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Chapter 1: 

An Overview of the Role of Enantioenriched [2.2]Paracylophane Derivatives in 
Asymmetric Synthesis 
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Figure 1.5: Common substitution patterns in mono- and di-substituted [2.2]paracyclophanes 
with stereochemical description (in green are chiral derivatives) 

 

To be useful, it is necessary to have methods to resolve the planar chirality of these 

derivatives. There can be two general ways of obtaining enantiopure compounds, the first is 

by separation of one enantiomer from the racemic mixture and the second is by the synthesis 

of the single enantiomer.19  

1.6 Enantioenriched [2.2]Paracyclophanes 

Planar chiral monosubstituted [2.2]paracyclophane derivatives have been employed in 

asymmetric synthesis or catalytic reactions. Synthesis of enantiopure mono-substituted 

[2.2]paracyclophanes (Figure 1.6) is challenging as the majority of routes are still based on 

the classical resolution of mixtures. There are different approaches to resolve these key 

compounds into pure enantiomers. Some of them are explained below: 









https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Br%C3%A4se%2C+Stefan
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Scheme 1.7 Planar chiral N,Se-ligands catalyzing allylic alkylation 

Hopefully, it is clear that the majority of enantiomerically pure derivatives are either prepared 

from a small pool of resolved starting materials or that each new compound requires its 

resolution protocol. This can be a tedious endeavor, especially when larger quantities of 

enantiomerically pure [2.2]paracyclophanes are needed. Moreover, conventional resolution 

methods require stoichiometric amounts of enantiopure derivatizing agents or chiral 

auxiliaries, are a tedious process, and often give moderate yields.28  

1.8 Applications of [2.2]Paracyclophane in Asymmetric Synthesis 

The planar chirality of [2.2]paracyclophane 1.4 has been known since 1955, yet it was not 

until the 1990s that this chirality was exploited in the field of asymmetric catalysis. 

[2.2]Paracyclophane derivatives are utilized as chiral auxiliaries, catalysts, pre-ligands in 

enantioselective synthesis. There has been several reviews on [2.2]paracyclophane 

derivatives in enantioselective catalysis.1b,15,29 

1.8.1 Enantioselective hydrogenation by Phanephos 

Phanephos 1.35 was synthesized by Pye et al. in 1997. It is based upon the same principles as 

the chiral diphosphine ligand BINAP, which has also been extensively employed as an 

enantioselective catalyst for enantioselective transformations (Figure 1.8).29 

 

Figure 1.8:  Structure of (S)-Phanephos and (R)-BINAP 

One such example is where Phanephos was applied in the enantioselective hydrogenation of 

dehydroamino acid methyl ester by forming the triflate salt with rhodium(I) under extremely 

mild conditions like using 2 mol% of the catalyst, hydrogen gas at ambient temperature to 

give 99.6% ee and >99% yield (Scheme 1.8).10 
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Moreover, the planar and centrally chiral 1,2,4-triazolium salt (R,Rp)-1.48 exhibited a 

significantly better catalytic performance compared to the planar chiral imidazolium salts 

enantioselectivity (up to 99% ee). 

 

 

Scheme 1.11: Planar chiral [2.2]paracyclophane-derived N-heterocyclic carbene ligands 

 

1.8.5 Planar Chiral [2.2]Paracyclophane-derived N,O-Chelating L igands 

A recent example of the utilization of [2.2]paracyclophane-containing mono- and tethered 

bis-amide ligands have been shown (Figure 1.9) by Bräse and Schafer et al.34  

 

Figure 1.9: Mono- and bis-amide N,O-chelating ligands 

These amides act as potent chelating ligands for titanium- and zirconium-catalyzed 

hydroamination of aminoalkenes. The translation of planar chirality of the starting material 

(Sp)-1.51 and (Sp)-1.52 was converted to central chirality by the formation of a 

hydroamination product (Scheme 1.12).34 The substrate 1.53 produced the hydroamination 

product 1.54 with hydroaminoalkylation by-product 1.55 (from C-H activation). The bis-

amide ligand (Sp)-1.52 with Zr(NMe2)4 proved superior for enantioselectivity (68% ee) and 

chemoselectivity (1.52 vs. 1.51: 36% vs. 6%) as compared to mono-amide 1.51. It is 

predicted that in the case of zirconium metal as it is less affected and sterically shielded by 

the tethered ligand as compared to the titanium metal tethering. 

 



15 
 

 
Scheme 1.12 Hydroamination of aminoalkenes 

 

1.9 Conclusion: 

The general introduction above provides a brief overview of [2.2]paracyclophane derivatives 

and their potential in the stereoselective synthesis. Despite the recent advancements in 

[2.2]paracyclophane chemistry, the main limitation is the lack of elegant methods to sythesize 

the enantiomerically pure planar chiral derivatives.  

There are still many opportunities to explore before [2.2]paracyclophane derivatives show 

their full potential in asymmetric catalysis. These chiral compounds have great potential and 

can be useful in many ways. This research project aims at providing new methodologies and 

routes to synthesize chiral [2.2]paracyclophanes. 

We have seen in examples above that the [2.2]paracyclophane needs a substituent to 

introduce planar chirality. The next chapter will focus on the brief overview of one of 

coupling partner, i.e., oxazolines.  
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Chapter 2: 

Chiral Oxazolines and their Role in Stereoselective Transformations 
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The classical way to synthesize 2-oxazolines from amino alcohol (Scheme 2.1). The 

condensation between the acyl chloride and amino alcohol yields 2.16 or 2.17. This then 

undergoes cyclization to yield oxazolines 2.17. There are lot a of new reports available in the 

literature that yields 2-oxazolines in an efficient way using different approaches. 

 

Scheme 2.1: Synthesis of oxazolines from amino alcohols 

There are many more ways by which we can synthesize 2-oxazolines.7  

2.2a 2-Oxazolines from nitriles 

This approach to synthesizing 2-oxazolines is shown by Garg et al., where the synthesis of 

various 2-aryl/(hetero)aryloxazolines from nitriles and amino alcohols has been achieved 

without metals and catalysts in good to excellent yields (Scheme 2.2. Table 2.1). The 

reaction tolerates many functional groups and allows the introduction of many important 

biologically active motifs such as azoles, ring-fused azoles, saturated heterocyclics, and 

amines.8 

 

Scheme 2.2: Synthesis of various 2-aryl/(hetero)aryl oxazolines from nitriles 

2.18 2.19 Yield 

 
 

2.18a 
 

2.19a 

 
89% 

 
 

2.18b 
 

2.19b 

 
97% 

Table 2.1: Substrate scope of aromatic and hetero-aromatic 2-oxazolines 
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Proposed mechanism for the 2-oxazoline from nitriles: 

Scheme 2.3 highlights the proposed mechanism for the formation of 2-oxazolines. The 

nucleophilic attack on the aryl nitrile 2.18, followed by addition of amino alcohol 2.15 and 

intra-molecular cyclization lead to the formation of 2-oxazoline 2.19. 

 

Scheme 2.3: Proposed mechanism for the 2-oxazoline from nitriles 

 

2.2b Microwave-assisted synthesis of 2-Oxazolines 

The synthesis of oxazolines has seen a recent advancement through the application of assisted 

microwave techniques. Deng et al., have developed a microwave-accelerated strategy to 

synthesize aminophenol-containing chiral oxazolines from aryl nitriles in a simpler and 

greener way with improved efficiency and reliability (Scheme 2.4).9 
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reduction of the iodane to the iodoarene. Depending on the nature of 2.26, rapid substitution 

often follows with external nucleophiles NuH, for example water or hydroxide anions, to 

generate the substituted oxazoline 2.25. 

 

Scheme 2.6: General Mechanism for an Iodane-Mediated N-Oxidative Cyclization of N-allyl 
amides 

2.3 Physical Properties of Oxazolines 

The physical properties of the oxazolines depend significantly on the substitution that it 

bears, as they rarely oxazolines are found without any substituent. They have a very strong 

and characteristic odor, which may be pungent pyridine-like in some of them. The different 

substituents on 2-oxazoline are responsible for the variable boiling points of different 

oxazolines. 

 

2.4 Chemical Properties of 2-Oxazolines: 

 

Oxazolines have been widely employed for various purposes beyond their extensive use as 

chiral ligands or pre-ligands. Although these applications may not directly relate to my 

specific chemistry, they are worth mentioning to showcase the versatility of this remarkable 





27 
 

combination aids in stabilizing intermediate oxidation states that arise during a catalytic 

cycle. 

Herein, an example of asymmetric catalysis is reported using a new class of P,N ligand, 

NeoPhox. Pfaltz et al. demonstrated the utility of these ligands when he applied them in the 

Ir-catalyzed hydrogenation of several stilbenes affording enantioselectivities of up to 99% 

(Scheme 2.7).13b 

 

Scheme 2.7: Asymmetric catalysis using a new class of P,N ligand, NeoPhox 

2.5b C2-Symmetric Pyrazolate-Bridged Bis(oxazoline) Ligands (pyrbox) 

Though oxazoline-based ligands have become very common, binucleating systems where a 

central bridging unit with appended oxazoline rings can host two metal centers have 

remained a point of interest for chemists around the world (Figure 2.5).14 

 

Figure 2.5: Pyrazole-bridged ligand 

The generally adopted metal-metal separations are in the range of 3.4-4.5 Å and are thus 

suitable for exploiting cooperative reactivity toward substrate molecules. Further 

enhancement of preorganization of the two metal ions can be achieved by the attachment of 

chelating side arms to the 3,5-positions of the pyrazole heterocycle, and a variety of 

symmetrical and unsymmetrical 3,5-disubstituted ligands can be developed. To investigate 

the effect of steric and electronic modifications at both the bridging unit and the chelate arms, 

four different ligands were prepared, followed by their coordination with monocationic bis 

(methallypalladium) to yield 2.33a-d (Scheme 2.8). 



