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Instrumentation

High-performance liquid chromatography (HPLC) was performed using a Thermo Scientific
Dionex Ultimate 3000 system with a diode array detector equipped with a C18 column
(AccucoreXL C18, Thermo Scientific, 4.6 x 260 mm,1.8 um particle size). High resolution mass
spectrometry (HR-MS) analysis was performed using a Q-Exactive™ Focus Hybrid Quadrupole-
Orbitrap MassSpectrometer (Thermo Fisher) equipped with a Dionex Ultimate 3000 HPLC
system (Thermo Fisher). NMR spectra were recorded using Bruker 400 MHz NMR spectrometer
at the Nuclear Magnetic Resonance Facility at Fudan University. PCR was performed on a Bio-
Rad T100™ Thermal Cycler using PrimeSTAR® HS DNA Polymerase (Takara Biotechnology Co.

Ltd, China) or Phanta Max Super-Fidelity DNA Polymerase (Vazyme Biotech Co. Ltd, China).

Chemicals and Biochemicals

All chemical reagents and anhydrous solvents were purchased from commercial sources and used
without further purification unless otherwise specified. S-adenosyl-L-methionine (SAM) were
purchased from Sangon Biotech Co. Ltd (Shanghai, China). Deuterium oxide (99.9%), L-
tryptophan methyl ester, 3-indoleethanol, 5’-chloro-5'-deoxyadenosine, and p-nitrothiophenol
were from Sigma-Aldrich Co. Ltd (USA). L-Trp, sodium dithionite, Fe(NH4),(SO4),*6H,0O and
Na,S were from Adamas Reagent Co. Ltd (Shanghai, China). Sulfuryl chloride was from Energy

Chemical Co. Ltd (Shanghai, China).

Construction of NosL-Y90F expression plasmid
The NosL Y90F mutant was constructed using the one-step site-directed mutagenesis method.

PCR was performed by using a primer pair (5’-CCT TCG TGC CGC TCTTCA CCA CCA ACT



ACT GCG ACT CC-3’ and 5’-GTT GGT GGT GAA GAG CGG CAC GAA GGT GTG CAG
CCG GG-3’, mutation sites are underlined), and plasmid NosL-pET28a constructed previously' as
the PCR template. PCR was performed for 30 cycles with denaturation, annealing, and extension
at 98 °C, 65 °C, and 72 °C, respectively. The PCR product (from 50 pL reaction mixture) was
purified by agarose gel, redissolved in 20uL dd H,O, and treated with 1 uL Dpnl (NEB, 20,000
units/ml) at 37°C for 1 hr to digest the template DNA. 5 pL of the resulting mixture was used to
transform chemically competent E. coli DH5a cells. The cells were plated on LB-agar containing

kanamycin sulfate (50 pg/mL) for positive clones, which were confirmed by DNA sequencing.

Expression of NosL wild type and mutant enzymes

E. coli BL21 (DE3) cells were transformed via electroporation with each plasmid for protein
expression. A single colony transformant was used to inoculate a 5 mL LB culture supplemented
with 50 pg/mL kanamycin sulfate. The culture was grown at 37 °C (180 rpm) for 12 h and was
used to inoculate 1 L of LB medium containing 50 pg/mL kanamycin sulfate. Cells were grown at
37 °C and 180 rpm to an ODgg 0.6-0.8, and IPTG was then added to a final concentration of 0.2
mM, and sterilized Fe(NH,4),(SO4), was added to a final concentration of 100 uM. After additional
18 h of incubation at 20 °C and 180 rpm, the cells were harvested by centrifugation at 5000 x g for
15 min at 4 °C. The pellet was used directly for protein purification or stored at —80 °C upon

further use.

