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CHAPTER 4 

 

 

 

Palladium-Catalyzed Decarbonylative Dehydration of Fatty Acids for 

the Synthesis of Linear Alpha Olefins÷ 

 

4.1 Introduction 

 Linear alpha olefins represent an important class of industrial chemicals with a 

wide range of applications.  They are used as co-monomers for ethylene polymerization1 

as well as precursors to plasticizers, lubricants, and surfactants.2  Currently, these olefins 

are mainly produced by oligomerization of ethylene,3 which, in turn, is derived from 

petroleum.  As the world’s oil reserves continue to diminish, development of renewable 

feedstocks for the production of alpha olefins becomes increasingly important.  One 

obvious choice is ethylene from biomass-derived ethanol.4  A potentially more direct 
                                                
÷ This work was performed in collaboration with Kelly E. Kim, Dr. Myles B. Herbert, 
and Dr. Alexey Fedorov, and was partially adapted from the publication: Liu, Y.; Kim, K. 
E.; Herbert, M. B.; Fedorov, A.; Grubbs, R. H.; Stoltz, B. M. Adv. Synth. Catal. 2014, 
356, 130–136. Copyright 2014 John Wiley & Sons, Inc.  
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method is the decarbonylative dehydration of long chain fatty acids.  The latter route is 

particularly attractive because fatty acids are inexpensive and readily available starting 

materials derived from many natural sources.  Since natural fatty acids contain an even 

number of carbon atoms, their corresponding alpha olefins will be odd-numbered after 

decarbonylative dehydration.  Moreover, conventional ethylene oligomerization 

processes deliver only even-numbered alpha olefins,3 and odd-numbered olefins are 

largely inaccessible and prohibitively expensive.5  These odd-numbered olefins are 

valuable building blocks in the synthesis of various fine chemicals such as lepidopteran 

insect pheromones, but are currently far too costly to be practical.6  Therefore, the 

development of an efficient and economic process for fatty acid decarbonylative 

dehydration is highly desirable. 

 Many strategies to convert fatty acids to alpha olefins have been pursued.  Lead 

tetraacetate-mediated oxidative decarboxylation is a classical method. 7   Alternative 

protocols that avoid stoichiometric toxic reagents have also been developed, such as 

Kolbe electrolysis8 and silver-catalyzed oxidative decarboxylation.9  However, these 

reactions proceed through highly reactive radical intermediates, and thus suffer from low 

yields due to many side reactions.  A more recent approach entails the transition metal-

catalyzed decarbonylative dehydration of fatty acids.  A variety of transition metals 

including rhodium,10  iridium,11  palladium,12  and iron13 have been shown to catalyze 

decarbonylative dehydration reactions.  To date, palladium has demonstrated the highest 

activity, and catalyst loadings as low as 0.01 mol% have been reported independently by 

Miller12a and Kraus12b (Scheme 4.1A).  Unfortunately, their methods require very high 

temperatures (230–250 °C).  In addition, it is necessary to distill the olefin product from 
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the reaction mixture as soon as it is formed in order to prevent double bond 

isomerization, and therefore only volatile olefins can be produced this way.  

Decarbonylation processes under milder conditions have been developed independently 

by Gooßen12c and Scott12d (Scheme 4.1B).  Although their reactions proceed at 110 °C, 

much higher palladium catalyst loading (3 mol%) and an expensive, high-boiling-point 

solvent (DMPU) are required.  We envisioned that by judicious choice of ligand set for 

palladium and other parameters, the most advantageous aspects of these two systems 

could be combined.  Herein we report a palladium-catalyzed decarbonylative dehydration 

using low catalyst loading under relatively mild and solvent-free conditions to produce 

alpha olefins in good yield and high selectivity (Scheme 4.1C). 

