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1. Procedures, Materials, and Instrumentation
1.1 General Considerations

All air- and moisture-sensitive manipulations were carried out using standard Schlenk techniques on a
high vacuum line " or in an M. Braun glovebox containing an atmosphere of purified N2. The M. Braun
glovebox was equipped with a cold well designed for freezing samples in liquid N2. Column chromatography
was performed on SiliaFlash P60 (230-400 mesh) silica gel from SiliCycle using standard glass columns.
Thin layer chromatography (TLC) was performed using aluminum-backed plates pre-coated with silica gel

and a fluorescent indicator for visualization upon UV irradiation.
1.2 Materials

Reagents were purchased in reagent grade from commercial suppliers and used without further
purification unless described otherwise. Pure (E)-piperylene and (E/Z)-piperylene were purchased from
TCI, but crude (E/Z)-piperylene (also containing cyclopentene) was provided by Firmenich. Ethylene (1e),
propylene (1a), and 3,3,3-trifluoropropylene (1d) were stored over activated 4 A molecular sieves in a thick-
walled glass pressure vessel for >24 hours prior to use, and t-butyl-ethylene (1c) was stored over calcium
hydride in a thick-walled glass pressure vessel for >24 hours then degassed prior to use. Hydrogen (H2)
and deuterium (D2) gas were passed through a column of activated molecular sieves and manganese oxide
prior to use." Allyltrimethylsilane (1b) and vinylsilanes (6) were stirred over lithium aluminum hydride for
>48 hours, degassed, and distilled under high vacuum. Conjugated dienes (13) were stirred over calcium
hydride for >48 hours, degassed, and distilled under high vacuum. The liquid reagents were then either
passed through a plug of activated alumina and/or stored over activated 4 A molecular sieves in the
glovebox. Solvents (diethyl ether, dichloromethane, n-hexane, n-pentane, tetrahydrofuran, and toluene)
used for air- and moisture-sensitive manipulations were dried and deoxygenated by passage through an
activated alumina column.? Deuterated solvents for NMR spectroscopy of air- and moisture-sensitive
species (CeDs and CeD12) were distilled from sodium metal under an atmosphere of argon and stored over
4 A molecular sieves. Deuterated chloroform (CDCls) was stored over anhydrous potassium carbonate.
Dienes 13b—c,®> 13d,* 13e,® 13f,° 13g,” 13k—-m,® 13n-0,° and 13p'® were prepared as reported previously.
Iron complexes [(MePDI)Fe(N2)]2(u?-N2),"" [(Me(Et)PDI)Fe(N2)]2(u2-N2), 2 [(MePDI)Fe(N2)]2(n*-CsHs), ' were
prepared as reported previously. Magnesium butadiene (Mg(C4Hs)*2THF),' was prepared according to a

literature procedure.
1.3 Instrumentation and Software

Proton nuclear magnetic resonance ('"H NMR) spectra were recorded at 25 °C on a Bruker NanoBay
300 or Avance Ill 500 spectrometers operating at 300.13 MHz and 500.46 MHz, respectively. Proton-
decoupled "*C{'H} APT NMR and quantitative q'*C{'H} NMR nuclear magnetic resonance spectra were
recorded at 25 °C on a Bruker Avance Il 500 instrument operating at 125.86 MHz. All experiments were

performed at the Princeton University Nuclear Magnetic Resonance Facility. Chemical shifts are reported
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in parts per million downfield from tetramethylsilane (SiMe4) and are referenced in ppm relative to the NMR
solvent according to literature values: '*'6 §('H) = 7.26, 8('3C) = 77.0 for CDCls, 5('H) = 7.16, 5('3C) = 128.1
for CeDs."H NMR data for diamagnetic substances are reported as follows: chemical shift, (multiplicity,
coupling constant in Hz, integration) where s = singlet, d = doublet, t = triplet, g = quartet, m = multiplet,
and br = broad. '"H NMR data for paramagnetic substances are reported as follows: chemical shift
(integration, full-width at half-maximum height for broad signals). '*C NMR data for diamagnetic substances
are reported as a list of chemical shifts. NMR spectra were processed using the MestReNova software

suite.!”

Zero-field "Fe Mossbauer spectra were recorded on a SEE Co. Mossbauer spectrometer (MS4) at 80
K in constant acceleration mode. 3’Co/Rh was used as the radiation source. The temperature of the
sample was controlled by a Janis Research Co. CC2-860 He/N2 cryostat within an accuracy of 0.3 K.
Isomer shifts were determined relative to a-iron at 298 K. WMOSS Spectral Analysis Software was used
for the quantitative evaluation of the spectral parameters (least-squares fitting to Lorentzian peaks).'®

Gas chromatographic analyses were performed using a Shimadzu GC-2010 gas chromatograph
equipped with a Shimadzu AOC-20s autosampler. For samples analyzed on a Shimdzu SHRXI-5MS achiral
stationary phase capillary column (15 m x 250 um), the instrument was set to an injection volume of 1.0
ML, an inlet split ratio of 20:1, and inlet and detector temperatures of 250 °C and 275 °C, respectively. UHP-
grade S3 helium was used as carrier gas with a flow rate of 1.96 mL/min. For samples analyzed on a
Supelco BETA DEX 120 chiral stationary phase capillary column (30 m x 250 ym), the instrument was set
to an injection volume of 1.0 pL, an inlet split ratio of 10:1, and inlet and detector temperatures of 250 °C.
UHP-grade S3 helium was used as carrier gas with a flow rate of 1.00 mL/min.

High-resolution mass spectra were measured using an Agilent 5975C GC-MS or an Agilent 6210 TOF
LC/MS at the Princeton University Mass Spectrometry Facility. In general, vinylsilane-derived substrates
proved difficult to ionize and/or highly prone to fragmentation under standard conditions. Where mass
spectral data are not reported, the parent ions for the indicated product were not readily detected. Infrared
spectra were collected on a Thermo-Nicolet iS10 FT-IR spectrometer calibrated with a polystyrene
standard. Elemental analyses were performed at Robertson Microlit Laboratories, Inc., in Ledgewood, NJ.
Solid-state magnetic moments were determined at room temperature using a Johnson—Matthey magnetic
susceptibility balance calibrated with HJCO(SCN)4. Solution-state magnetic moments were determined in
CsDs at 25 °C using ferrocene as a standard according to the Evans procedure modified for use with an
NMR spectrometer with a superconducting magnet.'®?° Curve fitting and statistical analyses were carried
out using the NumPy, SciPy, and MatPlotLib Python packages?' in Jupyter Notebooks.??:2® Kinetic

simulations were performed with Copasi Software 4.24.197.24

All electronic structure calculations were performed on the Della computing cluster maintained by
Princeton University Research Computing. Geometry optimizations and energy calculations for organic
molecules only were performed using Gaussian?® with the M06-2X level of density functional theory?® with
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the 6-311++g(d,p) basis set?’?¢ and implicit solvent correction (CPCM, cyclohexane).2°3%31 For iron
complexes, geometry optimizations and single point calculations were carried out using ORCA3233 with
the MOBL34% or B3LYP3536:37.38 |gvel of DFT. The latter hybrid functional often outperforms pure gradient-
corrected functionals in the accurate representation of transition metal complexes, especially those
involving significant metal-ligand covalency.®® Alrichs’s all-electron Gaussian basis sets were employed
for all calculations,*®*! wherein the triple-¢ basis set def2-TZVP, which includes one set of polarization
functions, was used to describe metal atoms and all atoms directly coordinated to a metal center. The
double-¢ basis set def2-SV(P), which includes one set of polarizing d functionals on all non-hydrogen
atoms, was used for all other atoms. Weigend'’s “universal” Coulomb fitting basis, which is suitable for all
def2 type basis sets, was employed to generate auxiliary basis sets.*?434 The RIJCOSX approximation
was used to accelerate the calculations. 45464748 The ZORA relativistic correction was applied for the
calculation of Méssbauer spectral parameters.*®5° This correction has previously been demonstrated
empirically to correct for systematic errors in these predictions.'®5' Throughout this manuscript,
computational results are described using the broken symmetry approach introduced by Ginsberg® and
Noodleman et al.>® Because several broken symmetry solutions to the spin-unrestricted Kohn—Sham
equations may be obtained, the general notation for broken symmetry (m,n) has been adopted, where m
(n) denotes the number of spin-up (spin-down) electrons at the two interacting fragments.>*°5 Computed
structures were rendered using CYLview.%® Representations of canonical orbitals and the corresponding

spin density plots were generated with the program Chimera.>”

1.4 Abbreviations

Bn = benzyl, DMAP = 4-dimethylaminopyridine; dme = 1,2-dimethoxyethane; dppe = 1,2-
bis(diphenylphosphino)ethane; dvtms = 1,3-divinyltetramethyldisiloxane; EDCeHCI =  N-(3-
dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride; Im = imidazole; IR = infrared spectroscopy; NMR
= nuclear magnetic resonance spectroscopy; Meppl = 1,1'-(pyridine-2,6-diyl)bis(N-(2,6-
dimethylphenyl)ethan-1-imine); P'PDI = 1,1'-(pyridine-2,6-diyl)bis(N-(2,6-diisopropylphenyl)ethan-1-imine);
PrTB)PDI = 4,5-bis((2,6-diisopropylphenyl)-A*-azanylidene)-1,2,3,4,5,6,7,8-octahydroacridine; Piv = pivalate
= 2,2-dimethylpropionyl; PTFE = polytetrafluoroethylene; Py = pyridine; TBDPS = fert-butyldiphenylsilyl;
TBS = tert-butyldimethylsilyl; Tf = triflic = trifluoromethanesulfonyl; THF = tetrahydrofuran; TLC = thin-layer

chromatography; TMS = trimethylsilyl; vtms = vinyltrimethylsilane
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2. Synthesis of Iron Complexes
2.1 Alternate Synthesis of [(V*PDI)Fe(N2)]2(u?-Nz)

A synthetic procedure for the preparation of iron precatalyst [(V*PDI)Fe(N2)]2(u?>-N2) was reported
previously by our group.’ However, yields were found to be highly variable because [(M*PDI)Fe(N2)]z2(u?-
Nz2) is (a) highly moisture sensitive, (b) prone to over-reduction in the presence of excess sodium, and (c)
unstable to prolonged vacuum due to loss of the dinitrogen ligands. To improve the reliability of the

synthesis, the following modifications were made to the published procedure.

I SNy N— A N N— A
/N\ / Na (2.0 equiv) /N\ /
N /Fe\ naphthalene (25 mol%) S /Fe\

N7 e 05 N | TNg
¢ THF i, 1.5h N,

N
~[Fel
indigo — green — red/brown

69% yield
(MePDI)FeCl, [(MePDI)Fe(N,)]o(u2-No)

Figure S1. Modified procedure for the synthesis of [(V¢PDI)Fe(N2)]2(u?-N2).

In a glovebox filled with an inert atmosphere of purified N2, a 100-mL round-bottom flask was charged
with finely chopped sodium (0.046 g, 2.0 mmol, 2.0 equiv), a PTFE-coated magnetic stir bar, and THF (~5
mL). The suspension was stirred for 3 minutes; then, the THF was removed with a pipette. Additional THF
(16 mL) was added, the flask was sealed with a rubber septum, and the suspension was stirred at ambient
temperature in the glovebox. After 2—8 hours, the sodium chunks were removed and freshly chopped
sodium was added (0.046 g, 2.0 mmol, 2.0 equiv). Naphthalene (0.032 g, 0.25 mmol, 0.25 equiv) was
added, and the suspension was stirred 5-10 minutes until a green color persisted. The iron dihalide
complex (MePDI)FeClz (0.496 g, 1.0 mmol, 1.0 equiv) was then added as a solid in a single portion. The
flask was sealed with a rubber septum, and the suspension was stirred vigorously at ambient temperature
in the glovebox. The purple hue of the iron dihalide complex gave way to green, then deep red. Upon
formation of this red color (after 90 minutes) the reaction mixture was diluted with pentane (60 mL) and
filtered through a pad of Celite on a medium porosity glass frit, rinsing with diethyl ether (20 mL). The filtrate
was concentrated in vacuo for the minimum possible time to afford a brown residue. The residue was
resuspended in a 1:1 mixture of diethyl ether and pentane, then filtered through a short plug of Celite in a
monster pipette. The filtrate was concentrated in vacuo to half its initial volume and transferred to a —35 °C
freezer overnight. After 12-24 hours, the supernatant was removed with a pipette and reserved. The
remaining solid was rinsed twice with 2-3 mL portions of pentane, then dried briefly (5—10 minutes in
vacuo). A second crop of clean material could also be obtained upon partial concentration and
recrystallization of the supernatant to afford [(M®PDI)Fe(Nz2)]2(u?-N2) as a deep red solid (0.234 g + 0.055 g,
0.35 mmol, 69% vyield). Spectroscopic data including 'H NMR, '*C NMR, and zero-field "Fe M&ssbauer
(solid-state, 80 K) spectra were consistent with the values reported previously.”" The material was used

without any further attempts to remove residual solvent.
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2.2 Synthesis of (M*PDI)Fe(vinylsilane):

oo Ny— A sk, (2 equiv) R Ny —
/N\Fe/ > /N\F
X > €
N/ | \N\ benzene-dg, 23 °C, 5 min N/ \/
N A N}{ >98% conv. SiRs
I \\\’SiR3
N
SiR3 = SiMes,

SiMe,Ph, SiMe(OEt),

Figure S2. Procedure for the synthesis of (M*PDI)Fe(6a)2, (M*PDI)Fe(6b)2, and (MePDI)Fe(6d)..

Procedure: In an Nz-filled glovebox, a J. Young NMR tube was charged with [(M*PDI)Fe(N2)](u-N2) (20.0
mg, 0.0214 mmol) and 600 uL of benzene-ds. The appropriate vinyl silane (6, 0.0856 mmol, 2 equivalents
per iron center) was added via microliter syringe and the tube sealed and removed from the glovebox. After
mixing at ambient temperature for 5 minutes, the reaction mixture was analyzed via 'H NMR spectroscopy

to reveal the title compounds formed in >98% conversion.

(MePDI)Fe(6a)2: '"H NMR (300 MHz, CsDs) & 169.34 (s, 1H, 218 Hz, p-pyridine), 41.99 (s, 2H, 240 Hz, m-
pyridine), 5.95 (s, 6H, ArH), -0.01 (br s, 15H, olefinic and SiCHs), -3.52 (s, 9H, SiCH3), -16.33 & -17.77
(12H, ArCHs), -117.20 (s, 6H, 1010 Hz, ArNCCH3).
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Figure S3. '"H NMR (300Mz, CsDs) spectrum of (MePDI)Fe(6a)-.

S8



(MePDI)Fe(6b)2: 'H NMR (300 MHz, CeDs) 5 171.47 (1H, p-pyridine), 37.27 (2H, m-pyridine), 9.24 (2H,
olefinic), 7.37 (6H, ArH), 5.97(4H, olefinic), 3.26 (10H, SiPh), 2.11 (3H, SiCHs), 1.11 (3H, SiCHs), 0.25
(3H, SiCHs), -12.49 (3H, SiCH3), -16.64 & -18.17 (12H, ArCHs), -114.14 (6H, ArNCCH3).
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Figure S4. '"H NMR (300Mz, CsDs) spectrum of (MePDI)Fe(6b)..
(MePDI)Fe(6d)2: '"H NMR (300 MHz, CeDs) 8 166.49 (1H, p-pyridine), 38.54 (2H, m-pyridine), 5.98 (6H,

ArH), 3.26 (4H, Si(OCH2CHs), 2.11-1.99 (m, 6H), 0.43- -0.18 (15H), -2.48 (6H, Si(OCH2CHs), -14.53 (3H,
SiCHs), -16.27 (6H, ArCHs), -21.45 (6H, ArCHs), -109.36 (6H, ArNCCH).

g % 0w 3% 8
g S8BLEGBRNUYRL TN coo g
- m\m fffffffff \/- T.;v‘- o

|

Aol
| | N i
T ARG R

e

5 8 eagly eIe 5
z 8 T38=% 5356 3

T T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0 -10 20 -30 -40

T T T T T T T T T T
50 -60 -70 -80 -90 -100 -110 -120 -130 -140
1 (ppm)

Figure S5. '"H NMR (300Mz, CsDs) spectrum of (MePDI)Fe(6d)..
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2.3 Synthesis of (V*PDI)Fe(isoprene) and (M¢PDI)Fe(myrcene)

NNy~ T [ NNy —
=N_ /N N (1 equiv) /N

\N/Fe\ \N/Fe\
N\\ benzene-dg, 23 °C, 2h
m N}’f >98% conv. d | R
N

R = Me, (CH,),C(H)(CMe,)

Figure S6. Procedure for the synthesis of (M*PDI)Fe(13i) and (MPDI)Fe(13j).

