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S1. Experimental Details

General Procedures

All of the reactions and manipulations of air- and moisture-sensitive compounds were carried out
under argon or nitrogen with standard Schlenk or drybox techniques. The solvents (toluene, THF, Et,O and
DME) were dried using appropriate methods and were distilled under argon prior to use. Benzene-dg and
THF-dg were dried over Na/K alloy. The o-diimine ligand L was prepared according to literature
procedures.’ Sodium metal, anhydrous aluminum chloride (AICIs), pyridine (Py), 4-picoline, 3-picoline,
and 2-picoline were purchased from Alfa Aesar. NMR spectra were recorded on a Mercury Plus-400
spectrometer. Elemental analyses were performed with an Elementar VarioEL Il instrument. EPR spectra
were recorded on a Bruker E500-9.5/12 spectrometer at room temperature by using a standard resonance

cavity. IR spectra were recorded using a Nicolet AVATAR 360 FT-IR spectrometer.

Synthesis
Synthesis of [L(Py)AI-Al(Py)L] (2)

Fig. S1. Molecular structure of 2 (thermal ellipsoids are set at the 20% probability level; H atoms and iPr
groups of ligand L are omitted for clarity). Selected bond lengths (A) and angles (9: AlI-AIA 2.685(2), Al-
N1 1.863(3), AI-N2 1.866(3), AI-N3 2.060(3), C1-N1 1.432(4), C2-N2 1.440(4), C1-C2 1.348(5), N1-
AI-N2 89.50(13), N1-Al-AIlA 127.83(11), N2-Al-AlA 128.14(11). Symmetry code: (A) 1-x, 1-y, 1-z.

Pyridine (2.0 mmol) was slowly added to a solution of precursor [L(THF)AI-AI(THF)L] (1)* (1.0
mmol) in 30 mL of toluene, and the color changed from deep-red to brown. The mixture was stirred at
room temperature for 1 day and then filtered, and the filtrate was concentrated to about 5 mL. Dark red
crystals (0.940 g, 92%) of complex 2 were grown by slow evaporation of the toluene solution. ‘*H NMR

(400 MHz, C¢Dg): 6 = 0.80 (br, 12H; CH(CHa),), 1.18 (br, 12H; CH(CHy),), 1.64 (s, 6H; CCHy), 3.34 (br,
S2



4H; CH(CHs),), 6.43 (br, 2H; Py), 6.78 (br, 1H; Py), 7.07-7.12(m, 6H; Ar), 8.48 (br, 2H; Py). *C NMR
(101 MHz, THF-dg): 6 = 15.4 (N-CCHj), 24.8 (CH(CHs),), 25.0 (CH(CHs),), 28.0 (CH(CHs),), 119.6
(N—CCHs), 123.4, 1235 (Py), 124.2, 124.3 (Py), 135.2 (Py), 136.6, 147.9 (Ar), 150.3 (Py). IR (Nujol,
cm™): 2922 s, 2855 s, 1609 m, 1460 s, 1377 s, 1313 m, 1246 m, 1207 w, 1170 w, 937 w, 787 m, 725 m,
696 w, 638 w, 430 m. Elemental analysis calcd. for CesHgoAlNg (1021.45): C 77.61, H 8.88, N 8.23.
Found: C 78.09, H 8.89, N 8.00%.
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Fig. S2. "H NMR spectrum of 2 in C¢Ds.
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Fig. $3. *C NMR spectrum of 2 in THF-ds.

Synthesis of [{LAI(pyridyD}e] (3)

