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Abstract: A kinetic study of the dodec-
anethiol-catalyzed cis/trans isomeriza-
tion of methyl oleate (cis-2) without
added initiator was performed by fo-
cusing on the initiation of the radical
chain reaction. The reaction orders of
the rate of isomerization were 2 and
0.5 for 1 and cis-2, respectively, and an
overall kinetic isotope effect ky/ky of
2.8 was found. The initiation was
shown to be a complex reaction. The
electron-donor/-acceptor (EDA) com-

thiol 1 to give a stearyl and a sulfuranyl
radical through molecule-assisted ho-
molysis (MAH) of the sulfur-hydrogen
bond. Fragmentation of the latter gives
the thiyl radical, which catalyzes the
cis/trans isomerization. A computation-
al study of the EDA complex, MAH
reaction, and the sulfuranyl radical cal-
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culated that the activation energy of
the isomerization was in good agree-
ment with the experimental result of
E,=82kJm'. Overall, the results may
explain that the thermal generation of
thiyl radicals without any initiator is re-
sponsible for many well-known ther-
mally initiated addition reactions of
thiol compounds to alkenes and their
respective polymerizations and for the
low shelf-life stability of cis-unsaturat-
ed thiol compounds and of mixtures of

plex of dodecanethiol (1) and cis-2
formed in a pre-equilibrium reacts with

sources

Introduction

The cis/trans isomerization of unsaturated fatty acids, that is,
oleic acid of lipids, in biological systems is of great impor-
tance.l'! Chatgilialoglu et al. showed that thiyl radicals are
among the most efficient isomerizing agents and studied in
detail the kinetics of the cis/trans isomerization of oleic acid
of phospholipids and methyl oleate with thiol compounds
occurring in a radical chain reaction.”* The reaction was in-
itiated by either the thermal decomposition of azo com-
pounds,?! y-irradiation,” or photochemically generated
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alkenes and thiol compounds.

thiyl radicals.!! These studies support the mechanism in
Scheme 1; however, side reactions are also at work and give
the same products but change the rate of reaction. Thus, for
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Scheme 1. Thiyl radical-catalyzed isomerization of mono-unsaturated
fatty acid methyl esters.*™

the rather high thiol concentrations of 0.30 and 0.93 M, blank
experiments on nonirradiated samples showed some isomer-
ization. This outcome indicates “an unknown additional
thermal generation of thiyl radicals”, which could be of im-
portance in biological systems.”’

The radical addition of thiol compounds to alkenes initiat-
ed photochemically or thermally with radical initiators is a
well-known and intensively studied reaction.’! It is well
known that certain thiol/ene mixtures are quite thermally
unstable at room temperature, and many studies on the re-
lated shelf-life stability are available.! However, only very
few investigations on the initiation of this dark reaction
have been reported. In the 1980s, Nuyken et al. studied the
very efficient thermally initiated radical polymerization of 3-
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and 4-vinylbenzenethiol and dithiol compounds with dienes
and diynes without the addition of any special initiator.[” Ki-
netic evidence was found for the molecule-assisted homoly-
sis (MAH)® of the S—H bond as an initiation reaction. The
activation energy of the addition of thiophenol to styrene as
a model reaction was E,=65kJm ', which was in good
agreement with the calculated activation energy of the bi-
molecular reaction of thiophenol and styrene to give a thiyl
and a 1-phenylethyl radical as an initiation reaction
(Scheme 2).1 Klemm and Sensful observed the formation

H
R/ + s R ~—Tk~ R/ +*s-R

Scheme 2. Radical formation by a bimolecular reaction of a thiol and an
alkene, a molecule assisted homolysis (MAH)."”)

of an electron-donor/-acceptor (EDA) complex of a thiol
and alkene in solution by UV spectroscopic analysis and
postulated the formation of a thiyl and an alkyl radical from
this EDA complex (Scheme 3).'" This result is equivalent to
the MAH reaction postulated by Nuyken et al.’! EDA com-
plexes of thiol compounds and alkenes have also been stud-
ied by '"H NMR spectroscopic analysis."!

H Kepa K
R‘j + 'S-R =— [EDAcomplex] — » RTJ, +  °s-R

Scheme 3. Radical formation via a EDA complex of a thiol and an
alkene.!""!

Initiation of radical chain reactions by MAH or molecule-
induced homolysis!"” have been reported previously, for in-
stance, the thermal initiation of styrene polymerization
through the de Mayo mechanism,™® the thermally initiated
addition of alkanes to alkenes!"¥ and alkynes™ (i.e., the ane
reaction), uncatalyzed transfer hydrogenation and transfer
hydrogenolysis,'® and the thermally induced redox reactions
of carbonyl compounds and alcohols!” fall into this catego-
ry. It may be mentioned that this simple elementary reaction
of two closed-shell molecules to give two radicals, which is
the reverse reaction of the well-known disproportionation
reaction of two radicals, has not found an entrance into text-
books and has been remained rather unknown despite being
suggested about 50 years ago.'¥ Recently, Mayer introduced
a generalized concept for hydrogen-atom transfer (HAT)
that included MAH reactions with a Marcus theory ap-
proach.["]

The radical addition of thiol compounds to alkenes has at-
tracted renewed interest as a “thiol/ene click reaction” be-
cause of quantitative yields, rapid reaction rates, mild reac-
tion conditions, and compatibility with water and oxygen.”)
It has been demonstrated recently that mixing thiol and
methyl 10-undecenoate, a renewable 1-alkene, gave the ad-
dition product quantitatively without the use of an initiator
and under solvent-free conditions.”"!
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Because a molecule that has an alkyl chain with a cis-con-
figured double bond and a thiol functionality should not be
stereochemically stable, we wondered about cis-octadec-9-
enethiol, which is commercially available and is “assigned to
prepare disordered self-assembled monolayers that may
have a significant influence on the fluidity of supported
liquid membranes.”?!

The question is open as to how the dark reaction of radi-
cal addition reactions of thiol compounds to alkenes and the
thiol-catalyzed cis/trans isomerization of cis-alkenes ob-
served by Chatgilialoglu et al.’! may be initiated without
any added initiator. To answer this question unambiguously,
we performed a kinetic and computational study of the
thiol-catalyzed thermal isomerization of methyl oleate be-
cause the isomerization reaction is much simpler than the
addition reaction and has been studied kinetically in
detail.”™ Most importantly, there is no hydrogen transfer in-
volved in the isomerization reaction. Thus, we could have a
chance to verify or exclude unambiguously initiation
through MAHP! by performing an appropriate experiment
on the kinetic isotope effect ky/kp.

Results

In preliminary experiments, we treated dodecanethiol (1)
with methyl oleate (cis-2) in a ratio of 1.1:1 without a sol-
vent at 118°C (Scheme 4). Analysis of the reaction solution

WCOOCH;;
o 1 +CypHsSH 1

NN NSNS CO0CH;
trans-2

Scheme 4. Dodecanethiol-catalyzed isomerization of methyl oleate (cis-2)
to methyl elaidate (trans-2).

after 22 hours showed a [trans-2]/[cis-2] ratio of 2.89:1. The
concentration of thiol 1 and the total concentration of cis-2
and frans-2 was approximately constant over the reaction
time. Only very small amounts (i.e., <5%) of the addition
products methyl 9- and 10-dodecanethiylstearate were
formed. Traces of didodecyldisulfide (7), the expected termi-
nation product of the radical chain reaction, were also de-
tected. The ratio of [trans-2]/[cis-2] at 89°C was 0.83:1 after
24 hours. The addition of AIBN as an initiator showed a
[trans-2]/[cis-2] ratio of 4.28:1 after 15 minutes.

Moreover, we studied the stereochemical stability of cis-
octadec-9-enethiol. A commercial sample” was used, and
the ratio of the trans and cis isomers, determined by GC
after arrival of the sample, was 0.98:1. At room tempera-
ture, the isomerization reaction continued (Scheme 5). The
[trans]/[cis] ratio was 4:1 after 10 days and the final ratio of
5.9:1 was obtained after about 38 days (see Figure S1 in the
Supporting Information).”™ Chatgilialoglu etal. gave a
rather similar equilibrium ratio of 5.15:1 at room tempera-
ture for methyl oleate.™
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Scheme 5. Isomerization of cis- to trans-octadec-9-enethiol.

The kinetic investigation of the isomerization reaction
was performed by mixing the substrates thiol 1 and cis-2,
both freshly distilled under nitrogen, at room temperature
under nitrogen without any solvent. A homogeneous solu-
tion was obtained. The isomerization reaction was studied at
89, 98, 108, and 118°C by using a mixture of 1 and cis-2 with
concentrations of 1.6 and 1.5Mm, respectively, at room tem-
perature in which the temperature dependence of the con-
centration of 1 and of cis-2 was taken into account (see Fig-
ure S2 in the Supporting Information).”?! Two experiments
at each temperature were performed in two reactors in par-
allel. The ratio of [trans-2]/[cis-2] was determined by GC
analysis. The rate of isomerization r;, was constant over the
studied range of conversion (Figure 1). Additionally, the de-

118°C

o H D> o

[trans -2]/[cis -2]

Time (h)

Figure 1. Rate of isomerization of methyl oleate (cis-2) to trans-2 cata-
lyzed by dodecanethiol ([cis-2]/[1]=1:1.1) at 89, 98, 108, and 118°C.

pendence of the rate of isomerization on the concentration
of the reactants was studied at 118°C by using mixtures of 1
and cis-2 with concentrations of 3.1 and 0.49m and 0.4 and
2.28M, respectively (see Figure 2 and Table S1 in the Sup-
porting Information for the results).*!

Evaluation of the dependence of the rate of isomerization
on the concentration of 1 and 2 (Figure 2) gives rate Equa-
tion (1) with rate constant k., The second reaction order
for thiol 1 and 0.5 reaction order for cis-2 seems to be re-
markable. Furthermore, monodeuterated dodecanethiol
C,H,sSD (D-1) was reacted at 118°C by using a mixture of
D-1 (3.1m) and cis-2 (0.49M) to give rp1=55%x107s""
The experiment was performed in parallel with 1 to give
Fs1=1.56x10"*s™" (Figure 4), thus revealing an overall ki-
netic isotope effect ky/kp of 2.8.

d([t-2]/[c-2]) 21911/2
Fis = T = kexp[I] [2] / (1)
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Figure 2. Rate of isomerization of cis-2 at 118°C: Dependence on the
concentration of 1 and cis-2.
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Figure 3. Arrhenius presentation of the temperature dependence of the
rate constant k., gives E,=82kJm ' and A=2.0x10°m s,

# Dodecanethiol 1
m Dodecanethiol D-1

[trans-2]/[ cis -2]

Time (h)

Figure 4. Kinetic isotope effect: Rate of isomerization of cis-2 (0.96m)
catalyzed by thiol 1 (3.1M) and D-1 (3.1m), respectively (ri;=1.56x
107575 11 =5.5x 107 s7Y).

The temperature dependence of k., (Figure 3) gives the
Arrhenius equation [Eq. (2)] (where E,=82kJmol™' and
A=20x10°M""s").

log k., = 6.3—4285/T )
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Computational results: We performed DFT calculations
with the new dispersion-corrected functional B97D. This ap-
proach and several others have been developed with an im-
proved description of weak van der Waals interactions in
mind.! The suitability of B97D for the given problem has
been evaluated extensively.?%?"]

The structures for all the compounds shown in Scheme 6
have been optimized and their relative enthalpies deter-
mined. Spin contamination does not play a significant role
in all the structures with unpaired electrons.” (The com-
plete results are compiled in Table S2 in the Supporting In-
formation).

.S,
K H R
EDA
RSH* i g2 <= R1ﬁ \RQ 0
1 cis-2 EDA
k: 1
1 + EDA —> RY“\R2+RS.;S(H)R 1
k2 (] R1
1 + 4 —% RS + \/\RZ 2
3
RSSHR Lo 1 + 3 3
5
kZ RS~
3 + cis2 === R? 4
ke R'6
E
6 ‘LE R.]/\/Rz + 3 5
k,
@ trans-2
Kt
23 s RSSR 6
termination

7
R = CyoHys; R = CgHy7; R2= C7H;4COOCH;

Scheme 6. Radical chain mechanism of the thermal isomerization of cis-2
catalyzed by thiol 1. Initiation by MAH of thiol 1 and the EDA complex
of 1 and cis-2 formed in pre-equilibrium (reaction 0) to give alkyl radical
4 and sulfuranyl radical 5 in reaction 1.

The enthalpic difference between cis-2 and trans-2 is cal-
culated to be 3.8 kIm~!, which is about 1 kJ lower than the
experimental results®! and calculations by Chatgilialoglu
et al.”! The EDA complex of 1 and cis-2 is formed through a
hydrogen bond from thiol 1 to the electron-rich double
bond of cis-2 (see Figure S3 in the Supporting Information)
and possesses a reaction enthalpy of AHy=-39kJm !, but
is endergonic because of entropic reasons. The reaction en-
thalpy of the MAH reaction of thiol 1 and cis-2 is calculated
to be 191 kIm™". In comparison, the reaction enthalpy of the
MAH reaction of 1 and the EDA complex is determined to
be 212 kIm~'. With respect to the substrates, this finding
gives a remarkably small enthalpy of only 173 kJm™' consid-
ering the exothermic formation of the EDA complex
(Figure 5). The activation energy of the MAH reaction is
approximately equal to the reaction enthalpy because the
activation energy of the reverse disproportionation reaction
is approximately E,=0kJIm L0118 The energy profile of
the initiation reaction is given in Figure 5. In principle, two
regioisomeric alkyl radicals 4 with a single electron in the 9
or 10 position (9-4 and 10-4, respectively) can be expected.
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Figure 5. Energy profile of the initiation reaction.

However, all the calculated energies of 9-4 and10-4 differ by
as little as 3 kIm ™!, so that all the reported numbers refer to
the radical at the 10 position. The fragmentation of sulfuran-
yl radical 5 to thiyl radical 3 and thiol 1 is calculated to be
an endothermic but exergonic reaction (AHgx=19.4kJm !
and AGg=-31.1kIm " at 100°C).

Discussion

Chatgilialoglu et al. showed that the thiol-catalyzed rate of
isomerization of cis-2 to trans-2 is directly proportional to
the steady-state concentration of thiyl radical 3 [Scheme 1;
Eq. (3)].24

d([trans-2]/[cis-2])  kZkF + kEk?
rig = dt = fkaku : [3] = kls[S] (3)

The rate of the isomerization of the thermal reaction has
a reaction order of two and 0.5 for thiol 1 and cis-2, respec-
tively, thus giving the first evidence that both substrates are
involved in the initiation reaction of the radical chain and
the formation of thiyl radical 3. Moreover, the kinetic iso-
tope effect ky/kp gives ample evidence that a hydrogen-
transfer reaction is involved in the rate-determining step of
the initiation reaction.

