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Chapter 1: Introduction  

 

1.1 Singlet Oxygen. 

Molecular Oxygen, O2, is a molecule that is both vital and harmful to many living 

organisms.  Its presence in our atmosphere is what makes our planet different from any 

other.  Oxygen acts as the ultimate electron accepter in the electron transport chain, 

allowing metabolism to occur and providing life for every oxygen breathing organism.1  

On the other hand, oxygen is also responsible for the spoiling of food and rusting of 

metal, all due to the fact that this reactive molecule acts as a strong oxidizing agent.2 

Excited forms of oxygen, such as singlet oxygen, also play an important role in metabolic 

processes.  Singlet molecular oxygen is the smallest known enophile.3  Oxygen can be 

excited to its singlet state through various processes.1  Specifically, this can be 

accomplished through direct irradiation, enzymatically by action of peroxidases or 

lipoxigenases, or by energy absorption from other molecules (photosensitizers).4  When 

singlet oxygen is produced in living organisms it can attack cellular structures by 

oxidation of important cellular components like cell membranes or proteins.  If an 

accumulation of the oxidative damage exceeds a certain threshold level it will cause cell 

death.2  In photodynamic therapy for example, with the popular photosensitizer photofrin, 

singlet oxygen causes cell death by reacting with DNA.3  

The oxidative degeneration of DNA is caused through two different mechanisms.  

The first is the transfer of electrons from photomutagenic and photocarcinogenic agents 

to the guanine base of DNA.  The second is the transfer of energy from photosensitizer 

drugs to activate ground state oxygen to singlet oxygen, which will then cause damage by 
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oxidizing the same guanine sight on the DNA.5 Through these modes of action scientists 

have found ways of using singlet oxygen in cancer therapy.  This is but one example of 

the significance of 1O2, which provides the impetus for exploring the reactivity of this 

fascinating molecular species.   

 

 

1.2 Description of Singlet Oxygen. 

 Although often represented, via the Lewis structure, as two oxygen molecules 

joined by a double bond (Figure 1.1), the activity of molecular oxygen can be better 

understood by the structure presented in Figure 1.2. 

 

O O

     
O O

 

Figure 1.1. Lewis structure of       Figure 1.2. Representation of  
molecular oxygen molecular oxygen in terms of 

reactivity 
 

Quantum theory of atomic and molecular structure can be used to describe the 

excited state of this diatomic molecule.  Ground state oxygen exists in the triplet state.  

This means the two unpaired valence electrons occupy the πg
+ and πg

- orbitals.  In the first 

excited state of oxygen, also known as the singlet state, the two electrons in the πg orbital 

will pair up and observe opposite spins while occupying either the πg
+ or πg

- together.5 

The molecular orbitals for both the possible ground states and excited states are shown 

below in Figures 1.3 and 1.4 respectively.   
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Figure 1.3.  Molecular orbitals for ground state oxygen 

 

Figure 1.4.  2πg molecular orbitals for excited singlet state oxygen (Σ and Δ are 
electronic state designation that also indicate the value of orbital angular 
momentum on the molecular axis of the species) 

 
 

The (1Δg) singlet state exists only 94 kJ mol-1 above the ground state triplet and is 

the lowest excited state.  The transition to the 3Σg
- ground state is strictly forbidden for the 

isolated 1O2 (1Δg) molecule and only occurs through the excitation energy of  94 kJ mol-1 

along with its empty 2πg orbital causing singlet oxygen to be extraordinarily reactive.7  

Varying vibrational deactivations of solvents and mediums in which singlet 

oxygen exists cause the lifetime of the excited molecule to have enormous solvent 
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dependence.  The shortest lifetime is observed to be 3.1µs in H2O and the longest 300ms 

in perfluorodecaline.7  However, this time frame is still long enough for the 1O2 to react 

with other molecular species.   

As Figure 1.4 shows, the singlet state allows the two outer electrons to exist in 

either the πg
+ or πg

- orbitals.  The Lewis structure below, drawn more as a zwitterion, 

demonstrates what this excited state means in terms of reactivity of the molecule (Figure 

1.5). 

 

O O  

Figure 1.5. Lewis structure of excited oxygen 

 

 

 

1.3 Reaction Mechanisms of Singlet Oxygen.  

The discovery of the different factors affecting the stereoselectivity of singlet 

oxygen reactions has made possible the assessment of the mechanism in which singlet 

oxygen reacts with different molecules.  Singlet oxygen is capable of performing the 

following pericyclic reactions: the Diels-Alder cycloaddition reaction,8 [2 + 2] 

cycloadditions, and ene reactions with olefins (Scheme 1.1).9  The [2 + 2] cycloaddition 

and ene reaction are most applicable to this study. 
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Scheme 1.1. Reactions with 1O2. 

1
O2

O O

R

R

R

R

O O

R R

R R

ene rxn

[4+2]

[2+2]

O

O

 

Understanding of this basic mechanism provides the foundation to singlet oxygen 

reactions.  Past research has shown evidence that all three pericyclic reactions of 1O2 (ene 

addition, [4 +2 ] cycloaddition and [2 + 2] cycloaddition) proceed through a structural 

perepoxide intermediate.10,11  

It has been determined that the substituents on either side of the double bond play 

a large role in both the reaction rate and diastereoselecitvity of these reactions and are 

attributed to hydrogen directing effects.  Intermediates of 1O2 reactions are oriented such 

that a perpendicular attack of the oxygen molecule is driving the selectivity of the 

products.12  Interaction between the δ- oxygen and the adjacent hydrogen stabilizes the 

interaction of the δ+ oxygen atom with the double bond.  This can be referred to as the 

hydrogen steering complex.  A strong preference is observed for allylic hydrogen 
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abstraction from the more crowded side of an alkene.  This is known as the cis-effect.  

Figures 1.6.1 and 1.6.2 show comparable stabilized intermediates that demonstrate the 

hydrogen steering complex and the role played by substituents on either side of the 

double bond.9,11  

 

H

Me

H

O
O

H
H

    

O

Me

H

H

H

H

O
O

 

 

Figure 1.6.1: The 1O2 is guided into the 
double bond with the support of 
two different electrostatic 
“hydrogen steering” interactions.  
This is the more stabilized 
intermediate and major products 
arise from H-abstraction on the 
more crowded side of the alkene. 

 

Figure 1.6.2. The 1O2 undergoes a 
electrostatic interaction in which 
only one hydrogen is able to 
participate in the “hydrogen 
steering” that stabilizes this 
intermediate.  This is the less 
stabilized intermediate due to 
little or no H-abstraction here. 

