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[Me,Al(p-NiPr,);MgMe]. (A) reacted with chloroform to give the starting malerial [Me,Al(p-
NiPr,),MgCl], (4) in high yicld. Compound 4 underwent metathesis with LiR (R = -C,H;, C¢Hs) 1o give
[(Me, AIQUNiPr,),MgR], (n = 1, 2), Compound A reacted with pyrazole (Pz} in a molar ratio 1:1 to produce
[Me, A pu-NiPr,),Mg(Pz)l, (1), and in a molar ratio 1:3 o produce degradation products [Me, Al(u-
Prh,AlMe, ), (2) and [Me,AXu-Pz),Mg(u-Pz),AlMe,] (3). Compound A reacted with AlMe, to give
{Me, Al([L-NiPr,),Mg(it-Me),AlMe,] (8). Compound 8 isomerized to [Me.Al(L-NiPrj(u-Me)Mg(u-
NiPr,}(u-Me)AlMe,] (7) upon heating. Compound 7 was also obtained from reaction of AlMe; with
Mg(NiPr,), in a molar ratio 3:1. The crystal structures of compounds 2,3, and 8 were determined by xray

diffraction analysis.

INTRODUCTION

Although polynuclear complexes of aluminum and
magnesium have long been of chemical intercst, few papers
uppearcd.‘"s We discovered the unsymmetric interaction Mg
- Me-Mg m {[Me;AU-N(GPr);-Mg(p-Me} ). (A),F and
agoslic  interaction  in [{(R.N)Mg(Me)}:{Mg(NR2}-
(NR;AIMe; 2] (R = SiMes)’ in research on the chemical
propertics of aluminum-tnagnesium compounds. Nucleo-
phitic attack of aicohols, amines, and fodine at magnesivm
atoms of compound A and [Me Al{(U-NEL:):MgMe]: (B) is
reported.® By metathesis compounds with an {AIMg},
framework were formed that on partial degradation yielded
{AIMgAl} compounds. Here we report chemical reactions
of {AiMg}, with nucleophiles in varied stoichiometry, and
also with electrophiles.

EXPERIMENTAL SECTION

General Conditions

All manipulations were underiaken in a glovebag
flushed with Na, a drybox, or a vacoum system. Solvents
were distilled and degassed according to standard proce-
dures before use. ‘H, PC and ¥ Al NMR specira were meas-

ured {(Varian VXR-300 spectrometer). Chemical shifts are
referred to TMS (‘H) or benzene-ds ('H, & 7.15; "C{'H}, 8
128.00). “Al NMR spectral signals were referred to
Al(H,0)¢**. Mass spectral data were obtained on a spec-
rometer (VG-7025 GC/MS/MS). IR spectra were recorded
as Nujol mulls between KBr discs on a FT-IR spectrometer
(Bio-Rad FTS8-40). Elemental analyses (C, H, N) were per-
formed { Analytische Laboratorien, F. Malissa and G. Reu-
ter GmbH, Germany). Deviation of analytical resuits of ele-
mental analyses from calculated values is attributed to the
extreme sensitivity to air and hygroscopic nature of these
compounds.

AlMe;, pyrazole, LiPh and +-Buli {Aldrich) were nsed
as received. Mg(NR,);, R = iPr and [(CH;s)2Al {U-(NiPr2)2-
MgCHs)s (A) were prepared according to the literature pro-
cedures. >’