To obtain more detailed information on the initiation re-
action, we checked the reaction order for both substrates ex-
pected for the initiation reactions suggested in previous re-
ports.”1 The initiation by alkene-assisted homolysis of the
S—H bond in a bimolecular reaction of thiol 1 and cis-2 to
give thiyl radical 3 and alkyl radical 4, a MAH reaction as
suggested by Nuyken et al. (Scheme 2),”! would give a reac-
tion order of 0.5 for 1 and cis-2, which is not in agreement

Chem. Eur. J. 2012, 18, 8201 -8207
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with the experimental results (see Scheme S1 in the Sup-
porting Information). Radical formation through a mono-
molecular fission of the EDA complex of thiol 1 and alkene
cis-2 formed in a pre-equilibrium (Scheme 3)!'” gives the
same reaction order for both substrates and can be excluded
as well (see Scheme S2 in the Supporting Information).

The experimentally determined reaction order of two for
thiol 1 gives an indication that possibly more than one thiol
molecule may be involved in the initiation reaction. It could
be possible that the EDA complex of thiol 1 and alkene cis-
2 may react with another equivalent of thiol 1in a MAH re-
action to give a thiyl and an alkyl radical and thiol 1. The re-
sulting steady-state concentration of radical 3 and the reac-
tion order of one for 1 was again not in agreement with the
experimental results (see Scheme S3 in the Supporting Infor-
mation).

However, a closer look at the steps in this initiation reac-
tion showed that radical 3 is not obtained directly in the
MAH step. In the first step, a sulfuranyl radical 5 may be
formed, as shown in reaction step 1, which is the rate-deter-
mining step of Scheme 6. The rate of isomerization obtained
for a radical chain reaction (as depicted in Scheme 6) is
given in Equation (4) and is in perfect agreement with the
experimental rate given in Equation (1) (see Scheme S4 in
the Supporting Information).”** The rate constant k., is
given in Equation (5).

Intramolecular addition reactions of an alkylthiyl radical
with an additional SH group to give a cyclic sulfuranyl radi-
cal have been detected by laser flash photolysis.*'*®! In con-
trast, an intermolecular addition of simple alkylthiyl radicals
to thiol or thioether compounds has not been directly ob-
served in solution, which can be explained by the unfavora-
ble equilibrium constant K; (Scheme 6). In contrast, the sta-
bilization of alkylthiyl radicals by the formation of sulfuran-
yl radicals RSS(H)R (R=CH,;, C,H,, i-CH,, tert-C,H,)
could be shown by photolysis of thiol compounds in glassy
matrices at 77 K.?'*< Moreover, the reaction of an octadeca-
nethiyl radical with octadecanethiol via a sulfuranyl-type
radical to give the perthiyl radical was studied within the
channel of a thiol/thiourea clathrate.”? Remarkably, in the
example discussed herein, the sulfuranyl radical is directly
formed in the initiation reaction 1 (Scheme 6).”*! Thus, the
rate of isomerization will be proportional to the steady-state
concentration of sulfuranyl radical 5 and the concentration
of thiyl radical 3 will be steered by equilibrium 3
(Scheme 6), which is strongly shifted to the right, as known
from a previous report® (see Schemes S4 and S5 in the
Supporting Information) and shown by our DFT calcula-
tions (see Table S2 in the Supporting Information).

The bond-dissociation energy of the S—H bond of about
366 kM~ will be decreased by the MAH reaction of 1
and cis-2 to about 192 kJm~! (see Table S2 in the Supporting
Information) because of the simultaneous formation of a C—
H bond in alkyl radical 4 with the homolytic dissociation of
the S—H bond (Scheme 2). Additionally, the activation
energy of the initiation reaction will be decreased by the pri-
mary formation of the stabilized sulfuranyl radical § in the

Chem. Eur. J. 2012, 18, 8201 -8207
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rate-determining reaction step 1 (Scheme 6). Interestingly
and as further confirmation of the proposed mechanism, the
activation energy of the initiation reaction through pre-equi-
librium O and reaction of EDA and 1 in reaction step 1
(Scheme 6) is calculated to be E,=173kIm™', which is
about 19kJm™' lower than the activation energy of
192kIJm™! of the direct MAH reaction of 1 and cis-2
(Figure 5). The late transition state of the MAH reaction
gives evidence that no or only a very minor steric effect on
the rate of reaction 1 (Scheme 6) can be expected.

. _ kiKgpa ) 1 27971/2
o= lals] = ((10) P2

d([t—2 2 @
r =A== ppp

_ k1Kgpa 21
kcxp - kis( Zkl ) E (5)
EA‘exp = Ex; +0.5 (EAJ + AHS - EA.t) - AH; (6)

To further confirm the validity of this mechanism, the
overall activation energy was determined by applying Equa-
tion (6). By using the calculated data in Table S2 (see the
Supporting Information; E,;=212.5; AH =-39.2; E,,=0;
AH=194kIm™") and E,;~10kIm ' an activation
enefgy E\ o of about 77 kJ M ! is estimated, which is in
good agreement with the experimentally derived activation
energy of E,=82kJm ' [Figure 3, Eq. (2)].

The kinetic isotope effect ky/kp of the rate of isomeriza-
tion gives clear evidence that the cleavage of the S—H bond
is involved in the rate-determining reaction step. Equa-
tions (4) and (5) show that preferentially reaction 1
(Scheme 6), the MAH reaction of the EDA complex and
thiol 1, and, possibly to a small extent, equilibria 0 and 3
(Scheme 6) can contribute to the isotope effect of the over-
all reaction (i.e., ky/kp=2.8). This result gives a kinetic iso-
tope effect kyy/k,p of approximately 7.8 at 118°C. The ki-
netic isotope effect of hydrogen abstraction by carbon radi-
cals from thiol compounds has been reported to be ky/kp=
1.9-6.6.5

Conclusion

The results of our study of the thermal thiol-catalyzed iso-
merization of cis-2 are in agreement with an initiation of the
radical chain reaction by the formation of an EDA complex
of a thiol and an alkene compound in a pre-equilibrium re-
action and a MAH reaction of an EDA complex and thiol
compound to give an alkyl and a sulfuranyl radical. The
latter is in equilibrium with the thiyl radical, which catalyzes
the isomerization reaction. It can be assumed that this initia-
tion reaction can explain the “unknown additional thermal
generation of thiyl radicals” reported by Chatgilialoglu
et al.B’l Moreover, it can be assumed that this reaction is the
initiation reaction of the many well-known thermally initiat-
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ed addition reactions of thiol compounds to alkenes and
their respective polymerizations without any initiator. Fur-
thermore, this reaction is the reason for the low shelf-life
stability of cis-unsaturated thiol compounds and mixtures of
alkenes and thiol compounds, thus combining the sugges-
tions of Nuyken et al.’! and Klemm and SensfuB3.!""!

Experimental Section

General: Dodecanethiol (1) and cis-octadec-9-enethiol were purchased
from Aldrich (Steinheim, Germany). Methyl oleate (cis-2; 91.2% oleic
acid, 3.0% palmitic acid, 2.8 % linoleic acid, 1.9% stearic acid) was pur-
chased from T+ T Oleochemie GmbH (Alzenau, Germany). Compounds
1 and cis-2 were distilled under nitrogen by means of a Kugelrohr oven
and were stored under nitrogen. cis-Octadec-9-enethiol was used as re-
ceived.

Analytical equipment: Analytical GC was performed on a Varian 3400
chromatograph with an flame ionization detector (FID) and fused-silica
capillary column SP 2380-FAME (60 m; I.D.=0.25 mm; dr=0.20 pm; Su-
pelco). Mass spectra were recorded on a Finnigan MAT 95 spectrometer.
'H and “C NMR spectra were recorded in CDCl; on a Bruker DRX 500
spectrometer at 300 K with a residual nondeuterated solvent (‘H NMR)
or CDCI; (®C NMR) as internal standards.

Dodecanethiol-D; (D-1): Compound 1 (5g) and ethanol-D; (12 mL)
were heated to reflux for 20 min. Ethanol-D, was removed in vacuo. This
procedure was repeated two times. The product was distilled in vacuo
(4.3 g, 86%). "H NMR spectroscopic analysis showed a degree of deuter-
ation of >98%.

Kinetic measurements: A Schlenk-type reactor (I.D.=12 mm, height=
45 mm, volume =5 mL) with a septum, stirring bar, and heating mantle
connected to a circulation thermostat was used. Appropriate amounts of
1 and cis-2 were charged under nitrogen and mixed at room temperature
by stirring (1000 rpm). The mixture was heated in <2 min to the prese-
lected reaction temperature and stirring was stopped. Two experiments
at each temperature and concentration were performed in two reactors
in parallel. Samples (1 uL) for GC analysis were removed by using a sy-
ringe through the septum at preselected reaction times and were diluted
immediately with CH,Cl,. The [trans-2]/[cis-2] ratio was determined by
GC analysis.

Isomerization of cis-octadec-9-enethiol: cis-Octadec-9-enethiol (100 mg)
was placed in a vial with a septum under nitrogen. Samples (1 pL) for
GC analysis were removed by using a syringe through the septum at pre-
selected reaction times.

Computational details: Most of the calculations were performed by using
the program package Gaussian09.’”! DFT with the dispersion-corrected
B97D functional® and the triple-zeta basis set 6-311+G(d,p)® was
used for the optimization of the ground-state geometries in the gas phase
and thermochemical calculations. Additional single-point calculations
employed the MO06-2X functional.*” The necessary URCCSD(T)/6—
31G(d) calculations for the G3(MP2)-RAD level of theory employed the
program package MOLPRO."!! The default convergence criteria and in-
tegration grid of the program were used. Stationary points were verified
as ground states by calculating the number of imaginary harmonic vibra-
tional frequencies at the same level of theory.
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Table S1. Results of the kinetic investigation of the dodecanethiol (1) catalyzed isomerisation
of methyl oleate (Cis-2)

Entry T [K] [1]* [Cis-2]*° ris [s'] Kexp[M"s7']
1 362 1.63 1.53 0.96¢10° 2.93410°
2 362 1.63 1.53 0.96¢10° 2.93410°°
3 371 1.63 1.51 1.84¢10-5 5.63¢10-6
4 371 1.62 1.52 2.00°107 6.20+10°
5 381 1.61 1.50 3.07107 9.7010°
6 381 1.62 1.50 3.244107 1.00¢10°
7 391 1.59 1.49 7.834107 2.52¢107
8 391 1.59 1.49 6.87+107 2214107
9 391 3.09 0.49 1.75¢10™ 2.61:107
10 391 3.09 0.49 1.75¢10* 2.61107
11 391 0.41 2.28 5.00410°° 2.01-107
12 391 0.40 2.28 5.0010° 2.01107
13 391 3.09 0.49 1.56¢10* 2304107
14 391 3.08 (D-1) 0.49 5.50107 8.3010°

“ It was assumed that the total volume of the reaction mixture was the sum of the charged
volumes of 1 and cis-2. The temperature dependence of the density was considered. (see
Figure S2)

® It was taken account of 94% alkene (91.2% methyl oleate; 2.8% methyl linoleate)



Table S2. Results of DFT calculations of some important reaction enthalpies (Scheme 6).

Reaction AHR® [kIM] AER° [KIM™] AER° [KIM ] Remarks
B97D/6-311+G(d,p) B97D/6-311+G(d,p) M06-2X/6-311+G(d,p)//B97D/6-311+G(d,p)

cis-2 - trans-2 -3.8 -2.6 -4.7

1+cis-2>3+4 192.7 196.8 202.9 MAH; AHR® = Ea

1+trans-2 > 3+4 196.5 199.4 207.6 MAH; AHR® = Ex

0 (1 +cis-2 > EDA) -39.2 -48.1 -39.2 AGRr° >0

11+ EDA>4+5) 212.5 217.8 219.7 MAH; AHR® = Ex

2 (1 +4 - 3 + methyl stearate) -55.3 -63.9 -69.3

3(6>1+3) 19.4 27.1 223 AGg® = -31.1 kIM™ (100°C)

4 (3 +cis-2 > 6) -19.9 25.8 372

5 (6 > trans-2 + 3) 16.2 23.2 32.5

623>7) -218.1 -231.9 -253.1 Ea:r=0

These results demonstrate that BO7D is at least as good as the M06-2X functional. The applicability of some recently proposed density functionals
for describing organic radicals has been assessed (V. Tognetti, P. Cortona, C. Adamo, Int. J. Quantum Chem. 2010, 110, 2320) with the conclusion
that the MOx family and for sulphur-containing radicals B97D give reliable results. This is confirmed here as the M06-2X/6-311+G(d,p) single point
calculations employing B97D/6-311+G(d,p) geometries give similar reaction energies compared with the B97D/6-311+G(d,p) data.



Table S3. Results of G3(MP2)-RAD calculations for model reaction MeS + MeSH - MESSHMe. Energies are in hartrees unless given otherwise.
The second part uses UB97D/6-31G(d) geometries and frequencies instead of their B3LYP counterparts, the third part gives data on various other
trialled levels of theory.

UB3LYP/6-31G(d) ROMP2/6-31G(d) ROMP2/G3MP2large URCCSD(T)/6-31G(d)  ZPVE na nB HLC G3(MP2)-RAD
Opt //lUB3LYP/6-31G(d)  //UB3LYP/6-31G(d)  //UB3LYP/6-31G(d) (kcal/mol)

MeS -438.059725 -437.331239 -437.469224 -437.369410 2248 13 12 -0.116925 -437.589191
MeSH -438.698348 -437.952444 -438.108768 -437.993243 29.13 13 13 -0.122369 -438.226415
MeSSHMe -876.762291 -875.285599 -875.583428 -875.364532 53.15 26 25 -0.239294 -875.818598
Reaction energy -11.1 -5.0 -14.3 -4.9 -7.9
(kJ/mol)

UB97D/6-31G(d) ROMP2/6-31G(d) ROMP2/G3MP2large URCCSD(T)/6-31G(d)  ZPVE na np HLC G3(MP2)-RAD
Opt //UB97D/6-31G(d)  //UB97D/6-31G(d)  //UB97D/6-31G(d) (kcal/mol)

MeS -438.025912 -437.330970 -437.468776 -437.369313 21.88 13 12 -0.116925 -437.589847
MeSH -438.665286 -437.952070 -438.108192 -437.993093 28.35 13 13 -0.122369 -438.227284
MeSSHMe -876.699909 -875.284999 -875.582722 -875.364368 51.82 26 25 -0.239294 -875.820401
Reaction energy -22.9 -5.1 -15.1 -5.2 -8.6
(kJ/mol)
B97D/6-311+G(d,p) B97D/6-31G(d) MP2/6-311+G(d,p) MO06-2X/6-311+G(d,p)
Opt Opt Opt //UB97D/6-311+G(d,p)
MeS -438.0674355 -438.025912 -437.399467 -438.034348
MeSH -438.7108369 -438.665286 -438.036742 -438.674451
MeSSHMe -876.7867824 -876.699909 -875.440888 -876.715949
Reaction energy -22.3 -22.9 -12.3 -18.8

(kJ/mol)

These data show that the G3(MP2)-RAD reference value for the model reaction MeS- + MeSH = MeS-SHMe of -8 kJ/mol is best reproduced by
perturbation theory. Dispersion-corrected methods seem to slightly overestimate the stability of the sulfuranyl radical. The minimal differences
between the first an the second set which uses B97D/6-31G(d) geometries indicate a high similarity of the optimised structures, again confirming
the validity of the B97D usage.

