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ABSTRACT

THE REACTI ON OP BRCMOACETI L BROM DE
W TH SELECTED ORGAHOVETALLI C COVPOUNDS

by
FI KRU TAFESBE

Research advi sor: Mkonnen D | gassa

Organonetal | i¢c conpounds are w dely used as
het er ogenous and honogenous catal ysts in the industri al
productions of inportant chem cals and synthetic
products. | n many cases of such industrial
transformati on, nmetal carbenes are thought to play
i nportant roles as the active catal ytic ingredients
that bring about the transformation Such carbenes
are classified into two groups electrophilic and
nucl eophilic. Although several nucleophilic carbenes
have been prepared, no general synthetic nethods have
been devel oped for the generation of electrophilic
nmetal carbenes. W believe that oe-nobnohal oal kyl transition
metal derivatives can be used as precursors of
el ectrophilic metal carbenes via their interaction
‘with lewis acids( see equation bel ow. Por exanple,
" the interactions of a-nonolialcalkyltransition netal
derivatives with Lewi s acids may produce netal
carbenes capabl e of catalyzing the olefin
met at hesi s reacti ons.

LnMOR,Cl - + ALCL, ve~———maf LNIMCCR]  ALC] 4

R = alkyl, H, aryl: |n= Ligand.

Consequently, our main goal is to synthesize
a- nonohal oal kyltransition netal derivatives by



thermal or photochemical deconpositions of the
hal oacetyl netal derivatives.

Br CH,CO{ 00) O/\ with traces of BrQCH,N CCOACAI—y\
(M= M, V) were made in good yields by allowng
NaMCO)5C5I—KM Mo, W) to react with BrCH,GOBr.

The thermal deconpositions of BrCH,QON Q0)

Ocl—y\( M= M, W were shown to involve p-hal ogen
elimination Decarbonylation followed by further -
deconposi tion produced the netal halides,

GM\M CD)ABr(M Mo, W

The phot ocheni cal deconposi tions of Br CH0 CO) 5C5Hs
- (M= M, W gave the netal halides,

?\MCO) Br (M= M, V). Aso trace anounts of
H5(M M, W were obtained.

Na5<( reacted with BrCH,Q0Br giving

a\ as the major product. Also snall
quant|t| es of Br CO:eCCO/\ and BrCOC|-|gFeCC(¥\q\
were det ect ed. P) Pt reacted with Br CH,Br
gi ving Bi( BrCH, (\Ph P)2Pt and trace quantity of
Bi( Br GOCH,) (Ph P)2Pt The thermal and phot ocheni cal
deconposition of B Br CH,) ( PhAP)th resulted in
the production of (PhAF)ZPt Br 5>
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ABBREVI ATI ONS

The follow ng abbreviations are used in the main
text.

Ac acetyl

Aq aqueous

kPR boi I'i ng poi nt

Bu butyl,

OH carbon hydrogen stretch
Cp cycl opent adi enyl

DVE 1, 2- di net hoxyet hane
eq equati on or equations
Et et hyl

Et20 di et hyl ether

Fi g. Fi gure

6 gram

IR i nfrared

L l'i gand

Me met hyl , C}M

M P Mel ting point

NMVR nucl ear magnetic resonance spectrum
Ph phenyl , CgHA

Pr propyl,

PPhA t ri phenyl phosphi ne

S strong

Sh shoul der

THF t et rahydr of ur an
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| NTRODUCTI ON

The ol efin disproportionation reaction nmay be
carried out with a variety of honbgeneous and
het er ogenous catal ysts. Mst comonly the catal ysts
contai n nol ybdneum, tungsten or rhenium The reaction
converts olefins into equilibriummxtures of olefins
formed formally by breaking double bonds and
reconbi ning the pieces™ /\'equation (1).

a b e f ; <
\/ \ / \ m/ (D
+ y 5 g
a e
N e NI R I
/\ \ bA J|\ ;
c d € h Lo ks sy

<<<<<
[
,,,,,,,,,,

When the olefinic bonds are included in rings, the
ol efin netathesis reaction produces polyners as

: ; 1% 14
shown in equation (2.

g————

\/S~ S MjVwvir (@)

cycl ooct ene

The reaction prom ses to be of significant val ue
to the petroleumindustry since many ol efins can be
produced from nore readily available ones by this
met hod. The folloving reactions-are typical



exanpl es representing honbgeneous catal ysi s. 15,16

(PPhc) ,0 £ NO) M + ( O A1OC
CHE CH, CHy CH=CH, 2 i S 1575712000 —

Crp=CH, + OH,()HY(QHCH-OHCH, CHY(H; (3

ReCIA + N- SUASn?'

R e e
CH5GH=CHCH; + CH, OH,CHCHCH,CH, (9

>>>>>>

The catalysts involved in the olefin metathesis
may be divided into two groups, "activated" and "non
activated". Inthe former a cocatalyst e g, por Finimeet
al uminium alkyl or other netallating agent, or a ..., ... .
hydridic reducing agent has to be added to atransition ~
Inthe latter, as the nanme inplies, no activating
cocatal yst is needed and the transition netal species
is capable of effecting olefin disproportionation
upon contact with olefins. Sonme exanples of the
activated systens are, V/C|g + NaBi—/\,

LM ND), + RAICI and Meysn + Wil ¢/, sone non
activated catalysts are Ph\lCIA + AICIA and \,(/CO)/\Cl?O

The first attenpt at explaining the olefin
di sproportionation reactions assumed that two
olefins unite to forma netallacycl o-

butane as illustrated in the follow ng equation AL-A3

0!/.'



(5)
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This idea was particularly appealing, not only
because it accounts for the gross structural change,
but it also suggested that the role of the metal was
to circunvent the orbital symretry prohibition that,
in the absence of the nmetal, prevents 2 + 2 cycl o-
addition fron1occuring.24'" 29 Thi s was soon to be
dropped nmai nly because experinents clearly denonstrated
that cycl obutane is nei ther formed nor cleaved when
added to ol efinic metathesis reaction mxtures.>° = 93

It now appears that catalysis of olefin
di sproportionation is best explained by the internediacy
of 3 ~ carbon netall ocycles which are presuned to arise
fromthe interaction of an olefin with a nmetal carbene
conplex. Presunmably the



carbene is genereted from some metal alkyl precussor.