 

Scheme 4.1 Palladium-catalyzed decarbonylative dehydration. (A) High temperature processes 

(Miller, Kraus). (B) Low temperature processes (Gooßen, Scott). (C) This research. 
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4.2 Optimization of Reaction Conditions 

 At the outset of our study, we examined the palladium-catalyzed decarbonylative 

dehydration of stearic acid (128a) in neat acetic anhydride as the dehydrating agent 

(Table 4.1). A preliminary survey of phosphine ligands revealed Xantphos to be an 

optimal and unique ligand for the transformation (entries 1–4).  It is believed that acetic 

anhydride converts the stearic acid into stearic anhydride in situ, which then undergoes 

oxidative addition by Pd(0) to initiate the catalytic cycle.12  Considering that acetic 

anhydride itself could compete with stearic anhydride for oxidative addition at the metal 

center, we sought to simplify the system by using pre-formed stearic anhydride (128a’) 

alone.  To our surprise, the decarbonylation of neat stearic anhydride with the same 

catalyst was exceedingly slow (only 12% yield, 120 TON, in 2 h; entry 5).  Comparing 

the two systems, we found that the former had one equivalent of acid in it, while the latter 

was acid-free.  Thus, we posited that acid might play a role in promoting reactivity.  

Consequently we added 1 mol% isophthalic acid to the system, and the yield rose to 22% 

(entry 6).  When the ligand-to-metal ratio was reduced from 4:1 to 1.2:1, the yield 

dramatically increased to 92%, but the selectivity dropped to 31% (entry 7).  Since it has 

been shown previously that triphenylphosphine can inhibit olefin isomerization,12a we 

used PdCl2(PPh3)2 instead of PdCl2(nbd) (nbd = norbornadiene), and we were delighted to 

observe an increase in selectivity to 54% with negligible erosion in yield (90%; entry 8).  

Finally, we examined a number of protic additives (entries 9–12), and found that (t-

Bu)4biphenol gave the optimal overall performance to furnish the highest yield of alpha 

olefin (entry 12). 
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Table 4.1 Effects of catalyst, ligand, and additive a 

 
a Conditions: A) 1 equiv 128a (5 mmol), 2 equiv Ac2O; B) 1 equiv 128a' (5 mmol).  b Determined by 1H 
NMR with methyl benzoate as internal standard.  Alpha = 129a/(129a+130a).  c Y x A = Yield x Alpha. 

 

 One major limitation of using pre-formed stearic anhydride as the substrate is that 

only half of the molecule can be converted to the olefin while the other half is wasted as 

stearic acid, so the maximum theoretical yield based on the acid is 50%.  Control 

experiments also revealed that the buildup of acid in the reaction mixture was responsible 

for olefin isomerization and erosion of alpha selectivity.  We envisioned that portionwise 

addition of acetic anhydride to the reaction mixture and distillation of acetic acid in situ 

could transform stearic acid back into its anhydride, thereby reducing acid concentration 
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and increasing the yield and selectivity (Table 4.2).  When two portions of acetic 

anhydride were added to the reaction mixture with immediate distillation of acetic acid, 

once every 1.5 hours, the olefin product was obtained in 69% yield based on stearic acid 

and 62% selectivity (entry 1).  Furthermore, when three portions of acetic anhydride were 

added, once every hour, the olefin product was obtained in 67% yield and 86% alpha 

selectivity (entry 2).  Finally, when six portions of acetic anhydride were added, once 

every half hour, the olefin product was obtained in 67% isolated yield and 89% alpha 

selectivity (entry 3).  The selectivity trend clearly shows that the more frequently acetic 

anhydride is added to dehydrate stearic acid, the higher the alpha selectivity.  This is a 

remarkable result in that it is possible to maintain high selectivity without having to distill 

the olefin product out of the reaction mixture as it forms. 

 

Table 4.2 Portionwise addition of acetic anhydride a 

 
a 20 mmol 128a.  b Determined by 1H NMR (isolated yield in 
parentheses). 