In an N2-filled glovebox, a J. Young NMR tube was charged with [(M*PDI)Fe(N2)](u-N2) (20.0 mg, 0.0214
mmol) and 600 pL of benzene-ds. The appropriate 2-substituted diene (0.0428 mmol, 1 equivalents per
iron center) was added via microliter syringe and the tube sealed and removed from the glovebox. After
mixing at ambient temperature for 2 hours, the reaction mixture was analyzed via '"H NMR spectroscopy to
reveal the title compounds formed in >98% conversion. Half-life of the isoprene complex: 3 hours. Half-
life of the myrcene complex: 9-12 hours. Spectroscopic data of (MPDI)Fe(isoprene) including '"H NMR data

were consistent with the previously reported complex.>®

(MePDI)Fe(13j): "H NMR (300 MHz, CeDs) 8 7.95 (d, J = 29.0 Hz, 2H, m-pyridine), 7.38 (s, 1H p-pyridine),
6.91 (d, J = 12.9 Hz, 4H, m-ArH) 6.65-6.23 (m, 2H, p-ArH), 5.11 (m, 5H), 4.73 (d, J = 13.9, 1H,
CH:CH(C)CH2), 4.62 (s, 1H, CH2CH(C)CH2), 4.16 (s, 1H, CH2CH(C)CH.), 3.51 (d. J = 8.7 Hz, 1H,
CH2CH(C)CHz), 3.27 (s, 2H, allylicCH>, alkene), 2.58-1.12 (m, 40H), 0.67 (s, 1H, myrcene (CHz3)2C(CH)R),
0.04 (d, J = 6.2 Hz, 2H, allylicCH-, diene).
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3. Catalytic Procedures and Product Characterization
3.1 General Procedure for Head-to-Head Vinylsilane Dimerization

In a glovebox, a 1.5 mL vial was charged with [(MPDI)Fe(N2)]2(u?-N2) (0.012 g, 0.0125 mmol, 2.5 mol%
dimer, 5 mol% [Fe]). The vinylsilane substrate 6 (0.5 mmol, 1.0 equiv) was added by mass. A PTFE-coated
magnetic stir bar was added, and the vial was sealed with a PTFE-lined screw cap. The reaction was
maintained with stirring at ambient temperature (~23 °C) in the glovebox. After 48 hours, an aliquot was
removed for gas chromatographic analysis to evaluate conversion (i.e. consumption of the starting material)
and the selectivity of product formation. The reaction vial was then removed from the glovebox and opened
to air. The reaction mixture was diluted with pentane and filtered through a plug of silica, rinsing with
pentane until the product eluted completely, as judged by TLC. Where necessary, mixtures of pentane and
benzene, diethyl ether, and/or ethyl acetate were employed. Fractions containing the major product, as
judged by TLC (staining with KMnO4) were combined and concentrated under reduced pressure prior to
analysis by "H NMR and "*C NMR spectroscopy and mass spectrometry. Yield was determined on the

basis of the mass of product isolated.
3.2 Representative Procedure for Cross-Cycloaddition Reactions

In a glovebox, a 1.5 mL vial was charged with vinylsilane substrate 6 (1.0—1.2 mmol, 1.0—1.2 equiv) and
diene substrate 13 (1.0-1.2 mmol, 1.0-1.2 equiv). The lower-boiling substrate was added in slight excess.
Precatalyst [(M*PDI)Fe(Nz2)]2(u?-N2) (0.012 g, 0.0125 mmol, 1.25 mol% dimer, 2.5 mol% [Fe]) was added as
a solid to initiate the reaction. A PTFE-coated magnetic stir bar was added, and the vial was sealed. The
vial was maintained with stirring at ambient temperature (~23 °C). Reaction progress was monitored by GC
analysis of aliquots removed from the reaction mixture. Upon consumption of the limiting substrate, the vial
was removed from the glovebox. The reaction mixture was diluted with pentane and filtered through a plug
of silica, rinsing with pentane until the product eluted completely, as judged by TLC. Where necessary,
mixtures of pentane and benzene, diethyl ether, and/or ethyl acetate were employed. Fractions containing
the major product, as judged by TLC (staining with KMnO4) were combined and concentrated under
reduced pressure prior to analysis by "H NMR and "*C NMR spectroscopy and mass spectrometry (when

compounds were suitable). Yield was determined on the basis of the mass of product isolated.
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3.3 Product Characterization Data

A mixture of 1,2-dimethylcyclobutane (2a) and 2,3-dimethylbut-1-ene (3a) was afforded in 96%
conversion (4% recovered 1a, 40% 2a, 56% 3a) after 48 hours upon exposure of a solution of the iron

precatalyst (2.5 mol% dimer, 5 mol% [Fe]) in benzene-ds to an excess of propylene.5®

"H NMR (300 MHz, CsDs) 6 4.78 (s, 1H, 3a), 4.74 (s, 1H, 3a), 2.43 — 2.28 (m, 2H, cis-2a), 2.15 (hept, J =
6.8 Hz, 1H, 3a), 2.04 — 1.85 (m, 2H, cis-2a + trans-2a), 1.84 — 1.67 (m, 1H, trans-2a), 1.62 (s, 3H, 3a), 1.66
—1.47 (m, 2H, cis-2a), 1.45 - 1.26 (m, 2H, frans-2a), 0.98 (d, J = 6.2 Hz, 6H, trans-2a), 0.97 (d, J = 6.9 Hz,
6H, 3a), obscured at ~0.94 (d, 6H, cis-2a)

13C NMR (101 MHz, CsDs)  151.5 (3a), 108.2 (3a), 39.2 (trans-2a), 35.6 (3a), 27.0 (trans-2a), 21.6 (3a),
20.6 (3a), 20.2 (trans-2a)
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Figure S8. '"H NMR (300 MHz, CsDs) spectrum of 2a and 3a.
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Figure S9. 3C NMR (101 MHz, CsDs) spectrum of 2a and 3a.
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Figure S$S10. '"H-"3C HSQC (300 MHz, CsDs) spectrum of 2a and 3a.
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Figure S11. "H-"3C HMBC (300 MHz, CsDs) spectrum of 2a and 3a.
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(E)-but-1-ene-1,4-diylbis(trimethylsilane) (9a) was prepared in 32% Mej3Si \/\/\S'M
iMe
yield, >98% purity, 98:2 E/Z after 48 hours as described in 3.1. 3

9
H NMR (500 MHz, CDCls) & 6.32 (dt, J = 13.9, 7.8 Hz, 1H, Z), 6.09 (dt, J 2

= 18.4, 5.8 Hz, 1H, E), 5.61 (dt, J = 18.4, 1.6 Hz, 1H, E), 5.38 (d, J = 13.9 Hz, 1H, Z), 2.27 (t, J = 7.8 Hz,
1H, Z), 2.16 — 2.04 (m, 2H), 0.66 — 0.53 (m, 2H), 0.04 (s, 9H), -0.01 (s, 9H)

13C NMR (126 MHz, CDCls) & 150.04, 127.76, 30.94, 15.53, -1.00, -1.42
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Figure $13. '"H NMR (500 MHz, CDClI3) spectrum of 9a.
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(E)-but-1-ene-1,4-diylbis(dimethyl(phenyl)silane) (9b) was
prepared in 92% isolated yield, 96% purity, 97:3 E/Z after 48 hours as \Si/ _
described in 3.1. Ph” Si

/ \
9b
"H NMR (500 MHz, CDCl3) d 7.55 — 7.49 (m, 4H), 7.39 — 7.33 (m, 6H),

6.43 (dt, J = 14.0, 8.0 Hz, 1H, Z), 6.17 (dt, J = 18.3, 5.8 Hz, 1H, E), 5.75 (dd, J = 18.3, 2.3 Hz, 1H, E), 5.54
(d, J=14.0 Hz, 1H, Z), 2.18 (q, J = 8.2, 5.8 Hz, 2H, E), 2.03 (g, J = 9.3, 8.4, 8.0 Hz, 2H, Z), 0.89 (t, J = 8.2
Hz, 2H, E), 0.75 (t, J = 9.3, 8.4 Hz, 2H, Z), 0.31 (d, J = 1.9 Hz, 6H), 0.28 (s, 6H)

3C NMR (126 MHz, CDCls) & 151.6, 139.5, 139.4, 134.0, 133.7, 129.0, 128.9, 127.9, 127.8, 125.7, 30.9,
14.6,-2.3,-2.8

GC-MS (EI): for [M]* = C20H28Si2, calculated m/z = 324.17296, found m/z = 324.17207
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Figure $18. '"H NMR (500 MHz, CDCI3) spectrum of 9b.
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(E)-but-1-ene-1,4-diylbis(triphenylsilane) (9¢c) was prepared in 29% PhSi \/\/\S'Ph

[
isolated yield, >98% purity, >98:2 E/Z after 48 hours as described in 3.1 but 8
with added toluene (0.2 mL) as solvent. Due to precipitation of the product 9c

from solution, very poor mixing and low conversion was observed.

"H NMR (500 MHz, CDCl3) 8 7.57 (d, J= 7.3 Hz, 6H), 7.55 (d, J = 7.3 Hz, 6H), 7.44 (t, J = 7.2 Hz, 6H), 7.39
(t, J=7.3 Hz, 12H), 6.33 (dt, J = 18.5, 5.4 Hz, 1H), 6.24 (d, J = 18.5 Hz, 1H), 2.44 (q, J = 8.8, 5.4 Hz, 2H),
1.65 - 1.49 (m, 2H)

3C NMR (126 MHz, CDCls) & 155.37, 136.08, 135.78, 135.07, 134.96, 129.62, 129.52, 128.04, 127.92,
121.87, 31.16, 12.01

LC-MS (ESI): for [M+Na]" = Cs0H36Si2Na, calculated m/z = 595.22533; found m/z = 595.22254; for [M+K]*
= Ca0H36Si2K, calculated m/z = 611.19927; found m/z = 611.19784

oz}

o

a

O
[l g =X o < @
OYEA @ < ©
NSNS~ ©© o -~
SAY \/

J I va va

clc'

ala’'

abic ¢ Q b
PhaSi  _~ A~
3! F /Si a
\ C
9 94 p P

9c

J‘U [ | L
e A s oN
12.86 19.54 0.98 1.00 2.16 2.38

T T T T
0 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 05 -1.0 -15 -2
1 (ppm)

Figure $23. '"H NMR (500 MHz, CDClI3) spectrum of 9c.
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(E)-4,9-diethoxy-4,9-dimethyl-3,10-dioxa-4,9-disiladodec-5-ene (9d) EtO\ /OEt
was prepared in 75% isolated yield, 97% purity, 95:5 E/Z after 48 hours as /Si\/\/\s_/
|

described in 3.1. od EtO/ \OEt
H NMR (500 MHz, CDCl3) & 6.56 (dt, J = 18.7, 5.8 Hz, 1H), 5.75 (dt, J =

18.7,1.7 Hz, 1H, E), 5.55 (d, J= 14.1 Hz, 1H, 2), 3.78 (q, J = 7.0 Hz, 4H), 3.65 (q, J = 7.0 Hz, 4H), 2.53 (q,
J=7.6Hz 2H, Z), 2.34 - 2.26 (m, 2H, E), 1.20 (t, J= 7.0 Hz, 6H), 1.14 (t, J = 7.0 Hz, 6H), 0.82 — 0.75 (m,

2H), 0.33 (s, 3H, 2), 0.29 (s, 3H, E), 0.17 (s, 3H, Z), 0.12 (s, 3H, E)
13C NMR (126 MHz, CDCls) 5 153.65, 122.98, 58.30, 58.17, 30.13, 18.75, 18.71, 12.99, -3.74, -4.45

GC-MS (El): for [M]* = C14H3204Si2, calculated m/z = 320.18394, found m/z = 320.18283; for [M — EtOH]*
= C12H2603Si2, calculated m/z = 274.14207, found m/z = 274.14121
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Figure $28. '"H NMR (500 MHz, CDCI3) spectrum of 9d.
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(E)-3,3’-(but-1-ene-1,4-diyl)bis(1,1,1,3,5,5,5- Me3SiO\ /OSiM63
heptamethyltrisiloxane) (9e) was prepared in 87% isolated yield, /Si\/\/\ S,/
|

o . ) . . 2\
97% purity, 96:4 E/Z after 48 hours as described in 3.1. 9 Me,SIO OSiMes

"H NMR (500 MHz, CDCls) 5 6.28 (dt, J = 14.1, 7.3 Hz, 1H, Z), 6.20 (dt, J = 18.6, 5.8 Hz, 1H, E), 5.46 (dt,
J=18.6, 1.7 Hz, 1H, E), 5.26 (d, J = 14.1 Hz, 1H, Z), 2.19 (dt, J = 11.9, 7.3, 6.0 Hz, 2H, 2), 2.11 (tdd, J =
9.9, 7.0, 6.0, 1.2 Hz, 2H, E), 0.56 (dt, J = 8.5, 4.9 Hz, 2H), 0.09 (s, 36H), 0.08 (s, 3H), 0.02 (s, 3H)

13C NMR (126 MHz, CDCls) 3 153.08 (2), 151.50 (E), 125.78 (E), 125.71 (Z), 29.79 (E), 27.23 (Z), 18.02
(2), 16.31 (E), 2.04, 2.01, 0.12, -0.03

LC-MS (ESI): for [M+Na]* = C1sH4804SisNa, calculated m/z = 519.20663, found m/z = 519.20348
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Figure $33. '"H NMR (500 MHz, CDClI3) spectrum of 9e.
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(E)-4,4,9,9-tetraethoxy-3,10-dioxa-4,9-disiladodec-5-ene (9f) was (EtO)3Si\/\/\S_,OEt
i

prepared in 68% isolated yield, 95% purity, 94:6 E/Z after 48 hours as / N\
. _ of EtO O
described in 3.1. \

"H NMR (500 MHz, CDClz)  6.51 (dt, J = 18.7, 5.7 Hz, 1H), 5.42 (dt, J = 18.8, 1.8 Hz, 1H), 3.81(q, J = 7.0
Hz, 12H), 2.31 — 2.20 (m, 2H), 1.22 (t, J = 7.0 Hz, 18H), 0.78 — 0.69 (m, 2H)

3C NMR (126 MHz, CDCl3) & 155.69, 117.31, 58.56, 58.52, 29.54, 18.42, 18.37, 8.93
GC-MS (EI): for [M — EtOH]* = C14H300sSiz, calculated m/z = 334.16321, found m/z = 334.16351

LC-MS (ESI): for [M]* = C16H3706Si2, calculated m/z = 381.2129, found m/z = 381.21083; for [M + Na]" =
C16H3606Si2Na, calculated m/z = 403.19485, found m/z = 403.19432
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Figure S$38. '"H NMR (500 MHz, CDClI3) spectrum of 9f.

S31



—77.2CDCI3

; 2 © 1 0 <[«
] - © 0 <] oo [0 i
-~ - [rele] N |- o
\/
1 2 5/5'
3'5' 4 2
(EO)SiN _~ A~ -OF!
6 1 EtO/ \O—<
5
of
) Jl . i
N T T
©w© <
83 2
Y4
3/3' !
| 6
5/5 4
|
505 500 585 580 5150 185 180
ST Tieem) o 313
0 19 180 170 160 150 140 130 120 110 100 20 80 70 60 50 40 30 20 10 0
1 (ppm)
Figure $39. *C NMR (126 MHz, CDClIs) spectrum of 9f.
f6 ro
Q 35 A4 b2 ! d4 pas 20
J (EtO)5Si \/\/\Si,oa - eb/e's
f6  at EtO/ \o _\cs Lao
e5
of
L4 - 160
c3/c'3’
leo E
=
100
- 3 N 120
- b2
140
T F160
al
65 6.0 55 50 45 40 35 30 25 20 15 10 05 00
12 (ppm)

Figure S40. '"H-"3C HSQC (500 MHz, CDClIs) spectrum of 9f.

S32



a-6 d-6 ro
c'3'e's" d4 b2 0;5 o ®
(EtO)3Si\/\/\/Si,OEt 20

- 6 al g \O c3 =

at N 4 F40

of
e e 160
e-3
80
100
d-2
3 a-2 . 120
- e
140
] - d1 = -
b-1 £1 +160
T T T T T T T T T T T T T \7180
6.5 6.0 5.5 5.0 45 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f2 (ppm)
Figure S41. '"H-"3C HMBC (500 MHz, CDClIs) spectrum of 9f.
d-f
c'le' d b
(EtO)gsi\/\/\s_,OEt @ , @
i H1
f a /N c
EtO O
of _\e @ o @
4 c-e 0
(V] 2
(7 ’ 6’ (1]
a-d D fd
3
—_ (o] @ L
e-c
]
a-b e
2 ) &
+6
b-a
®
r T T T T T T T T T T T T T 77
7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 15 1.0 0.5

12 (ppm)

Figure S42. '"H-'H COSY (500 MHz, CDCIs) spectrum of 9f.

S33

1 (ppm)

1 (ppm)



(3E,10E,17E)-2,2,7,7,9,9,14,14,16,16,21,21-dodecamethyl- Me Me\ /Me
1,8,15-trioxa-2,7,9,14,16,21-hexasilacyclohenicosa-3,10,17- Meld S~
triene and (3E,12E,17E)-2,2,7,7,9,9,14,14,16,16,21,21- I
dodecamethyl-1,8,15-trioxa-2,7,9,14,16,21-
hexasilacyclohenicosa-3,12,17-triene (9g) was prepared in 97%
isolated yield, 295% purity, 96:4 E/Z after 48 hours as described in

3.1. The product structure is proposed to be a cyclic trimer of dvtms

|
Si—Me
\
Me

on the basis of mass spectrometric data and observation of a single
major set of peaks by Diffusion Ordered NMR Spectroscopy
(DOSY).

9g

H NMR (500 MHz, CDCl3) & 6.17 (dt, J = 18.7, 6.3 Hz, 1H), 5.60 (dd, J = 18.7, 2.5 Hz, 1H), 2.13 (p, J =
7.6, 6.3, 2.5 Hz, 2H), 0.64 (t, J = 7.6 Hz, 2H), 0.12 (s, 6H), 0.07 (s, 6H)

3C NMR (126 MHz, CDCls) & 150.7, 150.6, 150.6, 150.5, 127.7, 127.6, 127.5, 30.1, 30.1, 17.1, 17.1, 1.0,
1.0,0.7,0.7

LC-MS (ESI): for trimer [M + Na]* = C24Hs403SisNa, calculated m/z = 581.25866, found m/z = 581.17408

LC-MS (APCI): for trimer [M]* = C24Hs403Sis, calculated m/z = 558.3, found m/z = 557.6
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Figure S43. '"H NMR (500 MHz, CDClIs) spectrum of 9g.
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A mixture of 1-methyl-3-(6-methylhepta-1,5-dien-
2-yl)cyclobutane (14aj) and (E)-2,5,9-
trimethyldeca-1,4,8-triene (16aj) was obtained in
65% combined vyield (2:97 14aj : 16aj) after 24
hours upon exposure of a solution of the iron
precatalyst (1.25 mol% dimer, 2.5 mol% [Fe]) and

myrcene to excess propylene.

14aj

16aj

"H NMR (500 MHz, Chloroform-d) & 5.20 (td, J = 7.4, 1.5 Hz, 1H, 16aj), 5.11 (tt, J = 7.0, 1.6 Hz, 1H, 16aj),
4.71 (t, J = 1.7 Hz, 1H, 14aj), 4.70 (s, 2H, 16aj), 4.67 (d, J = 2.0 Hz, 1H, 14aj), 2.70 (d, J = 7.4 Hz, 2H,
16aj), 2.29 — 2.20 (m, 2H, 14aj), 2.10 (t, J = 7.5 Hz, 2H, 16aj), 2.04 (dd, J = 8.7, 6.4 Hz, 2H, 16aj), 1.97
(dd, J = 9.3, 6.5 Hz, 2H, 14aj), 1.72 (s, 3H, 16aj), 1.69 (s, 3H, 16aj), 1.62 (s, 3H, 16aj), 1.61 (s, 3H, 16aj),
1.45 (ddd, J = 11.4, 7.0, 2.4 Hz, 2H, 14aj), 1.01 (d, J = 6.2 Hz, 3H, 14aj)

13C NMR (126 MHz, CDCls) 5 153.7 (14aj), 145.6, 136.7, 131.5, 124.5 (14aj), 124.5, 122.0, 109.8, 106.4
(14aj), 39.9, 36.9 (14aj), 36.6, 35.9 (14aj), 34.4, 26.8, 26.6 (14aj), 26.4 (14aj), 25.9, 25.8 (14aj), 22.7, 22.1

(14aj), 17.8, 16.0

GC-MS (EI): for [M]* = C13H22, calculated m/z = 178.17215, found m/z = 178.17111
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Figure S52. '"H NMR (500 MHz, CDCIs) spectrum of 14aj and 16aj.
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A mixture of trimethyl((3-(6-methylhepta-
1,5-dien-2-yl)cyclobutyl)methyl)silane
(14bj) and (E)- (E)- (5,9-dimethyl-2-

methylenedeca-4,8-dien-1- . Z
/ SiMes

SiMeg

yl)trimethylsilane (16bj) was obtained in 16bi
45% combined yield (58:38 14bj : 16bj) 14bj )
after 24 hours as described in 3.2.

H NMR (500 MHz,CDCls) 5 5.19 (tq, J = 7.3, 1.3 Hz, 1H, 16bj), 5.1 (t, J = 6.9 Hz, 1H, 14bj & 1H, 16bj),
4.70 (t, J = 1.6 Hz, 1H, 14bj), 4.65 (s, 1H, 14bj), 4.61 (q, J = 1.6 Hz, 1H, 16bj), 4.51 (dt, J = 2.2, 1.1 Hz,
1H, 16bj), 2.65 (d, J = 7.7 Hz, 2H, 16bj), 2.69 — 2.59 (m, 1H, 14bj), 2.29 (qd, J = 7.6, 2.6 Hz, 2H, 14bj),
2.18 (tt, J = 16.6, 14.9, 9.2, 7.6 Hz, 1H, 16bj), 2.13 — 2.02 (m, 2H, 14bj & 2H, 16bj), 1.96 (dd, J = 9.5, 6.3
Hz, 1H, 2H, 14bj & 2H, 16bj), 1.69 (s, 3H, 14bj & 3H, 16bj), 1.61 (s, 3H, 14bj & 6H, 16bj), 1.54 (d, J = 1.1
Hz, 2H, 16bj), 1.45 (tdd, J = 10.2, 8.2, 2.6 Hz, 2H, 14bj), 0.66 (d, J = 7.6 Hz, 2H, 14bj), 0.04 (s, 9H, 16bj),
-0.03 (s, 9H, 16bj).

