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Reaction of tris(acetonitrile)molybdenumtricarbonyl [Mo(CO),(C H)CN))] and tris(acetonitrile)chromiumtricarbon yl 
[Cr(CO)J(CH)CN)J] with 1,2,4,5-tetrakis (bromomethyl) benzene and 1,2,3,4,5.6-hexakis(bromomethyl )benzene yield com­
plexes [C, H/CH

1
BrJ..Mo(C0))] (4) , [C,(CH

1
Br), Mo(CO)J] (5) . [C, H/CH

1
Br).Cr(CO),] (6) and [C,,(CH

1
Br),Cr(CO),] (7) re­

spectively. The halogenated arene complexes (4), (6) and (5) on treatment with Na)Fe(CO).J at room temperature form of the 
complexes [C, H2(CH 2)• ( Fe(C0).) 2Mo(CO))] (8), [C,, H1(CH2), ( Fe(COl.) 1Cr(CO),] (9) and [C,(CH),, ( Fe(CO).J )Mo(CO\ ] (10) 
respectivel y. The complexes have been characterized by IR , 1H NMR and mass spectral data. 

Thermolysis of hexacarbonyls of chromium, mo­
lybdenum and tungsten in presence of arene leads to the 
formation of [(arene)M(CO)J derivatives ' according to 
reaction Scheme-l. The thermal method has, however, 
the disadvantage that high temperatures and long reac­
tion times are required D. The complexes 
[(arene)M(C0)

3
] (M=Cr, Mo or W) can be synthesized 

from [L
3
M(CO)J by arene/L1 exchange under milder 

conditions. Many different ligands (L) have been em­
ployed for this reaction, e.g. [L= CH

1
CN, THF, diglyme, 

NH
3 

etc.]4
• 

Materials and Methods 

All the reactions and subsequent handling were 
carried out in dry nitrogen atmosphere. Acetonitrile was 
distilled under nitrogen over phosphorus pentaoxide. 
THF was distilled under nitrogen over sodium 
bezophenone ketyl prior to use. Na

2
[Fe(C0)

4
]\ tris­

(acetonitrile)molybdenumtricarbonyl 
[Mo(C0)

3
(CH

3
CN)

3
] 6 and tris(acetonitrile)­

chromiumtricarbonyl [Cr(CO)/CH
3
CN)l were synthe­

sized by the known procedure. I, 2, 4, 5-
Tetrakis(bromomethyl)benzene and I, 2, 3, 4, 5, 6-
hexakis(bromomethyl)benzene were prepared according 
to the known methodx. TheIR spectra were recorded on 
a Shimadzu 8010 spectrometer, 'H NMR spectra on a 

M(C0)6 -

[M=Cr,Mo,W] 

1 : R,=R2=R3 = H 

2: R,=CH3 ,R2=R3 = H 

3: R1=R2=R3 = CI-I3 

Scheme- I 

Bruker 250 MHz spectrometer and electron impact mass 
spectra on a high resolution mass spectrometer. 

Reaction of tris (acetonitrile) molybdenum­
tricarbonyl [Mo(CO)/CH

3
CN).J with 1,2,4,5-

tetrakis(bromomethyl) benzene 

To a freshly prepared solution of [Mo(CO) , 
(CH3CN)J (I .46 g, 4.82 mmol) in acetonitrile (50 mL) 
was added a solution of I ,2,4,5-tetrakis (bromomethyl) 
benzene (2. I 7 g, 4.82 mmol) in the same solvent (10 
mL) by a dropping funnel under nitrogen atmosphere 
with vigorous stirring. After completion of addition the 
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reactants were allowed to stir for 24 hr at room tempera­
ture. The course of the reaction was monitored by ana­
lytical TLC. The solvent was removed in vacuo and the 
residue was extracted with diethylether and filtered on 
kieselguhr. The mixture was then chromatographed over 
a column of silica gel (230-400 mesh) and the yellow 
band was eluted with petroleum ether (40-60"C)-diethyl 
ether (I: I v/v). Removal of solvent under reduced pres­
sure afforded [C

6
H

2
(CH

2
Br)

4
-Mo(C0)