 

4.3 Study of Reaction Scope 
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saturated fatty acids with carbon numbers from 12 to 18 all provided the corresponding 

olefin in good yield and high alpha selectivity (entries 1–4).  In particular, volatile olefins 

were formed with exceptionally high selectivities (entries 3 and 4).  Terminally 

functionalized fatty acids were also competent substrates, and functional groups such as 

esters, chlorides, imides, silyl ethers, ketones, terminal olefins, and substituted aromatics 

were all well tolerated (entries 5–13).  Notably, allylbenzene derivative 129k was formed 

with 91% alpha selectivity (entry 11), which is impressive considering the significant 

thermodynamic driving force for isomerization into conjugation with the aromatic ring.  

Carboxylic acids with α- or β-substituents were considerably less reactive (entries 14–

16).  Nevertheless, catalyst turnovers up to 400 could be achieved for these challenging 

substrates.  Compared to previous reports by Miller12a and Kraus,12b our reaction exhibits 

a much broader scope, does not require distillation of the olefin products to maintain high 

selectivity, and is compatible with various heteroatom-containing functional groups. 
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Table 4.3 Substrate scope study a 

 
a Conditions: 20 mmol 1, 6 portions of Ac2O, 1+0.14+0.12+0.10+0.09+0.08 equiv, added every 30 min.  b 
Isolated yield (column chromatography).  c Determined by 1H NMR.  d Purified by distillation.  e 18.5 
mmol 128e.  f PdCl2(nbd) (0.05 mol%), PPh3 (0.05 mol%), Xantphos (0.06 mol%), 1.5 h, 3 portions of 
Ac2O (1+0.15+0.10 equiv).  g Single isomer observed.  h PdCl2(PPh3)2 (0.25 mol%), Xantphos (0.30 
mol%), (t-Bu)4biphenol (1 mol%), 129n:130n = 49:51.  i 2-methyldecanoic anhydride (10 mmol), no 
Ac2O, PdCl2(nbd) (1 mol%), Xantphos (1.1 mol%), salicylamide (2 mol%), 160 °C, 10 mmHg distillation, 
10 h, 130p:129p = 73:27. 
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4.4 Large Scale Reactions 

 Since this process requires no solvent and low catalyst loading, it can be readily 

scaled up (Scheme 4.2).  In a laboratory setting, a 100 mmol scale (28.4 g stearic acid or 

23.0 g 10-acetoxydecanoic acid) decarbonylative dehydration was easily carried out in a 

100 mL round-bottom flask.  Compared with small-scale reactions, the large-scale ones 

afforded products in similar yields and slightly higher alpha selectivity.  When the olefin 

is sufficiently volatile, it is distilled out together with the acetic acid (Table 4.3, entries 3–

6, 11, and 13).  Although distillation of olefin is not necessary in order to maintain high 

selectivity (e.g. Scheme 4.2A), it is convenient to do so for volatile olefins (Scheme 

4.2B). 

 

Scheme 4.2 Large-scale decarbonylative dehydration of stearic acid and 10-acetoxydecanoic acid 

 

 

4.5 Synthetic Utility of Alpha Olefin Products 

 The olefin products thus obtained are important building blocks in chemical 
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Aided by Z-selective cross metathesis catalyst 132, olefin 129f reacts with 1-pentene or 

1-hexene to afford pheromones 131a or 131b in 58% and 48% yield, respectively, and 

>98% Z-selectivity (Table 4.4).6b 

 

Table 4.4 Synthesis of pheromones 131a and 131b from olefin 129f 

 
a 4.8 mmol 129f.  b Determined by 1H NMR. 

 

4.6 Concluding Remarks 

 In summary, we have developed a highly efficient palladium-catalyzed 

decarbonylative dehydration process that converts carboxylic acids (e.g. fatty acids) to 

linear alpha olefins in good yield and with high selectivity.  The reaction requires low 

palladium catalyst loading and proceeds under solvent-free and relatively mild 

conditions.  In situ distillation of the olefin product is not necessary, and a wide range of 

functionalized and unfunctionalized carboxylic acids can be transformed into their 

corresponding olefins.  Process development for large-scale production is underway and 

will be reported in due course.  A small-scale application in natural product synthesis is 

presented in Chapter 5. 
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4.7 Experimental Section 

