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Ethyl-, isopropyl-, diethyl-, butyl- and cyclohexyl-amines reacted with cyclo- 
pentadienyltungsten tricarbonyl dimer at ambient temperatures to give (7r-CgHs)~- 
W2(CO)sL (L = amines). Potential chelating bidentate ligands like ethylenediamine, 
o-phenanthroline and 2,2’-bipyridine also displaced only one CO group under 
identical conditions. Examination of the IR spectra of these derivatives in the 
C-O stretching region indicated a slight .distortion from the local Cz symmetry. 

(n-C5H5)2Wz(C0)5L derivatives after reduction with sodium amalgam and sub- 
sequent treatment with manganese pentacarbonyl bromide yielded a mixture of 

C(~-C~~)W(C~)~LlMn(C0)5 and [(r-C&)W(CO)s]Mn(CO)s. The two differ- 
ent constituents have been separated by column chromatography. 

Introduction 

Several studies [l-5] have been made on the CO exchange r&actions of cycle; 
pentadienyhnolybdenum tricarbonyl dimer with phosphorus and sulphur donor 
ligands; relatively little attention has been paid to the reactions of its tungsten 
analogue. Further, the reactions between these dimers and nitrogen donor ligands. 
are almost uninvestigated. We describe here a study of the liga.nd.behaviour of 
some mono- and b&dentate nitrogen donor ligands inthe CO displacement reac- 
tion of cyclopentadienyltungsten tricarbonyl dimer. A number of (7r-C5H5)tWZ- 
(Cd)& (L = C2HSNH2, i-C,H,NH*, (&H&NH, C,HaHi.and C6H&H2) deriva- 
tives have been prepared by .these reactions_ Potential bidentate ligands like.. -. 
ethylenediamine, o-phenanthroline and.2,2’-bipyridine acted as monodentate in 
-these cases. The reactions of the anions, which_ are obtained by..sodiuin ama&un 
reduction .of (~-CSH5)2W2(CO)SL,~with manganese pentacarbonyi.brdknid~~~a~~ ’ _: 
also.been inves&$ed. These reactions provide a good route for the synthesis of : 
sonie novel W--Mn bonded complexes; : 
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Rest&s a& disckssion 
‘., 

,Cyclopentadienyltungsten tricarbonyl dimer reacted with ethyl-, diethyl-; 
iSopropyl-, butyl- and cyclohexyl-amine at ambient temperature to give.mono- 
‘substituted, (K-C~H;)~W~(CO)~L, derivatives. To achieve more substitution, the 
react&s were performed at higher temperatures for longer time but they yielded 
the products which did not contain amines. Under all the conditions studied, not 
more than one CO. group could be displaced. Potential bidentate ligands like 
ethylenediamine, o-phenanthroline and 2,2’-bipyridine also could not displace 
more than one CO group. In the. case of o-phenanthroline and 2,2’-bipyridine 
gentle warming is preferable_ The monosubstituted derivatives were separated 
from the parent dimer by column chromatography on an alumina column. Elu- 
tion with hexane gave red or orange air-stable crystalline di-r-cyclopentadienyl- 
(amine)ditungsten(I) pentacarbonyl complexes. In all cases a second fraction, 
‘which could not be eluted with hexane, was obtained by elution with tetrahydro- 
furan. Evaporation of the solvent yielded a greyish product which was identical 
to the product obtained by high temperature reactions (and which did not con- 
tain amines). 

(K-C&H~)~W~(CO)~L derivatives dissolved in almost all common organic sol- 
vents. They were non-electrolytes in benzene (mol. cond. < 1 ohm-’ cm* mol-I). 
After reduction with sodium amalgam in dry benzene they yielded faint red or 
colourless anions * which were used as such (without isolation from the solu- 
tion).in further reactions with manganese pentacarbonyl bromide. Two different 
types of W-Mn bon.ded compounds, [(7r-C5H5)W(C0)2L]Mn(CO)S and [(n- 
C5H5)W(C0),] Mn(CO)s, were obtained in these reactions. The detailed separa- 
tion technique is given in the experimental section. [jr-C,H,) W(CO),L]Mn(CO), 
derivatives dissolved in aromatic hydrocarbons, tetrahydrofuran, diethyl ether, 
acetone, chloroform, carbon tetrachloride but were insoluble in alcohols, aliphat- 
ic hydrocarbons and light petroleum (all fractions). 

