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Abstract: The calculated harmonic frequencies (RMP2(fc)/6-31G*) of the three isomeric alanéd-ME3;, Mes-

Al-15NH3;, and MeAIl-NDs are assigned to the measured IR absorptions of these compounds, matrix isolated in
argon at 10 K. The results are compared with the known literature data. The irradiations of the matrix-isolated
amine adducts yield aminodimethylalane. The experimental IR data of the three isotoporpaiNiie Me,Al15-

NH,, and MeAIND, agree well with the calculated harmonic frequencies. Elucidated &orimitio calculations,
Me,AINH  is a Cz,-symmetrical molecule with an AIN bond length of 1.790 A. This AIN distance is 15% shorter
than that of the starting compound Mé-NH3 (2.106 A). The predicted AIN rotation barrier of 40.7 kJ mois

much lower than the known barriers of the isoelectronic silaalkenes and the lighter congeners, aminoboranes and
alkenes, respectively.

Introduction aminodimethylalane (MAINH ) in an argon matrix, the first
monomeric aminoalane without sterically demanding substitu-

The first aminoalane was prepared by Wiberg over half a ents.

century agd. He investigated the pyrolysis of M&l-NHs,
Whi(_:h yi(_el(jed th_e amino- and im_in(_)ala_ne and, finally, alu- Results and Discussion
minium nitride. Either the alkane elimination or the simple “salt
Starting Compounds. The three isomeric alanes W --

MeAlNH, —> (Me,AINH,), — (MeAINH), —> AIN (1) NHs, MesAl-15NH3;, and MeAl-ND; are readily accessible by

the reaction of trimethylalane with ammonia at low temperature.
synthesis”, starting from alkali metal amides and aluminium Subsequent sublimation (3T, 010 mbar) gives the pure
halides, are the common preparation methods for aminoalanesc0mMpPounds in high yields=(95%). Though ammonia tri-
To date, a large variety of compounds with the general formula Methylalane has been known for more than five decaaled
RAIINR'R") are known. They usually exist as dimers or has been reinvestigated several times, the purification and
trimers2 Power et al. isolated the first monomeric derivatives Characterization by standard methods has not been described
using sterically demanding substitueftsThe primary focus ! thf I|tezr7ature‘3. We checked the purity of the alanes by NMR
of Power’s work had been the study ofranteraction between (H, 3C Al), MS, and CHN. elemental analysis. As expected,
aluminium and nitrogen. Based dh-NMR experiments, it there is a broad resonance in #8€-NMR spectra and a singlet

was possible to estimate an AIN rotation barrier of-3@ kJ N the?’Al-NMR spectra for each isotopomer. THGI-NMR
mol~1for a certain derivativé. Other examples of unassociated Shift of 0 168 is in the typical range for tetracoordinated
alanes with known structural details are AIIN(Sifids, Al- aluminium with these kinds of ligands The isotopic labeling

(NiPr,)s, and MesAI[N(SiMe);]»4 These substances exhibit 'S revealed by _théH-NMR measurements: twp singlets for Me
trigonal-planar coordinated Al and N atoms. However, the two Al"NHa, one singlet for the metfgl groups with a sharp doublet
respective planes are twisted in the AIN direction and there is fOr the Hs™N protons of MgAl-**NHs, and only one singlet
no striking correlation between the torsion angles and the AIN for MesAl:NDs. Corresponding results are obtained from the
bond lengths. Indeed, the bulky ligands provide monomeric Mass spectra where M= CHs with nve 74, 75, and 77 for
species, necessary to examine a possitiieteraction, but the ~ MEsAl"NHs, MesAl-BNHs, and MeAl-NDs, respectively, is the
steric effects may be of the same order of magnitude as theNeaviest fragment.

electronic effects one is interested in and both effects might be  With respect to ourb initio calculation at the RMP2(fc)/6-
indistinguishable. 31G* level, ammonia trimethylalane h&s, symmetry (Figure

1) The AIGC; skeleton of the molecule deviates only slightly

This report describes the synthesis and characterization of . )
P y from planarity (C-Al—C = 117.3). The AIN distance of 2.106

€ Abstract published iridvance ACS Abstractsune 15, 1996. A is relatively long compared to the common range of simple
(1) Béhr, G. In FIAT Rejiew of WWII German Sciencd939-1946
Inorganic Chemistry, Part Il; Klemm, W., Ed.; Dieterichsche (5) (a) Watari, F.; Shimizu, S.; Aida, K.; Takayama,Btill. Chem. Soc.
Verlagsbuchhandlung: Wiesbaden, 1948; p 155. Jpn.1978 51, 1602 (Al analysis, IR- and Raman spectroscopy). (b) Sauls,
(2) (@) Taylor, M. J.; Brothers, P. J. Ithe Chemistry of Aluminum, F. C.; Interrante, L. V.; Jiang, 4norg. Chem.199Q 29, 2989 {H-NMR
Gallium, Indium and ThalliumPowns, A. J., Ed.; Blackie-Chapman-Hall: spectroscopy).
New York, 1993; Chapter 3. (b) Robinson, G. HQoordination Chemistry (6) Akitt, J. W. In Annual Reports on NMR Spectroscppjooney, E.
of Aluminum;Robinson, G. H., Ed.; VCH: Weinheim, 1993; Chapter 2. F., Ed.; Academic Press: London, New York, 1972; Vol. 5A, p 545.
(3) Petrie, M. A.; Ruhlandt-Senge, K.; Power, Pliorg. Chem1993 (7) RMP2(fc)/6-31G* level: Gaussian 92, Revision D.1, Frisch, M. J.;
32, 1135. Trucks, G. W.; Head-Gordon, M.; Gill, P. M. W.; Wong, M. W.; Foresman,
(4) (a) Sheldrick, G. M.; Sheldrick, W. S. Chem. Soc. A969 2279. J. B.; Johnson, B. G.; Schlegel, H. B.; Robb, M. A.; Replogle, E. S;

