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Summary

The reaction of N,N'-dimethyloxamide with trialkyl derivatives of aluminium,
gallium, and indium yields bis(dialkylmetal) compounds of structural formula
(RzM)z[OzCz(NCH3)2] (M = Al, Ga, In;and R = CH3, Csz). The MzO:CzNz
skeleton of these monomeric products forms an almost planar system of two
fused five-membered rings, with S, symmetry. For the dimethylgallium and di-
methylindium derivatives, 'H and !'*C NMR spectra show the presence of two
conformational isomers which differ in the orientation of the N-methyl relative
to the two metal-bound CH; groups.

1. Introduction

With dibasic acids Hzx, i.e. HzSO4, H2C204, H2C404, etc. [1'3], the Simple
trialkyls of aluminium, gallium, indium, or thallium form bis(dialkyimetal)
derivatives of the acids. The reaction proceeds until completion according to
eqn. 1.

2R;M + H,X - (R;M),(X) + 2RH )

Exzcept for the aluminium compounds, the products are ionic in nature; thus,
they may be dissolved in water without decomposition, dissociating into hydrat-
ed dialkylmetal cations, R;M*, and ligand anions, X?".

The N,N’'-dimethyloxamide derivatives reported here can be thought of as
derived from the bis(dialkylmetal) oxalates, which have been studied extensively
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{2, 4], by formal exchange of two oxygen atoms against two N—CH, functions.
Therefore, we were interested to see whether the structural principle of the .
oxalates, which has been confirmed by X-ray analysis, also holds for the oxamide
compounds, and whether, by aid of vibration and of 'H and '*C NMR spectros-
copy, the presence of two configurational isomers could be established, as for
the closely related dialkyimetal derivatives of N-methylacetamide [5].

2. Preparation and properiies

Following the procedure for the bis(dialkylmetal) oxalates of gallium and
indium [2], we treated the trialkyl derivatives of these elements, dissolved in
ether or in benzene, with N,N'-dimethyloxamide [6] (NMOxA) in 2/1 molar
ratio. NMOx A was added to the trialkyl solution batchwise, either in solid form
or suspended in ether or benzene:. Usually, a slight excess of trialkylmetal was
used to suppress secondary reactions. Except with anhydrous oxalic acid, bis(di-
alkylaluminium) compounds could also be isolated in the oxamide series. Some
characteristic physical properties are hsted in Table 1.

The solubility of the bis(dimethylmetal) oxamides in organic solvents of
low or medium polarity (CCl,;, C¢Hg, CHCL;3, CH,Cl,) is about the same for the
aluminium and gallium products, but for the indium derivative, it is very much
lower. The ethyl homologues of the two lighter elements are liquids at room
temperature, and completely miscible with the solvents mentiored; the indium
compound, again, is only slightly soluble. Solubil:ty permitting, the oxamides
could be shown cryoscopically to exist in the monomeric form in benzene. The
sublimation residues, however, of which there is 2n appreciable amount, especial-
ly in the case of V and VI, are mainly polymeric bis(dialkylmetal) oxamides,
according to elemental analysis and vibration spectra. Since they could not be
purified satisfactorily, they were not studied in greater detail.

The sensitivity of the monomeric compounds towards atmoespheric oxygen
is in agreementawith results reported so far for organometallic derivatives of
Group I1I elements, i.e., a decrease in decomposition tendency from the
aluminium to the indium derivative. The behaviour towards water, however, is
unusual. As a rule, sensitivity towards hydrolysis is lowered as the reactivity of
the metal—carbon bond goes down from the aluminium to the indium compounds,
paralleled by an increase in ionic character. Hydrolysis affords, besides alkane

TABLE 1

PHYSICAL DATA OF BIS(DIALKYLMETAL)N,N'-DIMETHYLOXAMIDES

Number Compound M.p. (CC) B.p. CC/mm Hg) Subl. p.
¢°C/mm Hg)

1 [(CH3);A1]1,[C205(NCH3)3] 118 — 7071072

11 [(C2H5)2A112[CL02(NCH3),] 90/107¢

Iia [(CH3)2Gal;1C20,(NCH3);] 90-92 80/0.5

Ib [(CD3)2Gal2{C202(NCH3);] or 3571074

v {(C2H5)2Galzf C202(NCH3),] ~7 88/10-3 -

v [(CH3)21n12[C202(NCH1),1 160-163 — 130/1074

Vi [(C2H5)2In12[C202(NCH3)al 133-136 - 90/107%
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and metal hydrates or, less frequently, stable dialkylmetal cations, stable ligand
anions such as ClI-, CH;COO~, O,PF3, CH3;SO; etc. [7]. For the NMOxA deriva-
tives, solubility behaviour in organic solvents indicates “‘regular” increase in ionic
character from aluminium to indium. Besides the decreasing reactivity of the
metal—carbon bond, however, the instability of the C,0,(NCH;)2™ anion has

also to be taken into account. Upon hydrolysis, free NMOxA is formed immedia-
tely as evidenced by the the appearance of an intense N—H stretching bond in
the IR spectra. Thus, H,O attacks the aluminium derivatives by breaking up the
Al—C bond; with the extremely sensitive indium homologues, the free N,N'-di-
methyloxamide is formed in the first step. The gallium compounds, on the

other hand, are remarkably stable towards water, suffering appreciable decomposi-
tion only above 40°C.