 
1.4. Oxazolidinone-Substituted Chiral Enecarbamates and their reactions with 1O2. 
 
 “Oxazolidinone-substituted chiral enecarbamates are mechanistically versatile 

systems for the study of conformational, electronic, stereoselectronic and steric effects on 

the stereoselectivity of oxidation reactions at the alkene functionality.”13  As shown in 

Figure 1.7 below, the forms of the E and Z isomers will be described from this point on 

as 1a, 1b, 1c, and 1d.   
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O
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O

Ph
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Ph

Ph

iPr
iPr

44

3'

3'

(Z4R,3'R/S)-1a
(Z4S,3'R/S)-1b

(E4R,3'R/S)-1c
(E4S,3'R/S)-1d  

Figure 1.7. Oxazolidinone substituted enecarbamates (Z and E-isomers respectively) 
with chiral C-4 and C-3’ centers. 
   

Since oxazolidinones can be synthesized as optically pure chiral auxiliaries, they 

serve as perfect compounds with which to examine the role of stereocenters (in particular 

the C-3’ stereocenter) in directing the attack of 1O2.  The general reaction of singlet 

oxygen with the enecarbamates proceeds as shown below in Scheme 1.2.14 The factors, 

focusing on the C-3’ chiral center, which cause the 1O2 selectivity are of particular 

interest. 

 

Scheme 1.2. Reaction of Singlet Oxygen with 1a, the Z-4R,3’R/S epimeric pair of 
oxazolidinone substituted enecarbamates. 

 

 

It was found that the dioxetane, 2, was formed by the attack of 1O2 from the face 

anti to the isopropyl substituent on the oxazolidinone ring.13,14 On top of this, it is 
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important to note that the intermediate step before the dioxetane is produced is predicted 

to be an electrostatic interaction similar to that of the hydrogen steering presented in 

Section 1.3.  In the case of this enecarbamate however, it is a complex with the oxygen 

(or alternatively the nitrogen) in the oxazolidinone ring that performs the electrostatic 

directing.  This is shown below in Figure 1.8.1 and 1.8.2.  

 

O N H

iPr R

O

4R

O

3'

O

    

 

Figure 1.8.1. Transition state in 
which1O2

 reacts with the 
enecarbamate adding 
perpendicular to the double bond. 

 
 

Figure 1.8.2. A second view of 1O2
 

forming a complex with 
neighboring carbonyl oxygen 
when adding perpendicular to 
bond.

 

As reported in previous research, when the reaction shown in Scheme 1.2 is run 

with controlled chirality at C-4, selectivity in the products is observed.13,14  “The rate of 

addition is further governed by the configuration of the chirality center at the C-3’ 

position of the alkenyl side chain, such that partial conversion of 1a (Scheme 1.2) affords 

nonracemic methldesoxybenzoin (MDB, scheme 1.2).”14  The research done in this paper 

focuses on the effects of the chirality at the C-3’ center.  The stereoselectivity of attack 

by 1O2 is dependent on a variety of factors such as temperature, solvent, and substrate 
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geometry, which when utilized in the correct combination, can yield MDB e.e.’s as high 

as 97%.13 

A general sum of the results from this previous work is shown in Table 1.1.14 The 

solvent for these reactions was CDCl3.  In order to show diastereoselectivity, the 

reactions were run to less than 100% completion (the limiting reagent in this case is the 

singlet oxygen).  

Before proceeding, it is important to mention, the relationship between 

stereoselectivity of one enantiomer over another and rate of reaction.  If an enantiomer or 

diastereomer provides a better physical orientation for singlet oxygen to attack the double 

bond, that specific stereoisomer will preferentially react with the singlet oxygen.  This 

will cause a faster disappearance of that stereoisomer.  On the other hand, if the 

enantiomer or diastereomer provides a physical orientation that causes quenching of the 

singlet oxygen, it will have less opportunity to react with 1O2 causing a slower 

disappearance of that stereoisomer.   

 

 

Table 1.1. Results from 1O2 reacting with the oxazolidinone substituted enecarbamate. 

 

 

 
 
 
 
 
 
 

 

entry substrate conversion 
(%) 

MDB (%e.e.) 

1 (Z,4R,3’R) 49 ± 12 27 ± 4 (R) 
2 (Z,4S,3’S) 47 ± 10 11 ± 2 (S) 
3 (E,4R,3’R) 47 ±   3 55 ± 5 (R) 
4 (E,4S,3’S) 50 ±   3 40 ± 8 (S) 
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The stereoselectivity of 1c and 1d, E-isomers, exhibited a temperature 

dependence, showing preference in reacting with the E4R3’S over the E4S3’R at lower 

temperatures in 1O2 reactions.  1a and 1b, the Z-isomers, however, did not show this 

same temperature dependence in selectivity and only exhibited e.e. values of up to 27%.  

The following results in Table 1.214 show the temperature and solvent dependence for 1c 

and 1d.  

 

Table 1.2. Results from reacting 1O2 with E-4R,3’R/S and E-4S,3’R/S under varying 
conditions.   

 
 

substrate 
 

solvent 
temp. (°C) MDB 

 (%e.e.) 
conversion 

 (%) 

50 64 (S) 23 

18 30 (S) 34 
-15 0 28 

E4R3’R/S, 1c CD3CN 

-40 58 (R) 37 
50 70 (R) 30 
18 85 (R) 34 
-15 90 (R) 17 

E4R3’R/S, 1c CD3OD 

-40 94 (R) 12 
20 34 (S) 25 
-20 27 (R) 65 E4R3’R/S, 1c CD2Cl2 
-60 74 (R) 31 
18 28 (R) 29 
-20 36 (S) 59 E4S3’R/S, 1d CD2Cl2 
-60 88 (S) 56 
50 8 (S) 5 
18 63 (R) 17 
-15 78 (R) 37 

E4R3’R/S, 1c CDCl3 

-40 88 (R) 43 
  

 
 

It is important to note the high selectivity (>90%) found when singlet oxygen 

reacts with 1c in CD3OD at cooler temperatures.  This high selectivity is hard to obtain in 

photooxidation  reactions. 



 11 

Now that it is known which diastereomer singlet oxygen will preferentially react 

with (starting with a 50:50 racemic mixture), mechanistic hypotheses can be made to 

explain these preferences.   One way to explore these hypotheses is to compare the 1O2 

reactions of the oxazolidinone substituted enecarbamates with those of other known and 

well studies enophile reagents.  