(b) Ruff, J. K.J. Am. Chem. Socl961 83, 2835. (c) Brothers, P. J.; Gomperts, R.; Andres, J. L.; Raghavachari, K.; Binkley, J. S.; Gonzalez,
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amine adducts, which are known to have AIN bond lengths FH+——— T T

between 1.94 and 2.10 A The experimental structure of e 3400 2400 1600 1000 400

Al*NHs is unknown, however, the isomeric moleculgA- Figure 2. IR spectra of ammonia trimethylalan&-axis, 256-1650

NMe; is well-known in the literatur@. Elucidated from gas- ~ ¢m " and 2306-3500 cm*; Y-axis, Absorbance (dimensionless). The

phase electron diffraction, this aluminium hydride exhil@s 2?330:2:;;\‘/56 ‘:; ttr;:z 223;%613228'2211 :Zg;)e” gfeit?ﬂ?nn;?d I\EZI aNfSctor

. . _ _ o - . . M 3

o A A D e s
S . . alf band width of 2 cm?). Spectrum b: “NH; in argon a

with high-levelab initio calculat|o°ns published recently (e.g., g Spectrum c: MgAl-13NHj in argon at 10 K. Spectrum d: Ml --

AIN = 2.063 A, H-Al—H = 117.T at the CISD/DZP level§ NDs in argon at 10 K. x (1022.0 ct) indicates small amounts of

The authors searched for other possible equilibrium geometriesme,Al-ND,H.10

by using different methyl-group conformations, but only one

configuration gave energy minima on the potential surfaces at Table 1. Harmonic Frequencies (ct) and Intensities (in

several levels of theory. As expected, our calculation fogMe Farentheses, km md) Calculated at the RMP2(fc)/6-31G* Level

Figure 1. Selected bond distances (A) and angles (deg) for the
equilibrium geometry of MgAl-NH;3 (Cs, point group) calculated at
the RMP2(fc)/6-31G* level.

Al-NH;z reveals a similaCz,-symmetrical equilibrium geometry, MesAl-NHs MesAl-1°NH; MesAl-NDj3
especially concerning the methyl-group conformations (Figure  A;:v, 178.1 (11.8) 177.2 (11.5) 175.3 (11.4)
1). vy 392.8 (6.8) 386.0 (7.2) 371.3 (5.6)

Using the conventional matrix-isolation technique (Experi- V3 521.8 (4.4) 521.8 (4.4) 521.7 (4.2)
mental Section) we prepared argon matrices of the three Va 768.8 (180.2) 768.8 (180.2) 768.8 (181.0)
. 15 ) Vs 1317.8(102.3)  1314.3(160.2)  1322.4(2.7)
isotopomers MeAl-NHs, MesAl-*NH, and MeAI-NDs. Fig- ve  1331.9(1290.1) 1328.0(68.1)  1014.8 (136.9)
ure 2b-d depicts the corresponding IR spectra measured at 10 vy 1531.2 (1.4) 1531.2 (1.4) 1531.2 (1.4)
K in the range of 2564000 cnt™. Vg 3071.1 (0.2) 3071.1 (0.2) 3071.1 (0.2)

Ammonia trimethylalane is expected to have 1Q B Ay, Ve 3160.0 (74.7) 3160.0 (74.7) 3160.0 (74.7)
and 15 E modes, in which thesAnodes are IR inactive. For A V10 3‘2‘950-8 818-3) 5’3858-03 (()17-6) 5%436(-)10(15-1)
comparison with experiment we calculated the harmonic > zﬁ 113.8( (b.%)) llé.é ('0.)0) 112.&% ('0_)0)
vibrational frequencies of the adducts at the RMP2(fc)/6-31G* Vi3 596.3 (0.0) 596.3 (0.0) 596.3 (0.0)
level” Table 1 compiles these data and Figure 2a depicts the Vig 1521.8 (0.0) 1521.8 (0.0) 1521.8 (0.0)
scaled theoretical IR spectrum of iWd+NHs. Based on these V15 3151.4 (0.0) 3151.4 (0.0) 3151.4(0.0)
predictions we assigned the detected IR bands and the results E#vie  117.3(1.7) 117.2(1.8) 115.6 (3.4)
are given in Table 2 V17 131.6 (9.8) 130.5(9.0) 124.8 (4.6)

. S o o Vig 171.3(0.4) 171.2 (0.5) 168.3 (1.3)

Ault previously investigated matrix-isolated ammonia tri- Y1 550.8 (3.9) 549.5 (4.4) 454.4 (8.4)
methylalané® He used a merged jet of M&l with NH3 to Va0 621.7 (10.5) 621.5 (10.0) 616.9 (5.8)
obtain MgAl-NHs; in argon matrices. He then assigned seven Va1 708.7 (17.2) 707.2 (19.3) 674.8 (41.3)
IR absorptions of both Mgl -NH3 and MeAl-15NHz and eight Va2 802.0 (432.4) 801.3 (431.4) 788.8 (345.4)

vss  1317.3(86.5)
Though we vse  1518.4 (1.9)