3. Mass spectral analysis

For the structure of the monomeric bis(dialkylmetal) derivatives of NMOxA,
two models are to be considered: A and B. As in the case of the analogous

CH.? (B)

oxalates [2], it is not possible to differentiate between these two basic structures
by vibration spectroscopy. For the oxalate complexes, the fused five-membered
ring structure has been established unequivocally by X-ray analysis [4]. If the
NMOx A derivatives also exist in this form, there should be significant similarity
in the mass spectra of both classes of compounds.

Elementary gallium is composed of two isotopes of mass 69 and 71, with
a natural abundance of 60.4 to 39.6%, respectively. Therefore, in the mass
spectrum all fragments containing one gallium atom give rise to a doublet with
a spacing of two mass units and relative intensity 100/65.6. Fragments incorporat-
ing two gallium atoms appear as triplets; again, the three lines are separated
from each other by two mass units, and their intensity ratio should be 76.3/100/
32.8.

In the mass spectrum of the bis(dimethylgallium)-N,N’-dimethyloxamide
(1l12), the molecular ion peak is missing (m/e 312, 314, 316); at M — 1, a very
weak triplet is just discernible (Table 2). The base peak of the spectrum is



‘(auy] dxeys ¥ Aq peIndsqo sy [Hul[s
lauut ayd) (9°9€T = 108/z807) €0T « TOE PUY '(E'ELT = L6T/2661) 661 « LBT UOTIEOAWO0IIP v 01 Bujpuodsauod *g'ggT PUT £'EE1 3/tu 76 TWadde srad o[qMSTIoW OM]
9001} 1319WIOUYAUY QGATIBUAS 180UL oy} U] p "9%n 1230UI0UTA[ES uoWBld 9A]} B Aq PapPIOdax WINI3dads SSULL ¥ U} A[U0 Paziudodal o PMod j01dixl SfqL 5 '(suopypuod
9qoxd aUIve Y} 19puUn UML) v1103ds A0 QZ JO SANFUIU] SARIU[EX BY] aA[d £I0)DRIq U 0IN[UA aulL 4
‘YW §°Q 3ueund 30Inos ‘A9 02, 319U UOHIVZIUO] :13INdWIOD )T 9 Uev[reA U YIim paddinba TTL ._.<E uBEvA ¥ U0 :E uo9q 0ATY 313y uu:ono- 0 vxjoods ESTIT QYY)

"008 UOIIN{0sAL I 2 BANIEIAAWRY 19U} ‘D HBT o1VIeduIa) 22Imos

92 +00 82
(8'0) 9'6 IL'69 +80 1L ‘69 g6 (L'0)
g1 68°L8 +J9(CHD) 98 ‘vg 11
(v'g) ¥'61 LOT 80T J0UEHD) 101 ‘66 99T (L'7)
¢ 12884 41 01
L1 821021 JEHONOD)®Y 821921 81
6'0 091 '841 99T +LY(EHD) LQT '99% ‘€01 0’1
(6'0) L'L LI "VL1'ILI +0ten(EHD) ELT ‘TLI ‘691 98 (I'D)
't 96T '¥61 'Z61 +HEHO)DIDUEYD) L871'98T ‘€81 81
(0°8) 8'61 212 '01%'302 HEHODOED UEHD) p £0T '102 ‘661 vz (v'or)
(EHONOD)
60 L1Z '912 €12 LID(EHINOD)IO(EHD) “(CHO)E — W ¥12 '212 ‘012 91
(€HONOD)
@2)9¢ €92 ‘192 62 HEHOEO(EHONOIBH UEHD) (CHY) — W YPZ 'TV2 ‘0Pe ¥g (89
(1'e) 6'q YLZ 'TLE 'OLT (€aoe —n LEOIEHINIODDO(NEHD IvD(END) (EHOE — W 1L2 '6902 ‘L92 gL (87
Q0 102 '68% ‘L8% HEaDZ — W  (CHD)¥OL(EHIN)IOD DO(N=tHD)Ien(EHD) HEEHO)E — W q8Z '£82 ‘182 1
262 ‘067 ‘882w 982 'V8T ‘2823
(6'0) v'21 OvIL ‘g¥T 'vvI Cgoiz—K  EHDuIENINI0000(N I en(EuD) CHOZ — I ST 'Z¥T IV ¥yl (8'0)
(%L°¥E *00T '0°9L) (350'98 ‘001 *9'9L)
€0°001) 0°001 01¢ '906 '908 Ego —nw  ,EHIWIEHINIOIIO(NEHDI)1BDUEHD) uﬂmmov - 108 '662 "L6Z 0°001 (0"00T)
a+d 20€ '00¢ '862 9'L
H—-W ,91€ '818 '11E
(%) (%)
ao-un= aju =o=3=oEu.='._ uoj u:oEuuu..._ =c=5=oEuEh a/ut ao-un=

