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Intriguing Aspects of 1 ,2—Dialkyl-dimolybdenum and -ditungsten (M~ M) Chemistryr

Si r:

Both historically 1 and commercially2 or-al kyl complexes have played a
prominent role in the development of mononuclear organotransition metal chemistry.

Our syntheses 3 of anti—l ,2—dichlorotetradimethy lamido compounds , M2C12(NMe2)4
(ME M, N = Mo, W) affords the opportunity of attempting to prepare 1 ,2-dialkyl-
tetradimethylami do compounds by use of the general metathetic reaction shown

in eq. 1 Compounds of the form M2 R2 (NMe 2 ) 4 allow an investigation of the

tol uene
1 MOCl.~(NMe.,)A + 2L 1R ~ M.,R0(NMe ) + 2LiCl
— ~ . c. 

~~ —78°C 24

reactivity patterns of G-alkyl groups bonded to the simplest of metal clusters ,

namely dimetal centers . We wish here to report our extended4 syntheses of

compounds of the general formula M2 R2 (NMe 2 ) 4 and, in particular , to descri be

thei r reacti vi ty patterns towards carbon dioxide and tert-butanol wi th special

attention being gi ven to the label led compounds M2(CH2CD3)2(NMe2)4.
From reaction 1 we have obtained M2 R2 (NMe 2 )2 compounds for both N = Mo

and W where R = CM3, CH2CH3, CH2CD3, CH2CH2CH2CH3, CH(CH3)2, CH2CMB3, CH2SIMe3
and CMe3.

5 Purifi cation of these compounds followed the following general

procedure: (1) the reaction mi xture was warmed slowly to room temperature

• whereupon the solvent was stripped; (2) hexane was added and the solution was

fi ltered using a medium frit and standard Schlenk-techniq :es; (3) the hexane

solvent was again stripped and the residue was puri fied by sublimation (80-100°C ,

io_6 
cm Hg) to give yellow-orange (M= Mo) or orange-red sol ids (M=W). When



2

R = n-butyl , the compounds were liquids at room temperature and were purified

by vacuum distillation .

In all cases the 1H nmr spectra of the M2 R2 (NMe 2 ) 4 compounds obtained

in toluene-d8 solution at -60°C (100 or 270 MHz) showed a iiiixture of anti-

and -gauche 1 ,2-dialkyl rotamers. The gauche rotamer was always the predomi-

nent rotamer and rather inte restingly as the bulk of the alkyl group increases

CH3 
-
~~ CH2CMe3 so the predominance of the gauche rotamer increases.

6 At -60°C

ro .tations about M-N bonds are restricted leading to proximal and distal

N-methyl resonances.7 A mixture of anti - and -gauche M2R2(NMe2)4 should have

a total of 3 proxima l and 3 distal N-methyl resonances.8

The thermal stability of these compounds is quite remarkable and the

stability of the isopropyl and tert—buty l compounds9 with respect to isomeri za-

tion to n-propyl and tso-butyl ligands , respectively, implies that B-hydrogen

elimination is either kinetically or thermodynami cally not favorable. This

is also implied by our observation that when LiCH2CD3
1° is used in reaction 1,

the resul tant l ,2-diethyl compounds retain their 2H atoms excl usively in the

• 8-position : M2(CH2CD3)2(NMe2)4. Figures la and lb compare the 1H nmr spectra

of the l abelled , CH2CD3 containing compound and the protio compound, respectively.

In hydrocarbon sol utions all of the above compounds react with CO2 to

give selecti ve inserti on into the metal-nitrogen bond)1 The 8-elimination

stabilized alkyls of both molybdenum and tungsten react according to eq. 2.

2 M2R2(NMe 2)4 + C02(excess) -
~~ M2R2 (O2CNrQ2 )4

In this reaction the M-M triple bond is retained. ’2 However, rather interest-

ingly, the non-B—hydrogen elimination stabilized alkyl of dimolybdenum and 

~~~~~~~~~~—•-— • ~~
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ditungsten react qui te differently. The molybdenum compounds react according

to eq. 3. Reaction of the labelled compound Mo2(CH2CD3)2(NMe2)4 with CO2 in

3 Mo2 (R) 2 (N M e2 ) 4 + C02(excess) + Mo2 (O2CNMe2 )4 + R-H + 1-alkene

(MEM ) (MSM)

benzene in a sealed nmr tube led to the speci fic formation of CD2=CH2 and

CH2DCD3 as determi ned by nmr. See Figure 2a. The 2H spectrum of the

ethylene , CD2 CH2, showed the predicted splitting based on the reported

couplings reported for ethylene and the known magnetudes of the gyromagnetic

ratios of ~H an d 211.14 As a further check , we purchased t5 CD2=CH2, trans-

CHD=CHD and cis-CHD CHD and recorded their 2H spectrum in benzene: the

observed spl i ttings agreed well with the predi cted14 and thus confi rmed

unequivocally the formation of exclusively 16 CD2 CH2 in reaction 3 for

R = CH2CD3. In order to check the 2H spectrum of CH2DCD3 in benzene, we

prepared a sample by the addi tion of D20 to a solid sample of LiCH2CD3 using

a vacuum manifold followed by condensation into an nmr tube. The spectrum

of the gaseous products showed the same pattern for CH2DCD3 and , moreover,

revealed that some ethylene , specifi cally CD2 CH2, is formed when D20 is

added to anhydrous L1CH2CD3 in a vacuum manifold . t7

In a separate experiment, a mi xture of Mo2(CH2CH3)2(NMe2)4 and Mo2(CH2CD3)2-

(NMe 2)4 in benzene was reacted wi th CO2 in a sealed nmr tube. The nmr

spectrum was identical to that shown in Figure 2a. Thus within the limi ts of

nmr detection, CH2DCD3 was the only deuterated ethane present.
16

When CO2 is added to a hydrocarbon solution of W2(C2H5)2(NMe 2)4 a green-

bl ue tungsten containing precipitate is formed and only ethane is evolved.