13C NMR (126 MHz, CDCls) & 153.7 (14bj), 147.0 (16bj), 136.6 (16bj), 131.6 (14bj), 131.5 (16bj), 124.5
(14bj & 16bj), 122.3 (16bj), 107.2 (16bj), 106.4 (14bj), 39.9 (16bj), 37.8 (14bj), 37.4 (14bj), 37.1 (16bj),
34.5 (14bj), 28.2 (14bj), 27.0 (16bj), 26.8 (16bj), 26.6 (14bj), 25.9 (16bj), 25.9 (14bj), 25.7 (14bj), 17.84
(14bj & 16bj), 16.1 (16bj), 0.9 (14bj), —1.13 (16bj)

GC-MS (EI): for [M]* = C16H308Si, calculated m/z = 250.21168, found m/z = 250.2116
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Figure S57. '"H NMR (500 MHz, CDCIs) spectrum of 14bj and 16bj.
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(E)-trimethyl(3-(prop-1-en-1-yl)cyclobutyl)silane (17aa) was prepared in 87% isolated —
yield, 95% [2+2]-selectivity, 56:44 d.r. after 48 hours as described in 3.2.

"H NMR (500 MHz, CDCls) & 5.608 (ddd, J = 15.2, 7.1, 1.7 Hz, 1H), 5.47* (ddd, J = 15.1,

7.0, 1.6 Hz, 1H), 5.41 — 5.29 (m, 1H), 3.01* (dq, J = 16.8, 8.1 Hz, 1H), 2.815 (h, J=7.9 17aa

Hz, 1H), 2.12 — 2.03* (m, 1H), 2.01% (t, J = 8.1 Hz, 2H), 1.72 — 1.66* (m, 1H), 1.65 (d, J = 6.8 Hz, 3H), 1.63*
(d, J = 6.3 Hz, 3H), 1.61 — 1.49* (m, 2H), 1.53 — 1.468 (m, 1H), -0.01 (s, 9H), -0.07 (s, 9H) where resolved

resonances arising from the cis(*) and trans(3) diastereomers are indicated.

3C NMR (126 MHz, CDCls) & 136.7*, 136.48, 122.98, 122.6*, 39.38, 37.3*, 30.05, 29.0*, 19.2*, 18.0* °'§,
17.9* o8 1718, -3.3* o § -3.3* o § where resolved resonances arising from the cis(*) and trans(8)

diastereomers are indicated.

GC-MS (EI): for [M]* = C10H20Si, calculated m/z = 168.13, found m/z = 168
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Figure $62. '"H NMR (500 MHz, CDClI3) spectrum of 17aa.
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f6 f6

I

' <
® c3 d4 o4
c3~

17aa

al'== ail

M

-
S v
h7..h7'

dea’ =gs/g5'

65 60 55 50 45 40 35 30 25 20 15
2 (ppm)

Figure S64. '"H-"3C HSQC (500 MHz, CDCI3) spectrum of 17aa.

S46

10 05 00 -05

r100
r110
r120
r130
r140
r150
-160

1 (ppm)



* 10
o
| 3 6 . f6 a1 de-5' e-5 - F10
= a-6' o o e b- 3 2 o, © -5 _ L
L ad by o des o4 de-d' 4 g-4' ® ?h 5 20
a-4' =2 o g5 . e D .. B> g 30
_ a3 - b3 SiMes c-4 . c e ® e b
= a3 b3 . 43 o3 93 59 40
17aa é Lso
g 60
: 70
- g k8o
o0 90
dle’ gg 100
elf g F110
a-2 alg’ c-2' -2 L
_ - p - - 120
g 130
— o =b-1 - @ ©
c-1' de-1" f1 g [140
T T T T T T T T T T T T 7150
55 5.0 45 40 35 3.0 25 2.0 15 1.0 05 0.0
f2 (ppm)
Figure S65. '"H-"3C HMBC (500 MHz, CDCIs) spectrum of 17aa.
Y S S A U
AN ﬁi 0.5
3
o N\ ded & go
g5 ﬂ 1.0
) ik
a-f SiMez @ Gﬁ s
a-f mo@bf 17aa " ced - LI g-de’ é
cde ® & oD g@ [20
c-de’ e-d 8
de'-c' 8% 2.5
a'-c' (o) 0!
¢} [+ g i +3.0
a-c d-c e-c :
3.5
4
ﬂg 4.0
30
H4.5
00
f-b 5.0
cag | g ’ 55
e il
ik
r T T T T T T T T T T T T 1
6.0 55 5.0 45 4.0 35 3.0 25 2.0 15 1.0 05 0.0 -05
2 (ppm)

Figure S66. 'H-'H COSY (500 MHz, CDCIs3) spectrum of 17aa.

S47

1 (ppm)

f1 (ppm)



(E)-dimethyl(phenyl)(3-(prop-1-en-1-yl)cyclobutyl)silane (17ba) was prepared in
87% isolated yield, 98% [2+2]-selectivity, 50:50 d.r. after 72 hours as described in
3.2.

'"H NMR (500 MHz, CDCl3) d 7.50 (ddd, J = 16.1, 6.5, 2.9 Hz, 2H), 7.42 — 7.29 (m,

trans(3) diastereomers are indicated.

—

17ba
3H), 5.608 (dd, J = 15.1, 5.7 Hz, 1H), 5.45* (dd, J = 15.1, 5.3 Hz, 1H), 5.40 — 5.21 (m, 1H), 3.06* (h, J=7.6
Hz, 1H), 2.758 (h, J = 7.1 Hz, 1H), 2.19 — 2.00 (m, 3H), 1.96 — 1.71 (m, 2H), 1.668 (d, J = 6.5 Hz, 3H), 1.63*
(d, J = 6.2 Hz, 3H), 0.30 (s, 6H)S, 0.24 (s, 6H)* where resolved resonances arising from the cis(*) and

L

S
/\

3C NMR (126 MHz, CDCls) & 139.20*, 139.058, 136.368%, 136.12*, 133.88, 133.84, 128.98, 128.91, 127.83,
127.80, 123.06*, 122.748, 39.61*, 37.188, 30.27*, 29.068, 18.39*, 17.96, 17.94, 16.518, -4.668, -4.75* where

resolved resonances arising from the cis(*) and trans(3) diastereomers are indicated.

GC-MS (EI): for [M]* = C15H22Si, calculated m/z = 230.14908, found m/z = 230.14889
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Figure S67. '"H NMR (500 MHz, CDCI3) spectrum of 17ba.
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isolated yield, 97% [2+2]-selectivity, 13:87 d.r. after 7 days as described in 3.2.

-triphenyl(3-(prop-1-en-1-yl)cyclobutyl)silane (17ca) was prepared in 87% =
(E)-triphenyl(3-(prop yl)cy yl) ( ) prep /@
Si

"H NMR (500 MHz, CDCls) & 7.59 — 7.52 (m, 6H), 7.47 — 7.39 (m, 3H), 7.39 — 7.32
(m, 6H), 5.60 (ddd, J = 15.1, 6.9, 1.7 Hz, 1H), 5.27 (dqd, J = 15.2, 6.3, 1.1 Hz, 1H), 17¢a
2.67 (it, J = 10.5, 6.2 Hz, 1H), 2.47 (h, J = 7.6 Hz, 1H), 2.40 — 2.20 (m, 2H), 1.64 (d, J = 6.5 Hz, 3H).

\
Ph/ Ph

3C NMR (126 MHz, CDCl.) 5 137.0, 136.1, 136.0, 136.0, 135.1, 129.7, 128.0, 127.9, 122.8, 40.5, 36.7,
30.9,29.2,17.9, 16.4, 14 4.
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Figure S72. '"H NMR (500 MHz, CDClI3) spectrum of 17ca.
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(E)-diethoxy(methyl)(3-(prop-1-en-1-yl)cyclobutyl)silane (17da) was prepared
in 91% isolated yield, 96% [2+2]-selectivity, 33:67 d.r. after 72 hours as described
in 3.2.

si”

H NMR (500 MHz, CDCls) 8 5.598 (dd, J = 15.2, 6.1 Hz, 1H), 5.48* (dd, J = 14.9, eid Ot

6.5 Hz, 1H), 5.41 — 5.28 (m, 1H), 3.76% (q, J = 7.1 Hz, 4H), 3.74* (q, J = 7.1 Hz, 17da

4H), 3.03* (h, J = 8.3 Hz, 1H), 2.938 (h, J = 7.6 Hz, 1H), 2.23 — 2.155 (m, 1H), 2.12* (qd, J = 10.9, 8.5, 2.8
Hz, 1H), 2.028 (q, J = 10.6 Hz, 1H), 1.86* (qd, J = 11.8, 10.0, 9.8, 2.4 Hz, 1H), 1.76 — 1.65 (m, 1H), 1.65°
(d, J = 7.4 Hz, 3H), 1.63* (d, J = 6.3 Hz, 3H), 1.20 (t, J = 7.0 Hz, 6H), 0.16% (s, 3H), 0.10* (s, 3H) where

resolved resonances arising from the cis (*) and trans (¥) diastereomers are indicated.

3C NMR (126 MHz, CDCl3) & 136.238, 136.11*, 123.19*, 122.868, 58.398, 58.34*, 39.94* 37.528, 29.78*,
28.528, 18.60, 17.958, 17.91*, 16.98*, 15.238, -6.558, -6.62* where resolved resonances arising from the

major(*) and minor(3) diastereomers are indicated.

GC-MS (El): for [M + Na]" = C12H2402SiNa, calculated m/z = 251.14434, found m/z = 250.9681; for
[M + H — OEt]* = C10H200Si, calculated m/z = 184.12835, found m/z = 184.12722
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Figure S77. '"H NMR (500 MHz, CDCI3) spectrum of 17da.
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(E)-1,1,1,3,5,5,5-heptamethyl-3-(3-(prop-1-en-1-yl)cyclobutyl)trisiloxane

(17ea) was prepared in 92% isolated yield, >98% [2+2]-selectivity, 33:67 d.r.

after 72 hours as described in 3.2.

si”

1 § = * / \
HNMR (500 MHz, CDCls) 5 5.50¢ (ddd, J=15.2, 7.1, 1.5 Hz, 1H), 548" (ddd, 1o o \oaie

J=15.2,7.0, 1.3 Hz, 1H), 5.40 — 5.24 (m, 1H), 2.99* (h, J = 8.3, 7.5 Hz, 1H),

2.898 (tq, J = 8.8, 7.5 Hz, 1H), 2.20 — 1.99 (m, 2H), 1.958 (tdd, J = 10.4, 7.9, 1.5 Hz, 2H), 1.77* (qt, J = 11.3,
9.4, 2.4 Hz, 2H), 1.668 (dq, J = 6.4, 1.5, 1.0 Hz, 3H), 1.63* (dq, J = 6.3, 1.0 Hz, 3H), 1.48* (it, J = 10.9, 8.7
Hz, 1H), 1.418 (tdd, J = 11.3, 5.5, 1.2 Hz, OH), 0.09 (s, 18H), -0.03 (s, 3H) where resolved resonances
arising from the cis (*) and trans (3) diastereomers are indicated.

3C NMR (126 MHz, CDCls) & 136.668, 136.36*, 123.00*, 122.628, 39.27*, 37.228, 29.43*, 28.478, 19.39,
17.94*, 17.608, 2.04*, 1.998, -2.12 where resolved resonances arising from the cis (*) and trans (8)
diastereomers are indicated.

GC-MS (El): for [M — Me]* = C13H2002Si3, calculated m/z = 301.14756, found m/z = 301.14834
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Figure $82. '"H NMR (500 MHz, CDClI3) spectrum of 17ea.
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(E)-triethoxy(3-(prop-1-en-1-yl)cyclobutyl)silane (17fa) was prepared in 89%
isolated yield, 95% [2+2]-selectivity, 30:70 d.r. after 72 hours as described in 3.2.

H NMR (500 MHz, CDCls) & 5.595 (ddd, J = 15.3, 7.1, 1.7 Hz, 1H), 5.50* (ddq,
J=153, 7.1, 1.6 Hz, 1H), 5.42 — 5.27 (m, 1H), 3.83% (q, J = 6.9 Hz, 6H), 3.81*
(g, J = 7.1 Hz, 6H), 3.10 — 2.95 (m, 1H), 2.248 (dddd, J = 10.0, 8.2, 5.8, 1.8 Hz,

- OF!
|

/N
17fa EtO OEt

1H), 2.14* (qd, J = 8.5, 2.9 Hz, 1H), 2.09 — 1.91 (m, 2H), 1.73 — 1.54 (m, 1H), 1.65% (ddd, J = 7.1, 1.6, 0.9
Hz, 3H), 1.63* (ddd, J = 6.4, 1.6, 0.9 Hz, 3H), 1.238 (t, J = 6.9 Hz, 9H), 1.22* (t, J = 7.1 Hz, 6H) where

resolved resonances arising from the cis(*) and trans(8) diastereomers are indicated.

3C NMR (126 MHz, CDCls) & 136.188, 136.07*, 123.29*, 122.908, 58.698, 58.57*, 40.31*, 37.618, 30.02*%,
28.708, 18.52, 17.968, 17.91*, 14.37*, 12.693 where resolved resonances arising from the cis(*) and trans(8)

diastereomers are indicated.

GC-MS (El): for [M + H — OEt]* = C11H2202Si, calculated m/z = 214.13892, found m/z = 214.13867
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Figure S87. '"H NMR (500 MHz, CDClI3) spectrum of 17fa.
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1,1,3,3-tetramethyl-1,3-bis(3-((E)-prop-1-en-1-
yl)cyclobutyl)disiloxane (17ga) in 90%
isolated yield, 86% [2+2]-selectivity, 37:47:16 d.r. after 72

hours as described in 3.2. The mass balance of the material

was prepared

consists of the [2+2] cycloadduct where only one of the two

_0
Si” si

17ga /N /A

vinyl groups of 6g reacted (60:40 d.r.). The two products were not separated.

"H NMR (500 MHz, CDCl3) & 5.598 (ddt, J = 15.2, 7.1, 1.6 Hz, 1H), 5.48 (dddd, J = 15.2, 6.8, 3.0, 1.5 Hz,
1H), 5.41 — 5.23 (m, 1H), 3.01 (ttd, J = 9.9, 8.4, 7.2 Hz, 1H), 2.86% (h, J = 7.8 Hz, 1H), 2.12 — 2.03 (m, 2H),
1.99*(ddd, J = 11.8, 10.2, 7.8 Hz, 2H), 1.75%(dtd, J = 11.5, 9.1, 2.4 Hz, 2H), 1.665 (d, J = 6.4 Hz, 3H), 1.64
(dd, J = 6.4, 1.3 Hz, 3H), 1.61 — 1.50 (m, 1H), 1.51 — 1.42 (m, 1H), 0.06* (s, 3H), 0.06*(s, 3H), -0.008 (s,

3H), -0.003(s, 3H) where resolved resonances arising from the major(*) and minor(8) diastereomers are

indicated.

3C NMR (126 MHz, CDCls) & 136.7, 136.4, 122.9, 122.6, 39.3, 39.2, 37.3, 37.3, 29.5, 28.6, 20.3, 18.4,

18.3, 18.0, 17.9, 0.60, -1.3,-1.3,-1.4,-1.4

GC-MS (El): for [M — CoH11]* = C11H2308iz, calculated m/z = 227.12876, found m/z = 227.12729
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Figure S$92. '"H NMR (500 MHz, CDClIs) spectrum of 17ga.
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Figure S93. *C NMR (126 MHz, CDCIs) spectrum of 17ga.
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Figure S94. '"H-"3C HSQC (500 MHz, CDClI3) spectrum of 17ga.
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(E)-trimethylsilyl-3-styrylcyclobutane (17ab) was prepared in a 26% isolated Ph

yeild, >98% [2+2]-selectivity, 51:49 d.r. after 48 hours as described in 3.2, with =

1 mol% (MePDI)Fe(butadiene). The mass balance of the material consists of the

[4+2] cycloaddition product from the dimerization of 13b. SiMej
17ab

"H NMR (500 MHz, CDCl,) 67.36 (dd, J =13.7, 6.8 Hz, 2H), 7.29(m, 2H), 7.20(m,
1H) 6.4 (m, 1H), 6.40-6.29 (m, 1H), 3.25* (m, 1H), 3.05s (m, 1H), 2.16 (m, 3H), 1.82* (m, 1H), 1.75-1.55
(m, 1H), 0.03s (s, 9H), -0.03* (s, 9H) where resolved resonances arising from the cis(*) and trans(s)

diastereomers are indicated.

3C NMR (126 MHz, CDCL.) 5 137.94, 137.91, 135.7, 135.3, 128.62, 128.60, 127.7, 127.5, 126.95, 126.94,
126.1, 39.6, 37.7, 29.9, 28.9, 19.4, 17.3, -3.2, -3.3.
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Figure S97. '"H NMR (500 MHz, CDClI3) spectrum of 17ab.
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Figure $99. 'H-3C HSQC (500 MHz, CDCI3) spectrum of 17ab.

S67



((E)~(3-(hept-1-en-1-yl)cyclobutyl)trimethylsilane (17ac) was Me
prepared in an 85% isolated yeild, >98% [2+2]-selectivity, 48:55

d.r. after 70 hours as described in 3.2, with 1 mol%
(MePDI)Fe(butadiene).

; ~ 17ac SiMe,
H NMR (500 MHz, CDCL,) 8 5.578 (ddt, J = 15.3, 7.1, 1.5 Hz, 1H),

5.44* (dd, J = 15.3, 6.9 Hz, 1H), 5.41 — 5.23 (m, 1H), 3.01* (h, J = 8.4 Hz, 1H), 2.815 (h, J = 8.1 Hz, 1H),
2.13 -1.87 (m, 6H), 1.67* (qd, J = 9.3, 8.9, 2.7 Hz, 1H), 1.62 — 1.46 (m, 2H), 1.46 — 1.11 (m, 6H), 0.88 {t,
J=7.0 Hz, 3H), -0.018 (s, 9H), -0.07* (s, 9H) where resolved resonances arising from the cis (*) and trans
(%) diastereomers are indicated.

3C NMR (126 MHz, CDCl.) & 135.3, 135.0, 128.6, 128.3, 39.2, 37.3, 32.6, 31.6, 30.0, 29.5, 29.1, 22.7,
19.1,17.1,14.2, -3.2, -3.3.
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Figure $100. "H NMR (500 MHz, CDCls) spectrum of 17ac.
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(E)-trimethyl(3-(4-phenylbut-1-en-1-yl)cyclobutyl)silane (17ad) was

obtained in an 83% yield >98% [2+2]-selectivity, 62:38 d.r.after 70 hours
as described in 3.2, with 1 mol% (MePDI)Fe(butadiene).

"H NMR (500 MHz, CDCl3) & 7.31 (m, 1H), 7.22 (m, 4H), 5.64 (dd, J =
13.8, 7.7 Hz, 1H), 5.52 (dd, J = 15.3, 8.8 Hz, 1H), 5.42 (m, 1H), 3.06 (m,
1H), 2.84 (m, 1H), 2.69 (m, 1H), 2.34 (m, 1H), 2.15-1.91 (m, 8H), 1.74-1.49 (m, 3H), 0.03 (s, 9H) *°'§, -0.03

(s, 9H) "°rSwhere resolved resonances arising from the cis (*) and trans (§) diastereomers are indicated.