(82e '93¢ *¥2e I Alll

(91€ '¥IB ‘318 , W) UINl

oAl FAINVXOTAHLIN

10~ N 'N(NNITIVOTAHLANIGOUILNIAVXIH)ISIE ANV (211 IATNVXOTAHLINIQ N'N-(NAITIVOTAHLANIA)SIE JO VIVA TVULDIJE SSVI

¢ 31avl



21

represented by the middle line of a triplet at m/e 297, 299, 301 (M — 15); with
76.5/100/35.0, the intensity distribution is within experimental error equal to
the theoretical one. The three signals are each accompanied by a (P + 1) isotope
peak of 7.6% main line intensity, almost exactly the value required for 7 C. The
fragment ion responsible for these peaks is formed by cleavage of CH; from a
gallium atom as shown by comparison with the mass spectrum of compound
IITb which bears two CD; groups at each gallium atom (Table 2, right hand
column). Here, a triplet at 306, 308, 310 provides the base peak, shifted to
higher mass numbers by 9 units; due to incomplete deuteration, there are more
satellite signals with an intensity pattern somewhat different from that found
for I11a. The fragment corresponding to a loss of two metal-bound CHj; groups
appears as a double-charged species at m/e 141, 142, 143, equivalent to mass
numbers 282, 284, 286; the assignment is confirmed by correlaticn with the
analogous triplet in the spectrum of the deuterated compound (m/e 144, 145,
146 = 288, 290, 292 mass units). Since there is no trace of the singly-charged
species in either mass spectrum, it is not unreasonable to suppose that, upon
electron impact, one or two methyls are expelled as anions. The fragment
sequence of both Illa and ITIb then continues with a rather intense triplet
retaining one metal-bound CH; group, and with two fragments, which, besides lack-
ing respectively one and three methyls, have lost haif the oxamide skeleton.

The fragment appearing at m/e 199, 201, 203 correlates with the 208, 210,
212 triplet of the deuterated compound, and thus must retain both gallium
atoms and three of the four metallic-bound methyl groups. This means that the
oxamide function has been completely eliminated except for one oxygen in
producing the 199, 201, 203 moiety. Furthermore, metastable peaks at 133.3
and 136.9 give unequivocal proof that the fragment is formed directly from the
ion with m/e 297, 299, 301 (see footnote d, Table 2). This fragmentation, which
at first seems rather obscure, may be rationalized in terms of Scheme 1.

SCHEME 1
CH3 CHy
" .a/N\?éo\Ga/CH3 Bhcia WP Ga/N\(I:¢O\G A
I N R T No—S~n” a\CH3
&Hs EHs
O
CH3,’

HyC-Ga~ LI,
\5 >‘C\\ ﬁ/CH3

cHy CH,4

-
(CH,y)Ga —O—Ga(CH3)2 + CHy-N=C! + CO + CH,=NH
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In the first step, a methyl group is cleaved, either as CH;' from the radical
cation or directly from the neutral molecule as CHj3, from one gallium atom
which compensates for iis loss of electrons by forming a covalent bond to the
neighbouring carbonyl oxygen. After breaking the (loose) coordinative bond at
the other gallium, the Ga(CH3). function can be transferred to the oxidic oxygen;
successive cleavage of three stable neutral molecules, CO, CH;NC and CH,=NH,
leaves the fragment (CH;);Ga,O*. The ion which has completely eliminated the
central N,N'-dimethylozxamide moiety appears at m/e 183, 185, 187 with ten-fold
less intensity. Further elimination of ethane from these two species affords
CH,Ga,0"* and CH,Ga? (8.6 and 1.0% intensity respectively of the basis triplet).
Then, there are strong signals for (CH;),Ga* and for gallium ions completely
stripped while CH;Ga* can only just be recognized. A doublet at 126, 128
provides the only coincidence between the spectra of I1la and [IIb; this fragment,
therefore, no longer contains any metal-bound CH; or CD; group, respectively,
and thence must be assigned the structure Ga(CONCH;)".