V25 1529.9 (0.9)

of MesAl-ND3 (Table 2, numbers in braces).
confirmed most of his findings, we disagree on two points. In

accord with our calculation, the GHocking modesv,, are Vos 1721.1 (68.1)
detected at 731.5, 731.0, and 720.0@rfor MesAl-NH3, Mes- Va7 3070.1 (36.1)
Al-15NHj3, and MeAl :NDj3, respectively, whereas Ault assigned V2g 3152.9 (108.7)
the same value (733 cr) to each of the three isotopomers. veo  3158.7(7.0)

v  3633.2(65.2)

1317.3 (86.5)
1518.4 (1.9)
1529.9 (0.9)
1718.1 (67.4)
3070.1 (36.1)
3152.9 (108.7)
3158.7 (7.0)
3623.3 (63.7)

1317.3 (83.3)
1518.5 (1.5)
1530.3 (2.2)
1246.2 (39.6)
3070.1 (36.1)
3152.9 (109.1)
3158.7 (7.1)
2675.1 (43.9)

(8) Haaland, A. InCoordination Chemistry of AluminurRRobinson, G.
H., Ed.; VCH: Weinheim, 1993; Chapter 1.

(9) (a) Almenningen, A.; Gundersen, G.; Haugen, T.; Haaland\cta
Chem. Scand1972 26, 3928. (b) Warner, H. E.; Wang, Y.; Ward, C.;
Gillies, C. W.; Interrante, LJ. Phys. Chenml994 98, 12215 and references

vibrations.

2 Intensities of the E modes are the sum of the two degenerated

Secondly, we cannot confirm the assignment of the IR band at
627 cn1! of the deuterated compound to the asymmetric,AIC
stretching moder,,. This band is more likely the degenerate

therein. (c) March, M. B. C.; Schaefer, H. F., 0l Phys. Chenil995 99,
195 and references therein.
(10) Ault, B. S.J. Phys. Chem1992 96, 7908.
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Table 2. Experimental Frequencies (c#) and Observed/Calculated Frequency Ratios (in ParentReses)

“listu

MesAl -15NH;

MesAl-ND3

MeszAl-NH3
Arvs V(AIN) 383.0 (0.9751)
E: vig o) I(NH3)rock 5175 (09395)
Asvs vg(AIC3) 523.0 (1.0023)
{523
E: v20 vodAIC3) 601.0 (0.9667)
E: v 6'(CH3)rock 647.5 (09136)
Asiva 8'(CHa)rook 690.0 (0.8975)
E: vao (5'(CH3)mck 7315 (09121)
{733
Asvs 64(CHs) 1191.0 (0.9038)
E: va 5CHy) 1203.0 (0.9132)
Arive dNHz) 1213.0 (0.9107)
{1213
E: s SadNHs) 1605.5 (0.9328)
{1608
Asivs — v »(CHs) 2943.0, 2936.0
E: vor— voo 29200, 2904.0
2888.0
(2942: 2919
Arvio vs(NH3) 3296.5 (0.9444)
[3300.0 (0.9454)]
E: va vadNH3) 3395.5 (0.9346)

[3402.5 (0.9365)]
{3394

376.5 (0.9754)
516.5 (0.9399)
523.0 (1.0023)

{523
600.5 (0.9662)
646.5 (0.9142)
690.0 (0.8975)
731.0 (0.9123)

{733
1191.0 (0.9062)
1201.5 (0.9121)
1207.5 (0.9093)

{1207
1602.0 (0.9324)

{1602
2942.5, 2936.0
2920.0, 2903.0

2888.5

{2942; 2919

3291.5 (0.9436)

[3295.5 (0.9447)]

3387.5 (0.9349)

[3402.5 (0.9391)]

3

{3388

364.0 (0.9803)
432.0 (0.9507)
523.0 (1.0025)

{523

627.0 (0.9292)
689.5 (0.8969)
720.0 (0.9128)

{733

1192.5 (0.9053)
937.0 (0.9233)
{936
1176.5 (0.9473)
{1175
2943.0, 2936.0
2919.5, 2903.5
2887.5
{2942; 2919
2397.0 (0.9603)
[2399.0 (0.9611)]
2530.0 (0.9458)
[2534.0 (0.9473)]
5

{253

aWavenumbers in braces were taken from the literatirbsorptions due to matrix effects are shown in square brackets.

CHs-rocking modev,;; the calculated isotopic shifts and the
intensities were nicely reproduced by our experiméht&e-
sides, the asymmetric stretahg is predicted to be of low
intensity; in particular, this vibration should be much weaker
for MesAl-ND3; compared with the other two isotopomers. We
tentatively assign the very weak absorptions at 601.0 and 600.5
cm! for MesAl-NH3z and MeAl-15NHj3, respectively, tovyg;
we could not detect a signal for the deuterated molecule.