Ph

SiME3
17ad

3C NMR (126 MHz, CDCl3) d 142.33, 136.05, 135.72, 128.62, 128.36, 127.47, 127.21, 125.83, 39.16,
37.24, 36.28, 34.50, 29.88, 28.42, 19.14, 17.14, -3.25, -3.31 where resolved resonances arising from the

cis (*) and trans (3) diastereomers are indicated.
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Figure S105. '"H NMR (500 MHz, CDCls) spectrum of 17ad.
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(E)-tert-butyldiphenyl((3-(3-
(trimethylsilyl)cyclobutyl)allyl)oxy)silane (17ae) was obtained
in a 90% vyield, 57:43 d.r. after 48 hours as described in 3.2. Ph

,
"H NMR (500 MHz, CDCls)  7.76 — 7.66 (m, 4H), 7.49 — 7.32 (m, %/S'\O
6H), 5.81% (ddt, J = 15.3, 6.9, 1.5 Hz, 1H), 5.70* (ddt, J = 15.4, 6.6,

1.5 Hz, 1H), 5.58 — 5.37 (m, 1H), 4.208 (dt, J = 5.2, 1.4 Hz, 2H),

4.18* (dt, J = 5.3, 1.3 Hz, 2H), 3.08* (h, J = 8.9, 8.0 Hz, 1H), 2.88% 17ae SiMe;
(h, J = 8.0 Hz, 1H), 2.12* (qd, J = 8.1, 2.1 Hz, 1H), 2.058 (t, J = 8.2 Hz, 2H), 1.71* (qt, J = 10.6, 9.9, 2.6, 1.1
Hz, 1H), 1.66 — 1.58* (m, 1H), 1.58 — 1.488 (m, 1H), 1.08 (s, 9H), 0.02% (s, 9H), -0.04* (s, 9H) where resolved

resonances arising from the cis(*) and trans(3) diastereomers are indicated.

3C NMR (126 MHz, CDCl3) 8 136.028, 135.74, 135.72*, 134.07, 129.68, 127.72, 126.74*, 126.558, 64.838,
64.76*, 38.62*, 36.848, 29.59*, 28.68%, 27.02, 19.38, 19.09*, 17.178, -3.248, -3.31* where resolved

resonances arising from the cis(*) and trans(3) diastereomers are indicated.
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Figure S114. '"H-'"H COSY (500 MHz, CDCIs3) spectrum of 17ae.
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((E)~(3-(4-(benzyloxy)but-1-en-1-

yl)cyclobutyl)trimethylsilane (17af) was obtained in a 73%

yield, >98% [2+2]-selectivity, 56:44 d.r.after 48 hours as 0
described in 3.2, with 1 mol% (M*PDI)Fe(butadiene).

"H NMR (500 MHz, CDCls) & 7.36 (dd, J = 4.5, 1.4 Hz, 4H),
7.30 (dt, J = 5.3, 3.9 Hz, 1H), 5.68% (ddd, J = 15.1, 7.2, 1.7 17af SiMes
Hz, 1H), 5.56* (ddd, J = 15.4, 6.9, 1.6 Hz, 1H), 5.46 — 5.28 (m, 1H), 4.53 (d, J = 2.8 Hz, 2H), 3.49 (q, J =
6.9 Hz, 2H), 3.04* (h, J = 8.3 Hz, 1H), 2.85% (h, J = 7.9 Hz, 1H), 2.33 (h, J = 7.6, 7.0, 6.3, 5.4 Hz, 2H), 2.17
—2.05* (m, 1H), 2.048 (td, J = 8.0, 1.6 Hz, 2H), 1.75 — 1.65* (m, 1H), 1.65 — 1.54* (m, 1H), 1.56 — 1.468 (m,

1H), 0.018% (s, 9H), -0.05* (s, 9H) where resolved resonances arising from the cis(*) and trans(’)

diastereomers are indicated.

3C NMR (126 MHz, CDCl3) & 138.7, 137.5s, 137.2*, 128.5, 127.8, 127.6, 124.3*, 124.1s, 73.0, 70.4, 70.3,
39.2*, 37.3s, 33.1s, 33.0%, 29.8%, 28.9s, 19.1*, 17.1s, -3.3s, -3.3* where resolved resonances arising from the

cis(*) and trans(s) diastereomers are indicated.
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Figure $115. '"H NMR (500 MHz, CDClIs3) spectrum of 17af.
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Trimethyl(4-(4-methylpent-3-en-1-yl)cyclohex-3-en-1-yl)silane (18aj)
was prepared in an 88% isolated yield with 93% [4+2]-selectivity, 62:38
after 24 hours as described in 3.2, with 2.5 mol% (MePDI)Fe(butadiene).

'H NMR (500 MHz, CDCls) & 5.46 (s, 1H), 5.11 (t, J = 7.8 Hz, 1H), 2.10-
1.74 (m, 9 H), 1.68 (s, 3H), 1.60 (s, 3H), 1.30 (m, 1H), 0.70 (m, 1H), -0.04
(s, 9H).

18aj

SiMe3

3C NMR (126 MHz, CDCls) d 138.0, 131.4, 124.7, 121.6, 38.3, 29.5, 26.7, 26.2, 25.9, 24.0, 21.3, 17.8, -
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Figure $120. 'H NMR (500 MHz, CDCls) spectrum of 18aj.

S80



—77.2CDCI3

s T 32 ®  ONNogN® <
8 5 33 8 EL{Iat p
I I [ | SN I
19/m12
) oi8 p13 13
s
19/m12 N b3 a4 011|Mea 4
cd7 p kn10 3 9 M1
fg5  hi6 |
12
|
‘ l T . Al A ) .
.2
1
i [
5 67810
30 170 160 150 140 130 120 110 100 9% 80 70 60 50 40 30 20 10 0 -1
1 (ppm)
Figure $121. 3C NMR (126 MHz, CDClIs3) spectrum of 18a;j.
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Figure $122. 'H-"*C HSQC (500 MHz, CDCls) spectrum of 18aj.

S81



. Al

] eee [,
I-m .
7 a-10 - b12 e-10 = = .nM 0-10 op-11 20
—_— a8 - - b-9 ‘ 7‘=3 e e .- n-8 o8
- a-6 9- m-l e 0-6
£ cd-5= - t40
a5 b-5
)
- 80
F100
19/m12 i )
fghi-4 n-4
— = oim3 F120
= - eo IMm-2
fghi-1 n-1 ) 140
r T T T T T T T T T T T T \7160
6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 05 0.0 05
f2 (ppm)
Figure $123. "H-"3C HMBC (500 MHz, CDCls) spectrum of 18aj.
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Figure S124. "H-"H COSY (500 MHz, CDCIs) spectrum of 18aj.
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Dimethyl(4-(4-methylpent-3-en-1-yl)cyclohex-3-en-1- \ /
yl)(phenyl)silane (18bj) was prepared in a 74% isolated yield with >98% X Si_
[4+2]-selectivity, 62:38 after 70 hours as described in 3.2, with 2.5 mol%

(MePDI)Fe(butadiene).

Ph

'H NMR (500 MHz, CDCL) & 7.60 — 7.43 (m, 2H), 7.43 — 7.31 (m, 3H), 18bj

5.43 (d, J = 3.5 Hz, 1H), 5.10 (tt, J = 7.1, 1.4 Hz, 1H), 2.18 — 1.75 (m, 9H), 1.68 (s, 3H), 1.59 (s, 3H), 1.32
(tdd, J = 13.0, 10.9, 5.5 Hz, 1H), 0.97 (dddd, J = 15.0, 12.9, 5.2, 2.4 Hz, 1H), 0.27 (s, 3H), 0.26 (s, 3H).

3C NMR (126 MHz, CDCl.) & 138.54, 137.94, 134.09, 131.42, 128.94, 127.77, 124.63, 121.39, 38.25,
29.46, 26.61, 26.32, 25.85, 24.01, 20.99, 17.83, -4.95, -5.12.
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Figure $125. '"H NMR (500 MHz, CDCIs3) spectrum of 18bj.
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Figure $127. 'H-"*C HSQC (500 MHz, CDCls) spectrum of 18bj.
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Figure $129. "H-"H COSY (500 MHz, CDCIs) spectrum of 18bj.
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(4-(4-methylpent-3-en-1-yl)cyclohex-3-en-1-yl)triphenylsilane (18cj)
was prepared in a 56% isolated yield with 98% [4+2]-selectivity, after 70 N SiPhg
hours as described in 3.2, with 2.5 mol% (MePDI)Fe(butadiene).

H NMR (500 MHz, CDCL) & 7.57 (d, J = 6.4 Hz, 6H), 7.40 (t, J = 7.2 Hz,

3H), 7.39 — 7.32 (m, 6H), 5.44 (d, J = 5.0 Hz, 1H), 5.21 — 4.95 (m, 1H), 18c]

2.26 (d, J = 17.2 Hz, 1H), 2.17 — 1.97 (m, 5H), 1.98 — 1.85 (m, 3H), 1.7 (td, J = 11.5, 3.0 Hz, 1H), 1.68 (s,
3H), 1.59 (s, 3H), 1.53 — 1.35 (m, 1H).

3C NMR (126 MHz, CDCl.) 5 137.9, 136.2, 134.5, 131.5, 129.4, 127.9, 124.6, 121.4, 38.2,29.7, 26.9, 26.6,
25.8,24.8,19.4,17.8.
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Figure $130. 'H NMR (500 MHz, CDCls) spectrum of 18c;j.
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Figure $132. 'H-"*C HSQC (500 MHz, CDCls) spectrum of 18cj.
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Figure $S133. "H-"3C HMBC (500 MHz, CDCls) spectrum of 18cj.
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Diethoxy(methyl)(4-(4- EtO\ /OEt EtO\ /OEt
methylpent-3-en-1-yl)cyclohex- N Si . N Si
3-en-1-yl)silane (18dj) and (E)-

(5,9-dimethyldeca-1,4,8-trien-2-
yl)diethoxy(methyl)silane (19dj)

~

18dj 19dj

were prepared as a mixture in a 74% combined isolated yield with 84% [4+2]-selectivity for 18dj and 10%
selectivity for hydroalkenylation product 19dj after 72 hours as described in 3.2, with 1 mol%
(MePDI)Fe(butadiene).

H NMR (500 MHz, CDCL.)  5.44 (d, J = 3.6 Hz, 1H), 5.10 (tt, J = 7.0, 1.5 Hz, 1H), 3.78 (g, J = 7.0 Hz, 2H),
3.77 (q, J = 7.0 Hz, 2H), 2.18 — 1.77 (m, 9H), 1.67 (s, 3H), 1.59 (s, 3H), 1.39 (tdd, J = 12.9, 10.6, 5.7 Hz,
1H), 1.21 (t, J = 7.0 Hz, 3H), 1.21 (¢, J = 7.0 Hz, 3H), 0.93 (tdd, J = 11.4, 5.6, 2.4 Hz, 1H), 0.07 (s, 3H).

3C NMR (126 MHz, CDCl.) d 137.9, 131.4, 124.6, 121.1, 58.4, 58.3, 38.3, 29.1, 26.6, 25.8, 25.4, 23.3,
20.2,18.6, 17.8, -6.9.
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Figure S135. '"H NMR (500 MHz, CDCIs3) spectrum of 18dj and 19dj.
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Figure S137. "H-"3C HSQC (500 MHz, CDCIs) spectrum of 18dj and 19dj.
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1,1,1,3,5,5,5-heptamethyl-3- Me3$i0\ /OSiMe3 Me38iO\ /OSiMeg
(4-(4-methylpent-3-en-1- N Si N N Si
yl)cyclohex-3-en-1-

yl)trisiloxane (18ej) and (E)-3-

(5,9-dimethyldeca-1,4,8- 18e] 19¢j

trien-2-yl)-1,1,1,3,5,5,5-heptamethyltrisiloxane (19ej) were prepared as a mixture in a 74% isolated yield
with 77% [4+2]-selectivity for 18ej and 12% selectivity for hydroalkenylation product 19ej after 72 hours as
described in 3.2, with 2 mol% (M*PDI)Fe(butadiene).

Triethoxy(4-(4-methylpent-3-

en-1-yl)cyclohex-3-en-1- Si(OEt Si(OEt
yl)silane (18fj) was prepared X (OEt)s + X (OEDs
in a 32% isolated yield with

81% [4+2]-selectivity for 18fj

after 72 hours as described in

3.2, with 5 mol% 18fj 19fj
(MePDI)Fe(N2)1.5.

"H NMR (500 MHz, CDCls) & 5.44 (s, 1H), 5.10 (t, J= 7.2 Hz, 1H), 3.83 (q, J = 7.0 Hz, 6H), 2.14 — 1.99 (m,

4H), 1.99 — 1.84 (m, 5H), 1.67 (s, 3H), 1.60 (s, 3H), 1.53 — 1.42 (m, 1H), 1.23 (t, J = 7.0 Hz, 9H), 0.96 (dtd,
J=125,9.8,7.8,2.0 Hz, 1H)

3C NMR (126 MHz, CDCls) & 137.8, 131.4, 124.7, 121.1, 58.6, 38.3, 29.1, 26.6, 25.8, 25.6, 23.4, 18.5,
18.2,17.8

((4E)-5,9-dimethyldeca-1,4,8-trien-1-yl)triethoxysilane (19fj) was prepared in a 27% isolated yield with

69% purity as in the procedure above.
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Figure $140. 'H NMR (500 MHz, CDCls) spectrum of 18fj.
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Figure $142. 'H-"*C HSQC (500 MHz, CDCls) spectrum of 18fj.
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Figure $145. 'H NMR (500 MHz, CDCls) spectrum of 19fj.
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Figure $147. 'H-"*C HSQC (500 MHz, CDCls) spectrum of 19fj.
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Figure S148. 'H-"3C HMBC (500 MHz, CDCIs3) spectrum of 19fj.
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1,1,3,3-tetramethyl-1,3-bis(4-(4-methylpent- \/ \/
3-en-1-yl)cyclohex-3-en-1-yl)disiloxane N Si\o/Si %
(18gj) was prepared as a mixture in 84%

isolated yield with 74% [4+2]-selectivity for

18gj after 24 hours as described in 3.2, with 2 18gj

mol% (MePDI)Fe(N2)1 5.

H NMR (500 MHz, CDCls) & 5.46 (m, 1H), 5.11 (m, 1H), 2.10-1.73 (m, 9H), 1.61 (m, 3H), 1.53 (m, 3H),
1.30 (m, 1H), 0.72 (m, 1H), 0.05 (s, 6H), -0.03 (s, 6H)

3C NMR (126 MHz, CDCls) & 148.39, 148.24, 137.94, 137.93, 137.41, 137.37, 131.42, 131.37, 124.70,
124.68, 124.67, 124.44, 124.25, 121.45, 121.39, 120.44, 120.40, 38.30, 37.39, 34.79, 29.42, 29.38, 27.01,
26.63, 25.87, 25.85, 25.61, 25.60, 23.41, 23.39, 23.10, 23.09, 17.84, 17.82, 13.67, 0.41, 0.35, -1.33, -1.38,
-1.45, -1.53.
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Figure $150. "H NMR (500 MHz, CDCIs) spectrum of 18gj and 19gj.
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Figure $152. 'H-"*C HSQC (500 MHz, CDCls) spectrum of 18gj.
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trimethyl(4-methylcyclohex-3-en-1-yl)silane (18ai) was prepared in a 74% SiMe,
isolated yield with 90% [4+2]-selectivity, after 30 hours as described in 3.2, with 2.5 /Q/
mol% (MePDI)Fe(butadiene).

"H NMR (500 MHz, CDCls) & 5.43 (m, 1H), 2.01-1.70 (m, 5H), 1.64 (s, 3H), 1.31 (m, 18ai
1H), 0.69 (m, 1H), 0.09 (m, 1H), 0.04 (s, 9H).

13C NMR (126 MHz, CDCl3) & 134.27, 121.90, 31.11, 26.24, 24.11, 23.92, 21.07, -3.44.
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Figure S155. '"H NMR (500 MHz, CDCls) spectrum of 18ai.
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Figure $156. '*C NMR (126 MHz, CDClIs3) spectrum of 18ai.
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Figure $157. 'H-"*C HSQC (500 MHz, CDCls) spectrum of 18ai.
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Figure $159. "H-"H COSY (500 MHz, CDCIs) spectrum of 18ai.
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prepared in a 92% isolated yield with >99% [4+2]-selectivity, after 24 hours

as described in 3.2, with 2.5 mol% (ePDI)Fe(butadiene). O
'H NMR (500 MHz, CDCl3) 5 7.38 (d, J = 8.6 Hz, 2H), 7.31 (t, J = 7.6 Hz, 2H), 18ak

7.21 (t, J = 7.2 Hz, 1H), 6.18 (s, 1H), 2.54 — 2.32 (m, 2H), 2.32 — 2.15 (m, 1H), 2.06 (td, J = 15.7, 4.1 Hz,
1H), 1.96 (dd, J = 13.0, 2.7 Hz, 1H), 1.53 — 1.38 (m, 1H), 0.91 — 0.75 (m, 1H), 0.01 (s, 9H).

trimethyl(2,3,4,5-tetrahydro-[1,1'-biphenyl]-4-yl)silane (18ak) was I SiMes

3C NMR (126 MHz, CDCls) & 142.9, 136.8, 128.3, 126.6, 125.7, 125.1, 28.5, 26.9, 24.1, 20.9, -3.4.
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Figure $160. '"H NMR (500 MHz, CDCls3) spectrum of 18ak.
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Figure $162. 'H-"*C HSQC (500 MHz, CDCIs) spectrum of 18ak.
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Figure $163. 'H-"3C HMBC (500 MHz, CDCIs3) spectrum of 18ak.
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Figure S164. "H-"H COSY (500 MHz, CDClIs) spectrum of 18ak.
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[1,1'-bi(cyclohexan)]-1-en-4-yltrimethylsilane (18al) was prepared in an 85% isolated
yield with 97% [4+2]-selectivity, after 27 hours as described in 3.2, with 2.5 mol%

(MePDI)Fe(butadiene).

: ,SiMe3
Cy

"H NMR (500 MHz, CDCls) & 5.43 (s, 1H), 2.05-1.65 (m, 10H), 1.30-1.09 (m, 7H), 0.71 18al

(1H), -0.05 (s, 9H).

3C NMR (126 MHz, CDCls) 5 143.33, 119.56, 46.04, 32.27, 31.83, 27.91, 26.98, 26.65, 25.79, 24.13, 21.63,

-3.42.
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Figure $S165. '"H NMR (500 MHz, CDCls) spectrum of 18al.
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Figure $167. 'H-"*C HSQC (500 MHz, CDCls) spectrum of 18al.
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Figure $168. "H-"3C HMBC (500 MHz, CDCls) spectrum of 18al.
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Figure $169. "H-"H COSY (500 MHz, CDCIs) spectrum of 18al.
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Trimethyl(4-phenethylcyclohex-3-en-1-yl)silane (18am) was prepared in an SiMe3
88% isolated yield with 97% [4+2]-selectivity, after 48 hours as described in 3.2, /\/Q/
Ph
with 2.5 mol% (MePDI)Fe(butadiene).
18am

"H NMR (500 MHz, CDCl3) 5 7.28 (t, J = 7.7, 7.2 Hz, 2H), 7.20 (d, J = 7.7 Hz, 2H), 7.18 (t, J = 7.2 Hz,
1H), 5.51 (s, 1H), 2.72 (td, J = 7.7, 4.4 Hz, 2H), 2.24 (t, J = 8.3 Hz, 2H), 2.10 — 1.92 (m, 3H), 1.91 — 1.85
(m, 1H), 1.85 — 1.78 (m, 1H), 1.40 — 1.20 (m, 1H), 0.73 (tt, J = 12.1, 4.9, 2.2 Hz, 1H), =0.02 (s, 9H).