By means of the characteristic gallium isotope pattern, and by correlation
of CH; with CD; compound, all significant peaks in the mass spectrum of 1lla
could be assigned unequivocally. It is instructive now to compare the spectra of
bis(dimethy!)-N, N -dimethyloxamide (IIIa) and bis(dimethylgallium)oxalate
(VII) (Table 3). In the spectrum of VII run with 70 eV ionization energy, the

TABLE 3

MASS SPECTRAL DATA OF BIS(DIMETHYLGALLIUM)OXALATE (VII) AND BIS(DIMETHYL-
GALLIUM)-N,N'-DIMETHYLOXAMIDE 1111a)?

VII (At 286, 288, 200)

Ifbase m/e Fragmentation Fragment ion
(%)
5.3 272, 274, 276 P+1
100.0% 271, 273, 275 M — (CHjy) (CH3)2Ga(02C—C0,)Ga(CH3)*
(76.7, 100, 33.0%)
7.7 128, 129, 130°¢ Af — 2(CH3) (Cl-!_-;)G.—a(OZC———CO—_:)G.a(Cl-!3)2+

2 256, 258, 260
(76.5. 100, 37.0%)

4.5 249, 9244, 246 M — (CO3) (CH3)2G3(CO2)YGA(CH )
3.8 241, 243, 245° M — 3(CH3) (CH3)Ga(0,C—CO3)Gat
56.3 199, 201, 203 (CH3)2GaOGa(CH3)*
19.2 198, 200, 202 3f — 2(CO3) (CH3);GaGa(CH3)3
149 183, 185, 187 (CH3),GaGa(CH3)"
12.3 169,171,173 (CH3)Ga,0%
2.1 153, 155, 157°¢ (CH3)Gaq"
67.8 99, 101 (CH3),Ga*
7.3 84, 86 (CH3)Gat
38.9 69,71 Ga*

8 FPor technical detalls of the mass spectra see Table 2, note a. b Base peak of the 70 eV spectrum is the
CO/N3 signsl at m/e 28. The relative intensities have been recalculated using the 273-peak as 100% standard.
€ Peaks not detectable in a 25 eV spectrum.
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CO* signal (m/e 28) is the base peak; on reduction of the ionization energy to

25 eV, however, the intensity base is shifted to the strongest line of the (M — 15)
fragment. 70 eV traces of both I1la and VII are compared in Table 3; for VII,

the intensities have been re-evaluated, referring to the middle peak of the 271, 273,
275 triplet as 100%. In the region above 200 mass units, the two spectra are
congruent to a large degree with respect to fragmentation pattern and intensity
distribution. Of course V1I lacks the fragment (M — 2CH,;—H) since the lone
hydrogen stems from the N-methyl function, as well as the two ions produced by
degradation of the oxamide backbone. Because of the easy cleavage of carbon
dioxide as a neutral molecule, on the other hand, there are two additional triplets
in the oxalate spectrum corresponding to the loss of ane (242, 244, 246) and two
moles CO, (198, 200, 202, intense signal) from the molecular ion. The fragment
(CH,),Ga,0* (m/e 199, 201, 203), however, is far more intense, even for VII.
Since the elimination of CO, and CO responsible for this peak is a more facile
process than the analogous cleavage of CO, CH;NC, and CH,NH for the oxamide,
the fragment 199, 201, 203 is much more pronounced in the spectrum of VII
than in that of I1la. At lower mass numbers, all fragments are present in both
spectra except for Ga(CONCH;)*; due to the fragmentation line Af* — 2CO, ~
(CH;),Ga,(CH;); — ..., however, the ions (CH;).Ga*, CH;Ga’*, and Ga* appear
with higher intensity for VI1 than they do in the case of Ilia (Table 3).

Hla (a* 312, 314, 316)

Fragment ion Fragmentation m/e I/base
(%)

P+1 298, 300, 302 5.6

(CH3)2Gal(CH3N)OC—COQ(NGCH3)]Ga(CH3)* M — (CH3) 297, 299, 301 100.0
(76.5, 100, 35.0%)
(CH3)Ga{(CH3N)OC—CO(NCH3)]Ga(CH3)2* M — 2(CH3) 141,142,143 14.4
2 282, 284, 286

(CH3)Ga[(CH,=N)OC—CO(NCH1)|Ga(CHy)* M — 2(CH3)H 281, 283, 285 1.2
(CH3)Gal(CH3N)OC—CO(NCH3)]1Ga* M — 3(CH3) 267, 269, 271 7.3
(CH3)2Gal CO(NCH3))Qa(CH3)* Af — (CH3)}(CONCH3) 240, 242, 244 5.4
(CH1)GalCO(NCH3)]Ga* M — 3(CH3)(CONCH3) 210, 212, 214 1.6
(CH3)2GaOGa(CH3)* 199, 201, 203 22.4
(CH3)2GaGa(CHq)* 183, 185, 187 1.8
(CH3)Ga0% 169,171,173 8.6
(CH3)Gaz* 153, 155, 1567 1.0
Ga(CONCH3)* 126, 128 1.8
(CH3)2Ga* 99, 101 16.6
(CH3)Ga"t 84, 86 1.1