This conebitubes a chain mechanism propagated by

7 —
metal carbenes. ot = 27

" M 7
a‘\ /c & g\“/h—}- (\}
V‘C__...u_M + /‘::\"“‘:5’3 1 ——.} '
v/ ' i d:;"ﬂt" JANEA

This mechanism clearly accounts for the gross
structural change, and also shows that cyclobutane
should neither form nor react. This carbene chain
mechanism was further strengthened by the fact thatb
(diphenylcarbene) pentacarbonyltungsten initiates
not only the metathesis of streined olefins, like
l-methylcyclobutene and l-methyl-trans cyclooctene,
but also of simple olefins 1ike'cyclooctene which it
converts into a polyoctenamer (egn.E )} of high
molecular weight.57 On top of this the cycle has
actually been demonstrated by using an electron rich
olefin and an isclable carbene complex. (eq. 8)

e/
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Sl 1 ~ L(Ph;P),RhC1
Lf\ﬂ/’} ‘+ | ‘\——} hB _ h 1 —
CR ik

};l Eig (8
i
R]: R2

R1=Ph, : R2=MeC6H4 IL=Ph,P or CO

3

“®i complexed cyclobutane intermediates have been
proposed most often to explaln the disproportionation,
but other mechanisms have not been ruled out, In
addition o possible tetracarbene intermediates,
metallacyclopentane complexes must be considered. It
has been shown, for example, .that presumed
tetracholorotungstacyclopentane decomposes to

ethylenéBB.-

Welg + LiCH,CH,CH,CH, LA+ s = B cl, w/‘j (9
e 2CH, = CH, | | - e

In the olefin disproportionation the
metallocyclopentane intermediate could equilibriate the
ring carbons through formation of metallocyclobutane
monocarbene complexes. (see scheme — 1)

ot,/-e
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CH CCH
RYCH = CHR® + M | > = My
CH CH
! 1
R
e R,
, Ry By
By Ry H (E__J:_H
w__%_ﬁ—\ ‘_u.m/ — ~ I f R
A—————— HT' I\ H Yﬁﬁ—ém- & -~ 2
RQP\ 1’R2 R5f C\
H H ‘M
Ro Ry
Ry, Ry 4 |
— N e X CH
= e éH oy
R5i~q ﬁ“Rl
e}
ey M rton=cHr! + R2CH-CHR®
Scheme 1

The pfeceding discussion uvnequivocally shows that
metal carbene complexes play a central role in the
olefin disproporticonation reactions. However, in the
vast majority of cases where the carbene is presumed to
hbe formed in situ, very 1little is known about the
mode of formation of the carbene species, the
oxidation state of the metal, or the number and
The lack of

knowledge in this area stems from the fact that as

nature of the remaining ligands.,

a rule, stable isolable carbene complexes do not
For the
most part stable carbene complexes are cdordinatively

catalyze the olefin metathesis reaction.

saturated, therefore relatively drastic conditions
are required to get an olefin coordinated to the metal

carbene. In addition isolable carbene complexes

Oj/’!



usually have the carbene carbon atoms atfached to
heteroatoms most commonly oxygen or nitrogen. The
latter being electron donating atom stabilize the
metal carbene complex.

Consequently, the development of a simple and
general synthetic route to the unstabilized btransition
metal carbene complexes would be a desirable projecte
To date several dialkyl carbene complexes have been

synthesized under rather special conditions.39’4o

e o (10)
< 10
el Gr(CO)g2 + Cl?i][* }-(00)5 Cr = CC:](
. Ph N pn

5cr*2(aq) + RyOBr =3 [RoCCT1*2 + 202Br*?  (11)

In the next chapter an attempt will be made to
discuss the chemistry of carbene compl.exes because
the syntheses and reactions of some of the organometallic
compounds'pass via the carbene transition state.



CHAPTER I

CARBENE COMPLEXES

A carbene is a neutral, bivalent carbon intermediate
in which a carbon atom is covalently bonded to two
other groups and has two valence electrons distributed
between two non bonding orbitals. . If the two
electrons are spin paired the carbene is a singlet.
If the spins of the electrons is parallel it is a
triplet.

Carbenes in general arec very reactive electrophilic
species., Their activity depends %o some extent on
the method of preparation, on the nature of the
substituent group, and also on the presence of certain
metals or metallic salts. Because of their ability
to accept electrons into the unoccupied 4 orbitals;
transition elements and their compounds, specifically
transition metal carbenes frequently exhibit
catalytic properties.ql

It was recognized that methylene (GHQ) produced

via direct photolytic decomposition of diazomethane

)
was extremely reactive. =

{OH, - N = N LS (CH, + N 2 N: (12)

-

These compounds w-re of limited synthetic value
owing Ho their high reactivity and low selectivity.
However it was found empirically by a large number
of invegstigators that substitution of one or both
of the methylene hydrogen atoms either by a
hetroatom or alternatively by conjugating electron
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hybrids of acyl metal anions and negatively charged
coordinated carbene complexes. Protonation gave
rather unstable hydroxycarbene derivatives, whereas
alkylation produced relatively stable alkoxycarbene
complexes. The following equations show typicai

. 45
preparations employing this method of synthesis.¥5 48

Li

. A
Cr(CO)g + LiN(GHz) 5~ [(CO)g crrﬁciN(CHB)E]
0C,H
2t,0*BF, ;e
, g L
W(C0)g + CgHyld —ee3L(CO) g \{%C%%HB ]
- OCH

H LY (00)5 W é«mc::c H5 (14)

CHoN, 7 655 |
s ron) e e #OLL
Mny(CO)q g + OHZIA ~——=3[(C0)q Mn2..a~q-0-g_;CH5 ]
+ —
E00 By (c0)g m—tin(00) f— (%5 (15)
i 5 o o

s/
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- o LY
05H5Re(00)5 + CHpLd ~——9 [C5H5RGCCO)2"’“"C*&CH5 ]

co
1 OH
g 55Re(~-—m—————C<CH (16)

At least seven other methods of preparation of

carbene complexes are now known. In one method,
carbene ligands are transferred photochemically from
one metal to another. 42 Free carbenes may be involved,

but more probably metal - metal bonded intermediates

are present arnd the carbene is transferred by a

i:2 shift mechanism or a coordinately unsaturated

metal attacks the carbene ligand and displaces the

other metal group.

' Co
Cefls . k !,OCH5 _ ﬁ,OCHE
05H51\:Io €0 Ol + Te(C0) 5-—é(co) yFeé—C~ Cee

e 20y (17)
Nucleophilic attack with acyl metal carbonyls also

is capable of producing carbene complexes at least

with some manganese and rheniunm compounds. For

example, pentacarbonyl-2~chloroethoxy-

carbonylmanganese (I) reacts with silver
hexafluorophosphate to form a cationic cyclic

50

carbene complexys

. o=/‘o .
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0 N

i o’ I
C1CH,CH,0CCL + Mn(CO) N

0

.o ‘ AgPF6 :
ClGHOCH200Mn(CO)5 PR~ Nt
- ~AsCl
[ I 'c-werMn(co)5J+ PR, (18)

H20-—O//

Certain electron rich olefins will react with
metal complexes to form carbene derivatives by
cleaving the double bond. 'An example is shown in the

51

following reaction.

/i§>‘"_“ + (PPh;),R(CO)C1  — )Y

0O

@ N (19)

1 ‘ 0 | .

—emeRh
' ;Q\\Cl

o

,t./lt .
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Diazo compounds may react with many transition
metal derivatives to form carbenelike complexes,
although in most cases the complexes are too reactive
to be isolated. For example, the reaction of trans -
chlorocarbonylbistriphenylphosphineiridium (I) with
diazomethane gives the four coordinate chloromethyl
derivative, but the compound seems to react in the
form of the pentacoordinate carbene complex.52

Ph.P ¢l .