28 
 

 

Scheme 2.8: Synthesis of pyrazole-bridged ligands 

The catalytic activity of the bis(methallylpalladium) complexes was tested in the allylic 

alkylation of the model substrate rac-(E)-1,3-diphenylallyl acetate, using dimethyl malonate 

as a nucleophile under basic conditions, (Scheme 2.9). 

 

Scheme 2.9: Allylic alkylation of rac-(E)-1,3-diphenylallyl acetate with dimethyl malonate 

using C2-symmetric pyrazolate-bridged bis(oxazoline) ligands 

2.5c Pincer Oxazolines 

The first-of-its-kind studies on pincer bis-oxazolines (PBox) (Figure 2.6) were carried out 

independently by Denmark, Richards, and the group of Nishiyama and co-workers in 1997. 

Pincer oxazolines have been shown to be an important sub-class of the pincer ligands in both 

the general coordination chemistry sense and for applications in catalysis.15 

 

 

Figure 2.6: Pincer Oxazolines 
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aryl boronic acids to yield the corresponding arylation products in moderate yields and ee 

(Scheme 2.12). 

 

Scheme 2.12: Asymmetric Heck-type reaction 

2.5f Oxazolines-catalyzed Asymmetric Cross-coupling Reactions 

The Fu group developed a series of Ni-catalyzed achiral cross couplings of organometallic 

reagents with alkyl halides.18 This group described the first catalytic enantioselective cross-

couplings of secondary alkyl electrophiles, using primary alkyl zinc reagents and a t-Bu-

iQuinox ligand with ortho steric repulsion towards the oxazoline ring could increase the yield 

and ee to an excellent level. 

Scheme 2.13 shows the comparative analysis between the two ligands, where the difference 

in both yields and ee is evident while using t-Bu-iQuinox ligand. 
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2.5h Rh-catalyzed hydrosilylation of Ketones using Pyox Ligands 

Brunner et al., attempted the first successful rhodium-catalyzed hydrosilylation of ketones in 

the presence of oxazoline-based pyox ligands. the desired products were obtained with up to 

91% ee using this ligand (Scheme 2.15).20,21,22 

 

Scheme 2.15: Rh-catalyzed hydrosilylation of ketones using Pyox Ligands 

2.6 Oxazolines as chiral Auxiliaries 

2.6a Switchable and efficient conversion of 2-amidoaryl oxazolines to quinazolin-4(3H)-

ones and N-(2-chloroethyl)benzamides. 

Aryl oxazolines are very useful for functionalization reactions in organic synthesis as they 

can be utilized as complementary precursors for various heterocycles. An atom-economic and 

step-efficient, one-pot method was developed by Weiqiang et al., for the synthesis of 

quinazolin-4(3H)-ones. It was a switchable chemoselective conversion of 2-amido-aryl 

oxazolines to quinazolin-4(3H)-ones or N-(2-chloroethyl)benzamides that have been 

developed (Scheme 2.16).23 

 

Scheme 2.16: Conversion of 2-amidoaryl oxazolines to quinazolin-4(3H)-ones 
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Scheme 2.17: Hydrolysis of Oxazolines 

Hydrolysis becomes important inorder to convert pre-ligands to chiral ligands or simpler 

from diastereomers to enantiomers  

Chiral oxazolines can be hydrolyzed to enantio-enriched acids under strong acidic conditions, 

which will be discussed in the upcoming chapters. 
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2.8 Conclusion 

This chapter has highlighted some of the usefulness of 2-oxazolines like bis(oxazoline) (box), 

pyridine-2,6-bis(oxazoline) (pybox), and many more with 2-oxazoline core that have been 

used as chiral ligands with various metals. Due to their ease of synthesis, adaptable structure, 

and suitability for various metal-catalyzed reactions, chiral compounds incorporating an 

oxazoline ring have emerged as highly successful, versatile, and widely employed ligands in 

asymmetric catalysis. 

The extensive applicability of this ligand class in catalytic asymmetric synthesis is evidenced 

by its ability to achieve exceptional enantioselectivity in a wide range of metal-catalyzed 

transformations. These transformations span various reactions, including oxidations, 

reductions, cycloadditions, and carbon-carbon bond-forming reactions. 

The next chapter will focus on the coupling of the chiral oxazolines with [2.2]paracyclophane 

that will be resolved to give enantiopure products.  
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Scheme 3.2: Synthesis of racemic 4-carboxy[2.2]paracyclophane 

The resolution of the racemic 4-carboxy[2.2]paracyclophane is discussed in the chapter 1. 

Therefore, accessing enantioselective carboxylic acid derivatives takes more steps. Due to 

these challenges associated with the synthesis of [2.2]paracyclophane-oxazoline derivatives, 

there is always a need for a practical methodology that can access these valuable compounds.  

Recently, Lu et al19,20 and Ackermann et al21 independently reported the direct C-H 

(hetero)arylation of oxazolines 3.9 at the 2-position (Scheme 3.3). The former group 

employed bidentate diphosphine ligands (dppe or dppp) while the latter group used a bulky 

SPO-based catalyst 3.8. These protocols are good alternatives to the traditional methods for 

the synthesis of chiral oxazoline ligands.1,2 

 

Scheme 3.3:  Reported conditions for the C-H (hetero)arylation of oxazolines. 

However, we were interested in the opposite approach from what is shown in Scheme 3.3. In 

order to eliminate the multi-step synthesis, as well as dissuade the use of hazardous 

chemicals, we were interested in the concise and economical synthesis of planar chiral 

oxazolines followed by their subsequent hydrolysis.  

Adding the oxazoline first, using this moiety to resolve the planar chirality of 

[2.2]paracyclophane, and act as a precursor to the carboxylic acid or for the further 

functionalization of the backbone (Scheme 3.4). Such a strategy would permit a wider range 

of substituents, specifically those that were not compatible with halogen-metal exchange, to 
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be present in the molecule. Simpler, more rapid access to [2.2]paracyclophane derivatives 

would permit a wider variety of chemists to employ this fascinating molecule in their 

research. 

 

Scheme 3.4: Our strategy for the desired coupling 

 

4.2 Scope of bromo[2.2]paracyclophane for oxazoline coupling 

 

We conducted a screening of various secondary phosphine pre-ligands [(HA)SPO], including 

those substituted with heteroatoms. Among them, di-tert-butylphosphine oxide (t-Bu2SPO) 

emerged as a catalyst that demonstrated complete conversion of simple [2.2]paracyclophane 

derivatives. After screening multiple conditions and numerous coupling partners (different 

oxazolines as well as different regioisomers of [2.2]paracyclophane), we found that a 

combination of Pd(OAc)2 and di-tert-butyl SPO 3.10 coupled (4S)-substituted-oxazoline 3.6 

to (±)-4-bromo[2.2]paracyclophane 3.5 (Scheme 3.5). 

 
Scheme 3.5: Optimized conditions for the 4-bromo[2.2]paracyclophane for oxazoline 

coupling 
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The initial aim of the project was to determine the scope of the coupling with a range of 

[2.2]paracyclophane substrates and the two different oxazolines. We were successful in 

forming different desired coupled products. The following section will discuss the various 

coupled [2.2]paracyclophane-oxazoline products. 

4.2.1 4-Bromo[2.2]paracyclophane with benzyl oxazoline coupling: 

The coupling of 4-bromo[2.2]paracyclophane 3.5 with (4S)-substituted-oxazoline 3.6 under 

the optimized conditions using Pd(OAc)2 and di-tert-butyl SPO 3.10 gave a mixture of 

diastereomers in 82% yield. Very careful chromatography allowed some of the pure (Rp,S)-

3.11a (18%) and (Sp,S)-3.11a (12%) to be isolated, but the majority remained a 

mixture(±)3.11a (52%) (Scheme 3.6).  

 

Scheme 3.6: Coupling of 4-Bromo[2.2]paracyclophane with benzyl oxazoline 

A plausible mechanism for the coupling is based on the Pd0/PdII pathway and is shown in 

Figure 3.1. The catalytic cycle is initiated by the oxidative addition of the ligated Pd0 to the 

[2.2]paracyclophane-halide I . The oxazoline 3.6a is deprotonated by the LiOtBu to generate 

the lithium oxazoline intermediate, which subsequently undergoes transmetallation with the 

organopalladium to give the palladium-oxazoline II . Finally, reductive elimination produces 

coupled product 3.11a, and simultaneously reducing the PdII back to Pd0. 
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Figure 3.1: Proposed mechanism for [2.2]paracyclophane halide and oxazoline coupling. 

As the separation was challenging, this was not an ideal method for resolution, especially if 

we wanted to scale up and so it was decided to investigate the coupling of bulkier oxazoline 

in the hope that this would increase the difference between diastereomers, making separation 

easier.  

4.2.2. 4-Bromo[2.2]paracyclophane with tert-butyl oxazoline coupling: 

Next we looked at the coupling of tert-butyl oxazoline 3.6b. This bulkier group places a 

greater steric demand closer to the oxazoline as compared to the benzyl oxazoline, and might 

cause a bigger difference in the Rf of the diastereomers. The coupling gave unsatisfactory 

results with the t-Bu2SPO 3.10 and we investigated the use of different SPOs. The 

diadamantyl SPO 3.12 gave a much better result. It is unclear why there was such a marked 

difference. The literature suggests that the adamantyl moiety is slightly larger than a t-Bu 

groups, but was not sure why this makes a difference. The literature also states that 
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adamantly groups exhibit a huge noncovalent contact area that maximizes attractive London 

dispersion interactions that might counteract the repulsive steric effects.22  

So, changing just the ligand from t-Bu2SPO 3.10 to Ad2SPO 3.12, and keeping all other 

conditions same as previous mono-coupling, the desired diastereomers were formed and 

readily separated by column chromatography to give 30% yield of each diastereomer 

(Scheme 3.7). 