Gat 69,71 9.5
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For bis(dimethylgallium)oxalate, the fused five-membered ring structure
is established by X-ray analysis. The virtually identical fragmentation behaviour
of the oxalate VII and the oxamide IIla, especially in the formation of the ion
(CH,;)3Ga,0*, hence provides sufficient proof that bis(dimethylgallium)-N,N*-
-dimethyloxamide exists in the same configuration. In the following paragraphs,
this conclusion will be confirmed by means of 'H and !?C NMR and of IR and
Raman spectra, mainly for the homologues I, I, IV, V and VI not subjected to
mass spectral analysis. Furthermore, these spectroscopic methods should provide
a deeper insight into the fine structure of the oxamide complexes.

4. 13C and 'H NMR data

13C chemical shift parameters (in CDC1; solution) and C—H coupling
constants of the bis(dialkylmetal)-N,N'-dimethyloxamides (I-IV) are listed in
Table 4; for the indium homologues V and V1, decomposition is too fast in
deuterochloroform to allow !3C measurements to be made. In each case, the
oxamides were dissolved in CDCI; to the saturation limit; spectra were run first
with proton noise decoupling, secondly with gated decoupling. Only then, TMS
was added, and fully decoupled spectra were recorded again. In the case of the
aluminium compounds, the resonances of the carbon atoms bound directly to
the metal appear shifted to higher field by 0.5 ppm relative to the CDCI; signal,
those of the 3-C atoms by 0.1 ppm even though the amount of TMS used was
less than 5% of the solute. For the resonances of carbonyl and N-methyl carbons,
on the other hand, divergence between spectra with and without TMS was well
within the limit of experimental error. The gallium oxamides, also, did not show
this discrepancy. Therefore, all resonances were measured as relative to CDCl,
in solutions without TMS, and then converted to the 8 rus) scale with 8cpcis)
76.91 ppm [8].

For the aluminium compounds I and I1I, the carbonyl !3C resonances are
right within the range given for carboxylic acid derivatives [9] (e.g. HCON(CH,),
5 164.9 ppm). In a structure with two fused five-membered rings, the N-methyl
group is inevitably cis to the carbonyl function and should thus experience an
upfield shift because of the electric field gradient of the C=O bond [10] but,
since '3C data on N-substituted oxamides are not available, comment on the
N-CH; shift is not possible. By one- and three-bond coupling with the N-methyl
protons, N-CH; and carbonyl resonances are each split into well resolved quadru-
plets in the undecoupled spectra, 'J as well as 3J being identical for I and II. For
the metal-bound alkyl groups, a-carbon shifts are at high field relative to TMS;
both CH; and CH, lines are severely broadened (v,, 60 resp. 40 Hz) due to the
neighbouring quadrupolar aluminium nucleus. With Aé + 9.87 ppm, the metal-
-bound carbon experiences the expected a-shift in going from methyl to ethyl
derivatives [11]. A small downfield shift of ~0.5 ppm is also observed for 6o,
arld S(Ncgs).

By comparison of the chemical shifts for the ethyl derivatives of aluminium
and gallium, II and IV, one notes constancy of 6co, and a 0.7 ppm downfield
shift for N-CHj;. The carbon a tc the metal, however, appears less shielded by
5.1 ppm; this “paramagnetic’ effect extends also to the f-methyl group, Ad +
0.9 ppm. Electronegativity decreases down a group in the periodic table; the
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Fig. 1. 13C NMR spectrum of bis(dimethylgallium)-N, N -dimethyloxamide (I{1a), {n CDCl3 (the dashed
line represents the middle signal aof the CDClj; triplet): (a) with proton nolse-decoupling, {(b) undecoupled
(gated decoubling technique).

concomitant increase in electron density at the «-C should thus result in better
shielding of gallium relative to aluminium-bound carbon. Since transition energies
(AE), on the other hand, decrease down a group, the ¢, contribution to the total
shielding is expected to be enhanced. The consequent downfield shift may well
override the effect of bond polarization, especially as the electronegativity dif-
ference between aluminium and gallium is very small indeed.

