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Fastest unimolecular reaction rates

The fastest unimolecular reaction rates at DLPNO-CCSD(T)/aug-cc-pVTZ//UMO06-2X /aug-cc-
pVTZ level of theory using LC-TST for all structures are listed in table S1. Structures that were
used to investigate the discrepancy in sabinene-SCI results are not listed in any of the tables in
the supplementary information.

Table S1: Calculated energy barrier heights (AETS; keal/mol), Eckart tunneling coefficients ()
for H-shifts, and unimolecular LC-TST reaction rate coefficients (kuni, s~!) at 298 K for the
fastest unimolecular reactions of the SCI structures.

SCI reaction AETS g, Kuni
anti-met-SCI 1,3-ring closure  15.58 - 33.7
syn-met-SCI 1,4-H-shift 16.29 58.9 207
anti-tBu-SCI 1,3-ring closure 15.18 - 454
syn-tBu-SCI 1,3-ring closure  20.98 - 2.75-1073

(tBu)2-SCI 1,3-ring closure  20.03 - 2.08107?
cyc3-SCI 1,3-ring closure 15.86 - 9.91
cyc4-SCI 1,4-H-shift 18.64 46.5 1.04
cych-SCI 1,4-H-shift 16.73  48.1 79.6
cyc6-SCI 1,4-H-shift 14.52 356 1.40-103

cycpent-SCI 1,3-ring closure  18.27 - 0.190
cychex-SCI 1,3-ring closure 17.19 - 1.07
anti-pent-SCI 1,3-ring closure 15.88 - 12.7
syn-pent-SCI 1,5-ring closure  14.38 - 63.7
anti-ben-SCI 1,3-ring closure  14.40 - 122
syn-ben-SCI 1,3-ring closure  22.50 - 1.85-10~%
syn-ben-met-SCI  1,3-ring closure  18.51 - 0.113
(ben)s-SCI 1,3-ring closure  16.34 - 4.22
anti-ald3-SCI 1,3-ring closure 15.61 - 18.0
anti-ald4-SCI 1,3-ring closure  14.80 - 61.9
anti-ald5-SCI 1,3-ring closure  13.99 - 230
anti-ald6-SCI ~ SOZ formation  5.12 - 8.26:107
syn-ald3-SCI 1,4-H-shift 12.16 21.7 6.05-10%
syn-ald4-SCI SOZ formation  3.71 - 9.01-10°
syn-ald5-SCI SOZ formation  2.46 - 1.63-1010
syn-ald6-SCI SOZ formation  2.99 - 5.78-108
anti-BB-cam-SCI  1,3-ring closure  18.65 - 9.93-10~2
syn-fB-cam-SCI  1,3-ring closure  16.31 - 3.05
anti-#B-pin-SCI 1,4-H-shift 15.24 424 835
syn-AB-pin-SCI  1,3-ring closure  16.98 - 1.55
anti-3B-sab-SCI 1,4-H-shift 15.03 36.7 937
syn-BB-sab-SCI  1,3-ring closure  16.70 - 2.18
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All calculated unimolecular reaction rates

Reaction rate coefficients for all investigated reactions are listed in table S2. Reaction rate
coefficients were calculated at DLPNO-CCSD(T) /aug-cc-pVTZ//UM06-2X /aug-cc-pVTZ level of
theory utilizing LC-TST at 298 K.

Table S2: All calculated reaction coefficients for all investigated structures. For every reaction
reaction barriers AETS (kcal/mol) and rate coefficients kyy; are listed. For H-shifts the tunneling
coefficients k¢ are also listed. Table continues on the next page.

SCI reaction AETS  k, Kuni
anti-met-SCI 1,3-H-shift 27.68 190 9.67-107°
1,3-ring closure  15.58 - 33.7
syn-met-SCI 1,4-H-shift 16.29 59 207
1,3-ring closure  23.61 - 3.51.107°
anti-tBu-SCI 1,3-H-shift 27.70 161 7.12.10°°
1,3-ring closure 15.18 - 454
syn-tBu-SCI 1,5-H-shift 34.51 96 1.09-10~ !
1,3-ring closure  20.98 -  2.75.1073
(tBu)2-SCI 1,5-H-shift 34.34 23 57710712
1,3-ring closure  20.03 - 2.08-1072
cyc3-SCI 1,4-H-shift 2555 86  4.60-107°
1,3-ring closure 15.86 - 9.91
cyc4-SCI 1,4-H-shift 18.64 47 1.04
1,3-ring closure  16.65 - 0.986
cych-SCI 1,4-H-shift 16.73 48 79.6
1,3-ring closure 19.16 - 3.88.1072
cyc6-SCI 1,4-H-shift 14.52 36  1.40-10°
1,3-ring closure  19.04 -  2.61.1072
cycpent-SCI 1,3-ring closure  18.27 - 0.190
cychex-SCI 1,3-ring closure 17.19 - 1.07
anti-pent-SCI 1,3-H-shift 28.76 182 1.03-10°°
1,3-ring closure  15.88 - 12.7
syn-pent-SCI 1,3-ring closure 21.17 -  1.81.107°
1,5-ring closure  14.38 - 63.7
anti-ben-SCI 1,3-H-shift 28.48 172 1.51-107°
1,3-ring closure 14.40 - 122
syn-ben-SCI 1,3-ring closure  22.50 - 1.85-107%
1,5-ring closure  23.26 - 1.79-1075
syn-ben-met-SCI  1,3-ring closure  18.51 - 0.113
1,5-ring closure  21.00 - 1.33-1073
(ben)o-SCI 1,3-ring closure 16.34 - 4.22
1,5-ring closure 19.91 - 6.02:1073
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Table S2: (continued) All calculated reaction coefficients for all structures for which all of the
possible or feasible reactions were investigated. For every reaction reaction barriers AETS
(kcal/mol) and rate coefficients kyni are listed. For H-shifts the tunneling coefficients k¢ are also
listed. '=product is a open chain species and not cyclic

