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Scheme S1 – Chemical structures of (a) furan, (b) 2-cyanofuran (2CF),(c) 3-cyanofuran (3CF).

Figure S1 – B3LYP/6-31G(d,p) optimized 3D geometries for: (a) 2CF, (b) 3CF, (c) 2CFH+, (d) 3CFH+ and (e)
HCNH+(red=O, gray=C, blue=N and light gray=H).
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Figure S2 – Simulated IR spectra for (a) 2CFH+ and (b) 3CFH+.
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Figure S3 – Simulated Raman spectra for (a) 2CFH+ and (b) 3CFH+.
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Table S2 – Experimental and B3LYP/6-31G(d,p) optimized geometrical parameters (including empirical corrections) for
Furan, 2CF, 3CF, 2 CFH+ and 3CFH+ (bond lengths in Å, bond angles in o and rotational constants in MHz (1).

Furan 2CF 3CF 2CFH+ 3CFH+ HCNH+

Calc Expa Calc Expb Calc Calc Calc Calc Expc

Bond length
O-C2 1.3584 1.362 1.3589 - 1.3422 1.3722 1.3212
O-C5 1.3584 1.362 1.350 - 1.3605 1.3503 1.3796
C2=C3 1.3622 1.361 1.3679 - 1.3746 1.3726 1.3909
C3-C4 1.4520 1.431 1.4462 - 1.44106 1.4423 1.4514
C4=C5 1.3622 1.361 1.3730 - 1.3478 1.3663 1.3519

C2/C3-C6 - - 1.099 - 1.4163 1.4099 1.3856
C ≡ N - - 1.1717 - 1.1655 1.1716 1.1571 1.1397 1.1368
N-H - - - - - 1.0113 1.0069 1.0171 1.0091

Bond angle
C5-O-C2 107.13 106.5 105.42 - 107.35 105.60 108.77
O-C2=C3 110.814 110.7 111.29 - 110.41 111.64 108.63
O-C5=C4 110.814 110.7 113.28 - 110.85 111.99 111.09
C5=C4-C3 105.622 106.0 103.52 - 105.96 105.89 104.04
C2=C3-C4 105.622 106.0 105.66 - 105.43 104.87 107.48

C2/C3-C6–––N - - - 179.54 175.05 179.34
C6–––N-H - - - 155.00 179.87
(1)Numbering scheme used is that of Scheme S1.; aExperimental data from Bak et al. (1962). bExperimental data from Engelbrecht &
Sutter (1976). cExperimental data from Amano and Keiichi (1986).

Table S3 – G2MP2 and G3 Proton Affinity (PA in kJ/mol) of 2-cyanofuran (2CF) and 3-cyanofuran (3CF) at different sites
for T = 298K and 10K.

T = 298K T = 10K
2CF 3CF 2CF 3CF

Site(1) G2MP2 G3 G2MP2 G3 G2MP2 G3 G2MP2 G3
1 643.39 642.18 636.48 635.54 635,93 634.71 631.33 630.39
2 732.07 727.39 753.58 751.89 726.97 722.29 748.65 746.96
3 702.78 701.18 677.78 672.71 698.23 696.65 672.97 667.90
4 709.78 707.45 709.00 706.34 705.07 702.76 704.26 701.60
5 747.83 746.38 747.75 745.32 742.97 735.37 742.78 740.35
N 795.14 796.35 801.47 802.75 790.48 791.69 796.57 797.85

(1)Numbering scheme used is that of Scheme S1; aExperimental data from Bak et al. (1962) bExperimental data from Engelbrecht &
Sutter (1967)

Table S4 – G2MP2 and G3 Proton Affinity (PA in kJ/mol) of 2-cyanofuran (2CF) and 3-cyanofuran (3CF) at different sites
for T = 298K and 10K.

T = 150K T = 5K
2CF 3CF 2CF 3CF

Site G2MP2 G3 G2MP2 G3 G2MP2 G3 G2MP2 G3
1 647.21 645.99 634.11 633.18 638.19 636.98 631.23 630.29
2 735.89 731.20 751.27 749.58 726.87 722.19 748.55 746.86
3 707.15 699.20 675.47 670.41 698.13 696.55 672.87 667.80
4 707.68 705.36 706.88 704.22 704.97 702.65 686.37 701.50
5 745.57 744.11 745.42 743.00 742.87 741.43 725.12 740.24
N 793.15 794.35 799.32 800.60 790.38 791.59 778.84 797.75
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Table S5 – Gase phase G2MP2 and G3 calculated enthalpy, entropy and Gibbs free energy variations (∆rH, ∆rS and ∆rG in
kJmol−1) of reaction producing cyanofurans and their protonated forms (T = 150K and T = 5K for P = 10−5 atm).

