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PREFACE 

The importance and utility of asymmetric synthesis to obtain 

enantiopure molecules have been widely acknowledged by chemists. Among 

the types of asymmetric reactions, the most desirable and the most 

challenging is the catalytic asymmetric synthesis since one chiral cataIyst 

molecule can create a number of chiral product malecdes. As compared to 

the enzyme activity in biological systems catalytic asymmetric synthesis has 

an important impact in industrial scale production of chiral molecules. 

Because of this the efforts to find new efftcient catalysts for asymmetric 

synthesis are in progress. The 1,3,2-oxazaborolidines developed by Itsuno et 

al, are versatile catalysts in the area of asymmetric synthesis. This thesis 

entitled "ASYMMETRTC UTRLYSrS USING CHIRAL 

OXLTZABOROLIDINES" deals with the asymmetric reduction of prochiral 

ketones using oxazaborolidines derived fiom 1,2-amino alcohols of 

(lR>(+)-camphor. The thesis is divided into four chapters and relevant 

references are given towards the end of each chapter. 

In the first chapter a brief overview on the development, synthesis and 

applications of oxazaborolidine catalysts in the area of asymmetric synthesis 

is presented. 

The second chapter deals with the synthesis of amino alcohols and 

amino alcohol derivatives fiom (1R)-(+)-camphor. 

The third chapter deals with the catalytic asymmetric borane reduction 

of various ketones using the oxazaborolidine catalysts derived from 



(1R)-(+)-camphor. It consists of three parts. In the first part an overview of 

important methods available in literature for the enamioselective reduction 

of ketones is given. Part I1 deals with the synthesis of oxazaborolidine 

catalysts from amino alcohol derivatives of (1R)-(+)-camphor and the 

asymmetric borane reduction of ketones using these. oxazaborolidines as 

catalysts. The same reductions carried out with oxazaborolidines derived 

from 1,Zamino alcohols of (1R)-(+)-camphor as catalysts foms the subject 

matter of the third part. 

The final chapter describes an indepth study of the effect of various 

parameters such as temperature, reaction medium, the substrate - catalyst 

ratio and reducing agents on the enantioselectivity of asymmetric reduction 

of ketones. A summary of the thesis is presented towards the end. 
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CHAPTER I 

ASYMIMETRIC SYNTHESIS USING 

CHIRAL OXAZABOROLIDINES - A REVIEW 

1.1 INTRODUCTION 

Fundamental phenomena and laws of nature result from chirality. h 

this regard, two enantiomeric biologicaEly active compounds often behave 

differently in chiral surroundings. The optical activity of the compounds in 

nature results from the chirality of the enzymes responsible for their 

production. Although the apparent physical differences between the two 

forms of optically active molecule may seem small, the spatial orientation of 

a single functional goup drasticaIly affects the property of the compound. 

Our olfactory response to the two enantiomeric forms of carvone, a terpene 

is a well known exampIe. The @)-form I has the odour of the spearmint 

whereas, (S)-camone 2 smells like caraway (Figure 1. I).'" 
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Figure 1.1 

The enantiomers of certain a-amino acids like leucine, phenylalanine, 

tyrosine, tryptophan etc. exhibit taste differences. The /-form is bitter in taste 

while the d-form is sweet.4 It is well known that the I-enantiomer is used by 

nature for protein synthesis. 

The advantages of using enantiorneric compounds for 

pharmaceuticals, agrochernicals, vitamins, etc. have been recognized for 
5 many years. These are now used as components of new materials such as 

liquid crystals and as biodegradable Although more than 50% of 

the commercial drugs are chiral, less than half of these are marketed in an 

enantiomericalty pure form. The different pharmacological response of the 

two enantiomers is well known. 