13C NMR (126 MHz, CDCls) & 142.81, 137.56, 128.50, 128.37, 125.77, 122.06, 40.23, 34.64, 29.64,
26.21, 23.94, 21.31, -3.43.
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Figure $S170. '"H NMR (500 MHz, CDCI3) spectrum of 18am.
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Figure $171. '*C NMR (126 MHz, CDClIs3) spectrum of 18am.

L

—

gio K11 111
hio)1°

L

f7

e8 e

c5 *d6
b3

40 30 20 10 0

1100
F110
120
130
140
1150

~160

8.0

T T
70 65 60 55 50 45 40 35 30 25 20 15
f2 (ppm)

Figure $172. 'H-"*C HSQC (500 MHz, CDCls) spectrum of 18am.

S111

T
1.0 0.5 0.0 -0.5 -1.0

1 (ppm)



X X [0

n-13 r°

: ghi-12 12 [

= s ; &10 T
] ° - - e g = m9

— d-7 ~ 18 La0

& 50

60

=70

80

90

=100

6 ghi-6 F110

— b5 e3 = = [120

a-4°%¢c-3 = 130

— . e2 1 RN k2 F140

a-1 e-1 1 “f2 ghi-2 150

L160

T
75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
f2 (ppm)

Figure S173. 'H-"3C HMBC (500 MHz, CDCIs3) spectrum of 18am.

I-m
g-moojm . [
® H1
hid o 0K @ 6w md
2k g mg; k2
I-hi

d-ghi

-6

a-bc

00 '
‘j bc-a
Lg

T T
8.0 7.5 7.0 6.5 6.0 55 5.0 45 4.0 3.5 3.0 25 20 1.5 1.0 0.5 0.0 05 -1.0
f2 (ppm)

Figure S174. "H-"H COSY (500 MHz, CDClIs) spectrum of 18am.

S112

1 (ppm)

1 (ppm)



tert-butyldimethyl(3-(4-(trimethylsilyl)cyclohex-1-en-1-yl)propoxy)silane SiMe,
(18an) was prepared in an 88% isolated yield with 95% [4+2]-selectivity, after . \/\/Q/
Me,'BuSiO
24 hours as described in 3.2, with 2.5 mol% (MePDI)Fe(butadiene). 2 EUSI

"H NMR (500 MHz, CDCl3) 5 5.46 (s, 1H), 3.59 (t, J = 7.6 Hz, 2H) 2.04-1.76 (m, 18an
2H), 1.60 (m, 3H), 1.30 (m, 3H), 0.89 (s, 13H), 0.69 (m, 1H), 0.05 (s, 7H), -0.04 (s, 9H).

3C NMR (126 MHz, CDCls) & 137.64, 121.67, 63.21, 34.35, 31.07, 29.49, 26.20, 26.13, 23.95, 21.35, 13.67,
-3.44, -5.09.
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Figure $175. 'H NMR (500 MHz, CDCIs) spectrum of 18an.
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Figure $176. '*C NMR (126 MHz, CDClIs) spectrum of 18an.
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Figure $177. 'H-"*C HSQC (500 MHz, CDCls) spectrum of 18an.
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Figure $178. "H-"3C HMBC (500 MHz, CDCls) spectrum of 18an.
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Figure $179. "H-"H COSY (500 MHz, CDCIs) spectrum of 18an.
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SiMea
(4-(3,3-dimethoxypropyl)cyclohex-3-en-1-yl)trimethylsilane (18ao) was prepared

in an 88% isolated yield with 95% [4+2]-selectivity, after 24 hours as described in 3.2, MeO

with 2.5 mol% (MePDI)Fe(butadiene). OM
e

H NMR (500 MHz, CDCls) 8 5.50 (s, 1H), 4.37 (t, J = 5.7 Hz, 1H), 3.34 (s, 6H), 2.06- 18a0
1.67 (m, 6H), 1.35 (m, 2H), 0.88 (m, 1H), 0.70 (m, 1H) -0.05 (s, 9H).

13C NMR (126 MHz, CDCls) & 138.83, 137.14, 121.92, 116.01, 113.59, 104.43, 52.91, 52.83, 33.05,
31.11, 30.79, 29.48, 27.11, 23.91, 21.29, -3.44.
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Figure $S180. '"H NMR (500 MHz, CDCIs) spectrum of 18ao.
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Figure S181. '3C NMR (126 MHz, CDCIs) spectrum of 18a0.
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Figure $182. 'H-"*C HSQC (500 MHz, CDCl3) spectrum of 18a0.
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Figure $183. "H-"3C HMBC (500 MHz, CDCls) spectrum of 18a0.
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Figure S184. "H-"H COSY (500 MHz, CDCIs) spectrum of 18ao.
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1-(2-(4-(trimethylsilyl)cyclohex-1-en-1-yl)ethyl)pyrrolidine  (18ap)

SiMe
was prepared in a 74% isolated yield with 93% [4+2]-selectivity, after 8
24 hours as described in 3.2, with 2.5 mol% (M*PDI)Fe(butadiene).
N
"H NMR (500 MHz, CDCl3) 8 5.46 (s, 1H), 2.48 (s, 4H), 2.39 (t, J = 8.1 O

Hz, 2H), 1.98-1.89 (m, 4H), 1.8-1.73 (m, 4H), 1.65-1.56 (m, 2H), 1.27(m, 18ap
1H), -0.05 (s, 9H).

3C NMR (126 MHz, CDCls) 8 137.73, 121.63, 56.65, 54.40, 36.27, 29.39, 26.81, 26.19, 23.93, 23.54, 21.33,
-3.64.
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Figure S185. '"H NMR (500 MHz, CDCIs) spectrum of 18ap.
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4. Independent Synthesis of 17bi

[¢]
= TCNHP (1.1 equiv)
2 x 5 mol% RuOy*nH,0 HO DIC (1.1. equiv)
B — e
Si’Ph Me,CO/H,0, rt, 24 h  70% yield Ph CH.Clo, rt, 2 h
Si— % vic
17ba 7\ st & 96% yield

Cl
< )\
Cl ZnClI-LiCl

(0] 10 mol% Ni(acac),
0 10 mol% bpy
¢ NS F/THF, 14h
DM °Ctort
K 0 /THF, 0 °C to rt, Si—Ph
7N\
—Ph

76% yield, 76:24 d.r.
s2 7\ 17bi

Figure S190. Independent synthesis of 17bi

An authentic sample of dimethyl(phenyl)(3-(prop-1-en-2-yl)cyclobutyl)silane (17bi) was prepared

through independent synthesis using procedures adapted from those reported previously for related

molecules.%-

H NMR (500 MHz, CDCl3) & 7.57 — 7.498 (m, 2H), 7.51 — 7.45* (m, 2H), 7.40 — 7.29 (m, 3H), 4.708 (s, 1H),
4.66* (s, 1H), 4.65% (s, 1H), 4.58" (s, 1H), 3.04* (p, J = 9.0, 8.4 Hz, 1H), 2.745 (p, J = 8.5 Hz, 1H), 2.27 —
2.03 (m, 2H), 1.92 — 1.81 (m, 1H), 1.74 (tt, J = 11.0, 4.6 Hz, 1H), 1.643 (s, 3H), 1.61* (s, 3H), 0.313 (s, 6H),

0.23* (s, 6H) where resolved resonances arising from the cis(*) and trans(3) diastereomers are indicated.

3C NMR (126 MHz, CDCls) & 149.38, 149.2*, 139.0, 133.95, 133.8*, 129.08, 128.9*, 127.98, 127.8*, 107.6*,
107.38, 43.3*, 40.68, 28.8*, 26.18, 20.28, 20.0*, 17.5*, 15.58, -4.68, -4.8* where resolved resonances arising

from the cis(*) and trans(8) diastereomers are indicated.

GC-MS (EI): for [M]* = C15H22Si, calculated nm/z = 230.14908, found m/z = 232.95.
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5. Kinetic Analysis
5.1 General Kinetic Procedure

Kinetic experiments were performed in an N2 atmosphere glovebox, using dimethylphenyl vinylsilane
(5b) and myrcene (9b) as model substrates and cyclooctane as an internal standard. Stock mixtures of 5b,
9b, and [4+2]-cycloadduct 14bb were prepared separately for to determine the GC response factors for
each component relative to cyclooctane. The molar ratio vs. GC integrated area were fit with a linear

regression to a function of the form:

("/ngr) = @sp (A/AST) +b (81)

where a is the response factor relative to cyclooctane. The raw data and fit parameters are listed in Table
S1 and depicted in Figures S194-S196.

10 —r 1 11T
|l y =asp, x+ b
g | as, =0.75 ]
i} L b =0.05
g 6 R2=099 o]
o 3 . o ]
9 o
34T R ]
c ‘0"
20 ' -
I &°
o
O . L L 1 L L L 1 L L 1 L L L 1 L L L
0 2 4 6 8 10
A5b/AcycIooctane

Figure S196. Calibration curve to determine the GC response factor (asp) of 5b relative to cyclooctane.

See Table S1 for tabulated values.
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Figure S197. Calibration curve to determine the GC response factor (aeb) of 9b relative to cyclooctane.

See Table S1 for tabulated values.
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Figure S198. Calibration curve to determine the GC response factor (a14b) of 14bb relative to cyclooctane.

Regression limited to the linear range shown in blue. See Table S1 for tabulated values.

S127



Table S1. Calibration curves to determine the GC response factors relative to cyclooctane.?

Raw Data: @
Ent 5b 9b 14bb
niry Asb/AsT Nsb/NsT Aob/AsT Nab/NsT A1aob/AsT  NMabb/NsT
1 0.473 0.382 0.517 0.487 0.786 0.327
2 0.508 0.382 0.486 0.487 0.805 0.327
3 0.906 0.765 1.096 0.974 1.437 0.653
4 0.932 0.765 1.062 0.974 1.446 0.653
5 1.438 1.147 1.793 1.461 2.172 0.980
6 1.425 1.147 1.734 1.461 2.167 0.980
7 1.966 1.529 2.471 1.948 2.768 1.306
8 1.943 1.529 2.372 1.948 2.765 1.306
9 3.984 3.058 4.881 3.895 4.310 2.612
10 3.913 3.058 4.795 3.895 4.364 2.612
11 6.059 4,587 7.825 5.843 5.656 3.918
12 5.977 4,587 7.782 5.843 5.649 3.918
13 8.109 6.116 10.349 7.791 7.223 5.225
14 8.150 6.116 10.361 7.791 7.359 5.225
Fit Parameters: ®

a? 0.75 0.74 047°¢

b? 0.05 0.15 -0.03°¢

R2P 0.99 0.99 0.99°¢

@ See Figures $194-S196. ? Determined from the linear regression of the data to Equation S1. ¢
Determined for the linear regime only where A14bb/Ast < 2.768.

To minimize any confounding effects arising, all trials necessary for comparison within a single
experiment were performed side-by-side using the same batches of starting materials and precatalyst
where possible. All kinetic experiments were conducted in a glovebox. While standard preparative
conditions were conducted in neat substrate, kinetic experiments were performed in benzene solution to
ensure uniform mixing and ease of analysis. The chemoselectivity for formation of [4+2]-cycloadduct 14bb
(XX% [4+2]) was the same under neat conditions as in benzene solution. For each trial, substrate 9b was
filtered through a monster pipette (9.75 mm OD, 14.6 cm body, 4.5 mL capacity) filled with activated Al2O3
immediately prior to use. Substrates 5b and 9b were dispensed by mass into a 1.5 mL oven-dried glass
vial. Cyclooctane and benzene were added using microliter glass syringes, and the vial was charged with
a PTFE-coated flea magnetic stir bar. Separately, a 5.00 mL volumetric flask was charged with
[(MePDI)Fe(N2)]2(n2-N2) (0.044 g, 0.106 mmol), and benzene was added to volume. The [Fe] precatalyst
solution was mixed to homogeneity, filtered through a plug of glass wool, and dispensed using a microliter
glass syringe to initiate reaction. The precatalyst solution was frozen and stored at —35 °C. The reaction
vial was sealed with a PTFE-lined screw cap, and the reaction was maintained with stirring at ambient

temperature (25 °C) in the glovebox.

Aliquots (~2 uL) were removed from the reaction mixture with the tip of a glass Pasteur pipette at regular

intervals. Each aliquot was immediately diluted ~500-fold in Et2O (1 mL). The samples were removed from
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the glovebox, exposed to air, and analyzed by gas chromatography. The conversion of substrates 5b and
9b to product 14bb was monitored over the full course of the reaction relative to the cyclooctane internal
standard. Using the calibrated response factors, an empirically determined constant infinity point, and the
known initial concentrations of cyclooctane and substrates 5b and 9b, the concentration of each reaction
component was calculated from the raw GC integration data as a function of time. The total volume (Vtot)

was assumed constant over the course of the reaction.

In general, the reaction time-courses demonstrated clean exponential substrate consumption and
product formation. As such, the concentration vs. time data were fit to a net first-order rate law as shown in
Equations S2—-S4 for the limiting substrate ([SM]imitng = [5b] or [9b]), the substrate used in excess ([SM]excess
= [SM]imitng + excess = [5b] or [9b]), and the product, respectively. Fit values for variable parameters
describing the initial (or final) concentrations and the first-order rate constant, kobs, were extracted.

[SM] t limiting = [SM]O,limitinge_kObSt (82)
[SM] t,excess = [SM] O,Iimitinge_kObst + excess (83)
[14bb], = [14bb],, (1 — e~ kobst) (S4)

Alternatively, the initial rates (vo) were determined from linear regression to concentration vs. time data

obtained at time points where conversion of the limiting substrate £10%.
[SM]; = —v,t + [SM], (S5)

[14bb], = v,t + [14bb], (S6)

5.2 Test for Catalyst Death and/or Product Inhibition

To evaluate whether the total concentration of active iron catalyst remained constant over the course of
the reaction, a “same excess” experiment was performed as described by Blackmond.®? Full reaction time
courses were monitored for trials conducted with the same [Felwt and the same excess of one substrate
(excess =[9b]o — [5b]o) but with different absolute substrate concentrations. These variations mimic initiating
the reaction at an intermediate substrate conversion. The overlay of time-shifted concentration vs. time
plots from these experiments indicates that catalyst deactivation and product inhibition are negligible under
the reaction conditions examined. The concentration and rate data are presented in Tables S2—4 and
plotted in Figure S198.
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i. (excess = 0.20 M)
ii. (excess = 0.20 M)

| X
- + A siMeph  + O —

¢ [9blg=12M
[9b]o = 0.74 M

® [5bp=1.0M
[5b]o = 0.54 M

[ST]=0.30M
[ST]=0.30M

SN
N2 ~[Fe]
[Feliot =10 mM
(1 or 2 mol%)

CgHg, 25 °C

—
\mSiMe2Ph

B [14bbly=0M
[14bbly =0 M

Figure $199. “Same-Excess” experiment to test for catalyst death and/or product inhibition.

Table S2. Concentration [5b] vs. time data from the “same-excess” experiment. @

[5b]: (M), where:

(trlr:?:) where [5bJo = 1.0 M, [9b]o = 1.2 M [5bJo = 0.54 M, [9b]o = 0.74 M
trial i trial i trial i trial iv avg trial i trial i trial iii ~ trial iv avg.
10 0.901 0.944 0917 0928 0.922 0.494 0498 0500 0.503 0.499
20 0.896 0.931 0.905 0.910 0.910 0.489 0498 0488 0492 0.492
30 0.899 0910 0.879 0.934 0.905 0.480 0.490 0477 0476 0.481
45 0.886 0.888 0.858 0.871 0.876 0.463 0.487 0466 0.467 0.471
60 0.863 0.849 0.852 0.860 0.856 0.453 0465 0451 0457 0.456
80 0.852 0.846 0.829 0.831 0.839 0.439 0442 0448 0441 0443
100 0.828 0.826 0.815 0.814 0.821 0.425 0450 0429 0447 0.438
120 0.799 0.812 0.783 0.777 0.793 0.421 0428 0414 0447 0.428
150 0.785 0.795 0.759 0.762 0.775 0.406 0417 0399 0430 0413
180 0.757 0.753 0.721 0.728 0.740 0.392 0403 0.384 0.389 0.392
210  0.733 0.740 0.736 0.376  0.383 0.379
240 0.700 0.704 0.669 0.675 0.687 0.363 0.366 0.349 0.391 0.367
270 0.676 0.697 0.687 0.346  0.366 0.356
300 0678 0.685 0.628 0.642 0.658 0.349 0367 0328 0.330 0.344
330 0.661 0.674 0.667 0.335 0.342 0.339
360 0.633 0.641 0.584 0576 0.609 0.319 0332 0300 0.309 0.315
420 0582 0.585 0.539 0.535 0.560 0.285 0.290 0.275 0.280 0.283
480 0.495 0495 0.495 0.257 0.286 0.271
540 0.459 0475 0.467 0.232 0.241  0.237
600 0.420 0.417 0.418 0.188 0.222  0.205
720 0.358 0.354 0.356 0.187 0.189 0.188
1040 0.300 0.256 0.278 0.134 0.141 0.138
1255 0.166 0.179 0.172 0.095 0.103 0.099
1440 0.137 0.147 0.142 0.085 0.089 0.087
1620 0.114 0.119 0.117 0.080 0.057 0.069
1800 0.103 0.106 0.105 0.494 0498 0500 0.503 0.499
2880 0.137 0.084 0.110 0.489 0498 0488 0492 0.492

@ For all experiments, excess = 0.2 M, [Felwt = 0.010 M. Reactions conducted in benzene at 25 °C.
See Figure $197.
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Table S3. Concentration [9b] vs. time data from the “same-excess” experiment. 2

[9b]: (M), where:

time where [5bJo = 1.0 M, [9bJo = 1.2 M [5b]o = 0.54 M, [9b]o = 0.74 M

min
(min) trial i trial i trial iii ~ trial iv avg trial i trial i trial iii ~ trial iv avg.