[MezAl(p-N(i-Pr)2):Mg(pz))2 1

Pyrazole, (0.48 g, 7 mimol) in diethyl ether (30 mL)
wus added dropwise to a stirred solution of compound A
{(2.10 g, 1.7 mmol) in diethyl ether (100 mL) around 30 °C
under nitrogen. After 8 b, a pale yellow solution was ob-
tatned, which after removal of diethyl ether under vacuum,
gave a pale yellow viscous fluid. The crude product was re-
crystallized from a mixture of diethyl ether and hexane (1:1)
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to yield a white raicrocrystalline solid. mp (dec) > 100 °C;
IR (Nujol, cm™'): 3742 (w), 3666 {m), 3641 (m), 3391 (m),
2968 (s}, 2930 (x), 2708 (w), 1727 (m), 1650 {m), 1463 (s),
1389 (s). '"H NMR (CelJs) & -0.08 (s, 12H, A{CHs)), 0.94
{d, 24H, NCH(CH,}, f = 6.6 Hz), 1.32 (d, 24H, NCH{CH,),
J=6.3 Hz), 3.67 (sep, NCH(CH:), /= 6.9 Hz), 6.27 (1, 2H,
pz 4-H), J = 2.1 Hz}, 7.84 (d, 4H, pz 3,5-H), /= 2.1 Hz)
ppm; “C NMR (CsDe) & -4.16 (ANCH:)), 27.98
(NCH(CHs)), 28.55 (NCH(Cta)), 51.07 (NCH{(CHs),
107.01 (pz 4-C), 142.35 (pz 3,5-C) ppm; 7 Al NMR (CsDg)
& 155 (broad) ppm; mass spectrum (70eV, ten most intense
features, m/z): 44, 88, 142, 57, 101, 70, 214, 299, 281, 681.
Anal. caled: C, 58.54; H, 10.69; N, 16.06; found: C, 58.44;
H, 10.51; N, 16.16.

IMe2Al(u-pz)2AIMez]2 2 and [Mez AXu-pz):Mglu-
pz)2AlMe2] 3

Pyrazole (CsNoH.) (0.82 g, 12 mmol) dissolved in di-
ethyl ether (50 mL) was added dropwise to a stitred solution
of compound A (1. 20 g, 4 mmol) in diethyl ether {100 mL)
around 30 °C under nitrogen. After 4 b, a pale yellow solu-
ton was obtained, which after removal of diethyl ether un-
der vacuum gave a pale vellow viscous fluid. Sublimation
at 70 *C under vacuum produced colorless crystals of two
kinds. The more volatile crystal is [Me Al(u-pz).AlMes|
(2), mp 88-90 °C; IR (Nujol, cm™): 3788 (w), 3690 (w),
3397 (m), 2933 (s), 1675 (w), 1599 (m), 1493 (m), 1388
(m). 'HNMR (CsDs) 8-0.26 (s, 12H, AKCHs)2), 5.86 (¢, 2H,
pz 4-H), /= 2.1 Hz), 7.34 (d, 4H, pz 3,5-H), /= 2.1 Hz)
ppm; C NMR (CsDs) 8 -9.35 (ANCHs)z), 106.58 (pz 4-C),
140.41 (pz 3,5-C) ppm; Al NMR (CsDs) 8 146 (broad)
ppm; Mass spectrum {70 €V, ten most intense features, m/z):
233, 163, 109, 234, 217, 82, 176, 190, 150, 57. The less
volatile crystal is {Me:Al(u-pz).Mg{lt-pz).AlMe;) (3). mp
96-99 “C; IR (Nujol, cm’'): 3635 (m), 3404 (m), 3141 (m),
2936 (m), 2821 (w), 2541 (m), 2430 (m), 1743 (s), 1629
(m), 1502 (s), 1389 (m). '"H NMR (CsDs) § -0.234 (s, 12H,
AKCHz)2), 6.00 (t, 4H, pz 4-H) J = 2.1 Hz), 7.31 (d, 4H, pz
3-H), J = 1.8 Hz, 7.67 (d, 4H, pz 5-H) J = 1.8 Hz) ppm; "C
NMR (CsDe) 8 -10.13 (Al(CH;),), 105.65 (pz 4-C), 139.31
(pz 3-C), 142.58 (pz 5-C) ppm; Al NMR (CsDe) & 148
(broad) ppm: mass spectrum (70 eV, ten most intense fea-
wres, m/zy: 267, 285, 391, 68, 109, 392, 172, 199, 41, 308.
Anal. caled: C, 47.25; H, 5.95; N, 27.55; found: C, 47.14; H,
5.87;N,27.43.