QCISD results for the literature for the HS-SH, (E. H. Krenske, W. A. Pryor, K. N. Houk, J. Org. Chem. 2009, 74, 5356 and references cited
therein) as well as our optimisations of MeS-SHMe (up to MP2/6-311+G(d,p)) always give a minimum for the sulfuranyl radical. However, we
would like to point out that depending on the theoretical level the minima found for the sulfuranyl radicals (5 or MeSSHMe) either possess a “short”



bond (~3.15 A) or exist as a “van der Waals complex” with a sulphur-sulphur distance of around 3.6 A. A DFT optimisation of the intramolecular
sulfuranyl radical -S-SH-(CH,);- — which is known to exist (see ref. 31 and references cited therein) — gives comparable S-S distances (about 3.15
A) to those in 5. We are therefore confident that the existence of a sulfuranyl radical is not purely an artefact of the DFT methods used in the present
manuscript. Calculations on the sulfanyl radical SH; as the simplest sulfuranyl radical (B. A. Smart, C. H. Schiesser, J. Chem. Soc. Perkin Trans. 2

1994, 2269; B. A. Smart, C. H. Schiesser, J. Comput. Chem. 1995, 16, 1055) indicate a method dependency of its nature as a minimum or a
transition structure.
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Figure S1. Isomerization of cis- to trans-octadec-9-enethiol at room temperature. Temperature
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Figure S2. Temperature dependence of the density of dodecanethiol (1) and of methyl oleate
(cis-2).



Figure S3. Calculated structure of EDA complex of methyl oleate (Cis-2) and methyl thiol as
simplified substitute of 1.

Figure S4. Calculated structure of sulfuranyl radical 5.



Rate of isomerization depending on initiation reaction

Scheme S1. Initiation by MAH of thiol and alkene (Scheme 2)
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Scheme S2. Initiation by formation of an EDA complex and monomolecular fission to
give two radicals (Scheme 3)
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Scheme S3. Initiation by formation of an EDA complex followed by reaction with a 2"
equivalent of thiol 1 to give radicals 3 and 4 and thiol 1.
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Scheme S4. Initiation by formation of an EDA complex followed by reaction with a 2"
equivalent of thiol 1 to give radical 4 and sulfuranyl radical 5 (see also Scheme 6)
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Scheme S5. Initiation by MAH reaction of a thiol dimer (1) and methyl oleate (2) to give

radical 4 and sulfuranyl radical 5.
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Structural information of calculated molecules in Scheme 6 (enthalpies [hartrees] and

cartesian coordinates [A])

1
-870.596006

C-4.5136673547 5.9753124146 -0.0001087769
C-3.1969310318 5.1900907882 0.0001102461
C -3.442863931 3.6717675232 -0.0001036923
C -2.1390684063 2.859067589 0.0001094691
C-2.3763587874 1.341522934 -0.0001030498
C-1.0743530618 0.5265600515 0.0001076933
C-1.3108561644 -0.9911771997 -0.0001042634
C-0.0092129217 -1.8067066228 0.0001051346
C-0.2452867631 -3.3245834771 -0.0001077008
C 1.0564525534 -4.1398783433 0.0001014613
C 0.8219890448 -5.6587308008 -0.00011149

C 2.1330813233 -6.461556602 0.0001011533

S -4.1622967888 7.8004926377 0.0001719

H -5.1005772742 5.725068411 -0.8936525545
H -5.1009916878 5.7248724388 0.8931078232
H -2.6023666611 5.4640445179 0.8854019443
H -2.6019625062 5.464229592 -0.8848524086
H -4.0422734333 3.3977517614 -0.8839357444
H -4.0426767552 3.397568222 0.8833977328

H -1.5390628856 3.1342187522 0.8832164066
H -1.5386595181 3.1344028126 -0.8826658948
H -2.9772887404 1.0671354155 -0.8832055143
H -2.9776902186 1.066950786 0.882668694

H -0.4733741228 0.8011472201 0.883090095

H -0.4729732042 0.8013313032 -0.8825444071
H -1.9120402758 -1.2655505233 -0.8831132729
H -1.912440061 -1.2657349589 0.882575083

H 0.5919334995 -1.5321719067 0.8830550494
H 0.5923335692 -1.5319866124 -0.8825146106
H -0.8464691908 -3.5990462347 -0.8831293312
H -0.8468691524 -3.599231647 0.8825838307
H 1.6579510308 -3.8653794508 0.8830922634
H 1.65835115 -3.8651936852 -0.8825588682

H 0.2202057483 -5.9295433728 -0.8829176432
H 0.2198056973 -5.9297289794 0.8823648783
H 1.943990009 -7.5447208717 -0.0000559887
H 2.7363359252 -6.2215772 0.8887717897

H 2.7367389057 -6.2213897767 -0.8882451718
H -5.4512445578 8.2103530942 -0.0001012565

cis-2
-895.263954

C 5.4621808077 -0.014598255 -0.2528198126
C 4.1181287553 0.2848194727 0.3922877472
C 2.9686713071 -0.565692333 -0.1623465038
C 1.639235173 -0.2732352286 0.5485446402
C0.4751139345 -1.1100536386 -0.0022626807
C-0.8605110839 -0.8285271326 0.701995025
C-2.0217010771 -1.6583604613 0.1352781942
C-3.3651338173 -1.3773907591 0.8454751201
C-4.4815312829 -2.2391072791 0.3145274779
C -5.532350527 -1.8458717744 -0.4252246647
C-5.8770831691 -0.4426523478 -0.8531085918

C-7.1675975379 0.0734000156 -0.1786136936
C-7.5762331245 1.4743566093 -0.6587305659
C -8.8658343662 1.9816519075 0.0029031488
C-9.2841576458 3.381343346 -0.4733609974
C-10.5799604118 3.8796704034 0.1830901263
C-11.0035597952 5.2786201758 -0.2924853539
C-12.3035710417 5.7627575909 0.369981109
0 5.7170866281 -0.9587687703 -0.9714895934
0 6.379321244 0.9323365206 0.1001578266

C 7.715855542 0.7377838836 -0.4292820673

H 3.9085966856 1.3587162678 0.2798831773
H 4.2335319292 0.1155277764 1.475382183

H 3.2226193016 -1.6301191114 -0.0604742471
H 2.8625835392 -0.3761961528 -1.2409644238
H 1.3953950886 0.7979489165 0.4497901742
H 1.7497616231 -0.4686256101 1.6285344603
H 0.7194057485 -2.1807203945 0.0948881009
H 0.3656526462 -0.9133830528 -1.0815794981
H -1.101085378 0.2441430612 0.6121522277

H -0.7558402611 -1.0349231573 1.7803904603
H -1.7817907639 -2.7307856755 0.221321981
H -2.136133519 -1.4495260909 -0.9401002647
H -3.6068070999 -0.309709563 0.748735308

H -3.2349943425 -1.5746565662 1.9232897426
H -4.3900688719 -3.3058505807 0.5392908881
H -6.2475396472 -2.6123934946 -0.7381940725
H -6.0278041447 -0.4241181173 -1.9461980287
H -5.0540357097 0.2531057513 -0.6382541485
H -7.021074069 0.0833584444 0.9130927909

H -7.9891346209 -0.6344167397 -0.376953688
H -7.7097803342 1.4600518209 -1.7534689531
H -6.7573102971 2.1843075286 -0.4542230797
H -8.7320483148 1.9943149292 1.0974603005
H -9.6825531029 1.2694068371 -0.2017316

H -9.4128554147 3.3699485357 -1.568702205
H -8.4709102276 4.0961112808 -0.2633076957
H -10.4517351522 3.8913773474 1.278605006
H -11.3923177097 3.1635372761 -0.0265559657
H -11.1280848846 5.2637773964 -1.3875258563
H -10.1905828358 5.9921150558 -0.0809942753
H -12.5882007887 6.7641687702 0.0163281993
H -12.1900740856 5.8074439323 1.4637012873
H -13.1333952113 5.0749094453 0.147739461
H 8.3006738663 1.581592723 -0.0514962852

H 7.6928454228 0.7356612504 -1.5263592834
H 8.1292504243 -0.2155459857 -0.0761640673

trans-2
-895.26539

C 5.6360020454 -0.3738986531 -0.6735803522
C 4.3753996099 -0.0225919676 0.1003948836
C 3.1243063605 -0.7626257781 -0.3874126933
C 1.8788429021 -0.374372767 0.4227277189
C 0.6083100723 -1.1005649003 -0.043785075
C -0.6362069307 -0.7050386017 0.7646364267
C-1.9129501598 -1.427185941 0.3098179656
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C -3.152065099 -1.0103008053 1.1320713591

C -4.3993448232 -1.7541819286 0.7362728067
C -5.5059693072 -1.1907169103 0.230707029

C -6.7449775428 -1.9344354012 -0.1905205194
C -7.0539028901 -1.7904150667 -1.697202371

C -8.3658818522 -2.4795959125 -2.0995218203
C -8.6804295222 -2.360409535 -3.598322587
C-10.0034223736 -3.0345493152 -3.9912695633
C-10.3187949972 -2.9274263972 -5.4907335299
C-11.6465914718 -3.5959556745 -5.8796732141
C-11.9506772863 -3.4846671229 -7.3825804063
0 5.7151408356 -1.1506351919 -1.6026035384
0 6.702702847 0.3169312224 -0.1756416784

C 7.9724181037 0.0679333134 -0.8310181117

H 4.2351287204 1.0677124741 0.0359584432

H 4.5650161081 -0.2327437086 1.1645477228

H 3.2922740054 -1.8472851423 -0.3199123937
H 2.961416874 -0.5423084113 -1.4523360145

H 1.7202540369 0.7149763471 0.3524146355
H2.0513759461 -0.5943039748 1.4898272595

H 0.7625359935 -2.1896653273 0.0314474764

H 0.4352322583 -0.8835312578 -1.1107483575
H -0.7878221275 0.38468178 0.6872473327

H -0.4595828271 -0.9186963718 1.8322314526
H-1.7676410863 -2.5167642067 0.3947987957
H -2.1008707234 -1.2175435785 -0.7551617884
H -3.3155829089 0.0732804328 1.021640096

H -2.9333256776 -1.1933773453 2.1990069536
H -4.3769172985 -2.8421534861 0.8659409789
H -5.5233290863 -0.103738089 0.0918916401
H-7.6145759101 -1.5556679598 0.3751488726
H-6.6414261117 -3.0016302847 0.0613319494
H-6.218133722 -2.2119481411 -2.27793722

H -7.1087736625 -0.7204123325 -1.9577501343
H -9.1961736931 -2.0456031948 -1.517413615
H -8.3170273308 -3.5460634534 -1.8224613232
H -7.8566553337 -2.806733854 -4.1799422885
H -8.7176461473 -1.294581448 -3.8795145245
H -10.8269056904 -2.5825416327 -3.4133010667
H -9.9689838528 -4.098417229 -3.702233512

H -9.4982869956 -3.3844971228 -6.0691902288
H -10.3488251603 -1.8638972596 -5.7821446382
H -12.4637282336 -3.1363855223 -5.3001586466
H-11.6145973723 -4.6575396633 -5.5849206548
H -12.902570752 -3.9713568071 -7.6394657135
H -11.1549472234 -3.9587208951 -7.9769572473
H -12.0143282614 -2.4299846175 -7.6905018681
H 8.6957090995 0.6990972636 -0.3063168578

H 79119205815 0.3396579751 -1.8925367961

H 8.2423160454 -0.9923376213 -0.7456164485

3
-869.964312

C -4.4963760688 5.9897731842 -0.0001007952
C-3.1830237029 5.1950197633 0.0001152049
C-3.4320937194 3.6772261163 -0.0001008036
C-2.1310767164 2.860240487 0.0001100138
C-2.3710655117 1.34314765 -0.0001038222
C-1.0702214156 0.5263316293 0.0001069259
C-1.3082633926 -0.9910974532 -0.0001064692

C-0.0074723419 -1.8079607561 0.000104244
C -0.2450350298 -3.3255378648 -0.000109034
C 1.0556400899 -4.1424825313 0.0001016227
C 0.8190814681 -5.6609652823 -0.0001115059
C 2.1286770324 -6.466256773 0.0001023993

S -4.3430884056 7.8011789672 0.0001242674
H -5.1152501138 5.727438243 -0.8763700847
H -5.1156495119 5.7272544255 0.8758312164
H -2.5890255855 5.4744177239 0.8831333186
H -2.5886230787 5.4746029677 -0.8825733403
H -4.0332018905 3.4038378291 -0.8835212218
H -4.0336045197 3.4036524872 0.8829881224
H -1.53030493 3.134197481 0.8830548483

H -1.5299025474 3.134382686 -0.882503405

H -2.9723578157 1.0697231827 -0.8832341008
H -2.9727602394 1.0695379363 0.8826949212
H -0.468960724 0.8002334865 0.8830924201
H -0.4685583862 0.8004186755 -0.8825469808
H -1.9096424054 -1.2648800741 -0.883134997
H -1.9100447318 -1.2650652699 0.8825904643
H 0.5938665471 -1.5340019889 0.8830793361
H 0.5942688322 -1.5338168223 -0.8825392525
H -0.8464513715 -3.5993503284 -0.8831445733
H -0.8468536612 -3.5995355057 0.882594921
H 1.6574278414 -3.8688522714 0.8831338878
H 1.657830121 -3.8686671077 -0.8825989369
H 0.2170610861 -5.9310423624 -0.882921577
H 0.2166589181 -5.931227486 0.8823675044
H 1.9371780814 -7.5489488444 -0.0000547687
H 2.7324904801 -6.2278562743 0.8887768514
H 2.7328953196 -6.2276699257 -0.8882468209