3
] (4) as a grey 

solid (0.22 g, 7%) ; IR (cyclohexane) : vCO 1950 and 
1987 em' ; 'H NMR (CDCI): 8 4.58 (s, 8H) and 8 7.35 
(s, 2H) ; MS : m/z 630 (noM+), 450 [M+- (3CO + Mo)], 
370 [M+- (3CO + Mo + Br)], 290 [M+- (3CO + Mo + 
2Br)], 210 [M+- (3CO + Mo + 3Br)], 130 [M+- (3CO + 
Mo + 4Br)], 116 [M+- (3CO + Mo + 4Br + CH

2
)], 115 

[M+- (3CO + Mo + 4Br + CH
2 

+H)]. 

Reaction of tris( acetonitrile )molybdenum­
tricarbonyl [Mo(CO)JCH

1
CN)) with 1,2,3,4,5,6-

hexakis( bromomethyl )benzene 

To a freshly prepared solution of 
[Mo(C0)

3
(CH

3
CN)

3
] (0.715 g, 2.36 mmol) in acetoni­

trile (30 mL) was added dropwise a solution of 
I ,2,3,4,5,6-hexakis(bromomethyl)benzene ( 1.5 g, 2.36 
mmol) in the same solvent (30 mL) by a dropping fun­
nel under nitrogen atmosphere with vigorous stirring. 
The rest of the procedure adopted was the same as de­
scribed above which yielded [C

6
(CH

2
Br)

6
Mo(C0)

3
] (S) 

as grey solid (0.2 g, 10%); IR (cyclohexane): vCO 1952 
and 1987 em·'. 

Reaction of tris( acetonitrile )chromiumtricarbonyl 
[Cr(CO)JCH

3
CN)_J with 1,2,4,5 -tetrakis 

(bromomethyl) benzene 

To a freshly prepared solution of [Cr(C0)
3 

(CH
3
CN)

3
) (0.864 g, 3.33 mmol) in acetonitrile was 

added -dropwise a solution of I ,2,4,5-
tetrakis(bromomethyl)benzene ( 1.5 g, 3.33 mmol) in the 
same solvent in (30 mL) by a dropping funnel under ni­
trogen atmosphere with vigorous stirring. The rest of the 
procedure adopted was same as described above which 
yielded [C

6
HiCH

2
Br)

4 
Cr(C0)

3
] (6) as a greenish-yel­

low solid (0.25 g, 12%) ; IR (cyclohexane) : vCO 1925 
and 1950 em·'; MS: m/z 586 [M+], 558 [M+- CO], 530 
[M+ - 2CO], 502 [M+ - 3CO], 450 [M+ - (3CO + Cr)], 
370 [M+- (3CO + Cr + Br)], 290 [M+- (3CO + Cr + 

2Br)], 210 [M+- (3CO + Cr + 3Br)], 130 [M+- (3CO + 
Cr + 4Br)], 116 [M+- (3CO + Cr + 4Br + CH

2
)]. 

Reaction of tris( acetonitrile )chromiumtricarbonyl 
[Cr(CO)_lCH

3
CN)) with 1,2,3,4,5,6-

hexakis( b romome thy/ )benzene 

To a freshly prepared solution of 
[Cr(C0)

3
(CH

3
CN\] (0.61g, 2.36 mmol) in acetonitrile 

was added dropwise a solution of I ,2,3 ,4 ,5,6-
hexakis(bromomethyl)benzene (1 .5 g, 2.36 mmol) in the 
same solvent (30 mL) by a dropping f nnel under nitro­
gen atmosphere with vigorous stirring. The rest of the 
procedure adopted was same as described above, which 
yielded [C/CH

2
Br)

6
Cr(C0)

3
] (7)as a greenish solid 

(0.305 g, 16.74%); IR (cyclohexane) : vCO 1925 and 
1950 em' ; 'H NMR (CDCI

3
): 8 2.15 (s, 12H); MS : m/ 

z 772 [noM+), 236 [M+- (6Br + 2CO)], 207 [M+- (6Br + 
3CO +H)], 155 [M+- (6Br + 3CO + H + Cr)] . 