[Mez AKu-(N(i-Pr)2);MgCll; 4
Chloroform (0.32 mL, 4 mtol) in benzene (30 ml.)
was added dropwise to a stirred solution of compound A
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(1.2 g, 4 mmol) in benzene (100 mL) around 30 *C under ni-
trogen. After 24 h a pale yellow solution was obtained,
which after removal of benzene under vacuum, gave color-
less crystals, [Mez ANp-(N(i-Pr):).MgCl); (4). mp (dec) >
120 °C; Yield: 72 %; IR (Nujol, cm™): 2950 (s), 2915 (m),
2850 (m), 1450 (s), 1385 (s), 1200 (s), 1146 (m), 938 (m),
750 (m), 667 (m). 'H NMR (CsDs) 3 -0.18 (s, 12H,
AN CHs)s), 1,28 (d-d, 48H, NCH{(CH:x), J = 6.9 Hz), 3.56
(sep, 8H, NCH(CH:). J = 6.6 Hz) ppm; PC NMR (CéDe) B
-3.65 (AN CHs)s), 26.84 (NCH(CHs)), 48.16 (NCH(CH3).)
ppm; © Al NMR (CsDe) 8 140 (broad) ppm; Mass spectrum
{70 eV, ten most intense features, m/z). 142, 44, 86, 301,
124, 243, 57, 100, 281, 316. Anal. caled; C, 53.16; H,
10.83; N, 8.86; found: C, 53.05; H, 10.65, N, 8.70.

[Mez AING-Pr )z MgC{-Bu)] 5 and [Me2Al(N-
iPr2)2MgPh); 6

A solution of t-BuL.i (2.23 mL, 3.8 mmol) in pentane
was added dropwise (o0 a stirred solution of compound 4 (1.2
g, 1.9 mmol) in tolyene (100 ml.) maintaining the tempera-
ture at -78 "C,; under nitrogen. After 12 h, the precipitated
LiCl was filtered off. The crude product after retnoval of
solvent was recrystallized from diethyl ether to give a white
selid, compound 5. A similar procedure was adopted to pre-
pare of compound 6 except to use PhLi (2.63 mL, 4.7 mmol)
in cyclohexane and diethylether; the product was obtained
upon sublimation at 80 °C. Compound 5 mp 104-106 °C;
Yield: 43%; IR (Nujol, cm’'Yy: 2953 (m), 1475 (m), 1462 (m),
1395 (m), 1200 (m), 983 (m), 830 (m}, 830 (m}, 764 (m}. 'H
NMR (CeDe) & -0.32 (s, 6H, Al{CHs)), 1.08 (d, 24H,
NCH(CHs): J = 6.6 Hz) ppm, 1.27 (s, 9H, C(CHa}s), 3.13
(sep, 4H, NCH{(CH:),, J = 6.6 Hz); "C NMR (C¢Ds) § -3.41
(AI(CHa),}, 25.53 (NCH(CHs):), 14.93 (C(CHs)s), 46.96
(NCH(CHs)2) ppm, 34.68 (C{CHs)s); Al NMR (CeDs) &
152 (broad) ppm; Mass spectrum (70 eV, ten most intense
features, m/z); 124, 44, 138, 86, 57, 281, 142, 223, 180, 323.
Anal. caled: C, 63.90; H, 12.72; N, 8.28; found: C, 63.51; 1,
12.45; N, 8.10.

Compound 6. mp 112-114 °C; Yield: 56%; IR (Nujol,
cm’'): 3049 (s), 3000 (5), 1600 (m), 1500 (m), 1388 (s), 1357
(s}, 1300 (m), 1223 (m), 1194 (s}, 1138 (s), L1118 (s), 1061
(m}, 969 (s), 908 (s), 837 (m), 785 (m), 704 (m), 653 (m),
612 (m). 'H NMR (CsDs) 3 -0.30 (s, 12H, AI(CHi)2), 1.15
(d-d, 48H, NCH{CHs);, J = 6.6 Hz), 3.20 (sep, 81,
NCH(CHa), /=6.3 Hz), 7.84 (d, 2H, CeHs, J=2.1 Hz), 7.43
(t, 2H, CsHs, = 2.1 He), 7.35 (1, 1H, CsHs, J= 1.8 Hz) ppin;
PC NMR (CeDe) & -3.30 (AI(CH3)2), 25.61 (NCH(CHa)a),
46.68 (NCH(CH;),), 126.64 (CsHs), 128.53 (CsHls), 140.19
(CsHs), 160.88 (CsHs) ppmn; “"Al NMR (CeDs) 8 154 (broad)
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ppm; mass spectrum (70 eV, ten most intense features, M/z):
36, 124, 142, 78, 57, 281, 101, 100, 209, 156. Anal. calcd:
C, 67.04; H, 10.89; N, 7.82; found: C, 66.60; H, 10.67, N,
7.72.

