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1. Computational Details

The general computational methodology employed is outlined in Figure s1. First, valida-
tion methods were sought to ensure the accuracy of the results. A variety of functionals were
compared by building diterminal conjugated polyynes H(C=C),H (n = 2-10). For the starting
geometries, C—C and C=C bond lengths of 1.54 A and 1.22 A were used. Metrical parameters
from crystal structures were not employed as non-biased distances were desired for evaluating
the functionals. Although the input structures possessed D, symmetry, no constraints were ap-
plied in the calculations. The structures were optimized using each of the following functionals:
BMK,$! M06,2 CAM-B3LYP,*> ®B97XD,** PBE0,> B3LYP,¢ M06L,"” BLYP,¢2¢ and
BP86.592:58 In all cases, a triple-zeta Pople basis set [6-311++G(d,p)]*” that has extra diffuse and
polarization functions was used. All computations were performed with the Gaussian09 program

package, employing the ultrafine grid (99,590) to enhance accuracy.5!?

optimization of molecular structure
CAM-B3LYP/6-311++G(d,p)

!

positioning of NICS-probes
(dummy atoms, "Bq")

!

run NMR-calculation
GIAO CAM-B3LYP/6-311++G(d,p)

Figure s1. Graphical outline of the calculation sequence.

Results for the octayne H(C=C)gH were compared with the crystal structure of #-Bu-
(C=C)gt-Bu (CCSD code LUMWAS).5!! Table s1 summarizes, for each functional, the sum of
(1) the percent difference in the average C—C bond lengths, and (2) the percent difference in the
average C=C bond lengths. The underlying data are presented in Table s2. The CAM-B3LYP
functional performed well (ranking second) and was used for subsequent calculations as it has
been extensively employed for accurate NMR simulations.s!2 The basis sets were then evaluated
[6-311++G(d,p),*? 6-311+G(d),* 6-311+G,%” and 6-31+G(d)*!? in order of decreasing quality],
and representative data are given in Table s3. The choice of basis set had little influence upon the

NICS values (or bond lengths) unless they were small relative to the maximum values. This is al-
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so supported in related studies.5!* However, it is important to use polarization functions and dif-
fuse functions when computing NMR chemical shifts, so the best quality basis set (triple zeta)
was used [6-311++G(d,p)].*? The functionals were also evaluated on the basis of their NICS val-
ues, but no significant difference was observed (Table s4). Importantly, in accord with the sign

convention for NICS, the sign was inverted on values from the isotropic portion of the data.s!>

Table s1. The sum of (1) the percent difference in average C-C bond lengths, and (2) the percent difference in
average C=C bond lengths for those in the crystal structure of -Bu(C=C)gt-Bus!! versus those computed for
H(C=C)gH with various functionals.

functional % difference”
0.19
CAM-B3LYP 0.31
BMK 0.50
MO06 1.20
PBEO 1.97
B3LYP 2.15
3.46
4.14
4.37

¢ This quantity is defined in the text and caption.

In addition to choosing an appropriate functional and basis set as described above, our
methodology was also benchmarked versus two literature reports that produced NICS values.

The first involved the classical example of benzene,*'° and Figure s2 (first and second panels)

depicts the high level of agreement. The second involved a cyclic conjugated heptayne,'© again
with excellent agreement (Figure s2, third and fourth panels).
ref s15 this work ref s16 this work
GIAO GIAO GIAO GIAO
B3LYP/6-311+G* CAM-B3LYP/6-311++G(d,p) M06/6-311++G(d,p) CAM-B3LYP/6-311++G(d,p)
NICS (3.0) ® -20 o 17
NICS (2.5) ® -30 ® -27
NICS (2.0) ® -49 ® -45
NICS (1.5) . -7.6 . -7.4
NICS (1.0) . -10.2 . -10.3
—40.52 —40.04
NICS (0.5) . -9.8 . -9.8 — —
wor O | <O | L@ | (@D
n n=4 n n=4

Figure s2. Validation of the computational methods: benchmarking vs. literature results.

-§3-



Procedure for Figures s4-a-e. The diterminal conjugated polyynes were aligned with the

x axis, such that the y coordinate for any carbon or hydrogen atom was zero (see Figure s3).