Reaction of Na/Fe(C0)
4

} with 
[C6HlCH2Br)~o(CO)_J (4) 

To a freshly prepared suspension of NaJFe(C0)
4

] 

(0.1 0 g, 0.46 mmol) in THF (30 mL) was added dropwise 
a solution of [C6H/ CH

2
Br)

4
Mo(C0)

3
] ( 4) (0.15 g, 0.23 

mmol) in THF (20 mL) from a dropping funnel under 
nitrogen with vigorous stirring. After completion of ad­
dition the reactants were allowed to stir for 36 hr at room 
temperature. The course of reaction was monitored by 
analytical TLC. The solvent was removed under reduced 
pressure and the residue was extracted twice with 60 
mL of petroleum ether (40-60''C) and filtered on kiesel­
guhr. The mixture was then chromatographed on silica 
gel (230-400 mesh) eluting with petroleum ether (40-
60''C) which gave only one yellowish band. The yellow­
ish band on removal of solvent under reduced pressure 
afforded [C6H/CH

2
\{Fe(C0)

4
}

2
Mo(CO),] (8) (0.014 g, 

9.10% ) as a grey solid ; IR (cyclohexane) : vCO 1945, 
1981 em·'; 1997 and 2049 em·' ; 'H NMR (CDC!): 8 
2.27 (s, 8H) and 6.96 (s, 2H) ; MS : m/z 646 [ M+], 645 
[M+- H), 617 [M+- (CO+ H)], 589 [M+- (2CO +H )], 
561 [M+- (3CO +H)], 533 [M+ -· (4CO +H)], 505 [M+ 
- (5CO +H)], 477 [M+ - (6CO +H)] , 449 [M+- (7CO + 
H)], 421 [M+- (8CO +H)], 365 [M+- (8CO +Fe+ H)], 
309 [M+- (8CO + 2Fe +H)], 281 [M+. (8CO + 2Fe + 
CO+ H)], 253 [M+- (8CO + 2Fe + 2CO +H)], 225 [M+ 
- (8CO + 2Fe + 3CO + H)], 129 [M+ - (8CO + 2Fe + 
3CO + H + Mo)]. 
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Reaction of NaiFe(C0)
4

] with [C/fiCH
2
Br)4 

Cr(CO).J (6) 

To a freshly prepared suspension of Na
2
[Fe(C0)

4
] 

(0.14 g, 0.686 mmol) in dry THF (30 mL) was added 
dropwise a solution of [C

6
H/CH

2
Br)

4
Cr(C0)

3
] (6) (0.2 

g, 0.34 mmol) in THF (20 mL) by a dropping funnel 
under nitrogen atmosphere with vigorous stirring. After 
completion of addition the reactants were stirred for 36 
hr at room temperature. The course of reaction was moni­
tored by analytical TLC. The solvent was removed un­
der reduced pressure and the residue was extracted with 
diethyl ether and filtered on kieselguhr. The mixture was 
then chromatographed over a column of silica gel (230-
400 mesh) with petroleum ether (40-60"C)-diethylether 
(4: I v/v) to obtain one yellowish band. The yellowish 
band on removal of sol vent under reduced pressure af­
forded [C

6
H/CH

2
)

4 
{ Fe(C0)

4
} 

2
Cr(C0)

3
] (9) (0.021 g, 

9%) as yellowish solid ; IR (cyclohexane): vCO 1925, 
1948 cm 1 ; 1985 and 2047 cm·1 

; 
1H NMR (CDCI

3
) : 8 

1.23 (s, 8H) and 7.26 (s, 2H) ; MS : m/z 602 [noM+], 
417 [M+- (3CO +H)], 265 [M+- (8CO + 2Fe +H)], 237 
[M+- (9CO + 2Fe +H)], 209 [M+- (I OCO + 2Fe +H)], 
181 [M+- (II CO+ 2Fe+ H)], 129 [M+- (II CO+ 2Fe + 
Cr + H ) ], 115 [M+ - (I I CO + 2Fe + Cr + H + CH2)]. 