4.7.1 Materials and Methods 

 Unless otherwise stated, reactions were performed in flame-dried glassware under 

a nitrogen atmosphere or under vacuum without the use of solvents.  Reaction progress 

was monitored by 1H NMR analysis of the crude reaction mixture.  Silicycle SiliaFlash® 

P60 Academic Silica gel (particle size 40−63 nm) was used for flash chromatography.  1H 

NMR spectra were recorded on a Varian Inova 500 MHz spectrometer and are reported 

relative to residual CHCl3 (δ 7.26 ppm) or DMSO (δ 2.50 ppm).  13C NMR spectra were 

recorded on a Varian Inova 500 MHz spectrometer (125 MHz) and are reported relative 

to CHCl3 (δ 77.16 ppm) or DMSO (δ 39.52 ppm).  Data for 1H NMR are reported as 

follows: chemical shift (δ ppm) (multiplicity, coupling constant (Hz), integration).  

Multiplicities are reported as follows: s = singlet, d = doublet, t = triplet, q = quartet, p = 

pentet, sept = septuplet, m = multiplet, br s = broad singlet, br d = broad doublet, app = 

apparent.  Data for 13C NMR are reported in terms of chemical shifts (δ ppm).  IR spectra 

were obtained by use of a Perkin Elmer Spectrum BXII spectrometer using thin films 

deposited on NaCl plates and reported in frequency of absorption (cm-1).  High-resolution 

mass spectra (HRMS) were provided by the California Institute of Technology Mass 

Spectrometry Facility using a JEOL JMS-600H High Resolution Mass Spectrometer by 

positive-ion FAB, or obtained with an Agilent 6200 Series TOF using Agilent G1978A 

Multimode source in negative electrospray ionization (ESI–), negative atmospheric 

pressure chemical ionization (APCI–), or negative mixed ionization mode (NMM: ESI-

APCI–).  Reagents were purchased from Sigma-Aldrich, Acros Organics, Strem, or Alfa 

Aesar and used as received unless otherwise stated. 
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4.7.2 General Procedure for Optimization Reactions (Route A) 

 

 To a 20 x 150 mm Kimble glass tube equipped with a magnetic stir bar was added 

PdCl2(nbd) (0.005 mmol, 0.1 mol%), ligand (monophosphine: 0.04 mmol, 0.8 mol%; 

diphosphine: 0.02 mmol, 0.4 mol%), and stearic acid 128a (5 mmol, 1 equiv).  The tube 

was sealed with a rubber septum, evacuated and refilled with N2 (x 3), and acetic 

anhydride (10 mmol, 2 equiv) was added via syringe.  The reaction tube placed in a 

preheated 132 °C oil bath (glass thermometer reading = 132 °C, IKA reading = 140 °C) 

and stirred for 2 h.  The oil bath was removed, and methyl benzoate (internal standard, 5 

mmol, 1 equiv) was added and the resulting mixture stirred for 1 min.  An aliquot of the 

crude mixture was taken by pipette and analyzed by 1H NMR.  The results of additional 

ligand screen are shown in Table 4.5. 

 

PdCl2(nbd) (0.1 mol%)
ligand

neat, 132 °C, 2 h
1 atm N2

− CO, − AcOH

C15H31 internal olefinsC15H31 OH

O

128a

+    Ac2O +

129a 130a
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Table 4.5  Additional ligand screen a 

 
a 128a (5 mmol, 1 equiv), Ac2O (2 equiv). b Determined by 1H 
NMR with methyl benzoate as internal standard.  c Y x A = 
Yield x Alpha. 