Preparation of the reconstituted NosL and mutant enzymes

Protein purification and [4Fe-4S] reconstitution were performed in an anaerobic glove box (Coy
Laboratory Product Inc., USA) with less than 2 ppm of O,. The cell pellet was resuspended in
20ml of the lysis buffer (50 mM MOPS, 200 mM NacCl, and 10% (v/v) glycerol, pH adjusted to
8.0 by 2M NaOH), and was lysed by sonication on ice. Cell debris was removed via centrifugation
at 18, 000 x g for 30 min at 4 °C. The supernatant was incubated with 4 ml Ni-NTA resin pre-
equilibrated with the lysis buffer, and then subjected to affinity purification on a column. The

desired fractions were combined and concentrated using an Amicon Ultra-15 Centrifugal Filter



Unit and analyzed by SDS-PAGE (12%Tris-glycine gel). Protein concentration was determined

using a Bradford Assay Kit (Bio Rad) using bovine serum albumin (BSA) as a standard.

For reconstitution of the [4Fe-4S] cluster, freshly prepared dithiothreitol (DTT) was added to the
purified protein fraction to a final concentration of 5 mM. Fe(NHy),(SO4), solution (50 mM) was
then added carefully to a final concentration of 500 pM. After 10 min of incubation at the room
temperature, Na,S solution (50 mM) was added in the same way to a final concentration of 500
uM. After further incubation on ice for 5-7 h, the resulting blackish solution was subjected to
desalting on a PD-10 column (GE Healthcare) pre-equilibrated with the elution buffer I (50 mM
MOPS, 25 mM NaCl, 10 mM DTT and 10% (v/v) glycerol, pH 8.0) or elution buffer II (50 mM
Tris, 25 mM NaCl, 1 mM DTT, ~1.5%(v/v) glycerol, pD~8.0, ~98% D,0). The protein
fraction was collected and concentrated, and was used directly for in vitro assay or stored at —80

°C upon further use.

Enzyme assays in highly enriched D,O

The D,0O buffer (elution buffer II, 50 mM Tris, 250 mM NaCl, 10 mM DTT, ~1.5%(v/v)
glycerol, pD~8) was prepared by dissolve 60 mg (5 mM) Tris base, 15 mg (2.5 mM) NaCl, 1.5
mg (0.1 mM) DTT, and 100~200 pL glycerol in 10 ml deuterium oxide (99.9%). This buffer was
used for protein desalting with a PD-10 column (GE Healthcare). After desalting, the target
protein was concentrated, and mixed with an equal volume of elution buffer II. The resulting
protein solution was further concentrated to a protein concentration of 80~100 uM and was used
directly in biochemical analysis. By comparing with the hydroxylmethyl signal (6 = 3.38) of Tris,
the H,O concentration was estimated to be less than 2% in the resulting protein solution. A typical
assay was carried out by sequential addition of 2 pL. L-Trp solution (20 mM in D,0), 2 uL. SAM
solution (50 mM in D,0), 2 pL sodium dithionite solution (0.1 M in D,0) into 150 pL protein
solution. Reactions were maintained at room temperature (~25°C) for different time intervals and
were quenched by addition of trichloroacetic acid (TCA) to a final concentration of 5% (v/v).
After removal of the protein precipitates by centrifugation, the supernatant was subjected to LC-

HRMS analysis.



HPLC analysis

HPLC analysis was performed using a C18 analytic column (Accucore XL CI18, Thermo
Scientific, 4.6 x 250 mm). The column was equilibrated with 85% solvent A (H,0, 0.1% TFA)
and 15% solvent B (CH;CN, 0.1% TFA), and developed at a flow rate of 1 ml/min and UV
detection at 254 nm and 280 nm: 0-3 min, constant 40% A / 50% B; 3-20 min, a linear gradient to
2% A/ 98% B; 20-25min, constant 2% A / 98% B; 25-30min, a linear gradient to 40% A / 50% B.

LC-MS analysis was performed using a similar elution program.

