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    Catalysis is one of the basic fundamental as well as thrust research areas of chemical sciences which fascinates a wide range of academicians, researchers, chemical technologists and industries throughout the world. The field of catalysis is interdisciplinary by its nature, includes organic synthesis, coordination and organometallic chemistry, kinetics and mechanism, stereochemical concepts and material science all at its very heart. Though the catalysis is an established area of research but one in which novel unexplored development continues exponentially. In the past few decades 2001, 2005 and 2010 nine Nobel laureates enriched on the domain of catalysis generating practical use of asymmetric catalysis to stereoselectivity of asymmetric hydrogenation and oxidation, development of metathesis method in organic synthesis and catalytic carbon-carbon coupling reactions respectively. Further, chemical and enzymatic catalysis is very popular and higly dynamic research area which received 15 times recognition from the Nobel Foundation during 1901 to 2012.




    The downstream chemicals and valuable commercial products obtained via the diverse catalysts and catalytic processes have been gaining unprecedented prominence which could be evidenced by increasingly large numbers of publications, patents, monographs, symposia and conferences. Innumerable organic, inorganic and biochemical reactions are facilitated by catalysis and thus it plays a crucial role in chemical sciences. The global catalyst market shows about 90% of all commercially produced bulk and fine chemicals, biochemical, synthetic and medicinal products involve homogeneous or heterogeneous catalysis at some stage in the chemical or biochemical process of their manufacture. In recent years, there is tremendous growth in various types of subfields in catalysis e.g., nanocatalysis, asymmetric or chiral catalysis, industrial catalysis, organocatalysis, photocatalysis, electrochemical catalysis, enzyme and biocatalysis, tandem catalysis, autocatalysis, induced catalysis, and environmental catalysis. The quantitative requirement of the catalyst in a chemical process from the stoichiometric amount to catalytic amount and potential to change equilibrium excites the researcher to dream about perpetual motion machine, a contradiction to the law of thermodynamics. Stereospecific catalysts not only accelerate the reaction rates but also control the product absolute configuration, therefore a deep insight into kinetics and mechanism of catalysis is vital to get desired products conversion rates, turnover number and frequency of the catalytic reactions processes. Therefore, catalysis development and understanding is crucial not only to the academics or basic microscopic level but industrial, technology or macroscopic level as well.




    This book involves the most distinctive characteristics of almost all-inclusive of the catalysis and highlights many important topics and subfields/subdisciplines. The novel design, synthesis, development, reducing energy consumption and side products, atom economy and green chemistry approach of catalysis definitely would play a vital role in future perspective of catalysis.




    We hope this book will serve as an excellent reference for graduate students, researchers at all levels in both academic and industrial laboratories.
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      Abstract




      Chiral spiro compounds have been found to have great importance in organic synthesis because of their presence in a variety of natural alkaloids and pharmaceuticals. Lately, spiro compounds have gained interest because of their engrossing conformational characteristics and their structural connection with biological systems. Enantioselective synthesis of conformationally constrained spiro and bridged acetals can also be performed by organometallic catalysts but we will focus on organocatalytic routes in this chapter. Organocatalytic methodologies are found to be powerful approaches for the synthesis of conformationally rigid spiro and bridged acetal compounds because of their stability, functional group tolerance and easy stereoprediction. In this chapter, the organocatalytic asymmetric approaches for the synthesis of bridged [2.2.1], [2.2.2], [3.1.1], [3.2.1], [3.3.1] bicyclic acetals as well as spiroacetals are discussed in details with examples. The synthesis contains different reactions such as Michael addition reaction, Mannich reaction, cycloaddition reaction, aldol reaction, tandem Friedel Craft/hemiketalization reaction, Knoevenagel, Diels Alder reaction, cyclisation reaction and various other reactions.
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      INTRODUCTION




      “The universe is asymmetric and I am persuaded that life, as it is known to us, is a direct result of the asymmetry of the universe or of its indirect consequences. The universe is asymmetric.”- Louis Pasteur. The term asymmetric means lack of equality or equivalence between parts or aspects of something. Lack of equality or equivalence can be found anywhere like nature, chiral molecule or human body. Human bodies are asymmetrical, though they look symmetrical from outside, but most of our vital organs are positioned asymmetrically. Different organoleptic properties of enantiomers are shown by lemon and orange, respectively, containing the left- and right-handed version (enantiomers) of the same molecule,




      Limonene. Asymmetric synthesis is the synthesis of chiral compounds and it focuses on the production of one stereoisomer over another stereoisomer. Spiroacetals contain acetals connected to a spiro carbon atom and bridged acetals are acetals in which two ether groups are connected by a bridge.