5 AN / ~N,

0oC PPh5

LA

Frh CH,C1 Ph,P. 701

5 . 2 3 <N

e h B et S
oC \\PPh5 0(}/ PPh5

Reactions of carbene complexes

Many of the isolable carbene complexes are capable
of transferring the carbene group to olefins to form
cyclopropane derivatives.
Methoxyphenylcarbenepentacarbonylchromium (0)
on heating reacts with methyl crotonate -to produce
in 60/ yield, two isomeric cyclopropane derivatives.

oa/oo
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The trans relationship of the methyl and estey
. groups is retained in the transfer reaction, while the
carbene group adds via two possible ways.55

H
C H Y COOCH
5 H,C

5
COOCH COOCH
d]
H H \ (21)

6 5 + q
A \\Y,OCH

o
"""""""""
[

Iikewise, the carbenedlcarbonylcyclopentadlenyllron

cation transfers carbene stereospecifically to ClS and
trans - 2 - bu.tene54

e,
|||||||||||
LI

CO
*‘ o
+ -
GO H5C CH3
7/ A ¥
CH5 CHB

These reactions probably involve addition of
the metal carbene group to the olefin, followed

-o/m-
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by reductive elimination forming a coordinatively
unsaturated metal group and the cyclopropane.
Numerous other apparent metal catalysed carbene
transfer reactions are known, but intermedistes have
not been isolated and it is not certain that true
metal carbene complexes are involved. Fguations

23 to 26 show typical examples.55 = 58 1he 1ast
~reaction apparently involves a carbene insertion
between the allyl group and the metal, followed by

a hydride elimination or a hydride reduction.

Crs0, + CH, = CHOH,CH,OH + (CHz), OBr,

W

[ T S T
,,,,,,,,,,,,

P

NECHEG

\(fﬂg)c B s {ﬂ\t\cz?})b (25)
%(CH2)7GH \(Oﬂg)a

b (CH, ),
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(TT -~ 05H5Ni18r]2 + N,CHCOOEY — %
OH, = CHCH,COOEt + CH, = CH\ C/COOEt
' el
8/ i I
19/
H COOEL '
+ o\ C/ 6
= 26
/C o
697

A very interegting carbon - carbon double bond
cleavage occurs with certain electron rich olefins
and metal complexes. The reaction appears reversible
with chlorotristriphenylphosphinerhodium (1) and the
amine substituted olefins gince mixtures of the two
different symmetrically substituted olefins are cleaved
and recombined to give méitures of the unsymmetrical
example of an olefin disproportionation reaction and
lends some support to the idea that other known
disproportionation catalysts may operate by the sane

and symmetrical olefins, This reactions is an

olfe 6 O O
Qﬁ @ | (PPha)BRhQQ @
O 0O @ 5y 00

(27)

i
CH
C‘-H5

eo/on
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It is already well known that treatment of diazo
compounds with some transition metal complexes causes
the dimerization of the presumed cerbenc groups left
by the loss of nitrogen. Ohloro1II ~allylpalladium
(1II) dimer and ethyl diazoacetate, for exsmple, react
to form diethyl fumarate.59

— 1 . . ‘s
[IT - C4H;PACL], + N,CHCOOE® ; 3
H 00K
~ o (28)
Np + A :'C\H
COOES

The transition metal carbene complexes are
reaetive starting materials for preparing a variety of
other organometallic and inorganié complexes. E.O.
Fischer has demonstrated the conversion of '
methoxymethylcarbenepentacarbonylchromium (9) into
numerous other complexes. Scheme 2 shows the

vergatility of these reaéentso6o 63 _NH
_, (€O &z’o\mf
3
H CH
—(00) Cr&—NT 3
o 5 \C\OCH
/OCH S0 3
(60 507 $—mr <¢jji§££@£§ﬂikp(00)5Cr<f—N =CCH,
_ v\ <o
- _SPh
CH D e
} .
(CO)5Gr<?=N—CR2
OCH
TeO)gore—Cc [
Scheme 2

'Ao"l/o"o
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The carbene ligand in methoxymethylcarbene
(pentacarbonyl) chromium (0) is completely replaced
when it is reacted with phosphorous trihalides or

pyridine.64’65

OCH

(CO)Cr Eommeme C 2 4 PBr ,

0 ~on 3 =

3
_-OCH,

(C0)Cr g C +  CoH.N O,

. \CH 55
5
(CO)5CrNCgHe + CH, = CHOMe (30)

Some metal methoxycarbene complexes also react
with ¥ittig reagents to produce vinyl ethers in

high yield. Both c¢is and trans isomers are formed.66
//C6H5 RE\
(00)5\&’ = ( + ¢ = PPh, —— >
\\OCH R'/' ’
3 1
RE\ ’/C6H5 ka ,/96H5
L0 = C + 20 =0 + [(CO)g¥pPh,] . (31)
R] OCH;  Rj \OCH5

The mechanism of these reactions sre not known.
The study of transition metal carbene complexes has
only Just begun and it is apparent that a grest deal

‘e "q> b
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of unusual and useful chemistry probably still
remains to be discovered.

Several reactions are known for which metal carbene
complexes have been postulated as intermediates or
transition states. Some of this reactions are
synthetically important.

51

Reactions proceeding via carbene metal complexes

+1

xyON2 M, cutt, pate

LiR NiECO%4 or
Fe(CO 5

IM~Cxy (Hal)

RR'Cxy X
cr*?aq. LN—C i:
e MGCBI‘EMQ f \\ > }V(
stréined

carbocyclics = valence
isomers

olefin

dismutati Scheme 3 ~—2> dismuted

olefins

.o/a-
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The evidence in favor of intermediate carbene
complexes in the reactions shown above is not equally
strong in all cases. Thus whereas the metal catalysed
decomposition of diazoalkanes and the alkylation of
carbonylmetallates leaves 1little room for doubt
concerning such intermediates, the role of the

metal in the cyclopfopanation reaction is rather
different. Many strained carbocyclic rearrangements
certainly do not involve complexed carbvenes slthough
there is a wealth of circumstantial evidences in
favor of such a mechanism in other cases.

In our investigative work, we chose to approach
the problem of synthesizing "unstabilized"
transition metal carbenes by first developing
preparstive methods for o-monohaloalkyltransition
metal complexes,

oo/".-i..‘



CHAPTER IIX

0.~MONOHALOALKYLITRANSITION
METAL COMPOUNDS

When ligands of lower {e.g. alkalimetal, M) or
higher (e.g. halogen, X) electronegativity are
connected to carbon, the result in both cases is =a
polarization of the bond in opposite directions. In
one case carbon assumes negative charge which explains
its nucleophilic reactivity.,” In the other it carries
a positive charge and therefore undergoes electrophilic
reactions. The extreme case is the ionization of the
polar bonds with the liberation of carbs:znions or
corbonium ions,

b— O+
! L
_?m M A S ~?: + M g (32)
B+ 6~
' f
-0~ X sy -7 X7 (33)

On the other hand when M and X are attached %o
the same carbon atom, the polarization of the bonds
is depicted as in the following equation..

Proagr-t it G5 MTXT (34)
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In this case the polarization is even more pronounced
owing to the mutuel interaction of M and X.