 

Scheme 3.7: Coupling of 4-Bromo[2.2]paracyclophane with tert-butyl oxazoline 

So, the tert-butyl oxazoline proved a better coupling partner with Ad2SPO ligand for mono-

coupling. 

The absolute configuration was assigned on the basis of the reported literature that showed 

the (Rp,S)-3.11b is always formed above the (Sp,S)-3.11b.23 The first product that came off 

from the column out of the two isomers matched the Rp,S configuration of the product. This 

comparison was confirmed by the chemical shifts of the peaks in the proton and carbon 

NMR.  

Figure 3.2 and 3.3 below shows the slight changes in the chemical shifts of the 1H and 13C 

NMR spectra of the two diastereomers (Rp,S)-3.11b and (Sp,S)-3.11b respectively. The blue 

spectrum is of (Rp,S)-3.11b, and the red one belongs to (Sp,S)-3.11b. The values correlate 

with the literature, and thus, the configuration is assigned.  
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Isolating both the product of proto-debromination and partially reacted mono-bromo-mono-

oxazoline is unusual but possibly reveals potential problems with this challenging di-

coupling. Isolation of the mono-bromo-mono-oxazoline suggests insertion into the C-Br is 

hard. Arguably, insertion requires a transition state that has a Pd-C-Br three-membered ring 

(This would force the large bromo atom down towards the second ring of 

[2.2]paracyclophane and the oxazoline.  

On the other hand, the formation of mono-oxazoline (±)-3.15a reveals C-Br insertion is 

possible but that either transmetallation or reductive elimination is problematic. Possibly, 

proto-debromination occurs prior to the first oxazoline coupling and (±)-3.15a is not formed 

from mono-bromo-mono-oxazoline. We never observed 4-bromo[2.2]paracyclophane 3.5 as 

a side product so this might rule this pathway out. Regardless, the isolation of these side 

products show that the reaction is not easy.   

Alternatively, changing the stoichiometry and only using one equivalent of 2H-oxazoline 

3.6a did not have the expected result and we still obtained a mixture of bis-oxazoline and 

mono-bromo-mono-oxazoline products (Scheme 3.10). 

 

Scheme 3.10: Mono-bromo-mono-oxazoline coupling with pseudo ortho dibromo 

paracyclophane 

4.2.3b Coupling with Tert-butyl Oxazoline 

 Anticipating that the bis(t-butyl)oxazoline 3.6b would be easier to resolve, we attempted the 

double coupling under the same conditions that worked for the benzyl derivatives. Using the 

t-Bu2SPO 3.10 as a ligand resulted in the failure and only starting material returned back. 

This is strange as we would at least expect the palladium to insert. We then used the di-1-

adamantylphosphine oxide (Ad2SPO) 3.12, as this had worked with the mono oxazoline 

derivative 3.7b. 

Use of the new ligand successfully gave the coupling product.  Unfortunately, separation 

proved very challenging. Only one diastereoisomer of the tert-butyl derivative (Sp,S)-3.14b 
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isomers. We had two spots that gave the same mass and labelled them as our desired (Rp,S)-

3.19 and (Sp,S)-3.19. Similarly, the other isolated spots were also characterized. The tris-

compound was identified by the peak obtained at 685.0879 of one of the spots. It was labelled 

as (±)-3.21 and that equals the protodebromo-three oxazolines attached to 4,7,12,15- 

tetrabromo[2.2]paracyclophane 3.17. The two other spots showed the peaks at 684.0899, that 

corresponded to bis(oxazoline)-dibromo[2.2] paracyclophane (Rp,S)-3.20 and (Sp,S)-3.20. 

The confirmation was done through NMR spectra, where the integrations of the tetra-, tris- 

and bis- products were obtained in the multiples of 4, 3 and, 2 respectively while interpreting 

the NMR samples of the various products obtained through the reaction. 

Now, the major challenge was to identify the correct regioselectivity of the bis-bromo-bis-

oxazoline product. There were chances of the formation of the following product (Figure 

3.3). 

 

Figure 3.3: para-Dibromo-bis(oxazoline)[2.2]paracyclophane 

To rule out the wrong isomers and identify the correct regioselectivity, we did 2D NMR 

study of the bis-bromo-bis-oxazoline samples, where COSY, NOESY, HMBC data were 

collected and analyzed. 

The HMBC spectra revealed the correct structure of the compound and the correlation 

between the C-H is marked and shown in the Figure 3.4 below. 
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Figure 3.4: HMBC correlation of C and H to identify the correct regioselectivity of 3.19 

To push the limits of this coupling, we altered the ligand to Ad2SPO 3.12, so as to see if ithe 

bulkier ligand makes any difference in the yield.  

The Ad2SPO 3.12, did not much altered the yields of the desired isomers but simplified the 

mixture and gave just the desired tetra-coupled isomers, (Rp,S)-3.19 and (Sp,S)-3.19.and 

tris(oxazoline) (±)-3.21  (Scheme 3.14). 

 

Scheme 3.14: Tetra-oxazoline coupling with tetra-bromo[2.2]paracyclophane 

The yields that were obtained were not fascinating. Still, it has opened a new path to develop 

multi-oxazoline-[2.2]paracyclophane system.  
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4.3 Conclusion 

Through our one-pot strategy, we offer a convenient approach to obtain [2.2]paracyclophane-

oxazolines, which exhibit significant potential as planar chiral ligands in catalytic 

applications.  

Some of the reactions yielded satisfactory results, but some did not work as per our plan. It is 

challenging as the methodology is still non-selective, yielding a range of products. That 

makes the separation difficult and makes our job tougher. A bit of optimization will definitely 

lead towards selectivity and will improve the yields of the desired diastereomers. 

These oxazolines can be readily subjected to hydrolysis, resulting in the formation of a 

diverse range of planar chiral carboxylic acids. These acids, in turn, serve as valuable chiral 

building blocks. So, our next aim will focus on hydrolyzing these coupled oxazolines.  

The next chapter, i.e., chapter 4 will provide a comprehensive discussion of the process of 

hydrolysis and the subsequent formation of numerous valuable products. 
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Chapter 4 

The Elaboration of [2.2]Paracyclophane Oxazolines to Give Useful Planar Chiral 

Molecules 
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4.1 Introduction 

Having shown that we could make a range of [2.2]paracyclophane-oxazoline and that these 

allowed the resolution of planar chirality, the next step was to explore the conversion of these 

into other valuable chiral products. 

There are numerous reports describing the utility of [2.2]paracyclophane oxazolines. They 

have been used as preligands,1-5 or have directed further functionalization of the 

[2.2]paracyclophane by either bromination1,6 or metalation.3,7 We believed that there was 

little to be gained by screening the oxazolines in other asymmetric reactions and were more 

interested in determining of the oxazolines could easily be converted to other pre-ligand 

structures that are hard to access in pure enantiopure form. The oxazolines should be 

converted to carboxylic acids which are useful pre-ligands and also precursors to a range of 

functional groups that we hope to make.  

We believe straightforward elaboration of the acid functionality will deliver modular pre-

ligands. In addition to the aforementioned approach, our objective is to resolve the 

[2.2]paracyclophane, followed by the hydrolysis of the oxazoline group and use thus, form 

useful enantiopure products. In this context, we present our preliminary findings on the 

hydrolysis and decarboxylative phosphorylation of oxazolines. 

4.2 Preparation of Chiral Acids 

Our first objective was to hydrolyze the oxazoline compounds in order to obtain 

enantiomerically pure planar chiral acids. Oxazolines possess high stability and necessitate 

severe conditions for hydrolysis. Previous studies in the literature indicated that successful 

hydrolysis could be achieved by employing strong acidic conditions, such as heating to reflux 

in 6M HCl.2  

4.2.1 Preparation of Mono-Acids 

4.2.1a Hydrolysis of Mono-Oxazolines using 6 M HCl  

Therefore, we proceeded with our next phase of hydrolysis using 6M HCl. The hydrolysis of 

mono(benzyl oxazoline) (Rp,S)-4.1 proceeded well and we were successful with an overall 

yield of > 95% (Scheme 4.1). Next, we applied the same 6M HCl conditions for the 

hydrolysis of mono-t-butyl oxazoline (Rp,S)-4.3. Unfortunately, this was unsuccessful. We 

made efforts to optimize the reaction using HCl, but it turned out that these hydrolysis 

conditions did not work for the tert-butyl oxazoline and only starting material was returned.  
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Scheme 4.1: Hydrolysis of mono-oxazolines using 6M HCl 

 

4.2.1b Hydrolysis of Mono-Oxazolines using 3.6 M H 2SO4 

 

It was clear that these conditions were not harsh enough. Presumably, the bulk of the tert-

butyl group protects the oxazoline possibly by preventing the water from approaching the C-2 

carbon. We realized that more stringent conditions were necessary to hydrolyze the 

mono(tert-butyl oxazoline).  

Initially, we attempted to use aqueous 3.6 M H2SO4, however, solubility became an issue 

with these new conditions, and the starting material remained unreacted. To overcome this 

challenge, we added a few drops of dioxane to aid the solubility of the starting material. 