10 1.041 1128 1112 1137 1.105 0.674 0.652 0.721 0.653 0.675
20 1.027 1110 1.103 1.121  1.090 0.671 0.664 0.713 0.638 0.672
30 1.034 1.091 1.067 1.098 1.072 0.657 0.651 0.695 0.625 0.657
45 1.008 1.061 1.051 1.076  1.049 0.644 0.638 0.685 0.619 0.646
60 0.997 1.036 1.044 1.067 1.036 0.635 0.625 0.671 0.604 0.634
80 0972 1.026 1.019 1.032 1.012 0.620 0.604 0.659 0.589 0.618
100 0963 0.994 0.999 1.005 0.990 0.609 0.606 0.636 0.586 0.609
120 0931 0972 0970 0.980 0.963 0.587 0.578 0.624 0.596 0.596
150 0914 0970 0.933 0.949 0.942 0.575 0.572 0.605 0.559 0.578

180 0.883 0.929 0.898 0.920 0.908 0.563 0.560 0.590 0.535 0.562
210 0.861 0.902 -- -- 0.882 0.552  0.541 -- -- 0.547
240 0.828 0.865 0.841 0.859 0.848 0.541 0521 0.555 0.547 0.541
270 0799 0.866 - - 0.832 0.514  0.520 -- -- 0.517

300 0.795 0.848 0.791 0.813 0.812 0.516 0.518 0.523 0.470 0.507
330 0.783 0.842 -- -- 0.812 0.505 0.486 -- -- 0.495
360 0.750 0.815 0.755 0.757 0.769 0.483 0.481 0.501 0.444 0.477
420 0.707 0.749 0.709 0.712 0.719 0.457 0436 0473 0414 0.445

480 - - 0.660 0.669 0.665 - - 0.451 0414 0.432
540 - - 0.610 0.605 0.607 - - 0.423 0.367 0.395
600 - - 0.564 0.571  0.568 - - 0.368 0.344 0.356
720 - - 0.496 0499 0.498 - - 0.364 0311  0.338
1040 0.393 0.406 -- -- 0.400 0.286  0.289 -- -- 0.287
1255 - - 0.298 0.305 0.301 - - 0.269 0.220 0.245
1440 - - 0.277 0.281 0.279 - - 0.248 0.206 0.227
1620 - - 0.254 0.262 0.258 - - -- -- -
1800 - - 0.237 0.249 0.243 - - -- -- -
2880 0.231 0.213 -- -- 0.222 0.223 0.186 -- -- 0.204

@ For all experiments, excess = 0.2 M, [Felwt = 0.010 M. Reactions conducted in benzene at 25 °C.
See Figure $197.
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Table S4. Concentration [14bb] vs. time data from the “same-excess” experiment. @

[14bb]: (M), where:

(tr':i“:) where [5bJo = 1.0 M, [9bJo = 1.2 M [5bJo = 0.54 M, [9b]o = 0.74 M
trial i trial i trial i trial iv avg trial i trial i trial iii  trial iv avg.
10 0.002 0.003 0.006 0.009 0.005 0.000 0.000 0.006 0.005 0.003
20 0.015 0.018 0.023 0.025 0.020 0.011 0.010 0.016 0.017 0.013
30 0.028 0.029 0.039 0.045 0.035 0.019 0.020 0.029 0.028 0.024
45 0.045 0.047 0.061 0.062 0.054 0.030 0.034 0.048 0.041 0.038
60 0.065 0.065 0.078 0.080 0.072 0.045 0.047 0.054 0.053 0.050
80 0.085 0.086 0.100 0.104 0.094 0.058 0.057 0.070 0.068 0.063
100 0.104 0.105 0.124 0.130 0.116 0.069 0.072 0.083 0.085 0.077
120 0119 0.123 0.144 0.143 0.132 0.080 0.079 0.092 0.098 0.087
150 0.148 0.153 0.174 0.178 0.163 0.098 0.099 0.113 0.119 0.107
180 0.169 0.172 0.203 0.207 0.188 0.113 0.118 0.129 0.133 0.123
210  0.197  0.207 0.202 0.131  0.130 0.130
240 0226 0.234 0.256 0.268 0.246 0.151 0.145 0.164 0.173 0.158
270 0.254 0.259 0.256 0.157 0.167 0.162
300 0284 0.296 0.322 0.333 0.309 0.177 0.191 0.208 0.198 0.193
330 0306 0.325 0.316 0.192 0.194 0.193
360 0.330 0.338 0.377 0.391 0.359 0.210 0.214 0.230 0.231 0.221
420 0.370 0.375 0429 0435 0.402 0.227 0.235 0.257 0.255 0.243
480 0.476 0491 0.483 0.294 0.321  0.308
540 0.537 0.537 0.537 0.315 0.306 0.311
600 0.575 0.608 0.592 0.340 0.339 0.339
720 0.662 0.667 0.664 0.388 0.378 0.383
1040 0.894 0.764 0.829 0.421  0.406 0.413
1255 0.861 0.928 0.895 0.496 0483 0.490
1440 0.931 0950 0.941 0.534 0.508 0.521
1620 0.938 0.965 0.952 0.500 0.551 0.526
1800 0.965 0.948 0.956 0.000 0.000 0.006 0.005 0.003
2880 0.974 1.014 0.994 0.011  0.010 0.016 0.017 0.013

@ For all experiments, excess = 0.2 M, [Felwt = 0.010 M. Reactions conducted in benzene at 25 °C.
See Figure $197.
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Figure S200. Concentration vs. time data for trials initiated with the “same excess” substrate concentrations. (A.) [6b]Jo = 1.0 M, [9b]o = 1.2 M, excess = 0.2 M, [Fe]tot
= 0.010 M. (B.) [5b]o = 0.54 M, [9b]o = 0.74 M, excess = 0.20 M, [Fe]wt = 0.010 M. (C.) Overlay of plots A and B where the time-axis is shifted +450 minutes and

[14bb] is shifted +0.44 M. Open markers represent data points obtained from individual trials; closed markers represent average values obtained from duplicate
trials. See Table S2 for tabulated data.

S$133



5.3 Determination of Kinetic Order in Diene 9b

oy Ny —Ar
=N _/
x NN
- | + A SiMeph + — I fN | Mo — =
2 N, ~[Fe] SiMe,Ph

i @ [9bp=12M ¢ [5bp=1.0M [ST]=0.30 M [Felor =10 mM @ [14bbp=0M
ji. m [9blp=16M ®m [Bblp=1.0M [ST]=0.30 M CeHe, 25 °C B [14bbp=0M
iii. ® [9b]y=0.8M ® [Bblp=1.0M [ST]=0.30 M > ® [14bbly=0M

Figure S$201. Determination of order in diene 9b.

To determine the order in myrcene, initial rate measurements and full reaction time courses were
monitored for trials conducted with the same [Felwt and [5b]o but differing [9blo. The overlay of concentration
vs. time plots from these experiments indicates that the reaction exhibits a zero-order dependence on diene
9b (i.e. no rate dependence) under the conditions examined. This is consistent with saturation of the iron
catalyst with diene in the resting state (see Section 5.2). The concentration and rate data are presented in
Tables S5-7 and plotted in Figure S200.
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Table S5. Concentration [5b] vs. time data with varied [9b]o. @

[5b]: (M), where:

time

(min) where [9blo=1.2 M where [9b]o = 1.6 M where [9b]o = 0.8 M
trial i trial ii avg trial i trial ii avg. trial i trial ii avg.
10 0.901 0.944  0.922 0.884 0.933 0.908 0.901 0969 0.935
20 0.896 0.931 0.913 0.880 0.920  0.900 0.899 0940 0.919
30 0.899 0910 0.905 0.870 0.900 0.885 0.882 0.905 0.893
45 0.886 0.888  0.887 0.842 0.900 0.871 0.873 0913 0.893
60 0.863 0.849  0.856 0.833 0.853 0.843 0.838 0.924  0.881
80 0.852 0.846  0.849 0.810 0.850  0.830 0.825 0.845 0.835
100 0.828 0.826  0.827 0.801 0.823 0.812 0.811 0.858  0.834
120 0.799 0812 0.805 0.761 0.806 0.784 0.793 0.819 0.806
150 0.785 0.795 0.790 0.734 0.787 0.761 0.766  0.810 0.788
180 0.757 0.763  0.755 0.713 0.748 0.731 0.748 0.780 0.764
210 0.733 0.740  0.736 0.695 0.718 0.706 0.727 0.740 0.733
240 0.700 0.704  0.702 0.704 0.697 0.701 0.704 0.752  0.728
270 0.676 0.697  0.687 0.629 0.681 0.655 0.682 0.698 0.690
300 0.678 0.685 0.682 0.642 0.666 0.654 0.678 0.707  0.693
330 0.661 0.674  0.667 0.630 0.640 0.635 0.668 0.686 0.677
360 0.633 0.641 0.637 0.597 0.620 0.608 0.660 0.680 0.670
420 0.582 0.585  0.583 0.549  0.561 0.555 0.608 0.614 0.611
1040 0.300 0.256  0.278 0197 0.212  0.204 0.344 0.35  0.350
2880 0.137 0.084 0.110 0.071 0.036  0.053 0.264 0.248 0.256
Initial Rate
vo (1073
. 0.84 1.36 1.10 1.01 1.22 1.1 1.18 1.36 1.27
M min~")
[5bJo (M) 0.92 0.95 0.93 0.89 0.94 0.92 0.92 0.97 0.94
R? 0.95 0.95 0.98 0.97 0.95 0.98 0.96 0.73 0.93
First-Order Fit
Kobs (10_3
min-") 1.01(5) 1.12(4) 1.07(4) 1.22(5) 1.26(3) 1.24(4) 1.49(8) 1.5(1) 1.51(8)

[5bo (M) 0.91(1) 0.94(1) 0.92(1)  0.89(1) 0.95(1) 0.92(1)  0.91(2) 0.96(2) 0.94(2)

e)zc'ij)ss - ~ - - - 0.24(2) 0.23(2) 0.24(2)

@ For all experiments, [5b]o = 1.0 M, [Felwt = 0.010 M. Reactions conducted in benzene at 25 °C. See
Figures $200.
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Figure S202. Concentration vs. time data, monitoring [5b]:, for trials initiated with varied [9bJo where [5b]o = 1.0 M and [Fe]tt = 0.010 M. Open

markers represent data points obtained from individual trials; closed markers represent average values obtained from duplicate trials. (A.) Full

reaction time course fit to a first-order rate law (solid lines). (B.) Initial rate profiles obtained from linear regression (dotted lines) to data obtained

where conversion <10%. (C.). Initial rate vs. initial concentration [9b]o with the average effective rate constant (kobs, dotted line). See Table S5 for

tabulated data and fit parameters.
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Table S6. Concentration [9b] vs. time data with varied [9b]o. @

[9b]: (M), where:

time where [9bJo = 1.2 M where [9b]o = 1.6 M where [9b]o = 0.8 M
(min) — —— — —— — ——
trial i trial ii avg trial i trial ii avg. trial i trial ii avg.
10 1.041 1.128 1.084 1.445 1.478 1.461 0.724 0.752 0.738
20 1.027 1.110 1.069 1.425 1.461 1.443 0.715 0.738 0.726
30 1.034 1.091 1.062 1.414 1.451 1.433 0.703 0719  0.711
45 1.008 1.061 1.034 1.396 1.446 1.421 0.702 0.717 0.710
60 0.997 1.036 1.017 1.386 1.374 1.380 0.671 0.718  0.694
80 0.972 1.026  0.999 1.371 1.382 1.377 0.655 0.655 0.655
100 0.963 0.994 0.979 1.361 1.363 1.362 0.654 0.660 0.657
120 0.931 0.972  0.951 1.312 1.327 1.319 0.618  0.621 0.619
150 0.914 0970 0.942 1.285 1.308 1.297 0.592 0.615 0.603
180 0.883 0.929 0.906 1.264 1.254 1.259 0.576  0.590 0.583
210 0.861 0.902 0.882 1.247 1.250 1.248 0.546 0.559  0.552
240 0.828 0.865 0.846 1.236 1.206 1.221 0.528 0.588 0.558
270 0.799 0.866 0.832 1.179 1.208 1.194 0.506 0.518 0.512
300 0.795 0.848 0.821 1.185 1.191 1.188 0.495 0.504 0.500
330 0.783 0.842 0.812 1.176 1.165 1.170 0.484 0488 0.486
360 0.750 0.815 0.782 1.149 1.136 1.142 0.465 0478 0472
420 0.707 0.749 0.728 1.066 1.079 1.073 0.425 0422 0424
1040 0.393 0406  0.400 0.691 0.686  0.689 0.170 0173  0.171
2880 0.231 0.213  0.222 0.540 0483 0.511 0.094 0.075 0.085
Initial Rate
Vo(1.0_3 0.91 1.46 1.19 0.90 1.34 1.13 1.00 1.16 1.08
M min~")
[9bJo (M) 1.05 1.14 1.09 1.44 1.49 1.47 0.74 0.76 0.75
R? 0.97 0.97 0.99 0.96 0.88 0.94 0.96 0.83 0.94
First-Order Fit
-3
ko:;irglt; 1.28(5) 1.20(7) 1.24(5) 1.22(8) 1.21(9) 1.21(7) 1.30(6) 1.33(6) 1.32(6)

[Oblo (M) 1.06(1) 1.12(2) 1.19(2)  1.46(3) 1.49(3) 1.47(3)  0.73(1) 0.75(1) 0.74(1)

e’;‘;;”)ss 020(1) 0.17(2) 0.19(2)  0.49(3) 0.44(3) 0.46(3) - - -

@ For all experiments, [5b]o = 1.0 M, [Fe]wt = 0.010 M. Reactions conducted in benzene at 25 °C. See
Figures $201.
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Figure S203. Concentration vs. time data, monitoring [9b]:, for trials initiated with varied [9bJo where [5b]o = 1.0 M and [Fe]tt = 0.010 M. Open
markers represent data points obtained from individual trials; closed markers represent average values obtained from duplicate trials. (A.) Full
reaction time course fit to a first-order rate law (solid lines). (B.) Initial rate profiles obtained from linear regression (dotted lines) to data obtained
where conversion <10%. (C.). Initial rate vs. initial concentration [9b]o with the average effective rate constant (kobs, dotted line). See Table S6 for

tabulated data and fit parameters.
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Table S7. Concentration [14bb] vs. time data with varied [9b]o. @

[14bb]: (M), where:

(t:]:?r?) where [9b]o = 1.2 M where [9b]o = 1.6 M where [9b]o = 0.8 M
trial i trial i avg trial i trial i avg. trial i trial i avg.
10 0.002 0.003 0.003 0.003 0.004 0.003 0.002  0.001 0.001
20 0.015 0.018 0.016 0.017  0.018 0.017 0.013 0.016  0.015
30 0.028 0.029 0.029 0.030 0.029 0.030 0.026  0.027 0.026
45 0.045 0.047 0.046 0.047  0.047  0.047 0.041 0.045 0.043
60 0.065 0.065 0.065 0.067  0.071 0.069 0.059 0.068 0.063
80 0.085 0.086  0.085 0.086 0.088 0.087 0.075 0.079 0.077
100 0.104 0.105 0.105 0.106  0.110 0.108 0.094 0.099 0.096
120 0.119 0.123 0.121 0.126  0.128 0.127 0.113  0.114  0.113
150 0.148 0.153 0.150 0.155 0.160 0.157 0.138 0.140 0.139
180 0.169 0.172  0.171 0.177 0.183 0.180 0.163  0.161 0.162
210 0.197 0.207 0.202 0.209 0.212 0.211 0.192 0.186  0.189
240 0.226 0.234 0.230 0.215 0.247 0.231 0.215 0.226 0.221
270 0.254 0.259 0.256 0.270 0.274 0.272 0.234 0.230 0.232
300 0.284 0.296 0.290 0.305 0.306 0.306 0.259 0.265 0.262
330 0.306 0.325 0.316 0.330 0.327 0.328 0.281 0.289  0.285
360 0.330 0.338 0.334 0.363 0.362 0.363 0.316 0.316  0.316
420 0.370 0375 0.373 0.396 0.390 0.393 0.334 0.337 0.336
1040 0.894 0.764  0.829 0.813 0.818 0.815 0.635 0.629 0.632
2880 0974 1.014  0.994 0.979 1.056 1.017 0.732 0.806 0.769
Initial Rate
vo (1073
o 1.15 1.13 1.14 1.15 1.19 1.17 1.06 1.15 1.11
M min~")
[13\7;)]0 —-0.007 -0.005 -0.006 -0.006 -0.006 —0.006 —-0.007 -0.007 -0.008
R? 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.98 0.99
First-Order Fit
-3
ko:;irfl(; 1.2(1) 1.06(3) 1.09(7) 1.17(6) 1.07(4) 1.08(3) 1.42(5) 1.27(3) 1.34(3)
[14bb]-
M) 1.06(6) 1.08(2) 1.07(4) 1.04(3) 1.13(2) 1.12(5) 0.76(1) 0.83(1) 0.80(1)

@ For all experiments, [5b]o = 1.0 M, [Fe]wt = 0.010 M. Reactions conducted in benzene at 25 °C. See
Figures $202.
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Figure S204. Concentration vs. time data, monitoring [15bb}:, for trials initiated with varied [9b]o where [5b]o = 1.0 M and [Fe]wt = 0.010 M. Open
markers represent data points obtained from individual trials; closed markers represent average values obtained from duplicate trials. (A.) Full

reaction time course fit to a first-order rate law (solid lines). (B.) Initial rate profiles obtained from linear regression (dotted lines) to data obtained

where conversion <10%. (C.). Initial rate vs. initial concentration [9b]o with the average effective rate constant (kobs, dotted line). See Table S7 for

tabulated data and fit parameters.
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5.4 Determination of Kinetic Order in Vinyl Silane 5b

AN /Fe\
~ | + D SiMepn + — I fN | M — s
2 N2 ~[Fe] SiMe,Ph

i(excess=020M) @ [9bg=12M ¢ [Bblp=10M [ST]=0.30 M [Felot = 0.01 M @ [14bbly=0M
ii. (excess =-0.40M) W [9blo=1.2M B [5bly=14M [ST]=0.30 M CeHe, 25 °C B [14bbl,=0M
iii. (excess =0.70 M) @ [9blg=1.2M ® [5bp=05M [ST] = 0.30 M ® [14bbly=0M

Figure S$205. Determination of order in vinyl silane 5b.