T = 150K T = 5K
Equation of the reaction ∆rH ∆rG ∆rS ∆rH ∆rG ∆rS level of theory

C4H3O+ + CN− −−→ 2 CF + H (1) -566.33 -557.82 -0.056 -533.38 -533.20 -0.036 G2MP2
-569.11 -560.59 -0.056 -568.94 -568.75 -0.038 G3

C4H3O+ + CN− −−→ 3 CF + H (2) -573.21 -564.72 -0.056 -540.24 -540.06 -0.036 G2MP2
-575.26 -566.76 -0.056 -575.08 -574.88 -0.038 G3

C4H3OCN + H3
+ −−→ 2 CF-H+ + H2 (3) -379.19 -345.81 -0.222 -375.23 -374.58 -0.128 G2MP2

-376.34 -373.42 -0.019 -375.98 -375.95 -0.007 G3

C4H3OCN + H3
+ −−→ 3 CF-H+ + H2 (4) -385.36 -351.86 -0.223 -381.32 -380.68 -0.128 G2MP2

-382.60 -379.54 -0.020 -382.15 -382.12 -0.007 G3

Table S6 – Potential energy distribution of fundamental vibrational modes of 2CFH+

Frequency PED Mode Atoms1 PED Mode Atoms1

(cm−1) (%) h k l m (%) h k l m
In - plane modes

3475 97% νNH 7 11 0 0
3176 97% νCH 5 10 0 0
3130 61% νCH 3 8 0 0 37% νCH 4 9 0 0
3122 60% νCH 4 9 0 0 38% νCH 5 10 0 0
2232 85% νC−−−N 6 7 0 0 12% νCC 3 6 0 0
1546 36% νC−−C 2 3 0 0 23% νC−−C 4 5 0 0

7% νCC 3 6 0 0 7% δCH 4 3 8 0
6% δCH 3 4 9 0

1437 29% νC−−C 4 5 0 0 25% νC−−C 2 3 0 0
13% δCH 1 5 10 0 7% δOC 2 1 5 0
7% δCH 4 5 10 0 6% νCC 3 6 0 0

1337 19% νCC 3 4 0 0 17% δCH 3 4 9 0
11% δCH 4 5 10 0 9% δCH 4 5 10 0
9% νOC 1 5 0 0 5% δCH 2 3 8 0

1211 38% νOC 1 2 0 0 23% νCC 3 6 0 0
5% δCC 1 2 3 0

1190 26% δCH 2 3 8 0 23% δCH 4 3 8 0
14% νCC 3 4 0 0 13% δCH 1 5 10 0
8% δCH 4 5 10 0 5% νCH 3 6 0 0

1135 39% νOC 1 5 0 0 20% δCH 1 5 10 0
12% νC−−C 4 5 0 0 11% δCH 4 5 10 0

1062 28% νOC 1 5 0 0 19% δCH 3 4 9 0
17% δCH 5 4 9 0 8% νC−−C 4 5 0 0
6% νCC 3 4 0 0 5% δCH 4 5 10 0

975 33% νCC 3 4 0 0 21% δCH 4 3 8 0
12% δCH 3 4 9 0 11% δCC 2 3 8 0
10% δC−−C 5 4 9 0

918 29% νOC 1 2 0 0 16% δOC 2 1 5 0
11% δCH 4 5 10 0 8% νC−−C 2 3 0 0
6% δCH 5 4 9 0

872 25% δCC 3 4 5 0 24% δOC 4 5 1 0
121% δCC 2 3 4 0 9% δOC 2 1 5 0
9% δCH 2 3 8 0 7% δCH 3 4 9 0

590 39% δCN 2 6 7 0 15% δCNH 6 7 11 0
(Continued)
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Table S6 – (Continued)
Frequency PED Mode Atoms1 PED Mode Atoms1

(cm−1) (%) h k l m (%) h k l m
12% δCN 2 6 7 0 9% νCC 1 2 6 0

575 24% νCN 2 6 7 0 20% δCNH 6 7 11 0
10% δCC 1 2 6 0 9% δCC 3 2 6 0

555 47% νCC 2 6 0 0 11% δCC 1 2 3 0
8% νC−−−N 6 7 0 0 6% δOC 2 1 5 0
5% δCC 2 3 4 0