Density functional theory (DFT) and statistical mechanics calculations

DFT calculations> 3 were performed with the Gaussian 09 program.* The NosL reaction
intermediates and transition states were calculated by using the unrestricted B3LYP> ¢ and M067
hybrid functionals in parallel. Structure optimization was performed using the 6-31+G(d,p) basis
set, and energies were calculated using the 6-311+G(2d,p) basis set. The optimized structures were
checked with harmonic vibration frequency calculations. The solvent effect was estimated with
IEFPCM calculation® ? with radii and non-electrostatic terms for SMD solvation model'? in water
(e = 78.4) and in ethanol (¢ = 24.5). All the transition states have been validated by intrinsic
reaction coordinate (IRC) calculation in both forward and reverse directions. Canonical orbitals

were calculated using isosurface values of 0.04.

To investigate the dAdo radical-mediated hydrogen abstraction reactions, the dAdo radical is
modeled as an ethyl radical and L-Trp is modeled as methylamine, in a way similar to a recent
study on the radical SAM enzyme HydE.!! Both geometry optimization and energy calculation
were performed at the M06/6-311+G(2d,p)/SMD(water) level of theory. Statistical mechanics
analysis were performed using the canonical transition-state theory (TST)!? with Wigner tunneling
correction (TSTW)'3 embedded in the KiSThelP software package.'* The temperature was set to

298.00K and the atmospheric pressure to 1.0 bar without any artificial adjustment.

Molecular Mechanical Calculations
All protein models were prepared in Schrodinger suite software under the OPLS 2005 force

field.’> Hydrogen atoms were added to the repaired crystal structures at physiological pH (7.4)



with the PROPKA'S tool to optimize the hydrogen bond network provided by the Protein
Preparation tool in Schrodinger software. Constrained energy minimizations were conducted on

the full-atomic models, with heavy atom coverage to 0.4 A.

Chemical model reaction

1) Preparation of 4-nitrobenzenesulfenyl chloride (compound 2)

SH
—_——
O2N O,N

1 2

4-nitrobenzenesulfenyl chloride was synthesized according to a previously reported
procedure.!” Briefly, sulfuryl chloride (1.35g, 10.00mmol) was added dropwise to a solution of p-
nitrophenol (compound 1) (1.40g, 10.00mmol) in 20mL dichloromethane incubated in ice bath.
The reaction mixture was stirred for 1 hr in ice bath, and was concentrated under vacuum to give

the crude compound 2 (13.30g, 70%), which was used immediately in the next step.

2) Preparation of compound 4

Compound 4 was synthesized according to a procedure reported by Bowman et al.'® Briefly, the
crude compound 2 (0.21g, 1.10mmol) and methyl L-tryptophanate hydrochloride (3) (0.26g,
1.00mmol) was dissolved in 20 mL diethyl ether, and the solution was incubated in ice bath. 5 ml
triethylamine (20uL, 1.10mmol) diethyl ether solution was added dropwise to the solution, and the
resulting mixture was stirred for 1 hr before concentration under vacuum to give a yellow oil. The
product was purified by preparation TLC plates to give compound 4 (180 mg, 49%). MS (ESI)
[M+H]* calculated 372.1018, found 372.1010. '"H NMR(CDCl;, 400MHZ) § = 3.09-3.15 (dd, 1H,
J;=8.4Hz, J,=13.8Hz), 6 = 3.31-3.36 (dd, 1H, J, = 5.6Hz, J,= 14.2Hz), 6 = 3.65 (s, 3H), 3.82-
3.86 (m, 1H), 7.04~7.06 (d, 2H, J=9.2Hz), 7.16-7.20 (m, 1H), 7.27-7.36 (m, 3H), 7.66~7.68 (d, H,

J=8.0Hz), 8.00~8.02 (d, 2H, J= 9.2Hz), 8.89 (s, 1H).



3) Photoreaction of 4

Compound 4 (18 mg, 0.049 mmol) was dissolved in 10 mL acetonitrile and the solution was
transferred to a small quartz tube reactor, which was irradiated for 1 hr under 254nm UV light.
The resulting reaction mixture was directly analyzed by HPLC and was diluted 100-fold with

acetonitrile before LC-HRMS analysis.