4
-895.822249

C 6.1031367255 -0.7336104216 -0.2388582161
C 4.7776249097 -0.1933702826 0.2735573593
C 3.5538111574 -0.9255386367 -0.2899599882
C 2.2395270059 -0.3617216233 0.2696553217
C 0.999014527 -1.0852815636 -0.2752607673
C-0.3172913372 -0.533843617 0.293172956
C-1.5599042137 -1.2606597359 -0.2429953506
C-2.8719621654 -0.7177844192 0.341755891
C-4.1258163661 -1.4604021914 -0.2055451884
C -5.4097873209 -0.9438120039 0.3575555842
C-5.9619072789 0.3825615525 -0.0556878701
C-7.4676171066 0.5452580416 0.2292061008
C-8.0112412217 1.9226393792 -0.1772102544
C-9.5112448756 2.0877495884 0.1083025411
C-10.0587461482 3.4636318907 -0.3005593386
C-11.5589530643 3.627299155 -0.0150410088
C-12.1094337978 5.0024095434 -0.4249898103
C-13.6114964865 5.1515320781 -0.1333130132
0 6.2526472905 -1.67730314 -0.9870265187

0O 7.138305348 -0.0025384853 0.2682085006

C 8.4640397782 -0.4260327169 -0.1401288299
H 4.7361180837 0.8814007617 0.0388535282

H 4.7961486203 -0.2545120131 1.3731371679
H 3.6304975912 -1.9969712888 -0.0552099863
H 3.5561880578 -0.8501033527 -1.3871138679
H 2.1678520341 0.7128175689 0.0310657147
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H 2.2478347987 -0.4355434846 1.3702369449
H 1.0742543032 -2.1602870766 -0.0421793537
H 0.9842350074 -1.0056462711 -1.3748288641
H -0.3940890368 0.5408833635 0.0579804594
H -0.2979216536 -0.6109360873 1.3931451542
H -1.4786152848 -2.3368075028 -0.0161557725
H -1.5880521056 -1.1753472838 -1.3421112377
H -2.9624448936 0.3555562181 0.1122169537
H -2.8519273891 -0.8064276596 1.4398653096
H -4.0129280648 -2.5348351631 0.0090467169
H -4.1253797884 -1.3466078663 -1.3051288152
H -5.8366019587 -1.4275586482 1.239053444
H -5.7678282564 0.5434530046 -1.1319960374
H -5.4231249403 1.2073249647 0.4594792838
H -7.6489957174 0.3836810058 1.3046092205
H -8.0238255109 -0.2422216793 -0.3039361369
H -7.8256131698 2.0845222312 -1.2523217499
H -7.4496537169 2.7076608369 0.3567163874
H -9.6966498961 1.9278052816 1.1836451204
H -10.0715800038 1.300932481 -0.4237826179
H -9.8733069874 3.6233292728 -1.3759810884
H -9.4987652506 4.2508602519 0.2315497066
H -11.7446284958 3.4684638688 1.0606586543
H-12.1188979907 2.8391301027 -0.5460859463
H-11.9225135957 5.1588370417 -1.4998121721
H -11.5477672399 5.7877147121 0.1065730651
H -13.9850682472 6.141433273 -0.4324922088
H -13.8146856812 5.0217789548 0.9405396217
H -14.1912048244 4.3905069107 -0.6773574273
H 9.1522216788 0.2655566703 0.3547517291

H 8.5630177584 -0.364803994 -1.2313039454
H 8.6480934068 -1.4592987967 0.180539945

5
-1740.56769

H -6.5583299867 1.9417473416 -1.4932425868
S -6.014328992 2.1787215764 -0.2784101801

C -4.2878349738 -1.0340684989 0.554651676

S -5.8712902097 -1.0080801417 -0.3583077534
C-7.5915501725 2.0629038363 0.6863311163
H -4.1982764006 -2.0591298264 0.954607345
H -4.3712170324 -0.3667684415 1.4255220648
H -7.2902796502 2.2644548419 1.7230995287
H -7.9391267804 1.024550857 0.6329170661

C -3.0467245368 -0.6861951761 -0.2793192276
H -3.1594167615 0.3296083588 -0.6876143045
H -2.9856406574 -1.3700865536 -1.1392320703
C-1.7511814352 -0.7691658929 0.5457402053
H -1.8112653756 -0.071274338 1.3976130907
H -1.6540234772 -1.7800773422 0.9763013911
C-0.4982721313 -0.4507546548 -0.2845466055
H -0.4388956898 -1.1524382968 -1.1329887994
H -0.5975174313 0.5569365424 -0.7210983982
C 0.8039207439 -0.5261060696 0.5267050196
H 0.7523449211 0.1858533058 1.3673736625
H 0.8963109922 -1.5298882639 0.9742426438
C 2.0544942451 -0.2299291314 -0.3147445081
H2.1017518587 -0.9408469166 -1.1565482852
H 1.9631160417 0.7742485394 -0.7615033125
C 3.361324098 -0.3100813508 0.4885990039

H 3.317571258 0.4036241557 1.3282841563

H 3.4513323147 -1.3133212258 0.9377929704
C 4.6090678103 -0.0206100179 -0.3593033788
H 4.6505344857 -0.733868586 -1.1994651682
H 4.519033261 0.982702624 -0.8082912484

C 5.9189020044 -0.1025669485 0.4390972392
H 5.8801055106 0.6136006691 1.2769498493
H 6.0074740395 -1.1048008369 0.8908570528
C 7.164745896 0.1809475954 -0.413457528

H 7.2036956857 -0.5360919438 -1.2507552561
H 7.0754599849 1.1825476089 -0.866904026

C 8.4772890585 0.1013887989 0.3821925544
H 8.4356498746 0.8194394951 1.2173400331
H 8.5630567535 -0.8994474489 0.8356189322
C 9.7143089695 0.3852934741 -0.4855166959
H 10.6422797783 0.327805128 0.1014554204
H 9.7868977846 -0.3412052212 -1.308929529
H 9.6549841991 1.3900315075 -0.9307896211
C -8.6759619444 3.0457501405 0.2341615682
H -8.9190941626 2.8614548866 -0.8244811814
H -8.2973270871 4.0767414691 0.3001576485
C -9.9534694197 2.9009628368 1.0798436127
H -10.3220383995 1.864620325 1.0094035767
H -9.7124656341 3.076558583 2.1412377549
C-11.0662125805 3.8672315181 0.6457309779
H -10.7027450147 4.9045302291 0.7328507035
H -11.2938058494 3.7048358024 -0.4208614081
C-12.352951962 3.7072422944 1.4689131913
H -12.7203716946 2.6722180402 1.3698983443
H -12.1227634132 3.8544050164 2.5373644435
C -13.4640579098 4.6820632215 1.0515228305
H -13.101988168 5.7174913869 1.1659015988
H -13.6841754404 4.5463183994 -0.0206118223
C-14.7572761808 4.5037723867 1.860794286
H -15.1225517258 3.4704011814 1.738118514
H -14.5350560881 4.6289768145 2.9338338914
C-15.8672854939 5.4851199013 1.4561154063
H -15.5042881811 6.5185536264 1.5851577553
H -16.0862803583 5.3647016237 0.3818858204
C-17.1618454222 5.2980365817 2.2614251917
H -17.5262500622 4.2655732485 2.1283989932
H -16.9412851386 5.41320837 3.3359609642
C-18.2719174091 6.2822395529 1.8641717824
H -17.908937356 7.315048057 1.9999296847
H -18.4916718752 6.1695299981 0.7890483446
C-19.567647592 6.0915093688 2.6681883541
H -19.9281411824 5.0592468387 2.5295038969
H -19.344050987 6.201712313 3.7418323173

C -20.6696315272 7.084159243 2.2638474448
H -21.5869561258 6.9303285553 2.8501349768
H -20.3361548218 8.1212670755 2.4200511858
H -20.9238256076 6.9717183019 1.1989686723

6
-1765.235863

C -12.1589492325 -2.4428959664 -1.1240936343
C -10.7239497796 -2.5886659497 -0.6432793975
C-9.9595971621 -1.2615391535 -0.5703576074
C -8.522021334 -1.4546913544 -0.0656403301
C-7.7357757142 -0.1381592778 0.0185455515
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C-6.2920113061 -0.330959479 0.5058677038
C-5.499602172 0.9823160112 0.576904361

C -4.0550905155 0.7711027616 1.0510521256
C-3.2110447788 2.0598552685 1.0949899003
C-1.9183455506 1.9340646197 1.7901391789
C-1.0349663133 0.7382716413 1.6137225622
C 0.466998785 1.0565696556 1.7298223248
C 1.348495758 -0.1867490046 1.5471430968
C 2.852390835 0.1106654168 1.6373029232
C3.7237397122 -1.1376968804 1.4327245383
C 5.2303578874 -0.850515893 1.5105838073
C 6.0965179432 -2.1018020692 1.2966944167
C 7.6027140198 -1.8040349545 1.3724337744
0 -12.7270694598 -1.4023734181 -1.3834077533

0 -12.7491506454 -3.6694294741 -1.2264333864

C-14.1297465363 -3.6655838729 -1.670931078
C -3.1394595029 4.4450215705 -0.5305212366
C-2.1686648126 5.1669668493 0.4134435365
C-2.4278394146 6.6823889268 0.4434034889
C -1.4882706368 7.4350852268 1.3981383866
C -1.7398285564 8.9500957423 1.4129225731
C-0.805068018 9.7150917439 2.3619720168
C-1.0585756683 11.2299203334 2.3630703862
C-0.1254268528 12.0035880363 3.3066487342
C-0.3806694738 13.5181600431 3.2993385325
C 0.5529045371 14.2967818214 4.2383090323
C 0.2980667698 15.8121429027 4.2272585384
C 1.2400420614 16.5803434151 5.1687033053
S -2.8627804229 2.6359067818 -0.7263921599
H -10.2133098164 -3.3007067143 -1.3096428169
H -10.7526459072 -3.0768713848 0.3437455128
H -10.4981360995 -0.5662149777 0.089461651
H -9.9459326869 -0.7931762747 -1.5652885714
H -7.988903192 -2.1531755113 -0.7324110383
H -8.5428544518 -1.9302120775 0.9295123246
H -8.2610936193 0.5572053137 0.6940266286
H -7.7222405172 0.3419812044 -0.973666097
H -5.772128874 -1.0293588391 -0.1710002226
H -6.3034172958 -0.8104677828 1.4992476092
H -6.0074052636 1.6801709195 1.2639209735
H -5.4891780978 1.460895313 -0.4132263828
H -3.557603484 0.0262796812 0.411082285

H -4.064558146 0.3468994477 2.0686966103
H -3.8092625973 2.8838841306 1.5070016239
H -1.5085495786 2.8134419551 2.2872634349
H -1.2317078437 0.278047102 0.6296848214
H -1.2881169946 -0.0461943807 2.355832865
H 0.6686545418 1.511229272 2.7139260984

H 0.730738968 1.8113959253 0.9724041271

H 1.1283926886 -0.6431928191 0.5675264948
H 1.0794023229 -0.9392782125 2.3074972665
H 3.0792590572 0.5574572357 2.6198416773
H3.1191728801 0.8683131606 0.8817252224
H 3.4897079673 -1.5848031235 0.4519918407
H 3.4580258621 -1.8945741735 2.1897489093
H 5.4679438979 -0.4077411782 2.4926582859
H 5.4962044131 -0.0915135283 0.7555681014
H 5.8544299278 -2.5426104346 0.315974568
H 5.8286808292 -2.8579899239 2.0525046818
H 8.2022608728 -2.7121965822 1.2150592643
H 7.8693487962 -1.3869260911 2.3554350212
H 7.8933165689 -1.0680738031 0.607475244

H -14.4284758661 -4.7178192369 -1.6910788758
H -14.2058232664 -3.216931813 -2.6695435047
H -14.7528017983 -3.0941787508 -0.9711655364
H -4.1779380339 4.6031140164 -0.2022688257
H -3.0490278395 4.8527923803 -1.547786332
H -1.1338467025 4.967557173 0.0974851181

H -2.2737157852 4.7593827435 1.4297056445
H -3.473063113 6.8707883686 0.7403725313

H -2.3148222629 7.0913718533 -0.5744112875
H -0.442464591 7.2410609104 1.1078496067

H -1.6080446724 7.0343064186 2.418542975

H -2.7867731451 9.1421126161 1.70153603

H -1.6221940511 9.3468269171 0.3906372432
H 0.2422333877 9.5210885641 2.0761340844
H -0.9255106961 9.3240278718 3.3861570131
H -2.1060433116 11.4230942613 2.6491161665
H -0.9405797887 11.61824166 1.33753021

H 0.9222205486 11.8095548425 3.0219575792
H -0.2448001592 11.6186854089 4.3333033998
H -1.4280834625 13.7118329738 3.5853316779
H -0.2637923736 13.9011834104 2.2716448438
H 1.6006258209 14.1025221324 3.9532576756
H 0.4355274856 13.9159140951 5.2669140622
H -0.7492515974 16.0028337202 4.5126167829
H 0.4140601818 16.1888479178 3.1980156547
H 1.0416536971 17.6615443033 5.1449065163
H 2.2908306207 16.4209524752 4.8829723516
H 1.1201276764 16.2352685683 6.2068890588

7
-1740.011677

S 0.2523092277 4.4192610753 -1.5878405962
C -2.0382290257 4.6372804684 0.484415887

S -0.9121057243 5.7576659036 -0.473327644
C 1.5546450899 3.8955252171 -0.3701243625
H -2.5693349063 5.3248155054 1.1607769958
H -1.4186066961 3.9732240183 1.1034366433
H 1.061389571 3.3827997715 0.4664983527