MezAl(-NG-Pr)2)(-Me)Mg(u-NG-Pr)2) (1-Me)AlMez] 7

AlMes (2 M, 51 mL, 102 mmol) in toluene was added
dropwise to a stirred sofution of Mg(N(i-Pt)s), (7.62 g, 34
mmol) in diethy! ether (100 mL) around 30 *C under nitro-
gen. After 12 h, a pale yellow solution was obtained, which
after removal of diethy] ether under vacoum, gave a pale yel-
low solid. The crude product was rccrystallized trom di-
ethyl ether to field colorless crystals. mp 76-78 "C; 'HNMR
(CeDg) & -0.28 (s, 18H, (W-CHDANCH:)., 1.06 (d, 24H,
NCH{CH1), J = 6.6 Hz), 3.28 (sep, 4H, NCH(CHs),, J= 6.6
Hz) ppm; °C NMR (CiDg) 8, -5.40 (u-CHa)AICHs, 25.32
(NCH(CHa)z), 47.73 (NCH(CH3),) ppm; Al NMR (CeDy),
& 155 {broad) ppmn; mass spectrum (30 eV, ten most intense
features, m/z): 142, 57 124, 196, 156, 84, 43, 157, 197, 198.

iMeANU-N(i-Pr)22Mg(u-Me)2AlMez | 8

AlMes, (2 M, 3.40 mL, 6.8 mmo!l) in toluene was
added dropwisc to a stirred solution of A (2.00 g, 7 mmol) in
tolaene {100 mL) around 30 °C under nitrogen. After8h,a
pale yellow solution was obtained, which afier removal of
toluene wnder vacoum, gave a pale yellow solid. The crude
product was recrystallized from toluene to obtain a white
solid. mp 69-72 °C; IR (Nujol, em'): 2972 (m), 2878 (m),
1460 (), 1374 (m), 1318 (w), 1227 (m), 1134 {m), 1060
(w), 969 (m), 910 (m), 835 (m), 789 (m), 760 (m), 699 (m),
577 (m). "L NMR (CeDe} § -0.38(s, 6H, p-CHs), -0.27 (s,
12H, AXCH,)), 1.132 (4, 24H, NCH{CH;) J = 6.6 Hz), 3.36
(sep, 4H,- NCH(CH,) J = 6.6 Hz) ppm; "C NMR (CsDo) &
-6.64 (U-CHy), 378 (ANCHy)y), 27.20 (NCH(CH,)), 27.13
(NCH(CH:) ppm; ¥Al NMR (CsDs) 8 152 (broad); mass
spectrum (30 eV, the ten most intense features, m/z): 142,
44, 124, 86,228, 57, 212, 281, 123, 339.

Structure Determination

Single crystals for xray measurements were sealed in
glass capillaries. [ntensity data were collected using a 9-28
scan mode and corrected for absorption and decay. All
structures were solved by a direct method and refined with
full-matrix least-squares on . In the final cycle all non-hy-
drogenic atoms were refined anisotropically and ail hydro-
gen atoms fixed at idealized positions. Scattering factors
for neutral atoms and anomalous scattering coefficients for
non-hydrogen atoms were taken from the literature.'” Al
calculations were carried out with either a computer (Micro
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VAX 3600) using the NRC VAX program package'' for 7, or
a computer (SGI R4000) using the teXsan program package.
Data collection and cryatal parameters are summarized in
Table 1.

RESULTS AND DISCUSSION

Reactions of Compound A with Pyrazole

The reaction of compound A with pyrazole (in equi-
molar proportions) produced [Me Al(u-N{i-Pra)s): Mg (UL
Pz)); 1 and methane through metathesis (eq. 1}, The 'H
NMR spectrom displays chemical shifts 8 = 7.84 (d) and
6.27 (1) ppm in the integral ratio 2: 1, the "*(C NMR spectrum
shows chemical shifts at § = 107.01 and 142.35 ppm for iC-
H and “C-H of pyrazolide. The chemical shifts & = 0.94 (d)
and 1.32 (d) are due to methyl groups on isopropyl. The sin-
glet at § = -0.08 pprm is assigned (o methyl groups attached
to the aluminum atoms, Mass spectrai data show a base-ion
peak at m/z = 681 assigned to the dimer with cleavage of one
methyl group. Hence the structure has retained the AbMg,
framework.