 

4.7.3 General Procedure for Optimization Reactions (Route B) 

 

 The procedure for the representative reaction (Table 4.1, entry 12) is shown as 

follows.  To a 20 x 150 mm Kimble glass tube equipped with a magnetic stir bar was 

added PdCl2(PPh3)2 (0.005 mmol, 0.1 mol%), Xantphos (0.006 mmol, 0.12 mol%), (t-
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P(2-furyl)3 (0.8)
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dppb (0.4)
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0
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0
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0
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0
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0
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Bu)4biphenol (0.05 mmol, 1 mol%), and stearic anhydride 128a’ (5 mmol, 1 equiv).  The 

tube was sealed with a rubber septum, evacuated and refilled with N2 (x 3), and placed in 

a preheated 132 °C oil bath and stirred for 2 h.  The oil bath was removed, and methyl 

benzoate (internal standard, 5 mmol, 1 equiv) was added and the resulting mixture stirred 

for 1 min.  An aliquot of the crude mixture was taken by pipette and analyzed by 1H 

NMR. 

 

4.7.4 General Procedure for Preparative Pd-Catalyzed Decarbonylative 

Dehydration 

 

 A 15 mL round-bottom flask was charged with PdCl2(PPh3)2 (0.01 mmol, 0.05 

mol%), Xantphos (0.012 mmol, 0.06 mol%), (t-Bu)4biphenol (0.1 mmol, 0.5 mol%), and 

fatty acid substrate (20 mmol, 1 equiv).  The flask was equipped with a distillation head 

and a 25 mL round-bottom receiving flask.  The closed system was connected to a 

vacuum manifold, equipped with a needle valve and a digital vacuum gauge.  The system 

was evacuated and refilled with N2 (x 3), and the first portion of acetic anhydride (20 

mmol, 1 equiv) was added via syringe through the septum that seals the top of the 

distillation head.  The flask was lowered into a 20 °C oil bath and gradually heated to 132 

°C in 23 min.† When oil bath temperature rose to 122 °C, the needle valve was closed, 

switched to vacuum, and the needle valve carefully and slowly opened to allow 

                                                
† When the reaction was performed at 100 mmol scale with high-melting substrates such as stearic acid, the 
reaction flask was first heated to 85 °C until all solid melted, and then to 132 °C.  Overall heating time 
from 20 to 132 °C was approximately 40 min. 

R OH

O
+      Ac2O

PdCl2(PPh3)2 (0.05 mol%)
Xantphos (0.06 mol%)

(t-Bu)4biphenol (0.5 mol%)

neat, 132 °C, 3 h
1−5 mmHg distillation

− CO, − AcOH

R internal olefins+

128
129 130(6 portions)
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distillation of acetic acid into a receiving flask, which was cooled to –78 °C.  When the 

oil bath temperature reached 130 °C, time was recorded as t = 0.  After distillation ceased 

(about t = 3 min), the needle valve was opened fully and a vacuum of 1–5 mmHg was 

drawn.  At t = 30 min, the system was refilled with N2, and the second portion of acetic 

anhydride (2.8 mmol, 0.14 equiv) was added via syringe.  The system was then gradually 

(t = 35 min) resubjected to a vacuum of 1–5 mmHg.  Acetic anhydride was added as 

follows (0.12, 0.10, 0.09. 0.08 equiv) in the same manner every 30 min.  The reaction 

was stopped at t = 3 h and allowed to cool to ambient temperature.  The residual reaction 

mixture was purified by flash chromatography.  If it contained solids, it was suction-

filtered first and the solids washed with hexanes, and the filtrate was concentrated and 

purified by chromatography.  In cases where the product was distilled together with 

acetic acid, the distillate was added dropwise to a saturated NaHCO3 solution, stirred for 

30 min, and the resulting mixture was extracted with dichloromethane (30 mL x 3).  The 

combined extracts were dried over Na2SO4, filtered and concentrated.  The crude product 

was then subjected to flash chromatography or distillation to afford the olefin in pure 

form. 

