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Ligand-Stabilized All-Main-Group-Metal Sandwich Complex:

Structure, Bonding,and Aromaticity

YOU Xuerui,ZHAI Huajin*

(Nanocluster Laboratory , Institute o f Molecular Science , Shanxi University , Taiyuan 030006 ,China)

Abstract: We model,at the density-functional theory (DFT) level,a synthetic main group metal complex u-
sing the[ AILAI(NH,) J; ]~ cluster and propose a concept of ligand-stabilized all-main-group-metal aromatic
sandwich. The structural optimization and frequency calculations at PBE0/def2-TZVP indicate that D,,[ Al
[AI(NH,) Js ]~ cluster is a true minimum. Canonical molecular orbital (CMO) and adaptive natural density
partitioning (AANDP) analyses suggest that at the zeroth order the cluster can be formulated as[ Al
(NH,) ]2 APT[AI(NH,) ]2 . A more realistic model is[ Al(NH,) ,**~ Al***" [ Al(NH,) ],**~, via
quantitative orbital composition analysis,and natural bond orbital (NBO) data give a similar picture. The
CMO and AANDP analyses reveal a delocalized 7-center 2-electron (7c-2e) 7 bond, as well as a 7c2e ¢
bond,rendering the system = and ¢ double aromaticity, which is also supported by nucleus independent
chemical shift (NICS) calculations. Electron donation and back-donation occur in between two[ AI(NH,) J;
layers and the Al core,collectively accumulating as many as 4. 5 electrons along the interlayer AI-—Al ed-
ges,which stabilize the all-metal sandwich.
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Fig.1 (a) Original S; AILAILN(SiMe;),]],~ (1) complex based on reference [11] and
(b) optimized structure of a model D,, [ AILAI(NH,) ]; ]~ (2) cluster at PBE0/def2-TZVP level.
Cluster 2 is constructed from complex 1 wia isovalent substitution of the SiMe; groups by H
1 (a) Se AILAILN(SiMe;), ]~ (1D s
(b) PBEO/def2-TZVP Dy [AILAICNH,) ] ] (2)
2 1 s 12 H 12 SiMe;
Ls1] Al T Al—Al 2 54 A;Martinez*? D,, Al,~ 2. 52
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Table 1 Bond distances and bond angles of optimized geometry of cluster 2 are
presented and compared with experimental data of complex 1.

Also presented are the Wiberg bond indices and natural atomic charges of cluster 1 wia natural bond orbital (NBO) analysis

Bond distance (A) Al — Al(D* AlG) — AlGD*® Al()—N N—H
cale. (2) 2. 53 2. 74 1. 81 1. 01
exptl. (1) 2. 5395 (7) 2. 7370 (4) 1. 8439 (12) -
Pyykko" 2. 52 Al—N Al=N 1. 03
1 97 173
Wiberg bond index 0. 89 0. 61 0. 52 0. 85
Al(D AlGiD) N H
Natural charge (|e|)©
0. 585 —0. 438 —1 422 0. 372
Bond angle () AL AL Al(D AL ALGD AlL(D ZAlGD ALGDN
cale. (2) 60. 0 124. 9 132. 3
exptl. (1) 60. 000 124. 717(14) 138 00(4)
a. 2 Al , Al Al ;b. [33] ;C. AlLN H
Lewis , 2 Al 16 . 12
Al Al—Al o6 s 3 0 2(a)  2(b) s
4 4

{a) 6N lone pairs

.3 3 9
. .
HOMO=4 HOMO-4" HOMO-5 HOMO-6 HOMO-6" HOMO-=7

(b} 6N-AL o —bonds
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Fig. 2 Pictures of CMOs of 2 associated with the N—Al and N—H peripheral bonding:
(a) six N 2p lone-pairs, (b) six N—Al 5 single bonds, (¢) twelve N—H ¢ single bonds
2 2 AL :(a) 6 N 2p ,(b)6 N—Alo ,(c)12 N—Hgo



544 ( ) 40(3) 2017
. HOMO HOMO-3 , Al; ( Al-NH, ), Tc2e
. 2 S , Al (D) 21% ~
23%, ; HOMO Al 31%, HOMO-3 LAI(NH,) ]
37% ( Al 14%,N,  23%), 2 Al
Al;  [AI(NH) J; o : (1) 2
Al s Al Al ;(2) “
7, 2 [AI(NH,) ;= APT[AICNH,) ]2,
s @.n. 2 ad: o e 4?@
3 M S
410 o s%u " - PR S & Q‘b
HOMO-1 HOMO-1" HOMO-2 HOmMO-2" HOMO-8 HOMO-9
Fig.3 Pictures of CMOs of 2 that are responsible for Al-—Al s bonds within the Al; rings
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Table 2 Composition analysis for HOMO and HOMO-3 in 2
Atom Al (Y% N (%)
3s 3P« 3py 3p, 2s 2px 2py 2p,
Al L 45 0 0. 35 8 75 - - - -
INIOON 1. 45 0. 26 0 875 - — — -
HOMO AlGD 0 0 0 21 01 — — — —
N¢ - - - — 0 11 0. 07 0. 02 L 75
N¢ - - - - 0. 11 0 0. 09 1. 75
Al(D)* 1L 8 0 0. 86 1. 93 — — — —
Al(DP 18 0. 64 0. 21 1. 93 - - - -
HOMO-3 Al 22. 85 0 0 0 — — — —
N¢ — — — - 0. 19 0 0. 32 7. 30
N¢ - - - — 0. 19 0. 24 0 7. 30
a. Multiwfn ,Al Al s HOMO HOMO-3 o 1
(b) 2 Al o
b. 1 4 Al ;C. 1 4 N ;d. 1(b 2 N
2.3 : AANDP NICS
AdNDPEH . AANDP NBO ,
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Fig. 5 AdNDP bonding pattern for cluster 2. Occupation numbers (ONs) are shown
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Table 3 Calculated nucleus independent chemical
PBEO/def2-TZVP ’ Al ’ shift (NICS) for 2 at PBE0/def2-TZVP level
1A NICS  NICS, . 3, R, A NICS, ppm
NICS(0) ) c s NICS 00 71\iI5C838 EIAIESM
e T ° L0 —47. 69 —35. 22
2.4
2.2 2.3 , 2 o
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Table 4 Charge redistribution in cluster 2. Some 11 CMOs participate in these processes
) AlGD (%) [AIG) (NH,) J5 (%) Electron transfer (|e|)
Process CMOs
s p s+p AlGD*®
Zeroth order — — — — +3
CAIGD (NH,) I HOMO — 21. 03 75. 37 —0. 42
— Al HOMO-3 23. 20 - 74. 89 —0. 46
HOMO-2 - 26. 07 72. 68 —0. 52
HOMO-2' — 26. 07 72. 64 —0. 52
HOMO-6 — 5. 17 94. 56 —0. 10
CAIGH (NH, ). HOMO-6' — 517 94. 50 —0. 10
HOMO-7 7. 49 - 92. 20 —0. 15
— Al
HOMO-8 - 12, 34 87. 18 —0. 25
HOMO-9 13. 39 - 86. 08 —0. 27
HOMO-12 - 11 15 88. 00 —0. 22
HOMO-13 14. 38 - 84. 18 —0. 29
Final charge state —0. 30
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