Fig. S1 DFT-calculated potential energy profile for the model study discussed in the main text.
Energies were calculated at the B3LYP/6-311+G(2d,p)/SMD(water) level of theory with geometry
optimized at the B3LYP/6-31+G(d,p)/SMD(water) level. This analysis shows that the energy
profile for the fragmentation of tryptophan methyl ester is similar to that of tryptophan, thereby
validating the chemical model study discussed in the main text (also see Fig. 3 in the main text
and Fig S8, ESIf for comparison). All the transition states (shown in brackets) have been
validated by intrinsic reaction coordinate (IRC) calculation in both forward and reverse directions.
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Fig. S2 UV spectra of X1 (a) and X2 (b), which are very similar to that of compound 4 (c).
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Fig. S3. Structural analysis of X1 and X2 by HR-MSMS, showing (a) the theoretical MS/MS

fragmentation of X1 and X2, (b) the HRMS and HR-MS/MS spectra of X1, and (c) the HRMS

and HR-MS/MS spectra of X2. The fragment ions that are also observed in the HR-MSMS

spectrum of 4 are shown in blue. The characteristic ions (m/z = 283.05) of X1 and X2 are shown

in red.
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Fig. S4. HR-MSMS analysis of compound 4, showing (a) the theoretical MS/MS fragmentation of

4, and (b) the HR-MS/MS spectrum.
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Fig. S5. Orbital analysis and regioselectivity prediction of the radical addition of 3 to 4. The
energy difference between HOMO of 3 and LUMO of 4 (0.06085 Hartree) is smaller than that
between HOMO of 4 and LUMO of 3 (0.15019 Hartree), suggesting that 3 should specifically
attack the nitrophenyl moiety of 4 (where the LUMO electrons locate). Because in the LUMO of 4
the electrons locate on the nitro para-positions, not the meta-positions, addition of 3 to 4 should
mainly occur on the nitro para-positions. Canonical orbitals were calculated using isosurface

values of 0.04.

Compound 4: HOMO (-0.21706 Hartree) LUMO (-0.09964 Hartree)

Radical 3: HOMO (-0.16049 Hartree)

N minor product N X2
H H



Fig. S6. Orbital analysis and regioselectivity prediction of the radical addition of 6 to 4. The
energy difference between HOMO of 4 and LUMO of 6 (0.01638 Hartree) is smaller than that
between HOMO of 4 and LUMO of 3 (0.16195 Hartree), suggesting that 6 should specifically
attack the indolyl moiety of 4 (where the HOMO electrons locate). Because in the HOMO of 4 the
electrons equally locate on several atoms of the indole ring, a series of adduct isomers Y are
expected, which is consistent with our LC-HRMS analysis (Y1, Y2, Y3 in the main text).

Canonical orbitals were calculated using isosurface values of 0.04.

Compound 4: HOMO (-0.21706 Hartree) LUMO (-0.09964 Hartree)

Radical 6: HOMO (-0.26159 Hartree) LUMO (-0.20068 Hartree)
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Fig. S7. Structural analysis of Y1, Y2, and Y3 by HR-MSMS, showing (a) the theoretical MS/MS
fragmentation of Y1, Y2, and Y3, (b) the HR-MS/MS spectrum of Y1, (c) the HR-MS/MS
spectrum of Y2, and (d) the HR-MS/MS spectrum of Y3. The fragment ions that are also observed

in the HR-MSMS spectrum of 4 are shown in blue. The characteristic ions (m/z = 370.09 and

