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been widely studied due to their important applications in
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recently shown that organoaluminum dihydrides are very
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useful precursors for preparing aluminum chalcogenides of
the formula [ (RAIE),] (R =organic ligand; E=S, Se, Te; n =
2,4).21' A few novel intramolecularly stabilized aluminum
chalcogenides, [{[N(SiMe;)C(Ph)C(SiMe;),]AIE}]?  and
[(ArAIE),] (Ar=2,6-(Et,NCH,),C¢Hs3, 2-Et,NCH,-6-
MeC¢H;; E = Se, Te),”® have been synthesized. We became
interested in employing the same synthetic route using other
ligand systems with the aim of studying the mechanism of the
reaction and synthesizing monomeric aluminum chalcoge-
nides [RAIE]. Previously we predicted that this reaction
proceeds through hydroselenide (SeH) or hydrotelluride
(TeH) intermediates.”! Barron etal. and Oliver etal. dis-
cussed the same intermediates for the reaction of Group 13
trialkyl compounds with H,Se.’l However, no stable com-
pounds of Group 13 elements with the SeH ligand have been
isolated so far. In fact, only a few transition metal complexes
(Co, Cr, Fe, Ir, Mn, Pt, Re, Ta, Ti) containing the SeH ligand
(both terminal and bridging) are known, but they have not
been structurally characterized. Herein we report on the
first stable aluminum SeH compounds with the (-diketimi-
nato ligand.

Reaction of the p-diketimine LH (L =N(Ar)C(Me)-
CHC(Me)N(Ar), Ar=2,6-iPr,CsH;)PP! with AlH;-NMe; at
room temperature in n-hexane leads to the dihydride [LAIH,]
(1; see Scheme 1) in high yield. The IR spectrum shows typical
asymmetric and symmetric absorptionsl® for Al-H at 1832
and 1795 cm~!, and the mass spectrum gives the highest peak
at [M*—H], indicating the formation of a monomeric
dihydride. Compound 1 is related to [{(iPr),(ati)]AlH,]
(ati =2-aminotroponimine), which has a monomeric structure
in the solid state.[*]

Compound 1 reacts smoothly with two equivalents of
elemental selenium at room temperature to afford [LAI-
(SeH),] (2) in modest yield (Scheme 1). It is noteworthy that 2
is formed even when only one equivalent of Se is used for the

4w /"
N N SeH
2 /_ /A!.x + 4Sei> 2{ \Al;
N H =N/ Set
Ar Ar
1 2
Ar Ar
[ se N
N, _Se ==
e
—HSe -'N/‘:., §
\ SeHHSe /
Ar Ar
3

Scheme 1. Synthesis of 2 and 3. Ar=2,6-iPr,CsH;.

reaction. Compound 2 is not stable in solution (n-hexane,
THF) over a longer period of time at room temperature, and it
slowly eliminates H,Se to give pale yellow [L(HSe)AlSeAl-
(SeH)L] (3). Compound 3 can also be obtained by the
reaction of 1 with two equivalents of Se at 60°C.
Compounds 2 and 3 have been characterized by multi-
nuclear NMR spectroscopy, mass spectrometry as well as
elemental analysis. The '"H NMR spectra of 2 and 3 show a
high-field singlet at 6 = —2.82 and —2.83, respectively, which
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can be assigned to SeH."! The IR spectra also give weak SeH
stretching frequencies at 2318 cm™! for 2 and at 2276 and
2292 cm™! for 3.*! The '"H NMR spectrum of 3 shows two
septets for the CHMe, protons (iPr groups), indicating C,
symmetry of the molecule. The 77Se NMR spectrum of 3 gives
two broad signals (0 =—341 and —535) in an approximate
intensity ratio of 2:1; the former can be assigned to SeH.F!
The molecular structures of 2 and 3 were determined by
X-ray crystallography.”! Yellow crystals of 2 suitable for X-ray
structure analysis were grown from n-hexane at —30°C.
Unfortunately, the quality of the crystal structure did not
allow location of the hydrogen atoms on the selenium atoms.
Nevertheless, the presence of terminal SeH groups was
established unequivocally by IR and 'H NMR spectroscopy.
The molecular structure of 2 is shown in Figure 1. The Al-Se
bond lengths (234.0 and 233.1 pm) are in line with those of the
dimeric [{[N(SiMe;)C(Ph)C(SiMe;),]AlSe},] (av 235 pm).
The AI-N bond distances of 2 are equal, and the Al atom
deviates slightly from the NCCCN plane of the ligand.

