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Mechanistic Aspects of 1 2—Dia lkyldimolybdenum (M EN) Chemistry

Sir:

historica lly~~ and commercia lly# ~3.a ikyl complexes

have played a prominent role in the development of mononuclea r

transition metal chemistry . The recent syntheses and

characterizations of 1, 2—dia lkyl—dimolybdenum’r’ and —ditungsten~

compounds ,LM,*r)”°afford the opportunity of studying the reactivity

patterns of~~~~ 1ky1 groups bonded to the simplest of metal

clusters ,’~. nam meta ’e~~4esç,,
We wish here to report the

results of labelling studies using the®-CH~CD~ ligand and

furthermore to address ourselves to the mechanistic implications

of these results. 
~~~~~

_—.--— —-_. ._., ~~~

The reaction between Mo2Cl2 (NMe2)4 and LiCH2CD3 (2 equiv)

proceeded smoothly to yield Mo2 (CH2CD3)2 ~NMe2)4, according to

eq. 1. The 1, 2-diethyldimolybdenun compound was purified by

M02C12 (NMe2)4 + 2 LiCH2CD3 
toluene 

~ Mo2 ~CH2CD3 ) 2 (NMe2 ) 4

+ 2 L i C 1

sublimation at 80cc , io~~ cm Hg. The low temperature limiting

nmr spectra of Mo2 (CH2CD3)2 (NMe2)4 and Mo2 (CH2CH3)2(NMe2)4

obtained at _600c, 270 MHz in to].uene—d8 are shown in Figures

la and lb respectively . Both compounds exist in a mixture of

gauche and anti rotamers with the gauche being the predominant V

rotamer. The most striking difference is in the ethyl

resonances. In the gauche rotamer, which lacks a plane of

symmetry, the methylene protons are diastereotopic and at

I
— V
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270 MHz form part of an ABX 3 spectrum . It is therefore obvious

from a comparison of the spectra in F igure 1 tha t the compound

Mo2 (CH2 CD3 )2  (NM e2 ) 4 reta ins its 2H label in the methyl position.

The methylerie protons resemble an AB spin pattern since

is very small compared to the gemina l J t H_ 1H
.

Addition of CO 2 to a hydroca rbon solution of Mo2 (Et )2 (NMe 7 ) 4

leads to the formation of Mo2 ( O 2CNMe 2 ) 4 (M~M) and equimolar

amounts of ethylene and etha ne .4 Reaction 2 was carried out in

an nmr tube . The fine yellow precipitate of Mo2 (O2CNMe 2 ) 4  was

centrifuged to the top of the nmr tube und the 2H spectrum of

the solution was recorded at 220 MHz. The spectrum is shown

2 Mo2 (CH2cD3)2 (NMe 2)4 + CO2 —
~~~ Mo2 (O2CNMe2 ) 4  + CH2 CD2 +

CH2DCD3

in Figure 2a. The 2H spectrum of CH2=CD2 agreed well with that

which can be computed with a knowledge of all the ~H-
1H couplings

in ethylene9 and the relative gyromagnetic ratios of 1~~ and

In order to compare the 2H spectrum of CH2DCD3 obta ined

in reaction 2 with tha t of an authentic sample, we reacted a :
solid sample of LiCH2CD3 with D20 in a vacuum manifold . The

gases were condensed into an nmr tube using benzene as solvent

and the 2H spectrum was recorded. This is shown in Figure 2b.

The 2H spectrum of the ethane is identical with that in

Figure 2a; furthermore, it is apparent that addition of D20

to a solid sample of LiCH2CD.~ also induces the formation of V

V. V V
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CH2 CD2 .

In a third experiment a mixture of Mo2 (CH 2CH 4 ) 7 (NMe2 ) 4
and Mo2 (CH2CD~~). .  (NMe 2 ) 4  was reacted with CO: in a sealed nmr

tube and the 2H spectrum was recorded : this was identica l

to tha t shown in Figure 2a.

The ‘H spectra of a l l  of the above were also recorded .