The most interesting low-energy vibration is the AIN-
stretching mode; at 383.0, 376.5, and 364.0 cin(Table 2).
An early vibrational study on ammonia trimethylalane assigned
the weak IR bands at 461 and 439 ¢immeasured at196°C
for the solid samples of M@l-NH3; and MeAl-NDj3, respec-
tively, to the AIN-stretching mode&12 This assignment had
been confirmed by Raman spectroscopy and normal coordinate
analysis. The differences between these and our values may
be due to different media: the pure solids there and highly
diluted matrices here. The isotopic shifts caused by the
deuteration are the same in the solid state and in the matrix
(solid: 439/461= 0.9523; matrix: 364.0/383.6= 0.9504),
suggesting that we are really looking at the same modes in both
cases. A comment should be made on the; €lretches. The
calculated values do not reproduce the measured ones exactly
(Figure 2). Nevertheless, as predicted by abenitio calcula-

7 T
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Fion’ no differences between the Qllﬂtretches of all thr.ee Figure 3. Irradiation of MeAl-NHs in argon at 10 K: X-axis, 250~
isotopomers should be seen, as confirmed by the experimentsi650 and 28083600 cnt®; Y-axis, Absorbance (dimensionless).

In summary, we found all expected normal modes between Spectrum a: MgAINH, calculated at the RMP2(fc)/6-31G* level
250 and 4000 cm except the three weak vibratioms, vy, (frequencies scaled by 0.93, half band width of 2-&mSpectrum b:
andvys (Table 1) and the asymmetric AdGtretching moder,o Difference IR spectrum after irradiation (210 rifh)f MesAl-NH; for
of MesAl-NDj3 already discussed. 7 h (decreasing absorptions point down, increasing absorptions point

Photolysis of Ammonia Trimethylalane. The irradiation ~ UP)- X indicates Cki(1304.0, 1306.5, 3024.0 (br) c#), y indicates
of matrix-isolated ammonia trimethylalane with UV light at 210 NHa (974.5 cm?), and z indicates b0 (1624.0 cm).
nm'3 yields methane and the hitherto unknown monomeric irradiation of MgAl-NHz at 10 K (Figure 3b), with the scaled
aminodimethylalane. theoretical spectrum of MAINH, (Figure 3a). Under the

hv (12) The AIN-stretching mode was out of Aultsdetectable range of
MejAl-NH, — Me,AINH,  + CH, (2) 400-4000 cnT™.
Ar(10K) (13) UV light with the maximum at 210 nm and a band width of 20 nm

was used (see Experimental Section).
(14) DCH; has another resonance at 1156.0 &mvhich is hidden by a
strong absorption of MAIND, (v;, Table 4). Herzberg, GMolecular
(11) The weak vibrations between 250 and 650 tmannot be seen Spectra and Molecular Structurelst ed.; D. Van Nostrand Company,
easily in Figure 2, but they are readily revealed in a higher magnification. Inc.: Princton, NJ, 1945; Vol. Il, p 309.

Figure 3 shows a typical IR spectrum obtained affeh of
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Figure 4. IR spectra of MgAI'®NH,: X-axis, 256-1600 and 2800
3600 cnT?; Y-axis, Absorbance (dimensionless). Spectrum aAWé&

NH; calculated at the RMP2(fc)/6-31G* level (frequencies scaled by
0.93, half band width of 2 cri). Spectrum b: MgAI*>NH; in argon

at 10 K synthesized by the irradiation (20 h, 210'"&mof MesAl -15NH;
(Figure 2c). x indicates CH(1304.5, 3024.0 (br) cm), y indicates

15N H;3 (970.5 cn?l), and u indicates an unassigned product band (770.0

O

~

T

>
>

3000 2600 1600 1000 400
Figure 5. IR spectra of M@AIND,: X-axis, 256-1600 and 2406
3200 cntl; Y-axis, Absorbance (dimensionless). Spectrum a:»-Me
AIND; calculated at the RMP2(fc)/6-31G* level (frequencies scaled
by 0.93, half band width of 2 cm). Spectrum b: MgAIND; in argon
at 10 K synthesized by the irradiation (20 h, 210'®mf MesAl -15ND3
(Figure 2d). x indicates DCH(1303.5, 3010.5, 3020.5 cf)** and z
indicates small amounts of M&l-ND; (937.0 cnt?).

J. Am. Chem. Soc., Vol. 118, No. 27, 18363

QgD

N} 1.013

1.790

Al
123.0 1.094
(C cy”
( H % 1.096
Figure 6. Selected bond distances (A) and angles (deg) for the
equilibrium geometry of M@AINH ; (C,, point group) calculated at the

RMP2(fc)/6-31G* level.

