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Table S1: NBO Analysis for R,C=C=CR; (R = H, NH;)

Structure interaction second-order interaction occupancy
E®* Ei-E Fy’ [ [
2 NNy — T¥cocl 27.80 0.73 0.128 192\
3 Ny — T¥cocl 25.27 0.74 0.124 1.92n4y 0.162
Nns — T¥co.cl 25.27 0.74 0.124 1.92ns)
4 Ny — ﬁ:cz.m 30.96 0.73 0.134 1.91 g 0.102
nns — T¥cscl 30.96 0.73 0.134 1.91ns)
Ny — T¥ ol 67.24 0.61 0.184 1764 0.178
nns — Lpcs 129.91 0.35 0.219 1.76(ns)
nc; — 6%cone 19.76 0.99 0.128
4a et — O™ o 19.76 0.99 0.128 186
pFes— T coct 34.14 0.26 0.124 0.75(3) 0.178
Ter.cl— 1pes 233.23 0.21 0.214 1.53co.cny
NNy — T¥cocl 27.64 0.74 0.130 1.92ng 0.165
5 nns — T¥cocl 28.97 0.73 0.133 1.92ns)
Nne— T¥cs.cl 33.57 0.72 0.139 1.91 e 0.103
Ny — T¥ oy 34.30 0.71 0.143 1.89n4) 0.204
5a Nns — T¥cocy 33.07 0.71 0.140 1.89ns)
NNe— T¥cs.cl 34.32 0.71 0.140 1.90n6) 0.103
NNy — T¥cocl 29.31 0.74 0.134 1.92ng
6 Nns — T¥co.cl 29.31 0.74 0.134 1.92ns) 0.165
Nne— T¥cacl 29.31 0.74 0.134 1.92ne)
nN— T¥cscl 29.31 0.74 0.134 1927
Ny — T¥cocl 34.22 0.70 0.142 1.89n4) 0211
6b Nns — T¥cocq 36.65 0.70 0.147 1.89ns)
nN— T¥cscl 31.20 0.72 0.136 1.90x6) 0.177
NNe— T¥cs.cl 31.47 0.72 0.138 191Ny
NNy — T¥cocl 36.27 0.70 0.146 1.89
Nns — T¥co.cl 35.92 0.69 0.145 1.89ns)
bc ——— 3627 0.70 0.146 1896, 0223
Nne— T¥cscl 35.92 0.69 0.145 1.89n7
Ny — T¥ oy 38.02 0.70 0.150 1.89n4) 0216
6d nns — T¥co.cl 3245 0.70 0.138 1.89ns)
nN— T¥cscl 43.24 0.67 0.156 1.89ne) 0215
NNe— T¥cs.cl 33.91 0.69 0.141 1.89n7)




0.9661 for HF, B3LYP, and MP2(full) levels respectively)

Table S2: Absolute Energies of 1 — 8 (a.u, ZPE corrected values, which have been scaled by a factor of 0.9153, 0.9806, and

B3LYP/6-31+G* | MP2(full)/6-31+G* G2MP2

1 -116.610853180 -116.203136620 -116.439757000
2 -171.945009657 -171.382134021 -171.708602000
3 -227.286393517 -226.570586850 -226.985555000
4 -227.284383437 -226.566643654 -226.981629000
4a -227.263177110 -226.544936006 -226.955708000
5 -282.627777934 -281.757698680 -282.260759000
5a -282.624043922 -281.753669696 -282.258857000
6 -337.972090250 -336.949996568 -337.541047000
6a -337.971876095 -336.949572051 -337.540862000
6b -337.968312597 -336.945852145 -337.538890000
6¢c -337.964978051 -336.943354774 -337.536945000
6d -337.963470451 -336.941014588 -

6e - -336.935261326 -337.530336000
7 -416.531410029 -415.226779469 -415.978911000
7a -416.524345604 -415.219001663 -415.973219000
8 -652.206457718 -650.060667471 -

8a -652.201876803 -650.047481540 -

Table S3: Absolute Energies for rotational transition states of 1 — 8 (a.u, ZPE corrected values, which have been scaled by a

factor of 0.9806, and 0.9661 for B3LYP and MP2(full) levels respectively)