      Catalysts are used in the reaction to reduce the activation energy of the molecules. Organocatalysts are composed of carbon, hydrogen, sulphur and other non-metal elements. Organocatalysts have many advantages over traditional metal catalysts because:





      

        	They require mild reaction conditions.




        	They are stable and easy to design and synthesize.




        	They do not require anhydrous conditions, thus, reducing the cost of the synthesis.




        	They prevent the formation of metallic waste, thus are environment friendly.




        	They are compatible with several functional groups, thus no need to protect sensitive functional groups. Ultimately, reducing the number of reaction steps.


      




      In the late 1890s, Von Bayer discovered spirocycles [1]. Spirocyclane is a term innovated by Von Bayer for naming bicyclic hydrocarbons having two rings with a carbon atom. In organic synthesis, the construction of spiro cyclic framework was quite challenging. Spiro compounds have attracted the attention of organic chemists especially in drug discovery in the last few decades because of their intrinsic complexity and rigidity. Many direct and efficient strategies have been developed for the synthesis of compounds having spiro scaffold. Spiro compounds are present in a plethora of natural products such as angiotensin antagonist irbesartan (1), analgesic morphine (2), β-vetivone (3), the antibiotic monensin (4), alkaloid citrinalin (5), opioid receptor agonist oxycodone (6), rosmadial (7), and (-)-acorenone B (8) (Fig. 1) [2].




      Similarly, bridged O,O-acetals skeleton is present in a variety of natural products like procyanidin A1 (9) [3], cholinesterease inhibitor (11) [4], epicoccolide A (12) [5], and other bioactive compounds (Fig. 2) [6].


    




    

      Review of Investigation Results: Organocatalytic Asymmetric Synthesis of Spiroketals




      In 2012, the Nagorny group reported a chiral phosphoric acid catalysed enantioselective as well as diastereoselective spiroketalization reaction of cyclic enol ethers bearing an alcohol in the alkyl chain. The reaction afforded spiroketals in good yields (up to 96%) with excellent stereoselectivities (Scheme 1) [7].




      
[image: ]


Fig. (1))


      Examples of natural products containing a spirocyclic ring.



      Different chiral and achiral phosphoric acids were found to be effective in stimulating the reaction, but the best results were found with (S)-TRIP. Different solvents were also screened. Low levels of stereocontrol were observed in relatively polar solvents, whereas, in hydrocarbon solvents the reaction proceeded with higher enantioselectivities and shorter reaction time. Pentane was found to be the best solvent. The role of addition of 4Å MS was not clarified but it was considered important to isolate products with good to high levels of enantioselectivity (entry 3). Substrates with substituents in the aromatic rings and extension of the tether length did not affect the selectivity as well as the yield of the reaction. Moreover, substrates containing less rigid benzyl groups resulted in decreased conversion and enantioselectivity (entry 3).
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Fig. (2))


      Examples of natural products containing benzofused acetal scaffold.
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Scheme 1)


      Chiral phosphoric acid catalysed spiroketalization reaction.



      Authors also successfully extended the scope to D-glucal derivatives for highly diastereoselective cyclization and excellent result was achieved (Scheme 2) [7].
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Scheme 2)


      Spiroketalization of cyclic enol ethers derived from sugars.



      In the same year, List et al. reported an enantioselective spiroacetalization catalysed by conformationally locked Brønsted acids (Scheme 3) [8]. The reaction afforded various spiroketals with good yields (up to 89%) and excellent stereoselectivities (up to >50:1 d.r. and up to 98:2 e.r.) using an imidodiphosphoric acid catalyst (cat. II). Remarkably, only 0.1 mol% of catalyst was required for the construction of the 5,5-spiroacetal (entry 2). Different enol ether ring sizes were also well tolerated to provide 7,6- and 7,5- spiroacetals by highly enantioselective reactions (entries 3 and 4). Kinetic resolution of racemate (20) delivered both bisacetal (21) and enolacetal (22) with excellent enantioselectivities (Scheme 4) [8].