Compound 2 (160 mg, 0.157 mmol) was dissolved in 10 mL toluene in a sealed tube, and the solution
was stirred at 80 T for 24 hours. The color of the solution changed from brown to dark blue. The reaction
mixture was filtered and the filtrate was concentrated to about 5 mL. Blue crystals were grown at —20 °C
(0.120 g, 75%). *H NMR (400 MHz, THF-dg): 6 = —0.17 (d, 3H; CH(CHs),), 0.41 (d, 3H; CH(CHs),), 0.82
(d, 3H; CH(CHy),), 0.89 (d, 3H; CH(CHy),), 1.01 (d, 3H; CH(CHa),), 1.09 (d, 3H; CH(CHya),), 1.22 (br, 6H;
CH(CHs3),), 1.53 (s, 6H; CCHg), 3.10 (m, 1H; CH(CHz3)y), 3.40 (m, 1H; CH(CHj3)y), 3.51 (m, 2H;
CH(CHjy),), 6.78-7.13 (m, 6H; Ar), 7.19 (d, 1H; Py), 7.38 (m, 1H; Py), 7.51(s, 1H; Py), 8.78 (s, 1H; Py).
C NMR (101 MHz, THF-dg) 5 = 14.1 (N-CCH), 14.3 (N-CCH), 16.4 (N-CCH3), 18.4 (N-CCH3), 19.1
(N—CCHj3), 22.7 (CH(CHj3)y), 23.0 (CH(CH3)y), 23.2 (CH(CHy)y), 23.6 (CH(CHy3),), 24.0 (CH(CHj3),), 24.3
(CH(CHa),), 25.9 (CH(CHy3),), 26.0 (CH(CHj3),), 27.5 (CH(CHa),), 27.8 (CH(CHs),), 28.1 (CH(CHy)y),
28.2 (CH(CHg3)yp), 28.6 (CH(CHs3),), 29.2 (CH(CHs),), 120.0 (N—CCHj3), 121.1 (N-CCHjy), 123.1, 123.3,
123.8, 124.0 (Py), 124.4, 124.7, 125.0, 135.4 (Py), 136.6 (Py), 142.3, 142.8, 143.8, 144.0, 146.9, 147.4,
147.5 (Ar), 148.3 (Py), 148.5 (Py). IR (Nujol, cm *): 2922 s, 2855 s, 1605 w, 1460 s, 1377 s, 1253 w, 1153
w, 1211 w, 723 m. Elemental analysis calcd. for Cy9gH264AlIgN1g (3058.31): C 77.76, H 8.70, N 8.24. Found:
C 78.25,H 8.75, N 7.75%.
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Fig. S4. 'H NMR spectrum of 3 in THF-ds.
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Fig. S5. *C NMR spectrum of 3 in THF-dg.
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Fig. S6. Space filling model of complex 3 showing its size.
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Fig. S7. DOSY spectrum (400 MHz, THF-dg, 298 K, log D = —9.40) of 3.

Diffusion coefficients and hydrodynamic radii are correlated theoretically by the Stokes-Einstein

Relation (Equation S1): r = 6:% where D is the diffusion coefficient (107°“° = 3.98x10™"° obtained from

Fig. S7), k is the Boltzmann constant 1.38x10%* m? kg s K™), T is the temperature in Kelvin (298 K), 7 is
the viscosity of the solvent (THF 5.01x10 kg m™ s™)°, and r is the radius of the molecular sphere.

r(3) = 1.38x10%°x 298/(6x 3.14x5.01x 10*x 3.98x 10%=1.09x10° m = 10.9 A
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Fig. S8. Variable-temperature "H NMR spectra of compound 3 (THF-dg, 400 MHz).

Synthesis of [L(4-picoline)Al-Al(4-picoline)L] (4a), [L(3-picoline)Al-Al(3-picoline)L] (4b) and
[L(2-picoline)Al-AIL] (4c).

In a similar procedure to that for compound 2, 4-picoline, 3-picoline, or 2-picoline (2.0 mmol) was
slowly added to a solution of dialumane 1 (1.0 mmol) in 30 mL of toluene, and the mixture was stirred at
room temperature for 1 day, upon which the color changed from deep-red to brown. The reaction mixture
was filtered and the filtrate was concentrated to about 5 mL. Dark red crystals of 4a—4c were crystallized

by slow evaporation of the toluene solution for several days.