Despite this surprising down:field shift, interpretation of the oxamide '°C
spectra so far has been straightforward and well in accordance with the proposed
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planar structure B. In the spectrum of the dimethylgallium derivative [lla, how-
ever, two lines appear of equal intensity for both carbonyl and N-methyl carbons
(Fig. 1a). The Ga-CH; resonance is split into three lines with 1/2/1 relative
intensity. One set of CO and NCH, resonances and the central Ga-CH; line might
be attributed to the planar structure B. Of the two smaller lines of the “triplet”,
one is shifted to higher, one to lower field, with the mean frequency 0.28 ppm
upfield from the middle line. This nonequivalence of the metal-bound methyl
groups is possible only in a non-planar, twisted structure in which the two CH;
groups have different orientation relative to the oxamide skeleton. Since both
groups of lines are of equal intensity, the two conformers which are present for
[11a must have about the same energy. If the structure with two absohitely
planar fused five-membered rings, for which maximum overlap between nitrogen
lone pair and carbonyl 7-bond occurs, is sterically feasible, it is not reasonable

to suppose that a twisted conformation should have practically identical energy,
and that this phenomenon should be limited exclusively to the Ga(CHj), case,
for in the spectrum of IV not the least indication of any splitting is detectable,
as shown in Fig. 2a. Rather, two ‘‘quasi-chair”’ conformations may be envisaged,
C and D, differing only in the relative orientation of N-CH; and Ga-CH; groups.

(C) (D)

In C, the N-CH,; group is in a staggered position relative to the two gallium-
-methyl groups while in D it is eclipsed to one metal-bound CH; group and does
not interact with the other one. Crowding of two methyl substituents in a cyclic
structure generally results in an upfield shift; thus, the line at —9.42 ppm is
assigned to the gallium-methyl cis to N-CH,. In C, the N—C bond bisects the
H;C—Ga—CH,; angle giving intermediate steric interaction for both metal-bound
alkyl groups. Consequently, 8(gach,) in C is about halfway in between the values
for ““axial” and “‘equatorial’”’ CHxin D. The assignment of the high field CO and
N-CHj; resonances relies upon the same argument but is by no means conclusive.
None the less, by assuming an equilibrium mixture of C and D for Illa, all '3C
resonance lines can be structurally rationalized.

13C—'H coupling of the metal-bound alkyl substituents provide a further
structural parameter still to be discussed. In I, the 'Jcy, values of 113.5 Hz for
the aluminium-bound methyl groups is practically identical with the coupling
constant reported for dimeric Al(CH3); [12]. For I, 'Jc—o. 1, is about 110 Hz,
a more precise determination being impdssible since the CH, lines are extremely
broad, further split by ?Jccn), and, in the undecoupled spectra, superimposed by
CH; resonances. With IIla and 1V, the resonance lines of the metal-bound carbons
are much less broadened than in the case of the aluminium compounds, indicat-
ing faster quadrupolar relaxzation for the gallium derivatives. Thus, 'Jcy, and
2Jccn) of both C, and C; could be determined with high precision for the
Ga(C;H;), product (Fig. 2b). The 'Jc_. u) value of 123.0 Hz again is nearly
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Fig. 2. 13C NMR spectrum of bls(d.lelhylgaumm)-N.N'-d.lmetbyloxamlde (1V), In CDCl3 (the dashed lne
represents the middle signal of the CDCI; triplet): (a) with proton noise-decoupiing, (b) undecoupled
(gated decoupling technique).

the same as for (monomeric) trimethylgallium [12] while 'Jc_5 1, shows
regular alkane behaviour (125.5 Hz). For all three Ga-CH; quadruplets which
appear in the undecoupled spectrum of ITla, 'Jcy, is identical within the error
limit, 122.5 + 0.5 Hz (Fig. 1b).

As Dreeskamp and Sackmann [13] have shewn, 'Jxc-u) is proportional
to the product of the electronegativity of X and C—X bond length, and responds
very sensitively to small changes in rc_x;. The identical values of 'Jc_q, n) for
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Al(CH,;); and its oxamide derivatives, as well as for Ga(CH,); and its derivatives [I1a
and 1V, thus clearly indicate that the metal—carbon bonds in I to 1V are
virtually unchanged from the parent compounds, and that the isomerism giving
rise to the nonequivalent GaCHj; groups in I1la must be due to a conformational
process rather than a change in basic structure. To test this conclusion, we shall
now examine the !*C spectrum of the hexadeuterodimethylgallium oxamide IlIb.

Within the error limit of the Fourier spectrum, the chemical shifts of both
CO and N-CHj carbons are identical for [I1a and [1Ib. The Ga—C resonance
should be split into a heptuplet by coupling with three deuterium nuclei; as in
the case of Illa, however, there are three groups of signals with seven lines each,
the central one again of two-fold intensity. 'J(cp, coupling evaluated as average
spacing of all the lines of a multiplet varies somewhat for the three groups;
since divergence is well within the error limit, though, the 19.0 Hz for the more
intense heptuplet should be accepted as mean value. This corresponds well with
the 'J(cy, coupling constant of I1la (19.0 X 6.51 = 123.7 vs. 122.5 Hz). All
three CD; carbon atoms are better shielded by 0.90 * 0.03 ppm relative to the
CH; homologue, the isotope shift being in good agreement with literature data
{81.