H 2.0519186604 4.7968516662 0.0103422262
C -3.0228670708 3.8274766895 -0.3630244454
H -2.4609697337 3.2531883658 -1.1143741123
H -3.6880171138 4.5128595575 -0.9097019465
C -3.8536531922 2.8632655572 0.5000582281
H -3.1737523348 2.1818652014 1.0384230825
H -4.4003290948 3.4316754745 1.2710115381
C -4.8535794171 2.0337273065 -0.3208470279
H -5.5475846922 2.7115856653 -0.8446668481
H -4.3095363163 1.4791717879 -1.1031131066
C -5.6562597827 1.0460709005 0.5379209229
H -4.9582468454 0.3710006097 1.0609925766
H -6.1969064487 1.6016206895 1.3224198693
C -6.6585658638 0.2085571352 -0.2712848761
H -7.3617564026 0.8812521545 -0.7901746266
H -6.1193623658 -0.3446291937 -1.058304598
C -7.4490303091 -0.7826999945 0.5948740925
H -6.7432246169 -1.4514698393 1.1156081071
H -7.9884832955 -0.2285849688 1.3811932659
C -8.4504624067 -1.629280707 -0.2058283966
H -9.161458121 -0.9624751246 -0.7217729857
H -7.9124140522 -2.1802871607 -0.9952435479
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C -9.2295365381 -2.6245103577 0.6663464514
H -8.5171039437 -3.2906768968 1.1812956681
H -9.7652382165 -2.0727439139 1.4569265905
C-10.2338268515 -3.473783985 -0.1276392344
H -10.9475287289 -2.8085206222 -0.6423098266
H -9.6991684649 -4.0263950977 -0.9185438192
C-11.0108717837 -4.4686458448 0.7482329078
H -10.2951384869 -5.13101014 1.2618240296
H -11.542912466 -3.9131317586 1.5375912167
C-12.0128974028 -5.3126018512 -0.0564425189
H -12.5586244578 -6.0161300644 0.5886993835
H-12.7512311593 -4.6681553239 -0.5572507986
H -11.4962772921 -5.8953077485 -0.8340905619
C 2.5572519117 2.9583468407 -1.0560768287
H 3.0688763088 3.4953875791 -1.8694948031
H 2.0239379125 2.1115338671 -1.5162367317
C 3.5995924221 2.4113686498 -0.0644992884
H 4.1251963448 3.2504895927 0.4195831541

H 3.0835498263 1.8578653373 0.7370644003

C 4.6226397246 1.4880154931 -0.7437875033
H 4.0866153245 0.6810974487 -1.2707046457
H 5.1670891688 2.0555032082 -1.5163859181
C 5.6287551247 0.8655880915 0.2357088671

H 6.1641557462 1.6664282609 0.772331226

H 5.0818829845 0.2891221178 1.0004504973

C 6.6460813747 -0.0513741322 -0.4600862965
H 6.1041661295 -0.8287815529 -1.0243600941
H 7.2125928125 0.5331618663 -1.2040668452
C 7.6274166602 -0.7263748299 0.509770462

H 8.1725550724 0.045981151 1.0776115439

H 7.0596949908 -1.3145811024 1.2501175959
C 8.6354652538 -1.6423137118 -0.2005190984
H 8.0864353908 -2.4002534108 -0.7840261358
H 9.2142687287 -1.0499687502 -0.9288210563
C 9.6025496221 -2.3489837902 0.7612033325
H 10.1536033356 -1.5939332012 1.3464660752
H 9.0231850573 -2.9434107499 1.487487246

C 10.6048173028 -3.2640760742 0.0418869548
H 10.0523148388 -4.0122657871 -0.551149391
H 11.1898159804 -2.6679317787 -0.6786638823
C 11.5657938755 -3.9869631338 0.9988384218
H 12.11504291 -3.2378144521 1.5918795512

H 10.9784524229 -4.5829637957 1.7162814614
C 12.5622182156 -4.8972220148 0.2624280981
H 13.2336278272 -5.4126672089 0.9641558264
H 12.0303020069 -5.6618887602 -0.3237653297
H 13.1821184779 -4.3132314005 -0.4344711215

Methyl stearate
-896.474993

C 8.7505891504 -0.9011463101 0.4963756233
C7.3975305111 -1.012232597 -0.1880320247
C 6.3495807253 -0.0327744845 0.3538575974
C 5.0004653062 -0.1801620648 -0.3650244327
C 3.9337055473 0.7915446891 0.1613040561
C 2.5822181504 0.648416162 -0.5543712964
C 1.5132766725 1.6189182038 -0.0300773315
C 0.1622545688 1.4747531032 -0.7466238705
C -0.9082905591 2.4443454665 -0.2238644277
C -2.2586257056 2.2988254959 -0.9414701741

C -3.330446278 3.2677603208 -0.4201071914
C -4.6801319963 3.1209376269 -1.1386913919
C -5.7530662874 4.0892339026 -0.6184241807
C-7.102138407 3.9412621059 -1.3379268331
C -8.1760964754 4.9090229923 -0.8186151453
C -9.5246220666 4.7601042149 -1.5387998923
C -10.6005701836 5.727504103 -1.0207026953
C-11.9441027617 5.566744516 -1.7506577546
09.0418694353 -0.1350138083 1.3912874419
09.6256574838 -1.801128935 -0.0397372624
C 10.9590966217 -1.795005507 0.5307817679
H 7.0522119429 -2.052542475 -0.0830717256
H 7.5534221043 -0.8610555982 -1.2675369716
H 6.7209868225 0.9964305162 0.2445095683
H 6.2183433609 -0.1988742522 1.4329046799
H 4.6354672492 -1.2150982016 -0.2537370698
H 5.1400115319 -0.0150513896 -1.4466742214
H 4.2978112912 1.8262668453 0.0498235495
H 3.7933605106 0.6265083721 1.2423756557
H 2.2192618021 -0.3870717856 -0.4428997692
H 2.723807791 0.8130223923 -1.6356924407
H 1.8758321804 2.6544412994 -0.1415505775
H 1.3713200408 1.4544402287 1.0511144253
H -0.1997354924 0.4389217325 -0.6352163052
H 0.3047684116 1.6389838944 -1.827878262
H -0.546696723 3.4802603369 -0.3353624014
H -1.0511880837 2.2801970206 0.8573088379
H -2.6198508972 1.2627343264 -0.8299431663
H -2.9696047985 4.3039360975 -0.5317750987
H -3.4741318354 3.1040063027 0.6610377245
H -5.0406260306 2.0846094587 -1.0270920706
H -4.5361133031 3.2845127732 -2.2198421495
H -5.3928807517 5.1256408912 -0.7301179315
H -5.8974140873 3.9256894354 0.4626701887
H -7.4619873679 2.9047294015 -1.2262784885
H -6.9574810199 4.1046325919 -2.4190101835
H -7.8164137873 5.9456154015 -0.9303998246
H -8.3209465006 4.7456154134 0.262452662
H -9.8844171708 3.723342672 -1.4272422936
H -9.3798885255 4.9233185363 -2.6200889442
H -10.237981718 6.7622227767 -1.1328648553
H -10.7423938352 5.5625143975 0.0597406208
H -12.6996522276 6.2668258825 -1.3659773464
H -12.3336303723 4.5447397273 -1.6283828205
H -11.8258582461 5.7524308936 -2.8289502575
H 11.5092020945 -2.5673879808 -0.0147783944
H 10.9148248069 -2.0276984102 1.6023401187
H 11.4257738589 -0.8110627831 0.3951174779
H -2.1153040077 2.4626319925 -2.022689072

EDA
-1765.874888

C -4.0324234229 4.5378306484 3.2372522035
C -2.7829813904 4.3643733612 2.3884434461
C -1.5409390707 3.794459673 3.0973708463
C-0.3323907361 3.7391581837 2.152018883
C 0.9474696606 3.2442873111 2.8398259661
C 2.14951849 3.1734477612 1.8864310184

C 3.4673788038 2.8510565699 2.6015213278
C 4.6653894791 2.7562038679 1.640426286
C 5.9886174781 2.6520631809 2.3679355466
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C 7.1482407807 2.2134697068 1.8485053128
C 7.3522383356 1.7116460667 0.4438711433
C 7.6590722845 0.1977123978 0.4039832943
C 7.9168008141 -0.3223133553 -1.0180321031
C 8.2084931536 -1.8297000792 -1.0588208934
C 8.4584298041 -2.3623740717 -2.4778948624
C 8.7467171421 -3.8706434537 -2.5132258472
C 8.9934597363 -4.4097890102 -3.9310765014
C 9.2818910983 -5.9198477202 -3.949170167
0 -4.8350802438 5.4418481922 3.1118454936
0 -4.172574965 3.5308471547 4.1424429557
C-5.3731350773 3.5810156176 4.9578590126
H -2.5641272882 5.3474547786 1.9524988867
H -3.0605781062 3.7025097229 1.5511356324
H -1.7637269994 2.7904119528 3.4829959682
H -1.2982979566 4.4242359453 3.9636850279
H -0.1470544137 4.7442616707 1.7398579385
H -0.5658264958 3.087016343 1.2937721225
H 0.7698958578 2.2513031642 3.2845363438
H 1.187131505 3.9222877027 3.6740010558

H 2.2570653115 4.1391065664 1.3676383639
H 1.9546924668 2.419184829 1.1061702248

H 3.370576959 1.9096096481 3.1660377871

H 3.6679729083 3.6392345536 3.3463882096
H 4.6699794819 3.6499120113 0.9939196565
H 4.530090416 1.8981134333 0.9644971623

H 5.9861963839 2.982951943 3.4107538882

H 8.0286704706 2.1888035551 2.4967441621
H 8.1966661884 2.2506428854 -0.0183661962
H 6.4683002217 1.9220213095 -0.1741045327
H 6.813861008 -0.3499653116 0.8504034858
H 8.5367290766 -0.0127931472 1.0366968369
H 8.7647517265 0.2267875376 -1.4599747996
H 7.0404502822 -0.103166274 -1.6506244915
H 7.3617440837 -2.3751628696 -0.6097389124
H 9.0870150128 -2.0470968182 -0.4286632439
H 9.3061669548 -1.8190039417 -2.9275782558
H 7.5800404875 -2.1446622289 -3.1082661918
H 7.8998570293 -4.413292224 -2.060347672
H 9.6263302733 -4.0878722037 -1.88409087
H 9.8388622621 -3.8648083071 -4.3815128707
H 8.1131142237 -4.1920790643 -4.5573753709
H 9.4538140119 -6.286209643 -4.971458529
H 8.4373208715 -6.4825362387 -3.5234450227

H 10.1748489227 -6.1527865657 -3.3495710531

H -5.3172047075 2.6994654587 5.6034586646

H -6.2646303473 3.543755736 4.3191186345
H -5.3885719211 4.5023046734 5.5507195146
C 6.1982397968 6.9327137566 1.6591445613
C 4.7884052308 6.3709758197 1.8647402346
C 3.9019087197 7.2753070508 2.7376684762
C 2.5037068924 6.6744001721 2.9436279424
C 1.5859539584 7.5223214559 3.8353817404
C 0.2153149846 6.8661241584 4.0551312564
C-0.7216181209 7.6714129304 4.9653921215
C-2.0718195768 6.9750375661 5.1920600449
C -3.0089859626 7.7438154496 6.1341128158
C -4.3317654581 7.0035872975 6.3823368004
C -5.2968231199 7.7605424505 7.3062682551
C -6.6096682832 6.9934299108 7.5374068164
S 7.2524965443 5.9074228401 0.5304611862
H 6.1553617696 7.9199727367 1.1793717774
H 6.712878084 7.0519668254 2.6221466443
H 4.8621211595 5.381846673 2.3371091151
H 4.3110032099 6.218785081 0.8850276179
H 3.8122756852 8.2706425709 2.2722633289
H 4.3816284419 7.4282431514 3.718577389
H 2.6062156381 5.6708884683 3.3844386115
H 2.023824928 6.5279557057 1.9622785042
H 1.451007351 8.519944612 3.3856734402

H 2.072868807 7.6829137507 4.8116943839
H 0.3652127787 5.8652236104 4.4904281934
H -0.2721073002 6.7040282757 3.0800876754
H -0.8921262457 8.6692184371 4.5281078991
H -0.2286612105 7.8372012397 5.9378871305
H -1.8931590682 5.9679571293 5.6055017832
H -2.5775886859 6.8291958145 4.2254092115
H -3.2217401664 8.7372961233 5.705707281
H -2.4988078225 7.9200961652 7.0960969944
H -4.1098269607 6.0162784333 6.823819246
H -4.8236581556 6.811129052 5.4167888098
H -5.5169020235 8.7463279406 6.8657161829
H -4.8019741556 7.9528787641 8.2721896121
H -7.2945166655 7.5486654722 8.1943930733
H -6.4119247913 6.0156720115 8.0035198774
H -7.1255123296 6.8125616009 6.5823334507
H 7.1422418068 4.7524929109 1.2338465991
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Gaussian 09 archive entries for of calculated molecules in Scheme 6

1

INI\GINC-N13\FOpt\RB97D\6-311+G(d,p)\C12H26S1\KOCH\13-Jan-201 1\0\\#p b
97d/6-311+G(d,p) Opt pop=nbo fchk=all nofmm\\dodecanthiol\0,1\C,-4.51
36673547,5.9753124146,-0.0001087769\C,-3.1969310318,5.1900907882,0.000
1102461\C,-3.442863931,3.6717675232,-0.0001036923\C,-2.1390684063,2.85
9067589,0.0001094691\C,-2.3763587874,1.341522934,-0.0001030498\C,-1.07
43530618,0.5265600515,0.0001076933\C,-1.3108561644,-0.9911771997,-0.00
01042634\C,-0.0092129217,-1.8067066228,0.0001051346\C,-0.2452867631,-3
.3245834771,-0.0001077008\C,1.0564525534,-4.1398783433,0.0001014613\C,
0.8219890448,-5.6587308008,-0.00011149\C,2.1330813233,-6.461556602,0.0
001011533\S,-4.1622967888,7.8004926377,0.0001719\H,-5.1005772742,5.725
068411,-0.8936525545\H,-5.1009916878,5.7248724388,0.8931078232\H,-2.60
23666611,5.4640445179,0.8854019443\H,-2.6019625062,5.464229592,-0.8848
524086\H,-4.0422734333,3.3977517614,-0.8839357444\H,-4.0426767552,3.39
7568222,0.8833977328\H,-1.5390628856,3.1342187522,0.8832164066\H,-1.53
86595181,3.1344028126,-0.8826658948\H,-2.9772887404,1.0671354155,-0.88
32055143\H,-2.9776902186,1.066950786,0.882668694\H,-0.4733741228,0.801
1472201,0.883090095\H,-0.4729732042,0.8013313032,-0.8825444071\H,-1.91
20402758,-1.2655505233,-0.8831132729\H,-1.912440061,-1.2657349589,0.88
2575083\H,0.5919334995,-1.5321719067,0.8830550494\H,0.5923335692,-1.53
19866124,-0.8825146106\H,-0.8464691908,-3.5990462347,-0.8831293312\H,-
0.8468691524,-3.599231647,0.8825838307\H,1.6579510308,-3.8653794508,0.
8830922634\H,1.65835115,-3.8651936852,-0.8825588682\H,0.2202057483,-5.
9295433728,-0.8829176432\H,0.2198056973,-5.9297289794,0.8823648783\H, 1
.943990009,-7.5447208717,-0.0000559887\H,2.7363359252,-6.2215772,0.888
7717897\H,2.7367389057,-6.2213897767,-0.8882451718\H,-5.4512445578,8.2
103530942,-0.0001012565\\Version=AM64L-G09RevB.01\State=1-A\HF=-870.96
42049\RMSD=9.925¢-09\RMSF=2.244¢-05\Dipole=-0.3441634,-0.664146,-0.000
1568\Quadrupole=7.0140201,-10.7606441,3.746624,-1.9310332,0.0006257,-0
.0020831\PG=C01 [X(C12H26S1)[\@