- Compounds of this mature are rather unstable. Intra-

or intermolecular metal - halogen interaction

results in metal halide eliminsation, thereby

releasing useful transient species. Some Suph as those
of mercury find useful application as methylene transfer

67

agents.

The stabilities of methylene transition metal
carbenés are expected to depend on the kind of
transition metal used and the accompanyinglligands.
Nevertheless, monohalomethyltransition metal compounds
appear to be good sources of methyléne metal carbenes.
Therefore the development of a general synthetic
method for mondhaloalkyltransition metal compounds
from the point of view of the preceeding discussion is
an extremely useful undertaking. Consequently the
main goal of our investigative work dg to realize
this end.

Review of Monohaloalkyltransition

Metal compounds

A number of methbds have been developed for the
synthesis of halomethyl compounds of the main groups
metals and metalloids. Those of silicon and
germanium are easily accessible via direct halogenatiion
of methyl compounds of these elementsg68’69
However, due to the ease with which the halogens
cleave metal - to -~ carbon bonds, metﬁyl group
halogenation of methyl derivatives of the Resnvier
metals such as tin, lesd and meréury are'véry limited
and not at all satisfactory. ?

..-/ra



- 23 -

The reaction of diazomethane with metal and
organometallic hnlides often gives halomethyl
compounds, including thos of tin, lead and mercury.70
Unfortunately, the potential hazuards essociated with
handling diazomethane in large dquantities impose
severe limitation on the scale on which such

preparations can be corried out.

A number of helonlkylmetal compounds of the main
group elements have been synthesized. However, a
simple and general applicable method has not heen
developed for the preparation of transition metal
halomethyls.

To date, only a hand?ul of suc¢h compounds have
been prepared under special conditions. A number
of attempts to prepare chloroalkyltransition metal
compounds have resulted in the formation of the
corresponding metal chloridesm?l - 75 The known
monohalomethyltransition metal compounds are
summarized in table 1., With the exception. of
ehloroncthylirildium and chloromethylchromium
derivatives, the rest of the compounds shown in table 1

P

have been made according to the following equation.

NaM + ClCH,OCH sttty MCH,OCH; + NaCl

3

n-~-pentane

Y B¢ 1Y

\7
MCHoX + CHBOH

0’-/aq
Voo



on

Table l. Znown o—monohalomethyltransition metal derivetives

Rela-
tive

B , . K¥R inten- Refer-
‘Compound Metal Cerbonyl Bonds (&) sity ence
CgHgFe(C0),0r,C1 2026 (vs), 1960 (vs) 5.09, 4.26 5:2 4,74
C5H5Fe(00)20HgBr 2033 (vs), 1977 (vs) 4,83, '5-78 5:2 7
0535Mo(00)509é01 2037 (vs), 1966 (vw), 1949 (vs), 1924 (vs) 5.42, 4.08  5:2 74
05H5MO(CO)5CH£%r 20%2 (sh), 2031 (wvs), 1945 (vs), 1920 (wvs) 5.15, 3.72 5:2 i
C5H5W(CO)505261 2026 (vs), 1955 (vs), 1938 (vs), 1913 (v¥s) 5.53, 4.15 5:2 7
05H5w(co)50HzBr 20%0 (vs), 1937 (vs) 5,54 3,86 5:2 24
CPhaP)gIr(CO)CHQCI 1942 (vs) e _— 52
e — 69

05350;(NO)EGH201
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M = 05H5Fe(00)2
05H5Mo(co)5 X = Cl, Br

05H5w(co)5

The generality of this reactions is severely
limited by the requirement that the metal form a
nucleophilic anion, and even then the desired
a~-methoxymethylmetal compound may not form. Even
when the a-methoxymethylmetal complex is readily
formed, its conversion into the w-halomethylmetal
complex may not be satisfactory. Thus while
CpFe(CO)2 (CHgoCHB) in pentane reacts immediately
with HCl to give (chloromethyl)--
cyclopentadienyldicarbonyliron (II), the complexes
(co)smcﬁgocn5 (M = Mn, Re) do not gigi satisfactory

experimental conditions are necessary, but these

results under comparable conditions, More vigorous
usually result in an extensive decomposition of the
resulting chloromethylmetal complex. It appears that
the reaction of the amethoxymeﬁhylmetal compound with
a hydrogen halide is dependent upon the nature of the
metal and its accompanying ligands. The trans-~
(chloromethyl)~bis(triphenylphosphine)~carbonyliridium
(I) is stable in air, although it readily decomposes
in solution. In warm chloroform it decomposes
yielding €1(CO) (PhaP)EIr and polymethylene.52

As a suspension in Et,0, this chloromethyliridium
complex catalytically decomposes diazomethane to
ethylene and nitrogen. The following mechanism is
offéred to explain this property.s.2 Scheme 4.

. o/-.-._.,, .
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Scheme 4

Proposed mechanism for the decomposition of
diazomethane to ethylene and nitrogen in the presence
of (01CH,) (€0) (PhzP),Ir.

Phy P 61

e ey e

-N
Ir + CHplY Ph P“//é \(\\«\\
. al

% Ph P

co PPh

b,

P CHCL

Ir

PPh3

excess CH2N2
, R
o CH
e ! : 2

r~\*GH201 excess CH?Né

_ > . I ,
//;7 Ph5 ' Al ~No P15P “/;%/’\\x\\“GHEC
0 : PhBP

B L.
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Methods -of preparation

In this section an attempt will be made to present
the background material for the preparetive methods
employed in our investigative work.

Oxidative addition

One method by which a complex may remain stable
although coordinatively unsaturated is the ability to
have stable complexes with different coordination numbers.
The complex may remaln stable and relatively free from
unwanted reactions until the appropriate species
appears and then expand its coordination shell to
receive 1te. If there is a formal loss of electrons
accompanying this change, the reaction is classified
as an oxidative addition.75 Oxidative addition is
theterm given to a reaction in which the central metal
ion of a coordination complex is formally oxidized by
the addition of a covalent molecule to the coordination
sphere, For oxidative addition to take place the
complex has to be coordinatively unsaturated.

Tetrakis (triphenylphosphine) platinum (0) in
benzene or toluene dissociates as shown in eqguation 56,76.

CgHg or
(PH;P) , Pt e [ (P P) ,PE] o+ 2Ph
Me - Ph

5P (36)

The bis (triphenylphosphine) platinum (0) species
hag never been isolated. However, it is known to
react instantly with covalent molecules such as
| iodomethane76 and acetyl chloride76 to give oxidatiye
addition products as shown in equabtions 37 and 38.
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w - Celle
(PhBP)4Pt + ClHT =i 1(0H5) (PHBP)QPt
+ 2Ph5P (37)
. CeHg | ot
(Ph5p)4Pt + CHéxxJ.- 2 >01(0H300) (PhBP HPE
Tt o+ 2Ph5P (38)

Thus, if bromoacetyl bromide is used in these
reactions, the oxidative addition product expected is

shown in equation %9.