The slight difference in electron affinity and steric requirements of CD;,
as compared with CHj substituents thus does not affect the conformational
equilibrium of gallium N,N’-dimethyloxamide. Changing the metal-bound alkyl
group from methyl to ethyl, however, does already suffice to suppress the
“asymmetric conformer” D. Since the N—Al bond is much shorter than the
N—Ga bond, interaction between metal-bound alkyl and N-methyl groups is
sufficiently large even for the Al(CH;), compound that only the staggered
conformation C can be detected. From proton spectra (see below), the
presence of both conformers in 1/1 ratio is again established for the In(CHs;),
oxamide. Further investigations in the gallium series will have to show whether
it is possible by altering the N-alkyl substituent to influence the conformational
equilibrium without shifting it completely in favour of C.

The 11 NMR data of compounds 1-V and VII are listed in Table 5. For the
two ethyl derivatives of aluminium and gallium, methyl and methylene protons

TABLE b

IH NMR DATA OF BIS(DIALKYLMETAL)-N,N'-DIMETHYLOXAMIDES I-V AND BIS(DIMETHY L~
GALLIUM)OXALATE V11 (saturated solution in CDCl3, 30°. 5 (ppm) relative to TMS)

Compound metal N—CH3 R M-—R
M
S 5 J(Hz)
i Al 2.90 CH; CH; —0.68
1 Al 2.90 CyHs CH; 0.82 CH; —0.18 8.30
la Ga 2.90 CHj CH; —o0.32

CHa(A) —0.24

CH3(B) — 0.41
v Ga 2.90 CaHg CHj; 0.90 CH3 0.36 8.20
v in 2.20 CH, CHj; —o0.10

CH3(A) —0.02

CH3(B) —0.21
Vil Ga = —0— CHj; CHj3 0.02
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are rather closely coupled giving rise to spectra which deviate substantially from
first order. By iterative computer analysis, however, all lines in the experimental
spectrum could be reproduced satisfactorily with respect to both frequency and
relative intensity. Thus, by establishing only one set of nuclei (A;B,) for the
proton spectra also, the presence of but one conformer is confirmed for II and IV.
As with !3C, the a-protons are snifted to lower field in going from aluminium to
gallium derivatives. The AI(CH,), derivative shows just one resonance each of
N-CHj3; and metal-bound CHj; groups. For the gallium homologue 111a, the 60

MHz spectrum presents a single N-methyl line while the Ga-CH; part looks like

a 1/2/1 triplet for which only very precise measurements show a slight asymmetry.
The 50% increase of both spacings in a 90 MHz spectrum are proof, however,

that the splitting is due to chemical nonequivalence and not to any coupling
process. This “‘quasi-triplet’ also characterizes the 'H NMR spectrum of the
In(CH,), derivative; the two outer lines are wider spaced, though, and not so
symmetrical about the central one as for [Ila. Again, only one N-CH; resonance
appears in the proton spectrum for both conformers, C and D.

5. Vibrational spectra

Apart from the frequency shifts expected for going from aluminium to
indium products, IR and Raman spectra of compounds I-VI are of such similari-
ty that for the whole series one basic structural principle must be assumed. Be-
cause of the splitting of the methyl resonances ir: the '"H NMR spectrum, and of
M-CH;, N-CH;, and CO signals in the '3C NMR spectrum, I1Ia, I1Ib and V cannot
have the planar structure B which has been established by both vibrational
spectroscopy and X-ray analysis for mono- and bis(tetrachloroantimony)-N,N"-
dimethyloxamide [14, 15]. Since vibrational evidence demands the same
conformation for all derivatives, I-VI, B may therefore be excluded from further
consideration. Besides the quasi-chair conformations C and D (point group S;)
which are reasonable structural models, however, another non-planar structure
of C, symmetry, E, must be taken into account which is also in accord with 'H
and '3C NMR data.

(E)

Structures C and D, with a planar C,0,N, backbone, possess a centre of
symmetry while in E the OCN moieties of the central unit are more or less
twisted relative to each other. Thus, models C, D and E may be differentiated
by vibrational spectroscopy since, for the centrosymmetric structure, theory
demands strict adherence to the alternating rules for many of the possible
vibrations; for the “twisted’” form E, the alternating rules do not hold. (On the
other hand, it would not have been possible to differentiate the two centro-
symmetrical structures B and C/D by means of IR and Raman spectra.)
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TABLE 6

FREQUENCY VALUES FOR OCN STRETCHING BANDS OF NMOxA DERIVATIVES

NMOxA Al Ga% in® Li
(15,161
va(OCN) in-phase only Raman 1690 1668 1651 1632
V3(OCN) out-of-phase only IR 1660 1652 1637 1603 1585
Ve(OCN) 1n-phase only Raman 1295 1449 1442 1413
vg(OCN) out-of-phase only IR 1238 1330 1333 1277 1272

a Average values of dimethyt and diethyl compounds.