 
1.5. Calculating Reaction Selectivity  

 At low reaction conversion, if the orientation of one diastereomer permits greater 

selectivity, then reacting 1O2 with an epimeric mixture of the enecarbamates will yield an 

enantiomeric excess of one enantiomer of MDB over the other.  The selectivity, either by 

analyzing the excess of product formed or by analyzing the unreacted substrates can be 

measured through Chiral GC or NMR, respectively.  These values are determined by first 

taking a spectrum, (Figure 1.9 and 1.10 respectively), that demonstrates an equal 

concentration of the two disastereomers, then applying those integration values to 

Equation 1.1 below.  The spectrum used can be either from the chiral GC of enantiomers 

or 1H-NMR of the unreacted epimers. 

 

 

Figure 1.9. Chiral GC traces showing variability of selectivity with E-enecarbamates. 
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Figure 1.10. Representative 1H NMR spectra showing resonances used to determine 

diastereotopic excesses of unreacted starting materials; A: Z-enecarbamates, B: E-
enecarbamates.  Specific hydrogens shown by spectra from the ortho protons on 
the phenyl group indicated above. 
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Equation 1.1. Calculation of enantiomeric or diastereotopic excess. 
 

! 

%e.e. or d.e.=
A " B

A + B
#100

 

Where A = the sereoisomer in excess. 

 
 

1.6. Ozonolysis Reactions. 

Ozonolysis is the term used for the cleavage of alkenes by ozone.  The mechanism for 

this reaction is vastly understood and accepted.  Ozone attacks the double bonds in an 

orientation parallel to the bond.  As shown in Scheme 1.3, the intermediate is an ozonide 

that is then cleaved to produce a carbonyl compound and a carbonyl oxide.15  This forms 

an ozonide that, when reacted with sulfides, will cleave to form two carbonyls.10 

 

 

Scheme 1.3. Ozonolysis 
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1.7. Reaction of Oxazolidinone Substituted Enecarbamates with Ozone. 
 
 

Ozone (O3) is a reactive ground-state species that is electrophilic in nature 

(similar to that of 1O2).  The reaction with enecarbamates 1a-d and O3 produces the same 

thermal decomposition products as does the reaction of enecarbamates with 1O2  (Scheme 

1.4 and 1.5).   

 

Scheme1.4. 1O2 and O3 reacting with E-isomer. 
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Scheme 1.5. 1O2 and O3 reacting with Z-isomer. 
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 As shown in previous sections, ozone adds to double bonds via pericyclic a 

reaction. The main difference in the mechanism of these two reactions is the parallel 

addition of ozone to the double bond (Figure 1.11) versus the perpendicular addition of 

singlet oxygen (Figures 1.8.1 and 1.8.2).  
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Figure 1.11. Ozone reaction with an oxazolidinone substituted enecarbamate. 

 
 
 
 
 
 
 
 Ozone was used to oxidize epimeric 1a-d in CD2Cl2, CDCl3, and CD3OD at 

varying temperatures.  Results showed only low selectivity compared to that found in the 

singlet oxygen reactions.  Changing temperature did not significantly affect selectivity, 

while changes in reaction conversion had an inverse relationship to the e.e. values (i.e. 

when the conversion increased, selectivity decreased as in the reactions of 1b at -70oC in 

CD2Cl2).  Changing the solvent also did not to affect e.e. values as dramatically as it did 

in the 1O2 reactions (Table 1.3).13 
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Table 1.3.16 Ozone Reaction of ozone with 1a-d in varying solvents and temperatures. 
 

Substrate Solvent Temp. (*C) %e.e. MDB Conversion 
20 22 (S) 6 
-15 24 (S) 15 
-45 16 (S) 18 

1c CD2Cl2 

-70 18 (S) 27 
20 18 (S) 12 
-15 20 (S) 17 1c CDCl3 
-70 29 (S) 25 
20 4 (S) 4 
-15 2 (S) 6 
-45 0 4 

1c CD3OD 

-70 4 (S) 5 
20 31 (R) 10 
-15 30 (R) 12 1a CD2Cl2 
-78 36 (R) 9 
20 33 (S) 6 
20 37 (S) 9 
-15 38 (S) 7 
-15 12 (S) 20 
-45 6 (S) 27 
-70 36 (S) 9 

1b CD2Cl2 

-70 4 (S) 36 
20 20 (S) 16 
-15 16 (S) 17 1b CDCl3 
-70 18 (S) 14 
20 20 (S) 3 
-15 21 (S) 4 
-45 22 (S) 16 

1b CD3OD 

-70 22 (S) 7 
 

 
 

Data from these experiments mimicked the singlet oxygen results to prove that the 

enhanced MDB enantiomer depends on the configuration of the C-4 position of the 

oxazolidinone ring.  This can be seen in the selectivity of ozone reacting with 1a 

compared to 1b.  Changing the stereochemistry on the chiral auxiliary from 4R to 4S 

changed the sense of the ee from S-MBD to R-MBD.  In general, when reacting with O3, 

the Z-isomer displays comparable or higher stereoselectivity than the corresponding E-

isomer.  This is in contrast to the observed trend 1O2, for which the E-isomer exhibits a 
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very high stereoselectivity (e.e.>97% in CD3OD at -70oC) compared to the Z-isomer.  

This discrepancy lead us to explore the issue of chemical quenching of singlet oxygen 

driving selectivity versus physical quenching.  In other words, is the isopropyl group at 

C-4 influencind the attack of 1O2 via sterics, vibrational deactivation, or both? At this 

point it was also important to test the role of the substituents at C-3’ in determining 

stereoselectivity (i.e. how these groups may inhibit 1O2 from attacking the double bond 

through deactivation or steric blocking).  Physical quenching (over steric hindrance) has 

not been previously cited as a predominate factor in driving stereoselectivity. Were this to 

be the proven, it could influence how chemists discuss singlet oxygen reactivity in future 

(and past) studies.    

 
 
 
 
1.8. Physical Versus Chemical 1O2 Quenching. 
 
 

Previously determined time-resolved 1O2 quenching studies showed that total 1O2 

quenching by 1a-d is mostly due to physical, rather than chemical quenching.14 This 

suggests that the selectivity seen in these reactions may relate to the excited state nature 

of 1O2, since it may be vibrationally deactivated upon encountering C-H bonds. In other 

words, the origin of stereoselectivity for the reactions of 1a-d with 1O2 may not be purely 

due to sterics (Figure 1.12). 
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Figure 1.12.Illustration showing how C-H vibrational deactivation, rather than sterics, 

may lead to stereodifferentiation of 1a by 1O2. 
 