NICS probes were positioned with the same x/y coordinates as the center of each carbon and hy-

drogen atom (see Table s5 for the bond lengths employed). For each value of x, additional probes

were placed at y values of 0.5, 1.0, 1.5, 2.0, 2.5, and 3.0 A. For each y value, additional NICS

probes were extended beyond the terminal carbon atoms at values of 2.0, 2.5, and 3.0 A. In view

of the D, symmetries of these molecules, data points are depicted for only half of each structure

(regions thus omitted are marked with "X"). The computed values for all compounds are shown

in Figures s4-a-e. Table s6 summarizes the computed bond lengths that in turn define the x val-

ues on the NICS grid. Both the optimized structures and the input files containing the NICS

probes and their placement are provided as .xyz files.

f

X 0.0 0.0 00 00
X 00 00 00 00
isotropic values < X 05 02 0.1 0.1
(non referenced) . os 08 02 04
X 96 34 05 02
- \_ 207 135 10  -03
76.06
e H——H
m, 8 -111.24 -1.3 0.3
(opm.2) BT
20A
'H and 13C referenced to TMS

(CAM-B3LYP/6-311++g(d,p) GIAO)
Figure s3. Graphical depiction of the different distances typically used in the NICS grid plots.
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1.360

1.359

X X 0.0 0.0 0.0 0.0 0.0 0.0 0.0 05 0.1 0.0
X X -0.0 -0.0 -0.0 -0.0 -0.0 -0.0 0.0 0.0 0.0 0.1
X X 0.4 0.4 0.4 0.4 0.4 -0.3 0.3 0.3 0.3 -0.5
X X 2.0 -2.0 -2.0 -2.0 2.0 -1.9 -2.0 -1.9 -1.9 2.3
X X -8.8 8.7 -8.8 -8.7 -8.8 -8.7 -8.8 -8.5 8.7 9.3
X X 213 -212 214 -211 214 -211  -216 -209 -206 -20.7
65.68 65.92 65.41 66.10 65.12 66.29 64.86 66.14 73.46 71.05
412216 -121.92 -122.44 -121.74 -122.73 -121.55 -122.99 -121.71 -114.38 -116.79
9 11 13 15 17 19
X 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -0.0 0.1
X 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1
X -0.4 0.4 0.4 0.4 0.3 0.3 0.3 0.3 -0.5 0.3 -0.2
X -2.0 -2.0 -2.0 -2.0 -2.0 2.0 -1.9 -1.9 2.3 -1.0 -0.3
X 8.7 -8.8 8.7 -8.8 -8.7 -8.8 -8.5 -8.7 9.3 -3.6 -0.6
X 213 213 212 -214 -21.1  -21.6 -21.0 206 -20.7 -13.6  -1.0
65.86 65.55 66.05 65.19 66.21 64.93 66.11 73.50 70.99
H
-121.98 -122.29 -121.79 -122.66 -121.64 -122.92 -121.74 -114.34 -116.86 -1.3
9 11 13 15 17

Figure s4-a. NICS grid plot for H(C=C),H (n = 10, 9).
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1.352

1.344

X X 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.0 0.0 0.1
X X -0.0 -0.0 -0.0 -0.0 0.0 0.0 0.0 0.1 0.1 0.1
X X 0.4 0.4 0.4 0.3 0.3 0.3 0.3 -0.5 0.3 0.2
X X 2.0 2.0 2.0 2.0 2.0 -1.9 -1.9 2.3 -1.0 0.3
X X 8.7 -8.7 -8.8 8.7 -8.8 -8.5 8.7 9.3 3.6 0.6
X X 213 -212 -21.4 -211 216 -209 -206 -208 -136 -1.0
65.56 65.83 65.25 66.09 64.90 65.88 73.41 70.92
H
-122.28 -122.01 -122.59 -121.76 -122.94 -122.01 -114.43 -116.93 -1.3
7 9 1 13 15
X 0.0 0.0 0.0 0.0 0.1 0.1 0.0 0.0 0.1 0.1 0.1
X -0.0 0.0 -0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.1
X 0.4 0.3 0.3 0.3 0.3 0.3 -0.5 0.3 0.2 0.1 0.1
X -2.0 2.0 -2.0 2.0 -1.9 -1.9 2.3 -1.0 0.3 0.2 0.1
X -8.7 -8.8 -8.7 -8.8 -8.5 -8.7 9.3 -3.6 0.6 0.2 0.2
X -21.3 214 -212 -21.6 -21.0 -205 -208 -136 -10 0.3 0.2
65.63 65.35 65.93 64.98 65.79 73.44 70.78
H
-122.22 -122.50 -121.91 -122.87 -122.05 -114.41 -117.06 -1.3 0.4 0.2
7 9 1 13

