754 (V8) and 1683 (VS) shows

the formation of g-bonded, pontacarbonvlpyrroylmanganesa.

Further olution with methanol afforded another
yellow compound (0.ih g.) which vwasp crystallisod from
other and ligrodm, MmoPs :ﬂ.%@m.lﬁﬁ% decomp o The infrared
opestrum (K Cl) comtaining am NH pealk at 3390 (8):

om =Y o =) cm =
MO-0 poaks at 2141 (8); 2041 (V8)s 1923 (VS, ) shows

the formation of pentacerbonyl-2-pyrrolylmOnsaness.

Found N, 5.308 5.505 ¢ H,Mn NQ szoquires 5.8%.
(toy) complex ¢ H Mn NO_ voquires l.9%).
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HETBROCYCLE COMPLEX

H . H
H 1 ~H
PO

o G

O0C=Fo= GO

!

10QC,

CVALUES  ASSIGNMENT

3.38 (BID)o « protons

3.72 (DID)B = protons

3.9 (S) a - protons

4.8 (S) B - protong

k.74 (8) o - protons

5,56 (S) B8 - protons

5.85 (8) - ¢ H protons

4,0 (C) @ = protons

b,12% (C) B = protons

5,17 (S) =€ H_protons

C o comploxy d o doublet; m = muléiplet; O o guartets

and $ o &B:M'ngl@%s D.D = double doublet



HETEROCYCLE
NOTE
BH ~___~ HB

/
aH5C7 N CHzo
H

COMPLEX

Q,Hy@ - o
H T HB

8
Mn
oc “I>go
Co
v
H "
;ﬁg§> H
Fa

LCL -

T VALUES AGBTGNMENT

Do A7

3095

39
](d) B - protons

2]

7.93 {8) oa-CHyprotons

52

5,2 (8) 3 -« protons

7.87 (8) o@=CHyprotons

5,79 (8} 8 ~ protons

5,94 (s) =G H protons

7.76 {(8) w-CH; protons



HETEROCYCLE

K

CoHly Hy

71

amge<i§jjzf,cﬁ§m‘"

8H ;G €H 56

COMPLIK T VALUES

3.9 (8)

.z (S)

7.97 (S)

o (5 g 2033 (8)

j;z %.23 (8)

Bl G }U’{“ g 7,85 (8)
oc” ' ¢o

co 8.03 (8)

5,87 (8)

5.63 (8)

5.93 (S)

7.8 (8)

8,03 (s)

Oiﬁg(i Oj: , CHzo 7.93 (8)

BH3G yn  CHz8 8.2 (s)

ZTs

oC

GO

Co

102,

ASSTIGNMENT

0 = pPrrotons
9 « prroton

pxotonsg
o = Probomn

8 = protomn
0-=0CHyprotons

B--CH 3 protons

¢ = proton
9 « proton

=G H provons
$ s
a=CH, protons

B-CHy protons

0=CH,; protons

B-=CH, protons



HETEROCYCLE COMPLEX
H
P «Tgi:zfcmgm
CHy,  COCH3,
okl ‘igiiifﬂcﬁém
BH LG én COCH 5 8
oc/ T go
co
H
H <i> H
H H
Fo
gCH 500 Qjﬁ(acﬂga
O
9GH 5
Mo
H
Qi ﬁ CH 38
BH " COCH 5B
oM

NX@?Z cﬁga
COCH ;g

OG/ﬁ§°GO

BH

~VALUES
3,63 (8
7:52 (8
7.58 (8
7.72 (8
L,28 (8)
6.63 (S)
-85

b,78
5.95
7033

7.83

ol

bolé
7.58
772

103,

ASSIGNMENT

G = provomn
C=CHgprotons
B-CGOCH yprotons
B-CH sprotons

i = protomn

0eCHy & Be
COCH yprobong

(s) @_cua?wotdns

(s)
(s)
(s)

(s)

5 (@)
5 (8)

(s)

(k)
(d)
(s)
(s)

¢ = protons

mg ngro%oms

Oi.m(.‘ll“ig, (gﬁ 8‘2’
COCH gprotong

8-CH, protons

o & B protons
a-CH, protons
B-~COCH 3;protonas

Ce=PRoGon
Bmpfoﬁom
B=COCH yprotona
a-COCH zprotons



HETEROCYCLE

COMPLEX ¢ YALUES

compl et

2.8

0C P~ €O

e

i
‘w,/ '

B

3.8 {C)

10k,

ASSIGWMENT

mg H@ potons

8 - protom

0.=CH s ProGons

5.97 (8) mg Hg pProtons

H 5.6 (8) -@ @, protons
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SOME_TRON AND MANGANESE COMPLEXRS OF HETRROGYCLRES

S UMMARTY

The study describes the various attempbs,which have
baen made o synbthesize heltorocyelic deprivativen of
transltion metale, ®.g. iron and manganeose, in which theo
heteroosycle is bondod te the metal in an analegous maunsr
o the bondlng im T - sycleopentadienyl - metal compounds.

The T « pyrrolyl mangenese sarbonyl complexcs wero
propared by one ox both of the followiling methods. Im the
firot the pyryrole or substiddtunted pyrrole wvas hoated width
dimangeanese decacarbonyl in an inert solvent. In the
second mothod, the potasslum salt of the heteovrocyele was
boateod wlith bromomanganese penbtacarbonyl. The lattexr
mathod was found to be mere widely epplicable ond was
sxntonded to the proparation of sush complexes Lrom pyrrolew
beardng functlonnl grouwps, %o indoles, prraseoles and
bonseotrianole. In soms of those ecases ¢ -~ heterocsycle
mangenese pentacarbonyl cowld be dleolated as the Firast
produst.

Similorly the potncsiwm salt of hotorosycles
sontaidning one nidtrogon, on renctien with lode -
diecarbonyls cyclopontadienyl--dron goave ¢ - compleros, &.@.
dicarbonyl - T - syclopentedionyl - ¢ -~ heteorseyele iron.

Theae ¢ «~ bomlod compleoxes by lowss of carbom monoxide



yielded aga-Terrocenes, L1.e. W « cyclopemtedienyl « T -
hetorocycle drom at higher temporature,

Attompts to effect slectrophiliec substlitution of the
twe parent comploxes, i;®° trigarbonyl - W « pyrrelyl
monganese and T - eyclopentedienyl - W - pyrrolyl izom
voro made in ordexr te prepore hetoreosyslilec motal compleoxos
with functieonanl groups. Friodel amd Crafts Acylabtion
appoared %o glve & trace of asylated produwets, while
attomptod aminomethylation reosulted 1in docompositien.

The roaction of pyrroyl chleride with sodiomengancsse
pentacarbonyl resulited im the formatieon of the g < bondoed
complaex, 2 - PYrrolyl Dmangancso p@mt&@mmb@myl vie pyrreyi
HAREANese poentacarbonyl by lossg of ecarbon monoxlde.

ALLyl- dron-tricarbonyl- Lodide on voactlon with pyrrolyl
potasglus gave 2 ¢ 4 Hexadiens btricarbonyl drom.
Uneuccossfnl attompts have been mude to proparse dipyrrelyl
analogous of ferrosens, cobalitosens and nickeloceme. The
renction badwean m@lyﬁ;@@mmm heoxacsarbonyld and pyrrolyl

potagaiun repulied in deocomposlition,
£



