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Figure S1. Equilibrium geometries and important geometric parameters of adducts of 1 and 2, at the
BP86/def2-TZVPP level of theory.
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Figure S2: Important molecular orbitals of 1 at the M06/def2-TZVPP//BP86/def2-TZVPP level of
theory. Eigenvalues are given in eV.

Table S1. Relative energy, charge distribution, and orbital occupancies on beryllium from NBO analysis
of 1,1, 2, and 2’ at the M06/def2-TZVPP//BP86/def2-TZVPP level of theory.

Relative Charge Occupancies on Be

Molecule  Energy
qBe) q(N1) a(N2) q(Cl) q(C2) 2 2px 2oy 2p:

(kcal/mol)
1 0 121 -1.07  -1.07 011 -011 024  0.26 026  0.03
1’ 25.8 0.55 -0.87  -0.87 0.02 0.02 076  0.27 031  0.09
2 0 1.22 -0.86  -0.86 011 -011 024  0.26 025 0.03
2' 23.03 0.57 -0.67  -0.67 0.02 0.02 075 015 043 0.08

Table S2. Molecular electrostatic potential on selected atoms of 1 and 2 on the Van der Waals surface at
the M06/def2-TZVVPP//BP86/def2-TZVPP level of theory.

Electrostatic Potential (kcal/mol)

Atom
1 2
Be 304 31.37
N1 -16.51 -14.32
N2 -16.63 -14.26
C1 -25.91 -23.52

C2 -25.88 -23.49




Table S3. NICS values calculated for BeL and its adducts with proton, hydride and ligands calculated at the
MO06/def2-TZVPP//BP86/def2-TZVPP level of theory.

NICS(0)> NICS(1)2 NICS(-1)?
Molecules
(NICS(0)zz)(NICS(1)zz)(NICS(-1)z2)

1 7.8 4.1 4.1

(5.1) (-11.2) (-10.8)
2 7.8 3.7 -3.7
(7.2) (-9.6) (-9.6)

-13.2 -10.3 -10.3

NHC (12.7)  (-293)  (-29.3)
33 17 -0.83

1H* (19.7) (-0.14) (-0.14)
47 -0.56 2057

2H* (25.6) (3.9) (3.9)
1H*-C -39 -2.9 2.9
(13.11) (-6.6) (-6.6)
2H*-C 41 2.9 -2.9
(14.3) (-4.8) (-4.8)
IH*N 2.17 -0.8 -0.8
(20.0) (-0.5) (-0.5)

2H*N 2.4 -2.9 -0.88

(18.2) (L.0) (-0.51)
-6.6 -36 -36

1H (3.4) (-14.1) -14.1
55 -33 33

2H (8.6) (-9.9) (-9.9)
-6.7 5.0 5.0

1cAAC (2.9) (-15.0) (-15.3)
-6.1 47 4.7

2cAAC (5.7) (125)  (-12.4)
-8.0 5.8 -5.9

1CO (021)  (178)  (-17.9)
7.2 5.4 5.4

2CO (2.9) (149  (-14.9)
-6.7 45 -45

INHC (3.8) (-14.4)  (-14.4)
-6.0 -4.0 -4.0

2NHC (7.1) (11.3) (113
7.2 -4.8 -4.8

1PMes (2.2) -15.8) (-15.8)
-6.6 4.4 -4.4

2PMes (5.4) (-126)  (-12.6)

aNICS(0), NICS(1) and NICS(-1) represent NICS values at the center, 1 A above the ring and 1 A below the ring respectively. The dissected NICS(0)zz, NICS(1)zz and NICS(-1)zz

are given in parentheses.
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Scheme S1. Schematic representation of possible bonding possibilities for the interaction between
beryllium and L (L = N2C2H4 and N2C2H2(CHs)2) chosen for EDA-NOCYV analysis. Double-headed arrow
(«») indicates the electron-sharing interaction, and the single-headed arrow (—) indicates the donor-
acceptor interaction between the fragments.



Table S4. EDA-NOCYV results of different bonding situations for Be-L bonds of 1 and 2 in Scheme S1 at
the BP86/TZ2P level of theory. Energies are given in kcal/mol.