To determine the order in myrcene, initial rate measurements and full reaction time courses were
monitored for trials conducted with the same [Fe]twt and [9b]o but differing [5b]o. Under all of the conditions
examined, the reaction exhibited clean exponential decay of substrate concentration and exponential
growth of product concentration, indicative of a net first-order rate law (at constant [Felwt). Given the zero-
order dependence on diene [9b], this observation was most consistent with the first-order dependence
arising from the changing vinyl silane [5b]. This conclusion was corroborated by the observation of a linear
relationship between [5b]o and the initial rate, vo. at low [Sb]o and saturation at high [Sb]o. The concentration
and rate data are presented in Tables S8-10 and plotted in Figures $204—206.
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Table S8. Concentration [5b] vs. time data with varied [5b]o. @

[5b]: (M), where:

(t:]?r?) where [5bjo = 1.4 M where [5bJo = 1.0 M where [5b]o = 0.54 M
trial i trial ii avg. trial i trial ii avg trial i trial ii

10 1.324 1.341 1.333 0.917 0.928 0.922 0.487 0.492
20 1.314 1.301 1.308 0.905 0.910 0.908 0.489 0.482
30 1.297 1.295 1.296 0.879 0.934 0.906 0.463 0.467
45 1.284 1.273 1.279 0.858 0.871 0.865 0.453 0.453
60 1.266 1.253 1.260 0.852 0.860 0.856 0.438 0.444
80 1.227 1.255 1.241 0.829 0.831 0.830 0.447 0.427
100 1.189 1.199 1.194 0.815 0.814 0.815 0.418 0.415
120 1.166 1.175 1.170 0.783 0.777 0.780 0.407 0.410
150 1.135 1.143 1.139 0.759 0.762 0.761 0.392 0.391
180 1.112 1.100 1.106 0.721 0.728 0.725 0.377 0.367
240 1.022 1.054 1.038 0.669 0.675 0.672 0.346 0.341
300 0.976 0.981 0.978 0.628 0.642 0.635 0.314 0.310
360 0.911 0.918 0.914 0.584 0.576 0.580 0.287 0.286
420 0.859 0.872 0.866 0.539 0.535 0.537 0.261 0.254
480 0.808 0.808 0.808 0.495 0.495 0.495 0.243 0.229
540 0.750 0.749 0.750 0.459 0.475 0.467 0.208 0.212
600 0.709 0.710 0.710 0.420 0.417 0.418 0.189 0.189
720 0.613 0.618 0.616 0.358 0.354 0.356 0.155 0.156
1255 0.373 0.367 0.370 0.166 0.179 0.172 0.078 0.067
1440 0.330 0.340 0.335 0.137 0.147 0.142 0.057 0.052
1620 0.322 0.321 0.321 0.114 0.119 0.117 0.056 0.056
1800 0.300 0.301 0.301 0.103 0.106 0.105 0.053 0.000
1980 0.294 0.293 0.294 0.093 0.096 0.094 0.000 0.000

Initial Rate
—3
vOrSig_1)M 1.34 1.17 1.13 1.25 1.47 1.36 1.07 1.00
[5blo (M) 1.34 1.33 1.34 0.92 0.95 0.94 0.50 0.50
R? 0.98 0.85 0.98 0.96 0.87 0.97 0.93 0.98
First-Order Fit
-3

koriiirgj‘(; 1.34(4) 1.31(5) 1.34(4) 1.29(1) 1.30(2) 1.30(1) 1.52(4) 1.59(4)

[5b]o (M) 1.35(1) 1.35(2) 1.35(1) 0.92(1) 0.93(1) 0.93(1) 0.49(1) 0.49(1)
excess (M)  0.19(1) 0.18(2) 0.18(1) -- -- - - -

@ For all experiments, [9b]o = 1.2 M, [Felwt = 0.010 M. Reactions conducted in benzene at 25 °C. See
Figure S204. Continued in Table S9.
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Table S9. Concentration [5b] vs. time data with varied [5b]o, continued. @

[5b]: (M), where:

time where [5b]p =0.54 M, where [5bJo = 0.39 M where [5b]o = 0.22 M
(min) continued
trial iii trial iv avg trial i trial ii avg.
10 0.471 0.495 0.486 0.362 0.415 0.389 0.221 0.208 0.215
20 0.460 0.485 0.479 0.349 0.407 0.378 0.214 0.202 0.208
30 0.452 0.475 0.464 0.341 0.394 0.367 0.212 0.193 0.203
45 0.443 0.462 0.453 0.330 0.384 0.357 0.200 0.187 0.194
60 0.427 0.444 0.438 0.324 0.376 0.350 0.194 0.182 0.188
80 0.417 0.427 0.430 0.315 0.353 0.334 0.196 0.182 0.189
100 0.397 0.417 0.412 0.299 0.348 0.323 0.179 0.168 0.173
120 0.383 0.397 0.399 0.289 0.327 0.308 0.172 0.159 0.166
150 0.366 0.392 0.385 0.272 0.318 0.295 0.169 0.156 0.163
180 0.350 0.365 0.365 0.261 0.305 0.283 0.161 0.157 0.159
240 0.321 0.338 0.337 0.236 0.275 0.255 0.135 0.146 0.140
300 0.294 0.308 0.307 0.219 0.250 0.234 0.128 0.121 0.125
360 0.265 0.279 0.279 0.194 0.220 0.207 0.112 0.106 0.109
420 - - 0.258 - - - - - -
480 - - 0.236 - - - - - -
540 0.195 0.206 0.205 0.143 0.163 0.153 0.088 0.081 0.085
600 - - 0.189 - - - - - -
720 0.143 0.146 0.150 0.103 0.115 0.109 0.060 0.063 0.062
1255 0.061 0.067 0.068 0.048 0.055 0.052 0.036 0.036 0.036
1440 0.054 0.054 0.054 0.045 0.046 0.045 0.033 0.031 0.032
1620 - - 0.056 - - - - - -
1800 - - 0.026 - - - - - -
1980 - - 0.000 - - - - - -
Initial Rate
Vo
(102
. 0.84 1.00 0.98 0.76 0.80 0.78 0.47 0.76 0.62
M min
")
[5b]o
(M) 0.48 0.51 0.50 0.37 0.42 0.39 0.23 0.22 0.22
R? 0.99 0.99 0.99 0.96 0.97 0.97 0.89 0.99 0.99
First-Order Fit
kobs
(1073 1.63(2) 1.63(2) 1.57(3) 1.69(4) 1.72(3) 1.71(3) 1.72(8) 1.60(7) 1.66(7)
min~")
[fl\t/l,])o 0.47(1) 0.50(1) 0.49(1) 0.36(2) 0.41(1) 0.39(1) 0.22(1) 0.20(1) 0.21(1)

@ For all experiments, [9b]o = 1.2 M, [Fe]wt = 0.010 M. Reactions conducted in benzene at 25 °C. See
Figures $204. Continued from Table S8.
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Figure S206. Concentration vs. time data, monitoring [5b]:, for trials initiated with varied [5b]o where [9b]o = 1.2 M and [Felwt = 0.010 M. Open

markers represent data points obtained from individual trials; closed markers represent average values obtained from duplicate trials. (A.) Full

reaction time course fit to a first-order rate law (solid lines). (B.) Initial rate profiles obtained from linear regression (dotted lines) to data obtained

where conversion £10%. (C.). Initial rate vs. initial concentration [5b]o. See Tables S8 and S9 for tabulated data and fit parameters.
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Table S10. Concentration [9b] vs. time data with varied [5b]o. @

[9b]: (M), where:

time where [5b]o = 1.4 M where [5bJo = 1.0 M where [Sblo =0.54
(min) M
trial i trial ii avg trial i trial ii avg trial i trial ii
10 1.126 1.123 1.124 1.112 1.137 1.125 1.085 1.108
20 1.114 1.099 1.106 1.103 1.121 1.112 1.076 1.088
30 1.089 1.093 1.091 1.067 1.098 1.082 1.030 1.073
45 1.078 1.067 1.072 1.051 1.076 1.063 1.042 1.069
60 1.047 1.049 1.048 1.044 1.067 1.055 1.025 1.058
80 1.020 1.038 1.029 1.019 1.032 1.025 0.996 1.038
100 0.988 0.992 0.990 0.999 1.005 1.002 0.987 1.011
120 0.963 0.967 0.965 0.970 0.980 0.975 0.975 1.012
150 0.923 0.935 0.929 0.933 0.949 0.941 0.958 0.972
180 0.896 0.889 0.892 0.898 0.920 0.909 0.935 0.965
240 0.826 0.823 0.825 0.841 0.859 0.850 0.905 0.921
300 0.768 0.771 0.769 0.791 0.813 0.802 0.871 0.891
360 0.704 0.711 0.708 0.755 0.757 0.756 0.836 0.861
420 0.652 0.657 0.655 0.709 0.712 0.711 0.808 0.835
480 0.591 0.599 0.595 0.660 0.669 0.665 0.773 0.806
540 0.537 0.539 0.538 0.610 0.605 0.607 0.739 0.771
600 0.479 0.490 0.485 0.564 0.571 0.568 0.707 0.737
720 0.396 0.403 0.399 0.496 0.499 0.498 0.674 0.700
1255 0.167 0.168 0.167 0.298 0.305 0.301 0.558 0.591
1440 0.130 0.139 0.135 0.277 0.281 0.279 0.551 0.584
1620 0.115 0.114 0.115 0.254 0.262 0.258 0.549 0.561
1800 0.100 0.108 0.104 0.237 0.249 0.243 0.528 0.531
1980 0.098 0.097 0.097 0.236 0.245 0.241 0.526 0.550
Initial Rate
vo (1073
o 1.53 1.22 1.37 1.32 1.46 1.39 1.18 0.93
M min~")
[9b]o (M) 1.14 1.13 1.13 1.12 1.15 1.13 1.09 1.1
R? 0.99 0.96 0.99 0.94 0.98 0.96 0.73 0.89
First-Order Fit
-3
ko:;irgl(; 1.41(2) 1.39(2) 1.40(2) 1.40(4) 1.47(4) 1.44(4) 1.58(6) 1.53(5)
[9b]o (M) 1.15(1) 1.14(1) 1.14(1) 1.12(1)  1.14(1) 1.13(1) 1.08(1) 1.11(1)
excess (M) - - - 0.16(1) 0.17(1) 0.16(1) 0.49(1) 0.51(1)

@ For all experiments, [9b]o = 1.2 M, [Fe]wt = 0.010 M. Reactions conducted in benzene at 25 °C. See
Figures $205. Continued in Table S11.
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Table S11. Concentration [9b] vs. time data with varied [5b]o, continued. @

[9b]: (M), where:

time where [5b]o = 0.54 M,

. . where [5blo = 0.39 M where [5blo = 0.22 M
(min) continued
trial iii trial iv avg trial i trial i avg. trial i trial i avg.
10 1.098 1.113 1.101 1.126 1.323 1.225 1.110 1.095 1.103
20 1.077 1.100 1.085 1.098 1.312 1.205 1.086 1.083 1.085
30 1.069 1.080 1.063 1.097 1.302 1.200 1.096 1.084 1.090
45 1.040 1.065 1.054 1.078 1.276 1477 1.084 1.058 1.071
60 1.037 1.049 1.042 1.073 1.267 1.170 1.074 1.062 1.068
80 0.998 1.035 1.017 1.055 1.243 1.149 1.056 1.028 1.042
100 0.989 1.021 1.002 1.035 1.205 1.120 1.043 1.036 1.040
120 0.977 0.979 0.986 1.008 1.209 1.109 1.031 1.022 1.026
150 0.958 0.982 0.967 1.000 1.184 1.092 1.028 1.013 1.020
180 0.940 0.954 0.949 0.989 1.167 1.078 1.020 1.044 1.032
240 0.902 0.916 0.911 0.946 1.126 1.036 0979 0.996  0.987
300 0.871 0.881 0.878 0.924 1.104 1.014 0984 0.966 0.975
360 0.839 0.850 0.846 0.909 1.070  0.989 0.963 0.954  0.959
420 -- -- 0.821 - - - - - -
480 -- -- 0.790 - - - - - -
540 0.756 0.757 0.756 0.835 0992 0.913 0913  0.931 0.922
600 -- -- 0.722 - - - - - -
720 0.680 0.695 0.688 0.779 0.921 0.850 0.883 0.864 0.873
1255 0.588 0.587 0.581 0.705 0.842 0.773 0.829 0.826  0.828
1440 0.573 0.571 0.570 0.689 0.827 0.758 0.832 0.817 0.824
1620 -- -- 0.555 - - - - - -
1800 -- -- 0.529 - - - - - -
1980 -- -- 0.538 - - - - - -
Initial Rate
Vo
(103 M 1.26 1.30 1.17 0.98 1.12 1.08 0.73 0.57 0.65
min~")

[?I\lzl)o 1.1 1.12 1.1 1.13 1.33 1.23 1.1 1.10 1.1
R? 0.94 0.98 0.94 0.87 0.98 0.95 0.36 0.68 0.48
First-Order Fit

kobs

(10 1.71(1) 1.68(7) 1.58(6) 1.9(1)  1.9(1)  1.9(1) 2.02) 1.6(2) 1.8(2)
min~")

[f,\';]; 1.092) 1.11(1) 1.10(1)  1.12(1) 1.22(1) 1.22(1)  1.10(1) 1.09(2) 1.10(1)
e)?,ijfs 0.52(1) 0.52(1) 0.51(1)  0.66(1) 0.79(1) 0.73(1)  0.81(1) 0.79(2) 0.80(1)

@ For all experiments, [9b]o = 1.2 M, [Felwt = 0.010 M. Reactions conducted in benzene at 25 °C. See
Figures $205. Continued from Table S10.
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Figure S207. Concentration vs. time data, monitoring [9b]:, for trials initiated with varied [5b]o where [9b]o = 1.2 M and [Felwt = 0.010 M. Open
markers represent data points obtained from individual trials; closed markers represent average values obtained from duplicate trials. (A.) Full
reaction time course fit to a first-order rate law (solid lines). (B.) Initial rate profiles obtained from linear regression (dotted lines) to data obtained
where conversion £10%. (C.) Initial rate vs. initial concentration [5bJo. See Table S9 for tabulated data and fit parameters.
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Table S12. Concentration [14bb] vs. time data with varied [5b]o. @

[14bb]: (M), where:

(t;:i"r‘f) where [5bJo = 1.4 M where [5bJo = 1.0 M where [5bJo = 0.5 M
trial i trial ii avg trial i trial ii avg. trial i trial i
10 0.009 0.010 0.009 0.006 0.009 0.008 0.006 0.006
20 0.028 0.028 0.028 0.023 0.025 0.024 0.018 0.018
30 0.048 0.047 0.047 0.039 0.045 0.042 0.030 0.031
45 0.072 0.071 0.071 0.061 0.062 0.061 0.046 0.044
60 0.094 0.089 0.091 0.078 0.080 0.079 0.055 0.056
80 0.121 0.123 0.122 0.100 0.104 0.102 0.073 0.071
100 0.148 0.148 0.148 0.124 0.130 0.127 0.088 0.088
120 0.172 0.170 0.171 0.144 0.143 0.143 0.100 0.100
150 0.212 0.205 0.209 0.174 0.178 0.176 0.120 0.119
180 0.247 0.244 0.246 0.203 0.207 0.205 0.138 0.137
240 0.318 0.323 0.320 0.256 0.268 0.262 0.176 0.175
300 0.396 0.385 0.391 0.322 0.333 0.328 0.220 0.210
360 0.453 0.447 0.450 0.377 0.391 0.384 0.249 0.252
420 0.526 0.529 0.527 0.429 0.435 0.432 0.283 0.281
480 0.608 0.589 0.599 0.476 0.491 0.483 0.318 0.309
540 0.653 0.640 0.647 0.537 0.537 0.537 0.349 0.339
600 0.715 0.731 0.723 0.575 0.608 0.592 0.372 0.365
720 0.831 0.823 0.827 0.662 0.667 0.664 0.426 0.422
1255 1.141 1.135 1.138 0.861 0.928 0.895 0.541 0.531
1440 1.180 1.198 1.189 0.931 0.950 0.941 0.552 0.560
1620 1.242 1.202 1.222 0.938 0.965 0.952 0.609 0.546
1800 1.226 1.243 1.234 0.965 0.948 0.956 0.553 0.559
1980 1.238 1.243 1.241 0.987 0.996 0.991 0.576 0.574
Initial Rate
vo (1073
o 1.60 1.58 1.59 1.34 1.34 1.34 1.00 0.99
M min=")
[14blo (M) -0.003 -0.003 -0.003 -0.003 0.001 -0.002 -0.002 -0.002
R? 0.99 0.99 0.99 0.99 0.99 0.99 0.98 0.99
First-Order Fit
—3
ko:;irgl(; 1.12(4) 1.10(4) 1.11(4) 1.20(3) 1.24(5) 1.22(3) 1.48(6) 1.49(4)
[14blo (M) 1.45(3) 1.45(3) 1.45(3) 1.10(1) 1.112) 1.11(1) 0.63(1) 0.61(1)

@ For all experiments, [9b]o = 1.2 M, [Felwt = 0.010 M. Reactions conducted in benzene at 25 °C. See
Figure S206. Continued in Table S13.
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Table S13. Concentration [14bb] vs. time data with varied [5b]o. @

[14bb]: (M), where:

time where [Sblo = 0.54 M, where [5bjo = 0.39 M where [5bjo = 0.22 M
(min) continued
trial iii trial iv avg trial i trial i avg. trial i trial i avg.
10 0.004 0.004 0.005 0.004 0.006  0.005 0.001 0.001 0.001
20 0.017 0.016 0.017 0.013 0.017  0.015 0.008 0.008 0.008
30 0.026 0.028 0.029 0.023 0.028  0.025 0.016  0.014 0.015
45 0.042 0.042 0.044 0.035 0.042 0.038 0.021 0.021 0.021
60 0.053 0.054 0.054 0.043 0.054  0.048 0.027 0.026  0.027
80 0.069 0.068 0.070 0.054 0.063  0.058 0.035 0.031 0.033
100 0.081 0.083 0.085 0.062 0.076  0.069 0.039 0.037 0.038
120 0.085 0.092 0.094 0.069 0.083 0.076 0.043 0.040 0.042
150 0.102 0.110 0.113 0.083 0.102  0.093 0.056  0.051 0.054
180 0.127 0.130 0.133 0.101 0.118  0.109 0.063 0.064  0.064
240 0.159 0.164 0.169 0.124 0.151 0.138 0.075 0.077 0.076
300 0.189 0.196 0.203 0.150 0.187  0.169 0.094  0.090 0.092
360 0.224 0.231 0.239 0.179 0.216  0.197 0.110 0.109 0.109
420 0.282
480 0.313
540 0.309 0.326 0.331 0.255 0.301 0.278 0.157 0.153  0.155
600 0.369
720 0.384 0.403 0.409 0.298 0.351 0.324 0.177 0.164  0.170
1255 0.505 0.534 0.528 0.390 0.458 0.424 0.218  0.211 0.214
1440 0.515 0.549 0.544 0.398 0.465 0.431 0.232 0213 0.222
1620 0.578
1800 0.556
1980 0.575
Initial Rate
vo (1073
M min~ 0.97 1.00 0.99 0.78 0.96 0.87 0.72 0.65 0.68
")
[14b]o
(M) -0.004 -0.004 -0.003 -0.002 -0.002 -0.002 -0.006 -0.006 -0.005
R? 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99
First-Order Fit
kobs
(1073 1.27(5) 1.20(4) 1.42(4) 1.36(5) 1.45(5) 1.41(5) 1.61(7) 1.73(7) 1.67(6)
min~")
[14b]o
(M) 0.62(1) 0.68(1) 0.62(1) 0.47(1) 0.54(1) 0.50(1) 0.25(1) 0.24(1) 0.25(1)

@ For all experiments, [9b]o = 1.2 M, [Felwt = 0.010 M. Reactions conducted in benzene at 25 °C. See

Figures $206. Continued from Table S12.

S149



1.6_"'|"'|"'I"'I"' O4|||| 2.5_ T T T
s [5blo =14 M | = [5blp=14M 1 =~
] c [
i 5blp = 1.0 M - 5bjp = 1.0 M 1 E20F} 1
12 | ¢+ [5b]o & 03 b ¢ [5b]o 1 E :
[ e [5b]p = 0.54 M e [5b]o = 0.54 M ] = [
s » [5blo=030M & &% s » [5blo = 0.39 M | Lust| = ]
T08F o [5blg=020M =02} o [5bo=020M 1 = | “
3 3 1 2,50
= = | 1] = 10r om 1
04 | 01| TR i -
: : 17 z @ _______________________________ _IC\J 05 | .
| PR S s |
0 AN P B NN BN O_,_i_‘\if....|....|....|....' 0 N R B B
0 400 800 1200 1600 2000 0 25 5 75 100 12F 0.0 05 1.0 15 2.0
time (min) time (min) [5b]o (M)

Figure S208. Concentration vs. time data, monitoring [14bb}:, for trials initiated with varied [5b]o where [9b]o = 1.2 M and [Felwt = 0.010 M. Open
markers represent data points obtained from individual trials; closed markers represent average values obtained from duplicate trials. (A.) Full
reaction time course fit to a first-order rate law (solid lines). (B.) Initial rate profiles obtained from linear regression (dotted lines) to data obtained
where conversion £10%. (C.) Initial rate vs. initial concentration [5b]o. See Table S10 for tabulated data and fit parameters.
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5.5 Determination of Order in [Fe]tot

| X
= + A siMePh + O — I i L N

[9b], = 0.6 M [5b]g =0.5M [ST]=0.30 M

N Sy— A

[Feliot = 2.5-15 mM
(0.5 or 3 mol%)

CeHe, 25 °C
J

Figure S209. Determination of kinetic order in [Fe]tt.

