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Introduction

Two Proposed Pathways of the Asymmetric Hydrofunctionalization of 1,3-Dienes
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Introduction

Asymmetric Hydrofunctionalization of 1,3-Dienes via Migratory Insertion
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Introduction

Asymmetric Hydrofunctionalization of 1,3-Dienes via Migratory Insertion
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Introduction

Asymmetric Hydrofunctionalization of 1,3-Dienes via LLHT
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Introduction

Asymmetric Hydrofunctionalization of 1,3-Dienes via LLHT
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Project Synopsis
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Introduction

Asymmetric Cyclization of 1,3-Dienes via n-Lewis Base Activation
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Project Synopsis
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Optimization of the Reaction Conditions

, ,12h, NN
1a 2a
Entrya [Pd] L A Solvent Yield (%)P Ee (%)°
1 Pd(PPhy), / / THF / /
2 Pd(PPh,), / Al THF 70 /
3 Pd,dba, L1 Al THF 46 -50
4 Pd,dba, L2 Al THF 47 -59
5 Pd,dba, L3 Al THF 72 67
6 Pd,dba, L4 Al THF 23 56
7 Pd,dba, L5 Al THF 67 75
8 Pd,dba, L5 Al MeOH 77 69
9 Pd,dba, L5 Al Toluene 85 43

aReaction conditions: 1a (0.05 mmol), [Pd] (10 mol%), L (6 mol%) and acid additive A (20 mol%) in solvent (0.5 mL) at

80 °C for 12 h under Ar. Yield of the isolated product. cDetermined by HPLC analysis on a chiral stationary phase.
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Optimization of the Reaction Conditions

o ") o Ts /N
Ph/\/\/\N/NHTS [Pd] (10 :ol %), L (6 cr)nol %), A (20 mol /o)= \U
olvent, 80 °C, 12 h, Ar PN
PR X Oy ,OH
P
12 2a pho” “OPh
A1
Entrya [Pd] L A Solvent Yield (%)P Ee (%)°
9 Pd,dba, L5 Al THF 67 75 OO
10 Pd,dba, L5 (S)-A2 THF 71 55 o o
11 Pd,dbay, L5 (R)-A2 THF 76 73 o on
12 Pd,dba, L5 A3 THF 70 83 O‘
13 Pd,dba, L5 A4 THF 77 83 A2
14 Pd,dba, L5 Ab THF 72 86
15d Pd,dba, L5 A5 THF 66 89 /N Lon
16de Pd,dba, L5 A5 THF 90 89 R=""0
A3 R = 4-Me
17def Pd,dba, L5 A5 THF 88 96 AMMR=4Cl
18defts  Pd,dbay, L5 A5 THF 88 96 A5 R =2,4,6-Pr

aReaction conditions: 1a (0.05 mmol), [Pd] (10 mol%), L (6 mol%) and acid additive A (20 mol%) in solvent (0.5 mL) at
80° C for 12 h under Ar. bYield of the isolated product. °Determined by HPLC analysis on a chiral stationary phase. With A5
(40 mol%). eWith 1.5 mL THF. fAt 40 °C for 48 h. 9With Pd,dba, (2.5 mol%) and L5 (3 mol%).




Substrate Scope

R Pd,dbag (2.5 mol%), L5 (3 mol%), A5 (40 mol%)

Rz/\/\)\\N/NHPG THF, 40 °C, 12-72 h, Ar
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20 (R = Me): 98%, 90% ee (25 °C)?
2p (R = CF3): 94%, 80% ee (25 °C)
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2d: (R = H): 80%, 95% ee®
2e: (R = Me): 94%, 96% ee'

Ts \N _N
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2r: (Ar=Ph): 97%, 91% ee
2s: (Ar = 2-Naphthyl): 81%, 90% ee
2t: (Ar = 2-Thienyl): 91%, 90% ee
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2f: 90%, 93% ee

2g: (R = 2-Cl): 53%, 93% ee

2h: (R = 3-CF3): 97%, 93% ee
2i: (R = 4-F): 88%, 98% ee
2j: (R =4-Cl): 91%, 95% ee
2k: (R =4-Br): 94%, 94% ee
21: (R =4-NO,): 85%, 82% ee

2m: (R = 4-Me): 86%, 98% ee
2n: (R = 4-OH): 75%, 97% ee

Ts _N

L~
P h/\\\\\‘“"