 

4.7.5 Spectroscopic Data for Acid Substrates 

Saturated fatty acids 128a–128d and 128m are commercially available.  Carboxylic acids 

128e,16 128f,17 128g,18 128i,19 128j,20 128k,21 128l,22 and 128n23 are known compounds 

and prepared according to literature methods. 
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15-Chloropentadecanoic acid (128h).  1H NMR (500 MHz, CDCl3) δ 3.52 (t, J = 6.8 

Hz, 2H), 2.34 (t, J = 7.5 Hz, 2H), 1.79–1.73 (m, 2H), 1.62 (p, J = 7.5 Hz, 2H), 1.46–1.20 

(m, 20H); 13C NMR (126 MHz, CDCl3) δ 180.6, 45.3, 34.2, 32.8, 29.7, 29.7, 29.7, 29.7, 

29.6, 29.6, 29.4, 29.2, 29.0, 27.0, 24.8; IR (Neat Film) 2916, 2848, 1701, 1462, 1410, 

1302, 943, 721 cm-1; HRMS (NMM: ESI-APCI–) m/z calc’d for C15H28O2Cl [M–H]–: 

275.1783, found 275.1794. 

 

 

3-Methylpentadecanoic acid (128o).  1H NMR (500 MHz, CDCl3) δ 2.35 (dd, J = 15.0, 

5.9 Hz, 1H), 2.14 (dd, J = 15.0, 8.2 Hz, 1H), 2.01–1.90 (m, 1H), 1.38–1.15 (m, 22H), 

0.96 (d, J = 6.7 Hz, 3H), 0.88 (t, J = 6.9 Hz, 3H); 13C NMR (126 MHz, CDCl3) δ 180.1, 

41.8, 36.8, 32.1, 30.3, 29.9, 29.8, 29.8, 29.8, 29.8, 29.8, 29.5, 27.0, 22.9, 19.8, 14.3; IR 

(Neat Film) 2914, 2852, 1701, 1473, 1410, 1300, 1151, 1123, 954, 715; HRMS (NMM: 

ESI-APCI–) m/z calc’d for C16H31O2 [M–H]–: 255.2330, found 255.2328. 

 

4.7.6 Spectroscopic Data for Olefin Products 

 

1-Heptadecene (129a).24  1H NMR (500 MHz, CDCl3) δ 5.82 (ddt, J = 16.9, 10.2, 6.7 Hz, 

1H), 5.07–4.86 (m, 2H), 2.11–1.98 (m, 2H), 1.49–1.08 (m, 26H), 0.88 (t, J = 6.9 Hz, 3H). 

 

Cl
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1-Pentadecene (129b).25  1H NMR (500 MHz, CDCl3) δ 5.82 (ddt, J = 16.9, 10.2, 6.7 Hz, 

1H), 5.07–4.85 (m, 2H), 2.11–1.97 (m, 2H), 1.46–1.08 (m, 22H), 0.88 (t, J = 6.9 Hz, 3H). 

 

 

1-Tridecene (129c).26  1H NMR (500 MHz, CDCl3) δ 5.82 (ddt, J = 17.0, 10.1, 6.7 Hz, 

1H), 5.09–4.83 (m, 2H), 2.11–1.97 (m, 2H), 1.48–1.11 (m, 18H), 0.88 (t, J = 6.9 Hz, 3H). 

 

 

1-Undecene (129d).27  1H NMR (500 MHz, CDCl3) δ 5.82 (ddt, J = 16.9, 10.2, 6.7 Hz, 

1H), 5.08–4.84 (m, 2H), 2.11–1.98 (m, 2H), 1.47–1.09 (m, 14H), 0.88 (t, J = 6.9 Hz, 3H). 

 

 

Ethyl non-8-enoate (129e).28  1H NMR (500 MHz, CDCl3) δ 5.80 (ddt, J = 16.6, 9.9, 6.8 

Hz, 1H), 5.07–4.87 (m, 2H), 4.12 (q, J = 7.2 Hz, 2H), 2.28 (t, J = 7.5 Hz, 2H), 2.10–1.98 

(m, 2H), 1.69–1.54 (m, 2H), 1.46–1.28 (m, 6H), 1.25 (t, J = 7.1 Hz, 3H). 
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Non-8-en-1-yl acetate (129f).29  1H NMR (500 MHz, CDCl3) δ 5.80 (ddt, J = 16.9, 10.2, 

6.7 Hz, 1H), 5.07–4.87 (m, 2H), 4.05 (t, J = 6.8 Hz, 2H), 2.14–1.94 (m, 5H), 1.70–1.52 

(m, 2H), 1.47–1.18 (m, 8H). 