>2Ph5P

+ Br(CHgCOBr) (PhBP)gPt (%9)

(PhsP)4Pt + BrCH,COBT

Thermal and photolytic decarbonylation

When transdichloroacetylcarbonylbis—
(triphenylphosphine). iridium (III) obtained by the
oxidative addition of sacetyl chloride to c1(co) (PhBP)QIr
is heated to 2000, it loses cerbon monoxide to

yield G1,(CHz) (CO) (PhaP)QIr.77

C1,(0DY (PhyP),Ir + CHZ00C1 ~——) C1,(CH5C0)CO(PhzP) 5 Ir

-CC 20¢0 (40)

\/
0l2(0H5) (co) (PHBP)EIr

A related reaction is the decarbonylation of
Cl(CH5CO) (PhBP)EP% when heated at 210 - 220° for

2 - 3 hours to give Cl(CEB) (PhaP)gPt.?6

VAR
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Fa
RCOMO(CO) 5 (CgHyg) =———mmd RMO(CO)y (CgHy) + CO
R = OFzy CoFgy C3Fr (44)

The acyl transition metal derivatives are’
commonly obtained by the reaction of organotransition
metal sslts (e.ge NaFe(CO)2~(05H5), NaMo(CO)5(05H5Q,)
with acyl or perfluoroacyl halides (e.g.

CH,COClL, CF;C0CL).

Thus, examinations of the thermal and photolytic
decarbonylation of Bromoacetyltransition metal
derivatives promises to offer a logical route to the
- synthesis of oa-Bromoalkyltransition metal compounds.

.
oo/qo



CHAFTER III

EXFERTMENTAL SECTION

General Techniques

All synthesis involving solutions of air or
moisture sensitive compounds were routinely performed
under a nitrogen atmosphere. This was made possible
by the use of a vacuum line. :

Solvents were deerated with nitrogen, and dried
over molecular gieves.

Tetrahydrofuran, was first dried over 4A molecular
sieves forw about 48 hours then over potassium metal.
Benzophenone was added to ascertain the complete
removal of air and water. Addition of benzophenone
results in an intense hlue color if complete removal
of oxygen 1is attained. V/hen required the solvent was
diréctly distilled into the reaction vessel under
nitrogen. '

Melting points were determined in a capillary tube
on a hoover capillary melting point apparatus and are
uncorrected, )

Infrared spectra were obtained on either perkin
elmer 727 B or Pye Unicam SP 2000 grating infrared
spectrophotometers. The valles zre given in
om™! units,

Nuclear magnetic resonance spectra were obtained
on a varian T-60 spectrometer. ValWes are given in
‘(PP M) downfield from tetramethylsilane (& = 0).



Fure carbon di-sulfide was.used as a solvent in
nuclear magnetic resonance. spectroscopy because it is
cheaper compated to other solvents and it is

generally established as useful in the NMR spectroscopy
of transition metal organometallic compounds.

Though carbon tetrachloride is often too reactive

with transition metal organometallic compounds, it

was uvused as a solvent in some of the NMR spectroscopy.

Florisil (200 - 300 mesh) was used as an
adsorbent, since it was helieved to cause less
decompositions of organometallic compounds than other
common adsorbents.

All apparatus used for the synthesis work were
either modified or made in the glass blowing section
of the department of chemistry AAU. In this
connection VYacsum line, sintered glass vacuum filteration,
apparatus, schlenk tubes (with different sizes),
nitrogen bubblers, pressure equalizing dropping
funnels ... etc were made.

Ciae/ee
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Le The Preparatlon of Bromoacetyl BromldeSO

Red phosphorous (5 4 ) was ndded to 20 ml of
warm glacial acetic acid, The solution was kept in
water bath and 37 ml of Br, added dropwise from a
dropping funnel. The apparatus was fitted with a
~reflux condenser and a water-bath. MThe mixture was
allowed to react for aboul & hours. Digtillation of
the mixture yielded 4.8 ml of an oily liquid which
was charaotoriZed as bromoacetyl bromide. |

81 147 ~150).

WMR 4.8 & (sherp singlet) (11t804.8 &)

Boiling Point: -123-125°C (1it.,

The yield of bromoacetyl bromide varied from experiment
to experiment. The bromoacebyl bromlide obtained was
kept in a referigerator for further use in the
synthegis work. It was observed that the compound
gradually hydrolyzes to bromoacetic acid when it

comes in contact with water vapor.

2. The Preporatlon of tetrakis (triphenylphosphine)-
plutlnum (0) '

mrlphenylphosphlne (5.45 g) wes dissolved in 72 ml
of absolute ethanol. 4 solution of KOH (0.5 g) in
a mixture 12 ml of ethanol and 3 ml of water was
added to the clear ethanolic solutlon of PPh7.
An aqueous solution of 1.85 gms of potan51um
totraphlor0p1at1nate wos slowly added dropwise to the
alkaline PFh, solution, while stirring magnetically
at 65°C. The addition was completed in about
20 minutess A pale yellow precipitate began to
separate within a few minutes of the first addition. . The
compound was recovered by filtefetion.1 The product

oo /e
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wags washed with 100 ml of warm ethanol, then with
40 ml of cold weter and again with 40 ml of cold
ethanol. The resulting pale yellow powder was
dried in vaccum for 2 hours. The compound was
stored under nitrogen to avoid decomposition by

atmospheric oxygen.

YTield = 3.8 g
/. yield = 76/. (based on tetracholoroplatinate)

Melting point = 118 -~ 120° (1it. 118 ~ 120°
in air and 159 - 160° in vscuo
1 mm).

3. The reaction of tetrakis (triphenylphosphine)-—

platinium (0) with bromoacetyl bromide.

Tetrakis (triphenylphosphine)platinum (O)
(0.5 g) was dissolved in 5 ml of dry benzene. 0.2 ml
of BrCchoBTJWSs'added to the benzene solution of
(PPh5)4Pt dropwise while stirring for 10 minutes.
Immediate color change was observed. The pale
yvellow liguid formed a white turbid solution. Theny
the solvent was punped off giving a yellowish
white greasy residue, which was washed several
times with n-pentane. However, the residue still _
remained greasy. VWhereupon, the residue was dissolvé&_
in dichloromethane and filtered through florisil to :
give an orange solution which was evaporated to a
small volume. Addition of low boiling petroleum ether
gave 0.34 g of an orange precipitate identified as
dibromo-bis(triphenylphosphine)platinum(II)
(PPha)QP%Brg, with trace quantities of bromo(bromoacetyl)
bis(triphenylphosphine)platinum(II), Br(BrCHQCO)(PPhB)QPt.

../‘l
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7 yield of (PPhB)EPtBrg = 817 (based on (PPhB)th

Melting point = 180 -~ 183°C

TR(KBr, acyl-CO) = 1620 cm~

NMR %.6 & (sharp singlet)
7.5 & (multiplets)

1

The IR absorpbtion peak at 1620 cn”™ T disappears with
time and the NMR of the product showed a singlet

at %.6.56 which alsoc disappeared on standing. .The
above phenomenon was also observed when the compound
was heated under nitrogen or éxposed to light or air.
Mhis probably shows that Br(CHECO) (Ph5P)2Pt and
Br(BrCOCH,) (Pth)ePt decomposes to (Ph5p)2PtBr2.