(S)-Warfarin 3 is six times more active as an anticoaguIant than the 

(R)-enantiomer. (S)-propranolol 4 is an antihypertensive and antiarhythmic 

used in the treatment of heart diseases, while the (R)-enantiomer acts as a 

contraceptive. The alkaloid (-)-levorphan01 5 is a potent narcotic analgesic, 

while the (+) form is marketed as a cough suppressant in the form of its 

methyl ether (Figure 1 .2).7 
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Figure 1.2 

The drastic differences in the pharmacological properties of the 

enantiomer of the thalidomide, a conteragen which was commercialized in 

the.60'~ is most demonstrativc8 Its R enantiomer 6 shows a weak sedative 

activity, while the S enantiomer 7 taken together with the racemate caused 

expectant mothers a teratogenic effect (malformation in the foetal stage) 

(Figure 1.3). 

6 7 
Figure 1.3 

These are severaI exampIes which show the differences in Ithe 

biological activity of the enantiomers, that are used as drugs. The new single 
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isomer products in the chiral market create demand for novel enantiomeric 

intermediates and enantioselective methods to get pure isomers. 

In the laboratory, synthesis of a chiral molecule always results in 

racemic modification, since the fkee energy of formation of both enantiomers 

are identical. One method to obtain enantiopure molecule involves the 

resolution of the racemate into optically active form by mechanical, 

enzymatic or by diastereomer formation. But a11 the above mentioned 

methods are tedious and are not economically favorable, since in many cases 

half of the material will be wasted. Another method to get opticalIy pure 

material is by carrying out functional group transformations on an optically 

pure starting material, without affecting the chiral centre. But this also 

requires resolution in order to get the optically pure starting materials, 

except for some which are found in an optically pure form in nature. 

The solution to the aforementioned problems is the asymmetric 

synthesis. Asymmetric synthesis involves the synthesis of chiral products 

starting fiom prochiral or achiral substrates by exploiting the use of chiral 

auxiliaries or catalysts. In asymmetric synthesis the chiral cataIysts are used 

as external reagents in substoichiometric amounts, whereas auxiliaries are 

used as parts of substrate in stoichiometric amounts. 

Important areas of current interest in asymmetric catalysis are :- 

(i) The reduction of fisnctionalised C-0, C=C and C=N groups 

(Scheme I.. I). 

Scheme 1.1 
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(ii) The oxidation (epoxidation, dihydroxylation, & hydroboration) of the 

C=C systems (Scheme 1.2). 

L 

Scheme 6.2 

(iii) Various C-C bond formations (aldol condensation, Diels-Alder reaction, 

hydroformylation etc.) which can create new asymmetric cenhes (Scheme 

1 .3).9 

20 2 1 

Scheme 1.3 

Early attempts for the asymmetric synthesis made use of naturally 

occurring optically active materials as catalysts. In 1972, ErIinmeyer 



Chapter 1 6 

presented ZnO/Fmctose catalyst that promoted the addition of bromine to 

cinnarnic acid with an ee of 50%.1° Later polypeptides were used as catalysts 

in asymmetric synthesis. In 1979, Ovito et al. used the cinchona alkaloid 

modified Pt catalyst for the reduction o f  a- keto esters." Because of the 

potential advantage of asymmetric catalysis chemists are in search of novel 

chiral catalysts. 

Diphosphine complexes of Rh and Ru have been used as the catalysts 

for the asymmetric reduction o f  ketones.12 Complexes of Rh can catalyse the 

reduction of aminoketunes to amino alcohols with high ee (Scheme 1.4). 

(ij Hz, TOO am., MeOB, -20°C 

Scheme 1.4 

Various chiral dialkyl tartrates and titanium &oxides were developed 

by Sharpless for the synthesis of asymmetric epoxides from primary allylic 

alcohols (Scheme 1.5). I' 



27 Is) 
(i) (-) DIPT, Ti(0-iPr)4, TBHP 

(ii) (+) DIPT, Ti(0-iPrh, TBHP 

Scheme 1.5 

The chiral salen complexes developed by Jacobsen et a/. were used as 

asymmetric catalysts for the epoxidation reactions (Scheme 1 .6).'4 

Mn Salen Complex 

30 

Scheme 1.6 

Asymmetric dihydroxylation of olefins can be achieved by using 

0 ~ 0 . ~  in the presence of chiral arnine complexes (Scheme 1 .7).15 
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DHQD-OAe 