Among the characteristic vibrations of the oxamide derivatives for which
the theoretically required alternative behaviour should be especially pronounced,
the OCN stretching vibrations are of first importance. There are two OCN
functions which are strongly coupled acress the central C—C bond, and thus
give rise to both in-phase and out-of-phase stretching vibrations. For a centro-
symmetrical structure, in-phase vibration bonds should appear only in the Raman,
those due to out-of-phase movements exclusively in the IR spectrum. For the
alternative structure depicted as E, theory demands all four vibrations to be
present at identical wavelengths in both IR and Raman spectra. In Table 6
frequency values for OCN stretching bands are listed for the NMOxA derivatives;
for comparison, data for free NMOxA and for {" e ‘‘salt’”’ prepared from LiCH,
and NMOzxA are included. At first sight, the ob: :rved alternation of IR and
Raman bands seems to provide clear evidence for conformation C, D. A slight
distortion of the O,C,N, backbone, however, cannot be excluded; for bis(di-
methylgallium) oxalate, a twist of 5-6° has been established in the solid state.
There is some indication for similar distortion in the Raman spectra of the
gallium and indium products: besides the symmetrical in-phase vibrations, the
corresponding out-of-phase bands can be observed at extremely high gain, though
with minimum intensity. Likewise, the asymmetric in-phase stretching is just
visible in high concentration IR spectra. This is not sufficient evidence, though,
to discredit the cenirosymmetrical conformation. A small skeletal distortion
should rather be regarded as slight perturbation of the centrosymmetric structural
principle recognizable in the region of OCN bond stretching frequencies, but not
for the OCN bending or OMN stretching bands.

From the above compilation of OCN stretching frequencies the increasingly
ionic nature of the products on going from aluminium to indium again becomes ap-
parent free NMOx A and the unstable Li ““salt’ providing the limiting values. Similar
shifts are found in the spectral region of OMN stretching vibrations (v < 600
cm™!). Correct assignments, however, are rather difficult here since CMC valence
stretching is expected in the same frequency range, besides NMC, OCN, CH;NC,
CMC, and CCM bending bands. Of these, only CMC stretching can be assigned
with reasonable certainty by virtue of band intensity and constant band energy.
For this reason and also because of accidental degeneracy, only (narrow)
frequency ranges are given for all other vibrational processes in Tables 7 and 8.
The vibrational spectra of 1lla, Il1lb and V do not offer unequivocal proof of the
presence of two conformational isomers, C and D. Below 600 cm™, we observe

(continued on p. 33)
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a splitting of some IR bands which is not observed in the spectra of the ethyl
homologues IV and VI, but this effect could also be due to crystal field
distortion or to a slight twisting of the O,C,N, skeleton.

The IR and Raman data of bis(dimethylmetal) and bis(diethylmetal)
derivatives of NMOx A are presented in Tables 7 and 8, respectively, together
with the presumptive assignments. Basic vibrations of ethyl and methyl groups
were omitied above 1600 cm™ from Table 7, and completely from Table 8
since these frequencies do not contribute significantly to structural elucidation.
For more facile band assignment, spectroscopic results from former work [5, 7,
15] were used as comparative standard.

6. Experimental

For preparation and purification of the starting alkylmetal compounds and
of NMOx A we refer to the literature [ 3, 6].

In a 100 or 150 ml three-necked round-bottom flask with reflux condenser
and ““nitrogen seal’ [17], the trialkylmetals dissolved in ether (Al, Ga) or
benzene (Ga, In) are treated at 5-10°C with NMOxA, either in the solid state or
suspended in ether or benzene. The requisite quantities of NMOxA listed in
Table 9 are added batchwise (100-200 mg) under vigorous stirring. A new batch
is added only after the vehement evolution of gas has subsided. Tc ensure com-
plete reaction, the mixture is finally warmed to 30° or 60°C. The aluminium and
gallium compounds are then isolated from the clear solutions by stripping off
the solvent; the indium homologues are obtained as sparingly soluble solids.

For purification, all products are subjected to vacuum distillation or
sublimation (Table 1).

For elemental analysis, C, H, and N values were obtained by the usual
methods of organic combustion analysis; the metallic content was determined
either gravimetrically (as metallic oxide) or by titration with titriplex III. The
yields given in Table 9 always refer to N,N -dimethyloxamide as the component
not used in excess.

IR spectra were taken of either the neat liquids or of Nujol or Hostaflon
mulls, pressed as capillary films between CsBr plates [18], and recorded with a
Beckman IR 12 or a Perkin—Elmer PE 457 spectrometer. Raman spectra were
measured on a PH O spectrophotometer of Coderg, Inc.; for excitation, the
blue-green (4880 A) line of an Ar laser was employed.

'H NMR spectra were recorded of saturated CDCl; solutions, at 60 MHz
on a Varian T-60, at 90 MHz on a Bruker HX-90 E (in CW mode). For experi-
mental details of the '*C NMR spectra, see footnote a to table 4.
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