Subsequently, we heated the mixture to reflux with aqueous 3.6 M H2SO4 (Scheme 4.2). The 

chiral acid precipitated out after the consumption of the starting material, and was readily 

filtered off. Purification by a simple methanol-DCM wash gave the product acid in good 

yields achieving an overall yield of 70% from the benzyl oxazoline and 62-64% from the 

tert-butyl oxazoline.  
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Scheme 4.2: Hydrolysis of oxazolines using 3.6 M H2SO4 

The enantiomers were identified by measurement of the specific rotation using a polarimeter. 

The crystal structures of the pure enantiomers confirmed the formation of the desired chiral 

acids (Figure 4.1).  

 

Figure 4.1: Crystal structures of formed planar chiral mono-acids 

 

4.2.2 Preparation of Chiral Diacids 

Our subsequent objective was to perform the hydrolysis of bis-oxazoline in order to obtain 

enantio-enriched chiral diacids. The role of diacids as precursors to chiral diamines is known 

as they can be readily converted to diamines via Curtius rearrangement, which then can be 

employed for generating chiral metal complexes. Employing the same hydrolysis conditions 

as before, we successfully produced the desired chiral diacids (Rp)-4.5 or (Sp)-4.5 in 

significant yields 84% and 85% respectively. Scheme 4.3 shows the formation of one 

enantiomer. The second isomer was also formed using the same conditions. 
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Scheme 4.3: Hydrolysis of bis-oxazolines using 3.6 M H2SO4 

Figure 4.2 shows the crystal structure of the two enantiomers obtained, confirming the 

formation of the desired chiral diacids. 

 

 

 

Figure 4.2: Crystal structures of formed planar chiral di-acids 

 

4.2.3 Preparation of Mono-bromo-mono-acid 

Any route that leads to two different functional groups that can be manipulated independently 

is useful and gives us a chance to make useful enantio-enriched materials. Having acquired 

the methodology, we were determined not to overlook any of the valuable side products 

generated during the coupling process. As a result, we utilized the hydrolysis technique on 

the bromo-mono oxazoline (RpS)-4.6, which was obtained as a by-product during bis-

coupling. Following successful separation through recrystallization, we conducted the 

hydrolysis, resulting in the successful production of bromo-planar chiral mono acid (Rp)-4.7 

with a yield of 68% (Scheme 4.4). 
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Scheme 4.4: Preparation of mono-bromo-mono-acid 

 

 

4.2.4 Preparation of Partial Acids 

 

As stated above, being able to differentiate two functional groups is useful, so, we explored 

the possibility of partial hydrolysis by reducing the hydrolysis time to half, specifically 12 

hours instead of the usual 24 hours (Scheme 4.5).  

 

 

Scheme 4.5: Preparation of mono-oxazoline-mono-acid 

We were successful in forming mono-oxazoline-mono-acid (Rp)-4.8 with 60% yield from the 

bis oxazoline-(RpS)-4.4. We also performed the hydrolysis on the other isomer (SpS)-4.4 

which yielded (Sp)-4.8 with 60% yield (Figure 4.3). 

 

Figure 4.3: Both isomers of mono-oxazoline-mono-acid 

 

 



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2390838/#R1
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Scheme 4.7: Synthesis of the PCP-based planar-chiral dirhodium complex 

Figure 4.4 shows the crystal structure of the complex (Rp-4.13) formed. The hydrogen atoms 

have been omitted so as to keep the structure clear.  

 

Figure 4.4: Crystal Structure of the Rh2-Br-PCP complex 

Ideally, we would like to make the paddle wheel with the bromo derivative. This would allow 

us to use a common precursor to create a range of different derivatives by the Suzuki 

coupling. This is more efficient than pre-forming different [2.2]paracyclophane acids and 

complexing each with Rh2(OAc)4. This strategy has successfully been applied by Huw 

Davies to make massive rhodium complexes.12 Unfortunately, our preliminary results have 

not been promising (Scheme 4.8). Various attempts have led to a complex mixture from 

which we were unable to identify products. It is possible that the sterically demanding nature 

of pseudo-ortho substituted [2.2]paracyclophane derivatives has made the process 

challenging when compared to Davies systems. 
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Scheme 4.8: Attempted Suzuki coupling on the rhodium complex 

To simplify the problem, we attempted coupling prior to the complexation and studied 

coupling of (Rp)-12-bromo-4-carboxy[2.2]paracyclophane-4.8 with boronic acids (Scheme 

4.9). Suzuki reaction was successful, although only with moderate yields, which again 

suggests that the inherent bulk of [2.2]paracyclophane makes this reaction challenging. 

Disappointingly, complexation failed to deliver the desired paddle-wheel.   

 

Scheme 4.9: Alternate route to synthesize rhodium paddle-wheel 

We tried another methodology, where we performed Suzuki on the one-bromo-one-oxazoline 

(RpS)-4.6. It was planned that after successful in achieving Suzuki coupling, we would go for 

hydrolysis before complexation with rhodium. But we suffered a setback during the 

hydrolysis step as it failed to give the desired product (Scheme 4.10). 

 

Scheme 4.10: Third attempted route to synthesize rhodium paddle-wheel 
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A summarized Scheme 4.11 is shown below, showing the two routes followed to attempt the 

synthesis of the suzuki coupled rhodium-PCP paddle-wheel complex. 

 

Scheme 4.11: Summarized attempted route to synthesize rhodium paddle-wheel 

We thus evaluated the failure of introducing the bulk on our paddle-wheel. The crystal 

structure shows the orientation of the bromo groups facing each other, which be one of the 

problem, causing the failure of the Suzuki coupling.  

The paddle-wheel was successful, yet the endeavor to attach a bulk remained an area that was 

unachievable.  
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4.4 Decarboxylative Phosphorylation 

Having found the optimum hydrolysis conditions, the next stage was to look at the utility of 

the carboxylic acids. We investigated a range of reactions to demonstrate the scope. The most 

speculative, and interesting reaction was the potential to convert the acid into a phosphine 

through decarboxylative phosphorylation.  

 

Organo-phosphorous compounds13 are highly valuable chemicals due to their unique physical 

and chemical properties. These compounds find extensive applications in various fields, 

including medicinal chemistry,14 catalysis,15 organic synthesis,16 coordination chemistry,17 

and material science.18 The goal of this exploration was to develop an improved route to 

planar chiral phosphines such as Phanephos. The results so obtained did not show any loss of 

enantiopurity during the reaction, leading to the successful formation of phosphine oxide. 

(Scheme 4.12).19 

 

Scheme 4.12: Synthesis of planar chiral phosphine oxides 

 

During the optimization of the reaction conditions, we tested different ligands and solvents. 

However, the conditions mentioned above yielded the best results. Although the yields 

obtained (8-20%) were not exceptionally high, with 50% of the starting material remaining 

unreacted, the outcomes were promising. These results have opened a new avenue or 

pathway for the synthesis of enantio-enriched phosphine oxides and their precursors. The Rf 

values of the desired product and carbonylated side products were close by, which made 

separation quite challenging and resulted in the loss of yields. The presence of extra carbonyl 

peak in IR and C-13 NMR helped us to differentiate the two compounds.  



68 
 

We attempted to convert the by-product (Sp)-4.20 by heating in same reaction condition as 

mentioned in the scheme 4.12. The conversion to our desired phosphine oxide (Sp)-4.19 was 

successful with 80% yield as shown in Scheme 4.13. 

 

Scheme 4.13: Synthesis of the chiral phosphine oxide from its carbonylated by-product 

The other isomer of the phosphine oxide, i.e., (Rp)-4.19 was also synthesized in the same way 

from the chiral mono-acid-(Rp)-4.2, using same methodology with 5-15% yields. 

The range of yield is obtained while attempting multiple times the same reaction. 

4.4.1 Proposed Mechanism for Decarboxylative Coupling 

A possible mechanism for the decarboxylative phosphorylation is shown in the Scheme 4.14 

below. First, the acid reacts (Boc)2O to form a mixed anhydride. This acts as a dehydrating 

agent and activates the C-O bond to allow palladium insertion. The active palladium catalyst 

is formed by the reduction of Pd(OAc)2 to Pd0 by either phosphine or triethylamine base. The 

palladium undergoes oxidative addition and inserts into the C-O bond to give an acyl 

palladium species. Presumably, transmetallation occurs next. Either the OBoc group is 

substituted by the secondary phosphine oxide before decomposing to tert-butoxide and 

carbon dioxide or decomposition occurs first to give a vacant coordination site that allows 

SPO to complex the palladium. The resulting complex undergoes one of the two fates. Either 

there is reductive elimination to give the acyl phosphine oxide side product or undergoes 

thermal decarboxylation/ elimination to give the product.  
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Scheme 4.14: Proposed Mechanism for Decarboxylative Coupling 
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Figure 4.5 shows the comparison between the two isomers through their CD spectra. The 

opposite orientation with the same concentration of both the isomers signifies the 

configuration of the two as opposite to each other.  

 

 

Figure 4.5: CD spectra of the two diamine enantiomers 
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4.6 Preparation of Chiral Phanol from Chiral Diamines 

The previous report on the formation of chiral Phanol was reported by Braddock et al.21His 

group initially converted the dibromo [2.2]paracyclophanes to racemic Phanol by dilithiation-

oxidation route. Later on, the kinetic resolution of the racemic Phanol using the commercially 

available lipase Candida rugosa as a hydrolase source. The method was long, multistep and 

uneconomical. In the Scheme 4.16, the racemic Phanol is converted to its acetate which upon 

action of Candida rugosa via enzymatic kinetic resolution. 

 

Scheme 4.16: Synthesis of chiral Phanol by Candida rubosa 

As we had an efficient route to planar chiral diamines, we were interested in the conversion 

of this to chiral phanol or dihydroxy [2.2]paracyclophanes. This could be achieved in three 

steps (Scheme 4.17). The first step was amide formation achieved by mixing the diamine 

with acetic anhydride at room temperature. The amine was then converted to an ester by an 

elegant transformation.22 his involved formation of a nitrosamide that thermally rearranges to 

the ester. Hydrolysis then gave phanol with 20% yield. 