Infrared spectra 

In t@ IR spectra of (K-C~H~)~W~(CO)~L derivatives five to eight C-O stretch- 
ing bands were recorded (Table 1). If the substitution in cyclopentadienyltung- 
sten tricarbonyl dimer is considered to occur in the plane of symmetry, the ap- 
pearance of five bands due to 3A’ + 2A” modes is expected. The appearance of 
more bands indicates a slight distortion from local C2 symmetry in the solid 
state. A very weak or shoulder band -2000 cm-’ in the IR spectra of some deri- 
vatives indicates that the Raman active mode of CZh symmetry in cyclopentadien- 
yltungsten tricarbonyl dimer gained some intensity in the distorted C2 symmetry 
of these molecules and appeared in the IR spectra. Other bands were of identical 
nature as reported for the other similar tertiary phosphine and phosphite sub- 
stituted complexes [ 51. 

The IR spectra of [(n-C.5H5)W(CO)zL] Mn(CO), derivatives showed five C-O 
stretching bands (Table 2). The weak band at 2133 cm-’ of manganese pentacar- 
bony1 bromide disappeared when Mn(CO)5 was added to the anions obtained by 

* coiotie~ anions for derivatives containing o-phenanthroline or 2.2’-bipyridine and faint red for 

others. 



the reduction of (7r-C5H5)2W2fC0)5L derivatives with sodium amalgam. There is 
a little effect on the band at 2050 cm’ of manganese pentacarbonyl bromide 
since a band around this frequency always appeared in the W-Mn bonded com- 
pounds. A very strong band between 2008-2019 cm-’ in the IR spectra of W-Mn 
bonded derivatives may be the same as 2006 cm-’ of Mn(CO),Br with a slight- 
shift in higher frequency region. Except for a band at -1855 cm’ which did 
not appear in the spectra of W-Mn bonded compounds, the other bands might 
be due to the (7r-C5H5)W(C0)2L moiety; they were invariably present in the 
spectra of (~-C&)2W2(CO)& derivatives. Since these complexes are the first of 
this type to be reported we reproduce the spectrum of the C-O stretching re- 
gion of a typical cyclohexylamine substituted derivative [(I~-C,H,)W(CO)~- 
WS~~WIMnWO)5 0%. 1). 
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, &ABLE 2 

--C-O ~TRRTC~NGFREQUENCIESOF[<~~5H5)W<C0)2L]~(CO)5CO~PLEXES 

.Compotmd Y(C0) (cm-l) 

Experimental 

Tungsten hexacarbonyl was sublimed before use. Cyclopentadienyltungsten 
tricarbonyl dimer was prepared by heating [6] tungsten hexacarbonyl and di- 
cyclopentadiene in an evacuated sealed tube at 250”C’for 4 h. Manganese penta- 
carbonyl bromide was prepared by the established method 171. All the experi- 
ments were performed in a nitrogen atmosphere or in vacua. Except for ethyl- 
and isopropyl-amine, which were used as 70% aqueous solutions, all the amines 
were used neat. IR spectra were measured on mulls using Perkin-Elmer spectro- 
photom.eter model 621. 

Preparation of ethyiamine(di-r-cyclopentadienyl) ditungsten(1) pentacarbonyl 
Ethylamine (2.0 ml) was mixed in a benzene solution of cyclopentadienyl- 

tungsten tricarbonyl dimer (0.2 g in 15 ml). After mixing, the pink colour of the 
solution of the dimer rapidly changed to red-brown. The reaction mixture was 

TABLE3 

REACTION TIMES, YIELDS AND ANALYSES OF SUBSTITUTED <n_CgH5)2W2(CO)5L COMPLEXES 

Compound Reaction 0 Yield A~I~sisFound<caIcd.)(Q) 

(%) 
C ?I N 

~~~~~~~~~~~~~~~~~~~~~~~~~~ 50 95 66 31.8 2.7 1.8 
(32.0) (2.9) <x.9> 

(~-C%H~)2W~(CO)~(i-C+7NH~) 50 96 68 30.2 

(30.9) (Z) (f::, 

(~~sHs)2Wz(CO)s(C4Hg~2) 50 100 65 31.6 2.6 2.0 

(~CSH*)~W~(CO)~~C~H~~NH~) 

(32.0) (2.9) (1.9) 
45 104 55 33.2 3.0 1.7 

~(34.1) (3.1) (1.8) 
-(lr-c5Hs)iw2(CO)5(C2H8N2) 30 122 70 29.0 2.3 -3.8 

-... 

(n-CgHg)2W?<C0)5<C10H~N2) 
(29.2). .(2.5). i4.0). 

35 125 . . . 60 _.37.1-- 2.1 3.6 1 