283.05) are shown in red.
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Fig. S8. Quantification for the cleavage products of the nitrogen-centered radical (5 in the main
text). Because 3-indoleacetaldehyde (IA) could be susceptible to oxidization, we treated the
reaction mixture with an excess amount of NaBH, to reduce it to 3-indolecthanol, and the latter
was quantified by comparing with the 3-indoleethanol standard. Because X1 and X2 share very
similar UV-vis spectra with compound 4 (Fig. S2), these two compounds were quantified by the
absorbances at 280 nm in HPLC and comparing with that of 4. Less than 0.5% of 4 was
transformed to X1 and X2 in this analysis. Production of 3-methylindole was quantified by
comparing the UV absorbance in HPLC analysis with the 3-methylindole standard. Analysis was

performed for two parallel reactions and the standard deviations (S.D.) are shown by the error bars.
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Fig. S9. DFT-calculated potential energy profiles in NosL catalysis. Energies were calculated at
the levels of B3LYP/6-311+G(2d,p)/SMD(water), B3LYP/6-311+G(2d,p)/SMD(ethanol), and
MO06/6-311+G(2d,p)/SMD(water), respectively, with geometry optimized at the levels of
B3LYP/6-31+G(d,p)/SMD(water), B3LYP/6-31+G(d,p)/SMD(ethanol), and MO06/6-
31+G(d,p)/SMD(water), respectively. These parallel calculations show similar trends of reaction
energy. All the transition states have been validated by intrinsic reaction coordinate (IRC)

calculation in both forward and reverse directions.
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Fig. S10. Intrinsic reaction coordinate (IRC) calculation for the transition state structures in Fig. 3
(main text) and in Fig. S9, showing that all the transition states connect the expected reactants and

products along the IRC pathways. All stationary points were optimized at the B3LYP/6-31+G(d,p)

level of theory.
556,760 Total Energy along IRC Total Energy along IRC
~08%. PR -685.735
i NH R
Fon| &2
-685.762 | m Iy % 685,740 -
T H v: \'\‘
-685.764 ’ -685.745 —|
D -585.766 ! n i
@ i T -685.750
£ E H g
& ; T
I: -685.768 * L -685.755
) ; 3
2 ! g
5 -685.770 ! = 685760 |
= i P w
8 , L}
=] a ' °
© 685772 : 12 -685.765
L
-685.774 N r -685.770
%, _OH
Crf T
-685.776 LI o 685,775
-685.778 ~ -685.780 ~
r T T T T T T T T T T T T T r T T T T T T T T T T T T T
-8 -8 4 2 0 2 4 [ 6 4 2 0 2 4 ]
Intrinsic Reaction Coordinate Intrinsic Reaction Coordinate
Total Energy along IRC
Total Energy along IRC -685.700 .
-685.735 -
4 NH
L, fNH -4 o g,
605" = oH _ ¢ st Tngs
-685.740 s T 3 Ej:g;a 685710 @:g | ”
LY u;;; 4 Iy H N i OH o
4 5 Ly 0
-685.745 —| \ . i 3 "
4 -0 o 685.720 ;
& H - T ¢
@ .685.750 \ m /
g : £ 685730 ¥
£ d € ;
@ \ [} ] ’
L -685.755 5 T
3 & 685,740 - v
@ g i
5 685760 | S E ;
K] & -685.750 ‘.“
2 -685.765 4 2 ] §
p -685.760 J
-685.770 | -
/NH ‘\;‘\ 7 ‘,_‘ Jw
-685.775 | [ on %y 6857704 o  on
‘,QO a,,’#r/‘ | o . gj
H H
BT ey ees7OO- __
8 6 -4 2 0 2 4 8 4 2 0 2 4