Bonding
Compound AEint  AEpauli AEeistat  AEorb
Possibilities
A -130.9  496.6 -277.9  -349.6
B -306.0 250.4 -205.0  -351.3
C -878.5  106.3 -688.1  -296.7
1 D -398.4  98.3 -274.2  -222.5
E -394.4  152.6 -275.7  -271.3
F -289.1 116.1 -105.9  -299.3
G -246.6  183.9 -123.6  -306.9
A -119.7  510.2 -286.6  -343.3
B -319.2  287.7 -234.7  -372.2
C -841.8 104.2 -611.1  -334.9
2 D -388.2 99.1 -256.7  -230.6
E -380.2  165.3 -265.0  -280.5
F -277.9  122.0 -108.8  -291.1
G -233.2 201.2 -135.1  -299.2
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Figure S3: Plots of important alpha NOCV pair of orbitals W.n/ Wn of best bonding possibility in 1 with
their eigenvalues in the parenthesis, the associated deformation densities Apn and the orbital stabilization
energies AE (kcal/mol) at the BP86/TZ2P level of theory. The direction of the charge flow in the
deformation density plot Apn is from red—blue. The isosurface values for NOCV orbitals and deformation

densities are 0.03 and 0.003, respectively.
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Figure S4. Plots of important alpha NOCV pair of orbitals W./ Wn of best bonding possibility in 2 with
their eigenvalues in the parenthesis, the associated deformation densities Apn and the orbital stabilization
energies AE (kcal/mol) at the BP86/TZ2P level of theory. The direction of the charge flow in the
deformation density plot Apn is from red—blue. The isosurface values for NOCV orbitals and deformation

densities are 0.03 and 0.003, respectively.



Table S5. The vertical Electron Affinity (EA), and vertical lonization Energy (IE) of 1 and 2 calculated at
the M06/def2-TZVPP//BP86/def2-TZVPP level of theory. All values are given in kcal/mol.

Compounds 1 2
1stvertical EA 2.4 0.1
2"dvertical EA 106.1 98.8
1stvertical IE 155.4 148.9
2"dvertical IE 4779 446.7
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Figure S5. Important MOs of (a) 1H* and (b) 1H" calculated at the M06/def2-TZVPP//BP86/def2-TZVPP
level of theory. Eigenvalues are given in eV.

Figure S6. Optimized geometries of CAAC, CO, NHC, and PMes at the BP86/def2-TZVPP level of theory.



Table S6. Wiberg bond index of important bonds of 1, 2, 1CO, 2CO, 1PMes, 2PMes, INHC, 2NHC,
1cAAC, 2cAAC,1H*, 2H*, 1H and 2H" of adducts at the M06/def2-TZVPP//BP86/def2-TZVPP level of
theory. A = CO, PMes, NHC and cAAC.

Wiberg Bond Index

Compounds
Be-N1 Be-N2 N1-C1 N2-C2 C1-C2 Be-A

1 0.65 0.65 1.12 1.12 1.72

2 0.61 0.61 1.1 11 1.72
1CO 0.69 0.69 1.26 1.26 1.53 0.74
2CO 0.64 0.64 1.24 1.24 1.52 0.76
1PMes 0.69 0.69 1.17 1.17 1.66 0.62
2PMes 0.63 0.63 1.15 1.15 1.66 0.62
INHC 0.67 0.67 1.19 1.19 1.63 0.6
2NHC 0.61 0.61 1.16 1.16 1.63 0.6
1cAAC 0.63 0.63 1.23 1.23 1.56 0.61
2cAAC 0.56 0.58 1.21 121 1.56 0.6
1H* 0.35 0.35 1.85 1.85 1.02 0.84
2H* 0.31 0.31 1.80 1.80 1.03 0.85
1H 0.59 0.59 1.16 1.16 1.65 0.78
2H" 0.53 0.53 1.14 1.14 1.66 0.79

Table S7. The contribution of different configurational state of compounds 1 and 2 at the CASSCF [6,6]/
def2-TZVPP//BP86/def2-TZVPP level of theory.

1 96.04% 3.24% 0.36% 0.36%
(11227%31%47°16%57°) | (17n%27237%47°16%57%) | (17°2n'*3n'P4n'*16%5n'P) | (17%27°37%47°16%57°)

5 96.04% 3.24% 0.36% 0.36%
(17227%31%16%n%57°) | (17%27237°16%7n%57%) | (1n'2a'P37°16%n'*5n'P) |  (17%27°37%16%n?570)




Table S8. Hirshfeld charge analysis at the M06/def2-TZVPP//BP86/def2-TZVPP level of theory.

