
Characteristics of Characteristics of ZeoliteZeolite
•• Crystalline white powder Crystalline white powder

••  MicroporousMicroporous solid solid

•• Large surface area Large surface area

•• Well defined large pores Well defined large pores

•• Channels and cages Channels and cages

or
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Chirality Chirality in Diphenylcyclopropane Systemsin Diphenylcyclopropane Systems……....
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BA = 66.83 kcal/BA = 66.83 kcal/molmol
B3LYP /  6–31G*B3LYP /  6–31G*

Li+

hhνν

V. Ramamurthy, et.al. JACS, 2000, (122), 4815–4816.
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Two sites available forTwo sites available for
the the cationcation to bind to bind

Steering the Steering the photoisomerizationphotoisomerization towards the  towards the transtrans-isomer...-isomer...
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Li+

BA = 65.70 kcal/BA = 65.70 kcal/molmol BA = 64.69 kcal/BA = 64.69 kcal/molmol

Li+

B3LYP /  6–31G* B3LYP /  6–31G* 

Need for substitution at the 1-positionNeed for substitution at the 1-position……..

ZeoliteZeolite

LiYLiY

NaYNaY

KYKY

RbYRbY

CsYCsY

Cis Cis : Trans: Trans

45 : 5545 : 55

39 : 6139 : 61

40 : 6040 : 60

39 : 6139 : 61

37 : 6337 : 63

44’’--methoxyacetophenonemethoxyacetophenone
as as sensitizersensitizer

X=X=COOMeCOOMe

X = -COOR  = EsterX = -COOR  = Ester
X = -CONHR  = AmideX = -CONHR  = Amide
X =X =  COAr  COAr =  = KetonesKetones
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ChiralChiral Auxiliary Auxiliary
ApproachApproach
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A B C

D

F

E

A, C  =  0 % e.e
B  =  0 – 100% e.e
D, E, F = No reaction

Chiral InductorChiral Inductor Achiral Achiral ReactantReactant

Ph Ph
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ZeoliteZeolite
supercagesupercage

ChiralChiral Inductor Approach Inductor Approach



Asymmetric Induction within Asymmetric Induction within ZeolitesZeolites
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Ph Ph

COOEt

NaYNaY / R(-) / R(-)

e.e. = 17%e.e. = 17%

NaYNaY/ S(+)/ S(+)

e.e. = 15%e.e. = 15%
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Reactive partReactive part Ph Ph

Chiral PerturberChiral Perturber

0 – 100 % d.e0 – 100 % d.e

AlcoholsAlcohols
AminesAmines
Amino-Amino-alcoholsalcohols

Amino-acidsAmino-acids

LinkerLinker

ChiralChiral Auxiliary Approach Auxiliary Approach



Asymmetric Induction within Asymmetric Induction within ZeolitesZeolites
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EstersEsters

AmidesAmides

Amino Amino AlcoholsAlcohols

Amino AcidsAmino Acids

1-1-PhenylethylPhenylethyl

(-)-(-)-PseudoephedrinePseudoephedrine

L-L-Valine Valine methyl estermethyl ester

1-1-PhenylethylPhenylethyl
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Factors that Control Asymmetric InductionFactors that Control Asymmetric Induction
  

Generalization Generalization 

Asymmetric Photoreactions Within Asymmetric Photoreactions Within ZeolitesZeolites

  Modest to GoodModest to Good Chiral Chiral Induction Induction
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 Type of Type of cations cations in the  in the zeolitezeolite

 Chiral Perturber Chiral Perturber
•• Anchoring of  Anchoring of chiral perturberchiral perturber
     Cation Cation--ππ or  or cartioncartion-carbonyl interactions-carbonyl interactions

  CationCation binding - binding - Diastereomer Diastereomer switch switch
•• Controlling  Controlling DiasteromerDiasteromer switch by N- switch by N-MethylationMethylation

  Reactive State (SReactive State (S11 vs vs T T11))

  ChiralChiral Induction Depends on Induction Depends on

Asymmetric Photoreactions Within Asymmetric Photoreactions Within ZeolitesZeolites
  Modest to GoodModest to Good Chiral Chiral Induction Induction

  Mechanism of the ReactionMechanism of the Reaction

 Number of Number of Cations Cations ( (SiSi/Al ratio)/Al ratio)
 Water Content Water Content
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 Number of Number of Cations Cations ( (SiSi/Al ratio)/Al ratio)
 Water Content Water Content

 Chiral Perturber Chiral Perturber
•• Anchoring of  Anchoring of chiral perturberchiral perturber
     Cation Cation--ππ or  or cartioncartion-carbonyl interactions-carbonyl interactions