      In 2015, Matsubara et al. reported an intramolecular hemiacetalization/oxy-Michael addition cascade catalysed by bifunctional amino-thiourea catalyst. This strategy resulted in the formation of spiroketal compounds bearing an alkyl group at the 2-position which are prevalent in insect hormones. The spiroketals were isolated in moderate to excellent yields (40-99%) with moderate to excellent stereoselectivities. This method was applied to electron-rich and electron-poor enones as well as aliphatic enones and products were isolated with good to excellent yields and enantioselectivities (Scheme 5) [9]. Chalcogran (27), a pheromone of the six-spined spruce bark beetle Pityogenes chalcographus, was also synthesised using the obtained product (26) (Scheme 6) [9].
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Scheme 3)


      Catalytic asymmetric spiroacetalization.
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Scheme 4)


      Kinetic resolution of racemate (20).
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Scheme 5)


      Spiroketalization catalysed by amino-thiourea catalyst.
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Scheme 6)


      Synthesis of (2S,5S)-Chalcogran.



      In 2016, Xue, Jiang and Li et al. reported organohalogenite-mediated asymmetric intramolecular aromatic spiroketalization (Scheme 7) [10]. Earlier reports focused on the synthesis of aliphatic spiroketals. However, in this report the authors emphasized the enantioselective construction of aromatic spiroketals, though it was quite challenging because of the lower nucleophilicity of aromatic hydroxyl groups. The reaction afforded bisbenzannulated spiroketals in moderate to good yields (52-92%) with excellent enantioselectivities. 1,3-dibromo-5,5-dimethyl- hydantoin (DBDMH) acts as a halogen source. Substrates with aryl rings bearing electron-withdrawing and electron-donating substituents were well tolerated in this method.
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Scheme 7)


      Synthesis of Bisbenzannulated spiroketal cores.



      

        (R)-2,2-Diphenyl-1,7-dioxaspiro[5.5]undecane (14)




        

          General Procedure [7]




          In a round bottom flask, starting material (13) (0.1 mmol), 4 Å molecular sieves (100 mg) and cat.I (0.005 mmol) were added. The mixture was cooled to –78 ºC; stirred for 5 min and then 5 mL of pentane was added. The mixture was stirred for another 5 min before it was warmed up to –35 ºC. The reaction mixture was stirred for a selected time and triethylamine was added to quench the reaction. Purification was done by column chromatography (which was presaturated with triethylamine) to provide spiroketal (14); yield: 81-96%; ee: 74-96%.


        


      




      

        (S)-1,6-Dioxaspiro[4.4]nonane (19)




        

          General Procedure [8]




          In a closed vial with a septum, solvent (7 ml) and molecular sieves were added and the mixture was cooled to an appropriate temperature. A solution of substrate (18) (0.25 mmol) in solvent (2 ml) was then added, and the mixture was stirred for 5-10 min allowing it to reach the reaction temperature. To the reaction mixture a solution of catalyst II in solvent (1 ml) was added dropwise. After designated time at the designated temperature, the reaction was quenched with Et3N (50 μl). Purification was performed by column chromatography to afford product (19); yield: 62-89%; er: 98.5:1.5.


        


      




      

        1-Phenyl-2-((2R,5S)-1,6-dioxaspiro[4.4]nonan-2-yl)ethan-1-One (24)




        

          General Procedure [9]




          To a 5 mL round bottom flask, substrate (23) (0.1 mmol), THF (0.2 mL), and cat. III (2.1 mg, 0.005 mmol) were sequentially added. The mixture was stirred in an oil bath at 25 °C for 24 h. The reaction mixture was diluted with hexane/EtOAc (v/v = 1/1), passed through a short silica gel pad to remove cat. III; concentrated in vacuo. Column chromatography (hexane/EtOAc (v/v = 1/1)) afforded the corresponding 2-alkylspiroketals (24) and (25); yield: 40-99%; ee: 39-97%; dr: 3.6:1-8.4:1.