~~~~~~~~~~~~~~~~~~~~~~~~ :. __ .112- .66 
: (37.7) .(2.2) (3.5) 

:75 39.0. -2.3. 3.3 
. .._.. -.._.. :_ : ..‘ . (39.7) . . . (2.2). (3.4) ,. 

.‘:T The crysta%abxin&at the~~&m&kat& specified;. .( -. : : : 
-I c. -,: ._.. ::_- . . .- :r : 
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TABLE 4 

COLOURS, YIELDS AND ANALYSES OF <~~-CSHS)W<CO)~LM~(CO)S COMPLEXES 

Compound c010ur M-P. Yield Analysis Found <calcd.) <%I 

CC> <%) 
C H N 

orange 110 42 33.5 2.7 2.2 

(34.1) (2.8) (2.4) 
C(lr-CsH,)W(CO)2<i-C3H7NH2)3Mn<C0)5 orange 112 44 31.6 2.3 2.4 

(32.2) (2.5) (2.5) 
I(lrGsHs)W<CO)2(C4HgNH2)lMn(CO)~ Brick-red 115 48 33.4 2.6 2.1 

(34.1) (2.8) (2.4) 

[(~-CSHS)W(CO)~(C~H~~NH~)IM~<CO)~ dark brown 130 40 35.4 2.8. 2.2 

(36.0) (3.0) (2.3) 

C<~-CsHS)W<CO)z<C1HgNZ)1Mn(CO)~ Y4.lOWi.h 135d 42 29.2 2.2 4.6 
brown (30.0) (2.3) (5.0) 

Yellowish 170d 58 40.0 1.9 4.1 
brown (40.2) (1.9) (4.2) 
Yellow 196d 55 41.5 1.8 3.8 

(42.3) (1.9) (4.1) 

left at room temperature * (35°C) for 45 min. After this period, benzene and ex- 
cess of amine were removed in vacua. The product was washed with water and 
extracted in benzene (2 ml). The solution was poured on an alumina column for 
chromatographic separation. After elution with hexane and evaporating the sol- 
vent, a red substance was obtained (0.12 g). It was shown to be ethylaminedi-n- 
cyclopentadienylditungsten(I) pentacarbonyl. (Found: C, 29.3; H, 2.3; N, 1.9. 
W2C1,H1,N05 calcd.: C 29.9; H, 2.4; N, 2.0%) m-p. 98% (crystals shrink). 

The second portion was eluted with dry tetrahydrofuran which on evapora- 
tion gave a small quantity of an unidentified product. This product did not con- 
tain amine molecules. Reaction times, yields and analyses of other substituted 
complexes are given in Table 3. 

Preparution~ of ethylaminedicarbonyl-sr-cyclopentadienyI-tungsten(I) mangane&- 
(I) pentacarbonyl 

(x-C&H~)~W~(CO),(C,H,NH,) in benzene (0.2 g in 10 ml) was refluxed with 
sodium amalgam (1%) for 1 h under nitrogen. The red colour of the solution dis- 
charged after this time. The supematent liquid was decanted out under nitrogen. 
To this solution a benzene solution of manganese pentacarbonyl bromide (0.16 
g in 10 ml) was added. The reaction mixture was refluxed for 2 h. After cooling, 
benzene was removed in vacua. The solid mass was washed with a sma.quantity 
of water (to remove sodium bromide formed as a result of the reaction) and then 
with ethanol and a small quantity of diethyl ether, The prod&t was extracted in 

: benzene (2 ml). The solution was poured on an alumina column for chromate-. 
graphic separation. After elution with hexane and. evaporating the solvent, a pink 

.. sub$ance was obtained. It was shown to be the reported complex [(n-C,H,)W- 
(CO)i]Mn(CO), IS,91 m.p., 93°C. 

? The identical product w& obtained f+er refluxing tbe reaction mixture for 10 &II but the qua&- .. 
t-y of the-decomposition pkoduht was larger in this c&. :. _: 
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