Reaction of NalFe(C0)
4

] with 
[C/CH

2
Br)rf1o(CO)_J (5) 

To a freshly prepared suspension of Na
2
[Fe(CO)) 

(0.153 g, 0.715 mmol) in THF (30 mL) was added 
dropwise a solution of [Cr,(CH

2
Br)6Mo(CO)J (5) (0.15 

g, 0.23 mmol) in THF (20 mL) from a dropping funnel 
under nitrogen with vigorous stirring. After completion 
of addition the reactants were stirred for 36 hr at room 
temperature. The course of reaction was monitored by 
analytical TLC. The solvent was removed under reduced 
pressure and the residue was extracted twice with 50 
mL portion of petroleum ether (40-60"C)/diethyl ether 
(I: I, v/v) and filtered on kiselguhr. The mixture was then 
chromatographed over a column of silica gel (230-400 
mesh) and eluted with petroleum ether (40-60"C) which 
gave one distinct yellowish band . The band on removal 
of solvent under reduced pressure afforded 
[C

6
(CH

2
)

6
{ Fe(C0)

4 
}

3
Mo(CO),] (10) (I 0.76%) as yellow­

ish crystals ; IR (cyclohexane) : vCO 1931, 1948 cm·1 
; 

1989 and 2035 cm·1
• 

1H NMR (CDCI,): 8 1.26 (s, 12H); 
MS : mlz 840 [M+], 812 [M+ - CO], 784 [M+ - 2CO)], 
756 [M+- 3CO)], 728 [M+- 4CO)], 700 [M+- 5CO], 672 

[M+- 6CO], 644 [M+ - 7CO], 616 [M+- 8CO], 588 [M+ 
- 9CO], 560 [M+- I OCO], 532 [M+- II CO], 504 [M+-
12CO], 392 [M+- (12CO + 2Fe)], 391 [M+- (12CO + 
2Fe + H)], 335 [M+ - (l2CO + 3Fe + H)], 251 [M+ -
(15CO + 3Fe +H)], 155 [M+- (15CO + 3Fe + Mo + 
H)]. 

Results and Discussion 

The reaction of [Mo(C0)
3
(CH

3
CN)

3
] with I ,2,4,5-

tetrakis(bromomethyl)benzene resulted in the isolation 
of [C

6
H

2
(CH

2
Br)

4
Mo(CO),) (4) as a grey solid in 7.07% 

yield. This compound has been characterized by IR, 1H 
NMR and mass spectroscopic data. The IR spectrum of 
compound 4 in cyclohexane exhibits two sharp v(CO) 
band at 1950 and 1987 cm· 1

• These bands are regarded 
as terminaJY carbonyl stretching frequencies. This spec­
tral pattern is characteristic of a complex in which 
[M(CO)J moiety is attached to an arene Iigand 111

• The 
complex 4, in which I ,2,4,5- tetrakis (bromomethyl) 
benzene is bonded to the [Mo(C0)

3
] moiety through the 

aromatic ring, as a whole has pseudo Cw symmetry. This 
observation is consistent with the fact that substituted or 
unsubstituted benzene metal carbonyl complexes of 
group VI B show two IR-active stretching vibrations for 
the terminal carbonyl groups. For example, the com­
plexes [(p-xyi)Mo(CO)J, [C/CH

3
)

6
Mo(C0)

3
] , [(DMA) 

Mo(C0)
3
], [(TMA)Mo(C0)

3
] all exhibit two vCO 

bands 11
. The mode of attachment of ligand is indicated 

by IR spectrum has also been confirmed by 1H NMR 
and mass spectral data . The 1H NMR spectrum of 4 in 
CDCI

3 
showed peaks at 8 4.58 (s , 8H) and 8 7.35 (s, 

2H). The singlet at 4 .58 suggests the presence of mag­
netically equivalent methylene protons of the type CH,­
X where X indicates halogen atoms. The higher 8 value 
is due to the anisotropic effect of aromatic system.The 
sharp singlet at 8 7.35 accounts for the presence of aro­
matic protons . The mass spectrum of 4 did not exhibit 
the expected molecular ion peak at mlz 630; instead, it 
showed peaks at 450 arising due to rapid loss of 3CO 
units and one Mo atom from molecular ion peak (M+). 
The successive loss of 3CO units from parent molecular 
ion peak indicates the presence of [Mo(CO) ] moiety in 