33 
(i) 0 ~ 0 4 ,  NMO 

Scheme 1.7 

The chiral phosphine ligands have been used for the asymmetric 

hydrosilylation reaction of prochiral ketones (Scheme 1 .8).16 

Scheme 1.8 

The above examples illustrate the importance of some catalysts in the 

area of asymmetric synthesis. lnspite of excellent results obtained, in many 

cases the practical difficulties associated with these catalysts limit their 
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application in many transformations. Besides, useful catalysts are not 

available for a number of reactions. For the reduction of prochiral carbonyl 

group, chirally modified aluminium hydrides are in use.17 BINAL-H 37, 

complex formed fiom an equimolar mixture of lithium ahminiurn hydride 

and 2,2'-dihydroxy-1,l'-binaphthyl and ethanol is found to be a good 

catalyst. B I W H  is available in both enantiorneric forms and due to the C2 

symmetry of the moIecule the number of possible isomers in the reaction 

medium is reduced. Products with ee ranging from 95-100% were obtained 

on reduction of prochiral ketones using these catalysts. 

37 
Figure 1.4 

The second generation of homachiral reduction catalysts is the 1,3,2- 

~xazaborolidines.'~ In the following sections, a brief review on the use of 

oxazaborolidines in the area of asymmetric synthesis is described. 

1.2 OXAZABOROLIDINES IN ASYMMETRIC SYNTHESIS - AN 

INTRODUCTION 

The reduction of a prochiral ketone with an achal reductant will 

always lead to racemic alcohols since the hydride ion can attack from both 

sides of the carbonyl moiety. In the presence of a chiral catalyst, the catalyst 

favours the attack of the hydride ion from one side preferentially leading to 

the formation of one enantiomer (Scheme 1.9). 
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Scheme 1.9 

Microbial processes,1g heterogeneous metal catalysts:0 the 

enantioselective homogeneous catalytic reduction using chirally modified 

hydnde reagents2'etc: are the usual methods to introduce chirality. 

In 1969, Fiand and Kagen tested ephedrine boranes as reducing agents 

for the reduction of prochiral ketones, but the optical yield of alcohol was 

low (Scheme 1.1 o).~' 

Scheme 1.10 

The mine borane in the presence of BF3.etherate was used for the 

reduction of ketones and the alcohols were obtained with ee up to 20% 

(Scheme 1.1 1).23 

34 35 
Scheme 1.11 

In 1981, Itsuno ct ul- reported the first effective enantioselective 

ketone reduction using a stoichiometric amount of an amino alcohol borane 

The complex is a 5-membered 1,3,2-oxazaborolidine derived 

from pamino alcohol of (S)-valine (Scheme 1.12). 
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Scheme 2.12 

Later asymmetric reduction of both aliphatic and alkyl phenyl ketones 

were reported using a bulky derivative of (S)-valine derived oxazaborolidine 

(Scheme 1.1 3).25 

Scheme 1.13 

Itsuno's group also developed structurally more rigid (S)-proline 

derived pamino alcohols as the precursors of oxazaborolidine. But these 

were found to be less effective in asymmetric induction (Scheme 1. 14).26 

''.w'% 
H OH B--O 

48 
a' 

49 

Scheme 1.14 
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Since the initial reports, a number of groups have investigated the 

reduction of prochiral ketones with stoichiometric amount of mine  borane 

complex or the oxazaborolidine as red~ctant .~~ 

1.3 OXAZABOROLEDINES AS ASYMMETRIC CATALYSTS 

In 1987, Itsuno et al. reported the first enantioselective reduction of 

ketoxime ethers using (SFvaline derived oxazaborolidine as catalyst and 

borane as the stoichiometric reductant (Scheme 1.15).'* The results are 

summarized in table 1.1. 

,OR3 

A + BE3 
(i) / (ii) 1~1,, 

R1 J32 
(ii i) + RI "A" R2 

50 51 
(i) 47 , 10 mot % 

/MI ,a 3 
(iii) BHJ.THF, RT. A 

Scheme 1.15 

Table 1.1 Results obtained in the ketoxirne reduction. 