Figure s4-b. NICS grid plot for H(C=C),H (n =38, 7).
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1.336

1.332

X X 0.0 0.0 0.1 0.1 0.1 0.0
X X -0.0 -0.0 0.0 -0.0 0.0 0.1
X X 0.3 -0.3 0.3 0.3 0.3 0.5
X X 2.0 -2.0 2.0 -1.9 -1.9 2.3
X X 8.7 -8.7 881 -86 8.7 9.3
X X 213 -212  -215 -211 -205 -2038
65.39 65.74 65.08 65.69 73.55 70.62
-122.45 -122.11 -122.78 -122.16 -114.30 -117.23
5 7 9 11
X 0.1 0.1 0.1 0.1 0.0 0.0 0.1
X 0.0 0.0 0.0 0.0 0.1 0.1 0.1
X 0.3 0.3 0.3 0.3 0.5 0.3 0.2
X -1.9 -1.9 -1.9 -1.9 2.4 -1.0 0.3
X -8.7 -8.8 -8.6 871 -94 -3.6 0.6
X -21.3 215 -21.1  -205 -209 -136  -1.0
65.42 65.13 65.52 73.71 70.44
H
-122.42 -122.72 -122.33 -114.14 -117.40 1.3

5

7

9
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-0.3
-1.0
-3.6

-13.6

H
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Figure s4-c. NICS grid plot for H(C=C), H (n =6, 5).
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1.318

1.292

X X 0.1 0.1 0.1 0.0
X X 0.0 0.1 0.0 -0.1
X X -0.3 -0.3 -0.3 -0.5
X X -1.9 -1.8 -1.9 -2.4
X X -8.7 -8.6 -8.7 -9.4
X X -21.4 -21.2 -20.5 -21.0
65.18 65.36 73.94 70.13
-122.67 -122.49 -113.91 -117.71
3 5 7
X 0.1 0.1 0.0 -0.0 -0.1
X 0.1 0.1 -0.0 -0.1 -0.1
X -0.2 -0.3 -0.5 -0.3 -0.2
X -1.8 -1.9 -2.4 -1.0 -0.3
X -8.6 -8.6 -9.4 -3.6 -0.6
X -21.3 -20.5 -21.1 -13.7 -1.0
64.85 74.12 69.75
H
-123.00 -113.73 -118.09 -1.3
3 5
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Figure s4-d. NICS grid plot for H(C=C), H (n =4, 3).
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X X 0.1 0.0 -0.0
X X 0.1 -0.0 -0.1
X X -0.2 -0.5 -0.3
X X -1.8 -2.4 -0.9
X X -8.5 -9.5 -3.6
X X -20.3 -21.4 -13.7
74.87 69.04
H H
1 245 -113.98 -118.81
1 3
X 0.0 0.0 -0.0 -0.0
X -0.0 -0.0 -0.0 -0.0
X -0.5 -0.2 -0.1 -0.1
X -2.5 -0.8 -0.2 -0.1
X -9.6 -3.4 -0.5 -0.2
X 20.7 -13.5 -1.0 -0.3
76.61
H—H
-1.3 -0.3

1323 1 wm
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Figure s4-e. NICS grid plot format for H(C=C), H (n = 2, 1).
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Table s2. Carbon-carbon bond distances (A) in optimized structures of H{C=C)gH using nine different functionals compared to experimentally determined
values in #-Bu(C=C)gt-Bu.