4. The FPreparstion of cyclopehtadienylmolybdneum
79 ,

tricarbonyl dimer

Hexacarbonylmolybdneum (10 g) was reacted with
dicyclopentadiene (50 ml). The reaction was carried
out under nitrogen in a three-necked flask, fitted
with a nitrogen inleb, a magnetic stirrer, a
straight reflux condenser and a thermometer. The
reaction mixture wzg heated gently at 135 - 14500
until no more white molybdneum hexacarbonyl
sublimed out of the resction mixture. From btime
to time molybdneum hexacarbonyl that had sublimed
in the reflux condenser was pushed back into the
reaction mixture. The red violet crystals of the
product was washed five times with n~-hexane to
remove excess dicyclopentasdiene and other hydrocarbon
impurities. The product was dried in vacuum at 5000
and any remaining Mo(CO)6 sublimed out
of the product on to the cooler

"/.'l
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parts of the flask.

Yield: 2.5 g
% yield = 18%, (1it 80}) based on Mo(CO)g

Melting point: 214 - 216°C (1it. 215 ~ 217°C)
IR(XBr, metal carbonyl absorption)

1950; 1920, 1900, 1890 cm™*
(115? 1957, 1926, 1904, 1891 cu 1)

5. The reaction of bromoacetyl bromide with

' cyclopentadienylmolybdneum tricarbony
dimer., B

Sodium (1lg) was dissolved in 100 grams of
mercury to give a 17, sodium amalgam which was
vigorously stirred with a sample of
cyclopentadienylmolybdneum tricarbonyl dimer,
[C5H5Mo(00)5]2 (3g) in 100 ml of dry THF for 15
minutes. Subsequently the amalgam was run out via
a stbpcock in the bottom of the flask and the solution
was washed with 50 grams of fresh mercury. Then i%
was filtered to give yellow NaMo(CO)505H5.

THF
[ogHGMo(C0) 51, + 2Na(Hg) —;~E—~:)2NaM0(CO)BC5H5 (45)

The yellow solution of NaMo(CO)505H5 was cooled in

an ice salt bath ( ~ 10°C) and treated dropwise with
0.8 ml of bromoacetyl bromide in 5 ml of THF. The
reaction mixture wag “irred in the dsrk at 0°C for

Cee/en
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two hours, At the end of the reaction time the solvent
‘was evaporated under reduced pressure end - ,
was first weshed with 50 ml of n-pentane (to remove
its slightly sticky nature) and then extracted with
90 ml of dichloromethane in three equal portions,
The resulting solution was filtered and then
evaporated to a small volume. Addition of n-hexane
afforded one gram of oranpe crystals .identified as
BrCHgGOMo(CO)505H5 with traces of BrCOCH2Mo(OO)505H5.
/ yield: 45/ (based on [C5H5M0(CO)§]2)
Melting point: 112 - 117° (decomposed at
100°, color changed from orange
, to grey).

TR: CH: 3120(W), 2960(VV)

Mo - CO: 2020 (s), 1950 (s)

acyl-C0O: 1645 (s), 1620 (s)s 1660 (w)

NMR: 5.6 & (sharp singlet)

5.2 6 (sharp singlet) with relative
intensities 5:2

6, Photochemical decomposition of BrCHqCOMo(CO)5~
C5H5.

The schlenk tube which contained the product was
exposed to the sunlight for bthree hours. The orange
color of the product changed to grey. The grey
residue was identified as BrCHyMo(CO);CgHg. On
further exposure to the sunlight the grey residue
darkened., This final product was identified as
Br*Mo(CO)505H5.

RXVAX
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IR: The acyl CO absorpbion bands at 1645, 1660 and
1620 cm"l
disappeared.

of the starting compounds

NMR: 5.5 & and %.6 & (sharp singlets with
relative intensities 52,
(The singlet at 3.6 O disappeared after
further exposure to the sunlight. This
shows that decarbonylation is taking place.
(See experiment number 6.)

7« Thermal decomp031t10n of BrCHEGOMo(CO) §A5

The product was vlaced in a schlenk tube and
heated to a temperature of 100°¢ for one hour under
vaccum. A dark grey product was obtained. Its IR and
NMR spectra were identi¢al with the one obtained with
photolytic decomposition.:

IRy HNo 2c¢yl-C0O observed.

NMR: 5.5 & (singlet)
The results of the thermal and photolytic decompositions
were found to be similar. 1In both cases the final

product was BrMO(CO)505H5,.

8. TFreparation of BrOchoMo(CO) 05 Sby a

dlfferent method._u'"

THR (about 150 ml) was distilled under nitrogen on
to sodium sheets (0,3 g)+ The suspension of sodium
in the THF solvent was treated dropwise with

wv/ee
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excess freshly prepared cyclopentadiene (about 2 ml)
by thermal decomposition of dicyclopentadiene to
disgolve all of the sodium forming a pink solution of

sodium cyclopentadienide.

AY
10812 S 20H (46)

2Na + 20gHg =~ > 2NaCgHy + Hy | (47)

MO(OO) (3.5 g) was added to the sodium
cyclopenbadlenlde solution and the resulting mixture
was refluxed under nitrogen for about 20 hours.
After filtering and cooling, the resulting NaMo(CO)Bq§H5
solubtion was trested dropwise with 1.3 ml of
bromoacetyl bromide in 5 ml of THF. " The reaction
mixture was stirred at 0°Cc for two hours. At the end
of the reaction time, the solvent was evaporated
under reduced pressure and the resulting residue was
first washed with 50 ml of n-pentane (to remove its
slightly sticky nature) and then extracted with 100 ml
of dichloromethane., The resulting solution was
filtered and then evaporated to a small volume,
Addition of n-hexane followed by storage ofrthe
solutions overnight in a refrigerator afforded one
gram of orange red crystals identified as mainly a
mixture of BrCchOMo(CO)ECbH and trace quantities of
Br~C0-CHy~Mo(C0)5C 5ts

Yield: 1.02 g
7. yield: 45y, (based on MO(CO)G)
M.P: 112 - 115° (decomp. 100 -~ 102°)

-o/t.
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IR: CH: 3120 (w), 2960 (v.w)

Mo~CO: 2020 (s), 1950 (s), 1930 (g)
ncyl-CO: 1645 (s), 1620 (s), 1660 (w)

NMR: 5.6 6, 5.2 6 (sharp singlets) (with
relative intensities 5:2)

The product was sﬁbjected to thermal and photochemical
decomposition. The results were identical to those
given in experiments &6 and 7.

9., Preparation of BrCHQCOW(OO)BC5H5.

Tungsten hexacarbonyl (3.6 g) was refluxed for
about 16 hours with a 20/ excess of sodium
cyclopentadienide in 150 ml of THF to obtain a
yellow solution of NaW(CO)BC5H5. The yellow solution
was filtered while hot, cooled to ice salt temperature
and treated dropwise with 1.2 ml of bromoacetyl -
bronide in 5 ml of THF. The reaction mixture was
stirred in the dark at 0°C for two hours. Subsequently
the solvent was pumped off vnder reduced pressure
leaving behind an orange red precipitate. The
residue was washed with 50 ml of n~pentane to remove
the greasy nature of the residue and then extracted
with 50 ml of dichloromethane and crystallized by
adding 5 ml of n~-hexane. 1.0l grams of orange red
crystals was obtained. The product was identified
as BrCH,COW(C0);CcHs with traces of BrOOCH,W(CO);CoHg

‘/ yield: 317/, (based on w(c0))
M.P: 118 - 121° (decomp. at 85 - 90°)

L] ‘:/.“’
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IR: CH: 3100 (w), 2950 (vw)
W-CO: - 2050 (s), 1960 (s), 1990 (s8)
acyl-C0: 1630 (s), 1645 (s).