3 
the complex. Other important peaks are observed at 370, 
290, 210 and 130, which are due to sequential loss of 
four Br atoms . The number of significant isotopic peaks 
and their intensity in the spectrum are similar to those in 
the spectrum of the compound containing four bromine 
atoms, suggesting the presence of the four CH

2
Br moi-
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et ies in the synthesized compound. The peaks at 80 and 
96 are due to Brand Mo atoms respectively. Thus, on 
the basis of above arguments and spectral evidences the 

structure of the compound 4 is proposed as shown in 

Scheme II. 

The reaction of tris(acetonitrile)moly­

bdenumtricarbonyl [Mo(CO)/CH,CN) , ] with 
I ,2,3,4,5,6-hexakis(bromomethyl)benzene resulted in the 

iso lati on of a grey so lid compound [Cr,CCH2Br)r, 
Mo(CO),] (5) in 9.84% yield. The IR spec trum of 5 in 
cyclohexane exhibited two sharp v(CO) bands at 1952 
and 1987 CJW 1• The bands are regarded as te rminal ') car­
bonyl st retching frequencies . The spectral pattern is char­

acte ri stic of a complex in which [M(CO)J moiety is at­
tached to an arene ligandw. The complex 5, in whic h 
I ,2,3,4 ,5,6- tetrakis(bromomethyl)benzene is bonded to 
[Mo(CO) ] moiety through the aromatic ring, as a whole 

' has pseudo Cw sy mmetry and fit s the IS-electron nil e . 
This observation is consistent with the fact that substi ­
tuted or unsubstituted benzene- meta ltricarbony I com­
plexes show two IR-active st retching vibrati ons for the 

te rminal carbonyl groups". In view of the c lose s imilar­
it y o f it s IR s pec trum with th at o r 

[Cr,H2(CH2 Br)~Mo(CO) ,] (4) we would like to fo rmu­
late the comp lex as [Cr,(CH

2
Br)6Mo(CO)J (5) in whi ch 

the ligand donates a-e lectrons to the metal so that the 

compound sati sfies the IS-e lectron rule. O n the bas is o f 
the above IR e vidences we be lieve that the compou nd 

[Cr,(C l-1
2
Br)r,Mo(CO)J has the structure as show n in 

Scheme-II. 

The reaction of [Cr(CO),(CH,CN),] wi th I ,2,4,5-
tctmkis(bromomethy l)benzene resulted in the iso lati on 

of (C
6
H/ CH

2
Br) ~Cr(CO), ] ( 6) as a greenish-ye llow solid 

in 12% y ie ld. IR spec trum of 6 in cyclohexane ex hib­
ited two sharp vCO bands at 1925 and 1950 cnY 1

• The 
bands are regarded as te rminal') carbonyl stretching fre­
quencies . The spectral patte ren is characte ri sti c of a com­
plex in which [M(CO\ ] moiety is attached to an arene 
I igand 10 • In complex 6; I ,2,4,5- tetrakis(bromometh y I) 
benzene is bonded to [Cr(CO\ ] moie ty through the aro­

matic ring. The V(CO) bands are similar to those reported 

for th e related compounds, [(C6H
5
CH,)Cr(CO) ,] 1\ 

[(C
6
Hr)Cr(CO\ ] ", [(Cr,HCH=Cl-1 2)- Cr(CO),] 14 and 

[(C HCHO)Cr(CO)J 15
• The mode of attachment o f the 

(, . 
organic ligand is thus indicated by IR spectrum. 