SCI reaction AE™S g, Kuni
anti-ald3-SCI 1,3-H-shift 28.39 242 1.89-10°6
1,3-ring closure  15.61 - 18.0
anti-ald4-SCI 1,3-H-shift 2779 176  5.16-1076
1,3-ring closure  14.80 - 61.9
SOZ formation  33.83 -  3.05-107'4
anti-ald5-SCI 1,3-H-shift 27.84 156 3.69-107°
1,3-ring closure  13.99 - 230
SOZ formation  14.98 - 1.49
anti-ald6-SCI 1,3-H-shift 28.68 140 2.63-1076
1,3-ring closure  13.93 - 396
SOZ formation  5.12 - 8.26 -107
syn-ald3-SCI 1,4-H-shift 12.16 22 6.05-10%
1,3-ring closure 2326 - 5.09-107°
SOZ formation® 13.35 - 113
syn-ald4-SCI 1,4-H-shift 17.49 50 31.9
1,3-ring closure  23.11 - 4.09-107°
SOZ formation  3.71 - 9.01-108
syn-ald5-SCI 1,4-H-shift 16.46 43 734
1,3-ring closure  21.56 -  1.01-1073
SOZ formation  2.46 - 1.63-1010
syn-ald6-SCI 1,4-H-shift 15.81 43 309
1,3-ring closure  23.34 - 1.18107°
SOZ formation ~ 2.99 - 5.78-108
anti-3B-cam-SCI 1,5-H-shift 35.64 16 3.23.10°13
1,3-ring closure  18.65 -  9.93.1072
syn-3B-cam-SCI 1,4-H-shift 3024 3 6.99-10°10
1,3-ring closure  16.31 - 3.05
anti-3B-pin-SCI 1,4-H-shift 15.24 42 835
1,3-ring closure 2093 -  1.55-1073
syn-3B-pin-SCI 1,4-H-shift 2488 4 7.07-10°°
1,3-ring closure  16.98 - 1.55
anti-3B-sab-SCI 1,4-H-shift 15.03 37 937
1,3-ring closure  17.07 - 1.14
syn-3B-sab-SCI 1,4-H-shift 2368 6  1.54-107%
1,3-ring closure  16.70 - 2.18

S4



Unimolecular reaction coefficients in this study compared to litera-
ture values

Unimolecular reaction coefficients at 298 K acquired at DLPNO-CCSD(T) /aug-cc-pVTZ//UMO06-
2X /aug-cc-pVTZ level of theory utilizing LC-TST compared to selected theoretical and/or
experimental values in the literature are listed in table S3.

Table S3: The results obtained in this study compared to results in the literature. All of the
results in the literature for anti-met-SCI and syn-met-SCI are not listed in this table. Theoretical

results from the literature are marked with T and experimental with E.

SCI Kuni kuni, literature reference
anti-met-SCI 33.7 T: 55.4 Long et al. 20161
T: 104 Vereecken et al. 20172
E: > 3* Berndt et al. 20153
syn-met-SCI 207 E: 2884275 Newland et al. 20154
E+T**: 150745 Robinson et al. 2022°
T: 166 Fang et al. 2016
T: 328 Long et al. 20161
T: 257 Vereecken et al. 20172
anti-tBu-SCI 45.4 T: 111 Vereecken et al. 201772
syn-tBu-SCI 2.75-1073 T: 1.0-1072 Vereecken et al. 20172
(tBu)2-SCI 2.08-10~2 T: 7.5:10~2 Vereecken et al. 20172
cyc3-SCI 9.91 - -
cycd-SCI 1.04 - -
cych-SCI 79.6 - -
cyc6-SCI 1400 E: 1998+147 Peltola et al. 20247
cycpent-SCI 0.190 - -
cychex-SCI 1.07 - -
anti-pent-SCI 12.7 - -
syn-pent-SCI 63.7 - -
anti-ben-SCI 122 T: 141.85 Yu et al. 20258
syn-ben-SCI 1.85-107%  T:4.22.107*4 Yu et al. 2025°
syn-ben-met-SCI 0.113 - -