Compounds Charge
Be Cl/C2 N1/N2
1 0.42 -0.02 -0.2
2 0.42 -0.01 -0.3

Table S9. Comparison of proton affinity (PA), hydride affinity (HA), and reaction energies of 1 using ‘fine’

grid and ‘ultrafine’ grid at the M06/def2-TZVPP//BP86/def2-TZVPP level of theory.

Compounds Grid = fine Grid = ultrafine
PA? 215.7 215.7
HAP 92.9 93.0
AEcaact -56.3 -56.3
AEco® -26.5 -26.6
AENHC® -51.2 -51.2
AEpmes© -32.6 -32.6

3PA is the proton affinity. "HA is the hydride affinity. AEcaac, AEco, AEnnc and AErmes are the reaction energies of 1 and 2 with cAAC,
CO, NHC, and PMes.
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Figure S7. Important MOs of (a) 1BH3 and (b) 2BHs calculated at the M06/def2-TZVPP//BP86/def2-
TZVPP level of theory. Eigenvalues are given in eV.



Figure S8. Important MOs of 1-W(CO)s calculated at the M06/def2-TZVVPP//BP86/def2-TZVPP level of
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1.382714000
-1.383521000

0.049367000
-0.049633000
0.083449000
0.100148000
-0.083298000
-0.100724000
0.000276000
0.180106000
-0.179681000
0.000164000
0.091506000
-0.091412000
-0.058420000
0.058141000
0.184744000
-0.184620000
0.119250000

-0.119758000

Electronic energy (BP86) = -507.761771

Zero-point correction (BP86) = 0.190033

Thermal correction to Gibbs free energy (BP86) = 0.149686

Electronic energy (M06) = -507.5884233



6 2.790711000
6 2.791081000
7 1.522429000
1 3.689115000
7 1.523121000
1 3.689819000
4 0.511987000
6  -1.223400000
7 -2.086173000
7 -2.085876000
6  -3.418420000
6 -3.418614000
1 -1.756375000
1 -1.755782000
1  -4.238708000
1  -4.238311000
6 1.418530000
1 0.376620000
1 1.737108000
1 2.028683000
6 1.419861000
1 2.028453000
1 0.377685000
1 1.740751000
1PMes

Electronic energy (BP86) =

0.688084000 -0.022969000
-0.687220000  0.024034000
1.247279000 -0.041205000
1.307942000 -0.048527000
-1.247135000  0.040611000
-1.306554000  0.050534000
-0.000259000 -0.000943000
-0.000283000 -0.000490000
-1.050668000 -0.189844000
1.050209000  0.189546000
0.670586000  0.120860000
-0.670884000 -0.119966000
-1.990636000 -0.373955000
1.990098000  0.373546000
-1.366457000 -0.245487000
1.366266000  0.247110000
2.688255000 -0.091511000
2.993754000 -0.281487000
3.176132000  0.850907000
3.125669000 -0.904728000
-2.688160000  0.091265000
-3.124899000  0.906013000
-2.994102000  0.279012000
-3.176242000 -0.850251000

-664.029896

Zero-point correction (BP86) = 0.176863



Thermal correction to Gibbs free energy (BP86) = 0.136836

Electronic energy (M06) = -663.9172583

6 3.098431000
6 3.084901000
7 1.821116000
1 3.999044000
7 1.795754000
1 3.972707000
4 0.813083000
1 1.784569000
1 1.738041000
15  -1.304544000
6  -2.092227000
1 -1.763250000
1  -3.189740000
1 -1.759980000
6 -2.147081000
1 -1.831782000
1 -3.242489000
1  -1.833861000
6 -2.016149000
1 -1.663024000
1  -1.664878000
1  -3.114868000
2PMes

-0.685454000
0.685375000
-1.247715000
-1.299014000
1.220850000
1.317204000
-0.023527000
-2.259843000
2.232046000
-0.006034000
-1.123449000
-2.154151000
-1.079546000
-0.841588000
-0.480443000
0.203631000
-0.451725000
-1.494475000
1.643877000
2.369217000
1.969223000