 

 

Tetradec-13-en-1-yl acetate (129g).30  1H NMR (500 MHz, CDCl3) δ 5.81 (ddt, J = 16.8, 

10.1, 6.8 Hz, 1H), 5.08–4.86 (m, 2H), 4.05 (t, J = 6.8 Hz, 2H), 2.11–1.98 (m, 5H), 1.69–

1.53 (m, 2H), 1.45–1.09 (m, 18H). 

 

 

14-Chlorotetradec-1-ene (129h).  1H NMR (500 MHz, CDCl3) δ 5.81 (ddt, J = 17.0, 

10.2, 6.7 Hz, 1H), 5.07–4.86 (m, 2H), 3.53 (t, J = 6.8 Hz, 2H), 2.11–1.98 (m, 2H), 1.77 

(dt, J = 14.5, 6.9 Hz, 2H), 1.50–1.10 (m, 18H); 13C NMR (126 MHz, CDCl3) δ 139.4, 

114.2, 45.3, 34.0, 32.8, 29.8, 29.7, 29.7, 29.6, 29.6, 29.3, 29.1, 29.0, 27.0; IR (Neat Film, 

NaCl) 3076, 2925, 2854, 1641, 1465, 1309, 993, 966, 909, 723 cm-1; HRMS (FAB+) m/z 

calc’d for C14H27
35Cl [M]+: 230.1801, found 230.1808. 

 

 

2-(Pent-4-en-1-yl)isoindoline-1,3-dione (129i).31  1H NMR (500 MHz, CDCl3) δ 7.89–

7.73 (m, 2H), 7.73–7.58 (m, 2H), 5.77 (ddt, J = 16.9, 10.2, 6.6 Hz, 1H), 5.10–4.87 (m, 

2H), 3.74–3.57 (m, 2H), 2.17–2.00 (m, 2H), 1.74 (p, J = 7.5 Hz, 2H). 

AcO
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Cl
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tert-Butyl(pent-4-en-1-yloxy)diphenylsilane (129j).32  1H NMR (500 MHz, CDCl3) δ 

7.67 (dt, J = 6.5, 1.5 Hz, 4H), 7.39 (dddd, J = 14.4, 8.3, 6.0, 2.1 Hz, 6H), 5.80 (ddt, J = 

16.9, 10.2, 6.6 Hz, 1H), 5.09–4.87 (m, 2H), 3.68 (t, J = 6.5 Hz, 2H), 2.15 (tdd, J = 8.1, 

6.8, 1.4 Hz, 2H), 1.73–1.60 (m, 2H), 1.05 (s, 9H). 

 

 

1-Allyl-4-methoxybenzene (129k).33  1H NMR (500 MHz, CDCl3) δ 7.17–7.06 (m, 2H), 

6.91–6.78 (m, 2H), 5.96 (ddt, J = 16.8, 10.1, 6.7 Hz, 1H), 5.13–4.99 (m, 2H), 3.79 (s, 

3H), 3.34 (d, J = 6.7 Hz, 2H). 

 

 

Tridec-12-en-2-one (129l).34  1H NMR (500 MHz, CDCl3) δ 5.81 (ddt, J = 16.9, 10.1, 6.7 

Hz, 1H), 5.06–4.87 (m, 2H), 2.41 (t, J = 7.5 Hz, 2H), 2.13 (s, 3H), 2.09–1.97 (m, 2H), 

1.62–1.49 (m, 2H), 1.46–1.11 (m, 12H). 

 

 

Deca-1,9-diene (129m).35  1H NMR (500 MHz, CDCl3) δ 5.81 (ddt, J = 17.0, 10.2, 6.7 

Hz, 2H), 5.08–4.86 (m, 4H), 2.11–1.98 (m, 4H), 1.48–1.21 (m, 8H). 
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(3,6-Dihydropyridin-1(2H)-yl)(phenyl)methanone (129n). 36   1H NMR (500 MHz, 

DMSO-d6, 130 °C) δ 7.41 (ddd, J = 24.3, 6.8, 3.4 Hz, 5H), 5.90–5.82 (m, 1H), 5.78–5.64 

(m, 1H), 4.00 (p, J = 2.8 Hz, 2H), 3.56 (t, J = 5.8 Hz, 2H), 2.16 (dp, J = 8.7, 3.2 Hz, 2H). 