 
 
 
1.9. N-phenyl-1,2,4-triazoline-3,5-dione (PTAD) 
 

To determine whether vibrational deactivation of 1O2 plays a role in the 

stereoselectivites observed with the enecarbamates, more evidence is needed.  We sought 

a bulkier reagent that would react similarly to 1O2, but that would not be subject to 

vibrational deactivation.  A molecule called N-phenyl-1,2,4-triazoline-3,5-dione (PTAD) 

(Figure 1.13) possesses these characteristics and proved to reveal a great deal about what 

is going on with singlet oxygen. 
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Figure 1.13. N-phenyl-1,2,4-triazoline-3,5-dione (PTAD). 
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It has been shown, that PTAD is a reactive enophile that has been shown to yield 

products analagous to those produced when 1O2 is reacted with alkenes.  In fact, the 

mechanistic pathways that both PTAD and 1O2 are thought to undergo, are quite similar.  

This is made evident when comparing Figure 1.14 below to Figure 1.9.1 above.     
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Figure 1.14.  PTAD transition state upon reaction with alkenes. 

 
 

As the figure above shows, the addition of PTAD to the double bond is 

perpendicular, just like that seen in the addition of singlet oxygen to the double bond.  

The major differences are that 1) PTAD is a much larger enophile and therefore will 

experience more selectivity than 1O2 if sterics is the deciding factor and 2) PTAD reacts 

in its ground state and is not subject to deactivation.  The stereochemistry at the C-3’ 

position is of interest because it contains the substituents (CH3 versus Ph) that have the 

potential to sterically or deactivationally block the singlet oxygen from reacting with the 

double bond.  Reacting PTAD with 1a-d under similar conditions as that found in Table 

1.2 will help determine whether it is sterics or vibrational deactivation that drives 

selectivity of the singlet oxygen reactions, bringing clarity to the importance of the C-3’ 

position.  If PTAD shows equal or stronger selectivity than was found in the 1O2 reactions 
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with 1a-d, steric hindrance at the C-3’ center will be the likely explanation for this 

selectivity.  If PTAD shows less selectivity when reacting with 1a-d than did singlet 

oxygen, the conclusion can be made that sterics at the C-3’ chiral center does not drive 

the selectivity, but rather vibrational deactivation would.   

 Reactions were carried out in CDCl3 with quantitative amounts of PTAD and 1a-

d at varying temperatures (24, 7.0 and -20oC).  Reaction conversions were kept low by 

limiting the amount of PTAD to less than one equivalent and monitoring the reactions by 

following the rate of disappearance of the characteristic red color.  Diastereotopic excess 

was determined using 1H-NMR as illustrated in Section 1.6.  At low conversion ( ≤ 20% ) 

stereoselectivity is mostly temperature independent and much less  than that seen with 

1O2.  These results and their implications are presented herein. 
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Chapter 2: Experimental 

2.1. Materials. 

 E-enecarbamates were provided by J. Sivaguru (Columbia Univ.).  All Solvents 

and Reagents were used as recovered from Aldrich Chemical Company.  Z-

enecarbamates were synthesized from methyl phenylacetate as described below. 

2.2. Enecarbamate Synthesis. 

 

Figure 2.2. Synthesis of 1a and b from methyl 2-phenylacetate.10 

 2.2.1. Methyl-β-Methyl-α-Phenylbutyrate. 

A 4.8604g sample of potassium t-butoxide were placed in 30ml of dry DMF at 

0oC.  Upon addition, the t-butoxide did not readily dissolve.  A stirring rod was used to 

break up the solid in order to speed the dissolving process.  About 4.8ml of methyl 

phenylacetate was added, turning the solution red.  After three minutes of stirring, 4.5ml 

of 1-bromoethyl benzene were added.  The reaction was left to warm to room 

temperature followed by stirring for an hour.  After one hour, 40ml of water were added 

to the solution, terminating the reaction.  This solution was left to stir over night.   

 The product, methyl-β-methyl-α-phenylbutyrate, had solidified in the solution.  

After 40ml CH2Cl2 was added to solution, ultrasonication was used to dissolve the 
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clumped white precipitate.  The aqueous layer and organic layer with product were 

separated and the aqueous layer was extracted again with 40ml CH2Cl2.  The organic 

layers were combined and washed two times with 40ml of a saturated aqueous solution of 

NH4Cl.  The solution was dried over MgSO4 and the solution evaporated off, however, 

not all the solvent was removed.  To remove the rest of the solvent the solution was 

filtered through a filter funnel using a small amount of water as the wash.  The final yield 

of pure product was 6.6421g (81.0% yield) of the methyl-β-methyl-α-phenylbutyrate.   

 

 

2.2.2. 2,3-Diphenyl-1-butanol. 

 To make the next intermediate in the synthesis, 2,3-Diphenyl-1-butanol, the 

6.6421g of methyl-β-methyl-α-phenylbutyrate was dissolved in about 40ml of ethyl ether 

and slowly added to 30ml of 1M LiAlH4 in a argon atmosphere.  The reaction was 

monitored by TLC while stirring.  The reaction was terminated by the slow addition of 

water.  This was done only after precautions were taken to make sure there was not a 

highly active amount of LiAlH4 left in solution.  A solid had formed, these were the 

byproducts Al(OH)3 and LiOH.  The contents of the flask were poured over a large filter 

funnel.  A large amount of the white byproduct was removed.  The filter was washed with 

100ml of CH2Cl2.  The organic layer was washed with (2 x 50ml) NH4Cl4.  The organic 

layer, which still contained a large amount of NH4Cl4 and byproduct, was dried over 

MgSO4 causing the salts to precipitate allowing for separation of the organic layer with 

product from the byproducts.  2.4974g of pure product were obtained, equaling a 43% 

yield.   
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 2.2.3. 2,3-Diphenylbutyraldhyde. 

 The 2,3-Diphenyl-1-butanol was then converted to 2,3-Diphenylbutyraldhyde via 

the Swern Oxidation.  A 1.5ml sample of 1.5ml oxalylchloride was added to a solution of 

55ml CH2Cl2 and was cooled to -78oC .  To this, 2.4ml DMSO in 9ml CH2Cl2 was added.  

This solution was left to stir for ten minutes before the 2.4974g of 2,3-Diphenyl-1-

butanol was added.  After another 15 minutes, pure Et3N was added.  The solution was 

left to stir for one hour.  To terminate the reaction 30 ml of H2O was added.  The phases 

were then separated and the aqueous layer was extracted with 2 x 50ml CH2Cl2.  The 

organic layers were combined and washed with 100ml H2O.  The organic layer was dried 

over MgSO4.  The solvent was evaporated off, leaving the crude 2,3-

diphenylbutyraldhyde product.  

 The product was purified by silica gel flash chromatography using a petroleum 

ether/ ethyl acetate (4:1) mobile phase.  The column was monitored with TLC.  A 

1.8324g sample of the pure 2,3-diphenylbutyraldhyde was obtained.  1H-NMR was used 

to verify the product was obtained.   