(ben)s 4.22 - -
anti-ald3-SCI 18.0 - -
anti-ald4-SCI 61.9 - -
anti-ald5-SCI 230 T: 194 Long et al. 20197
anti-ald6-SCI 8.26-107 T: 2.44-107 Long et al. 20197
syn-ald3-SCI 6.05-10% - -
syn-ald4-SCI 9.01-108 - -
syn-ald5-SCI 1.63-1010 T: 7.14-10° Long et al. 20197
syn-ald6-SCI 5.78-10° T: 3.24 - 108 Long et al. 2019°
anti-cam-SCI 3.05 - -
syn-cam-SCI 9.93-10~2 - -
anti-pin-SCI 835 T: 375 Vereecken et al. 20172
syn-pin-SCI 1.55 T: 2.0 Vereecken et al. 20172
anti-sab-SCI 937 T: 2740 Wang et al. 201710
syn-sab-SCI 2.18 T: 0.97 Wang et al. 201710

*at 297 K, **Fit to experimental results using Master Equation Solver for Multi-Energy well

Reactions (MESMER)
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Reaction barriers obtained with multireference calculations com-
pared to DFT and CCSD(T) barriers

Unimolecular reaction barriers acquired at CASSCF, CASPT2, and DLPNO-NEVPT?2 levels
of theory compared to barriers obtained with DFT UMO06-2X/aug-cc-pVTZ (Table S4) and
CCSD(T)-F12/cc-pVTZ levels of theory (Table S5). As CCSD(T)-F12/cc-pVTZ is the most
computationally expensive CCSD(T) level of theory benchmarked in this study, multireference
methods were compared to the results obtained with it. Additionally, the differences in the
barriers obtained with DLPNO-CCSD(T)/aug-cc-pVTZ and different multireference methods
are presented in Table S6. This was done as the reaction rate coefficients in this study were
calculated at DLPNO-CCSD(T)/aug-cc-pVTZ//UMO06-2X /aug-cc-pVT7Z level of theory.

Table S4: The difference between energy barriers obtained with DFT UM06-2X /aug-cc-pVTZ
and used multireference methods (CASSCF, CASPT2, and DLPNO-NEVPT?2). The reactions
are numbered as follows: 1=syn, 1,4-H-shift; 2=syn, 1,3-ring closure; 3=syn, in-plane stereoiso-
merization; 4=anti, 1,3-H-shift; 5=anti, 1,3-ring closure; 6=anti, in-plane stereoisomerization.
MAE stands for mean absolute error. Zero-point energies used in the CASSCF, CASPT2, and
DLPNO-NEVPT?2 results were obtained at CASSCF /aug-cc-pVTZ level of theory.
AFE, AFEy AFE3 AE, AFE; AFEgs MAE
CASSCF 1.6 0.0 0.1 -5.3 1.0 7.0 3.3
CASPT2 1.8 0.5 6.4 -0.1 -3.0 4.0 2.6

DLPNO-NEVPT2 46 -0.7 1.7 0.2 -50 1.1 2.2

Table S5: The difference between energy barriers obtained with CCSD(T)-F12/cc-pVTZ and
used multireference methods (CASSCF, CASPT2, and DLPNO-NEVPT2). The reactions are
numbered as follows: 1=syn, 1,4-H-shift; 2=syn, 1,3-ring closure; 3=syn, stereoisomerization;
4=anti, 1,3-H-shift; 5=anti, 1,3-ring closure; 6=anti, stereoisomerization. MAE stands for mean
absolute error. Zero-point energies used in the CASSCF, CASPT2, and DLPNO-NEVPT2 results
were obtained at CASSCF /aug-cc-pVTZ level of theory.

AE, ABE, AE; AE, AE; AE; MAE

CASSCF 08 17 15 -50 31 35 26
CASPT?2 1.0 22 28 02 -09 06 1.3
DLPNO-NEVPT2 38 1.0 -1.9 05 29 -45 24

Table S6: The difference between energy barriers obtained with DLPNO-CCSD(T) /aug-cc-pVTZ
and used multireference methods (CASSCF, CASPT2, and DLPNO-NEVPT2), The reactions
are numbered as follows: 1=syn, 1,4-H-shift; 2=syn, 1,3-ring closure; 3=syn, stereoisomerization;
4=anti, 1,3-H-shift; 5=anti, 1,3-ring closure; 6=anti, stereoisomerization. MAE stands for mean
absolute error. Zero-point energies used in the CASSCF, CASPT2, and DLPNO-NEVPT?2 results
were obtained at CASSCF /aug-cc-pVTZ level of theory.
AE, AE, AE; AE, AEs AE; MAE
CASSCF 0.6 1.7 2.0 -4.8 3.0 4.0 2.7
CASPT?2 0.8 2.1 3.2 0.5 -0.9 1.1 1.5

DLPNO-NEVPT2 3.6 1.0 -14 08 -29 -40 2.3
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