 

Scheme 4.17: Synthesis of chiral Phanol from diamine 

 

 



73 
 

The mechanism (Scheme 4.18) of the key rearrangement is thought to involve nitrosamide 

formation followed by either homolytic radical clevage and recombination. 

 

Scheme 4.18: Mechanism of the step 2 

 

Figure 4.6: CD spectrum of Phanol 

Still, this chiral Phanol offers new routes for the synthesis of various chiral pre-ligands that 

can be complexed with various metals like copper for catalytic asymmetric transformations.23 

4.7 Planar Chiral Dinuclear Gold Complex 
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The cross-coupling reaction of Ar-B(OH)2 and allyl bromides was achieved using two gold 

catalyst. Fascinated by this work, as our diamines possess the same potential to generate 

dinuclear gold catalyst, we focussed on developing new chiral dinuclear gold catalyst. 

Our strategy was to convert the enantiomerically pure diamine into the isonitrile. The reaction 

of acetic anhydride and formic acid delivered the formamide (Rp)-4.33, which was purified 

by recrystallization from acetone/pentane. (Rp)-4.33 delivered the isonitrile (Rp)-4.34 when 

treated with phosphoryl trichloride and triethylamine in THF (Scheme 4.20).  

It was then planned to synthesize the nitrogen acyclic carbene (NAC) complex (Rp)-4.35 by 

reacting the simple (tht)-gold(I) chloride, isonitrile (Rp)-4.34, and a secondary amine which 

would directly lead to the desired gold complex (Rp)-4.35.  

 

Scheme 4.20: Synthesis of dinuclear gold catalyst from chiral diamines 

Despite employing an inert atmosphere and employing various purification methods such as 

washing with cold pentane, column chromatography, preparative TLC, the yields remained 

low as the major product underwent decomposition.  

However, we were able to obtain the crystal structure of one of our compounds, confirming 

the success of the reaction (Figure 4.7). The crystal structure clearly shows that the two gold 

centres are oriented opposite to each other. The distance between the two centres is more than 

we desired. We wanted to form a gold complex where we can establish an aurophilic 

interaction between the two gold centres. Nevertheless, further optimization is necessary to 

achieve higher yields of the gold complex. 
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Figure 4.7: The crystal structure obtained of the desired gold catalyst 
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4.8 Conclusion 

Various enantioselective products were obtained having a wide variety in terms to catalyze 

asymmetric transformations. We were successful in hydrolyzing the oxazolines coupled to 

[2.2]paracyclophane in good yields. The formation of various chiral acids like mono-acids, 

diacids, mono-bromo-monoacid, mono-oxazoline-mono-acid have opened up the diverse 

range of substrate, where these enantiopure compounds can be utilized.  

We then attempted use of different chiral acids for various transformations like chiral 

diamines, chiral Phanol, decarboxylative coupling to yield precursors of Phanephos. All of 

these compounds could be utilized in asymmetric catalysis. 

We also attempted the synthesis of various metal-PCP complexes using metals like rhodium 

and gold. Our aim is clear and straightforward where we want to employ our PCP-based 

chiral and enantiomerically pure compounds for various asymmetric transformations.  

We have already crossed a halfway mark in our road to success to fulfill the above goal. Still, 

an insight is needed to utilize the complete potential of the formed catalysts. Also, 

optimization of the decarboxylative coupling will offer an exciting new route to 

enantiomerically enriched planar chiral molecules that are challenging to synthesize by 

conventional methods.  
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Chapter 5 

C-H Activation for the Remote Functionalization of Cyclic Amines. 
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5.1. An Overview of C-H Activation/Functionalization 

Over the last few decades, chemists around the world have had tremendous success in 

transforming ubiquitous, but chemically inert, C-H bonds into synthetically useful products. 

This chemistry has revolutionized organic chemistry, streamlining synthesis and permitting 

new structural motifs to be prepared.1a Most isolated C-H bonds have low reactivity. This is 

due to the high strength of the bond (413 kJ/mol) and the similar electronegativities of carbon 

(2.5) and hydrogen (2.2), leading to a non-polar bond.1b There are several methods to achieve 

C-H activation, the one we are interested in involves the insertion of a transition metal into a 

C-H bond followed by functionalization (Figure 5.1). 

 

Figure 5.1: Generalized representation of transition metal-catalyzed C-H activation 

Despite the successes, the selective activation and functionalization of C-H bonds still 

presents many opportunities as there are still limitations to current methods.1c  

5.2. Role of Directing Groups in Selective C-H Activation/Functionalization 

Directing groups allow the efficient and selective functionalization of unactivated C-H bonds 

by coordinating a metal and positioning it close to the desired C-H bond. Directing groups 

contain a Lewis basic functional group. The directing group facilitates C-H bond cleavage by 

inducing pre-association between the metal and the substrate (Scheme 5.1).2a 

Scheme 5.1 gives an idealized pathway for directing group-mediated C-H activation. First, 

the directing group coordinates the metal, effectively intermolecularizing/internalizing the 

reaction. The position of the DG determines which C-H bond reacts by arranging the metal 

and bond in close proximity. This eases formation of the transition state & leads to the 

cyclometallation step. Functionalization can then occur. Finally, removal or elaboration of the 

DG leads to the desired compound. 
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Figure 5.3: Bidentate directing groups 

5.3 Concerted Metallation-Deprotonation (CMD) 

Having identified the various types of directing groups, it is worth outlining the probable 

mechanism of functionalization. Palladium-catalyzed direct arylation is an emerging and 

efficient alternative to traditional metal-catalyzed cross-couplings in the construction of 

functionalized C-H bonds.7-9 To predict substrate suitability and regioselectivity, however, 

will require a more complete understanding of the underlying physical parameters governing 

reactivity and selectivity across the broadest range of substrates possible. With palladium, 

several reaction pathways have been proposed including oxidative C-H insertion,10 

electrophilic aromatic substitutions (SEAr),11 Heck-like,12 anionic cross-coupling, and 

concerted metallation-deprotonation (CMD).13  

CMD involves a concerted six-membered transition state in which carboxylate, or another 

appropriate conjugate base transfers the proton while simultaneously facilitating the 

formation of palladacycle. The metallocycle is then free to undergo a variety of different 

transformations that result in the functionalized substrate (Scheme 5.3).  

 

Scheme 5.3: Mechanism of concerted metallation-deprotonation 

 

Formation of five-membered palladacycles is kinetically favored over the formation of the 

six-membered ring,14 but the size of the chelate ring size can influence regioselectivity. The 

literature suggests that 5,5-bicyclic palladacycles are the most common. So, it will be helpful 

to understand the influence of chelate ring size to ensure regioselectivity with a different 

directing group that will have a 5,5-system and 6,5-system (Figure 5.4). 
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Scheme 5.12: Synthesis of N-(piperidin-1-yl)picolinamide 

 

5.7.1b Synthesis of (E)-2-(piperidin -1-ylimino)Acetic acid 

The potential of carboxyl-directed C-H activation in developing C-C bond-forming reactions 

was demonstrated by Yu.26 It involved a COOH directed Pd insertion into C-H bonds and 

subsequent oxidation. Encouraged by this, we decided to incorporate a carboxylic acid group 

in our hydrazine. The milder conditions were used to ensure that the N-N bond was not 

cleaved during the reaction. The condensation between 1-aminopiperidine and 2-oxoacetic 

acid gave the desired (E)-2-(piperidin-1-ylimino)acetic acid (Scheme 5.13).27 The proton 

present next to imine was an easily identifiable one in proton NMR at 7.9 ppm apart from 

other piperidine protons. This helped us to confirm the formation of the desired proton. The 

(E)-conformation was assigned as (E)-selectivity is favored to avoid steric hindrance. 

 
  Scheme 5.13: Synthesis of (E)-2-(piperidin-1-ylimino)acetic acid 

 

5.7.1c Synthesis of (E)-2-Phenyl-2-(piperidin -1-ylimino)acetic Acid 

As stated before in section above, the potential of carboxyl-directed C-H activation, we 

thought to make another directing group having the carboxylic group and an additional 

phenyl ring instead of hydrogen. The incorporation of phenyl ring was done to increases the 

electron density of the system encouraging faster palladium insertion and also changes the 

steric environment. The two-step synthesis to yield desired directing group started with the 
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Scheme 5.15: Synthesis of (E)-2-((piperidin-1-ylimino)methyl)phenol 

 

5.7.1e Synthesis of (E)-2,4-Di-tert-butyl -6-((piperidin -1-ylimino)methyl)phenol 

Yada40 reported that a bulky salicylaldehyde was key to the direct activation of C-H bond. 

The use of tert-butyl group provides a buttressing effect over simple salicyladehydes causing 

a sterically controlled reaction. We thought to use these bulky directing groups for our work 

apart from simple salicyaldehyde based hydrazones. The condensation between 1-

aminopiperidine and 3,5-di-tert-butyl-2-hydroxybenzaldehyde gave the desired (E)-2,4-di-

tert-butyl-6-((piperidin-1-ylimino)methyl)phenol (Scheme 5.16).27 The desired product was 

confirmed by the NMR characterization. The peaks of two t-Bu groups proton were identified 

at 1.45 ppm and 1.31 ppm with the integration of nine each. Apart from this,  singlet peak of 

proton adjacent to imine  nitrogen at 7.75 ppm were observed apart from the phenyl peaks 

and piperidine peaks. 

