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Trimethylamine compiexes of diethylberyllium

Dimethylbervilium and trimethylamine form a volatile complex, (CH,).Be-
NX{(CHj);. which 1s monomeric in the vapor phasel. The compound may be dimeric in
the liquid or soiid state (m.p. 36°) but its insolubility in benzene has prevented moie-
cular weight measurements in solution. At temperatures below 10° the unusual com-
pound (CH;).Be . N{(CH,);’; is stablel. Even at —30° [(CH;).Bel. N{CHj); 5
persists in the presence of free trimethvlamine. There is no indication that dimethyl-
bervilium bis{trimethyvlamine) forms.

A bis(trimethyvlamine) adduct of diethylberyvilium has been characterized re-
cently in this laboratery as well as a mono{trimethylamine) adduct. The questions
why a bis-amine complex forms with diethylbervilium and not dimethvibervllium
and what factors permit the formation of a bis{trimethylphosphine)! adduct of di-
methvlbervilium remain to be answered. Explanations based on bervHium ligand
electronegativity seem inadequate (the Hammett & constants?.3 for the p-methyl-
and p-ethyvlbenzoic acids of —0.171 and —o.151 respectivelv do not appear to provide
enough difference for the observed results). Consideration of steric factors point to the
inverse of the observed results whereln the larger groups attached to bervllium favor
the formation of bis-addition compounds. It is possible that polymerization of
R.Be-N({CH,); molecules by way of alky] bridges can cempete with dative bonding
between R.Be-N{CH;}; monomers and trimethyvlamine in achieving a tetracoordinate
state for bervllium. The tendency for alkyvl bridging mav be enhanced when R is
methyi and diminished when R 1s a larger alkyi group. Diethylbervilium mono(tri-
methvlamine) is somewhat associated in freezing cvclohexane solution and diiso-
propulbervilium mono(irimethyvlamine) is monomeric in freezing benzene solution®..

Diethylberyvilium bisitrimethyvlamine), in a closed syvstem under vacuum, begins
to lose trimethylamine at approximately: —335 °. The vapor pressure of amine 1s I.1I mm
at —337 and 11.0 mm at —r35.5°, the melting point of the compound (range —15.5°
to —14.0°}. The low vapor pressure of trimethyviamine over (CL.H;).Be-2N(CH,)a
above —335° shows the existence of an equilibrium between (C,H;),Be-2X({CH,); and
1C.H31.Be-N{CH3i, — N{CHg};. Amine can be pumped from the syvstem readily at
Toom temperature, shifting the equilibrium and leaving the stable mono(trimethyl-
amine) complex of diethylbervllium.

Dicthvlbervilium bisitrimethvlamine} was prepared by treating (C,.H;).Be-
NiCH.); with either an equimolar portion or an excess of trimethyvlamine. \When an
>xcess of amine Is used prolonged pumping on the sample in high vacuum at —65°
removes a portion of the amine leaving a residue having the composition (C,H;}.Be-
2N{CH,},. Confirmation of the chemical determination of the composition of the
hiz{trimethyvlaminel adduct was sought unsuccessfullv with nuclear magnetic resonan-
<e spectrometry. Mixrures of {C,H;},B2-N{CH,), and N(CH,}, representing a variety
of stoichiometries were examined at room temperature and below. In every case a
single N-CH, band was observed instead of 2 or more bands representing each of the
species present in solution. Such an efiect is to be expected at room temperature
where an exchange of trimethylamine molecules among species is probably rapid3..%.
If the exchange rate were slowed to the extent that a N-CH; peak could be observed
for each species present, the composition of each could be determined by comparing
the relative intensities of the bands. A cyvclopentane solution containing (C,H;),Be-
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N{CH,); and N{CH,}; in a 1 to 2 molar ratio was examined from —go° to room tem-
perature. No splitting of the N-CH band occurred. Since the existence of (C,H;).Be-
N(CH,); is unambiguous, the lack of splitting cannot be attributed to magnetic
cquivalence of the N—CHj groups, and is explainable in terms of the rapid exchange
of trimethylamine molecules even at very low temperatures.

Diethvlbervilium mono(trimethyvlamine) appears to be stable in vacuum up to
its boiling point of 65-66°/10-3 mm where it loses a small amount of amine during
distillation.

Experimenial

Diethvlbervllium was prepared from the reaction of ethylmagnesium bromide
and bervliium chloride in ether solution®. The product was freed of residual ether by
first heating it at 50° over beryllium chloride in a nitrogen atmosphere and then distil-
ling it in vacuum, b.p. 56-57°/10=* mm. (Found: C, 71.6; H, 15.0; Be, 13.1. C,H,Be
caled.: C, 7z2.0; H, 15.1; Be, 13.4%.)"

Diethyvlbervliium mono(trimethylamine) was prepared by the reaction of equi-
molar amounts of trimethyvlamine (Matheson Co.; dried over P,H,, and distilled
before use) and diethylbervllium on the vacuum line. The compound boils at 65-66°/
10-3mm. (Found: Be, 7.5; N, 11.1. C;H,¢BeNcaled.: Be, 7.2; N, 11.1 %.) A crvoscopic
molecular weight detenmination was conducted in cyclohexane: Found, 170 at molal
concentration 0.16. Caled. for (C.H;),Be-N(CH,),, 126.

Diethvibervilium mono(trimethyvlamine) (3.157 g, 0.0235 mole) was treated with
trimethylamine (0.0370 mole) in a vacuum line at —78°. The reaction mixture was
evacuated at —65° for 4.5 h through a —1¢6° trap. The amine was estimated in
calibrated volume. Found: o0.0117 mole. Thus the residue contained ©.023 mole of
{C,H,}.Be-N(CH,); in combination with 0.0253 mole of N{CH,},. The vapor pressure
uf the residue, measured in a small section of the vacuum line, was 1.1 mm at —33.0°,
6.8 mm at —22.6°, 11.0 mm at —I3.5°, and 20.5 mm at —7.6°.

In a similar experiment conducted at —;o° for 6 h a mixture of {C.H;).Be-
Ni{CH,); (0.2470 g, 1.g5 mmole) and trimethvlamine (5.88 mmole) vielded 4.0 mmole
of amine in the —196° trap. The residue contained 1.935 mmole of {C,H;).Be-N{CH3),
in combination with 1.88 mmole of N(CH,),.

A Varian Associates A-60 nuclear magnetic resonance spectrometer was used
to record the spectra of neat liquids and cvclopentane solutions of mixtures of
(C.H,),Be-N(CH iy and N(CH),. Low temperature experiments were conducted with
the aid of a Varian Associates V-6040 Variable Temperature Controller.
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