Intrinsic Reaction Coordinate

Intrinsic Reaction Coordinate



Fig. S11. A detailed kinetic model for the NosL-catalyzed reaction in D,O. In the catalysis, the
dAdo radical resulting from SAM cleavage abstracts a deuterium from the amino group with a rate
constant of kp to produce an amino-center radical (RNDe), which proceeds via a B fragmentation
(either Ca-Cp or Ca-C scission) to produce corresponding products; this rate can be described by
an apparent net rate constant kj,,. Alternatively, instead of B fragmentation, RND+ can abstract a
hydrogen back from the singly deuterated dAdoH that contain one deuterium and two protium
atoms. As revealed by our DFT and statistical mechanics analysis (see Fig. S12 and Table S1),
protium abstraction by RNDe (k..) is much faster that the reverse deuterium rebound process (k_g),
and the former results in a singly deuterated amino group (RNDH), which can be converted to the
doubly deuterated amino group (RND,) by a rapid solvent exchange process (ky,;) for the next
round of dAdo radical-mediated hydrogen abstraction. dAdo radical can also be reduced by a
hydrogen equivalent that can be described by an apparent rate constant k,.,. The hydrogen
equivalent that quenches the dAdo radical could come from either a solvent-nonexchangeable or

solvent-exchangeable site with a ratio of y/(1-y).
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According to our calculations (Fig. S12 and Table S1), the rate constants for the dAdo
radical-based protium transfer is generally 10~12 folds higher than those of deuterium transfer,
and the secondary deuterium kinetic isotope effect is small, meaning that k.c = kp >> k= kp= k.
g and kp = kp = kg. To simplify our analysis, we define k, = kc = kp (p represents protium
abstraction), k,, = k.c = k.p (rp represents reverse protium abstraction, k,, equals to k; in Fig. 4b

in the main text), k; = kg = kr = kg (d represents deuterium abstraction, k, equals to k; in Fig. 4b



in the main text), k,; = kp = kr = kjy (rd represents reverse deuterium abstraction). The
observation that dAdoH is mainly tri-deuterated in the rapid quench experiment (Fig. 4a in the
main text) suggests that i) the rates for deuterium transfer is much larger than k., and k., and ii)
the Tyr90-mediated solvent exchange process should be very fast (i.e. ky; >> k,). Together, the
rate constants in NosL reaction in D,O can be ranked as follows.

ksor >> k, > k,, (k; in Fig. 4b) >> k, (k; in Fig. 4b) > k,; >> Kyuen, kifiag

We define D; (i = 0, 1, 2, 3) as the ratio of the yield of the dAdoH containing i deuterium

D. =1
atom(s) to the total yield of dAdoH (i.e. Z " 7). According to the analysis above, the ratio of

mono-deuterated dAdoH (D;) can be roughly estimated as follows.

k k
Dl ~ quen % (1 —)() " d % quen X x
K uen + Ky K uen + K Kuen + Ky

quen quen quen quen

When we performed the assay in 98% D,O with all the required reaction components except
L-Trp, the results showed that the resulting dAdoH consists of ~60% of unlabeled species and
~40% of mono-deuteriated product, and this ratio remains roughly constant at different time
points, suggesting that only part of the dAdo radical was quenched by solvent-exchangeable
hydrogen, and we here roughly estimate that y is ~0.6. Together with the results discussed in
the main text showing that D; = 0.1 (Fig. 4a in the main text), these analyses allow us to estimate
that Kguen : ks = 1 : 9. Because k,, (k.p) is far larger than k.., most of the di-deuterated dAdoH

should come from AdoCD,e, therefore we can estimate the ratio of D,to Dj as follows.

kquen XX

kE
Kquen X (1= 20 + 7Ky
-E

Dy/p, ~

Based on the calculation that kz/k g is 2.6 (Table S1), y is ~0.6, and D,/D;is ~0.8 (Fig. 4a
in the main text), we can know that Kfpye @ kguen : k4= 1 : 7.5 : 67. Because ky is around 5~7 s°!
(Table S1), the rate constant for the cleavage of the tryptophanyl radical 1 in NosL catalysis (kfg)
can be estimated to be ~ 0.1 s’. It should be noted that because of the inevitable error in DFT
calculations, the rate constants inferred here are only rough estimations and should be
treated cautiously;!® yet they do provide a general view into the complicate process of NosL-

catalyzed reaction.