Table 3. Harmonic Frequencies (crt) and Intensities (in

Parentheses, km md) Calculated at the RMP2(fc)/6-31G* Level

Me,AINH , MesAl 15NH2 Me,AIND ,
Acvi 164.0(2.7) 163.5 (2.6) 163.1 (2.6)
v, 551.0(L.4) 548.6 (1.1) 545.6 (1.0)
vs 7435 (8.1) 738.6 (4.6) 727.8 (1.4)
V4 863.0 (181.0) 855.0 (183.8) 839.4 (165.1)
vs  1319.1(17.4)  1319.1(17.3)  1319.2(15.0)
Ve 1523.8 (1.3) 1523.8 (1.3) 1524.1 (2.3)
v, 1641.2(57.4) 16357 (54.7)  1226.9 (63.6)
ve  3093.1(L9)  30931(1.9)  3093.1(L.9)
ve  3189.9(19.4)  3190.0(19.4)  3189.9 (19.5)
vie  3608.8(24.0) 3603.6(22.8)  2610.4 (23.9)
Asvi,  56.5(0.0) 56.5 (0.0) 56.4 (0.0)
vz 402.3(0.0) 402.3 (0.0) 291.7 (0.0)
vis 6557 (0.0) 655.7 (0.0) 644.4 (0.0)
vie  15153(0.0)  1515.3(0.0)  1515.3(0.0)
vis  3176.3(0.0)  3176.3(0.0)  3176.3(0.0)
Bivie  187.5(2.5) 185.6 (2.5) 170.3 (1.8)
vy 604.9 (1.1) 603.7 (1.3) 506.1 (12.9)
vis 6540 (0.7) 653.0 (0.5) 641.3 (0.0)
vie  795.9(214.0)  793.4(212.3)  758.7 (175.2)
vso 13165 (37.4)  1316.5(37.4)  1316.5 (37.1)
vsy  1519.9(0.0)  1519.9(0.0)  1519.8(0.1)
vss  3002.2(6.2)  3092.2(6.2)  3092.2(6.2)
vss  3190.0(10.8)  3190.0(10.8)  3190.0 (10.8)
ves  3712.3(16.0) 3701.8(15.0)  2736.5(16.2)
Bivs  68.2(0.1) 68.1(0.1) 67.8 (0.1)
voe 1953 (6.8) 194.7 (7.0) 192.3 (4.4)
var  453.6(239.5)  450.7(236.2)  351.8 (146.5)
vss  738.1(714)  7381(70.9)  737.4(81.9)
vas  1525.2(5.1) 15252 (5.1) 15252 (4.9)
vee  3176.9(23.7)  3176.9(23.7)  3176.9(23.7)

one expects 30 normal modes belonging to the irreducible
representations A(10), A, (5), B1 (9), and B (6). Table 3
gives a summary of the calculated harmonic frequencies for
the three isomers MAINH 5, MesAl15NH,, and MeAIND ,. The

A, modes are IR inactive, and the wavenumbersigryie,

ves, and vy are too low to be detectable<50 cnt?).
Therefore, 21 fundamentals remain in our accessible range
(250-4000 cn1l). Based on theab initio calculation, we
assigned 11 resonances in the IR spectra giUNH , and Me-
Al*NH,, and 12 IR bands for MAIND > to 14 and 15 normal
modes, respectively (Table 4). The remaining unassigned

conditions employed for our experiments, the methane loss isfundamentals, which were calculated to be very weak (Table

complete after 20 h; only traces of the starting material are
detectable. The corresponding IR spectra of ¥i-labeled

3), have not been measured.
After the photolysis at 10 K the IR bands of aminodimethyl-

sample and of the deuterated compound with their scaled alane show fine structure, which is very sensitive to temperature
calculated spectra are depicted in Figures 4 and 5, respectivelychanges. At 20 K we observed a strong relative intensity change

Ab initio calculations predict &,,-symmetry equilibrium
geometry for aminodimethylalane (Figure ’6)Consequently,

for all product vibrations (Figure 7). A second short warmup
to 20 K does not yield this annealing effect again. The change
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Table 4. Experimental Frequencies (c#) and Observed/Calculated Frequency Ratios (in Parentheses)

“listu

MezAlNH 2 MezAl lSNHz MezAlNDg
By: v27 1(NH2)wagg 399.0 (0.8796) 396.5 (0.8797) 307.5 (0.8741)
[407.0 (0.8973)] [404.5 (0.8975)] [313.5 (08911)]
By v17 &' (NH2)roek 478.0 (0.9448)
By: v2g 8a{CHy) 668.0 (0.9050) 668.0 (0.9050) 666.5 (0.9039)
Bu: V10 8'(CHa)rock 728.0 (0.9147) 726.5 (0.9157) 720.0 (0.9490)
[732.0 (0.9197)] [730.5(0.9207)]
Ariva V(AIN)® 807.5 800.5 794.0 (0.9459)
817.0 809.0 [796.0 (0.9483)]
823.5 816.5
By v20 04(CHs) 1199.5 (0.9111) 1199.5 (0.9111) 1197.5 (0.9096)
Arvs 8CHy) 1199.5 (0.9093) 1199.5 (0.9093) 1197.5 (0.9077)
Arvy O(NHy) 1544.0 (0.9408) 1536.0 (0.9390) 1156.0 (0.9422)
By V2 v4(CHa) 2909.0 (0.9408) 2909.0 (0.9408) 2910.0 (0.9411)
Ailvg v§(CHa) 2909.0 (0.9405) 2909.0 (0.9405) 2910.0 (0.9408)
By: 130 vadCHa) 2951.5 (0.9291) 2951.0 (0.9289) 2951.5 (0.9291)
A ve Vad CHa) 2971.0 (0.9314) 2971.5 (0.9315) 2970.5 (0.9312)
By v23 vadCHa) 2971.0 (0.9313) 2971.5 (0.9315) 2970.5 (0.9312)
Arvio vg(NH>) 3411.0 (0.9452) 3406.5 (0.9453) 2503.0 (0.9589)
By v2a vadNH>) 3486.5 (0.9392) 3478.5 (0.9397) 2600.5 (0.9503)

2 Absorptions due to matrix effects are shown in square brack8se discussion on thgAIN) of Me,AINH, and MeAI>NH,.
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Figure 7. Difference IR spectrum (2501600 cnl) of matrix-isolated
Me,AINH ; synthesized by the irradiation (20 h, 210 ¥ijof MesAl -
NH; (Figure 2a), before (down) and after (up) a warmup from 10 to

20 K.

of one band, three bands were measured in the range of 800
825 cnrl (Table 4, Figures 3 and 4). This is probably the result
of Fermi resonance between and the overtone of the intense
modev,7. The situation is complex, because thg funda-
mental, as mentioned earlier, consists of two bands. Simple
doubling of the wavenumber of,7; would cause the two
overtone couples 798.0/814.0 tin(Me,AINH,) and 793.0/
809.0 cn! (Me,Al15NH,) as a zero approximation. The value
of the higher frequency in each couple is very close to calculated
value of the AIN-stretching mode, (816.3 and 808.8 cm).