  CationCation binding - binding - Diastereomer Diastereomer switch switch
•• Controlling  Controlling DiasteromerDiasteromer switch by N- switch by N-MethylationMethylation

  Reactive State (SReactive State (S11 vs vs T T11))

  ChiralChiral Induction Depends on Induction Depends on

Asymmetric Photoreactions Within Asymmetric Photoreactions Within ZeolitesZeolites
  Modest to GoodModest to Good Chiral Chiral Induction Induction

 Type of Type of cations cations in the  in the zeolitezeolite

  Mechanism of the ReactionMechanism of the Reaction
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Li+

BA = 104.10 kcal/BA = 104.10 kcal/molmol

Li+

BA = 79.63 kcal/BA = 79.63 kcal/molmol
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PhenylPhenyl  vsvs  Cyclohexyl  Cyclohexyl
Role ofRole of Cation Cation--ππ  QuadrupolarQuadrupolar Interaction  Interaction 
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Role ofRole of Cation Cation--ππ Quadrupolar Quadrupolar Interaction  Interaction 

Li+

BA = 91.3 kcal/BA = 91.3 kcal/mol mol 

Li+

BA = 80.26 kcal/BA = 80.26 kcal/mol mol 
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 Chiral Perturber Chiral Perturber
•• Anchoring of  Anchoring of chiral perturberchiral perturber
     Cation Cation-aromatic or -aromatic or cationcation-carbonyl interactions-carbonyl interactions

  CationCation binding - binding - Diastereomer Diastereomer switch switch
•• Controlling  Controlling DiasteromerDiasteromer switch by N- switch by N-MethylationMethylation

  Reactive State (SReactive State (S11 vs vs T T11))

  ChiralChiral Induction Depends on Induction Depends on

Asymmetric Photoreactions Within Asymmetric Photoreactions Within ZeolitesZeolites
  Modest to GoodModest to Good Chiral Chiral Induction Induction

 Type of Type of cations cations in the  in the zeolitezeolite

  Mechanism of the ReactionMechanism of the Reaction

 Number of Number of Cations Cations ( (SiSi/Al ratio)/Al ratio)
 Water Content Water Content



Gas Phase Based Computational Studies Gas Phase Based Computational Studies 
Could be a Good Starting PointCould be a Good Starting Point

Gas phaseGas phase

LiLi++

Inside Inside zeolitezeolite

Smaller binding energy compared toSmaller binding energy compared to
gas phasegas phase

Trend likely to remain the sameTrend likely to remain the same
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Amide of Amide of 
L-L-Valine Valine methyl estermethyl ester
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Cation Cation DependentDependent Diastereomer  Diastereomer SwitchSwitch

80-A80-A
KYKY

83-B83-B
LiYLiY

KK++

OO – Co-ordinationOO – Co-ordination

Williams, E. A. et. al., Williams, E. A. et. al., 
JACS, 123, 12255–12265, (2001)JACS, 123, 12255–12265, (2001)

Bowers, M. T. et. al., Bowers, M. T. et. al., 
JACS, 2001, 122, 3458–3464, (2000)JACS, 2001, 122, 3458–3464, (2000)
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LiLi++

LiLi++
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NO – Co-ordinationNO – Co-ordination

GlycineGlycine



HF /  3–21GHF /  3–21G

LiLi++  (  (vsvs)  K)  K+ +  –  – Cation Cation Dependent Dependent DiastereomerDiastereomer Switch Switch

Amide of L-Amide of L-valine valine methyl estermethyl ester

BA = 104.10 kcal/BA = 104.10 kcal/molmol

Li+
K+

BA = 53.33 kcal/BA = 53.33 kcal/molmol
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3.8 Å7.1 Å



No SwitchingNo SwitchingSwitchingSwitching

MediumMedium
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Comparison of Comparison of NorephedrineNorephedrine and  and Pseudoephedrine Pseudoephedrine 
Effect ofEffect of  ‘‘N-MethylN-Methyl’’  GroupGroup



SolutionSolution LiLi NaNa KK RbRb CsCs

5-A5-A5-A5-A14-A14-A2-B2-B 80-B80-B 28-A28-A

6-A6-A5-A5-A20-A20-A3-A3-A 17-A17-A 30-A30-A

Effect of N-Methyl Substitution on Effect of N-Methyl Substitution on DiastereomerDiastereomer Switch Switch
NH  (NH  (vsvs) N-Methyl) N-Methyl  S(-)-1-  S(-)-1-phenylethyl phenylethyl amideamide

NH (NH (vsvs) N-Methyl) N-Methyl      L-L-ValineValine Methyl ester Methyl ester

N H
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SolutionSolution LiLi NaNa KK RbRb CsCs