NMR: 5.7 6, 5.3 & (sharp singlets) with
relative intensities 5:2

10. Photochemical decomposition of BfCchow(co)505H5.

The tungsten compounds synthesized were found to
be light sensitive. A solution of the substance in
dichloromethane changed its color from orange to
greyish black when exposed to the sunlight for about
2 hours, The greyish black residue appeared to be the
major product. The residue from the photolysis
reaction was identified as C5H5W(CO)5Br.

IR: W-GO 1990 (=), 1950 (s)

NMR: 5.6 & (sharp singlet)
The CH and acyl COﬁR abgsorption bands of'BrGHZCOW(OO)BCSH5
and BrCOOHQW (CO)BC5H5 disappeared with photochemical

decomposition.

1l Thermal decomposition of BfCHQCOW(CO)BCBHS.

“TI-cyclopentadienyl (bromoacetyl) tricarbonyl
tungsten (II) was placed in a 100 ml schlenk tube.
The aystem was evacuated and the sample portion
heated to 9000. The orange red color of the sample
changed to greyish black. The residue was identified
as II—C5H5W(CO)5Br. (seg expt. 10).

O./Q.t
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strong acyl-CO absorption. bend at 1660 em . Tt

also showed a strong absorption band at 1750 cm™t
due to the bridge carbonyls from the dimer. Efforts
to separate these were unsuccessful. A mixture of
compounds were obtained amoné which,
BrCH,C0Fe (CO) ,C5Hg and BrCOCH,Fe(C0),Colg were

indentified.

IR (in CCL): acyl-CO 1660 cm™

Fe-CO 2050 (vs), 2010 (vs) 1970 (vs).
NMR (in CCl,): 3.7 & (shorp singloet)

4.6 & (sharp singlet)

4.9 & (sharp singlet)

4ot 6.(sharp singlet)



CHAPTER IV

RESULTS AND DISCUSSION

In this chavter an «ffort will be made to
discuss the results of each experiment and make a
general summary at the end.

The preparation of bromoacetyl transition metal

derivatives

A number of compounds with the general formula
RCOML and Rf COML (R = alkyl, Rf = perfluoroalkyl;
M = trensition metal; I = ligand) have been
synthesized and used in the synthesis of some alkyl
and perfluorcalkyl transition metal derivativeé.78’82’85
In the past years chloroascetyl metal derivatives
were prepared and reported.67 However no
bromoacetyl transition metal derivatives so far have
been reported. In this investigstive work, the
reactions of & number of transition metal derivatives
with bromoacetyl bromide were examined. The results

are summarized in the following table,
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Table 2. The results of the reaction of bromoacetyl
bromide with some transition metal derivatives.

-+ e - 3
Transition metal Solvent Produdts
derivatives
+
(PhBP)4Pt CeHg Br(Brcﬂgco) (Ph5P)2Pt
X _
Br(BrCOCHe) (Ph5P)gPt
(Ph;F) ,PEBr,
FNaMo(CO)BC5H5 THF BTCHEOOMO(CO)5C5H5
+
BroOCH,Mo(C0) 5CoHe
Th ) - .
NaJ(GO)505H5 THF Brcﬂgcow(co)505H5
+ |
BrCOCHgﬁ(CO)BCBHB
NaFe(CO)205H5 THF | BrCHQCOFe(CO)205H5
*BrCOCH,¥e(CO) 50cH

*yrace quantities.

Petrakis (triphenylphosphine) platinum (0)
smoothly rescted with bromoacetyl bromide., The
infrared spectrum showed two weak acyl-CC absorption

at 1620 and 1640 cm”l probably corresponding to

../ll
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trace quantities, when the infrared abgsorption was
determined égain after two days, the acyl-CO
absorption bands were not detected. Based on the two
- acyl-CO absorption bands one would conclude that the
reaction was taking place at both ends of the
bromoacetyl bromide.

CeHg |
_(Ppap)th =2e3 [(PhP) ,PE] + 2PhyP (48)

[(PhBP)gPtJ + BrCH,COBr -~

St

(49)
Br(BrCHECO) (PhBP)gPt + Br(BrCOCHE) (PhaP)EPt

These reactions of bromoacetyl bromide with
(PhBP)th shows that the bromoacetylplatinum complexes
were formed; but probably decompose spontaneously
to give (PhsP)gP%Brg.:

The bromoacetylmetal derivatives , BfCHECOM
where M = Mo (00)305H5 or W(CO)505H5 were prepared
according to the following equation.

THE

NaM + BrCH,COBr » BrCH,COM + NaBr (50)
These bromoacetylmetal derivatives are photosensitive
and thermally unstable. Extensive decomposition
took place when the experiments were done at room
temperatures All of the synthesis of these
bromoacetylmetal complexes were performed atb 0%,

and care was taken to avoid prolonged exposure

to light. The bromoacetylmolybdneum and tungsten
derivatives are orange red in color.: The compounds

.‘o"o/c -
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are readily soluble in dichloromethane, carbon di~
sulfide and carbon tetrachloride, bubt sparingly
soluble in n-pentene and n-hexane.

Both derivatives show two acyl-CO absorptions
at about 1645 and 1620 cm“l, Based on the two acyl
CO absorption bands, one would conclude that reaction
was taking place on both ends of the bromoacetyl

bromide.

THT
>

2N3M0(00)305H5 + 2BrCH,COBr
BrCHQCOMo(CO)BC5H5 + BrCOCH2M0(00)505H5
+ 2NaBr (51)

THF
2NaW(CO)305H5 + 2BrCH,COBE —mrmmetomed

BrCHZCOW(CO)505H5 + BrCOOng(CO)5CSH5

+ 2NaBr (52)

The acyl~CO abgorption frequencies are substantially
lower than the carbonyl absorption in ketones. A
possible explanation is the gignificant contribution
of resonance structure with metal carbon double
bonding which reduces the crsrbon oxyren bond order.

CO 0 Co o
@-]‘ﬂom ¢ —R (——-*—-—-*—-’ [ - *I‘i‘i =(.— R

‘, -oo/o-
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Resonance contributions of this type may have
the effect of stabilizing acyl derivatives of
transition metals as compered with acyl derivatives
of non transition metals which are incapable of
forming the type of double bond postulated.67

The amount of BrCH,COFe(CO),C sHg obtained by
reactiing NaFe(CO)gCBH with bromoacetyl bromide in
THF was in trace quantity. If one takes into
consideration the fact that a number of compounds of
the general formula RCOFe(CO)205H5 and RfCOFe(CO)205H5
(R = alkyl or aryl; Rf = perfluoroalkyl) have
already been prepared and have been found to be among
the most stable for this class of compounds, ore
would draw the conclusion, that the bromoacetyl
iron complex would be stable, and would be easy to
make. However, the synthesis of BrCHECOFe(OO)2C5H5
was very difficult. The finnl product was lsrgely
[Cb 5Fe(CO) ], which was the starting compound. Only
trace amounts of the desired products i.e
BrCHgCOFe(CO)205H5 and BrCOCH2F6(00)265 5 as identified
by IR with other unidentified compounds were recovered.