cis-2
INI\GINC-N2I\FOpt\RB97D\6-311+G(d,p)\C19H3602\KOCH\04-Feb-2011\0\\#p b
97d/6-311+G(d,p) Opt pop=nbo fchk=all nofmm\\OMEW\0,1\C,5.4621808077,-
0.014598255,-0.2528198126\C,4.1181287553,0.2848194727,0.3922877472\C,2
.9686713071,-0.565692333,-0.1623465038\C,1.639235173,-0.2732352286,0.5
485446402\C,0.4751139345,-1.1100536386,-0.0022626807\C,-0.8605110839,-
0.8285271326,0.701995025\C,-2.0217010771,-1.6583604613,0.1352781942\C,
-3.3651338173,-1.3773907591,0.8454751201\C,-4.4815312829,-2.2391072791
,0.3145274779\C,-5.532350527,-1.8458717744,-0.4252246647\C,-5.87708316
91,-0.4426523478,-0.8531085918\C,-7.1675975379,0.0734000156,-0.1786136
936\C,-7.5762331245,1.4743566093,-0.6587305659\C,-8.8658343662,1.98165
19075,0.0029031488\C,-9.2841576458,3.381343346,-0.4733609974\C,-10.579
9604118,3.8796704034,0.1830901263\C,-11.0035597952,5.2786201758,-0.292
4853539\C,-12.3035710417,5.7627575909,0.369981109\0,5.7170866281,-0.95
87687703,-0.9714895934\0,6.379321244,0.9323365206,0.1001578266\C,7.715
855542,0.7377838836,-0.4292820673\H,3.9085966856,1.3587162678,0.279883
1773\H,4.2335319292,0.1155277764,1.475382183\H,3.2226193016,-1.6301191
114,-0.0604742471\H,2.8625835392,-0.3761961528,-1.2409644238\H,1.39539
50886,0.7979489165,0.4497901742\H,1.7497616231,-0.4686256101,1.6285344
603\H,0.7194057485,-2.1807203945,0.0948881009\H,0.3656526462,-0.913383
0528,-1.0815794981\H,-1.101085378,0.2441430612,0.6121522277\H,-0.75584
02611,-1.0349231573,1.7803904603\H,-1.7817907639,-2.7307856755,0.22132
1981\H,-2.136133519,-1.4495260909,-0.9401002647\H,-3.6068070999,-0.309
709563,0.748735308\H,-3.2349943425,-1.5746565662,1.9232897426\H,-4.390
0688719,-3.3058505807,0.539290888 1\H,-6.2475396472,-2.6123934946,-0.73
81940725\H,-6.0278041447,-0.4241181173,-1.9461980287\H,-5.0540357097,0



2531057513,-0.6382541485\H,-7.021074069,0.0833584444,0.9130927909\H, -
7.9891346209,-0.6344167397,-0.376953688\H,-7.7097803342,1.4600518209,-
1.7534689531\H,-6.7573102971,2.1843075286,-0.4542230797\H,-8.7320483 14
8,1.9943149292,1.0974603005\H,-9.6825531029,1.2694068371,-0.20173 16\H,
-9.4128554147,3.3699485357,-1.568702205\H,-8.4709102276,4.0961 112808, -
0.2633076957\H,-10.4517351522,3.8913773474,1.278605006\H,-11.392317709
7,3.1635372761,-0.0265559657\H,-11.1280848846,5.2637773964,-1.38752585
63\H,-10.1905828358,5.9921150558,-0.0809942753\H,-12.5882007887,6.7641
687702,0.0163281993\H,-12.1900740856,5.8074439323,1.4637012873\H,-13.1
333952113,5.0749094453,0.147739461\H,8.3006738663,1.581592723,-0.05149
62852\H,7.6928454228,0.7356612504,-1.5263592834\H,8.1292504243,-0.2155
459857,-0.0761640673\\Version=AM64L-GO9RevB.01\State=1-A\HF=-895.79844
11\RMSD=9.860e-09\RMSF=5.570e-06\Dipole=0.0672096,0.6328137,0.3365122\
Quadrupole=5.0155425,-3.8995807,-1.1159618,8.5219128,6.7780952,-3.2282
746\PG=C01 [X(C19H3602)\@

trans-2
INN\GINC-N21\FOpt\RB97D\6-311+G(d,p)\C19H3602\KOCH\04-Feb-2011\0\\#p b
97d/6-311+G(d,p) Opt pop=nbo fchk=all nofmm\\EME\\0,1\C,5.6360020454,-
0.3738986531,-0.6735803522\C,4.3753996099,-0.0225919676,0.1003948836\C
,3.1243063605,-0.7626257781,-0.3874126933\C,1.8788429021,-0.374372767,
0.4227277189\C,0.6083100723,-1.1005649003,-0.043785075\C,-0.6362069307
,-0.7050386017,0.7646364267\C,-1.9129501598,-1.427185941,0.3098179656\
C,-3.152065099,-1.0103008053,1.1320713591\C,-4.3993448232,-1.754181928
6,0.7362728067\C,-5.5059693072,-1.1907169103,0.230707029\C,-6.74497754
28,-1.9344354012,-0.1905205194\C,-7.0539028901,-1.7904150667,-1.697202
371\C,-8.3658818522,-2.4795959125,-2.0995218203\C,-8.6804295222,-2.360
409535,-3.598322587\C,-10.0034223736,-3.0345493152,-3.9912695633\C,-10
.3187949972,-2.9274263972,-5.4907335299\C,-11.6465914718,-3.5959556745
,-5.8796732141\C,-11.9506772863,-3.4846671229,-7.3825804063\0,5.715140
8356,-1.1506351919,-1.6026035384\0,6.702702847,0.3169312224,-0.1756416
784\C,7.9724181037,0.0679333134,-0.8310181117\H,4.2351287204,1.0677124
741,0.0359584432\H,4.5650161081,-0.2327437086,1.1645477228\H,3.2922740
054,-1.8472851423,-0.3199123937\H,2.961416874,-0.5423084113,-1.4523360
145\H,1.7202540369,0.7149763471,0.3524146355\H,2.0513759461,-0.5943039
748,1.4898272595\H,0.7625359935,-2.1896653273,0.0314474764\H,0.4352322
583,-0.8835312578,-1.1107483575\H,-0.7878221275,0.38468178,0.687247332
7\H,-0.4595828271,-0.9186963718,1.8322314526\H,-1.7676410863,-2.516764
2067,0.3947987957\H,-2.1008707234,-1.2175435785,-0.7551617884\H,-3.315
5829089,0.0732804328,1.021640096\H,-2.9333256776,-1.1933773453,2.19900
69536\H,-4.3769172985,-2.8421534861,0.8659409789\H,-5.5233290863,-0.10
3738089,0.0918916401\H,-7.6145759101,-1.5556679598,0.3751488726\H,-6.6
414261117,-3.0016302847,0.0613319494\H,-6.218133722,-2.2119481411,-2.2
7793722\H,-7.1087736625,-0.7204123325,-1.9577501343\H,-9.1961736931,-2
.0456031948,-1.517413615\H,-8.3170273308,-3.5460634534,-1.8224613232\H
,-7.8566553337,-2.806733854,-4.1799422885\H,-8.7176461473,-1.294581448
,-3.8795145245\H,-10.8269056904,-2.5825416327,-3.4133010667\H,-9.96898
38528,-4.098417229,-3.702233512\H,-9.4982869956,-3.3844971228,-6.06919
02288\H,-10.3488251603,-1.8638972596,-5.7821446382\H,-12.4637282336,-3
.1363855223,-5.3001586466\H,-11.6145973723,-4.6575396633,-5.5849206548
\H,-12.902570752,-3.9713568071,-7.6394657135\H,-11.1549472234,-3.95872
08951,-7.9769572473\H,-12.0143282614,-2.4299846175,-7.6905018681\H,8.6
957090995,0.6990972636,-0.3063168578\H,7.9119205815,0.3396579751,-1.89
25367961\H,8.2423160454,-0.9923376213,-0.7456164485\\Version=AM64L-G09
RevB.01\State=1-A\HF=-895.7994188\RMSD=7.351e-09\RMSF=3.096¢-06\Dipole
=0.1170657,0.398197,0.4126928\Quadrupole=6.0443841,-0.8443897,-5.19999
44,6.3420346,6.9023078,-1.0526004\PG=C01 [X(C19H3602)|\\@

3
I\\GINC-N13\FOpt\UB97D\6-311+G(d,p)\C12H25S1(2)\KOCH\13-Jan-201 1\0\\#



p ub97d/6-311+G(d,p) Opt pop=nbo fchk=all nofmm\\RS. radical\\0,2\C,-4
.4961865009,5.9892585333,-0.0001067792\C,-3.1824977917,5.1952620222,0.
000112091\C,-3.4315668923,3.6773775169,-0.0001010891\C,-2.130472176,2.
8603843265,0.0001128366\C,-2.3709180223,1.3432849713,-0.0000994153\C,-
1.0702669089,0.5260884157,0.000112537\C,-1.3089564861,-0.9913144793,-0
.0001008932\C,-0.0082800297,-1.8084302952,0.000108438\C,-0.2460242046,
-3.3260513761,-0.0001065198\C,1.0549466065,-4.1426176837,0.0001012224\
C,0.8190407869,-5.6612586318,-0.0001149945\C,2.1294519417,-6.465235944
2,0.0000960075\S,-4.3437879961,7.8013492601,0.0001143577\H,-5.11479567
8,5.7266163113,-0.8764682805\H,-5.1151972172,5.7264353799,0.8759168271
\H,-2.5883920573,5.4745236186,0.8831556152\H,-2.5879879373,5.474705494
9,-0.882601859\H,-4.0327026043,3.4038849783,-0.8834906666\H,-4.0331073
177,3.4037030608,0.8829566089\H,-1.5296196804,3.1342438239,0.883053893
\H,-1.5292148553,3.1344265778,-0.8824958711\H,-2.9723504379,1.07004280
48,-0.883214463\H,-2.9727537292,1.0698593883,0.8826840721\H,-0.468853 1
167,0.7997642359,0.8830880917\H,-0.468449651,0.7999489273,-0.882530781
2\H,-1.9104709715,-1.2648957772,-0.8831239699\H,-1.9108721132,-1.26508
12907,0.8825912943\H,0.5931681475,-1.5345679096,0.883064171\H,0.593569
5379,-1.5343809163,-0.8825156994\H,-0.8474594112,-3.5999000016,-0.8831
426002\H,-0.8478594385,-3.6000875382,0.8825987785\H,1.6566871775,-3.86
86767052,0.8831028413\H,1.657087701,-3.8684877476,-0.8825686678\H,0.21
70345613,-5.9315134009,-0.8829368307\H,0.2166342106,-5.9317025111,0.88
23757947\H,1.939404194,-7.548227991,-0.0000644793\H,2.7328911427,-6.22
5760923,0.8887814322\H,2.7332952177,-6.2255685251,-0.8882630505\\Versi
on=AM64L-G09RevB.01\State=2-A\HF=-870.3218178\S2=0.754253\S2-1=0.\S2A=
0.750012\RMSD=1.321e-09\RMSF=2.525e-05\Dipole=0.0071716,-0.8553572,-0.
0000864\Quadrupole=4.215816,-12.8685069,8.652691,4.5053417,-0.0005355,
-0.0012039\PG=C01 [X(C12H25S1)N\@

4
NI\GINC-VX03\FOpt\UB97D\6-311+G(d,p)\C19H3702(2)\KOCH\17-Feb-2011\0\\
#p ub97d/6-311+G(d,p) Opt pop=nbo fchk=all\\Oelsaeuremethylester radic

al in 10-Position\\0,2\C,6.1031367255,-0.7336104216,-0.2388582161\C 4.
7776249097,-0.1933702826,0.2735573593\C,3.5538111574,-0.9255386367,-0.
2899599882\C,2.2395270059,-0.3617216233,0.2696553217\C,0.999014527 -1.
0852815636,-0.2752607673\C,-0.3172913372,-0.533843617,0.293172956\C,-1
.5599042137,-1.2606597359,-0.2429953506\C,-2.8719621654,-0.7177844192,
0.341755891\C,-4.1258163661,-1.4604021914,-0.2055451884\C,-5.409787320
9,-0.9438120039,0.3575555842\C,-5.9619072789,0.3825615525,-0.055687870
I\C,-7.4676171066,0.5452580416,0.2292061008\C,-8.0112412217,1.92263937
92,-0.1772102544\C,-9.5112448756,2.0877495884,0.1083025411\C,-10.05874
61482,3.4636318907,-0.3005593386\C,-11.5589530643,3.627299155,-0.01504
10088\C,-12.1094337978,5.0024095434,-0.4249898103\C,-13.6114964865,5.1
515320781,-0.1333130132\0,6.2526472905,-1.67730314,-0.9870265187\0,7.1
38305348,-0.0025384853,0.2682085006\C,8.4640397782,-0.4260327169,-0.14
01288299\H,4.7361180837,0.8814007617,0.0388535282\H,4.7961486203,-0.25
45120131,1.3731371679\H,3.6304975912,-1.9969712888,-0.0552099863\H,3.5
561880578,-0.8501033527,-1.3871138679\H,2.1678520341,0.7128175689,0.03
10657147\H,2.2478347987,-0.4355434846,1.3702369449\H,1.0742543032,-2.1
602870766,-0.0421793537\H,0.9842350074,-1.0056462711,-1.3748288641\H.-
0.3940890368,0.5408833635,0.0579804594\H,-0.2979216536,-0.6109360873,1
.3931451542\H,-1.4786152848,-2.3368075028,-0.0161557725\H,-1.588052105
6,-1.1753472838,-1.3421112377\H,-2.9624448936,0.3555562181,0.112216953
7\H,-2.8519273891,-0.8064276596,1.4398653096\H,-4.01292800648,-2.534835
1631,0.0090467169\H,-4.1253797884,-1.3466078663,-1.3051288152\H,-5.836
6019587,-1.4275586482,1.239053444\H,-5.7678282564,0.5434530046,-1.1319
960374\H,-5.4231249403,1.2073249647,0.4594792838\H,-7.6489957174,0.383
6810058,1.3046092205\H,-8.0238255109,-0.2422216793,-0.3039361369\H,-7.
8256131698,2.0845222312,-1.2523217499\H,-7.4496537169,2.7076608369,0.3
567163874\H,-9.6966498961,1.9278052816,1.1836451204\H,-10.0715800038,1
.300932481,-0.4237826179\H,-9.8733069874,3.6233292728,-1.3759810884\H,