Py ~Br
N L
CH, N
~ - ~
/Al\ My — Tk + N (e
CH, W -
~
iPr i-Pr
i-Pr i-Pr @ iPr i-Pr
S, ~
CH, N d - N N ~ N CH,
R e v N7 (1)
CH, >N \N N/ \N P

Py
~
i-Pr ~Pr @ i-[’r/ }Pr

On varying the molar ratio of compound A to pyrazole from
1:1 to 1:3, we obtained a pale yellow product distinct from
the above product. The metathetical reaclions occur not
only at magnesium-alkyl bonds, but also at aminobridges
accompanied by élimination of methane and amine. Upon
sublimation, colorless crystals of two kinds were obtained
and their structares were elucidated with xray diffraction
analysis. The more volatile crystal was [(Me Al{p-pz)e-
AlMez] 2, and the other was [Me: AHu-pe):Mg(l-pz)-
AlMe;] 3. Both compounds have an Al:Mg, framework
with pyrazolides replacing amides as bridging ligands. In
compound 2, two pyrazolide groups serve as bridges be-
tween the two metals. A six-membered ring consists of Na
on these two pyrazolide groups and Alz. The six-membered
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Table 1. Crystallographic [ata and Refinement Results.
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2 3 7
formula Al CioH 15Ny AbMpC sHauNg AlMgCysHasN2
molst mass/g 248.24 406.69 368.84
Diffractometer Rigaku AFC7S Rigaku AFC6S Enraf-Nonius
Crystal system wiclinic triclinic Monoclinic
Space Group P1(#2) P1{#2) P2y/n
alh 9.071(2) 8.8584(8) 11.632(4)

b,/A 12.367(2) 16.925(2) 14.003(3)

c/A 7.140(1) 8.2233(9) 15.741(4)

a,/deg 100.12(1) 97.88(1)

Bodeg 104.78(1) 105.975(7) 102.43(2)

vidog 100.89¢2) 90.353(9)

VA 739.0(3) 1172.9(2) 2503.7(12)

Z 2 2 4

Deale/gml.? 1.116 1.151 0.979

A 0.71069 (M, K.) 1.54178 (Cu K.) 0.70930 (Mo Ka)
F(000) 264.00 428.00 824

Crystal dimens ions /mmp 033 x0.50x0.75 0.33 x 0.33 X 0.66 D.20 % 0.40 x 0.50
2B 50.0° 1203° 45.0°

no.of meas. reflns 2798 3758 3340

no of obsed relfns 1736 [1 > 3.006()] 2705 [1>3.00a(I)) 1327 [>2.00a(D)]
no. of unique reflos 2615 3458 3271 .

R, R 0.042;0.052 0.044:0.044 0.065;0.052
Weight scheme 1.006%(Fy) 1.0/6%(F) 1/5%(F,)

Max peak in diff. map,ch'3 0.19 021 028

No. of Variables 145 244 200

ring has a boat-shaped conformation (Fig. 1). Selected bond
distances and angles are listed in Table 2. Two Al atoms ex-

Fig. 1. Side view of [MezAl(p-pz),AlMe,] (2).

istin a distoried tetrahedral environment; for example, bond
angles around Al(1) of C(8)-Al(1)-C(10), C(8)-Al(1)-N(1),
N()-AI(1)-N(3) and N(3)-Al(1)-C(10) are 1 18.8(1),
111.1(2), 99.28(5) and 106.95(6) deg, respectively,

The structure of compound 3 is ilfustrated in Fig, 2.
Both six-membered rings have a distorted boat conforma-
tion. The Al and Mg atoms also exist in a distorted tetrahe-
dral environment. Selected bond disiances and angles are
shown in Table 2.