Sel(2)

Figure 1. Molecular structure of 2 in the crystal. Hydrogen atoms have
been omitted for clarity. Selected bond distances [pm] and angles [°]: Al(1)-
N(1) 189.9(6), Al(1)-N(1A) 189.9(6), Al(1)-Se(2) 233.1(3), Al(1)-Se(1)
2.340(3); N(1)-AlL(1)-N(1A) 97.1(4), N(1)-Al(1)-Se(2) 113.5(2), N(1A)-
Al(1)-Se(2) 113.5(2), N(1)-Al(1)-Se(1) 114.8(2), N(1A)-Al(1)-Se(1)
114.8(2), Se(2)-Al(1)-Se(1) 103.73(12).

The structure of compound 3 is shown in Figure 2.0 The
Al—Se bond lengths (232.6 and 233.3 pm) of the Al-Se-Al unit
are among the shortest reported so far. They are slightly
shorter than those of the Al-SeH units (237.5 and 237.1 pm)
due to the more highly polarized Al-Se-Al bonds. The internal
angle at Se(2) (116.88°) is much more open than those
of compounds with the dimeric Al,Se, core (av 78°), and is
only slightly larger than that of [{[(SiMe;),CH],Al},Se]
(114.71°),1% probably due to the bulky nature of the ligand
L. The hydrogen atoms could be located, by a AF synthesis, at
the selenium atoms (Se—H ca. 150 pm ); free refinement,
however, shortens this distance (as expected for hydrogen
atoms on heavy atoms). There is very little information in the
literature on the Se—H bond. The Se—H bond lengths
computed (with the MINI-1, 3-21-G/LWD and STD-3G basis
sets) for organic RSeH compounds range from 142 to
157 pm.l""1 Compounds 2 and 3 are well separated monomers
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Figure 2. Molecular structure of 3 in the crystal. Hydrogen atoms have
been omitted for clarity. Selected bond distances [pm] and angles [°]:
Al(1)-N(2') 191.2, AI(1")-N(1") 191.8(5), Al(1')-Se(2) 232.6(2), Al(1')-
Se(1) 237.5(2), Al(1)-N(2) 190.6(5), Al(1)-N(1) 190.6(5), Al(1)-Se(2) 233.3,
Al(1)-Se(1) 237.1(2); N(2)-Al(1")-N(1") 96.7(2), N(2')-Al(1")-Se(2)
108.2(2), N(1')-Al(1")-Se(1’) 109.5(2), N(1')-Al(1')-Se(1") 106.0(2), Se(2)-
Al(1')-Se(1') 11729(9), N(2)-Al(1)-N(1) 97.3(2), N(2)-Al(1)-Se(2) 115.4(2),
N(1)-Al(1)-Se(2) 108.5(2), N(2)-Al(1)-Se(1) 107.0(2), N(1)-Al(1)-Se(1)
107.5(2), Se(2)-Al(1)-Se(1) 118.69(8), Al(1')-Se(2)-Al(1) 116.77(7).

in the solid state, which excludes the presence of any
intermolecular hydrogen bonds. Furthermore, 2 and 3 are
the first structurally characterized organometallic compounds
which contain metal —SeH units.

The X-ray structural analysis of 2 and 3 disclose the lability
of the Se—H bonds,'” and provide direct evidence that the
tendency to form hydrogen bonds is much lower than for the
lighter congeners (S, O).['¥] The stabilization of 2 and 3 might
be attributed to the bulky chelating ligand. Owing to the
acidic nature of the SeH moiety, compounds 2 and 3 might be
used as synthons for preparing Se-bridged heterometallic
compounds. Moreover, the synthesis of 2 and 3 suggests that
the selenium atom can insert very easily into the Al-H bond.

An explanation for why the reaction of [LAIH,] with one
equivalent of selenium yields 2 instead of [LAI(H)SeH] is
presently not available. It is difficult to monitor the reaction
by NMR spectroscopy due to its heterogeneous nature.
However, it is supposed that the Se, unit is involved in this
reaction. It has been argued!'*! that reactions of diorgano-
diselenides with AIH;- NMe; proceed by initial complexation
of a selenium species, creating a hypervalent aluminum
center. %1 According to this argument the reaction of
[LAIH,] with selenium proceeds by coordination of a Se, unit
to the aluminum center, followed by a concerted reduction of
the activated Se, by the two hydride ligands to cleave the Se,
unit. The conversion of 1 to 2 demonstrates the ‘umpolung’ of
the hydridic to the protonic form of the hydrogen atoms. This
assumption can well explain our experimental results that 2 is
always the product formed at room temperature, regardless of
the amount of selenium used. The conversion of 2 into 3
clearly indicates that intermolecular elimination of H,Se is
favored over intramolecular elimination.
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Experimental Section