-9.4987652506,4.2508602519,0.2315497066\H,-11.7446284958,3.4684638688,
1.0606586543\H,-12.1188979907,2.8391301027,-0.5460859463\H,-11.9225135
957,5.1588370417,-1.4998121721\H,-11.5477672399,5.7877147121,0.1065730
651\H,-13.9850682472,6.141433273,-0.4324922088\H,-13.8146856812,5.0217
789548,0.9405396217\H,-14.1912048244,4.3905069107,-0.6773574273\H,9.15
22216788,0.2655566703,0.3547517291\H,8.5630177584,-0.364803994,-1.2313
039454\H,8.6480934068,-1.4592987967,0.180539945\\Version=AM64L-G09RevB
.01\State=2-A\HF=-896.3659326\S2=0.755291\82-1=0.\S2A=0.750021\RMSD=3.
009¢-09\RMSF=3.509¢-06\Dipole=0.1795225,0.5719709,0.3863605\Quadrupole
=5.258137,-5.0719734,-0.1861637,7.01767,6.171326,-3.7023355\PG=C01 [X(
CI9H3702)\@

5
INI\GINC-N13\FOpt\UB97D\6-311+G(d,p)\C24H51S2(2)\KOCH\13-Jan-201 1\0\\#
p ub97d/6-311+G(d,p) Opt pop=nbo fchk=all nofmm\\RS.-RSH radical RSSHR\
\0,2\H,-6.5583299867,1.9417473416,-1.4932425868\S,-6.014328992,2.17872
15764,-0.2784101801\C,-4.2878349738,-1.0340684989,0.554651676\S,-5.871
2902097,-1.0080801417,-0.3583077534\C,-7.5915501725,2.0629038363,0.686
3311163\H,-4.1982764006,-2.0591298264,0.954607345\H,-4.3712170324,-0.3
667684415,1.4255220648\H,-7.2902796502,2.2644548419,1.7230995287\H,-7.
9391267804,1.024550857,0.6329170661\C,-3.0467245368,-0.6861951761,-0.2
793192276\H,-3.1594167615,0.3296083588,-0.6876143045\H,-2.9856406574,-
1.3700865536,-1.1392320703\C,-1.7511814352,-0.7691658929,0.5457402053\
H,-1.8112653756,-0.071274338,1.3976130907\H,-1.6540234772,-1.780077342
2,0.9763013911\C,-0.4982721313,-0.4507546548,-0.2845466055\H,-0.438895
6898,-1.1524382968,-1.1329887994\H,-0.5975174313,0.5569365424,-0.72109
83982\C,0.8039207439,-0.5261060696,0.5267050196\H,0.7523449211,0.18585
33058,1.3673736625\H,0.8963109922,-1.5298882639,0.9742426438\C,2.05449
42451,-0.2299291314,-0.3147445081\H,2.1017518587,-0.9408469166,-1.1565
482852\H,1.9631160417,0.7742485394,-0.7615033125\C,3.361324098,-0.3100
813508,0.4885990039\H,3.317571258,0.4036241557,1.3282841563\H,3.451332
3147,-1.3133212258,0.9377929704\C,4.6090678103,-0.0206100179,-0.359303
3788\H,4.6505344857,-0.733868586,-1.1994651682\H,4.519033261,0.9827026
24,-0.8082912484\C,5.9189020044,-0.1025669485,0.4390972392\H,5.8801055
106,0.6136006691,1.2769498493\H,6.0074740395,-1.1048008369,0.890857052
8\C,7.164745896,0.1809475954,-0.413457528\H,7.2036956857,-0.5360919438
,-1.2507552561\H,7.0754599849,1.1825476089,-0.866904026\C,8.4772890585
,0.1013887989,0.3821925544\H,8.4356498746,0.8194394951,1.2173400331\H,
8.5630567535,-0.8994474489,0.8356189322\C,9.7143089695,0.3852934741,-0
4855166959\H,10.6422797783,0.327805128,0.1014554204\H,9.7868977846,-0
.3412052212,-1.308929529\H,9.6549841991,1.3900315075,-0.9307896211\C,-
8.6759619444,3.0457501405,0.2341615682\H,-8.9190941626,2.8614548866,-0
.8244811814\H,-8.2973270871,4.0767414691,0.3001576485\C,-9.9534694197,
2.9009628368,1.0798436127\H,-10.3220383995,1.864620325,1.0094035767\H,
-9.7124656341,3.076558583,2.1412377549\C,-11.0662125805,3.8672315181,0
.6457309779\H,-10.7027450147,4.9045302291,0.7328507035\H,-11.293805849
4,3.7048358024,-0.4208614081\C,-12.352951962,3.7072422944,1.4689131913
\H,-12.7203716946,2.6722180402,1.3698983443\H,-12.1227634132,3.8544050
164,2.5373644435\C,-13.4640579098,4.6820632215,1.0515228305\H,-13.1019
88168,5.7174913869,1.1659015988\H,-13.6841754404,4.5463183994,-0.0206 1
18223\C,-14.7572761808,4.5037723867,1.860794286\H,-15.1225517258,3.470
4011814,1.738118514\H,-14.5350560881,4.6289768145,2.9338338914\C,-15.8
672854939,5.4851199013,1.4561154063\H,-15.5042881811,6.5185536264,1.58
51577553\H,-16.0862803583,5.3647016237,0.3818858204\C,-17.1618454222,5
.2980365817,2.2614251917\H,-17.5262500622,4.2655732485,2.1283989932\H,
-16.9412851386,5.41320837,3.3359609642\C,-18.2719174091,6.2822395529,1
.8641717824\H,-17.908937356,7.315048057,1.9999296847\H,-18.4916718752,
6.1695299981,0.7890483446\C,-19.567647592,6.0915093688,2.6681883541\H,
-19.9281411824,5.0592468387,2.5295038969\H,-19.344050987,6.201712313,3
.7418323173\C,-20.6696315272,7.084159243,2.2638474448\H,-21.5869561258
,6.9303285553,2.8501349768\H,-20.3361548218,8.1212670755,2.4200511858\



H,-20.9238256076,6.9717183019,1.1989686723\\Version=AM64L-G09RevB.01\S
tate=2-A\HF=-1741.2962768\S2=0.754074\82-1=0.\S2A=0.750013\RMSD=2.976e
-09\RMSF=2.650e-06\Dipole=-0.4049876,0.6920204,0.4130577\Quadrupole=3.
8349952,-3.3991975,-0.4357977,-3.7003047,1.0855439,-0.9314779\PG=CO01 [
X(C24H51S2)\@

6
IN\GINC-VX03\FOpt\UB97D\6-311+G(d,p)\C31H6102S1(2)\KOCH\17-Mar-2011\0
\\#p ub97d/6-311+G(d,p) opt scf(xqc) pop=nbo fchk=all\\Oelsacuremethyl
ester-Dodecanthiol radical in 10 position 2. attempt (non-parallel)\
\0,2\C,-12.1589492325,-2.4428959664,-1.1240936343\C,-10.7239497796,-2.
5886659497,-0.6432793975\C,-9.9595971621,-1.2615391535,-0.5703576074\C
,-8.522021334,-1.4546913544,-0.0656403301\C,-7.7357757142,-0.138159277
8,0.0185455515\C,-6.2920113061,-0.330959479,0.5058677038\C,-5.49960217
2,0.9823160112,0.576904361\C,-4.0550905155,0.7711027616,1.0510521256\C
,-3.2110447788,2.0598552685,1.0949899003\C,-1.9183455506,1.9340646197,
1.7901391789\C,-1.0349663133,0.7382716413,1.6137225622\C,0.466998785,1
.0565696556,1.7298223248\C,1.348495758,-0.1867490046,1.5471430968\C,2.
852390835,0.1106654168,1.6373029232\C,3.7237397122,-1.1376968804,1.432
7245383\C,5.2303578874,-0.850515893,1.5105838073\C,6.0965179432,-2.101
8020692,1.2966944167\C,7.6027140198,-1.8040349545,1.3724337744\0,-12.7
270694598,-1.4023734181,-1.3834077533\0,-12.7491506454,-3.6694294 741 ,-
1.2264333864\C,-14.1297465363,-3.6655838729,-1.670931078\C,-3.13945950
29,4.4450215705,-0.5305212366\C,-2.1686648126,5.1669668493,0.413443536
5\C,-2.4278394146,6.6823889268,0.4434034889\C,-1.4882706368,7.43508522
68,1.3981383866\C,-1.7398285564,8.9500957423,1.4129225731\C,-0.8050680
18,9.7150917439,2.3619720168\C,-1.0585756683,11.2299203334,2.363070386
2\C,-0.1254268528,12.0035880363,3.3066487342\C,-0.3806694738,13.518160
0431,3.2993385325\C,0.5529045371,14.2967818214,4.2383090323\C,0.298066
7698,15.8121429027,4.2272585384\C,1.2400420614,16.5803434151,5.1687033
053\S,-2.8627804229,2.6359067818,-0.7263921599\H,-10.2133098164,-3.300
7067143,-1.3096428169\H,-10.7526459072,-3.0768713848,0.3437455128\H,-1
0.4981360995,-0.5662149777,0.089461651\H,-9.9459326869,-0.7931762747,-
1.5652885714\H,-7.988903192,-2.1531755113,-0.7324110383\H,-8.542854451
8,-1.9302120775,0.9295123246\H,-8.2610936193,0.5572053137,0.6940266286
\H,-7.7222405172,0.3419812044,-0.973666097\H,-5.772128874,-1.029358839
1,-0.1710002226\H,-6.3034172958,-0.8104677828,1.4992476092\H,-6.007405
2636,1.6801709195,1.2639209735\H,-5.4891780978,1.460895313,-0.41322638
28\H,-3.557603484,0.0262796812,0.411082285\H,-4.064558146,0.3468994477
,2.0686966103\H,-3.8092625973,2.8838841306,1.5070016239\H,-1.508549578
6,2.8134419551,2.2872634349\H,-1.2317078437,0.278047102,0.6296848214\H
,-1.2881169946,-0.0461943807,2.355832865\H,0.6686545418,1.511229272,2.
7139260984\H,0.730738968,1.8113959253,0.9724041271\H,1.1283926886,-0.6
431928191,0.5675264948\H,1.0794023229,-0.9392782125,2.3074972665\H,3.0
792590572,0.5574572357,2.6198416773\H,3.1191728801,0.8683131606,0.8817
252224\H,3.4897079673,-1.5848031235,0.4519918407\H,3.4580258621,-1.894
5741735,2.1897489093\H,5.4679438979,-0.4077411782,2.4926582859\H,5.496
2044131,-0.0915135283,0.7555681014\H,5.8544299278,-2.5426104346,0.3159
74568\H,5.8286808292,-2.8579899239,2.0525046818\H,8.2022608728,-2.7121
965822,1.2150592643\H,7.8693487962,-1.3869260911,2.3554350212\H,7.8933
165689,-1.0680738031,0.607475244\H,-14.4284758661,-4.7178192369,-1.691
0788758\H,-14.2058232664,-3.216931813,-2.6695435047\H,-14.7528017983,,-
3.0941787508,-0.9711655364\H,-4.1779380339,4.6031140164,-0.2022688257\
H,-3.0490278395,4.8527923803,-1.547786332\H,-1.1338467025,4.967557173,
0.0974851181\H,-2.2737157852,4.7593827435,1.4297056445\H,-3.473063113,
6.8707883686,0.7403725313\H,-2.3148222629,7.0913718533,-0.5744112875\H
,-0.442464591,7.2410609104,1.1078496067\H,-1.6080446724,7.0343064186,2
418542975\H,-2.7867731451,9.1421126161,1.70153603\H,-1.6221940511,9.3
468269171,0.3906372432\H,0.2422333877,9.5210885641,2.0761340844\H,-0.9
255106961,9.3240278718,3.3861570131\H,-2.1060433116,11.4230942613,2.64
91161665\H,-0.9405797887,11.61824166,1.33753021\H,0.9222205486,11.8095



548425,3.0219575792\H,-0.2448001592,11.6186854089,4.3333033998\H,-1.42
80834625,13.7118329738,3.5853316779\H,-0.2637923736,13.9011834104,2.27
16448438\H,1.6006258209,14.1025221324,3.9532576756\H,0.4355274856,13.9
159140951,5.2669140622\H,-0.7492515974,16.0028337202,4.5126167829\H,0.
4140601818,16.1888479178,3.1980156547\H,1.0416536971,17.6615443033,5.1
449065163\H,2.2908306207,16.4209524752,4.8829723516\H,1.1201276764,16.
2352685683,6.2068890588\\Version=AM64L-G09RevB.01\State=2-A\HF=-1766.1
300021\S2=0.756285\S2-1=0.\S2A=0.75003 1I\RMSD=5.525e-09\RMSF=1.142¢-06\
Dipole=0.064055,-0.2286096,0.532613\Quadrupole=-5.9304,9.6627767,-3.73
23767,11.2884923,-3.0559407,-0.0181681\PG=C01 [X(C31H6102S1)\@