Reaction of Compound 4 with LiR (R = Ph, t-Bu)
Compound A reacted with chloroform to produce a
crystalline product characterized by elemental and spectral
analyses 10 be [Me; AL(U-N(i-Pr),).MgCli, 4. Campound 4
reacted with t-Buli to produce compound 5 and LiCl ac-
cording to eq (2). Single crystals of compound 5 were not
obtained. The structure is consistent with elemental and
spectral data; 'H NMR spectea contained chemical shifis at
8 = -0.32 (s, 61} 1.08 (d, 2411), 1.27 (s, 9H), 3.13 {sep, 4H}
ppm assigned to the methyl group attached to aluminum at-
oms, methyl groups of isopropyl amine, methyl groups of t-
butyl, and the methine group of isopropyl amine respec-
tively. Mass spectral data contain the base ion peak m/z at
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Table2. Selected bond Distances/A and Angles/deg 323 assigned to monomer less one methyl! group. As the t-

MesAl(u-P2)): (2) butyl group is bulky, it is expected that the compound can

€XISL 48 4 MOnoMmer.
Al{1)-N(1} 1.923(1)  C(L-C3) 1.363(3)
AK1)-C(8) 1.939(3) C(H-C(3) 137D
AN2)-N(2) 1.914(1)  ANl1)-N{3) 1.920(2) iPr  i-Pr
AN2)C(H) 1.939(6)  Al(1)}-C(10) 1.953(1) N 7
N{LNQ) 1.36%(1)  Al2)-N@) 1.927(4) CHs N
N-C(L) 134403y  AN-C(TN) 1.950¢4) ~ a0 .
N3WC(6) 1347 N(-C(2) 1.339(5) s N My — Cl +  ILiC{CH3)3
? M
N(1}-AK1)-N(3) 99.3(1) N3-AND-CE)Y 110.3(1) PN
N(D-ALD-C(10)  1087(1)  C&-AI(I-C(10)  118.8(1) ipr iPr 2
N(3)-Al(1)-C(10) 107.0(1)  AW(L)-NQ)-C2) 126.7(3)
Al(1)-N(1)-N(2) 126.2¢1)  AI2)y-NE}N(1) 125.9(1) i-Pt iPr
NE2)-N{1)-C(2) 107.1(3)  N(D-N(2)}-C(1) 107.0(1) -2LiC) cH \N e
AKD-N(G-N{4) 126.7(1)  Al(1)-N(3)-C(6) 126.5(2} ’ AR a2
N@2)-C(1-C(3) 110.7(6)  N(1)}-C(2)-C(3) 110.7(6) —= 2 \u Mg — CMe; )
N(D-AWEH-C(B) 111.1¢2)  C(1)-C(3)-C(2) 104.4(7) CH,/ \N/
N
(Mez Al(u-Pz)sMg(p-PayAlMes) (3) i-Fr P

AI(1-N(1) 1.923(3)  A(1)-N(8) 1.920(3) o . N b
AL)-C(13) 194327 AI(1)-C(14) 1.951(4) ‘ The reaction O.t compound 4 v».'nh LiPh yielded the
Mg(1)-N(2) 2.047(3)  Mp(1)}-N(T 2.039(3) solid product 6 that is well characterized by elemental and
N(1)-N(2) 1.365(3) N(1)-C(I) 1.336(4) 5. ,vC=C is ob at 1601
N()-C0) 133204)  NCHN(E) 1,36303) spectral analee% In IR spectra, vC ‘ Ciso S.el”vt?d at 16
N(T-C(10) 1335(4)  N(8)-C(12) £.341(4) and 1501 cm™ and some overtones of phenyl rings appear at
C(1)-C(2) 1371(5)  C(10)-C(11) 1.369(5} 1937, 1865, 1810 and 1744 cm™. The 'H NMR spectrum
C)-C(3) 1.354(5) CQ1)-€Q12) 1.361(5)

shows and phenyl signals 8 = 7.842 (m, 2H), 7.432 (m, 2H)
N(1}-Al(1}-N(8) 102.2(1)  N(-C(1)-C2) 109.9(4) and 7.356 (m, 1H) ppm. The structure is expected to be the
N{1}-Al(1)-C(14) 108.6(2) N@O-COH-C2) 111.5(4)
N(B)-AL(1)-C(14) 108.002) N(®)-C(12)-C{11y  109.5(4)

N(1)-Al{1)-C(13) 108.3(2) COM-C(11)-C(12) 104.1¢4) le»/\\
N{&)-AL1)-C(13)  107.4(1) N(2)-Mg(1)-N(6) 1167(1) =
COM-AKD-C4)  1208(2)  N{6)-Mpg(1)-N(7) 113.3(1) =i

