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Introduction

B Pinacol rearrangement: acid-catalyzed transformation of
1,2-diols to ketones or aldehydes by 1,2-migration of a C-C
or C-H bond

_ H _
RM R O/) 1,2- O
S H* | R\G R2 | migration 2
OH —_— »—% 3 - R1 R
R3 R? | R i R3

B Original semipinacol rearrangement: reverse migration

HO RM o O
)%;Rz reverse 1,2-migration J\rRZ
17730 ~ R
R" ? from 2 to 2° C-center
OH RM

Chem. Rev. 2011, 111, 7523—-7556.
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Introduction

B General description of the pinacol-type rearrangement:
Mechanistically, all such processes share a common
reactive species in which an electrophilic carbon center,
including but not limited to carbocations, is vicinal to an
oxygen-containing carbon and can drive the 1,2- migration
of a C-C or C-H bond to terminate the process, generating a
carbonyl group.

RO RM O

1)i$: 2 1,2-migration e J_H<R2
R Q = electrophilic carbon RM

R3 center R3

Chem. Rev. 2011, 111, 7523-7556.
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General Mechanism

HY, -LGH

% ~ %—< )J\K Stepwise
LGH
= % — Concerted

O

HO LG B:, -BH Oe LG
% — = % — > )J\K Base-Concerted

B Types of Mechanism?
B Stereospecificity: Better Orbital Overlap
B Migration Aptitude (MA)?
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Stepwise: Stable or Be Forced

0 conc. HO OH  40% 0 B Stable Carbocation
Ph H,SO, %_% H,SO,  py,
ph < P/ U Ph —— o g W Weak MA
Ph Ph B Solvent Effect
_ _ B Steric Barrier
HO 3 mol% PhsPAUCI ’ O H
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1. CH,=CHMgBr, CeCl,
2. NaH, Mel, DMF

58%

'| 65%, two steps

o H PdClz(CH3CN )2

DDQ, THF
70%

CHO
—=——TMS

(x)-ventricosene
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Concerted: Normal Condition

OH
... JOMe .
MeO .'::FOAS N d B Normal Pinacol
' . Jones oxidation . .
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MeO
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Stepwise vs Concerted: Boundary?
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Stepwise vs Concerted: Boundary?
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General Electronic MA: ERG-Prefer

B Electron-deficient 3c-2e TS: aryl ~ vinyl (alkenyl) > t-Bu

>>2° alkyl > 1° alkyl
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Electronic MA: Hydrogen?

B Electron Donating Ability (Hyperconjugation): H-C > C-C

B MA should be: aryl ~ vinyl (alkenyl) > H ~ t-Bu >> 2" alkyl
>1° alkyl

B Other factors?

O HO 0]

R OH H
H R R
BF.°Et,O BF.°Et,O
- 3 =2 3°EL -
0.05 equiv 2.0 equiv
DCM DCM
="Pr or "Bu
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Hyperconjugation ~ Migration?

B Meyer Bond Order Analysis:

iL\ B3LYP/def2tzvp

C-R 8 B Alkene-Complex; No Energy Barrier
B Energy Proximity: H-shift
B Alkene Stability: H-shift

Luo Group Meeting (CCME@PKU) 14



Concerted: Energy Gap Increase

B Advantages of Alkyl?
X, B EP or Overlap: Wax and Wane

/I_Q —> /?\ B Overlap: Coefficient and Dispersion

-
S

C-R C-X

B3LYP/def2tzvp
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Concerted: Make Allyl First?

o) R HO OH
H R
BF;°Et,0
-3
0.05 equiv
DCM

(0]
H
BF,°Et,0 R
3 2 >
2.0 equiv
DCM

R="Pr or "Bu
Me Me
< B0
—— +
Bu Bu
16 o 17

MABR CH»Cl» -20, 1
BF3-OEt benzene 25,2
SbE5 toluene -78, 2

Luo Group Meeting (CCME@PKU)
Tetrahedron 1994, 12, 3663.

B | eaving Group

B Hydroxy Group

B Solvent

B Normal Concerted
MA: Me < H < Alkyl

Bu CHO
Me Bu 18
75 0:100
77 70: 30
86 82:18



Other Factors: Steric Effect

O
)Q/(CHz)-‘sCHa —_— )W/(CHZ)15CH3 -+ CHS(CH2)18 CHC
13 o M 7< 15

MABR CH>Clh -20, 1 99 G:100
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Ph,SIO
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17 85% 18

R=Me : MAD
R=Br : MABR

rahedron 1992, 16, 3303.
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Other Factors: Thermodynamic

9) conc. HO OH 40% 0O
H,SO, H,SO,
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Ph H Ph
Ph Ph
O strong O
%\* acild >‘)k
*
O strong O
Ph acid
Ph%LPh — PE %*Lph
Ph P Ph

Luo Group Meeting (CCME@PKU) 18



Outline

* Introduction
* General Selectivity of Migration
General Mechanism
Electronic Migration Aptitude
Other Factors Influence Migration Aptitude
* Migration Aptitude in Six-Membered Rings
« Summary
 Acknowledgement




Six-Membered Rings: Axial First

Ph
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Rigidity Restriction: Bridged Ring
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Both Equatorial: Twist or Stretch?

Ph Ph ) on CHO
Jd —- & -9
8 9
MABR CH,Cly -78, 0.5 98 0:100
BF3-OEt; benzene 25, 1 72 0:100
BF3-OEty hexane 0,3 37 0:100
SbFs toluene -718, 2 17 0:100
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Twist or Stretch?
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Both Equatorial: Condensed Ring

Me

OMe

BF;«Et,0
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Both Equatorial: Torsional Strain

BF3<OEt2 (10 eq)
o

benzene, r.t.
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Conformation-Dependent Selectivity

OTES
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Conformation-Dependent Selectivity
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Talatisamine: Fragment Coupling

OTMS
OMe
MeO,C7 [ COMe MO ——NEt
1,2-addition/ " O
semi-pinacol .
Fragment rearrangement 'H
® O=si 0
tBu tBu
(&) 7
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Meozc 'COQMe
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' o
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97 % vyield 7 O~g;-0
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‘Bu Bu talatisamine (1)
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Summary

B Mechanism: Stepwise and Concerted

B Migration Aptitude: Electronic and Steric

B Electronic MA: Better ERG and Better Overlap

B H vs Allyl: ERG vs Overlap in Different Mechanisms

B Six-Membered Rings: Factors are Complex, Subtle and
Changeable

B Key: Be Perpendicular to Carbocation Easier

B Important Method of Skeleton Construction of Natural

Products

B Analyze Factors, Compare Differences and Adjust
Strategies
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