5-A5-A47-A47-A80-A80-A2-B2-B 83-B83-B 28-A28-A

5-B5-B4-B4-B14-B14-B4-B4-B 3-B3-B 2-B2-B

N H

COOMe
O

H

N H

COOMe
O

Me



(N-Me and NH) 1-(N-Me and NH) 1-phenylethylphenylethyl amide – Conformations amide – Conformations

NH-cis-trans

Li+

BA = 91.30 kcal/BA = 91.30 kcal/molmol

NH-trans-trans

Li+

BA = 89.79 kcal/BA = 89.79 kcal/molmol BA = 90.67 kcal/BA = 90.67 kcal/molmol

N-methyl-trans-trans

Li+



  CationCation binding - binding - Diastereomer Diastereomer switch switch
•• Controlling  Controlling diastereomerdiastereomer switch by N- switch by N-methylationmethylation

  Reactive State (SReactive State (S11 vs vs T T11))

  ChiralChiral Induction Depends on Induction Depends on

Asymmetric Photoreactions Within Asymmetric Photoreactions Within ZeolitesZeolites
  Modest to GoodModest to Good Chiral Chiral Induction Induction

 Type of Type of cations cations in the  in the zeolitezeolite

  Mechanism of the ReactionMechanism of the Reaction

 Chiral Perturber Chiral Perturber
 Number of Number of Cations Cations ( (SiSi/Al ratio)/Al ratio)
 Water Content Water Content

•• Anchoring of  Anchoring of chiral perturberchiral perturber
      CationCation-aromatic or -aromatic or cationcation-carbonyl interactions-carbonyl interactions



Asymmetric Induction within Asymmetric Induction within ZeolitesZeolites

ChiralChiral Auxiliary Auxiliary
ApproachApproach
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Triplet Triplet vsvs Singlet Photochemistry Singlet Photochemistry
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           Sensitizer           Sensitizer

AcetophenoneAcetophenone

44’’--MethoxyacetophenoneMethoxyacetophenone
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Efforts to sensitize the reaction withEfforts to sensitize the reaction with fluorenone fluorenone (E (ETT= 50.4 kcal/= 50.4 kcal/molmol) and) and
AcetonaphthoneAcetonaphthone (E (ETT=59.7 kcal/=59.7 kcal/molmol) were unsuccessful.) were unsuccessful.

DiastereoselectiveDiastereoselective photoisomerization photoisomerization from the triplet state from the triplet state
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  Mechanism of the ReactionMechanism of the Reaction
  Reactive State (SReactive State (S11 vs vs T T11))

  ChiralChiral Induction Depends on Induction Depends on

Asymmetric Photoreactions Within Asymmetric Photoreactions Within ZeolitesZeolites
  Modest to GoodModest to Good Chiral Chiral Induction Induction

 Type of Type of cations cations in the  in the zeolitezeolite

 Chiral Perturber Chiral Perturber
 Number of Number of Cations Cations ( (SiSi/Al ratio)/Al ratio)
 Water Content Water Content

  CationCation binding - binding - Diastereomer Diastereomer switch switch

•• Anchoring of  Anchoring of chiral perturberchiral perturber
     Cation Cation--ππ or  or cationcation-carbonyl interactions-carbonyl interactions

•• Controlling  Controlling diastereomerdiastereomer switch by N- switch by N-methylationmethylation

  Mechanism of the ReactionMechanism of the Reaction
  Reactive State (SReactive State (S11 vs vs T T11))

 Type of Type of cations cations in the  in the zeolitezeolite

 Chiral Perturber Chiral Perturber
 Number of Number of Cations Cations ( (SiSi/Al ratio)/Al ratio)
 Water Content Water Content

  CationCation binding - binding - Diastereomer Diastereomer switch switch

•• Anchoring of  Anchoring of chiral perturberchiral perturber
     Cation Cation--ππ or  or cationcation-carbonyl interactions-carbonyl interactions

•• Controlling  Controlling diastereomerdiastereomer switch by N- switch by N-methylationmethylation



SingletSinglet energy ~ 102 kcal/mole energy ~ 102 kcal/mole
Triplet energy ~ 53 kcal/moleTriplet energy ~ 53 kcal/mole
Phosphorescence (Phosphorescence (ττpp) = 8 ) = 8 msecmsec
Medium = 3-Medium = 3-MethylpentaneMethylpentane glass glass
Temperature = 77KTemperature = 77K

Ph Ph

Becker, R. S.; Edwards, L.; Becker, R. S.; Edwards, L.; BostBost, R.; Elam, M.; Griffin, G.;  JACS,   , R.; Elam, M.; Griffin, G.;  JACS,   9494,, 6584-6591, (1972). 6584-6591, (1972).