279 62% δCNH 2 6 7 0 15% νC−−−N 6 7 0 0
11% δCN 2 6 7 0

185 48% δCN 2 6 7 0 23% δCC 1 2 6 0
22% δCC 3 2 6 0

Out-of-plane modes
875 31% γHCCH 8 3 4 9 24% γHCCH 9 4 5 10

9% γOCCH 1 5 4 9 8% γCCCH 6 2 3 8
7% γCCCH 2 3 4 9 7% γOCCH 1 2 3 8

839 28% γHCCH 9 4 5 10 23% γCCCH 3 4 5 10
10% γCCCH 6 2 3 8 10% γCOCH 2 1 5 10
9% γCCCH 5 4 3 8 8% γOCCH 1 2 3 8

740 30% γOCCH 1 5 4 9 22% γCCCH 2 3 4 9
11% γOCCH 1 2 3 8 10% γCCCH 6 2 3 8
9% γCCCH 3 4 5 10 6% γCCCH 5 4 3 8

630 23% γCCNH 2 6 7 11 22% γCCN 0 2 6 7
11% γCCN 3 6 7 9 7% γCOCC 5 1 2 3
7% γOCCC 1 2 3 4 6% γCCCH 6 2 3 8

542 78% γCCNH 2 6 7 11
505 85% γCCN 0 2 6 7
179 38% γCCCC 4 3 2 6 23% γCCCH 6 2 3 8

21% γCOCC 5 1 2 6 11% γCCN 0 2 6 7

aOnly contributions greater than 5% were taken into account; bSee Scheme S1 for atom numbering;
cν: stretching; δ: in-plane bending modes; γ: out-of-plane bending modes.

Table S7 – Potential energy distribution of fundamental vibrational modes of 3CFH+

Frequency PED Mode Atoms1 PED Mode Atoms1

(cm−1) (%) h k l m (%) h k l m
In - plane modes

3486 97% νNH 7 11 0 0
3147 82% νCH 5 10 0 0 16% νCH 4 9 0 0
3120 90% νCH 2 8 0 0 9% νCH 4 9 0 0
3120 90% νCH 4 9 0 0 17% νCH 5 10 0 0

8% νCH 2 8 0 0
2218 79% νC−−−N 6 7 0 0 18% νCC 2 6 0 0
1591 54% νC−−C 4 5 0 0 10% νC−−C 2 3 0 0

8% δCH 3 4 9 0
1531 35% νC−−C 2 3 0 0 15% νC−−C 3 6 0 0

13% νC−−C 4 5 0 0 8% δCH 1 2 8 0
7% δCH 3 2 8 0

1368 40% νCC 3 4 0 0 15% νC––C 2 3 0 0
6% δCH 5 4 9 0 6% δCH 4 5 10 0

(Continued)
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Table S7 – (Continued)
Frequency PED Mode Atoms1 PED Mode Atoms1

(cm−1) (%) h k l m (%) h k l m
1287 23% νCC 3 6 0 0 19% νOC 1 2 0 0

18% δCH 1 2 8 0 13% δCH 3 2 8 0
6% νC−−−N 6 7 0 0

1222 19% δCH 4 5 10 0 18% δCH 1 5 10 0
16% δCH 3 2 8 0 13% δCH 1 2 8 0
11% δCH 5 4 9 0 6% δCH 3 4 9 0

1140 51% νOC 1 2 0 0 21% δCH 1 2 8 0
7% δCC 1 2 8 0 6% δCH 3 2 8 0

1099 28% δCH 5 4 9 0 19% δCH 1 5 10 0
18% δCH 3 4 9 0 10% δCH 4 5 10 0
7% νC−−C 4 5 0 0 7% νOC 1 5 0 0

988 18% δCH 3 4 9 0 14% δCC 3 4 5 0
12% δCC 1 5 4 0 12% νCC 3 4 0 0
9% νC−−C 2 3 0 0 6% νOC 1 5 0 0

968 53% νOC 1 5 0 0 10% νCC 3 4 1 0
6% νOC 1 2 0 0 5% δCH 4 5 10 0
5% δCH 3 4 9 0

755 36% δOC 2 1 5 0 23% νOC 1 5 0 0
12% δCC 1 5 4 0 6% δCC 1 2 3 0
6% δCH 3 2 8 0

592 59% δCNH 6 7 11 0 14% δCC 4 3 6 0
11% δCC 2 3 6 0 6% νCC 3 4 0 0

544 42% νCC 3 6 0 0 11% δCC 2 3 4 0
8% δCC 1 2 3 0 6% νC−−−N 6 7 8 0
6% νC−−C 2 3 0 0