 
Scheme 5.16: Synthesis of (E)-2,4-di-tert-butyl-6-((piperidin-1-

ylimino)methyl)phenol 

 

5.7.1f Synthesis of (Z)-2-([2.2]Paracyclophane-4-yl)-2-(piperidin -1-ylimino)acetic acid 

The rationale behind using substituted [2.2]paracyclophanes is the isolation of the 

enantiopure product at the end. The use of chiral auxiliary (substituted [2.2]paracyclophane) 

in this methodology, if made, will have the possibility of it being used as a chiral auxiliary 

that would yield a regioselective as well as the enantioselective functionalized product. 

The two-step synthesis to yield the desired directing group started with oxidation of 4-

acetyl[2.2]paracyclophane (synthesized previously by a co-worker in the lab) with selenium 
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dioxide to give 2-([2.2]paracyclophane-4-yl)-2-oxoacetic acid which was further condensed 

with 1-aminopiperidine to give 2-([2.2]paracyclophane-4-yl)-2-(piperidin-1-ylimino)acetic 

acid (Scheme 5.17).27,28 

 
Scheme 5.17: Synthesis of (Z)-2-([2.2]paracyclophane-4-yl)-2-(piperidin-1-ylimino)acetic 

acid 

5.7.2 Synthesis of Cyclohexyl Amine-Based Directing Groups 

To understand the influence of the ring nitrogen in the hydrazine-based directing group, we 

synthesized several models that lacked the challenging hydrazine nitrogen. To achieve this, 

we used cyclohexylamine instead of 1-aminopiperidine. This would give some clue as to 

whether the directing group or the ring nitrogen was a problem under each set of reaction 

conditions. 

The following table 5.1 shows the synthesized hydrazine/hydrazone-based DGs and their 

cyclohexyl amine-based counterparts.  
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Table 5.1: Various synthesized DGs 

 

 

 

5.7.2a Synthesis of N-(Piperidin -1-yl)benzamide 

The first control substrate was made from the esterification of picolinic acid 5.52 with 

ethanol catalyzed with sulfuric acid followed by substitution with hydrazine hydrate. The 

resulting hydrazide 5.54 was treated with 1,5-dibromopentane 5.55 to furnish the desired 

hydrazide 5.56 (Scheme 5.12).24, 25 The 1H NMR peaks showing 5 aromatic peaks of two 

doublets and three triplets confirmed the pyridine moiety and 10 piperidine protons 

confirmed the formation, as well as the high resolution mass spectrum [M+H]+ peak at 

205.0878, confirmed the formation of the desired hydrazide. 
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Scheme 5.18: Synthesis of N-(piperidin-1-yl)benzamide 

 

5.7.2b Synthesis of (E)-2-((Cyclohexylimino)methyl)phenol 

The next substrate was made from cyclohexylamine 5.33 and salicyladehyde 5.63. The 

condensation between cyclohexylamine and 2-hydroxybenzaldehyde under the same reaction 

conditions as used with 3.1.3 gave the desired (E)-2-((piperidin-1-ylimino)methyl)phenol 

5.75 (Scheme 5.19).27 The crude product isolated was pure enough and did not need any 

further purification. The yield was 97% (crude yield). The characterization was based on 

comparison of the similar peaks observations made on 1H-NMR of its hydrazone counterpart. 

 
Scheme 5.19: Synthesis of (E)-2-((cyclohexylimino)methyl)phenol 

 

5.7.2c Synthesis of (E)-2-(Cyclohexylimino)-2-phenylacetic Acid 

The second control substrate was made from cyclohexylamine and 2-oxo-2-phenylacetic 

acid. The condensation between cyclohexylamine and 2-oxo-2-phenylacetic acid gave the 

desired (E)-2-(cyclohexylimino)-2-phenylacetic acid phenol (Scheme 5.20).27,28  
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Scheme 5.20: Synthesis of (E)-2-(cyclohexylimino)-2-phenylacetic acid 

 

The NOESY spectrum (Figure 5.9) confirmed the geometry of the structure as E-isomer as It 

was seen that H-14 had interaction with H-3, H-4 and H-8 aromatic protons. This is only 

possible if the configuration is E. 

 

 
Figure 5.9: NOESY correlation of 5.76 

5.7.2d Synthesis of (Z)-2-([2.2]Paracyclophane-4-yl)-2-(cyclohexylimino)acetic Acid 

This precursor was synthesized using cyclohexylamine-based substrate so that the results can 

be compared with the directing group synthesized in 5.7.1f. The condensation between 

cyclohexylamine 5.33 and 2-([2.2]paracyclophane-4-yl)-2-oxoacetic acid 5.68 gave the 

desired synthesis of (Z)-2-([2.2]paracyclophane-4-yl)-2-(cyclohexylimino)acetic acid 5.77. 

(Scheme 5.21).27 The isolated yield of the product was 62% and was confirmed by 1H-NMR. 

The downfielded peak at 6.91 ppm of the proton of [2.2]paracyclophane adjacent to the 

substitution is characteristic apart from other paracyclophane protons.  
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Scheme 5.21: Synthesis of (Z)-2-([2.2]paracyclophan-4-yl)-2-(cyclohexylimino)acetic acid 

 

 

5.8 Model Study of Cyclohexyl Amine-Based Substrate with Picolinamide as a Directing 

Group 

A model study with N-cyclohexylpicolinamide was carried out before testing our hydrazine-

based directing groups. This study served two purposes, firstly it allowed us to confirm that 

literature C-H activation could be performed, and, secondly, it would also reveal any 

problems with the hydrazine-based systems. The starting material was consumed completely 

after 48 h (Scheme 5.22).22  

 

Scheme 5.22: Model study of cyclohexyl amine-based substrate with picolinamide as a 

directing group 

 

The new spot observed on TLC was confirmed to be the desired product after comparison 

with the reference (already synthesized by one of the co-workers). The crude yield of the 

product was 70%. Additionally, the crude 1H-NMR recorded has all the desired peaks that 

were present in the reference compound. These observations confirmed the usefulness of the 

conditions used for C-H activation. No further characterizations were done.  
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Table 5.2: Various combinations used for the attempted synthesis of N-(3-(4-

methoxyphenyl)piperidin-1-yl)picolinamide 

In total, 15 different combinations were attempted with above reagents. Disappointingly, 

none of the conditions worked for our DG. In most of the cases, the reaction mixture was 

decomposed. The rest gave the starting material unreacted. This gave us idea that there is 

problem in palladium insertion, as we are getting the starting material back, or the reaction 

conditions are too harsh for our DG to survive the reaction.  

Entry 4-Iodo 
anisole 
(mol%) 

Base 
(mol%) 

Oxidant 
(mol%) 

Solvent Additive/ 
Ligand 
(mol%) 

Catalyst 
(mol%) 

Temp/Time Inference 

1a 200  Ag2CO3 
(150) 

t-
AmOH 

 Pd(OAc)2 
(20) 

110 oC, 48 
h 

Decomposed 

2b 150  Ag2CO3 
(100) 

t-BuOH o-toluic 
acid 

Pd(OAc)2 
(10) 

110 oC, 24 
h 

SM 
returned. 

3c 130  Ag2CO3 
(150) 

DCE PivOH 
(50) 

Pd(OAc)2 
(5) 

100 oC, 24 
h 

 SM 
returned. 

4d 200  Ag2CO3 
(150) 

Toluene N-Ac-leu 
(100) 

Pd(OAc)2 
(10) 

100 oC, 24 
h 

Decomposed 

5e 400 CsOPiv 
(400) 

CuBr2 
(10) 

t-
AmOH 

 Pd(OAc)2 
(10) 

140 oC, 24 
h 

Decomposed 

6 400 CsOPiv 
(110) 

Ag2CO3 
(150) 

neat  Pd(OAc)2 
(5) 

150 oC, 24 
h 

Decomposed 

7f 150 K2CO3 
(200) 

Ag2CO3 
(150) 

Toluene PivOH 
(30) 

Pd(OAc)2 
(5) 

130 oC, 24 
h 

 
Decomposed 

8 130 CsOPiv 
(200) 

Ag2CO3 
(150) 

DCE  Pd(OAc)2 
(5) 

120 oC, 24 
h 

SM 
returned. 

9 400 CsOPiv 
(130) 

Ag2CO3 
(200) 

Toluene PivOH 
(50) 

Pd2(dba)3 
(5) 

140 oC, 24 
h 

 
Decomposed 

10 130  Ag2CO3 
(200) 

Toluene PivOH 
(50) 

Pd2(dba)3 
(5) 

140 oC, 24 
h 

Decomposed 

11 130  Ag2CO3 
(200) 

HFIP PivOH 
(50) 

Pd(OAc)2 
(5) 

140 oC, 24 
h 

Decomposed 

12 130  Ag2CO3 
(200) 

Toluene PivOH 
(50) 

Pd(OAc)2 
(5) 

140 oC, 24 
h 

Decomposed 

13g 200 KOAc 
(180) 

TBAF 
(200) 

AcOH  Pd(OAc)2 
(5) 

120 oC, 24 
h 

SM 
returned. 

14 200 KOAc 
(180) 

TBAF 
(200) 

t-
AmOH 

 Pd(OAc)2 
(5) 

120 oC, 24 
h 

SM 
returned. 