The ‘H nmr spectrum of CH 2=CD~ is a complex (AA ’X X ’)  but

symmetrical spectrum since each proton is coupled to cis and

trans 2H nuclei , I = 1, and also to its gemina l proton :

in ethylene is +2.5 Hz..9 Significantly , however

the 1H nmr spectrum of the ethylene obta ined from the addition

of CO2 to a mixture of Mo2 (CH 2CH3 ) 2 (NMe2 ) 4 and Mo2 (CH 2CD3 ) 9 ( N M e2 ) 4
was merely the superimposition of a single line slightly down-

field from the central portion of spectrum obta ined for

CH2 CD2 . 1

Previously we noted4 that Mo2Me2 (Nt4e.)4 and Mo2 (Et)2 (NMe7)4

react with tert—butano l to give Mo2Me2 (OBu
t) 

~ 
and Mo~Et (OBu

t) 5,

respectively. In both reactions the replacement of NMe2 by

OBut groups with the formation of HNMe 2 is expected,’2 but in

the latter reaction the additiona l substitution of one ethyl V

group by OBu t and the li beration of one equiva lent of ethane

was puzzling to us. consequently we carried out the reaction

of Mo2 (CH2CD3)2(NMe2)4 with excess ButOH in a scaled nmr tube
and recorded the 2H spectrum of the products. The reaction

proceeds according to equation ~~~. The ethane is CH2DCD 3 while

Mo2 (cH2cD3)2 (NMe2)4 + ButOH —‘ Mo2 (C2H3D2) (OBu
t)s +

CH2DCD 3
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the a—eth yl group has a statistical distribution of deuteriums

on the ~ a nd $ ca rbons . The ~H spectrum of the a—ethyl group

consists of tw3 broad featureless signals at 6 = 2 . ) (  and

1.72 ppm in the integral ratio 2:3.

These observations allow the following conclusions.

(1) In Mo2 (CH2CH3)2 (NMe 2 ) 4 a—h ydrogen el imination is either

kinetica lly or thermodynamical ly  not favorable . (2) Addition
4

of CO2 to Mo2 (CH 2CH3 )2 (NM e 2 ) 4  (MEM) leads to the formation

Mo2 (O2CNMe 2 ) 4 (M~M) by an intramolecular C—H reductive

elimination reaction which is preceded by an irreversible

$—hydrogen elimination reaction . (3) Addition of ButOH to

Mo2 (CH2CH3)2 (NMe 2)4 causes the elimination of ethane by a C-H

reductive elimination which is also promoted by an irreversible

s—hydrogen elimination reaction . The a—ethyl group subsequently

formed in reaction ~ is formed from CH2=CD2 and a hydroxyl

hydrogen atom from ButOH (or possibly, but less likely the

amine hydrogen of HNMe2). a-hydrogen elimination from the -ì
a—ethyl ligand is then a reversible process with the equilibrium 4 -

favoring the a-ethyl group. 
V 

-
.

These results raise many interesting mechanistic questions .~ 

‘

concerning factors favoring $—hydrogen elimination and reductive

elimination reactions in dinuclear chemistry. We resist the

temptation to speculate at this time but do note that our

observations have one parallel with mononuclear transition

metal chemistry . Reductive elimination involving C—H bond

formation is more facile than reductive eliminat ion involving

-~~ -~~~~~-
— ~. — V — -% - ~~~~~~~~~~~~~~~ ~~~~~~~~~~ V
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C-C bond formation .
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Captions to Figures

Figure 1. Proton NMR spectra recorded at 270 ~~ z , _6 10c in 
V

toluene—d8 of a) *_antj and gauche — Mo2 (CHpCD~ );~,~
(NMe2)4 and b) *...anti and gauche — Mo2 (CH7CH3).-
(NMe2)4. c) ~~ represents residua l protonated toluene .

Figure 2. Deuterium NMR spectra recorded at  16°c and 220 MHz
of the gases formed in the reactions of a )  CO:’ with
Mo2 (CR2CH3)2  (NMe2 ) 4  and b) D20 with LiCH2CD3. Both
spectra were recorded in benzene.
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