The mass spectrum of 6 exhibits the expected mo­
lecula r ion peak at m/z 586, formed by initial ioni zation , 

4 : M=Mo, R1 =R:!=~=Rs=CH2Br,R3= 1~ = II 
5: M=Mo, R 1 =R2=R3=R.=Rs=l~ = CI I2Ur 

6: M=Cr, R 1=R2=f~=R5 = CII2Br. R;=R1,=H 

7 : M=Cr, R1=R2=RJ=R.:=Rs=!Y.=CII2Br 

Scheme -II 

which fits the mo lecular formula [C 11 1-1 11 ,03Br~C r]. The 
peaks at m/z 558, 530, 502 and 450 are clue to the suc­
cess ive loss of three CO g roups and Cr fro m J\1 + w hi ch 

are responsible for the presence of [Cr(CO),) mo iety in 
the complex 1r.. Other peaks at m/z :no, 290, 2 10 and 130 
are due to loss of four Br atoms. This type o f peaks and 
the ir intensities sugges t the presence o f fo ur -C l-1

2
Br 

mo iet ies in the syn thesized compound. The peaks at ml:. 
79 and 8 1 are due to the isotopic pattern peaks o f Br. 
Therefore, on the bas is of above argumen ts and spectral 

ev idences the structure o f the complex 6 is proposed as 
shown in Scheme- l!. 

Th e reaction of [Cr(C0)
1
(CH,CN)J w ith 

I ,2,3,4,5,6-hexakis(bromomethyl )benzene resulted in the 

iso lati on o f a greenish compound [Cr,(CHcBr),,C r(CO}_;] 
(7) in 16.74% y ie ld . lR spec trum o r 7 in cyc lo hexane 
ex hibited two sharp v(CO) bands at 1925 and 1950 c nY 
1

• The bands are regarded as te rminal') ca rbonyl stre tch­

ing frequenc ies. The spectral pattern is charac te ri sti c of 
a comp lex in which [M(C0)

1
] moiety is at!ached to an 

arene ligand 10
• The 11-1 NMR spec tru m o f 7 in CDCI

3 

showed peaks at o 2. 16 (s, 121-1 ). The hig h fi e ld sing le t 
at o 2 .1 6 (s, 121-1 ) sugges ts the prese nce o r magnet ica lly 
equival ent methylene protons of the type -Cl-1

2
-X where 

X indicates hal ogen atoms. This 8-va luc is due to the 
ani sotropic effect of aromat ic system. Thcre is no peak 
for aromatic protons. The mass spectrum o f 7 did not 
ex hibit the expec ted molecula r ion peak at m/z 772 ; in­
stead, it showed a peak at 236 arising due to rapid loss 
of s ix Brand two CO units from the molecular ion peak 
(M+). T he peak at 207 is due to loss of (CO + H) unit 
from the peak at 236. The peaks at 52 and 80 are due to 
Cr and Br atoms respective ly. The success ive loss of 3CO 
units and the isolated peak at 52 ind icate the presence of 
[Cr(CO),] moiety in the complex If•. The peaks at mlz 79 

and 8 1 are the isotopic pattern pe~ ks of Br. Therefore. 
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on the basis of above arguments and spectral evidences 
the structure of the complex 7 is proposed as shown in 
Scheme-II. 

The reaction of Na
2
[Fe(C0)

4
] with [Cr,H

2
(CH

2
Br)

4 

Mo(CO)] (4) resulted in the isolation of a yellow com­
pound [C

0
H/CH

2
)

4
{Fe(C0)4 }

2
Mo(C0)

3
] (8) in ~ . 1 _0% 

yield. The IR spectrum of 8 in cyclohexane exhibited 
four sharp v(CO) bands at 1945, 1981, 1997 and 2049 
cm·1• The upward shift in vibrational frequencies from 
1790 for [Na

0
Fe(C0)

4
]

17 to 2049 and 1997 cm 1 is a clear 
indication of formation of neutral complex. Also, the 
exhibited peaks at 2049 and 1997 cm·1 are characteris­
tics of the [Fe(CO)J moiety attached to the organic 
ligand 10. The spectral pattern is characteri sti c of a com­
plex in which [M(CO\ ] moiety is attached to an arene 
ligand 10. The 1H NMR spectrum of8 in CDCI

3 
exhibited 

peaks at 8 2.27 (s , H) and 6 .96 (s, 2H) with intensity 
ratio 4 : I. The high field sing let at 8 2.27 of 8 compared 
to that of the uncomplexed arene 4 clearly indicates the 

formation of Fe-C cr-bond via the methylene carbon at­

oms . The singlet at 8 6.96 is due to aromatic protons. 
Therefore, the 1H NMR spectrum shows that [Fe(C0)

4
] 

moiety is attached through methylene carbon atoms with 
the I igand , without any interaction with the aromatic elec­
trons. 