15h 120  AgOAc 
(200) 

AcOH  Pd(OAc)2 
(10) 

120 oC, 24 
h 

SM 
returned. 
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6.1. Expanding the Scope of Bromo[2.2]paracyclophane Derivatives for Oxazoline 
Coupling 

We have developed a protocol to couple chiral oxazolines with bromo[2.2]paracyclophane 

derivatives (Chapter 3). This methodology has provided exciting results. In most cases, the 

resolution of diastereomers was possible. It would be intriguing to elaborate on the scope of 

bromo[2.2]paracyclophane derivatives. Our lab has synthesised two new 

bromo[2.2]paracyclophane precursors, (±)-4-(tert-butylamino)-7-bromo[2.2]paracyclophane 

carbamate  and (±)-4-(tert-butylamino)-8-bromo[2.2]paracyclophane carbamate  (Scheme 

6.1). With the oxazoline coupling, different amino[2.2]paracyclophane-oxazoline derivatives 

can be synthesized, which could be hydrolyzed to provide planar chiral amino acids 

 

 

Scheme 6.1: Synthesis of planar chiral amino acids 

 

Planar chiral [2.2]paracyclophane amino acids (pseudo amino acids) provide a unique 

opportunity to prepare planar chiral pseudopeptides. They can be promising supramolecular 

organic frameworks. With these fascinating properties, planar chiral pseudopeptides can be 

applied in asymmetric catalysis, the biomedical field, and the development of new materials. 
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6.2. Optimization of Reaction Conditions of Decarboxylative Phosphorylation: 

In chapter 4, we have seen the potential to convert the chiral acid into a phosphine through 

decarboxylative phosphorylation. These results have opened a new avenue or pathway for the 

synthesis of enantio-enriched phosphine oxides and their precursors. 

The optimization of reaction conditions and elaboration of the scope of the decarboxylative 

phosphorylation will be done with diacids (Scheme 6.2). 

 

Scheme 6.2: Decarboxylative phosphorylation with chiral diacids 

The product formed from the above coupling will be a precursor to Phanephos. Thus, a new 

route to synthesize such useful ligands and their precursors will help chemists around the 

globe. 

6.3. Scope of Rhodium Paddle-Wheel in Asymmetric Catalysis: (C-H Amination 

Reaction): 

The C-H insertion reaction using metal nitrenes can be catalyzed using rhodium catalyst for 

both inter- as well as intra-molecular insertion reactions.1 We can employ the rhodium 

paddle-wheel complex for catalyzing such reactions, (Scheme 6.3). 

 

Scheme 6.3: Scope of Rhodium paddle-wheel in Asymmetric Catalysis: (C-H Amination 

Reaction) 
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6.4. Elaboration of Chiral PCP-Gold Complexes: 

After having optimized conditions, we can elaborate on the scope of our gold catalysts by 

changing the amine partners (Scheme 6.4). N-heterocyclic carbenes (NHCs) have become 

one of the most important ligand classes in homogeneous transition metal catalysis.2  

The use of cyclic and heterocyclic amines may alter the steric as well as can increase the bulk 

of the catalyst, which can help in increasing ee of the enantioselective products formed 

through asymmetric catalysis. 

 

Scheme 6.4: Synthesis of gold complex  

Scope of various amine partners that can be used to form the gold complex are shown below 

in the fig. 6.1. 

 

Fig. 6.1: Substrate scope of gold complexes 
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Experimental Section 
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(doublet), dd (doublet of doublets), ddd (doublet of doublet of doublets), dddd (doublet of 

doublet of doublet of doublets), t (triplet), td (triplet of doublets), q (quartet), quint (quintet), 

m (multiplet), dt (doublet of triplet), ddt (doublet of doublet of triplets), dtd (doublet of triplet 

of doublets), dq (doublet of quartets). Coupling constants are reported in Hertz (Hz).  

HRMS data were recorded on ThermoScientific Q Exactive Focus Hybrid Quadrupole-

orbitrap  

MS data were recorded on ThermoScientific MSQ plus. Samples were injected via Dionex 

Ultimate 3000 HPLC system running at 0.1 mL/min, in MeOH. 

General procedures for the synthesis of oxazolines 

Method I 

A solution of amino alcohol (1.0 eq.), triethyl orthoformate (1.5 eq.), and catalytic glacial 

AcOH (10 mol%) in dry DCE (10 mL) (dried over P2O5) was heated to reflux overnight. The 

solution was cooled down and the volatiles were removed under reduced pressure. The 

oxazoline was purified by either Kugelrohr distillation or flash chromatography as specified 

in the respective compound procedure. 

Method II  

An amino alcohol (1.0 eq.) and DMF-DMA (1.2 eq.) was heated to reflux at 85 °C for 24 hrs. 

Then p-toluenesulfonic acid monohydrate (0.1 eq.) and hexane (10 mL) were added. An 

addition funnel containing approximately 4 mL of activated 4 Å molecular sieves was placed 

on top of the flask, along with a condenser. The solution was heated to 90 °C for 24 hrs, 

allowing the distillate to condense over the sieves. The reaction mixture was washed with 

saturated aqueous NaHCO3 solution and brine (10 mL). The aqueous layers were combined 

and back-extracted with Et2O (3 × 20 mL). The combined organic layers were dried over 

Na2SO4 and filtered. The concentration of the filtrate gave the desired oxazoline.   

(4S)-4-Benzyl-2-oxazoline 3.6a 

 

DMF-DMA (1.0 mL, 7.93 mmol, 1.2 eq.) was added to L-phenylalaninol (1.0 g, 6.61 mmol, 

1.0 eq.). This mixture was allowed to reflux at 75 °C for 24 h. The volatiles were removed 
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General Conditions A: Mono-coupling of oxazoline with 4-bromo[2.2]paracyclophane  

 

A 4 ml scintillation vial was charged with bromo[2.2]paracyclophane (1.0 eq.), oxazoline 

(1.1 eq.), LiOtBu (2.5 eq.), (t-Bu)2P(O)H (0.1 eq.), and Pd(OAc)2 (0.05 eq.). The vial was 

purged and degassed with argon three times. Degassed DMA (0.25 M) was introduced by 

syringe and the reaction was heated to 100 °C for the time specified. The reaction mixture 

was cooled and diluted with CH2Cl2/MeOH (1:1) before passing through Celite®. The filtrate 

was concentrated under reduced pressure and the crude material was purified by 

chromatography as specified. 

 

General conditions B: Bis-coupling of oxazoline with dibromo[2.2]paracyclophane 

 

A 4 ml scintillation vial was charged with dibromo[2.2]paracyclophane (1.0 eq.), oxazoline 

(2.2 eq.), LiOtBu (5 eq.), (t-Bu)2P(O)H (0.2 eq.), and Pd(OAc)2 (0.1 eq.). The vial was 

purged and degassed with argon three times. Degassed DMA (0.25 M) was introduced by 

syringe and the reaction heated to 100 °C for the time specified. The reaction mixture was 

cooled and diluted with CH2Cl2/MeOH (1:1) before filtering through Celite®. The filtrate was 

concentrated under reduced pressure and the crude material was purified by chromatography 

as described. 
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General conditions C: Tetra-coupling of oxazoline with tetrabromo[2.2]paracyclophane 

 

A 4 ml scintillation vial was charged with tetrabromo[2.2]paracyclophane (1.0 eq.), oxazoline 

(4.4 eq.), LiOtBu (10.0 eq.), (t-Bu)2P(O)H (0.8 eq.), and Pd(OAc)2 (0.4 eq.). The vial was 

purged and degassed with argon three times. Degassed DMA (0.25 M) was introduced by 

syringe and heated to 100 °C for the specified time. The reaction mixture was cooled and 

diluted with CH2Cl2/MeOH (1:1) before passing through a pad of Celite®. The filtrate was 

concentrated under reduced pressure and the crude material was purified by chromatography 

as described. 

General Conditions D: Mono-coupling of oxazoline with bromo[2.2]paracyclophane  

 

A 4 ml scintillation vial was charged with bromo[2.2]paracyclophane (1.0 eq.), oxazoline 

(1.1 eq.), LiOtBu (2.5 eq.), (Ad)2P(O)H (0.1 eq.), and Pd(OAc)2 (0.05 eq.). The vial was 

purged and degassed with argon three times. Degassed DMA (0.25 M) was introduced by 

syringe and the reaction heated to 100 °C. The reaction mixture was cooled and diluted with 

CH2Cl2/MeOH (1:1) filtering through Celite®. The filtrate was concentrated under reduced 

pressure and the crude material was purified by chromatography as described. 

 

 

 

 

 









































































































































































































































checkCIF/PLATON report 

Structure factors have been supplied for datablock�s� vsp41

THIS REPORT IS FOR GUIDANCE ONLY. IF USED AS PART OF A REVIEW PROCEDURE
FOR PUBLICATION, IT SHOULD NOT REPLACE THE EXPERTISE OF AN EXPERIENCED
CRYSTALLOGRAPHIC REFEREE.

No syntax errors found.        CIF dictionary        Interpreting this report

Datablock: vsp41 

Bond precision: C-C = 0.0053 A Wavelength=1.54178

Cell: a=21.0536�5� b=21.0536�5� c=8.1516�3�
alpha=90 beta=90 gamma=120

Temperature: 100 K

Calculated Reported
Volume 3129.15�19� 3129.15�19�
Space group R 3 R 3 
Hall group R 3 R 3 

Moiety formula
3�C17 H16 O2�, C H4 O, H2 
O

0.333�C3 H12 O3�, 0.333�H6
O3�, 3�C17 H16 O2�

Sum formula C52 H54 O8 C52 H54 O8
Mr 806.95 806.95
Dx,g cm-3 1.285 1.285
Z 3 3
Mu �mm-1� 0.685 0.685
F000 1290.0 1290.0
F000’ 1293.86
h,k,lmax 26,26,10 26,26,10
Nref 2904[ 1452] 2862 
Tmin,Tmax 0.921,0.947 0.635,0.754
Tmin’ 0.921

Correction method= # Reported T Limits: Tmin=0.635 Tmax=0.754
AbsCorr = MULTI-SCAN

Data completeness= 1.97/0.99 Theta�max�= 75.704

R�reflections�= 0.0446� 2609� wR2�reflections�= 0.1178� 2862�

S = 1.087 Npar= 188

http://www.iucr.org/iucr-top/cif/cif_core/definitions/index.html
http://journals.iucr.org/services/cif/checking/checkcifreport.html








checkCIF/PLATON report 

Structure factors have been supplied for datablock�s� vsp39

THIS REPORT IS FOR GUIDANCE ONLY. IF USED AS PART OF A REVIEW PROCEDURE
FOR PUBLICATION, IT SHOULD NOT REPLACE THE EXPERTISE OF AN EXPERIENCED
CRYSTALLOGRAPHIC REFEREE.

