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General Methods. All reactions were carried out under an inert atmosphere of argon 
or nitrogen using either two-manifold vacuum / inert gas lines or a MBraun glove-
box, unless otherwise noted. Solvents were dried over activated alumina columns and 
further degassed by three successive "freeze-pump-thaw" cycles if necessary. NMR 
spectra were recorded on ARX-300, AMX-400 and AMX-500 Bruker Avance 
spectrometers. 1H and 13C NMR chemical shifts are given in ppm relative to SiMe4, 
with the solvent resonance used as internal reference. 31P NMR chemical shifts are 
reported in ppm relative to H3PO4. Infrared spectra were obtained on a Perkin-Elmer 
1650 FT-IR spectrometer using neat samples on a diamond ATR Golden Gate 
sampler. Optical rotations were measured on a Perkin-Elmer 241 polarimeter 
equipped with a Na-lamp. 
The mass spectrometric data were obtained at the mass spectrometry facility of the 
University of Geneva (http://www.ms.unige.ch/sms). Chiral GC analyses were 
performed on either a HP6890 or a HP6850 gas chromatograph. SFC analyses were 
run on a Berger SFC. Commercial reagents were purchased from Aldrich, Fluka, 
Acros or Strem and used without further purification, unless otherwise noted. Liquid 
reagents were transferred with stainless steel syringes or cannula. Flash 
chromatography was performed using silica gel 60 (230–400 mesh ASTM) from 
Fluka. 
IrCl3

.(H2O)x was generously provided by Johnson-Matthey. [Ir(COD)Cl]2
1 was 

prepared according to literature procedures. New protected ligands L-2a-f and new 
precatalysts 2a-f were fully characterized: data and 1H, 31P{1H},13C{1H} NMR 
(CDCl3) spectra are reported below; 1H, 31P{1H} NMR (THF-d8) are reported. 
Substrates 3b-f and 3h-j were synthesized using our protocol;2 3g was synthesized 
using a procedure reported for a similar substrate.3 Compounds 3b,4b 3c,2b,5 3d,4b 
3e,2b,5,6 3f,2 3g,7 3h,2a 3i,2 3j,5,8 3k,9 4b,2b,4b 4c,2b,4a 4d,2b,4b 4e,2b,10 4f,2b,4b 4g,11 4h,2 
4i,2,4 4j,12 4k13 match the spectroscopic and spectrometric data reported in the 
literature. 
 
Representative procedure for the catalytic isomerization of allylic alcohols using 
(S)-2b. (R)-4-methyl-3-phenylpentanal (4a, Table 1, entry 3): a 25 mL Schlenk 
containing 7.4 mg of catalyst (S)-2b (5.0 mol%) was purged by three successive 
vacuum/N2 sequences and refilled with N2. Distilled THF (2 mL) was added next and 
H2 gas was gently bubbled directly through the solution via a stainless-steel needle at 
room temperature. The orange solution rapidly discolored. After 5 minutes, bubbling 
was ceased, the Schlenk was refilled with N2 and the rubber septum was replaced with 
a polyethylene stopper and the solution degassed by two successive freeze-pump-thaw 
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13 Citronellal is commercially available from Aldrich. 
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cycles. After the second cycle, 17.5 µL of (E)-3-phenylpent-2-en-1-ol (3a, 0.1 mmol) 
were added by micro-syringe and the reaction stirred at room temperature for 4h. 
Volatiles were removed under vacuum, the yellow residue was dissolved in CDCl3 
and conversions were assessed by either 1H NMR spectroscopy or GC analysis using 
an internal standard. For purification, the residue was dissolved in cyclohexane/ethyl 
acetate (3:1) and filtered through a short plug of silica or Celite® (pasteur pipette) to 
remove the deactivated catalyst. The ee was determined by GC using a CP-Chirasil-
Dex-CB chiral column. Yields match conversion in all cases. 
141516171819 
 
 
 
 
Comparative synthetic routes to ligands L-1 and L-2. 
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t-Bu

n-BuLi
R1

2PH(BH3),THF
-78°C to RT, 12-36 h

L-1a R1=1-Ad 63% yield
L-1b R1=t-Bu 71% yield (56% ref. [16])
L-1c R1=Cy 81% yield (89% ref. [16])

BH3

1) I2,THF
reflux, 24h

2) MeOH
3) KOH 20% sol.

quantitative [14]
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THF, reflux, 4h

50% yield [15]
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(S)

O

NH2 HCl
OH

Ph OEt

NH HCl

Et3N, CH2Cl2
RT, 12h

93% yield [18]

Et3N, CH2Cl2
RT, 10h

83% yield [15]
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Et3N, CH2Cl2
RT, 12h

99% yield [19]

DAST
CH2Cl2
-78°C to RT, 1h

98% yield [5]

LiAlH4
Et2O
0°C, 25 min

R2=t-Bu=Ph
94% yield [19]

TsCl
Et3N, CH2Cl2
RT, 8h

R2=t-Bu 83% yield [15]
R2=Ph 78% yield [19]
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O
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R2BH3

n-BuLi
R1

2PH(BH3),THF
-78°C to RT, 36 h

R2=Ph 83% yield
R2=Ph 74% yield
R2=Ph 72% yield
R2=t-Bu 53% yield
R2=t-Bu 61% yield
R2=t-Bu 66% yield

OH

L-2a R1=Cy,
L-2b R1=t-Bu,
L-2c R1=1-Ad,
L-2d R1=Cy,
L-2e R1=t-Bu,
L-2f R1=1-Ad,

HO
(S)

O

NH2 HCl
OH

HCl, MeOH
2h, reflux

quantitative [17]
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