The products obtained by reacting NaFe(CO)205H5
and BrCHECOBr were contaminated with tarry products
and neither repeated washing with n-pentane nor
repeated filteration through florisil could remove the
tarry products. It appeared that extensive
decomposition took place during purification.

The formation of the dimer, [CgHgFe(CO),l,

in large proportion suggests that in the reaction
involving NaFe(CO)205H5 and BrCH,COBr the
dicarbonyleyclopentadienyliron (I) anion is highly
reactive and least selective, thereby replacing

oc/oo
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quantitatively bremine at both ends of bromoacetyl
brogide. -The resulting product is expected to be
unstable and subsequently decorposed to the dimer.

Fe(CO)EC5H§ 4 BrGHECOBr —

e

BrCchoFe(CO)ECBHS + BrCOCHQFe(CO)ECBHB

+ Fe(CO)205H5CH200F8(CO)205H5

(53)

AV
[Fe(GO)2C5H5]2 + CH,CO + Br,

Probably it is assurmed that the decomposition of
the products gives rise to the dinmer, [C5H5Fe(00)2]2,
ketene vapor and bromine. Recent investigstion with
chloroacetyl chloride has also shown that the
resulting chloroacetyl derivative was unstable and
subsequently decompose to the dimer.67

Thermal and Photolytic Decompositions
of BrCH,COM(M = C5H5MO(CO)505H5W(CO)5)

The resultg of the thermal and photolytic
decompositions of BrCH?GOMo(co)505H5 and Brcﬁgcow(oo)505ﬂ5
are summarized in the following table ... (table 3). _



= 20 -

Table %. Therwmal and photochemicsl decompositions of

the bromoacetylmetal derivatives,
BrCH,COM(CO) 50ty (M = MO, W)

Bromoacetyl metal

Decomposition products

complex i
_ _ Photoiyfic Thermal
BrCHECOMO(CO)5C5H5 Briio(C0) ;0cHg Brio(C0)5CeHs
+
i BrCH2M0§22?505H5
BrCchow(co)305H5 BrW(CO)505H5 Brw(co)505ﬂ5
+ £
BrCHah(CO)§C5H5

*in trace quantity,

Prefious work on chloroacetylmetal complexe867

has shown the formation of ketene and diketene in the
thernal decompositions of GlCchOM(CO)5CSH5(M = Mo,¥).
This reaction showed that [-halogen elimination was

taking place.

C1CHLCOM(CO) 5CoHy =i GIM(CO) ,05Hg + CH,C0  (54)

I = Mo, W.

%While ketene and diketene were the only identifiable

gaseous products obtained in the thermal decomposition
ofClOH2COMo(CO)505H5,.the thermal decomposition of
CLCH,COW(C0) ;Csls in addition to ketene and diketene,

col v
o .
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algo produced carbon monoxide. It appeared that in
the case of the bromoacetyitungsten derivative,
both f~halogen eliminstion and decarbonylation were
simultaneously taking place.

Similarly the formation of ketene is predicted,
though not act ally detected, in the therral
decomposition of BrCH,COMo(CO),CuHy and BrCchow(co)505H5.
The formation of BrM(CO).jC5H5 (M = Mo, W) sugmests
3~bromine elirination or both B-bromine elimination
and decarbonylation simultanebusly taking place.

BrCHECOM(GO)565H5 ey CHACO 4 BrM(OO)5C5H5 (55)

(M*"" Mo 3 W')

The production of trace quantities of BrCHEMo(CO)BG5H5
and BrCHEW(CO)BOSHS can be explained by
decarbonylation as shown in equation 56,

, . ~-C0 -
BrOH,C0M(C0) 5CHe Ty BrCHM(00) 5CcHe (56)
(M = Mo, W)

These facile decompositions (3-bromine elimination)
of the bromoacetylmolybdneun and tungmsten derivatives
explain why the attempts to make bromo (bromoacetyl) -
bis (triphenylphosphine) platinum (II) quantitatively
gave dibromosbis(triphenylphosphine)platinum (I1).

C.H

(Ph,P),Pt + BrCH,COBD —eelacy 2P, P
3Py F o

%
+ Br(BrCH,CO) (PhBP)EPt

(57)
Brg(PhBP)gPt

ll/ll
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Summar;

Althoush a number of a-~halomethyltransition metal
derivatives such as BrCHQMo(CO)BC5H5 and BPCHQW(CO)BC5H5
have been obtained in trace quantities,. the various
attempted preparative methods for the generation of
halomethyl metal derivatives did not give satisfactory
results.

In conclusion, it is interesting to point out that
the synthesis of bromoacetyltransition metal derivatives
and the subreqguent study of their photochemical and
thermal decompositions have not been previously
reported and our investipgative work appesrs to be the
first venture into this aspect. However, because of
the facile G-halopen eliminations, the photochemical
“and thermal decompositions did not give the expected
halomethylmetal derivatives in appreciable guantities.

Further comments and a leook into the future

Our main go=l was to synthesize
a—monohzloalkyltransition metal derivatives by thermsal
or photochemical decomposition of the haloacetyl
metal derivatives. o-monochaloalkyltransition metal
derivatives could be used further ss precursors of
electrophilic metal carbenes via their interaction
with Lewis acids,.

The ultimate utility of metal carbene complexes
in organic synthesis hinres on the discovery of
synthetically useful ways of releasing the csrbene
ligand from its metal complexes. Several useful
means of relersing the carbene ligand have already
been found and future research will undoubtedly uncover
additional transformations..

vofon
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When carbene ligands were first discovered it
was hoped that they might serve as reagents for
generating free carbenes. However, to date, no reaction
of carbene conmplexes has been shown to proceed via a
free‘carbene; The thermal decomposition reactions and
the alkene addition resctions of carbene complexes (for
which the intervention of. free carbenes seemed plausible)
have been shown not to proceed via free carbenes. The
fact that metal carbene complexes do not act as ready
gsources, of free carbenes does not detract from their
usefulness. Rebther the differences between bhe
complexed and uncomplexed carbenes can be exploited
synthetically. ’

Initially cerbene complexes excited a great
deal of atbention as potential sources of free carbenes.
However, in many of the reactions of carbene complexes
there 1s ample evidence against the intervention of
a free carbene and in no instance, has a compelling
case for the intervention of a free carbene been made.
This should not be overly surprizing since a free
carbene is a high energy species (in contrast to
alkenes, C0Q, phosphines and the like) and should
be reluctant to leave the coordination sphere of the
metal, Thus from the synthetic point of view, the
metal carbene complex is most profiﬁably viewed not
as a source of free carhenes, but as a functional
group which can be synthesized, modified and

ultimately converted into other functional group.Ba\
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