In the deuterated molecule the estimated frequencies of;the
overtones (615.0/627.0 cH are too far away from they,
vibrational level (794.0 cml) to allow Fermi resonance.

Besides the frequencies, Table 4 exhibits the observed/
calculated frequency ratios (numbers in parentheses). The worst
fit has been found for the low-energy Magging modev,;
(0.8741-0.8797) and the best fit for the asymmetric Nitretch
(0.9452-0.9589). Within a certain margin of error, one would
expect the same ratio for all three isotopomers for a certain
mode, if the isotopic shifts had been correctly calculated.
Actually, only the fundamentak deviates from that expectation
for unknown reasons (Table 4).

In summary, we found all nhormal modes with predicted
intensities larger than 10 km mdl Nevertheless, two medium
strong IR bands at 770.0 and 772.0 ¢nfior Me,;AINH , and
Me,Al>NH,, respectively, have not yet been assigned (Figure
4, u). These two absorptions are sensitive to the warmup
procedure (Figure 7) discussed earlier. Therefore, we assume

in intensity initially observed may arise from a release of the ihem to be absorptions of aminodimethylalane, probably
hydrostatic pressure built up in the matrix by the reaction (éq compination vibrations. No comparable vibration was found
2). Consistent with this conclusion, the methane vibrations are to, the deuterated species.

also affected by the warmup, the pressure being exerted on both - Reaction 2 represents a photochemical elimination of meth-
molecules generated in the argon matrix. Similar hydrostatic jne  As expected, this is a 1,2-elimination, which is proven

pressure effects are known in the literattreDue to matrix
effects some bands remain split (Table 4i;, vio, and vy,
numbers in brackets), with the largest splitting for the NH
wagging moder,7 (6.0-8.0 cnTl).
A comment should be made on the assignment of the AIN- in penzene under reflux yielded the trimer of aminodimethyl-
stretching vibratiorvs. In the case of the deuterated compound gjane, (MeAINH )36 Sauls et al. examined the kinetics of
(Figure 5) the intense absorption at 794.0éranequivocally
corresponds to this stretching mode. Considering the calculatedthat monomeric MgAINH acts as a catalyst. The same authors
isotopic shifts, the AIN stretches of M&INH, and MeAl*>-
NH, are expected at 816.3 and 808.8émespectively. Instead

for MesAl-ND3 by the formation of DCH (Figure 5). So far,
the nature of the electron transitions involved is not known.
The corresponding thermolytic version of eq 2 had been
investigated first by Wiberg in 1939.Heating of MeAl-NH3

this process revealing a complex mechani8nThey proposed

elucidated the equilibrium constant for the diméimer
interconversion fromtH-NMR experiments (36100°C) with-

(15) Radziszewski, J. G.; Littmann, D.; Balaji, V.; Fabry, L.; Gross, G.;

Michl, J. Organometallics1993 12, 4816.

(16) Interrante, L. V.; Sigel, G. A.; Garbauskas, M.; Hejna, C.; Slack,
G. A. Inorg. Chem.1989 28, 252.



MeAINH,: Matrix Isolation and Ab Initio Calculations

out detecting the monoméf. Recently, Power et al. isolated
the first monomeric aminodialkylalanes using bulky ligafds.
With one exception, these compounds show trigonal-planar
coordinated Al and N atoms, but the two corresponding planes
are twisted along the AIN bond axis. The torsion angles vary
between 5.5 and 84°9without exhibiting a strong correlation
with the AIN bond lengths (1.7841.880 A). Theab initio
calculation for MeAINH, reveals aC,, symmetry (Figure 6)
with an AIN distance of 1.790 A. A similar molecular structure,

based on valence bond theory, was predicted by Messmer et

al. (AIN = 1.797 A)!8 In a simple MO description, this
equilibrium geometry allows a maximum ofrp-prr interaction
between aluminium and nitrogen; hence, it fulfills the expecta-
tions for a classical double bond.

Itis common to judge single- or double-bond character either
by bond lengths or rotation barriers. With a calculated AIN
distance of 2.106 A (M&Al-NH3, Figure 1), the AIN bond
shortening in MgAINH ; becomes 15.0%. This is a large value,
if compared with the 9.4% found for the isoelectronic silaalkene
Me,SiCH,, whose corresponding SiC bond length of 1.692 A
contrasts with the SiC single bond length of 1.868 A (both
values from microwave spectréd). For the lighter congeners,
aminoboranes and alkenes, the corresponding values are 10.
and 13.6%, respectiveft. One has to be careful not to

overestimate the 15% shortening in the present case. First, we

are comparing calculated bond lengths that may be slightly
different from the real ones. Second, the AIN distances of
simple amine adducts are known to vary in quite a broad range
of 1.94-2.10 A&°making a well-defined distance for a single
bond unavailable. Third, it is unknown how much of the
shortening goes back to thebond interaction, on the one hand,
or to the decrease in coordination number from four to three,

J. Am. Chem. Soc., Vol. 118, No. 27, 18365
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Figure 8. Selected bond distances (A) and angles (deg) of the transition
state Cs point group) for the AIN rotation of MAINH, calculated at
the RMP2(fc)/6-31G* level.