Fig. S9. Molecular structure of 4a (thermal ellipsoids are set at the 20% probability level; H atoms and iPr
groups of L are omitted for clarity). Selected bond lengths (A) and angles (9: AI-AIA 2.6789(9), AI-N1
1.8663(13), AI-N2 1.8631(12), AI-N3 2.0612(13), C1-N1 1.4300(18), C2-N2 1.4293(18), C1-C2
1.342(2), N1-Al-N2 89.28(5), N1-AIl-N3 99.76(5), N3-Al-AlA 106.18(4), N1-Al-AIA 127.57(4), N2—
Al-AIA 128.13(5). Symmetry code: (A) 1-x, 1-y, 1-z.
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Complex 4astoluene (0.98 g, 86%): *H NMR (400 MHz, C¢Dg): 6 = 0.82 (br, 12H; CH(CH,),), 1.20
(br, 12H; CH(CHy3),), 1.62 (s, 3H; 4-picoline), 1.68 (s, 6H; CCHj3), 2.12 (toluene), 3.38 (m, 4H; CH(CHys),),
6.34 (br, 2H; 4-picoline), 7.01-7.14 (toluene), 7.14-7.23(m, 6H; Ar), 8.49 (br, 2H; 4-picoline). **C NMR
(101 MHz, C¢Dg): & = 15.6 (N-CCHj3), 20.8 (4-picoline), 21.5 (toluene), 24.8 (CH(CHs),), 25.8
(CH(CHsy),), 28.1 (CH(CHj3)y), 121.8 (N—CCHj3), 123.5 (4-picoline), 124.4, 125.3 (4-picoline), 125.7
(toluene), 127.9 (4-picoline), 128.2, 128.6 (toluene), 129.3 (toluene), 137.9 (toluene), 146.7 (Ar), 147.7
(4-picoline). IR (Nujol, cm™): 2947 s, 2855 s, 1622 m, 1460 s, 1377 s, 1315 w, 1244 m, 1209 w, 1171 w,
1204 w, 937 w, 813 w, 785 m, 725 s, 569 w, 544 s, 494 w, 428 m. Elemental analysis calcd. for
CegHosAlNg-toluene (C7sH1g2AILNg 1141.58): C 78.91, H 9.01, N 7.36. Found: C 78.42, H 9.15, N 7.74%.
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Fig. S10. "H NMR spectrum of 4a in C¢Ds.
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Fig. S11. C NMR spectrum of 4a in CgDe.

Complex 4b (1.068 g, 93%): *H NMR (400 MHz, C¢Ds): d = 0.85 (br, 12H; CH(CHa),), 1.12 (Et,0),
1.20 (br, 12H; CH(CHy),), 1.64 (s, 6H; CCHg3), 1.70 (s, 3H; 3-picoline), 3.28 (Et,0), 3.41 (m, 4H;
CH(CHa)y), 6.41 (br, 1H; 3-picoline), 6.68 (br, 1H; 3-picoline), 7.12-7.18(m, 6H; Ar), 8.08 (br, 1H;
3-picoline), 8.45(br, 1H; 3-picoline). IR (Nujol, cm™): 2924 s, 2854 s, 1612 m, 1460 m, 1377 s, 1315 s,
1244 m, 1207 w, 1173 w, 1120 w, 1063 w, 937 w, 985 m, 723 m, 658 w. Elemental analysis calcd. for
CesHosAlLNg (1149.45): C 77.82, H 9.03, N 8.01. Found: C 77.93, H 9.01 N, 7.75%.

Fig. S12. Molecular structure of 4b (thermal ellipsoids are set at the 20% probability level; H atoms and iPr
groups of L are omitted for clarity). Selected bond lengths (A) and angles (9: Al-AIA 2.6677(8), AI-N1
1.8616(12), Al-N2 1.8676(12), AI-N3 2.0675(12), C1-N1 1.4338(18), C2-N2 1.4353(18), C1-C2
1.345(2), N1-Al-N2 89.97(5), N1-Al-N3 98.96(5), N3-Al-AlA 107.15(4), N1-Al-AIA 128.34(4), N2-
Al-AIA 126.62(4). Symmetry code: (A) 1-x, 1-y, 1-z.
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Fig. S13. *H NMR spectrum of 4b in C¢Ds.

Complex 4cetoluene (0.655 g, 57%): IR (Nujol, cm%): 2955 s, 2855 s, 1643 m, 1460 s, 1377 s, 986,
727 s, 694 m, 496 s. Elemental analysis calcd. for Ce,Hg;Al,Ns-toluene (1148.52): C 79.04, H 9.13, N 6.68.
Found: C 78.55, H 9.02, N 7.03%. EPR (THF, 295 K): frequency 9.826 GHz, g = 2.000.

Fig. S14. Molecular structure of 4c¢ (thermal ellipsoids are set at the 20% probability level; H atoms and iPr
groups of L are omitted for clarity). Selected bond lengths (A) and angles (9: Al1-Al2 2.6043(15), Al1-N1
1.848(3), AI1-N2 1.843(3), AI1-N5 2.027(3), AI2-N3 1.823(3), Al2-N4 1.819(3), C1-N1 1.434(5), C2—
N2 1.444(5), C1-C2 1.336(5), N3-C29 1.427(5), N4-C30 1.436(5), C29-C30 1.338(6), N1-Al1-N2
117.60(12), N1-Al1-N5 112.10(14), N2-Al1-N5 114.00(14), N5-AI1-Al2 95.29(10), N3-Al2-N4

90.00(15).
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Fig. S15. *H NMR spectrum of 4c in C¢Ds.
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Fig. S16. X-band EPR spectrum of 4c in THF at room temperature. Experimental conditions: frequency =
9.826 GHz (g = 2.000).
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Fig. S17. *H NMR monitoring reveals changes after heating 4a for 12 hours at 80 <C in C¢De.