~~~~~~~~~
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Using the labelle d W2(CH2CD3)2(NMe2)4, the ethane appears by 
211 nmr spectroscopy

to be predominantly CH3CD3. The fate of the ethylene and the nature of tungsten

compounds are presently un known.

Reactions of these M2R2(NMe 2)4 compounds with alcohols are dependent on

the nature of (i) the alkyl group R, (ii) the alcohol and (iii) the metal ,

Mo or W. For example , M2(CH3)2(NMe2)2 compounds (M = Mo, W) both react with

tert-butanol to give M2(CH3)2(OBu
t)4 compounds . However, addition of Pr1OH

to Mo2(CH3)2(NMe2)4 yields Mo2(OPr
1)6 (MEM) and CH4 (2 equiv.). The analogous

reaction involving W2(CH 3)2(NMe 2)4 has not yet been carried out but it is

known that attempts to prepare W2(OPr
1)6 have led to W4(~

j_H)
2(OPr

1 )14.
l8 The

reaction of Mo2(C2H5)2(NMe2)4 
with ButOH yielded Mo2Et(OBu t )5 and ethane. 4b

Using the l abel led compound Mo2(CH2CD3)2(NMe2)4, we find that addition of

Bu tOH causes the excl us i ve16 elimination of CH2DCD3. The resulting ethyl

ligand in Mo2(C2H3D2)(OBu
t)5 contains a statistical distribution of deuteri ums

on the c& and B carbons, namely integration indicates a:B = 2:3.

The purpose of this commun i cation is to draw attention to the intriguing

chemistry associated wi th alkyl groups coordinated to the dimolybdenum or

ditungsten (MEM) centers. (1) In M2R2(NMe2)4 compoun ds , B -hydrogen elimination

is either kinetically or thermodynamically not favorable. (2) Addition of CO2
to Mo2(CH2CH3)2(NMe2)4 (MEM) leads to formation of Mo2 (O 2CNMe 2 ) 4 (M~ M) by an

intramolecular mechanism. It seems likely that this invol ves an initial

irreversible 8—hydrogen elimination wh ich is then followed by C-H reducti ve

el imination . However, it is not known at what step during CO2 insertion that

this process occurs , nor is it known whether C—H reductive elimination occurs

across the M—M triple bond, H—M E M-Et + I’~M + Et—H or via an oxidative additi on—

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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F
reductive eliminati on process at one metal center, M’t M~

1(H)(E t) + M11~M
11 

+

$ Et-H. (3) That W2 (C2115 )2 (NMe2 )4 should react so di fferently with CO2 is also
fascinating, and once again points to the elusive nature of W2(O2CX)4 (M~M)

compounds)9 (4) Addition of ButOH to Mo2(CH2CD3)2(NM e2)4 which leads to

Mo2(C2H3D2)(OBu
t)5 an d CH2DCD3 implies that alcoholysis , as with CO2 insertion

(2 above), once again facilitates an irreversible B-hydrogen process which is

then fol lowed by C-D reductive elimination . This further implies that

formation of the a-ethyl ligand arises from CH2=CD2 and Bu
tO_H. The statistical

distribution of H/D atoms over the a— and B -carbons in ci -ethyl ligand thus

formed is consistent with a then reversible B-hydrogen elimination process

favoring the coordinated ethyl ligand:

“ U  —__.~~~r l— n + L . n ~~— -

While all these observations raise intri guing mechanistic questions which

cannot be answered at this time, we do note that our observations have at least

one parallel with mononuclear transiti on metal alkyl chemistry: reducti ve

• el imination invol ving C—H bond formation is more facile than reductive

elimination involving C—C bond formation .2°

Malcolm H. Chlsholm *
Deborah A. Haitko
Department of Chemistry
Indiana University
Bloomington , Indiana 47405
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Captions to Figures

Figure 1. Proton NMR spectra recorded at 270 MHz, -61°C in toluene-d8 of

a) *_antj and gauche — Mo2(CH2CD3)2(NM e2)4 and b) *.antj and

gauche - Mo2(CH2CH3)2(NMe 2)4. c) ** represents residual

protonated toluene.

Figure 2. Deuteri um NMR spectra recorded at 16°C and 33.77 MHz of the gases

formed in the reactions of a) CO2 with Mo2(CH2CD3)2(NMe2)4 and

b) D20 wi th LiCH2CD3. Both spectra were recorded in benzene.

The scale expansions shown in a) and b) are not the same.
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