        


      




      

        (S)-3H,3'H-2,2'-Spirobi[benzofuran]-3-one (29)




        

          General Procedure [10]




          Compound (28) (0.2 mmol) and catalyst IV (0.04 mmol) in toluene (4.0 mL) were treated with DMDBH (0.12 mmol) at an appropriate temperature. The reaction mixture was allowed to stir for 10 min. The reaction mixture was filtered to remove the catalyst and the filtrate was concentrated in vacuo at room temperature. Column chromatography (Petroleum ether/EtOAc 16:1, v/v) gave the product (29); yield: 52-92%; ee: 92-98%.


        


      


    




    

      Review of Investigation Results: Organocatalytic Asymmetric Synthesis of Bridged Acetals




      In 2013, Franzén et al. reported the catalytic asymmetric synthesis of optically active O,O-acetals (Scheme 8) [11]. The reaction was carried out with hydroxyl enals (30) and acetyl acetone (31) in the presence of a pyrrolidine catalyst (cat. V). Treatment of the crude mixture with 1.2 equivalents of AcCl/BF3·OEt2 resulted in the formation of acetal 32 whereas, with TFA, the formation of enol was found. Thus, this reaction has a built in chemoselective switch simply by changing the acid that allows the selective formation of either acetal or enol ether. The reaction afforded O,O-acetal derivatives in good yields and excellent stereoselectivities. Unsymmetrical diketones provided the desired product as a single regioisomer in moderate yield whereas 1:1 mixture of diastereoisomers was observed with prochiral cyclohexadione.
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Scheme 8)


      Enantioselective synthesis of O,O-acetals.



      In 2016, Karl Anker Jørgensen et al. reported an enantioselective organocatalytic reaction between γ-keto-enals and 1-naphthols for the synthesis of methanobenzodioxepine (35) and tetrahydrofurobenzofuran (36) scaffolds catalysed by secondary amine catalysts (Scheme 9) [12]. The reaction proceeded via two reaction pathways: the first path led to the formation of chiral 5,6-bridged methanobenzodioxepine scaffolds (35) containing three stereocenters, whereas, the other pathway provided 5,5-fused tetrahydrofurobenzofuran scaffolds (36) bearing two stereocenters. The methanobenzodioxepines as well as tetrahydrofurobenzofurans were formed in moderate to good yields with excellent enantioselectivities. The formation of tetrahydrofurobenzofuran and methanobenzodioxepine scaffolds was highly dependent on the nature of substituents in the γ-keto-enal (Scheme 9). When R1 = -Ph, -H then methanobenzodioxepine scaffolds will form whereas, if R1 = -Et, -iPr, Bn, n-pentane then tetrahydrofurobenzofuran scaffolds will form.
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Scheme 9)


      Enantioselective synthesis of benzofused acetals.



      In 2018, Pan et al. reported an organocatalytic asymmetric reaction between ortho-hydroxy-cinnamaldehyde (37) and N-benzyl dioxindole (38) catalysed by a secondary amine catalyst (scheme 10) [13]. This method involved amine catalyzed conjugated addition followed by diastereoselective acetalization with TFA which led to the formation of spirooxindole products (39); obtained in good to high yields with high diastereo- and enantioselectivities. The electronic effects of the substituents did not influence the outcome of the reaction much.
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Scheme 10)


      Catalytic asymmetric synthesis of bridged acetals.



      

        1-((1S,5S)-3-Methyl-2,8-dioxabicyclo[3.3.1]non-3-en-4-yl)ethan-1-one (32)




        

          General Procedure [11]




          In an oven-dried round-bottom, (E)-5-Hydroxypent-2-enal (30) (0.4 mmol) was added to a solution of diketone (31) (0.4 mmol) and cat. V (0.04 mmol) in CH2Cl2 (0.4 mL) at -20 oC. After full conversion of the starting materials, the acid was added to the reaction mixture at the given temperature. After stirring for 1 h, an aqueous saturated solution of Na2CO3 was added to quench the reaction, and the water phase was extracted with CH2Cl2. The combined organic phase was dried over Na2SO4, filtered, and concentrated under reduced pressure. Column chromatography (pentane/Et2O) afforded the desired product (32); yield: 63-82%; er: 93:7-98:2.