E- B3LYP CAM-B3LYP BLYP BP86 BMK PBEO MO06 MO6L ‘

Cl-C2 N/A || 1.208 | N/A | 1.211 | N/A | 1.201 | N/A | 1.225 | N/A | 1.227 | N/A | 1.205 | N/A | 1.210 | N/A | 1.207 | N/A | 1.215 | N/A | 1.204
C2-C3 1.367 | N/A | 1.350 | N/A || 1.3621 | N/A | 1.345 | N/A | 1.344 || N/A | 1.361 | N/A | 1.350 | N/A | 1.354 | N/A | 1.340 | N/A | 1.363 | N/A
C3-C4 N/A | 1.210 | N/A | 1.224 | N/A | 1.209 || N/A | 1.242 | N/A [ 1.243 | N/A | 1.216 | N/A | 1.222 | N/A | 1.217 | N/A | 1.229 | N/A | 1.211
C4-C5 1.352 | N/A | 1.337 | N/A || 1.352 | N/A | 1.330 | N/A | 1.328 || N/A | 1.350 | N/A | 1.338 | N/A | 1.342 | N/A || 1.326 | N/A | 1.355 | N/A
C5-C6 N/A || 1.218 | N/A | 1.228 | N/A |1.212 | N/A | 1.248 | N/A || 1.250 | N/A | 1.219 | N/A | 1.227 | N/A | 1.221 || N/A | 1.235 | N/A | 1.214
Ce6-C7 1.349 | N/A [ 1.333 | N/A || 1.350 | N/A | 1.324 | N/A | 1.323 || N/A | 1.347 | N/A | 1.334 | N/A | 1.339 | N/A || 1.321 | N/A | 1.352 | N/A
C7-C8 N/A || 1.213 | N/A | 1.230 | N/A | 1.213 || N/A | 1.251 | N/A | 1.252 | N/A | 1.220 | N/A | 1.228 | N/A | 1.222 | N/A | 1.237 | N/A | 1.214
C8-C9 1.353 | N/A | 1.332 | N/A || 1.349 | N/A | 1.323 | N/A | 1.321 || N/A | 1.346 | N/A | 1.333 | N/A | 1.338 | N/A || 1.319 | N/A | 1.352 | N/A
C9-C10 N/A | 1.213 || N/A | 1.230 | N/A | 1.213 | N/A | 1.251 | N/A | 1.252 | N/A | 1.220 | N/A | 1.228 | N/A | 1.222 | N/A | 1.237 | N/A | 1.214
C10-Cl11 1.352 | N/A | 1.333 | N/A || 1.350 | N/A | 1.324 | N/A | 1.323 || N/A | 1.347 | N/A | 1.334 | N/A | 1.339 | N/A || 1.321 | N/A | 1.352 | N/A
Cl1-C12 N/A || 1.214 | N/A | 1.228 | N/A |1.212 | N/A | 1.248 | N/A || 1.250 | N/A | 1.219 | N/A | 1.227 | N/A | 1.221 || N/A | 1.235 | N/A | 1.214
CI12-C13 1.355 | N/A | 1.337 | N/A || 1.352 | N/A | 1.330 | N/A | 1.328 || N/A | 1.350 | N/A | 1.338 | N/A | 1.342 | N/A || 1.326 | N/A | 1.355 | N/A
C13-Cl4 N/A || 1.207 || N/A | 1.224 | N/A | 1.200 | N/A | 1.242 | N/A [ 1.243 | N/A | 1.216 | N/A | 1.222 | N/A | 1.217 || N/A | 1.229 | N/A | 1.211
Cl14-Cl15 1.366 | N/A | 1.350 | N/A || 1.362 | N/A | 1.345 | N/A | 1.344 || N/A | 1.361 | N/A | 1.350 | N/A | 1.354 | N/A | 1.340 | N/A | 1.363 | N/A
Cl15-Cl6 N/A || 1.196 || N/A | 1.211 | N/A | 1.201 | N/A | 1.225 | N/A | 1.227 | N/A | 1.205 | N/A | 1.210 | N/A | 1.207 | N/A | 1.215 | N/A | 1.204
bond type: C-C CC|cCljc=C|cC|jeCcjcCcjcecjcecjcecjececjeecjececpjececjeccjecjececlce=cyeccec e
average: 1.355 | 1.212 | 1.212 | 0.943 || 1.354 | 1.209 |( 1.332 | 1.242 | 1.331 || 1.243 | 1.352 | 1.216 | 1.339 | 1.222 | 1.345 | 1.217 || 1.328 | 1.229 | 1.357 | 1.211
deviation from exp. data (%): | 1.249 | 1.270 | 0.064 | 0.246 | 1.753 | 2.387 | 1.859 | 2.507 | 0.226 | 0.278 | 1.152 | 0.820 | 0.799 | 0.404 || 2.044 | 1.416 | 0.101 | 0.093

sum of deviation from exp. (%): 2.15 0.31 -_] 0.50 1.97 1.20 -
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Table s3. The effect of basis set on NICS values at three distances from the centers of the C1 and C2 atoms of
H(C=C),H using the CAM-B3LYP functional.