1.622263000

0.006057000
0.004865000
0.010640000
0.001457000
0.008428000
-0.000757000
0.014368000
0.010106000
0.005789000
0.003311000
-1.227939000
-1.039964000
-1.176959000
-2.235363000
1.571838000
2.370520000
1.475518000
1.853882000
-0.377737000
0.366974000
-1.365316000

-0.369000000

Electronic Energy (BP86) = -742.608516

Zero-point correction (BP86) = 0.229768



Thermal correction to Gibbs free energy (BP86) = 0.186238

Electronic energy (M06) = -742.4892622

6
6

2.787550000
2.787214000
1.515377000
3.683868000
1.514756000
3.683224000
0.531372000
1.418349000
1.866324000
0.364194000
1.922252000
1.417205000
0.362963000
1.864783000
1.921193000
-1.591335000
-2.370989000
-3.467985000
-2.036484000
-2.051763000
-2.371901000
-2.053676000
-2.036803000
-3.468868000

-2.397728000

-0.685850000
0.686500000
-1.250432000
-1.308510000
1.250482000
1.309604000
-0.000247000
-2.694312000
-3.142976000
-3.007124000
-3.154209000
2.694324000
3.006785000
3.142923000
3.154606000
-0.000200000
1.447851000
1.392735000
2.370400000
1.487138000
-1.442771000
-1.475072000
-2.368561000
-1.388066000

-0.005236000

0.009379000
0.009299000
-0.005015000
0.014959000
-0.005222000
0.014874000
-0.016898000
0.001777000
0.909263000
-0.029482000
-0.869897000
0.001901000
-0.029599000
0.909614000
-0.869524000
-0.002244000
-0.824823000
-0.776674000
-0.332438000
-1.874090000
-0.833633000
-1.883452000
-0.347765000
-0.784080000

1.655445000



1
1
1

1H*

Electronic Energy (BP86) =

-2.070748000

-3.495103000

-2.071964000

0.880041000 2.216663000
-0.004271000  1.577964000
-0.894841000 2.210500000

-203.233452

Zero-point correction (BP86) = 0.073589

Thermal correction to Gibbs free energy (BP86) = 0.046273

Electronic energy (M06) = -203.1785046

6
6

1

2H*

0.748489000
-0.749162000
1.249482000
1.332598000
-1.249333000
-1.334009000
0.000421000
2.269809000
-2.269609000

0.002521000

-0.859882000
-0.859322000
0.314494000
-1.774296000
0.315465000
-1.773391000
1.490425000
0.405019000
0.406537000

2.679936000

0.053390000
0.053362000

0.108135000

0.194175000
-0.107813000
0.193313000
0.014950000
-0.107418000
-0.107650000

0.638898000

Electronic energy (BP86) = -281.843028

Zero-point correction (BP86) = 0.126816

Thermal correction to Gibbs free energy (BP86) = 0.094774

Electronic energy (M06) = -281.777054

6
6
7

1

0.744357000
-0.744361000
1.274187000

1.323973000

-1.046601000
-1.046592000
0.125910000

-1.976499000

0.000059000
0.000035000
0.000005000

0.000088000



1

1H

-1.274184000
-1.323988000
-0.000005000
0.000071000
2.711430000
3.276540000
2.969893000
2.969884000
-2.711435000
-2.969751000
-3.276531000

-2.970046000

0.125923000
-1.976483000
1.312002000
2.646513000
0.350843000
-0.589210000
0.955431000
0.956108000
0.350846000
0.956522000
-0.589215000

0.955008000

0.000012000
-0.000089000
0.000093000
0.000186000
-0.000057000
0.000256000
-0.882242000
0.881650000
-0.000076000
-0.881538000
-0.000929000

0.882360000

Electronic energy (BP86) = -203.552279

Zero-point correction (BP86) = 0.069681

Thermal correction to Gibbs free energy (BP86) = 0.042524

Electronic energy (M06) = -203.4812337

6
6

0.000000000
-1.100031000
1.203978000
-0.038293000
-0.760924000
-2.136465000
0.863874000
2.048335000
-1.540953000

1.710682000

1.148306000
0.329548000
0.433659000
2.241767000
-1.028925000
0.680133000
-1.160533000
0.995043000
-1.676704000

-2.298372000

0.000000000
0.000000000
0.000000000
0.000000000
0.000000000
0.000000000
0.000000000
0.000000000
0.000000000

0.000000000



2H"