        




        

          Synthesis of Benzofused Acetals (35) and (36)


        




        

          General Procedure [12]




          A glass vial (4 mL) equipped with a magnetic stirring bar was charged with CHCl3 (300 μL), hydroxyarene (34) (0.25 mmol, 1.0 eq.), o-NO2C6H4CO2H (0.025 mmol, 0.1 eq.), water (22.5μL,1.25 mmol, 5.0 eq.) and a 0.063 M solution of cat. VI/VII in CHCl3 (0.0125 mmol, 0.005 eq.). Afterwards, the γ-keto-enal (33) (0.375 mmol, 1.5 eq.) was added in one portion and stirred at rt. Completion of the reaction was monitored by 1H NMR. 3Å Molecular sieves (300 mg) and the NMR sample containing CHCl3(500 μL) were added to the crude mixture and stirred for 2 h. Afterwards, HSiEt3 (0.5 mmol, 2.0 eq.) was added, and the reaction mixture was cooled to -78°C. A solution of BF3·OEt2 in CHCl3 (61.7 μL in 1 mL, 0.5 mmol, 2.0 eq.) was then added. The reaction mixture was allowed to warm up to -20°C and stirred at this temperature for 2 h. The solution was quenched with NaHCO3 (aq) (5mL) and extracted with CH2Cl2 (3×5mL). The combined organic phases were dried with Na2SO4, filtered, concentrated in vacuo and the crude product was purified by FC. The purifications were initially performed over latrobeads; however, it was later discovered that the benzofused acetals were stable towards silica gel.


        




        

          ((2′R,3S,5′S)-1-Benzyl-5′H-spiro[indoline3,4′ [2, 5]methanobenzo[d] [1, 3] dioxepin]-2-one) (39)


        




        

          General Procedure [13]




          First step: In an oven-dried round-bottom flask, compound (37) (0.12 mmol), compound (38) (0.1 mmol), 10 mol % of cat. VIII, 10 mol % of PhCO2H, and 0.5 mL of toluene were added. The reaction mixture was stirred at rt for 20 h. Completion of the reaction was checked by TLC. After completion of the reaction, the solution was concentrated and the residue was directly treated with TFA. Second step: DCM was added to the reaction mixture of first step and allowed to stir at rt. Then, 1.5 equiv. of TFA was added and the reaction mixture was allowed to stir overnight. Progress of the reaction was monitored by TLC. After the completion of reaction, solvent was concentrated and reaction mixture was directly purified by column chromatography on silica gel eluting with hexane/ethyl acetate (10%) to afford desired product (39); yield: 22-80%; 85-99% ee; >20:1 dr.


        


      


    




    

      CONCLUSION




      Conformationally rigid spiro and bridged acetal compounds are pharmaceutically important and possess structurally unique framework, which have drawn enormous attention from different research groups as well as from industries. Different novel methodologies have been developed in the last few years for the synthesis of these constrained structures, which we have discussed. In this chapter, we have shown, Michael addition reaction, Mannich reaction, cycloaddition reaction, aldol reaction, tandem Friedel Craft/hemiketalization reaction, Knoevenagel, Diels Alder reaction, and cyclisation reaction methods that have been used for this purpose. Thus, this chapter shows the potential of spiro and bridged acetal compounds for the development of new drugs and biologically active compounds.


    


  




  

    

      CONSENT FOR PUBLICATION




      Not applicable.


    




    

      CONFLICT OF INTEREST




      The author declares that there is no conflict of interest in this chapter.


    




    ACKNOWLEDGEMENTS




    Declared none.