basis set 6-311++G(d,p) ‘ 6-311+G(d) 6-311+G 6-31+G(d)
C1 C2 C1 C2 C1 C2 C1 C2
NICS (3.0 &) 0.1 0.0 0.0 0.1 0.0 0.1 0.0 0.1
NICS (2.0 &) -0.5 -0.3 -0.5 -0.3 -0.5 -0.3 04 -0.2
NICS (1.0 &) 94 -8.7 94 -8.6 9.5 -8.9 94 -8.6

Table s4. The effect of functional on NICS values at three distances from the centers of the C1 and C2 atoms of
H(C=C),H using the 6-311++G(d,p) basis set.

CAM-
fi ional| B3LYP BMK PBE M MO6L

aajac|jajcacjaljlccja|jacajajaajajeaccajpejcajcecijfajc
NIcs 3041 0.0 | 0.1 00 f O1 J 0O |01 JOO]O1 J00]O01 |00]O1 |o00F]O01]O007]O1 | 00FfOo.l1

NICS 204 | -05 | -03-05(-03]-05}-03]-05]-031]-05]-03]-05]-031]-051]-031]-051]-03]-051]-03

NICS1.0A) | -93 [ -87 |93 [[-87]-93 |-86]-93]|-86]-93]|-87]-93]-87|-93]-87]-93]-86]-93]|-87
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Table s5. Summary of the 'H and '3C NMR chemical shifts for H(C=C),H (n = 1- 10) All 1sotrop1c values have been corrected using TMS and the GIAO
method at the CAM-B3LYP/6-311++G(d,p) level. The ™S isotropic "H and '3C values are 31.9766 and 187.8458, respectively.

2 3 ¢4 o5 c6 | c1| e8| o cwo cit c12 c3|lcu ci5 c6 c17 cig| €9 €
10 |71.054|73.463]66.140| 64.857|66.293| 65.119] 66.102| 65.411] 65.924) 65.683| 65.683 | 65.924| 65.410| 66.102| 65.119] 66.293 | 64.857| 66.140| 73.463| 71.054
9 |70.989|73.502|66.110| 64.925 66.210| 65.191| 66.052| 65.554| 65.863| 65.863| 65.554| 66.052| 65.191| 66.210 64.925
8 |70.916]73.414|65.875| 64.904| 66.090| 65.252|65.831| 65.564| 65.564| 65.831|65.252| 66.090| 64.904| 65.875| 73.414
7 |70.784]73.439]65.795| 64.978| 65.933| 65.346| 65.628 | 65.628| 65.346| 65.933| 64.978 65.795| 73.439
6 |70.616]73.550|65.688| 65.080| 65.741| 65399 65.399| 65.741 | 65.080| 65.688 | 73.550
5 |70.443]73.710/65.517| 65.128 65.423| 65.423| 65.128| 65.517| 73.710
4 |70.134]73.940/65.359| 65.177|65.177| 65.359| 73.940
3 69.753]74.119|64.850| 64.850| 74.119| 69.753
2 |69.036]73.869 69.036
1 |76.606| 76.606 R N

1.06344 | 1.20160 | 1.36203 | 1.20982 | 1.35272 | 1.21251 | 1.35013 | 1.21341 | 1.34928
1.06344 | 1.20161 | 1.36207 | 1.20983 | 1.35278 | 1.21249 | 1.35022 | 1.21337 | 1.34945
1.06343 | 1.20161 | 1.36211 | 1.20981 | 1.35290 | 1.21245 | 1.35041 | 1.21323 | 1.34982
1.06339 | 1.20161 | 1.36219 | 1.20978 | 1.35306 | 1.21233 | 1.35078 | 1.21290
1.06328 | 1.20143 | 1.36187 | 1.20975 | 1.35382 | 1.21214 | 1.35200
1.06333 | 1.20162 | 1.36273 | 1.20940 | 1.35410 | 1.21115
1.06328 | 1.20147 | 1.36339 | 1.20868 | 1.35629
1.60315 | 1.20098 | 1.36501 | 1.20662
1.06307 | 1.19953
1.06337

1.21372
1.21358

i
<

1.34910

L IS N B N B I [~ CR
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