Fig. S12. Model hydrogen transfer reactions, which are relevant to NosL catalysis discussed in

Fig. S11 (e.g. kg" and k" are consistent with kg and k g in Fig. S11). These reactions serve as

models for our DFT and statistical mechanics calculations, and the resulting rate constants and

thermodynamic parameters are listed in Table S1.
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Fig. S13. Active site of NosL. The L-Trp amino group is shown by a red arrow. Hydrogen atoms
were added to the repaired crystal structures at physiological pH (7.4) with the PROPKA!® tool to
optimize the hydrogen bond network provided by the Protein Preparation tool in Schrodinger

software.

[4Fe-4S]



Fig. S14. Kinetic analysis of NosL wild type enzyme and the Y9OF mutant for dAdoH production.
The assays were performed with (a) 11 uM and (b) 33 uM enzyme in 50 mM MOPS buffer (pH
8.0) with 10 mM DTT, 200 uM L-Trp, and 2 mM sodium dithionite. The reactions were initiated
by addition of SAM to the final concentration of 50 uM, 200 pM or ImM. The reactions were
quenched at 2 min by addition of trichloroacetic acid (TCA) to a final concentration of 5% (v/v).
Production of dAdoH were quantified by HPLC using 5’-chloro-5'-deoxyadenosine as an internal
standard, and the reactions were performed in duplicate. According to this analysis, the Km values
of SAM are far smaller than 50 pM and were not measured. The result shows that the catalytic
efficiency of the Y90F mutant is about 2-fold lower than the wild type enzyme; similar

observations were also made by Begley and coworkers.?0

a b

Keat = 0.45/min Keat = 0.45/min
H -4 154 E + E
4 .
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_E £ 10
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= i_ I 3 I {
> & 1 Kcat = 0.21/min E > } o Kcat = 0.21/min
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11 uM enzyme 33 UM enzyme
04
04
50 200 1000 50 200 1000

SAM concentration (uM) SAM concentration (pM)



Table S1. Computational analysis of the model hydrogen transfer reactions that mimic the dAdo
radical-mediated hydrogen abstraction in NosL catalysis. R;, TS;, and P; refer to the reactants,
transition-state, and products of the reaction i (see Fig. S12). DFT calculations were performed at
the MO06/6-311+G(2d,p)/SMD(water) level of theory. Statistical mechanics analysis were
performed using the canonical transition-state theory (TST)!? with Wigner tunneling correction
(TSTW)!? embedded in the KiSThelP software package.'* The temperature was set to 298.00K
and the atmospheric pressure to 1.0 bar without any artificial adjustment. Considering the
equivalent concentration of the reactants (i.e. hydrogen donor and acceptor), the hydrogen transfer

processes were treated as unimolecular reactions for rate constant calculation.

Reaction Ea (kJ/mol) AG (kJ/mol) ki’k; AAG (kJ/mol)
RA—TS,  54.393 44.24 67.17

2.6300 -2.40
P,—TS,  20.682 52.88 69.57
Rp—TSg  4.6749 49.21 72.11

1.6122 -1.18
Ps—TSg  2.8997 56.47 73.29
Rc—TSc 63.473 43.44 66.78

2.6290 -2.39
Pc—TSc  24.143 52.3 69.17
Rp—TSp  72.562 42.79 66.44

3.1939 -2.87
Pp—TSp 22.719 52.54 69.31
Rg—TSg  6.6043 47.7 71.23

2.6249 -2.39
Pr—TSg 2.516 57.07 73.62
Ry—TSE  5.7793 48.36 71.57

2.1292 -1.87
Pr—TSE  2.7143 56.76 73.44
Rg—TSg 0.22678 67.36 79.44

0.5789 1.35
Pc—TSg 0.39176 65.14 78.09
Ry—TSy  2.3657 62.25 74.72

1.0001 0.00
Py—TSy  2.3654 62.25 74.72
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