    REFERENCES




    

      

        	



        	

      




      

        	
[1]



        	Baeyer, A.V. Systematik und Nomenclatur bicyclischer Kohlenwasserstoffe. Ber. Dtsch. Chem. Ges., 1900, 33, 3771-3775.[http://dx.doi.org/10.1002/cber.190003303187]

      




      

        	
[2]



        	Ding, A.; Meazza, M.; Guo, H.; Yang, J.W.; Rios, R. New development in the enantioselective synthesis of spiro compounds. Chem. Soc. Rev., 2018, 47(15), 5946-5996.[http://dx.doi.org/10.1039/C6CS00825A] [PMID: 29953153]

      




      

        	
[3]



        	Dumontet, V.; Van Hung, N.; Adeline, M.T.; Riche, C.; Chiaroni, A.; Sévenet, T.; Guéritte, F. Cytotoxic flavonoids and alpha-pyrones from Cryptocarya obovata. J. Nat. Prod., 2004, 67(5), 858-862.[http://dx.doi.org/10.1021/np030510h] [PMID: 15165150]

      




      

        	
[4]



        	Talontsi, F.M.; Dittrich, B.; Schüfler, A.; Sun, H.; Laatsch, H. Epicoccolides: Antimicrobial and Antifungal Polyketides from an Endophytic Fungus Epicoccum sp. Associated with Theobroma cacao. Eur. J. Org. Chem., 2013, 3174-3180.[http://dx.doi.org/10.1002/ejoc.201300146]

      




      

        	
[5]



        	Kamal, M.A.; Qu, X.; Yu, Q-S.; Tweedie, D.; Holloway, H.W.; Li, Y.; Tan, Y.; Greig, N.H. Tetrahydrofurobenzofuran cymserine, a potent butyrylcholinesterase inhibitor and experimental Alzheimer drug candidate, enzyme kinetic analysis. J. Neural Transm. (Vienna), 2008, 115(6), 889-898.[http://dx.doi.org/10.1007/s00702-008-0022-y] [PMID: 18235987]

      




      

        	
[6]



        	aHao, X-J.; Nie, J-L. Diterpenes from Spiraea japonica. Phytochemistry, 1998, 48, 1213-1215.[http://dx.doi.org/10.1016/S0031-9422(97)00791-7] bShen, Z.; Chen, Z.; Li, L.; Lei, W.; Hao, X. Antiplatelet and antithrombotic effects of the diterpene spiramine Q from Spiraea japonica var. incisa. Planta Med., 2000, 66(3), 287-289.[http://dx.doi.org/10.1055/s-2000-8571] [PMID: 10821062] cLi, L.; Shen, Y-M.; Yang, X-S.; Zuo, G-Y.; Shen, Z.Q.; Chen, Z-H.; Hao, X-J. Antiplatelet aggregation activity of diterpene alkaloids from Spiraea japonica. Eur. J. Pharmacol., 2002, 449(1-2), 23-28.[http://dx.doi.org/10.1016/S0014-2999(02)01627-8] [PMID: 12163102]

      




      

        	
[7]



        	Sun, Z.; Winschel, G.A.; Borovika, A.; Nagorny, P. Chiral phosphoric acid-catalyzed enantioselective and diastereoselective spiroketalizations. J. Am. Chem. Soc., 2012, 134(19), 8074-8077.[http://dx.doi.org/10.1021/ja302704m] [PMID: 22545651]

      




      

        	
[8]



        	Čorić, I.; List, B. Asymmetric spiroacetalization catalysed by confined Brønsted acids. Nature, 2012, 483(7389), 315-319.[http://dx.doi.org/10.1038/nature10932] [PMID: 22422266]

      




      

        	
[9]



        	Yoneda, N.; Fukata, Y.; Asano, K.; Matsubara, S. Asymmetric Synthesis of Spiroketals with Aminothiourea Catalysts. Angew. Chem. Int. Ed., 2015, 54, 15497-15500.[http://dx.doi.org/10.1002/anie.201508405]

      




      

        	
[10]



        	Xue, J.; Zhang, H.; Tian, T.; Yin, K.; Liu, D.; Jiang, X.; Li, Y.; Jin, X.; Yao, X. Organohalogenite-Catalyzed Spiroketalization: Enantioselective Synthesis of Bisbenzannulated Spiroketal Cores. Adv. Synth. Catal., 2016, 358, 370-374.[http://dx.doi.org/10.1002/adsc.201500390]

      




      

        	
[11]