No syntax errors found.        CIF dictionary        Interpreting this report

Datablock: vsp39 

Bond precision: C-C = 0.0030 A Wavelength=1.54178

Cell: a=8.0990�3� b=9.1760�4� c=19.4978�8�
alpha=90 beta=90 gamma=90

Temperature: 100 K

Calculated Reported
Volume 1449.01�10� 1449.01�10�
Space group P 21 21 21 P 21 21 21 
Hall group P 2ac 2ab P 2ac 2ab 
Moiety formula C18 H16 O4 C18 H16 O4
Sum formula C18 H16 O4 C18 H16 O4
Mr 296.31 296.31
Dx,g cm-3 1.358 1.358
Z 4 4
Mu �mm-1� 0.785 0.785
F000 624.0 624.0
F000’ 626.02
h,k,lmax 10,11,24 10,11,24
Nref 3039[ 1766] 2990 
Tmin,Tmax 0.910,0.969 0.630,0.754
Tmin’ 0.910

Correction method= # Reported T Limits: Tmin=0.630 Tmax=0.754
AbsCorr = MULTI-SCAN

Data completeness= 1.69/0.98 Theta�max�= 76.268

R�reflections�= 0.0348� 2842� wR2�reflections�= 0.0917� 2990�

S = 1.056 Npar= 264

The following ALERTS were generated. Each ALERT has the format
       test-name_ALERT_alert-type_alert-level.
Click on the hyperlinks for more details of the test.

http://www.iucr.org/iucr-top/cif/cif_core/definitions/index.html
http://journals.iucr.org/services/cif/checking/checkcifreport.html






checkCIF/PLATON report 

Structure factors have been supplied for datablock�s� ijs13

THIS REPORT IS FOR GUIDANCE ONLY. IF USED AS PART OF A REVIEW PROCEDURE FOR
PUBLICATION, IT SHOULD NOT REPLACE THE EXPERTISE OF AN EXPERIENCED
CRYSTALLOGRAPHIC REFEREE.

No syntax errors found.        CIF dictionary        Interpreting this report

Datablock: ijs13 

Bond precision: C-C = 0.0200 A Wavelength=1.54178 

Cell: a=14.9325�13� b=13.8504�10� c=17.6365�15� 
alpha=90 beta=112.056�5� gamma=90 

Temperature: 100 K 

Calculated Reported 
Volume 3380.7�5� 3380.7�5� 
Space group P 21/n P 1 21/n 1 
Hall group -P 2yn -P 2yn 

Moiety formula 
4�C26 H36 Au2 Cl2 N4�, 3�C
H2 Cl2�, 4�H2 O� [+ 
solvent] 

C26 H36 Au2 Cl2 N4, H2 O,
0.75�C H2 Cl2�, 
0.75[CH2CL2] 

Sum formula C107 H158 Au8 Cl14 N16 O4
[+ solvent] 

C26.75 H39.50 Au2 Cl3.50 N4 
O 

Mr 3804.55 951.13 
Dx,g cm-3 1.869 1.869 
Z 1 4 
Mu �mm-1� 18.821 18.821 
F000 1814.0 1814.0 
F000’ 1787.21 
h,k,lmax 17,16,21 
Nref 6168 
Tmin,Tmax 0.048,0.041 0.467,0.754 
Tmin’ 0.008 

Correction method= # Reported T Limits: Tmin=0.467 Tmax=0.754
AbsCorr = MULTI-SCAN 

Data completeness= Theta�max�= 68.236 











checkCIF/PLATON report 

Structure factors have been supplied for datablock�s� spcc55

THIS REPORT IS FOR GUIDANCE ONLY. IF USED AS PART OF A REVIEW PROCEDURE FOR
PUBLICATION, IT SHOULD NOT REPLACE THE EXPERTISE OF AN EXPERIENCED
CRYSTALLOGRAPHIC REFEREE.

No syntax errors found.        CIF dictionary        Interpreting this report

Datablock: spcc55 

Bond precision: C-C = 0.0473 A Wavelength=1.54178 

Cell: a=13.0158�8� b=13.0566�9� c=24.1653�17� 
alpha=98.948�4� beta=92.740�4� gamma=113.675�4� 

Temperature: 100 K 

Calculated Reported 
Volume 3687.6�4� 3687.6�4� 
Space group P 1 P 1 
Hall group P 1 P 1 

Moiety formula C76 H72 Br4 O10 Rh2 [+ 
solvent] C76 H72 Br4 O10 Rh2 

Sum formula C76 H72 Br4 O10 Rh2 [+ 
solvent] C76 H72 Br4 O10 Rh2 

Mr 1670.76 1670.79 
Dx,g cm-3 1.505 1.505 
Z 2 2 
Mu �mm-1� 6.602 6.602 
F000 1676.0 1676.0 
F000’ 1674.70 
h,k,lmax 15,15,28 15,15,28 
Nref 25352[ 12676] 23872 
Tmin,Tmax 0.439,0.768 0.533,0.753 
Tmin’ 0.354 

Correction method= # Reported T Limits: Tmin=0.533 Tmax=0.753
AbsCorr = MULTI-SCAN 

Data completeness= 1.88/0.94 Theta�max�= 65.374 















checkCIF/PLATON report 

Structure factors have been supplied for datablock�s� vsp42

THIS REPORT IS FOR GUIDANCE ONLY. IF USED AS PART OF A REVIEW PROCEDURE
FOR PUBLICATION, IT SHOULD NOT REPLACE THE EXPERTISE OF AN EXPERIENCED
CRYSTALLOGRAPHIC REFEREE.

No syntax errors found.        CIF dictionary        Interpreting this report

Datablock: vsp42 

Bond precision: C-C = 0.0075 A Wavelength=1.54178

Cell: a=21.0174�10� b=21.0174�10� c=8.1510�6�
alpha=90 beta=90 gamma=120

Temperature: 100 K

Calculated Reported
Volume 3118.2�4� 3118.2�4�
Space group R 3 R 3 
Hall group R 3 R 3 

Moiety formula
3�C17 H16 O2�, C H4 O, H2 
O

0.333�C3 H12 O3�, 3�C17
H16 O2�, 0.333�H6 O3�

Sum formula C52 H54 O8 C52 H54 O8
Mr 806.95 806.95
Dx,g cm-3 1.289 1.289
Z 3 3
Mu �mm-1� 0.687 0.687
F000 1290.0 1290.0
F000’ 1293.86
h,k,lmax 26,26,10 26,25,9
Nref 2904[ 1452] 2652 
Tmin,Tmax 0.921,0.934 0.536,0.754
Tmin’ 0.866

Correction method= # Reported T Limits: Tmin=0.536 Tmax=0.754
AbsCorr = MULTI-SCAN

Data completeness= 1.83/0.91 Theta�max�= 76.031

R�reflections�= 0.0573� 2542� wR2�reflections�= 0.1542� 2652�

S = 1.065 Npar= 184

http://www.iucr.org/iucr-top/cif/cif_core/definitions/index.html
http://journals.iucr.org/services/cif/checking/checkcifreport.html








checkCIF/PLATON report 

Structure factors have been supplied for datablock�s� vsp40

THIS REPORT IS FOR GUIDANCE ONLY. IF USED AS PART OF A REVIEW PROCEDURE
FOR PUBLICATION, IT SHOULD NOT REPLACE THE EXPERTISE OF AN EXPERIENCED
CRYSTALLOGRAPHIC REFEREE.

No syntax errors found.        CIF dictionary        Interpreting this report

Datablock: vsp40 

Bond precision: C-C = 0.0029 A Wavelength=1.54178

Cell: a=8.0930�3� b=9.1709�3� c=19.4808�7�
alpha=90 beta=90 gamma=90

Temperature: 100 K

Calculated Reported
Volume 1445.87�9� 1445.87�9�
Space group P 21 21 21 P 21 21 21 
Hall group P 2ac 2ab P 2ac 2ab 
Moiety formula C18 H16 O4 C18 H16 O4
Sum formula C18 H16 O4 C18 H16 O4
Mr 296.31 296.31
Dx,g cm-3 1.361 1.361
Z 4 4
Mu �mm-1� 0.787 0.787
F000 624.0 624.0
F000’ 626.02
h,k,lmax 10,11,24 10,11,24
Nref 3032[ 1762] 2998 
Tmin,Tmax 0.893,0.961 0.626,0.754
Tmin’ 0.868

Correction method= # Reported T Limits: Tmin=0.626 Tmax=0.754
AbsCorr = MULTI-SCAN

Data completeness= 1.70/0.99 Theta�max�= 76.265

R�reflections�= 0.0307� 2825� wR2�reflections�= 0.0756� 2998�

S = 1.072 Npar= 264

The following ALERTS were generated. Each ALERT has the format
       test-name_ALERT_alert-type_alert-level.
Click on the hyperlinks for more details of the test.

http://www.iucr.org/iucr-top/cif/cif_core/definitions/index.html
http://journals.iucr.org/services/cif/checking/checkcifreport.html
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