The mass spectrum of 8 ex hibit s parent molecul ar 
ion peak (M+) at m/z 646, by initial ionization, which 
favourably fits the molecular formula [C21H 1,P 11 Fe

2
Mo] . 

Apart from the parent molecular ion peak, the mass spec­
trum also ex hibits the peaks at mlz 617, 589, 561 , 533, 
505,477, 449,421,365 and 309, which indicate succes­
sive loss of one H atom, e ight CO groups and two Fe 
from M+. This fragmentation pattern is characteristic of 
metal carbonyl organometallic complexes 1x formed by 

coordination of the [Fe(CO)J moiety through cr-boncl s 
with the ligand . No isotropic pattern peaks characteri s­
ti c of Br atom were observed which confirmed that all 
the bromine atoms were replaced by [Fe(C0)

4
] moiety. 

Other important peaks at m/z 281, 253, 225 and 129 are 
clue to successive loss of three CO units and one Mo 
unit from the species corresponding to peak at 309. The 
peak at m/z 97 is due to Mo, the fragmentation also indi­
cating the presence of [Mo(CO)J moiety in the com­
plex. Thus, on the basis of the foregoing arguments and 
evidences the structure of the complex 8 is as suggested 
in Scheme III . 

The reaction of Na 0 [Fe(C0)
4

] with 
[C H (CH Br) Cr(CO) ] (6) resulted in the isolation of a 

(> 2 2 4 3 

8: M=Mo 
9: M=Cr 

Sche~ ·lll 

yellowish compound [C
6
H2(CH2)4 

{Fe(C0)
4

}2Cr(C0),] 
(9) in 7% yield . The IR spectrum of 9 in cyclohexane 
showed four sharp v(CO) bands at 1925 , 1948, 1985 and 
2047 cm·1. The upward shift to 2047 and 1985 c nY 1 li ke 
that in compound 8 is a clear indication of formati on of 
a neutral complex. Al so, the ex hibited peaks at 2041 and 
1985 cm 1 are characteristic of the [Fe(CO)J moiety at­
tached to the organic ligancl 10. On the other hand . the 
bands at 1925 and 1948 cm·1 can be regarded as term inal 
carbonyl stretching frequencies. The spectral pattern is 
characteristic of a complex in which [M (CO\ ] moiety 
is attached to an arene li gand 10. The s ignal at o 7. 26 is 
due to aromatic protons. Therefore, 1H NMR spectrum 
shows that [Fe(C0)

4
] moiety is attached through meth­

ylene carbon atoms to the organi c ligand without any 
interaction with the aromati c e lectrons. Mass spectrum 
of 9 did not ex hibit the ex pected molec ular ion peak at 
m/z 602; in stead, it showed peaks at 5 17 and 265 ari s ing 
due to rapid loss of (1-I + 3CO) and (5CO + 2Fc) from 
the molecular ion peak M+. This fragmentation pattern 
is c haracteri stic of metal carbonyl organometallic com­
plexes1 x formed by coordinati on of the [Fe(CO)) moi­

ety through cr-bonds with the li gand. No isotop ic patte rn 
peaks characteristic of Br atoms are observed , which 
confirms that the bromine atom has been replaced by 
[Fe(C0)

4
] . Other important peaks at 237, 209, 18 1 and 

129 are due to success ive loss of three CO units and a Cr 
atom from the peak at 265, indicating the presence of 
[Cr(CO) ] moiety in the complex. Therefore, on the ba-

3 

sis of above arguments and spectral ev idences the stru c-
ture of the complex 9 is proposed as shown in Scheme­
III. 