B3LYP/6-31+G* | MP2(full)/6-31+G* G2MP2

1-RT -116.496348323 -116.088019095 -116.325305000
2-RT -171.892448177 -171.328664292 -171.651353000
3-RT -227.248639137 -226.531160899 -226.945419000
4-RT -227.245815587 -226.525977747 -226.939679000
5-RT -282.607475914 -281.735474402 -282.235745000
6-RT -337.949430440 -336.926647096 -337.514977000
7-RT -416.506294222 -415.199494408 -415.948960000
8-RT -652.159243595 -650.009498831
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Figure S1: 3-D structural geometries of diprotonated species of 1 — 8 optimized at MP2(full)/6-31+G* level of theory. All
distances are in angstrom (A) units and angles are in degrees. i = 0 represents the minimum
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Figure S2: 3-D structural geometries of two units of BH; complexes of 3 — 8 optimized at MP2(full)/6-31+G* level of
theory. All distances are in angstrom (A) units and angles are in degrees. i = 0 represents the minimum.
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Figure S3: 3-D structural geometries of two units of AuCl complexes of 3 — 8 optimized at MP2(full)/6-31+G* level of
theory. All distances are in angstrom (A) units and angles are in degrees. i = 0 represents the minimum.



Cartesian coordinates of the optimized minima, rotational transition states, protonated species,
dicoordinated BH3 and AuCl species of 1 - 8.

1-mp2
C -1.314084 -0.000001 0.000000
C 0.000000 0.000003 0.000000
C 1.314084 -0.000001 0.000000
H 1.877131 0.903606 0.214491
H 1.877123 -0.903612 -0.214492
H -1.877126 -0.214493 0.903610
H -1.877128 0.214491 -0.903609
1-RT-mp2
C -1.013727 0.200096 0.023798
C -0.002804 -0.758088 -0.163128
C 1.011855 0.173275 0.028355
H 1.072919 1.164886 -0.441102
H 1.819104 -0.045931 0.730440
H -0.931457 1.283124 -0.157855
H -1.932504 -0.093780 0.534363
1-RT-mp2 (open shell)
C 0.000000 -1.272933 -0.092985
C 0.000000 0.000000 0.386588
C 0.000000 1.272933 -0.092985
H 0.000000 -1.466188 -1.166196
H 0.000000 -2.134208 0.564340
H 0.000000 1.466188 -1.166196
H 0.000000 2.134208 0.564340
2-mp2
H -2.495759 -0.065683 0.481738
H -0.876859 1.575468 -0.053656
C 0.659227 0.165524 0.019717
N -1.712132 -0.361552 -0.094312
C -0.610347 0.521321 -0.008276
H 2.460606 -0.367239 -0.925538
C 1.927933 -0.184590 0.006090
H -1.463608 -1.322178 0.127979
H 2.499666 -0.303036 0.924479
2-RT-mp2
N -1.700690 -0.075382 0.000004
H 1.872848 1.192919 0.000159
H -2.486561 0.564756 0.000108
H -0.319186 1.421909 0.000206
C -0.439575 0.323232 0.000049
C 1.805067 0.089782 -0.000001
H 2.772697 -0.412091 -0.000080
H -1.868818 -1.079670 -0.000138
C 0.623483 -0.606373 -0.000095

2-RT-mp2 (open shell)

H -2.376244 0.968299 0.003872
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205877
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040702
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448779
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711135
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.319592
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.459424
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.046555
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.324301
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.577003
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.209956
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.433465
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.243632
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.318133
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.888751
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.000055
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.000013
.000031

.815276
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.573105
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-1.
.295341
.209691
.140763
.000069
.000056

574320

940366
594350
247962
422169
703833
892715
488925

490429
584678
259209
053744
106274

121950

044946

30



oD OQOzzZ2axTm

4a-2Aucl

QL QzZ2zZzaon@oD DT o

5-2Aucl

OrrDDzZzZoconoDTDOz220

6—-2Aucl

T TZD DT QzZ0

.537731
.899522
.490351
.701157
.106691
.314728
.202559
.033893
. 720732
.683717
.479452
.548913

.191764
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.805016
.804885
. 754862
.493999
.494122
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.035236
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.608803
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.777369
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.913097
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.935311
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