S2. X-ray Crystallographic Analysis

Diffraction data for complexes 2, 3 and 4a—4c were collected on a Bruker SMART APEX Il
diffractometer at 150 K (for 2, 3, 4b and 4c), 159 K (for 4a) with graphite-monochromated Mo Ka
radiation (A = 0.71073 A). An empirical absorption correction using SADABS was applied for all data.
The structures were solved and refined to convergence on F? for all independent reflections by the
full-matrix least squares method using the SHELXL~2014 programs® and OLEX2 1.2.°

In compound 3, about 7 molecules of toluene (about 7 toluene molecules per formula, Z = 1) are
co-crystallized, with the corresponding electron density (364 electrons) being removed. In compound 4c,
about 4 molecules of toluene (about 1 toluene molecules per formula, Z = 4) are co-crystallized, with the
corresponding electron density (204 electrons) being removed., using the SQUEEZE routine implemented
within the software program PLATON,’ and the resulting .fab file was processed with OLEX2 1.2 using
the ABIN instruction. Crystallographic data and refinement details for compounds 2, 3 and 4a—4c are given
in Table S1-S3. CCDC numbers 2020863 (for 2), 2020867 (for 3), 2020864 (for 4a), 2020865 (for 4b),
2020866 (for 4c). These data can be obtained free of charge from the Cambridge Crystallographic Data
Centre www.ccdc.cam.ac.uk/data_request/cif.

Molecules of complexes 4a and 4b possess crystallographically imposed inversion centers in the
center of the line that connects the metal atoms. The Al atoms in 4a and 4b exhibit distorted tetrahedral
geometry with considerably longer Al-Ngy40 distances (1.8616(12)-1.8676(12) A) for the
four-coordinate Al atom than those in 4c (1.848(3) and 1.843(3) A), and these bonds are much longer than
those of the three-coordinate Al center (Al2, 1.823(3) and 1.819(3) A) in 4c. Besides, the dative AI-N,,
(2.027(3)-2.0675(12) A) bonds are markedly longer than the above covalent Al-Ngiimine bonds. The
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observed Al-Al bond lengths in 4a and 4b (2.6789(9)-2.6677(8) A) are close to that in 1 (2.658(2) A) and
2 (2.684(2) A) but are longer than that in 4c (2.604(2) A).

Table S1. Crystallographic data and refinement details for compounds 2 and 3.

Compound

Empirical formula
Fw

Crystal system
Space group

alA

b /A

c/A

al®

Bl

yl<

VIR

z

Deaclg cm™

F (000)

p/mm™

Reflns collected
Independent reflns
Reflns [I >24(1)]
Rint

Ri; WRy [I >20(1)]
R1; WR; (all data)

2 3
CesHooAlNg-toluene C1ogH264AlgN15- 7t0luene
1113.53 3703.29
Monoclinic Triclinic
P2,/n P-1
12.469(8) 17.0990(17)
13.297(8) 18.593(2)
19.852(13) 21.710(2)
90 110.622(3)
97.499(19) 112.963(3)
90 90.689(3)
3263(4) 5857.9(10)
2 1
1.133 0.867
1208 1656
0.090 0.071
21065 74989
6160 21315
4857 10198
0.0361 0.1187

0.0988; 0.2331
0.1177; 0.2470

0.0827; 0.1623
0.1689; 0.1919

GOF (F?) 1.194 1.033

Table S2. Crystallographic data and refinement details for compounds 4a—4c.
Compound 4a 4b 4c
Empirical formula CssHasAlNg-toluene CegHosAlNg CsoHg7ALN:: toluene
w 1141.58 1049.45 1048.52
Crystal system Monoclinic Monoclinic Orthorhombic
Space group P2:/n P2:/n P2,2,2;
alA 14.224(3) 13.5982(6) 12.9942(4)
b /A 11.946(2) 15.1449(7) 21.2069(6)
c/A 19.650(4) 14.8412(7) 22.7887(7)
al® 90 90 90
ple 92.092(7) 92.994(2) 90
yl° 90 90 90