The reaction of Na
0
[Fe(C0)

4
] w ith 

[C (CH Br) Mo(CO) ] (5) resulted in the isolation of an 6 2 (i 3 

yellowish compound [C
6
(CI-I

2
)

6 
{ Fe(C0)

4
} 

3
Mo(C0)

3
] 

(10) in 10.70% yield. TheIR spectrum of 10 in cyc lo­
hexane exhibited four sharp bands at 1931 , 1948. 1989 
and 2035 cm·1

• The upward shift in vibrational frequ en­
cies, 2035 and 1989 cm1, like that in compound 8 is a 
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(10) 

Scheme IV 

clear indication of formation of neutral complex. Also, 
the exhibited peaks at 2035 to 1989 cm- 1 are characteris­
tic of the [Fe(C0)

4
] moiety attached to the organic 

I igand H>. On the other hand, the bands at 1931 and 1948 
cm·1 are regarded as terminal carbonyl stretching fre­
quencies. The spectral pattern is characteristic of a com­
plex in which [Mo(CO) ,] moiety is attached to an arene 
ligand 10. · 

The 1H NMR spectrum of 10 in CDC! exhibited a .1 
peak at 8 1.26 ( 12H). The high field singlet at 8 I .26 
accounts for the presence of methylene protons which 
are magnetically equivalent. This up-field shift of meth­
ylene protons (8 1.26) of 10 compared to that of the 
uncomplexed parent compound 5 clearly indicates the 
fonnation of Fe-C a-bonds via methylene carbon atoms. 
Therefore, 1H NMR spectrum shows that [Fe(CO) ] 

. . 4 
moiety IS attached through methylene carbon atoms of 
the organic ligands. The mass spectrum of 10 showed 
the molecular ion peak (M+) at mlz 840, by initial ion­
ization, which favourably fits the molecular formula 
[C

27
H

1
P

1
,Fe,Mo]. The peaks at mlz 812, 784, 756, 728, 

700, 672, -644, 612, 588, 560, 532, 504 and 392 are due 
to the sequential loss of 12 CO units and two Fe from 
the molecular ion peak (M+). The peak at 391 is respon­
s ible for loss of one proton from the peak at 392. This 
fragmentat ion pattern is characteristic of metal-carbo­
nyl organometallic complexes 1x formed by coordination 
of [Fe(C0)

4
] moiety through a-bonds with the ligand. 

No isotopic pattern peaks characteristic of Br atom are 
observed, but the peak at m/z 168 for [Fe(C0)

4
] is ob­

s.erved, which confirms that all the bromine atoms have 
been replaced by [Fe(CO)J 

Other important peaks at 307, 279, 251 and 155 
arising due to the successive loss of th ree CO groups 
and an Mo from the species corresponding to the peak at 
mlz 39 1 indicating the presence of [Mo(CO) ] moiety in .1 
the complex. The peak at m/z 154 is due to loss of one 
proton from the species corresponding to the peak at 
m/z 155. The peaks at m/z 96 and 57 are due to the Mo 
and Fe atoms respectively. Thus, on the basis of above 
discussion and spectroscopic evidences the structure of 
the complex 10 is proposed as shown in Scheme-IY. 

The formation of the multinuclear complexes 8, 9 
and 10 c learly indicates that it is poss ible to dehalogenate 
the prec_ursor complexes 4, 6 and 5 with Na

2
[Fe(C0)

4
] 

and subject the resulting moiety to furth er metallati on. 
Dehalogenation itself proceeds stepwise as has been 
demonstrated in the case of the reac tion betwee n 
Na

2
[Fe(C0)

4
] and 2,3-bis(bromomethyl )qu inoxaline 1

'
1

. It 
is not clear whether the presence of [M(C0).1] [M= Mo, 
Cr] bonded to the ring n-electrons should have an effect 
on facilitating the removal of bromine atoms from the 
methylene groups. But it is known that M(CO) , (M=Mo) 
coordination general ly increases the electron 

3
density at 

the ring site, which in turn should offset the carbonium 
character of methylene carbon . Consequently, some de­
crease in the susceptibility of nucleophi lic attack should 
be expected . Further work on the comparative kinetics 
should clear this issue. 
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