7

INI\GINC-D57\FOpt\RB97D\6-311+G(d,p)\C24H50S2\KOCH\04-Oct-201 1\0\\#p o
pt scf(xqc) b97d/6-311+g(d,p) fchk=all pop=nbo nofmm geom=check\\RSSR
from RS and RS\\0,1\S,0.2523092277,4.4192610753,-1.5878405962\C,-2.0382
290257,4.6372804684,0.484415887\S,-0.9121057243,5.7576659036,-0.473327
644\C,1.5546450899,3.8955252171,-0.3701243625\H,-2.5693349063,5.324815
5054,1.1607769958\H,-1.4186066961,3.9732240183,1.1034366433\H,1.061389
571,3.3827997715,0.4664983527\H,2.0519186604,4.7968516662,0.0103422262
\C,-3.0228670708,3.8274766895,-0.3630244454\H,-2.4609697337,3.25318836
58,-1.1143741123\H,-3.6880171138,4.5128595575,-0.9097019465\C,-3.85365
31922,2.8632655572,0.5000582281\H,-3.1737523348,2.1818652014,1.0384230
825\H,-4.4003290948,3.4316754745,1.2710115381\C,-4.8535794171,2.033727
3065,-0.3208470279\H,-5.5475846922,2.7115856653,-0.844666848 1\H,-4.309
5363163,1.4791717879,-1.1031131066\C,-5.6562597827,1.0460709005,0.5379
209229\H,-4.9582468454,0.3710006097,1.0609925766\H,-6.1969064487,1.601
6206895,1.3224198693\C,-6.6585658638,0.2085571352,-0.2712848761\H,-7.3
617564026,0.8812521545,-0.7901746266\H,-6.1193623658,-0.3446291937,-1.
058304598\C.-7.4490303091,-0.7826999945,0.5948740925\H,-6.7432246169,-
1.4514698393,1.1156081071\H,-7.9884832955,-0.2285849688,1.3811932659\C
,-8.4504624067,-1.629280707,-0.2058283966\H,-9.161458121,-0.9624751246
,-0.7217729857\H,-7.9124140522,-2.1802871607,-0.9952435479\C,-9.229536
5381,-2.6245103577,0.6663464514\H,-8.5171039437,-3.2906768968,1.181295
6681\H,-9.7652382165,-2.0727439139,1.4569265905\C,-10.2338268515,-3.47
3783985,-0.1276392344\H,-10.9475287289,-2.8085206222,-0.6423098266\H,-
9.6991684649,-4.0263950977,-0.9185438192\C,-11.0108717837,-4.468645844
8,0.7482329078\H,-10.2951384869,-5.13101014,1.2618240296\H,-11.5429124
66,-3.9131317586,1.5375912167\C,-12.0128974028,-5.3126018512,-0.056442
5189\H,-12.5586244578,-6.0161300644,0.5886993835\H,-12.7512311593,-4.6
681553239,-0.5572507986\H,-11.4962772921,-5.8953077485,-0.8340905619\C
,2.5572519117,2.9583468407,-1.0560768287\H,3.0688763088,3.4953875791,-
1.8694948031\H,2.0239379125,2.1115338671,-1.5162367317\C,3.5995924221,
2.4113686498,-0.0644992884\H,4.1251963448,3.2504895927,0.4195831541\H,
3.0835498263,1.8578653373,0.7370644003\C,4.6226397246,1.4880154931,-0.
7437875033\H,4.0866153245,0.6810974487,-1.2707046457\H,5.1670891688,2.
0555032082,-1.5163859181\C,5.6287551247,0.8655880915,0.2357088671\H,6.
1641557462,1.6664282609,0.772331226\H,5.0818829845,0.2891221178,1.0004
504973\C,6.6460813747,-0.0513741322,-0.4600862965\H,6.1041661295,-0.82
87815529,-1.0243600941\H,7.2125928125,0.5331618663,-1.2040668452\C,7.6
274166602,-0.7263748299,0.509770462\H,8.1725550724,0.045981151,1.07761
15439\H,7.0596949908,-1.3145811024,1.2501175959\C,8.6354652538,-1.6423
137118,-0.2005190984\H,8.0864353908,-2.4002534108,-0.7840261358\H,9.21
42687287,-1.0499687502,-0.9288210563\C,9.6025496221,-2.3489837902,0.76
12033325\H,10.1536033356,-1.5939332012,1.3464660752\H,9.0231850573,-2.
9434107499,1.487487246\C,10.6048173028,-3.2640760742,0.0418869548\H, 10
.0523148388,-4.0122657871,-0.551149391\H,11.1898159804,-2.6679317787,-
0.6786638823\C,11.5657938755,-3.9869631338,0.9988384218\H,12.11504291,
-3.2378144521,1.5918795512\H,10.9784524229,-4.5829637957,1.7162814614\
C,12.5622182156,-4.8972220148,0.2624280981\H,13.2336278272,-5.41266720
89,0.9641558264\H,12.0303020069,-5.6618887602,-0.3237653297\H,13.18211
84779,-4.3132314005,-0.4344711215\\Version=AM64L-G09RevB.01\State=1-A\

24



HF=-1740.7317965\RMSD=2.841e-09\RMSF=4.472¢-06\Dipole=0.1391331,-0.735
9654,0.6722658\Quadrupole=9.0839919,-8.5985347,-0.4854572,-0.0985363,-
1.6888368,5.6489554\PG=C01 [X(C24H50S2)\@

Methyl stearate
INI\GINC-D57\FOpt\RB97D\6-311+G(d,p)\C19H3802\KOCH\26-Sep-2011\0\\#p o
pt scf(xqc) b97d/6-311+g(d,p) fchk=all pop=nbo nofmm\\Product from OME
and 2xH\\0,1\C,8.7505891504,-0.9011463101,0.4963756233\C,7.3975305111,
-1.012232597,-0.1880320247\C,6.3495807253,-0.0327744845,0.3538575974\C
,5.0004653062,-0.1801620648,-0.3650244327\C,3.9337055473,0.7915446891,
0.1613040561\C,2.5822181504,0.648416162,-0.5543712964\C,1.5132766725,1
.6189182038,-0.0300773315\C,0.1622545688,1.4747531032,-0.7466238705\C,
-0.9082905591,2.4443454665,-0.2238644277\C,-2.2586257056,2.2988254959,
-0.9414701741\C,-3.330446278,3.2677603208,-0.4201071914\C,-4.680131996
3,3.1209376269,-1.1386913919\C,-5.7530662874,4.0892339026,-0.6 18424180
7\C,-7.102138407,3.9412621059,-1.3379268331\C,-8.1760964754,4.90902299
23,-0.8186151453\C,-9.5246220666,4.7601042149,-1.5387998923\C,-10.6005
701836,5.727504103,-1.0207026953\C,-11.9441027617,5.566744516,-1.75065
77546\0,9.0418694353,-0.1350138083,1.3912874419\0,9.6256574838,-1.8011
28935,-0.0397372624\C,10.9590966217,-1.795005507,0.5307817679\H,7.0522
119429,-2.052542475,-0.0830717256\H,7.5534221043,-0.8610555982,-1.2675
369716\H,6.7209868225,0.9964305162,0.2445095683\H,6.2183433609,-0.1988
742522,1.4329046799\H,4.6354672492,-1.2150982016,-0.2537370698\H,5.140
0115319,-0.0150513896,-1.4466742214\H,4.2978112912,1.8262668453,0.0498
235495\H,3.7933605106,0.6265083721,1.2423756557\H,2.2192618021,-0.3870
717856,-0.4428997692\H,2.723807791,0.8130223923,-1.6356924407\H, 1.8758
321804,2.6544412994,-0.1415505775\H,1.3713200408,1.4544402287,1.051114
4253\H,-0.1997354924,0.4389217325,-0.6352163052\H,0.3047684116,1.63898
38944,-1.827878262\H,-0.546696723,3.4802603369,-0.3353624014\H,-1.0511
880837,2.2801970206,0.8573088379\H,-2.6198508972,1.2627343264,-0.82994
31663\H,-2.9696047985,4.3039360975,-0.5317750987\H,-3.4741318354,3.104
0063027,0.6610377245\H,-5.0406260306,2.0846094587,-1.0270920706\H,-4.5
361133031,3.2845127732,-2.2198421495\H,-5.3928807517,5.1256408912,-0.7
301179315\H,-5.8974140873,3.9256894354,0.4626701887\H,-7.4619873679,2.
9047294015,-1.2262784885\H,-6.9574810199,4.1046325919,-2.4190101835\H,
-7.8164137873,5.9456154015,-0.9303998246\H,-8.3209465006,4.7456154134,
0.262452662\H,-9.8844171708,3.723342672,-1.4272422936\H,-9.3798885255,
4.9233185363,-2.6200889442\H,-10.237981718,6.7622227767,-1.1328648553\
H,-10.7423938352,5.5625143975,0.0597406208\H,-12.6996522276,6.26682588
25,-1.3659773464\H,-12.3336303723,4.5447397273,-1.6283828205\H,-11.825
8582461,5.7524308936,-2.8289502575\H,11.5092020945,-2.5673879808,-0.01
47783944\H,10.9148248069,-2.0276984102,1.6023401187\H,11.4257738589,-0
.8110627831,0.3951174779\H,-2.1153040077,2.4626319925,-2.022689072\\Ve
rsion=AM64L-G09RevB.01\State=1-A\HF=-897.0327273\RMSD=5.059¢-09\RM SF=9
.427e-07\Dipole=0.0005039,-0.4232051,-0.4260146\Quadrupole=1.2067302,2
.8444312,-4.0511614,-8.0505584,-8.2329321,-2.0553122\PG=C01 [X(C19H380

2)N\@

EDA
NN\GINC-D31\FOpt\RB97D\6-311+G(d,p)\C31H6202S1\KOCH\21-Aug-201 1\0\\#p
opt scf(xqc) b97d/6-311+g(d,p) fchk=all pop=nbo nofmm\\Electron don
or acceptor complex RSH + OME H-pi non-parallel\\0,1\C,-4.0324234229 .4
.5378306484,3.2372522035\C,-2.7829813904,4.3643733612,2.3884434461\C,-
1.5409390707,3.794459673,3.0973708463\C,-0.3323907361,3.7391581837,2.1
52018883\C,0.9474696606,3.2442873111,2.8398259661\C,2.14951849,3.17344
77612,1.8864310184\C,3.4673788038,2.8510565699,2.6015213278\C,4.665389
4791,2.7562038679,1.640426286\C,5.9886174781,2.6520631809,2.3679355466
\C,7.1482407807,2.2134697068,1.8485053128\C,7.3522383356,1.7116460667,
0.4438711433\C,7.6590722845,0.1977123978,0.4039832943\C,7.9168008141,-
0.3223133553,-1.0180321031\C,8.2084931536,-1.8297000792,-1.0588208934\



C,8.4584298041,-2.3623740717,-2.4778948624\C,8.7467171421,-3.870643453
7,-2.5132258472\C,8.9934597363,-4.4097890102,-3.9310765014\C,9.2818910
983,-5.9198477202,-3.949170167\0,-4.8350802438,5.4418481922,3.11184549
36\0,-4.172574965,3.5308471547,4.1424429557\C,-5.3731350773,3.58101561
76,4.9578590126\H,-2.5641272882,5.3474547786,1.9524988867\H,-3.0605781
062,3.7025097229,1.5511356324\H,-1.7637269994,2.7904119528,3.482995968
2\H,-1.2982979566,4.4242359453,3.9636850279\H,-0.1470544137,4.74426167
07,1.7398579385\H,-0.5658264958,3.087016343,1.2937721225\H,0.769895857
8,2.2513031642,3.2845363438\H,1.187131505,3.9222877027,3.6740010558\H,
2.2570653115,4.1391065664,1.3676383639\H,1.9546924668,2.419184829,1.10
61702248\H,3.370576959,1.9096096481,3.1660377871\H,3.6679729083,3.6392
345536,3.3463882096\H,4.6699794819,3.6499120113,0.9939196565\H,4.53009
0416,1.8981134333,0.9644971623\H,5.9861963839,2.982951943,3.4107538882
\H,8.0286704706,2.1888035551,2.4967441621\H,8.1966661884,2.2506428854,
-0.0183661962\H,6.4683002217,1.9220213095,-0.1741045327\H,6.813861008,
-0.3499653116,0.8504034858\H,8.5367290766,-0.0127931472,1.0366968369\H
,8.7647517265,0.2267875376,-1.4599747996\H,7.0404502822,-0.103166274,-
1.6506244915\H,7.3617440837,-2.3751628696,-0.6097389124\H,9.0870150128
,-2.0470968182,-0.4286632439\H,9.3061669548,-1.8190039417,-2.927578255
8\H,7.5800404875,-2.1446622289,-3.1082661918\H,7.8998570293,-4.4132922
24,-2.060347672\H,9.6263302733,-4.0878722037,-1.88409087\H,9.838862262
1,-3.8648083071,-4.3815128707\H,8.1131142237,-4.1920790643,-4.55737537
09\H,9.4538140119,-6.286209643,-4.971458529\H,8.4373208715,-6.48253623
87,-3.5234450227\H,10.1748489227,-6.1527865657,-3.3495710531\H,-5.3172
047075,2.6994654587,5.6034586646\H,-6.2646303473,3.543755736,4.3191186
345\H,-5.3885719211,4.5023046734,5.5507195146\C,6.1982397968,6.9327137
566,1.6591445613\C,4.7884052308,6.3709758197,1.8647402346\C,3.90190871
97,7.2753070508,2.7376684762\C,2.5037068924,6.6744001721,2.9436279424\
C,1.5859539584,7.5223214559,3.8353817404\C,0.2153149846,6.8661241584,4
.0551312564\C,-0.7216181209,7.6714129304,4.9653921215\C,-2.0718195768,
6.9750375661,5.1920600449\C,-3.0089859626,7.7438154496,6.1341128158\C,
-4.3317654581,7.0035872975,6.3823368004\C,-5.2968231199,7.7605424505,7
.3062682551\C,-6.6096682832,6.9934299108,7.5374068164\S,7.2524965443,5
.9074228401,0.5304611862\H,6.1553617696,7.9199727367,1.1793717774\H,6.
712878084,7.0519668254,2.6221466443\H,4.8621211595,5.381846673,2.33710
91151\H,4.3110032099,6.218785081,0.8850276179\H,3.8122756852,8.2706425
709,2.2722633289\H,4.3816284419,7.4282431514,3.718577389\H,2.606215638
1,5.6708884683,3.3844386115\H,2.023824928,6.5279557057,1.9622785042\H,
1.451007351,8.519944612,3.3856734402\H,2.072868807,7.6829137507,4.8116
943839\H,0.3652127787,5.8652236104,4.4904281934\H,-0.2721073002,6.7040
282757,3.0800876754\H,-0.8921262457,8.6692184371,4.5281078991\H,-0.228
6612105,7.8372012397,5.9378871305\H,-1.8931590682,5.9679571293,5.60550
17832\H,-2.5775886859,6.8291958145,4.2254092115\H,-3.2217401664,8.7372
961233,5.705707281\H,-2.4988078225,7.9200961652,7.0960969944\H,-4.1098
269607,6.0162784333,6.823819246\H,-4.8236581556,6.811129052,5.41678880
98\H,-5.5169020235,8.7463279406,6.8657161829\H,-4.8019741556,7.9528787
641,8.2721896121\H,-7.2945166655,7.5486654722,8.1943930733\H,-6.411924
7913,6.0156720115,8.0035198774\H,-7.1255123296,6.8125616009,6.58233345
07\H,7.1422418068,4.7524929109,1.2338465991\\Version=AM64L-G09RevB.01\
State=1-A\HF=-1766.780959\RMSD=4.446e-09\RMSF=1.640e-06\Dipole=-0.2197
713,-0.7483,0.6164906\Quadrupole=-9.2053954,3.3574708,5.8479246,4.3114
629,0.5302069,2.763948\PG=C01 [X(C31H6202S1)[\@
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