1: A solution of LH (2.50 g, 5.98 mmol) in n-hexane (40 mL) was added at
room temperature to a solution of AlH;-NMe; (0.56 g, 6.29 mmol) in #n-
hexane (10 mL), and the resulting mixture was stirred for 48 h. All volatile
components were removed in vacuo, and the crude product was crystallized
from n-hexane to afford colorless crystals of 1 (2.3 g, yield 86.2 % based on
LH); m.p. 194°C. 'H NMR (200 MHz, C,Dy): 6 =7.18 (d, 4H, aromatic H
of Ar group), 7.10 (m, 2H, aromatic H of Ar group), 4.86 (s, 1H, y-CH),
3.42 (sept, 4H, CHMe,), 1.54 (s, 6H, CMe), 1.37, 1.12 (d, 24H, CHMe,);
BCNMR (125.75 MHz, C;Dy): 6 =170.2 (CN), 144.6, 139.4,124.8 (Ar), 96.2
(y-CH), 28.48 (CHMe,), 25.5, 24.5 (CHMe,), 22.9 (CMe); IR (KBr, Nujol):
7=1832, 1795 cm™! (m, Al-H); EI-MS: m/z (%): 445 (100, [M* —H]);
elemental analysis calcd for C,0H,3 AIN,: C78.0, H9.7, N 6.3; found: C 78.2,
H9.7, N 6.7.

2: To a mixture of 1 (0.45 g, 1 mmol) and selenium (0.16 g, 2 mmol) was
added toluene (20 mL). The mixture was stirred at room temperature for
15 h, and a light orange solution formed with trace amounts of unchanged
selenium. After filtration, the solvent was removed and the residue
extracted with n-hexane (20 mL). The extract was stored at —30°C for 2 d
to give yellow crystals of 2 (0.35 g, yield 58%); m.p.220°C (decomp.).
THNMR (500 MHz, CDy): 6 =7.15-7.09 (m, 6 H, aromatic H of Ar group),
4.93 (s, 1H, y-CH), 3.52 (sept, */yy =6.8 Hz, 4H, CHMe,), 1.51 (s, 6H,
CMe), 1.35 (d, 3Jyy=6.8 Hz, 12H, CHMe,), 1.10 (d, 3Jyy=6.8 Hz, 6H,
CHMe,), —2.82 (s, 2H, SeH); 7 AINMR (65.17 MHz, C¢Dg): 6 =122 (v}, =
260 Hz); EI-MS: m/z (%): 604 (8, [M* —H]), 525 (20, [M* — SeH]), 403
(100, [L*—Me]); IR (KBr, Nujol): #=2318 cm™! (w, SeH); elemental
analysis calcd for C,0Hy;3AIN,Se,: C 57.6, H 7.2, N 4.6; found: C 58.0, H 7.5,
N 4.6.

3: This compound was prepared in a similar manner as 2 except that the
mixture was stirred at 60°C for 15 h. After removal of the solvent, the
residual was recrystallized from THF at —30°C to give pale yellow crystals
of 3 (0.26 g, yield 46%); m.p.250°C (decomp.). 'H NMR (500 MHz,
CDCly): 6 =7.13,7.03, 6.92 (m, 12H, aromatic H of Ar group), 5.17 (s, 2H,
y-CH), 3.21 (sept, 3Juy = 6.7 Hz, 4H, CHMe,), 2.98 (sept, */yy = 6.8 Hz,
4H, CHMe,), 1.61 (s, 12H, CMe), 1.10 (d, *Jyz = 6.75 Hz, 12H, CHMe,),
0.95 (d, *Juy=06.65Hz, 12H, CHMe,), 0.90 (d, *Jyy=6.82 Hz, 12H,
CHMe,), 0.84 (d, *Jy; = 6.82 Hz, 12H, CHMe,), —2.83 (s, 2H, SeH); YAl
NMR (65.17 MHz, CDCl;): 6=116 (v,,=680Hz); Se NMR (CDs,
500 MHz): 6 = —341 (s, SeH, v,, =120 Hz), —535 (s, AL;Se, v,,=90 Hz);
EI-MS: m/z (%): 1126 (7, [M*—2H]), 1048 (90, [M* —H — SeH]), 443
(100, [LAI*+H]); IR (KBr, Nujol): #=2276, 2292 cm~! (w, SeH);
elemental analysis calcd for CssHg,ALLN,Se;: C 61.8, H 7.5, N 5.0; found:
C622,H71,N5.0.
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