Efforts to sensitize the reaction with Efforts to sensitize the reaction with fluorenonefluorenone
(E(ETT= 50.4 kcal/= 50.4 kcal/molmol) and ) and acetonaphthone acetonaphthone (E(ETT=59.7 kcal/=59.7 kcal/molmol) were unsuccessful.) were unsuccessful.
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Emission from Emission from ciscis--diphenylcyclopropanediphenylcyclopropane derivatives derivatives
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Emission from Emission from transtrans--diphenylcyclopropanediphenylcyclopropane derivatives derivatives
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Time resolved EmissionTime resolved Emission
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EtOHEtOH  glass, 77K  glass, 77K

JACS,  JACS,  9494,, 6584-6591, (1972). 6584-6591, (1972).((ττpp) = 8) = 8 msec msec

((ττ = 14  = 14 nsns))
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StructurelessStructureless emission ? emission ?
Lifetime is too short to be Lifetime is too short to be phosphoresencephosphoresence..

Based on triplet sensitization results the emission is at a lower energy Based on triplet sensitization results the emission is at a lower energy 
to be to be phosphoresencephosphoresence. . 

Resembles the emission from benzyl radicals (510 – 700 Resembles the emission from benzyl radicals (510 – 700 nmnm).).
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Role of Naphthalene inRole of Naphthalene in
photoisomerizationphotoisomerization of Diphenylcyclopropane of Diphenylcyclopropane
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 Photo- Photo-isomerizationisomerization in Solution in Solution

 Direct excitation Direct excitation Adiabatic processes may be involved, especially at 77KAdiabatic processes may be involved, especially at 77K

  ProceedsProceeds  via non-via non-equilibrated 1,3-equilibrated 1,3-diradicalsdiradicals

  Triplet state not involvedTriplet state not involved

 Triplet sensitization Triplet sensitization Triplet energy of DPCP derivatives above 69 kcal/Triplet energy of DPCP derivatives above 69 kcal/molmol

   Proceeds Proceeds  via equilibrated 1,3-via equilibrated 1,3-diradicalsdiradicals

ConclusionsConclusions
  Influence of the  Influence of the Chiral Perturber Chiral Perturber – Increased  Within – Increased  Within Zeolite Zeolite

    Stereoselectivity Stereoselectivity Reactive spin stateReactive spin state

 Photo- Photo-isomerizationisomerization within within Zeolites Zeolites

   Direct excitation Direct excitation  ProceedsProceeds  possibly viapossibly via 1,3- 1,3-zwitterioniczwitterionic intermediates intermediates

   Triplet sensitization  Triplet sensitization ProceedsProceeds  via equilibrated 1,3-via equilibrated 1,3-diradicalsdiradicals

 Role of Role of Naphthyl chromophore inPhoto Naphthyl chromophore inPhoto-isomerization of -isomerization of diphenylcyclorpropanediphenylcyclorpropane

               Direct excitation Direct excitation        ProceedsProceeds  possibly viapossibly via  

        1,3—    1,3—singlet diradicalsinglet diradical (solution) (solution)

    zwitterionic    zwitterionic / 1,3-Triplet  / 1,3-Triplet diradical diradical (Nature of zeolite)(Nature of zeolite)



A Model
Isotropic mediaIsotropic media
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Confined space (Role of confinement)Confined space (Role of confinement)
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 Photo- Photo-isomerizationisomerization in Solution in Solution

 Direct excitation Direct excitation Adiabatic processes may be involved, especially at 77KAdiabatic processes may be involved, especially at 77K

  ProceedsProceeds  via non-via non-equilibrated 1,3-equilibrated 1,3-diradicalsdiradicals

  Triplet state not involvedTriplet state not involved

 Triplet sensitization Triplet sensitization Triplet energy of DPCP derivatives above 69 kcal/Triplet energy of DPCP derivatives above 69 kcal/molmol

   Proceeds Proceeds  via equilibrated 1,3-via equilibrated 1,3-diradicalsdiradicals

ConclusionsConclusions
  Influence of the  Influence of the Chiral Perturber Chiral Perturber – Increased  Within – Increased  Within Zeolite Zeolite

    Stereoselectivity Stereoselectivity CationsCations

    Water contentWater content

    Nature of theNature of the chiral perturber chiral perturber  

    Reactive spin stateReactive spin state

 Photo- Photo-isomerizationisomerization within within Zeolites Zeolites

   Direct excitation Direct excitation  ProceedsProceeds  possibly viapossibly via 1,3- 1,3-zwitterioniczwitterionic intermediates intermediates

   Triplet sensitization  Triplet sensitization ProceedsProceeds  via equilibrated 1,3-via equilibrated 1,3-diradicalsdiradicals
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