 2.2.4. 3-[(1Z)-2,3(S,R)-diphenylbut-1-enyl]-4(S)-isopropyloxazolidin-2-one 

(1b). 

 In order to make the 3-[(1Z)-2,3(S,R)-diphenylbut-1-enyl]-4(S)-

isopropyloxazolidin-2-one, 0.5036 g of 2,3-diphenylbutyraldhyde and 0.2536g of (S)-(-)-

4-isopropyl-2-oxazolidinone were mixed in a 25ml round bottom flask half full of 

toluene.  About 0.0031g (a catalytic amount) of p-toluenesulfonic acid was added.  A 

calcium carbonate column was placed above the flask to trap the water produced on the 

reaction.  The reaction was run at about 60oC under reflux and left for 12 hours.  It was 
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important to make sure the solvent did not evaporate off during this process, which would 

cause the reactants to oxidize.   

 After the reaction was terminated, the product was partitioned with 25ml NH4Cl 

solution and the organic layer was collected.  This was then dried over MgSO4.  

Purification was achieved with silica gel flash chromatography.  Petroleum ether: ethyl 

acetate (4:1) was first used as the mobile phase, this did not lead to a successful 

separation so a second column was run using CH2Cl2.  The column was monitored with 

TLC and GC/MS to make the initial verification that the product was obtained.  The 

product came out in the later fractions on the column.  After evaporation of solvent, 

0.3668g of the pure product were obtained and dissolved in 10ml of chloroform-d to 

make a 0.1093M solution of the product.  1H-NMR was used to verify the desired product 

was obtained.   

 2.2.5. 3-[(1Z)-2,3(S,R)-diphenylbut-1-enyl]-4(R)-isopropyloxazolidin-2-one 

(1a). 

 This same process (section 2.2.4) was repeated using the (S)-(-)-4-isopropyl-2-

oxazolidinone to produce 3-[(1Z)-2,3(S,R)-diphenylbut-1-enyl]-4(R)-

isopropyloxazolidin-2-one.  A 0.5108g sample of the starting aldehyde was used and 

0.1328g of pure product was obtained.  This was then dissolved in 3.5ml of Chloroform-d 

to obtain a 0.1131M solution of the 3-[(1Z)-2,3(S,R)-diphenylbut-1-enyl]-4(R)-

isopropyloxazolidin-2-one.  1H-NMR was used to verify the product was obtained.   

2.3. Reaction of Enecarbamates with PTAD. 

 In order to get a small conversion in this reaction 130µl of the respective 

enecarbamate solution (diastereomer 4R or 4S) was put into an NMR tube.  A small 
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recorded amount of the PTAD (varying between 0.200 to 0.500mg for each sample) 

dissolved in chloroform-d was added to the NMR tube where the reaction would be 

carried out.  Once the solution was no longer red, the reaction had terminated.  A 1H-

NMR spectra was obtained for each reaction set after it had terminated.  Conversion and 

diastereometric excess was calculated and recorded for each reaction set.   

 Three reactions for both the Z-R and S Enecarbamate (1a and b) were run at 

24oC, 7.0oC and -20oC.  NMR was taken for each of the reactions.  This same procedure 

was used with the E-enecarbamates (1c and d).  Calculations were done to make sure the 

correct mole ratios were used to achieve desirable reaction conversions.  One again about 

0.200 to 0.500mg of PTAD was used for each reaction. 

2.4. Instrumental Materials. 

 1H-NMR spectra were obtained on a Bruker AC360 spectrometer using NTNMR 

software version 1.3 and processed with Mestre-C 4.1.1.0.  All NMR were dissolved in 

CDCl3 without TMS, due to interferences it would have on the reactions.  GC/MS data 

were obtained with a Varian CP-3800 gas chromatograpy which uses a CP-Sil 8 column, 

Saturn 2200 mass spectrometer, and CP-8400 autosampler.   
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Chapter 3: Results. 
 

 
NMR analysis of PTAD reactions with 1a-d are summarized in Tables 3.1-3.8.  

Figures 3.1 through 3.4 show partial 1H-NMR spectra of the resonances of interest for 1a-

d before the addition of PTAD.  Figures 3.5.1- 3.8.6 show spectra and integrations of 

diastereotopic hydrogen peaks for each PTAD reaction run with 1a-d at the varying 

temperatures.   

Table 3.1 summarizes the results for the reactions of 1a and PTAD.  Three trials 

were taken at the three different temperatures, 24, 7.0 and –20oC demonstrate any trends 

that might exist with varying temperature.  Comparative peak integrations of 

diastereotopic hydrogens are displayed along with d.e. values calculated from those 

integrations.  The spectra for 1a-d prior to reaction are displayed in Figures 3.1, 3.3, 3.5-

3.8.  Figures 3.3 and 3.5 show that the initial 5d.e. for 1a determined from the hydrogens 

of interest is about 7% (3’S).  This skews the %d.e. determinations slightly for the 1a 

epimers and explains why %d.e. results for 1a are slightly higher in magnitude than for 

1b.  The peaks of interest are displayed in Figures 3.5.1 – 3.5.9 and represented in Table 

3.1 as well.  The exact percent conversion expressed throughout each table was 

determined though knowledge of the amount of PTAD used in each reaction and the 

assumption that all the PTAD had reacted (the solution becomes colorless when PTAD is 

completely consumed).  As temperature decreases, results show a slight increase in 

selectivity.  This increase in selectivity, however, is within the standard deviation.  Z-

4R,3’S is the species in diastereotopic excess (the less reactive epimer) for each of these 

trials and temperatures. 
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Table 3.1. Reactions of 1a with PTAD in CDCl3 at varying temperatures. 

Temp 
(oCt) Integration (1)a Integration (2)b d.e. value %conversion average standard 

dev 
24 1000 1193 8.78 16.4 
24 1000 1245 10.9 17.6 
24 1000 1247 11.0 22.6 

10.2 1.2 

7 1000 1216 9.76 12.3 
7 1000 1267 11.8 12.9 
7 1000 1384 16.1 13.2 

12.5 3.2 

-20 1000 1303 13.2 15.8 
-20 1000 1234 10.5 18.0 
-20 1000 1434 17.8 22.5 

13.8 3.7 

  a integration for peak representing Z4R3’R 
 b integration for peak representing Z4R3’S 
 

 

Table 3.2 shows this same information shared above except for the 1b PTAD 

reactions.  These d.e. values are taken from the comparative integration values shown in 

the table and in figures 3.6.1 – 3.6.9.  Z4S3’R is the species in diastereotopic excess (the 

less reactive epimer) for all of these trials except trial 3 at 24oC. 