S13



VIR 3336.6(12) 3052.3(2) 6279.8(3)
Z 2 2 4
Deaclg cm™ 1.136 1.142 1.012
F (000) 1240 1140 2080
p/mm 0.090 0.093 0.084
Reflns collected 24912 60957 35498
Independent reflns 6130 5591 11053
Reflns [I >25(1)] 5463 4914 8468
Rint 0.0284 0.0571 0.0440

Ry, WR, [I >205(1)] 0.0408; 0.0859 0.0415; 0.1402 0.0519; 0.0892
R1; WR, (all data) 0.0456; 0.0884 0.0478; 0.1483 0.0748; 0.0979
GOF (F?) 1.070 1.130 1.108

S3. Theoretical Calculations

DFT calculations were carried out at the B3LYP/6-31g*®° level of theory for slightly simplified model
compounds 2H, 3H and 4aH-4cH, where the dpp groups were replaced by Ph, using the Gaussian 09
program.’® Figures S18 shows the optimized geometries, which reproduce the experimental data of 2, 3 and
4a—4c reasonably well. The atomic populations, bonding orbitals and Wiberg bond orders were obtained
with NBO method.***® In the simple coordination adducts (2H and 4aH—4cH), the Al-Al bond now
displays the bond order of av. 0.93, which are same with that in the precursor 1H (0.93). In the C-H
activation of pyridine product 3H, the bonds of Al-C display bond orders of av. 0.49, and the Al-Nyiayi
bond order is av. 0.31, which is much larger than Al-Nyigine in 2H and 4aH-4cH (av. 0.22). Natural
population analysis (NPA) suggests that the charge on Al (av. 1.79) in 3H is much larger than that in
precursor 1H (1.13)% and 2H, 4aH—-4cH (av.1.30), which displays a formal oxidation state of +3. The
pyridyl unit in 3H accumulates negative partial charges of —0.50 e, thus indicating the reduction of the

neutral pyridine ligand in 2 (0.13 €) into the monoanion in 3.
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Fig. S18. Optimized structures of 2H, 3H and 4aH-4cH labelled with selected bond orders.

Table S3. Natural charges (e) of the model compounds 2H, 3H and 4aH—4cH.

Compound 2H 3H 4aH 4bH 4cH
Al 1.32 1.79 1.32 1.34 1.34,1.17
L -1.43 -1.29 -1.44 —-1.46 -1.41,-1.25
Small molecule (Py’) 0.13 -0.50 0.13 0.12 0.14

Mechanism studies
DFT calculations (B3LYP/6-31G*) were carried out to determine a possible reaction pathway for the

formation of 3 (Figs. S19, S20). Solvation effects and dispersion correction were included by performing
single-point energy calculations.

The reaction begins with the homolytic Al-Al bond breaking of 2 to form a radical species [L(Py)Al+],
which is similar to the homolytic B-B bond cleavage with 4-cyanopyridine.*® Dissociation of 2 into two
radicals costs 17.8 kcal mol™ (AG) energy, which is somewhat easier than the dissociation energy of
[L(THF)AI-AI(THF)L] into [L(THF)Al*] (AG = 19.8 kcal mol ™), indicating that the coordination with
pyridine may promote the AI-AIl bond cleavage. In the next step, the N-coordinated Py molecule
dissociates and the [LAl*] radical attacks the 4-position carbon of Py to form the dearomatized intermediate

I"" center. The formation of this intermediate is

(INT1) with a monoanionic radical pyridine bonding to A
exothermic by 6.8 kcal mol™. This intermediate then loses the He to recover the aromaticity of pyridine
ring, giving INT2 [LAIl(pyridine-4-yl)] with AI-C bond, which is similar to that reported for the
mechanism of formation of magnesium phenyl [(°*"Nacnac)MgPh TMEDA] (TMEDA =
N,N,N’,N’-tetramethylethylenediamine) with loss of Hs."® Then the INT2 [LAIl(pyridine-4-yl)] fragment
hexamerizes to give product 3 through strong N—Al interactions. The occurrence of such radical processes
is further proved by experiment, where addition of the radical trapping agent TEMPO led to interruption of

the formation of product 3.
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Fig. S19. Energy profile (kcal/mol) for the formation of product 3.
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