Table 5. Calculated Total Energiels (au) and Zero-Point
Energies ZPE (Scaled by 0.93 in kJ m9lwith the Number of
Imaginary Frequencies Shown in Parentheses

8

E ZPE
MesAl “NH; Ca —417.60357 365.1 (0)
Me,AINH Ca —377.27170 243.3 (0)
Me,AINH Cs —377.25459 239.1 (1)
MesAl Can —361.20348 267.1(0)
CHs T, —40.33255 113.2 (0)
NH; Ca —56.35421 86.2 (0)

0.023 (1.3%° and 0.019 A (1.196F with barriers of 46.8 and
44.8 kJ mot?, respectively. To our knowledge, the only

which usually causes a decrease in the covalent radii, on theexperimental AIN rotation barrier of a monoaminoalane was

other hand.

The optimized transition-state geometry for the AIN rotation
(Figure 8) corresponds to a barrier of 40.7 kJ P This is
a small value in comparison with silaalkenes (3489 kJ mot?
in H,SiCH;),2% aminoboranes (123139 kJ mot?® in H,BNHy),24
and ethylenes (272 kJ md). The transition state reveals a
weak pyramidalization of the Njfgroup and a slight increase
of the AIN distance (Figure 8). If the nitrogen lone pair is not
involved in anyz-bond, the value of 1.823 A corresponds to a
“pure” AIN single bond. This would mean that theoverlap

measured fotBu,AINH(Diip) (Diip = 2,6-diisopropylphenyl).
Based ontH-NMR experiments it was estimated to be-3®

kJ mol1,2 in good agreement with our calculation. Certainly,
every method for separatingrabond from ao-bond includes
approximations. In the case of a rotation barrier the-pz
interaction is minimized for the transition state, whereas the
same geometry meets the optimum conditions for athpe
overlaps like “negative hyperconjugatioffywhich is—although
present-quite probably of minor importance for M&INH ,.
Despite these uncertainties, aminodimethylalane contains a weak

alone causes a decrease of the AIN distance by 0.033 A (1.8%).AIN double bond, concluded from the rotation barrier.

Two recently publishedab initio calculations of the parent
aminoalane BAINH led to similar findings: The AIN bond

The ab initio calculation for M@AINH; yields a heat of
reaction (eq 2) of-10.4 kJ mot?! (Table 5). The experimental

differences between the ground and the transition states werevalue for this methane loss is not known, but the overall

(17) Sauls, F. C.; Czekaj, C. L.; Interrante, L. Morg. Chem.199Q
29, 4688.

(18) Lynam, M. M.; Interrante, L. V; Patterson, C. H.; Messmer, R. P.
Inorg. Chem.1991, 30, 1918.

(19) Gutowsky, H. S.; Chen, J.; Hajduk, P. J.; Keen, J. D.; Chuang, C;
Emilsson, T.J. Am. Chem. So&991, 113 4747. The measured SiC distance
agrees withab initio calculation$® and the X-raK structural determination
of Me;Si—=C(SiMe;)(SiMetBuy) (SiC = 1.702 A). Wiberg, N.; Wagner,
G.; Muller, G. Angew. Chem1985 97, 220; Angew. Chem., Int. Ed. Engl.
1985 24, 229.

(20) Pierce, L.; Petersersen, D. . Chem. Phys196Q 33, 907. The
SiC single bond lengths determined by microwave spectroscopySiii¢,
H,SiMey, and HSiMe are 1.867, 1.867, and 1.868 A, respectively. The
SiC distance of SiMgerevealed by electron diffraction is slightly longer
(1.875 A). Beagley, B.; Monaghan, J. J.; Hewitt, T.JGMol. Struct 1971,

8, 401.

(21) Paetzold, PAdv. Inorg. Chem1987, 31, 123.

(22) Calculated with the inclusion of zero-point energies scaled by 0.93
(Table 5).

(23) (a) Schmidt, M. W.; Gordon, M. S.; Dupuis, Nl. Am. Chem. Soc.
1985 107, 2585. (b) Schmidt, M. W.; Troung, P. W.; Gordon, M. B.
Am. Chem. Sod 987, 109, 5217.

decompositon reaction (eq 3) of the neat liquid amine adduct
was found to proceed withH = —82.2 kJ mof1.50 The heat

of the cyclotrimerization of MgAINH, is then approximately
—71.8 kJ mot.

Me,Al-NH; ()

Y% (Me,AINH,)3 () + CHyte)  (3)

To check the reliability of the predicted thermodynamic data,
we calculated the dissociation enthalpy of the amine adduct. A
value of AH = 93 + 5 kJ mol* was measured for this process

(24) (a) Gropen, O.; Seip, H. MChem. Phys. Lettl974 25, 206. (b)
Dill, J. D.; Schleyer, P. v. R.; Pople, J. A. Am. Chem. Sod 975 97,
3402. (c) Ortiz, J. VChem. Phys. Let1989 156, 489. (d) McKee, M. L.
J. Phys. Cheml1992 96, 5380. (e) Allen,T. L.; Fink, W. Hinorg. Chem.
1993 32, 4230.