        	Polat, M.F.; Hettmanczyk, L.; Zhang, W.; Szabo, Z.; Franzén, J. One-Pot, Two-Step Protocol for the Catalytic Asymmetric Synthesis of Optically Active N,O- and O,O-Acetals. ChemCatChem, 2013, 5, 1334-1339.[http://dx.doi.org/10.1002/cctc.201200860]

      





OEBPS/Images/9789811458514-C1_S5.jpg
gy

cat i
THF, 25°C, 24 h

Ar=35 lCFg)zCnHz e,
S I
@9 up to 99% yield





OEBPS/Images/9789811458514-C1_S10.jpg
4. cat. VIll (10 mol%)
OH PhCO,H (10 mol%)

L AZALCHO
4 5 CHyCN, t, 8 h
%] + R 0 ————=R
Z on NN 2.7eA cHiop
@7 @8 R .
Ph
Ph
N omes

cat. Vil






OEBPS/Images/9789811458514-C1_S3.jpg
cat.ll

MTBE
25°C10-35°C
24

L o o

P\ /P\
N
Ar Ar
Ar=2,46-PriCeHy
cat I

O W
19

up to 88% yield

up to 97% ee

¢
20O





OEBPS/Images/9789811458514-C1_F2.jpg
OH
Cholinesterease inhibitor (1) Epicoccolide A (12)





OEBPS/Images/9789811458514-C1_S2.jpg
Pry
o
HO- Z
s HO'

P,

catl ey,

Pentane, rt
14h

oY

0, f

Po.

o

(18)

an O

73% yield, (16):(17) = 81:19





OEBPS/Images/9789811458514-C1_S7.jpg
. f
U -20°C, 10 min (’9> RY

Up 10 92% yield
up to 98% ee

cat. IV





OEBPS/Images/bentham_logo.jpg





OEBPS/Images/Cover.jpg
FUNDAMENTALS AND
PROSPECTS OF CATALYSIS

Uncatalyzed Path

€aitiimied Path
g






OEBPS/Images/9789811458514-C1_S9.jpg
1. cat. VIVII (0.5 mol%),
H;0 (5 equiv.)
| 0-NO,CgHyCOH (10 mol%)
o, ¥ OO CHCIa, 05 M, t, 1-2 h

& 2. MS 3A, HSIEL, (2 equiv.)

(34) OH BFyOEt, (2 equiv), -7810-20°C
2h

%

(35)
up to 79% yield
up to 94% ee

(33)

{ ’""6?;" cat. VI 1R = Me
Eah cal vil:R=Ph





OEBPS/Images/9789811458514-C1_F1.jpg
HO.
Ha=d
o NaoN
g 00
A2 H e
HOV N
irbesatan (1) morphine (2) vetivone (3)

{1 :
>=° Me)m. S< e

oxycodone (6) rosmadial (7) (-yacorenone B (8)





OEBPS/Images/9789811458514-C1_S1.jpg
R

RZ cat. | 0, 0—R?
R %
[ i—— X

35100°C (14)
2248h up to 96% yield
Up 10 96% ee

Ar
(S)TRIP Ar = 2,4 6-PriCeHy
cat.l





OEBPS/Images/9789811458514-C1_S6.jpg
@O w0
LiHBEt, THE O

1096550~
0™ ~

(27)
96% ee (25,55)-Chalcogran
96% ee





OEBPS/Images/9789811458514-C1_S4.jpg
OH cat 11 (5 moi%) 1)
WTBE, 250 45% yield, 550:1 dr, 95% ee
24h :

MeO,, 0. OH
50% conv. 1

(22)
55% yield, 94% ee





OEBPS/Images/9789811458514-C1_S8.jpg
eat v, CHicly
n Ot
o 20°c, 161
R @acean oy Lo
G Dy LT s @
s o (s (hcotlFomaton
N ot
nemasiorers |
v
9 1
§
. o
y L
o &S0 o R

(Enol ather formaton)






OEBPS/Images/9789811458514-C1_S9a.jpg
1. cat. VI (0.5 mol%),
H,0 (5 equiv.)

0-NO,C5H.COH (10 mol%)
CHCl5, 05 M, 1t, 1-2h

2.MS 3A, HSIE (2 equiv.)
BFyOEt, (2 equiv.), -78 to 20 °C
2h

up to 62% yield
up to 96% ee