 

Table 3.2. Reactions of 1b with PTAD in CDCl3 at varying temperatures. 
 
Temp (oC) Integration (1)a Integration (2)b d.e. value %conversion average standard 

dev 
24 1000 1006 0.299 14.1 
24 1000 1092 4.37 15.2 
24 1000 929.1 -3.68 19.4 

0.333 4.0 

7 1000 1058 2.80 16.6 
7 1000 1103 4.89 17.8 
7 1000 1072 3.47 19.5 

3.72 1.1 

-20 1000 1093 4.43 17.4 
-20 1000 1098 4.67 17.7 
-20 1000 1083 3.96 18.4 

4.36 0.4 

 a integration for peak representing Z4S3’S 
 b integration for peak representing Z4S3’R 
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 Tables 3.3 and 3.4 show the results for the reactions of the E-enecarbamates, 1c 

and 1d, respectively, with PTAD in CDCl3 at various temperatures.  

Diastereoselectivities are determined as before using integration values from the 1H-

NMR spectra shown in figures 3.7.1 through 3.8.6.  As seen with 1O2,13 selectivity is 

higher with the E-isomers than with the Z-isomers.  Data from the reaction of PTAD with 

1d at -20°C are unavailable due to a shortage of the starting material.  However, at this 

point, the data from each reaction seem consistent enough to preclude the need for this 

data.  In fact. the results in these trials are consistent with previously reported trends in 

selectivity for reactions of chiral enecarbamates where the reactions of the optical 

antipodes at C-4 (e.g. E4R3’R/S versus E4S3’R/S) give similar selectivity, but opposite 

in sense.  That is, the E4R3’R isomer is more reactive with PTAD for the 1c epimeric 

pair, while the E4S3’S isomer is more reactive when the 1d epimeric pair is reacted with 

PTAD.   

 
Table 3.3. Reactions of 1c with PTAD in CDCl3 at varying temperatures. 
 
Temp (*C) Integration (1) Integraion (2) d.e. value %convertion average standar dev 

24 1000 1309 13.4 16.4 
24 1000 1382 16.0 16.8 
24 1000 1310 13.4 17.8 

14.3 1.5 

7 1000 1248 11.0 20.1 
7 1000 1178 8.2 20.6 
7 1000 1103 4.9 20.7 

8.00 3.1 

-20 1000 1252 11.2 14.5 
-20 1000 1233 10.4 16.9 
-20 1000 1274 12.0 17.4 

11.2 0.8 

 a integration for peak representing E4R3’R  
 b integration for peak representing E4R3’S 
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Table 3.4. Reactions of 1d with PTAD in CDCl3 at varying temperatures. 
 
Temp (oC) Integration (1)a Integration (2)b d.e. value %conversion average standard 

dev 
24 1000 1269 11.9 16.2 
24 1000 1296 12.9 17.7 
24 1000 1301 13.1 22.1 

12.6 0.7 

7 1000 1209 9.46 17.2 
7 1000 1254 11.3 22.8 
7 1000 1240 10.7 24.0 

10.5 0.9 

 a integration for peak representing E4S3’S  
 b integration for peak representing E4S3’R 
 
 
 
Table 3.5. Averages values for reactions of 1a-d with PTAD 
 
Enecarbamate Temp. (oC) average d.e. standard dev. 

24 14.3 1.5 E4R3'R,S 
7 8.00 3.1 
24 12.6 0.7 E4S3'R,S 
7 10.5 0.9 
24 10.2 1.2 
7 12.5 3.2 Z4R3'R,S 

-20 13.8 3.7 
24 0.333 4.0 
7 3.72 1.1 Z4S3'R,S 

-20 4.36 0.4 
 

 

 Tables 3.6 and 3.7 show the affects on varying PTAD reaction conversion with 1c 

and d respectively on the d.e. values.  The data displaying the interaction of PTAD with 

1c and d, respectively, shows that conversion does not significantly affect the d.e. values.  

The d.e. values were calculated from the respective comparative integrations shown in 

Tables 3.6 and 3.7.  The spectra used to obtain these integral values are displayed in 

Figures 3.13.1 through 3.15.3.   
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Table 3.6. Reaction of 1c with PTAD in CDCl3 at varying reaction conversions. 
 
Conversion Integration (1)a Integration (2)b d.e. 

10% 1000 1599 23.0 
20% 1000 1758 27.5 
40% 1000 1552 21.6 

 a integration for peak representing E4R3’R 
 b integration for peak representing E4R3’S 
 
 
 
 
 
Table 3.7. Reaction of 1d with PTAD in CDCl3 at varying reaction conversions. 
 
Conversion Integration (1)a Integration (2)b d.e. 

10% 1000 1223 10.0 
20% 1000 1177 8.1 
40% 1000 1191 8.7 

  a integration for peak representing E4S3’S  
 b integration for peak representing E4S3’R 
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Figure 3.1. Full 1H-NMR spectrum of Z-4R,3’R/S before reaction. The peak at 5.32 ppm 
represents dichloromethane. 
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Figure 3.2. Representative full 1H-NMR spectrum of Z-4R,3’R/S (1a) and PTAD after 
reaction.  
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Figure 3.3. Full 1H-NMR spectrum of E-4R,3’R/S (1c) before reaction. 
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Figure 3.4. Representative full 1H-NMR spectrum of E-4R,3’R/S (1c) and PTAD after 
reaction. 
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Figure 3.5. 1H-NMR of 1a before reacting with PTAD.  Integration of vinyl proton 
signals shows a ca. 1:1 mixture. 

 
Figure 3.6. 1H-NMR of 1b before reacting with PTAD.  Integration of vinyl proton 
signals shows a ca. 1:1 mixture. 
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Figure 3.7. 1H-NMR of 1c before reacting with PTAD.  Integration of vinyl proton 
signals shows a ca. 1:1 mixture. 
 
 

 
Figure 3.8. 1H-NMR of 1d before reacting with PTAD.  Integration of vinyl proton 
signals shows a ca. 1:1 mixture. 
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Figure 3.9.1. Trial 1, reaction of 1a with PTAD (16.4% conversion at 24oC in CDCl3). 
 
 
 
 
 

 
Figure 3.9.2. Trial 2, reaction of 1a with PTAD (17.6% conversion at 24oC in CDCl3). 
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Figure 3.9.3. Trial 3, reaction of 1a with PTAD (22.6% conversion at 24oC in CDCl3). 
 
 
 
 

 
Figure 3.9.4. Trial 1, reaction of 1a with PTAD (12.3% conversion at 7.0oC in CDCl3). 
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Figure 3.9.5. Trial 2, reaction of 1a with PTAD (12.9% conversion at 7.0oC in CDCl3). 
 