2u: 97%, 76% ee (80 °C)

aUnless noted otherwise, reactions were performed using hydrazone 1 (0.1 mmol), Pd,dbag (2.5 mol%), L5 (3 mol%) and A5 (40 mol%) in THF (3.0 mL) at 40 °C 12-72 h under Ar. ® With L3. °With Pd,dbas (5 mol%) and L5 (6 mol%). “With Pd,dbas (2.5 mol%)

and L6 (6 mol%).
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Substrate Scope

R1
RZWN/NHPG
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BOC\N/N N \
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MeO,C /\/\\\\‘\“"
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Pddbag (2.5 mol%), L5 (3 mol%), A5 (40 mol%) ~n-N

THF, 40 °C, 12-72 h, Ar

Boc _N Ts _N

S A

2x: 97%, 90% ee (60 °C)d 2y: 44%, 95% ee (60 °C)°
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s N N
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2ac: 60%, 95% ee (60 °C)°

from fluvastatin
2ae: 85%, 82% ee (60 °C)

from L-(-)-perillaldehyde
2ad: 71%, >19:1dr (60 °C)

aUnless noted otherwise, reactions were performed using hydrazone 1 (0.1 mmol), Pd,dbas (2.5 mol%), L5 (3 mol%) and A5 (40 mol%) in THF (3.0 mL) at 40 °C 12-72 h under Ar. ? With L3. “With Pd,dbas (5 mol%) and L5 (6 mol%). YWith

Pd,dbaj (2.5 mol%) and L6 (6 mol%).
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Substrate Scope

DCM, 40 °C, 8-48 h, Ar
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4b (R = 2-Cl): 56%, 72% ee’ .
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4k: (R = 4-Me): 95%, 91% ee p- 9%, €

4d (R = 4-Br): 98%, 94% ee
4e (R = 4-OMe): 90%, 95% ee
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aUnless noted otherwise, reactions were performed using 3 (0.2 mmol), Pd(allyl)Cp (5 mol%), L7 (15 mol%) and (S)-A2 (20 mol%) in DCM (2.0 mL) at 40 ° C for 8-48 h under Ar. With Pd(allyl)Cp (10 mol%) and L7 (30 mol%). *With Pd(allyl)Cp
(10 mol%), L8 (30 mol%) and A1 (20 mol%).




Transformations of Products
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Transformations of Products
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Control Experiments

o Importance of dual palladium and Bronsted acid catalysis

Without palladium A5 or Sc(OTf)3 (40 mol%) NR
THF, Ar, 40°C
X NHTs P D
Ph/\/\/\N/
1a Pd,dbas (2.5 mol%), L5 (3.0 mol%) NR
Without acid additive THF, Ar, 40°C o
e Importance of the diene moiety
Ts N
Pd,dbas (2.5 mol%), L5 (3.0 mol%), A5 (40 mol%) N~

A\

o SN, ANHTS

Y

THF, Ar, 40°C, 48 h -
PhH

15 Not detected




Control Experiments

o Deuterium Experiments

i s 00D T\ N
{ I Pd,dbas (2.5 mol%), L5 (3.0 mol%), A5 (40 mol%) \ A\ A & . _NHTs
/\/\/\ N 5 > N ol + PH AN N/
Ph - N D THF, Ar, 40°C, 10 h ph/_\\\“ 3 (0.32)
o (0.72) 0(0_16) g D D(0.2)
d-1a d-2a 42%, 96% ee 55% (recovered 1a)

0=$=0
OD (>0.95)
d-A5




Proposed Reaction Mechanism

Pd(0) + Ligand
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Summary

R PdO, L*
RZWN/XH Brgnsted acid > RZ/\\\“\ KR\
R3 71 examples
XH = NHPG, OH hydro-cyclization up to 97% yield, 99% ee
R3 (HX NHPG
Ri A~ AN _—

+ OL*

Pd°%Bronsted acid co-catalysis

relatively more stable and facile cyclization
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Writing Strategy
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Writing Strategy
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Representative Examples

® As outliend in Scheme 5a, without Pd catalyst, ...indicating that an acid-catalyzed

electrocyclization of 1a would not be feasible. (As outliend in, “Zn_EFriAR” 5 “antiiiA
HAHE” , XN EREEERATSIASEERHNAR)

® Then the combination of A5 and INT7 proceeds rapidly to generate INT8 in a

significantly exothermic manner......(exothermic a. J#HY; endothermic a. I #AY)
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