Electronic energy (BP86) = -282.138338

Zero-point correction (BP86) = 0.122223

Thermal correction to Gibbs free energy (BP86) = 0.090397

Electronic energy (M06) = -282.058914

6

6

-0.686368000
0.686368000
-1.239596000
-1.311915000
1.239596000
1.311915000
0.000000000
2.670401000
2.952882000
3.155418000
3.155438000
-2.670401000
-3.155438000
-2.952882000
-3.155418000

0.000000000

-1.072778000
-1.072778000
0.207512000
-1.971690000
0.207512000
-1.971690000
1.268850000
0.327376000
1.391974000
-0.139377000
-0.139440000
0.327376000
-0.139440000
1.391974000
-0.139377000

2.681322000

0.000007000
-0.000007000
0.000013000
0.000010000

0.000013000

-0.000010000
0.000000000
0.000003000
-0.000031000
0.890406000
-0.890356000
-0.000003000
0.890357000
0.000031000
-0.890406000

0.000000000



1BH3

Electronic energy (BP86) = -229.523923

Zero-point correction (BP86) = 0.095681

Thermal correction to Gibbs free energy (BP86) = 0.065075

Electronic energy (M06) = -229.4584645

6
6

1

2BH3

0.267792000
0.267792000
0.267792000
0.209028000
0.267792000
0.209028000
0.162796000
0.226360000
0.226360000
-1.101057000
-1.581892000
-1.581892000

0.184525000

-1.379882000
-1.379882000
-0.127953000
-2.279438000
-0.127953000
-2.279438000
0.890906000
-0.056808000
-0.056808000
2.363653000
2.638480000
2.638480000

2.363564000

0.698786000
-0.698786000
1.228982000
1.311046000
-1.228982000
-1.311046000
0.000000000
2.240538000
-2.240538000
0.000000000
-1.059422000
1.059422000

0.000000000

Electronic energy (BP86) = -308.107318

Zero-point correction (BP86) = 0.148545

Thermal correction to Gibbs free energy (BP86) = 0.113083

Electronic energy (M06) = -308.0326213

6

6

0.699903000

-0.700551000

-1.371970000

-1.371713000

-0.252015000

-0.251989000



7 1.248630000
1 1.309795000
7 -1.248894000
1 -1.310766000
4 0.000045000
5 0.001063000
1 0.001378000
1 1.058642000
1 -1.056988000
6 2.693559000
1 3.102039000
1 3.182910000
1 2.957674000
6 -2.693762000
1 -3.183367000
1 -3.102282000
1 -2.957575000
1W(CO)s

-0.195632000
-2.206859000
-0.195180000
-2.206453000
0.796190000
2.572366000
2.178831000
3.002716000
3.001812000
-0.049572000
-0.484713000
-0.546581000
1.014784000
-0.048619000
-0.546671000
-0.482329000

1.015808000

0.135645000
-0.603201000
0.135599000
-0.602972000
0.339878000
-0.375686000
0.852299000
-0.736138000
-0.735940000
0.186952000
1.114665000
-0.666073000
0.165026000
0.186901000
-0.665387000
1.115287000

0.163551000

Electronic energy (BP86) = -837.152414

Zero-point correction (BP86) = 0.106868

Thermal correction to Gibbs free energy (BP86) = 0.054128

Electronic energy (M06) = -836.6437627

6
6

7

-1.514928000
-1.514938000

-1.515597000

-3.730016000
-3.730012000

-2.484434000

-0.701846000
0.701855000

-1.231728000



-1.447918000
-1.515612000
-1.447937000
-1.369257000
-1.489159000
-1.489188000
0.378788000
0.445555000
0.440048000
-1.628959000
-2.781947000
2.463177000
3.618016000
0.387223000
0.385619000
0.387228000

0.385627000

-4.631125000
-2.484428000
-4.631119000
-1.449092000
-2.411942000
-2.411931000
0.341294000
2.328237000
3.490096000
0.625304000
0.844532000
0.244169000
0.213648000
0.157917000
0.026900000
0.157909000
0.026886000

-1.311003000
1.231730000
1.311017000
0.000000000

-2.244238000
2.244240000
-0.000002000
0.000002000
0.000005000

-0.000002000

-0.000003000

-0.000006000

-0.000009000

-2.048013000

-3.200919000
2.048008000

3.200913000