N(2)y-Mg(1)-N(3) 108.4(1)  AKD)-N(1)-C(1) 127.1(3)
N-Mg(D-M(Ty  101.4{1)  Mg(1)-N(2)-N(1} 124.9(2)
NGMMg(1-N(7)  1160(1y  N(D-N(2)-C(3) 106.5(3)
Al(1)-N(1)-N(2) 124.7(2)  Mg{HyNT73-CQ0)  127.8(3)
N{(2}-N(1)-C(1) 107.8(3y  ALD-N(E-N(T) 123.6(2)
Mg(d)-N(2)-C(3) 128.0(3)  N(7)-N(B)-C(12) 108.4(3)
Mg(1)-N(7)-N(8) 125.3(2)  N7RN0-C(1l)  111.5(4)
N(3)-N(1)-C(10) 106.0(3)  C()-C(2)-C(3) 104.3(3)
A(-NEB-C(12)  126.6(3)

{Mer Ap-NG-Pria] {(u-MeMglu-N(i-Pria}(u-Me)AlMe, } (7)

Mg A1) 2804(4)  AHD-C(3) 1.966(9)
MgAl2) 2791(4)  A{1FC4 1.958(8)
Mg-N(1) 2102(6)  AL2)-N2) 1.953(6)
Mg-N(2) 2114(6)  ANZ-CD) 2.048(9)
Mg-C(1) 2316(8)  Al2ZC(5) 1.968(9)
Mg-C(2) 2271(8)  N(D-C(7) 1.490(8)
AND-N(D 1.980(6) C(T-C(8) 1.51(L)

AlB-C(1) 2.122(8)  C(16)-C(17) 1.52(1)

N(L-Mg-N@2) 150.4(2)  Mg-N(1)-AlD) 86.7(2)

N(1)-Mg-C(1) 91.3(2)  Mg-N{1)-C(7) 122.0(4)
N(1-Mg-C(2) 109.8(3)  Mg-N(1)-C(1D) 113.0(4)
N(2)-Mg-C(1) 1057(3)  AKD-N(D-CT 10744
N(2)-Mg-C(2) 802(3)  AWDN(L-C(10)  110.8(4)
C(1)-Mg-C(2) 105.6(3)  C(D-N(1)-C(0y  1132(5)

N{1-AK1)-C(1) 100,903} Mg-C(1)-Al(1) 78.2(3}
N(J-AL)C(3)  1142(3)  Mg-C(2)-Al(2) 80.3(3)
N{D-A1-C{4) 112.8(3}  N(1)-C{7)-C8) 117.2(6}
COY-AKD-C3) 109.1{3) Ig{(é;-g((:i/)}gg; i ig;gg;
CD-AKD-C(4) 106.2(4) E - . _y . - ANz Ma(i-pz)s-
C3)-AK1)-C() 112.6(4) Fig.2 ig;[fi]}’(;;:awmg of [Me:Al(u-pz)-Mg{p-pz)2
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dimer with MgPh,."?

Reaction of Compound A with AlMes

In previous investigations we demonstrated that
{Mg(N-iPr}2] reacted with AlMe, in the ratio 1:1 to give
compound (A), vhich exists as a dimer in solution.* When
the stoichiometry of {Mg(N-iPrz),] to AlMe; was varied to
1:3, compound 7 was obtained. Compound 8, a geometrical
isomer of 7 was further synthesized by the reaction of com-
pound A with AlMes in a molar ratio 1:1. Temperature-de-
pendent NMR experiments were performed in order to
probe the fluxionality of methyl groups in [MeAl(p-
NiPr)}(U-Me)Mg(u-NiPr)(u-Me)AlMe,] 7 (vide supra).
The molecular structure of compound 7 was determined by
xray diffraction; an ORTEP diagram appears in Fig. 3. Both
the amido and methy! groups act as bridging ligands be-
tween aluminium and magnesinm atoms. Al(1), N(1), Mg
and C{1) and Al{2), N(2), Mg and C(2) respectively make up
two nonplanar heterocyclic four-membered rings in a spiro
form. Asthe amido ligands stretch outward due to the bulky
isopropyl groups, the Al-Mg-Al angle deviaies from lineat
Al-Mg-Al 10 129” " The distance between Al(1) and C(1) at
2.122(8)A is greater than that of AK1)-C(3), 1.966(9A, due
to the electron-deficient nature of bridging methyl ligands.
The bond distances Mg-C{1} and Mg-C(2) at 2.316(8) and
2271(8)A respectively are within the typical range of a Mg-
C bond in a bridging mode. Selected bond distances and an-
gle of 2, 3 and 7 are presented in Table 2.

