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Experimental 

Methods and Materials 

 Unless specifically stated, all syntheses and manipulations were performed using 

standard Schlenk-line and syringe/rubber septa techniques under N2 or in an Ar atmosphere 

glovebox. All reagents and solvents were of > 99% purity and anhydrous grade to include 

tetrahydrofuran, pyridine, 1-hexene, 1-hexyne, and heptane. The [2,5-(SiMe3)2-3,4-(CH2)4(
4-

C4C=O)]Fe(CO)3 (1-CO) complex was synthesized according to previously published 

procedure.1  

Physical Measurements 

  All infrared spectra in the kinetic study were recorded using a Bruker Vertex 80 FTIR 

spectrometer equipped with both step-scan and rapid-scan capabilities. A temperature controlled 

0.5 mm path length IR transmission cell (Harrick Scientific) with CaF2 windows was used to 

acquire the spectra. The cell temperature was controlled with the use of a circulating water bath 

(± 0.1 oC). Photolysis of the solution was achieved using a Quantel Brilliant B Nd:YAG laser 

operating at 355 nm (70 mJ/pulse). 

a) Kinetic Studies 

In all studies including those focused on the activation of 1-hexyne and kinetics of 1-

hexene exchange by pyridine all reagents were purged with N2 prior to use. In a typical kinetic 

study involving the displacement of 1-hexene by pyridine, an appropriate amount of complex 1-

CO was degassed under N2 and dissolved in degassed heptane solvent to yield a ~0.5 mM 

solution. The appropriate amount of pyridine and 1-hexene were added to this solution using a 

gas tight syringe. For each experiment, the concentration of 1-hexene was kept constant at 1.74 

M and the amount of pyridine was varied between 0.24M and 1.49 M. The resulting solution was 

transferred to the IR cell using a syringe. After injection into the cell, the sample was allowed to 

thermally equilibrate for a few minutes before the experiment was initiated by photolysis. 

  All experiments were conducted under pseudo first-order conditions with the 

concentration of the pyridine ligand at least 10 times greater than that of the reactant metal 

complex. Observed rate constants (kobs) were obtained from single exponential fits to the 

temporal profile of either reactant or product complexes.   

 To study the photochemistry of 1-CO in the presence of THF,  ~11 mg of 1-CO was 

purged and dissolved in 4.9 mL heptane and THF was added to this solution using a gas tight 

syringe. The solution was then transferred to the IR cell for kinetic studies.  

b) Computational studies 

 All computations were carried out using the development version of the Gaussian1 suite 

of programs. Geometries were optimized using the ωB97XD2 functional and the Def2-SVP3,4 

basis set in the gas phase.  Vibrational analysis was performed to confirm that the optimized 

geometries corresponded to minima or transition states based on the number of imaginary 

frequencies. Single point energy calculations were performed on the optimized geometries using 
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the larger basis set Def2-TZVPP3,4. Thermal corrections computed using Def2-SVP were added 

to the electronic energy computed using Def2-TZVPP to get the enthalpy value H. The bond 

dissociation enthalpies were then calculated for the removal of a ligand (L) from the metal 

complex that binds it ([M]-L) as given below:   

  

𝐵𝐷𝐸 = ∆𝐻[𝑀] + ∆𝐻𝐿 − ∆𝐻[𝑀]−𝐿 . 
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Figure S1. Eyring plot for the isomerization of 1-THFa to 1-THFb.  
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Figure S2. Difference FTIR spectrum resulting from the photolysis of a heptane solution of 1-CO 

(5.21 mM) in the presence of 1-hexene (0.73 M) 293 K.  
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Figure S3. Difference FTIR spectrum resulting from the photolysis of a heptane solution of 1-CO 

(4.49 mM) in the presence of pyridine (0.5 M) at 293 K. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

-0.03

-0.02

-0.01

0

0.01

0.02

0.03

18501900195020002050210021502200


 A

b
s
o
rb

a
n
c
e

Wavenumber (cm
-1

)

1992

1932



7 
 

 
 

 

Figure S4: DFT calculated structure of 1-(2-1-hexene). 
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Figure S5: Eyring plot obtained from the limiting rate constant, k1, for the displacement of 1-

hexene from 1-(2-1-hexene) by pyridine. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

-9

-8.5

-8

-7.5

-7

-6.5

-6

-5.5

0.00315 0.0032 0.00325 0.0033 0.00335 0.0034 0.00345 0.0035

ln
(k

1
/T

)

1/T (K
-1

)

H
‡ 
= 20.2±0.8 kcal/mol

S
‡ 
= +6±3 e.u



9 
 

 

 
 

Figure S6: Difference FTIR obtained upon multiple shot photolysis of a heptane solution of 1-

CO in the presence of 1-hexyne. The positive peaks are due to complex 2 and the negative peaks 

due to the destruction of 1 upon photolysis. The C≡C alkynyl stretching band in complex 2 is 

clearly observed at 2098 cm-1.   
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Figure S6: Eyring plot obtained for the conversion of 1-(2-1-hexyne) to 2.  
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TABLES 

 

Table S1: Experimental and calculated CO’s, and calculated 1-ligand bond dissociation 

enthalpies (BDE) for some of the complexes investigated. 

 

Complex CO (cm-1, experimental) CO (cm-1, calculated, unscaled) 
BDE 

(kcal/mol) 

1-CO 1984, 2006, 2063 - - 

1-THFa 1930, 1990 2128, 2180 26.7 

1-THFb 1937, 1996 2123, 2167 28.5 

1-(2-1-hexene) 1954, 2004 2132, 2166 30.8 

1-pyridine 1932, 1992 - - 

1-(2-1-hexyne) 1951, 2003 2120, 2171 28.2 

2 1977, 2024 2154, 2188 - 

 

Table S2. Relevant rate constants associated with reactions involving 1-THF (isomerization), 1-

(2-1-hexyne) (activation), and 1-(2-1-hexene) (displacement). 

 

T (K) 
1-THF (isomerization)a 

(s-1) 

1-hexyne (activation)b 

(s-1) 

1-hexene (displacement)c 

k1 (s
-1) k2/k-1 

313   0.80±0.06 4.9±1.2 

308  3.90±0.3 0.54±0.05 3.5±1.0 

303  3.12±0.2 0.32±0.05 2.7±1.0 

298  1.90±0.1 0.16±0.01 3.5±0.5 

293 5.01±0.90 1.23±0.05 0.098±0.007 2.0±0.3 

288 2.53±0.10 0.75±0.02 0.044±0.008 2.7±1.1 

283 1.44±0.10 0.58±0.02   

278 0.88±0.04    

273 0.48±0.02    

268 0.36±0.02    

 

Conditions: a1-CO (4.9 mM), THF (0.246 M), b1-CO (4.9 mM), 1-hexyne (0.174 M), c1-CO (≈ 5 

mM), 1-hexene (1.6 M), Py (0.25-1.49 M) in heptane,  

 

 

 

 

 

 