 

 

(3,4-Dihydropyridin-1(2H)-yl)(phenyl)methanone (129n). 37   1H NMR (500 MHz, 

DMSO-d6, 130 °C) δ 7.45 (tdd, J = 6.0, 3.9, 2.4 Hz, 5H), 6.78–6.61 (m, 1H), 4.97 (dt, J = 

8.2, 3.9 Hz, 1H), 3.72–3.60 (m, 2H), 2.09 (tdd, J = 6.2, 3.8, 2.0 Hz, 2H), 1.85 (p, J = 6.1 

Hz, 2H). 

 

 

2-Methyltetradec-1-ene (129o).38  1H NMR (500 MHz, CDCl3) δ 4.72–4.63 (m, 2H), 

2.00 (t, J = 7.7 Hz, 2H), 1.71 (s, 3H), 1.47–1.11 (m, 20H), 0.88 (t, J = 6.9 Hz, 3H). 

 

 

(E)- and (Z)-2-decene (129p).39  1H NMR (500 MHz, CDCl3) δ 5.48–5.35 (m, 2H), 2.07–

1.93 (m, 2H), 1.64 (d, J = 4.2 Hz, 3H, E-olefin), 1.60 (d, J = 6.1 Hz, 3H, Z-olefin), 1.43–

1.20 (m, 10H), 0.88 (t, J = 6.6 Hz, 3H). 
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4.7.7 General Procedure for Pheromone Synthesis by Ru-Catalyzed Cross 

Metathesis6b 

 

 In a glovebox, a 20 mL vial was charged with 8-nonenyl acetate (129f,†† 1.0 mL, 

4.8 mmol), 1-pentene or 1-hexene (48 mmol), and THF (2.6 mL).  Ruthenium metathesis 

catalyst 132 (16 mg, 0.024 mmol, 0.5 mol%) was added and the reaction was stirred at 35 

°C in an open vial for 2 hours.  The vial was removed from the glovebox, quenched with 

ethyl vinyl ether (2.5 mL) and stirred for 30 minutes.  The solvent was then removed in 

vacuo.  The crude mixture was passed through a SiO2 plug (hexane to 4% ethyl acetate in 

hexanes) to provide a mixture of unreacted 8-nonenyl acetate and pheromone 131.  

Pheromone 131 was isolated by distillation using a Kugelrohr apparatus. 

 

 

(Z)-dodec-8-en-1-yl acetate (131a).6a  1H NMR (500 MHz, CDCl3) δ 5.35 (2H, m), 4.04 

(2H, t, J = 6.8 Hz), 2.04 (3H, s), 2.01 (4H, m), 1.61 (2H, m), 1.27–1.39 (10H, m), 0.89 

(3H, t, J = 7.4 Hz). 

 

                                                
†† An inseparable mixture of olefin isomers 129f and 130f was used for this reaction.  For 131a, the mixture 
was 98% alpha (129f:130f = 98:2); for 131b, the mixture was 96% alpha (129f:130f = 96:4). 

N N DIPP

Ru

O
iPr

O
N OO

129f

OAc
( )7

132  (0.5 mol%)

THF, 35 °C, 2 h
R OAc( )
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+R

R = C3H7
131b R = C4H9

132
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(Z)-tridec-8-en-1-yl acetate (131b).6b  1H NMR (500 MHz, CDCl3) δ 5.34 (m, 2H), 4.05 

(t, J = 6.8 Hz, 2H), 2.00–2.04 (m, 7H), 1.60–1.63 (m, 2H), 1.29–1.36 (m, 12H), 0.88–

0.91 (m, 3H). 
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