 

 
Figure 3.9.6. Trial 3, reaction of 1a with PTAD (13.2% conversion at 7.0oC in CDCl3). 
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Figure 3.9.7. Trial 1, reaction of 1a with PTAD (15.8% conversion at -20oC in CDCl3). 
 
 
 
 
 

 
Figure 3.9.8. Trial 2, reaction of 1a with PTAD (18.0% conversion at -20oC in CDCl3). 



 41 

 

 
Figure 3.9.9. Trial 3, reaction of 1a with PTAD (22.5 % conversion at -20oC in CDCl3). 
 
 
 

 
 
Figure 3.10.1. Trial 1, reaction of 1b with PTAD (14.1% conversion at 24oC in CDCl3). 
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Figure 3.10.2. Trial 2, reaction of 1b with PTAD (15.2% conversion at 24oC in CDCl3). 
 
 
 
 
 
 
 
 

 
Figure 3.10.3. Trial 3, reaction of 1b with PTAD (19.4% conversion at 24oC in CDCl3). 
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Figure 3.10.4. Trial 1, reaction of 1b with PTAD (16.6% conversion at 7.0oC in CDCl3). 
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Figure 3.10.5. Trial 2, reaction of 1b with PTAD (17.8% conversion at 7.0oC in CDCl3). 
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Figure 3.10.6. Trial 3, reaction of 1b with PTAD (19.5% conversion at 7oC in CDCl3). 
 
 

 
Figure 3.10.7. Trial 1, reaction of 1b with PTAD (17.4% conversion at -20oC in CDCl3). 
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Figure 3.10.8. Trial 2, reaction of 1b with PTAD (17.7% conversion at -20oC in CDCl3). 
 
 
 
 
 

 
 
Figure 3.10.9. Trial 3, reaction of 1b with PTAD (18.4% conversion at -20oC in CDCl3). 
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Figure 3.11.1. Trial 1, reacion of 1c with PTAD (16.4% conversion at 24oC in CDCl3). 
 

 
Figure 3.11.2. Trial 2, reacion of 1c with PTAD (16.8% conversion at 24oC in CDCl3). 
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Figure 3.11.3. Trial 3, reaction of 1c with PTAD (17.8% conversion at 24oC in CDCl3). 
 
 

 
 
Figure 3.11.4. Trial 1, reaction of 1c with PTAD (20.1% conversion at 7.0oC in CDCl3). 
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Figure 3.11.5. Trial 2, reaction of 1c with PTAD (20.6% conversion at 7.0oC in CDCl3). 
 
 

 
Figure 3.11.6. Trial 3, reaction of 1c with PTAD (20.7% conversion at 7.0oC in CDCl3). 
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Figure 3.11.7. Trial 1, reaction of 1c with PTAD (14.5% conversion at -20oC in CDCl3). 
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Figure 3.11.8. Trial 2, reaction of 1c  with PTAD (16.9% conversion at -20oC in CDCl3). 
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Figure 3.11.9. Trial 3, reaction of 1c with PTAD (17.4% conversion at -20oC in CDCl3). 
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Figure 3.12.1. Trial 1, reaction of 1d with PTAD (16.2% conversion at 24oC in CDCl3). 
 
 

 
Figure 3.12.2. Trial 2, reaction of 1d with PTAD (17.7% conversion at 24oC in CDCl3). 
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Figure 3.12.3. Trial 3, reaction of 1d with PTAD (22.1% conversion at 24oC in CDCl3). 
 
 

 
Figure 3.12.4. Trial 1, reaction of 1d with PTAD (17.2% conversion at 7.0oC in CDCl3). 
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Figure 3.12.5. Trial 2, reaction of 1d with PTAD (22.8% conversion at 7.0oC in CDCl3). 
 
 
 
 

 
Figure 3.12.6. Trial 3, reaction of 1d with PTAD (24.0% conversion at 7.0oC in CDCl3). 
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Figure 3.13.1. Reactions of 1c with PTAD (10% conversion at 24oC in CDCl3). 
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Figure 3.13.2. Reactions of 1c with PTAD (20% conversion at 24oC in CDCl3). 
 

 
Figure 3.13.3. Reactions of 1c with PTAD (40% conversion at 24oC in CDCl3). 



 58 

 

 
Figure 3.14.1. Reactions of 1d with PTAD (10% conversion at 24oC in CDCl3). 
 

 
Figure 3.14.2. Reactions of 1d with PTAD (20% conversion at 24oC in CDCl3). 
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Figure 3.14.3. Reactions of 1d with PTAD (40% conversion at 24oC in CDCl3). 
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Chapter 4: Discussion 
 
 
 

Diastereoselectivities of PTAD reactions with the enecarbamate are much lower 

than that seen with 1O2 with no significant dependence on temperature.  The species in 

diastereotropic excess (%d.e.) is the species with the less favorable C-3’ conformation 

causing it to react slower with PTAD.  Low d.e. values indicate that neither diastereomer 

is significantly more reactive with the PTAD molecule.  Due to the bulkiness of the 

molecule and the fact it exists in a ground state, any selectivity found in the PTAD 

reactions can be attributed to differing degrees of steric interference at chiral centers.  

The fact that there is a much higher selectivity with the 1O2 than with the PTAD reactions 

suggests that there are other contributing factors beyond sterics that drive the selectivity 

of the singlet oxygen reactions.   

 Singlet oxygen shows highest selectivity when reacting at low temperatures in 

CD3OD.13  Given the nature of PTAD and the high reactivity of its reaction intermediates 

with alcohols, CD3OD could not be used as a solvent.16  Reactions of singlet oxygen with 

1c or 1d in CD2Cl2, CDCl3 or CD3CN show moderate to hight selectivity along with a 

strong dependence on solvent and temperature (Table 1.2).  As previously indicated, 

limited amounts of starting materials precluded our ability to explore these solvent 

effects.   

The data in Table 3.1 suggests that higher diastereoselectivity will not be 

achieved when decreasing the temperature (even to those degrees explored in the singlet 

oxygen reactions).  Selectivity of 1a reacting with singlet oxygen in CDCl3 when the 

reactions are allowed to go to 50% conversion is only around 30% at 24oC (Table 1.1), 
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however, this is far more selective than what was found in the PTAD reactions 

(averaging under 14% at –20oC and only about 18% conversion average, Table 3.1).  As 

is shown in Tables 3.6 and 3.7, reaction selectivity decreases with increased reaction 

conversion.  This is logical: if a reaction goes to 100% conversion, there would be no 

selectivity because by the time a reaction reaches completion, both species of the 

epimeric mixture will be converted to their respective products.  Consequently, the closer 

a reaction gets to reaching 100% completion, the less likely it is the data will show a 

reaction preference of one diastereomer over the other.   