—
mSiMezPh

[14bbly =0 M

Experiments to determine the kinetic order in iron catalyst were performed by varying precatalyst
concentration, ranging from [Felot = 0.5 [[(MePDI)Fe(N2)]2(u2-N2)]o = 5 mM (0.5 mol%) to 30 mM (3.0 mol%),

with constant [5b]o = 1.0 M and [9b]o = 1.2 M. Initial rates were determined from linear regression of the

concentration vs. time data where conversion of the limiting substrate (5b) was <10%. The initial rate data

were examined as a function of [Fe]t where the linear dependence of reaction rate on [Fe]wt was indicative

of a first-order dependence on [Fe]it over the concentration range examined. While a slight deviation from

linearity was observed, this was attributed to the high degree of sensitivity of the iron precatalyst to water

or other trace impurities (e.g. chlorosilane) in the substrate. While attempts to minimize these effects were

taken (vida supra), any trace remaining impurities that could result in immediate catalyst death would have

a proportionally greater effect at low catalyst loading. The raw data and fit parameters are summarized in

Tables S14-16 and plotted in Figures S208-S210.
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Figure S210. Concentration vs. time data for trials
initiated with varied [Fe]wt where [5b]o = 0.5 M and [9b]o
=0.6 M. (A.) 2.5 mM [Fe]iwt. (B.) 5.0 mM [Fe]t. (C.) 10.
mM [Feltot. (D.) 20. mM [Fe]iot. (E.) 30. mM [Felwt. Open
markers represent data points obtained from individual
trials; closed markers represent average values
obtained from duplicate trials. Dotted lines represent
linear regression to the data where conversion £10%.

See Tables S14—16 for tabulated concentration data.
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Figure S211. Concentration vs. time data for trials initiated with varied [Fe]iwt where [5b]o = 0.5 M and [9b]o = 0.6 M monitored as (A.) [5b]: (B.) [9b]:
(C.) [14bb]: Open markers represent data points obtained from individual trials; closed markers represent average values obtained from duplicate
trials. See Tables S14—16 for tabulated data and fit parameters.
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Table S14. Concentration [5b] vs. time data with varied [Fe]tot. @

[5b]t (M) where:

(trlrr::r?) [Feltot = 2.5 mM [Feltt = 5.0 mM [Feltt = 10. mM [Feltt = 20. mM [Felt = 30. mM
trial i trialii  avg trial i trialii  avg trial i trial i  avg trial i trialii  avg trial i trialii  avg
10 0473 0471 0472 0.450 0.484 0.467 0.464 0.466 0.465 0.469 0455 0.462 0.470 0.445 0.458
20 0.464 0.467 0.465 0.449 0.468 0.459 0.450 0.454 0.452 0.451 0.435 0.443 0.441 0.430 0.435
30 0.470 0.456 0.463 0.443 0.468 0.456 0.449 0.450 0.449 -- 0.431 0.450 0.431 0.415 0.423
40 0.462 0.459 0.461 0.433 0.460 0.447 0.436 0.435 0.436 0.432 0.420 0.426 0.414 0.405 0.409
50 0.463 0.461 0.462 0.432 0.464 0.448 0.438 0.441 0.439 0.427 0415 0.421 0.407 0.386 0.397
60 0.467 0.458 0.462 0.434 0.458 0.446 0.429 0.428 0.428 0.419 0403 0.411 0.393 0.378 0.386
75 0.459 0.461 0.460 0.433 0.462 0.447 0.423 0.422 0.423 0.403 0.398 0.400 0.379 0.369 0.374
90 0.462 0.459 0.461 0.428 0.451 0.439 0.420 0.418 0.419 0.397 0.382 0.389 0.371 0.352 0.361
105 0.461 0.456 0.459 0.428 0.446 0.437 0.413 0.408 0.410 0.388 0.376 0.382 0.360 0.349 0.354
120 0.460 0.458 0.459 0.424 0.447 0.436 0.408 0.398 0.403 0.379 0.369 0.374 0.349 0.338 0.343
180 0.448 0.448 0.448 0.400 0.444 0.422 0.381 0.373 0.377 0.345 0.324 0.335 0.303 0.295 0.299
240 0.444 0439 0.441 0.386 0.412 0.399 0.359 0.355 0.357 0.320 0.309 0.314 0.276 0.268 0.272
360 0.433 0.424 0.428 0.365 0.383 0.374 0.333 0.313 0.323 0.265 0.259 0.262 0.218 0.211 0.214
480 0.417 0407 0.412 0.341 0.352 0.347 0.277 0.282 0.280 0.232 0.213 0.223 0.179 0.173 0.176

Initial Rate

Vorgir?j)'v' 11 12 1.1 22 28 25 62 65 66 119 106 119 195 153 17.4
b (M) 047 047 047 045 048 046 047 047 047 048 046 047 047 046 047
R? 093 0.92 0.96 082 084 0.87 092 093 0.91 097 092 0.93 092 099 097

@ For all experiments, [5b]o = 0.5 M, [9b]o = 0.6 M. Reactions conducted in benzene at 25 °C. See Figure S209.
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Table S15. Concentration [9b] vs. time data with varied [Fe]tot. @

[9b]: (M) where:

(trITTr?) [Feltot = 2.5 mM [Feltt = 5.0 mM [Feltt = 10. mM [Feltt = 20. mM [Felt = 30. mM
trial i trialii  avg trial i trialii  avg trial i trialii  avg trial i trialii  avg trial i trialii  avg
10 0.569 0.573 0.571 0.563 0.545 0.554 0.559 0.554 0.557 0.539 0.543 0.541 0.562 0.523 0.543
20 0.564 0.569 0.566 0.564 0.528 0.546 0.542 0.544 0.543 0.519 0.526 0.522 0.526 0.506 0.516
30 0.567 0.563 0.565 0.559 0.525 0.542 0.536 0.538 0.537 - 0.513 0.525 0.514 0.498 0.506
40 0.560 0.562 0.561 0.544 0.522 0.533 0.529 0.524 0.527 0.501 0.504 0.502 0.500 0.486 0.493
50 0.562 0.565 0.563 0.548 0.520 0.534 0.528 0.519 0.524 0.493 0.487 0.490 0.491 0460 0.476
60 0.563 0.562 0.563 0.546 0.514 0.530 0.518 0.516 0.517 0.487 0.488 0.488 0.472 0.452 0.462
75 0.552 0.559 0.556 0.544 0.511 0.528 0.506 0.505 0.506 0.465 0.470 0.468 0.455 0.435 0.445
90 0.556 0.557 0.557 0.533 0.506 0.520 0.504 0.498 0.501 0.460 0.461 0.460 0.448 0.428 0.438
105 0.554 0.553 0.553 0.537 0.501 0.519 0.490 0.491 0.490 0.453 0.453 0.453 0.437 0.417 0.427
120 0.550 0.559 0.554 0.532 0.503 0.518 0.491 0482 0.487 0.443 0.444 0.443 0.425 0.408 0.417
180 0.542 0.547 0.545 0.516 0.477 0.496 0.462 0.451 0.456 0.404 0.401 0.403 0.372 0.362 0.367
240 0.534 0.539 0.536 0.497 0.462 0.480 0.440 0.426 0.433 0.375 0.372 0.374 0.345 0.329 0.337
360 0.518 0.522 0.520 0.470 0.432 0.451 0.399 0.382 0.391 0.312 0.317 0.315 0.271 0.266 0.268
480 0.508 0.499 0.504 0.448 0.405 0.427 0.352 0.351 0.352 0.280 0.275 0.277 0.233 0.225 0.229
Initial Rate
Vo
(10 !\;I min- 1.4 1.3 1.4 29 3.4 3.2 7.3 7.4 7.6 120 13.0 125 240 124 182
b (M) 0.57 0.57 0.57 0.56 0.54 0.55 056 056 0.56 0.55 055 0.55 0.58 0.53 0.56
R? 097 097 0.98 0.86 0.88 0.92 092 097 0.96 09 098 0.97 092 097 094

@ For all experiments, [5b]o = 0.5 M, [9b]o = 0.6 M. Reactions conducted in benzene at 25 °C. See Figure $209.
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Table S16. Concentration [14bb] vs. time data with varied [Fe]ot. @

[14bb]: (M) where:

(trlrr::r?) [Feltot = 2.5 mM [Feltt = 5.0 mM [Feltt = 10. mM [Feltt = 20. mM [Felt = 30. mM
trial i trialii  avg trial i trialii  avg trial i trialii  avg trial i trialii  avg trial i trialii  avg
10 0.002 0.002 0.002 0.001 0.001 0.001 0.004 0.005 0.005 0.007 0.010 0.008 0.012 0.015 0.013
20 0.001 0.002 0.001 0.007 0.008 0.007 0.014 0.016 0.015 0.023 0.024 0.023 0.030 0.032 0.031
30 0.004 0.003 0.004 0.013 0.013 0.013 0.023 0.025 0.024 0.036 0.036 0.045 0.046 0.045
40 0.005 0.007 0.006 0.016 0.018 0.017 0.031 0.032 0.032 0.046 0.048 0.047 0.059 0.063 0.061
50 0.008 0.009 0.008 0.020 0.023 0.022 0.039 0.041 0.040 0.058 0.059 0.058 0.074 0.072 0.073
60 0.010 0.010 0.010 0.025 0.027 0.026 0.046 0.047 0.046 0.066 0.068 0.067 0.084 0.083 0.084
75 0.013 0.014 0.013 0.031 0.034 0.032 0.055 0.055 0.055 0.078 0.080 0.079 0.100 0.102 0.101
90 0.015 0.016 0.015 0.036 0.040 0.038 0.061 0.066 0.063 0.090 0.086 0.088 0.116 0.111 0.114
105 0.018 0.019 0.018 0.040 0.044 0.042 0.070 0.070 0.070 0.099 0.099 0.099 0.128 0.128 0.128
120 0.020 0.021 0.020 0.045 0.048 0.047 0.080 0.077 0.079 0.110 0.109 0.109 0.138 0.138 0.138
180 0.028 0.029 0.028 0.059 0.072 0.066 0.108 0.106 0.107 0.146 0.136 0.141 0.183 0.177 0.180
240 0.036 0.037 0.037 0.074 0.081 0.078 0.131 0.132 0.131 0.178 0.175 0.177 0.220 0.211 0.216
360 0.052 0.054 0.053 0.110 0.116 0.113 0.192 0.178 0.185 0.242 0.232 0.237 0.289 0.275 0.282
480 0.066 0.069 0.067 0.137 0.141 0.139 0.221 0.220 0.221 0.294 0.282 0.288 0.336  0.330 0.333

Initial Rate

(10‘4\1|<(/)I min~ 1.5 1.5 1.5 3.9 4.2 4.1 8.4 7.7 8.3 128 127 128 16,6 155 16.0
b (10)*l M) -0.3 3.0 1.3 -1.9 1.7 -0.1 =31 2.7 =23 —47 22 =35 —42 -12 21
R? 099 0.99 0.99 099 098 0.99 099 099 0.99 099 0.99 0.99 099 099 0.9

@ For all experiments, [5b]o = 0.5 M, [9b]o = 0.6 M. Reactions conducted in benzene at 25 °C. See Figure $209.
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Figure S212. Initial rate as a function of catalyst concentration, [Fe}wt, for trials initiated where [5b]o = 0.5 M and [9bJo = 0.6 M. Open markers
represent data points obtained from individual trials; closed markers represent average values obtained from duplicate trials. See Table S17 for

tabulated data and fit parameters.
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Table S17. Initial rate, vo,

vs. [Feltot. 2

[Feltot vo (10# M min~") =
(mM) —d[5b]/dt —d[9b]/dt d[14bb]/dt

trial i | trial ii | avg trial i | trial ii | avg trial i | trial ii | avg
2.5 1.1 1.2 1.1 1.4 1.3 1.4 1.5 1.5 1.5
5.0 2.2 2.8 25 3.9 4.2 4.1 3.9 4.2 4.1
10. 6.2 6.5 6.6 8.4 7.7 8.3 8.4 7.7 8.3
20. 119 | 10.6 11.9 12.0 | 13.0 12.5 12.8 | 12.7 12.8
30. 195 | 153 17.4 240 | 124 18.2 16.6 | 15.5 16.0
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6. Supplemental Figures

6.1 The a-Silicon Effect

A. Orbital Symmetry Predicts a-[Si] Oxidative Cyclization Regioselectivity
arising from:

Me;Si M]
\ Me;Si

SiMe; |‘|
predictions for

kinetic control .
larger rt* coefficient favored B

B. Electrostatics Rationalize Kinetic a-[Si] Insertion Regioselectivity

. MesSi
0 SiMe3 SiMeg €s! R SiMes
| N,O = Cp*oZr
Cprzr—|| = Cp~zr{] Cp*oZr — L
+N7 N -Ny @)
/
R R -0 100% yield
R = Ph or Cy
; N Ph . Ph
L i 5 mol% [S'] * s l\'l
: Cl,TiNPh] _Ph Me3Si Me
SiM M [py-Cl» >
iMe3 e 6+ / ﬂ'l] N 5 \ )
PhCFs, 115 °C, 3 h
+
(I 4 oo e Ph Ph
Ph Ph 92% yield
96% selectivity

C. Agostic Interactions Perturb Insertion Thermodynamics & Kinetics

C-H agostics in olefin po/ymerization Si-H & Si-C agostics
® _H +
H « H
A A Cp,yHf-_ 1 .Mes
)\ 5 : P2h S, Cpozr L\~ BU
[M] ..\ Mes )
i / M H L sicwe
Me
a-agostic y-agostic a-agostic B-agostic
/H :H Me Me
M X P SimM
H H . B-agostic
B-agostic Me;Si SiMes

Scheme S1. The o-Silicon effect.83-74
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6.2 Lewis Acid Screen

SiMe,Ph
20 mol% [LA]
M—SiMezPh SRR VSRR -
Me

Me
. rt, 24 h
170 18bi: not observed
Lewis Acid Conversion (GC) Yield (GC)

FeCl3 2% trace

AlCl, 100%® 0%

NaCl? 0% 0%

MgCl,? 0% 0%

BF3+Et;,0 13% 0%

@ Anhydrous salts were used. ? Oligomer formation observed.

Figure 214: Summary of Lewis acids evaluated for the proposed rearrangement of 17bi.
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7. Computational Analyses

7.1 Sample Input File for Geometry Optimization & Mossbauer Parameter Calculation
(MePDI)Fe(myrcene)

#MePDIFemyrcene

I RKS B3LYP RIJCOSX def2-SVP def2/J Normalprint SlowConv TightSCF Opt Pal8 UCO

Y%basis NewGTO 26 "def2-TZVP(-f)" end
NewGTO 7 "def2-TZVP(-f)" end
NewAuxGTO 26 "def2/J" end
NewAuxGTO 7 "def2/J" end

end

%SCF Maxlter 1000
TolE 1e-7
TolErr 1e-6

end

*xyz 0 1

Fe 0.00000 0.00000 0.00000
0.38762 -1.89798 -0.51684
1.84117 0.00000 -0.00000
0.36924 1.93066 0.00001

2.23272 -3.58137 -0.86195

2.80688 -3.54779 -1.61092
2.72977 -3.93812 -0.15622

N

N

N

C

H 1.52450 -4.23922 -1.09273
H

H

C 1.67533 -2.23968 -0.50635
C

2.54519 -1.16363 -0.17899
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o T O o o o o o r o r o r o o o rr T T O O O T O T O T O

3.93055

4.38464

4.61660

5.57485

3.91158

4.39731

2.52365

1.64845

2.14629

1.55606

2.99160

2.30143

-0.55822

-0.97744

-1.95411

-2.23678

-2.48256

-3.16838

-2.03466

-2.42824

-1.07250

-0.34645

-0.60442

-0.55707

-1.20974

-2.18025

-2.64012

-2.49625

-1.19033

-2.06492

-0.02435

-0.01418

1.16082

1.97364

1.17146

2.28092

3.68583

4.27936

3.78949

3.95372

-2.92615

-3.01972

-3.95805

-4.03054

-4.79649

-5.42186

-4.72668

-5.31512

-3.79550

-2.20208

-3.79760

2.97393

3.73372

4.65524

5.18966

4.83091

-0.07084

-0.21127

0.24684

0.32299

0.39731

0.58197

0.23966

0.20755

0.34734

-0.06129

-0.05131

1.31669

-0.88269

-2.22346

-2.54654

-3.45671

-1.58848

-1.85051

-0.28892

0.37741

0.10042

-3.33328

1.54402

-0.33710

0.65244

0.25204

0.94477

-1.06998
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r r r * rr r r rr T * T* T T T O T O O O T T O O O O T O =T

-3.18821

-1.82821

-2.02840

-0.84173

-0.90337

-0.06623

-0.56965

-0.50618

-0.11883

-1.56302

-1.84594

-2.00120

-2.14515

-1.89325

-1.98858

-2.10589

-0.14429

-1.78975

-0.55994

-0.43985

-0.18340

0.97061

-1.14163

-0.78438

0.44279

-0.82173

0.69633

-0.46860

5.44547

4.10454

4.25999

3.17906

3.60005

2.46033

-0.21578

0.70229

-0.90169

-0.59135

-1.83204

0.37304

1.29870

0.05189

-0.80584

0.69614

2.85933

3.30678

4.53972

2.75735

1.40314

2.71441

-4.54322

-2.83659

-4.01448

-2.43590

-2.43306

-1.16021

-1.27764
-2.03832

-2.96899

-1.70436

2.13176

-2.79579

2.09163 NewGTO "def2-TZVP(-f)" end
2.39380

2.63791

1.19854 NewGTO "def2-TZVP(-)" end
0.94869

0.23873 NewGTO "def2-TZVP(-f)" end
0.55507

-1.11100 NewGTO "def2-TZVP(-f)" end
-1.39216

-1.78558

2.27327

2.65448

2.51120

-3.75344

-2.67946
-2.72300

2.09207

1.97873

1.57910

-4.26297

-3.39778

-3.12237
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-3.25209 -1.80459 0.84750

-1.40796 -2.17732 1.81272

-1.28441 -1.79441 0.08791

-4.29287 -3.21045 0.82135

-3.46549 -1.34337 -0.09428

-3.48970 -1.54879 1.85903

-6.15360 -3.76052 0.63307

-6.11693 -5.57545 0.76836

-5.47586 -5.97664 0.01140

-7.10609 -5.96273 0.64006

-5.74727 -5.85380 1.73312

-7.61996 -2.73142 0.37930

-8.48719 -3.35517 0.31802

-7.51399 -2.17759 -0.53006

-7.72588 -2.05292 1.19986

r r * OO T T T O O T T O T T O

-3.71178 -4.05305 0.95325

*

%eprnmr nuclei = all Fe {rho, fgrad}

end

7.2 Sample Input File for Natural Bond Order (NBO) Analysis
Vinyl TMS

%chk=checkpoint.chk

%nprocshared=8

%mem=3GB

#p opt freq=noraman rb3lyp/6-31+g(d,p) pop=nbo geom=connectivity
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vinylITMS.gjf

I r T o r T T O I T T O T T T O O °

2]

-4.08308936

-2.89153970

-4.69396663

-4.41300123

-2.56162695

-2.08783650

-3.11826891

-1.47695960

-1.83587830

0.08429214

0.69516904

0.25188945

0.33625034

-2.24078990

-2.07319259

-1.62991299

-3.27122231

-1.78396849

122031.041.0

2510181

3

4

.0

0.12612518

0.12167108

1.00454362

-0.74877614

0.99657304

-2.45033465

-2.73172273

-3.32875335

-1.83068965

-0.96079564

-1.83921434

-0.42063386

-0.34115065

-2.59444440

-2.05428261

-3.47286310

-2.87583248

-1.47097590

0.51998710

-0.12557978

0.50949839

1.04018498

-0.64577603

1.54028766

1.60297576

1.55077571

2.37542666

-0.22022288

-0.20973484

-1.12853802

0.61491612

-1.62074133

-2.52905647

-1.61025329

-1.55805323

-0.10656408
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671.081.091.0181.0

7

8

9

10111.0121.0131.018 1.0

11

12

13

14151.0161.0171.018 1.0

15

16

17

18
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