(25) Reed, A. E.; Schleyer, P. v. Rhorg. Chem.1988 27, 3969 (HF/
6-31G* calculations).

(26) Davy, R. D.; Jaffrey, K. LJ. Phys. Chenl994 98, 8930 (CCSD/
TZ2P calculations).
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in benzene (eq #° The heat of complexation of AIM€g) to

Me,Al-NH; (4)

e Me Al + NH,
benzene and the heat of solution of §&) in benzene are-8
and—12 kJ mot?, respectively? The heat of solution of Mg
Al-NHj3 is not known, but it is probably slightly exothermic.
Considering these figures, we obtaiil < 1134 5 kJ mol?!

for reaction 4 in the gas phase, which agrees very well with

our calculation of 108.6 kJ mot (Table 5)??

Experimental Section

The matrix apparatus consists of a vacuum line (Leybold Turbovac
151; Leybold Trivac D4B) and a Displex CSW 202 cryogenic closed-
cycle system (APD Cryogenics Inc.) fitted with Csl windows. In a
typical experiment, argon (Linde 5.6) was deposited fe21 at 15
K (Csl window) with an argon flow of ca. 4 mmolh The samples
were mixed with the rare gas by sublimation betweetD and—15
°C in high vacuo (107® to 1077 mbar). The concentrations of the

“listu

The GAUSSIAN 92 package run on the Siemens-Nixdorf Vektor-
rechner S600/20 (Rechenzentrum der RWTH Aachen) was applied for
ab initio calculations.

All synthetic procedures were carried out under dry nitrogen in
Schlenk glassware. Mal (2.0 M in hexane) and®NH; (98 atom %
5N) were purchased from Aldrich and N[{99.4 atom % D) from
MSD Isotopes. NMR: Varian Unity 500 indDs (24 °C) at 499.657
(*H, standard: TMS intern), 130.1937Al, standard: [Al(acag] in
CsDs extern), and 125.639 MHZYC{!H}, standard: TMS intern).
MS: Varian Mat-CH-5 (70 eV). Elemental analyses (C, H, N):
Heraeus Elementaranalysator CHN-O-RAPID.

MesAl-NH3. Gaseous Nl (250 mL at room temperature) was
solidified with liquid nitrogen and 5.0 mL of AIMg(2 M in hexane)
was added. The cooling bath was removed, and the reaction mixture
was stirred for 30 min at room temperature. After removal of the
solvent invacuq sublimation (3CC, 102 mbar) gave the pure product
(0.86 g, 96%) as a colorless solidH NMR: & —0.62 (s, 9H, CH),

0.26 (br s, 3H, NH). 3C NMR: 6 —8.06 (br). 2’Al NMR: ¢ 169
(h1z = 1400 Hz). MS: m/e74 (M* — 15, 100). Anal. Calcd for
CsH12AIN: C, 40.43; H, 13.57; N, 15.72. Found: C, 40.64; H, 13.93;

samples in the matrices are unknown. Therefore, several experimentsN: 14.93.

under various conditions for each isotopomer were conducted, to make

MesAl-5NH3. Following the procedure described for pé-NHs,

sure that the molecules were indeed matrix isolated. A higher argon *“NHs (500 mL) and 10.0 mL of AlMe (2 M in hexane) yield 1.72 g

flow (8 mmol 1) and lower sublimation temperatureZ0 °C) reduces
the amount of the starting material significantly, but no differences in

of MesAl-**NHj3 (95%) after sublimation.*H NMR: 6 —0.62 (s, 9H,
CHs), 0.26 (d,J(HN) = 65.6 Hz, 3H, NH). °C NMR: ¢ —8.06

the IR spectra of the adducts and products were observed. Of course(br)- /Al NMR: 6 169 (u. = 115400 Hz). MS:m/e75 (M" — 15,
at higher concentrations the IR spectra of the starting material change;100). Anal. Caled for Hi,AI®N: C, 39.99; H, 13.42; N, 16.65.
i.e., the half band widths of the IR bands increase and new broad IR Found: C, 40.14; H, 13.43; N, 16.20.

bands appear. That indicates that significant parts of the molecules

MesAl-NDs. Following the procedure described for pé-NHs3,

are no longer matrix isolated under these conditions (e.g., sublimation NDs (250 mL) and 5.0 mL of AlMe (2 M in hexane) yield 0.89 g of

temperatures of 0C).

The IR spectra of the matrices were recorded at 10 K on a Perkin-

Elmer FTIR 1720x from 250 to 4000 crhwith a resolution of 1 cmt.

A 450-W xenon arc lamp (Osram XBO 450W/4, PTI Inc. lamp housing
A 5001) and a grating monochromator (PTI Inc. Model 001-01) were
used for the irradiations. To obtain a high-energy output at 210 nm,
the slit width of the monochromator was kept at 5 mm resulting in a
band width of 20 nm.

MesAl-ND3 (97%) after sublimation.*H NMR: & —0.62 (s, CH).
13C NMR: ¢ —8.15 (br). Al NMR: ¢ 169 (u, = 1400 Hz). MS:
m/e77 (M* — 15, 100). Anal. Calcd for @49DsAIN: C, 39.11; N,
15.20. Found: C, 39.22; N, 14.56.
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