The fact singlet oxygen is exhibiting a significantly higher selectivity than PATD 

indicates that there are different modes of reactivity in operation between these two 

enophiles.  The PTAD reaction with 1a did show slight temperature dependence in that 

when the temperature decreased, the selectivity increased.  This increase however, was so 

small that the standard deviations among the trials taken could account for the spread of 

data.  In the end it must be concluded that the temperature did not help increase 

selectivity of 1a with PTAD.   

  The same analysis holds for singlet oxygen and PTAD reactions with 1b.  When 

reacting with 1b and 1d, singlet oxygen still observed higher selectivity than that found 

in the PTAD reactions (Table 1.1).  Although singlet oxygen shows only slight selectivity 

when reacting with 1b (11%e.e. at 47% conversion in CDCl3 at 24oC, Table 1.1), this is 

still more than what is found in the PTAD reactions at lower temperatures in the same 

solvents (averaging under 8% d.e. at its most selective point at 7oC at about 18% 

conversion average, Table 3.2).  The argument that steric effects do not play a large role 

in stereodifferentiation in the 1O2 reactions is supported by these results.   
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 Reactions with 1O2 and 1c showed highest diastereoselectivity in CD3OD at 

temperature of –40oC (94%e.e.).13  Comparative selectivity between singlet oxygen and 

PTAD is easily determined by looking at the reactions carried out in CDCl3.  The lower 

selectivity exhibited by PTAD compared to 1O2 also suggests that when reacting with 1c, 

1O2 selectivity is not due to steric interferences.  As with the Z-enecarbamates (1a and 

b),varying the temperature does not a role in the reaction selectivity (Table 3.3).  

 Comparing Table 1.2 to 3.4 shows the degree to which singlet oxygen is better 

able to stereodifferentiate when reacting with 1d.  Even though it is in CD2Cl2 rather than 

CDCl3, 1O2 never observes e.e. values under 28% at its warmest temperature (18oC at 

almost 30% conversion), and observes 88% e.e. at its lower temperatures (-60oC at 56% 

conversion).  PTAD d.e. values for the 1d reactions never reached above 13.1% at 

conversions as low as 22.1%.  This again supports to 1b, just as seen in 1a-c, that 

selectivity observed by 1O2 is not driven by sterics.    

 Even though 1O2 shows much higher selectivity than PTAD, both singlet oxygen 

and PTAD are selecting for the same diastereomers (as did O3).13  This permits an 

argument for the connection between physical and chemical quenching.  It is the dramatic 

difference in selectivity of PTAD and 1O2 when reacting with 1a-d that strongly supports 

the hypothesis that selectivity of 1O2 is due to vibrational deactivation rather than sterics.  

Because PTAD is a much larger enophile than 1O2, its low selectivity with enecarbamates 

1a-d suggests that sterics do not contribute significantly to the differentiation seen in 

these types of reactions.  Physical quenching cannot drive selectivity with PTAD 

reactions because, unlike 1O2, PTAD is a ground state molecule.  “This proves that the 

high stereoselectivity observed for 1O2 (~97% ee at –70oC; CD3OD; Table 1.2) relates 
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presumably to its electronically excited nature, since it may be vibrationally deactivated 

on encountering C-H bonds.11, 12   Figure 4.1 below demonstrates these interactions with 

respect to 1a. 
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Figure 4.1. Vibational deactivation between 1O2 and 1a driven by C-H bonds at C-4 and 

C-3’. 
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Figure 4.2. Steric hindrance due to C-4 and C-3’ drives slight selectivity found in the 

PTAD and 1a reactions. 
 
 

As Figure 4.1 shows, and as was determined earlier though the work with ozone 

(see appendix), the isopropyl group and its orientation at C-4 is responsible for blocking 
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the attack of 1O2 from what is displayed as the bottom side of the molecule.  The two 

methyl groups of this chiral auxiliary provides an abundantly furnished “shield” of C-H 

bonds that deactivate the 1O2 with their vibrational energies.    

 The C-3’ position of the oxazolidinone chiral auxiliary is now better 

understood through the results presented in the PTAD reactions.  The phenyl group at the 

chiral center of interest did not direct enough selectivity when reacting with the bulky 

PTAD to support an argument of steric hindrance in the 1O2 reactions.  As Figure 4.2 

above depicts for PTAD, sterics is only a small contributing factor to the low selectivity 

found in these reactions.  It now appears that a physical quenching from the vibrational 

energy of the   C-H bonds plays a more important role in the stereoselectivity of the 1O2 

reactions.  Pertaining to Figure 4.1 above, it is obvious that there is a greater abundance 

of C-H bonds when the C-3’ has the S configuration.  Data shows that it is also this 

isomer that 1O2 is less reactive with, oxidizing the 3’R isomer more readily given the 

decrease in the number of vibrationally deactivating C-H bonds existing with the methyl 

group in place of the 3’S phenyl group.  Experiments at Columbia are underway to 

further support this hypothesis.  If those C-H bonds are replaced with C-D bonds, the 

reduction in vibrational frequencies should directly affect the selectivity of 1a, b, c, and d 

with 1O2.  One should expect that lowering the vibrational energies of those bonds at the 

chiral point of interest (C-4 and C-3’) will decrease selectivity.  Since a deuterium atom 

is heavier than a hydrogen atom, the vibrational energy between a C-D bond will be less 

than that of the C-H bond, supplying a smaller, less favorable, energy scale for the 

excited oxygen to transfer its energy to upon deactivation.
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Chapter 5: Conclusion 
 
 

 
Original understanding of steric driven stereodifferentiation of 1O2 has been 

challenged through the study of PTAD and its selectivity on oxazolidinone substituted 

enecarbamates.  Extensive studies have been done to this point with these chiral 

auxiliaries and 1O2, finding that selectivity of the photooxidation reaction can reach %e.e. 

values of 94%.  While singlet oxygen is known to be one of the smallest more reactive 

enophiles, PTAD, which reacts via the same mechanism is bulky and would exhibit 

enormous selectivity if sterics was the driving factor solely based on the large size of the 

bulky molecule.  This however was not the case.  Little to no selectivity was seen in the 

PTAD reactions with 1a-d at varying temperatures in CDCl3.  This was displayed 

through the low d.e. values of all the PTAD reactions carried out.  At this point, steric 

quenching no longer fully accounts for the unique selectivity of singlet oxygen.  Rather, it 

is most likely physical quenching caused by the C-H bonds at the C-3’ chiral position of 

1a-d that is preventing 1O2 from reacting with the double bond.   
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