168 47% δCNH 1 2 0 0 25% δCC 2 3 6 0
25% δCC 4 3 6 0

Out-of-plane modes
887 33% γCCCH 6 3 2 8 29% γCCCH 4 3 2 8

14% γCOCH 5 1 2 8 11% γCCCH 3 4 5 10
7% γHCCH 9 4 5 10

882 36% γHCCH 9 4 5 10 16% γCCCH 6 3 4 9
12% γOCCH 1 5 4 9 10% γCCCH 2 3 4 9
9% γCCCH 3 4 5 10 5% γCOCH 2 1 5 10

808 20% γCCCH 3 4 5 10 19% γOCCH 1 5 4 9
17% γCCCH 2 3 4 9 15% γCCCH 6 3 4 9
10% γCOCH 2 1 5 10 8% γCCCH 6 3 2 8

628 35% γCNH 3 6 7 11 9% γCCCC 1 2 3 4
8% γCCCH 6 3 4 9 7% γCCCC 5 4 3 6
6% γCCCC 2 3 4 5 5% γCCCH 4 3 2 8

627 91% γCNH 3 6 7 11
561 26% γCOCC 2 1 5 4 25% γOCCC 1 5 4 3

12% γCCCC 2 3 4 5 7% γCCCC 5 4 3 6
7% γCOCC 5 1 2 3

489 21% γCCNH 3 6 7 11 15% γOCCC 1 2 3 6
10% γCOCC 5 1 2 3 9% γCCN 0 3 6 7
8% γOCCC 1 2 3 4 6% γCOCH 2 1 5 10

209 68% γCCNH 3 6 7 11 10% γCCCC 5 4 3 6
9% γOCCC 1 2 3 6

83 75% γCCN 0 3 6 7 18% γCCNH 3 6 7 11

aOnly contributions greater than 5% were taken into account; bSee Scheme S1 for atom numbering;
cν: stretching; δ: in-plane bending modes; γ: out-of-plane bending modes.
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Table S8 – M06-2X/6-31G(d,p) calculated frequencies (cm−1), infrared intensities (km.mol−1) and Raman activities
(Å4/amu) and Raman intensities (×10−24F2.m−1.kg−1) for compounds 2CFH+ and 3CFH+.

2CFH+ 3CFH+

Non scaled Scaled IR int. Ram. Activ Ram. Int. Non scaled Scaled IR int. Ram. Activ Rama. Int
frequencies frequencies

3684 3475 1033.74 113.26 8.01 3746 3486 1134.57 23.84 1.67
3368 3176 19.90 119.64 11.27 3318 3147 15.69 128.17 12.42
3319 3130 21.83 86.36 8.50 3291 3120 24.18 70.30 6.99
3311 3122 7.58 77.56 7.69 3291 3120 20.80 36.99 3.68
2241 2232 561.27 211.70 49.92 2355 2218 480.58 199.51 47.69
1603 1546 23.47 10.91 5.35 1585 1591 29.48 14.08 6.56
1493 1437 176.46 57.80 32.29 1540 1531 137.49 30.70 15.34
1390 1337 57.17 21.18 13.37 1372 1368 2.30 7.93 4.82
1259 1211 12.82 1.50 1.11 1344 1287 3.52 2.89 1.94
1244 1190 8.04 8.70 6.65 1268 1222 3.67 3.41 2.49
1186 1135 18.92 4.76 3.92 1228 1140 53.21 9.86 8.06
1105 1062 19.17 17.46 15.95 1135 1099 24.88 3.03 2.63
1018 975 38.12 1.04 1.08 1033 988 11.48 8.35 8.51
945 918 29.65 9.10 10.36 979 968 16.86 16.13 16.95
925 875 0.15 0.38 0.46 887 887 40.90 0.07 0.09
892 872 6.83 5.88 7.21 881 882 5.32 0.04 0.05
878 839 1.05 0.08 0.10 851 808 45.84 2.03 2.79
786 740 51.01 0.80 1.25 770 755 17.87 1.42 2.15
655 630 33.48 1.09 2.15 620 628 68.39 0.52 1.02
616 590 35.25 0.87 1.88 608 627 109.67 0.27 0.53
596 575 12.19 0.38 0.86 593 592 0.19 1.61 3.46
569 555 3.54 24.90 58.72 579 561 20.80 5.03 11.68
561 542 64.50 0.78 1.89 569 544 17.59 11.35 27.57
518 505 2.84 1.41 3.82 521 489 14.57 0.48 1.38
294 279 483.37 48.59 324.98 192 209 91.94 0.15 1.56
192 185 6.11 3.99 52.66 166 168 1.96 4.58 71.21
186 179 25.45 0.81 11.21 149 83 5.48 0.66 36.22
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