Variable-temperature NMR spectra recorded for com-
pound 7 are shown in Fig. 4. Upon cooling to -30 °C the
septet due to methine protons of the isopropyl group splits
gradually. By -50 °C, the signal splits into two sets of sep-
tets. The methyl protons of isopropyl that show a doublet
wnitially split into an octet {expected to arise from a doublet

Ay L12
c11

]

Ok

(s g@?

C

Fig. 3. ORTEP drawing of [Me:ANU-N(iPr)){n-Me)-
Mg(u-N{iPr2))(p-Me)AlMe; (7).

Chang et al.

of quartets) and became broader due to poor resolution at
low temperature. This behaviour is expected to result from
the distinct chemical enviroments among four methyl
groups of two isopropyls on each nitrogen or four isopropyl
groups on two nitrogen atons.

The reaction of compound A with AlMe; in a 1:1 mo-
lar ratio involves formation of [Me Al(u-N{i-Pr).).Mg(p-
Me)AlMe,] 8 considered as an isomer of compound 7.
Compound 8 was thermally unstable and readily converted
to compound 7 either on heating or on standing for a few
days. Compound 8 on attempted recrystallization from di-
ethy! ether readered the starting material compound A. H
NMR spectra contain chemical shifts & at -0.38 (s, 6H),
-0.27 (s, 1 2H), 1.13 (d, 24H) and 3.36 (sep, 4H) ppm, as-
signed to the bridging methy} group between Al and Mg, the
terminal methyl group attached to the Al atom, the methylin
isopropyl groups, and the methine group respectively. 'H
NMR spectra of compound 8 at varied temperatures (Fig. 5)
show that, when the temperatuore is increased gradually from
25 °C to 80 °C, iwo signals that correspond to distinct
methyl groups merged into a singlet characteristic of com-
pound 7. Hence compounds 8 and 7 may be geometrical
1Somers.

Careful scrutiny of mass spectral data revealed two
major differences between compound 7 and 8. The line at
m/z 281 assigned to the ion fragment of [Me:AI{N(-
Pr.)1:Mg]" in compound 8 is not found in compound 7; con-
versely, the live at m/z 196 assigned to the fragment of
(Me AI(L-Me)N(I-Pr)Mg]” in compound 7 is absent from
the spectrum of compound 8. On the basis of this evidence

-30°C JM—' reem temp.30 °C L

—_ A

-40°C JM‘ 20°C JA
-~ — A
-spec J& 10°C
— A A

~60°C o°C ﬂu
— A

-70°C ﬁh -10°C V‘
p——

-§0°C i) -20°C
NP S

I Y el
1.5 00 1.8, 23 3. 5

&/ppm &/ppm

A
T Ima
. o 1

Fig. 4. Temperature dependent '"H NMR spectrum for
[Me, Al(p-N(iPrs) )(n-Me)Mg (1-N(iPr2) )(u-Me}
AlMe: (7).
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30°C j

Mo
—

& eC
- 1‘\
l
40 *C !
{
H
2570 ,
|
i
. S AN
R L s —— -
s z.0 I o = 40 .05 00

Fig. 5. Temperature-dependent 'H NMR. spectra for
[Mea Al (p-N(iPrz)): Mg (p-Me 2 AlMe;] ().

g = & 1-Pr i-Pr
NP ]
CE O NN A
“al Mg Al
s | \_T SN
E g B i-Pr 1Pt

Fig. 6. Structure of [Me2Al(p-Me Mg (-N{(iPry))2-
AlMey] 8.

and possible cracking models, we propose that the com-

pound 8 has the structure shown in Fig. 6.

CONCLUSION

As we demonstrated previou sly,’s whatever nucleo-
philic or electrophilic reagent is used for reaction with com-
pound A, activation at the bridging magnesium-carbon bond
is more pronopunced than at the bridging aluminum-nitrogen
bond. In the present set of compounds, we noticed the same

phenomenon.
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