Yield (%) Ketoxime Catalyst ee (%) 

R1=Ph, R2=Mc, 
R3=IMe 

Rl=Ph, Rt=Me 
R ~ = C R Z P ~  

100 

E DO 

100 

100 

1 

2 

1 

2 

99 

18 

91 

26 
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The process pioneered by Itsuno was then developed by Corey et al. 

as the CBS (Corey-Bakshi-Shibata) process.29 The CBS process is the 

enantioselective reduction with borane or catecholborane as stoichiometric 

reductant and oxazaborolidine as the catalyst.. 011 the basis of the studies by 

Itsuno, oxazaborolidines such as 53 has been introduced and identified by 

Corey's group (Scheme 1.16). 

(i) 53 , 0.5 mo! % 

(ii) BH3,TEF, 120 a01 %, R T. 

l o o % ,  97% ee 

Scheme 1.16 

It is known that neither borane nor the oxazaborolidine reduce the 

ketone asymmetrically, but in combination, the asymmetric reduction 

occurs. Since then a number of groups have investigated the asymmetric 

reduction using oxazaborolidine. Many of the oxazaborolidines are 

generated in situ and are derived from the corresponding amino alcohols. A 

summary of the oxazaborolidines used in the asymmetric reduction o f  

ketones is given in the table 1.2. 
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Table 1.2 Oxazaborolidine catalysts used for the asymmetric reduction of 

ketones. 
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Catalyst Precursor Catalyst Reference 
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~ n t d  Catalyst ~ m u r s o r  Catalyst 
* 

Reference 

1.4 MECHANISTIC CONSIDERATIONS 

OxazaboroIidines are classified as non-transition metal catalysts. They 

are called as chernzymes or molecular robots, as they can recognize two 

different enantiomers, bind them in a specific and predictable manner, and 

after activation can release the enantiomer of the selective rea~tion."~ This is 

an example of two centred The mechanism suggested by Corey 

et a/.  is given in scheme 1.1 7.50 
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Scheme 1.17 

The ab initio MO method studies also favours the above mechanistic 

pathway.51 It also suggests a reactive 1,3-oxazaboretane intermediate whlch 

generates the oxazaborolidine. The 1,3-oxazaboretane system 97 whch is 

formed after the intramolecular hydride transfer, can react by eliminating the 

alkoxy moiety to gve the oxazaborolidine, or could remange to a alkoxy 

borne  adduct 99 (Scheme 1.18). 
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97 99 
Scheme 1.18 

The alkoxy borane adduct can act as the reducing species and after 

elimination co-ordinate back to the oxazaboroIidine and serve as a hydrogen 

donor. The reIative energy of formation of the borane addvct and allcoxy 

borane were studied and it was concluded that the alkoxy borane adduct can 

act as good reducing agent as the borane adduct. 

1.5 OXAZABOROLIDINES IN ASYMMETRIC SYNTHESIS 

The oxazaborolidines were used as catalysts fox asyrnrnetric reduction 

of irnines and asymmetric reduction of en01 ethers, asymmetric addition of 

dialkylzinc to aldehydes, asymmetric Diels-Alder reaction, asymmetric 

hydroboration of alkenes and for the asymmetric synthesis of a large number 

of biologically active molecules. These are illustrated in the following 

sections. 

1.5.1 Asymmetric reduction of C=N bonds 

Optically active amines are important starting materials for the 

synthesis of biologicalIy active molecules. The first oxazaborolidine 

catalyzed asymmetric synthesis of chiral mines was reported by Itsuno et 

They have used (S)-valine derived oxazaborolidine as the catalyst for 

the reduction of ketoxime ethers. 
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The first asymmetric reduction of ketimines using oxazaborolidines as 

catalyst was reported by Cho and ~ h u n . ~ ~  A stoichiometric amount of (S)- 

valine derived oxazaborolidine was used as the catalyst for this reduction 

(Scheme 1.19). 

100 101 

(i) 53 (Scheme 1.16), 110 mo1 

(ii) Bm.THF, 110 mol % 

Rl=Et, R2=Ph ee = 78% 
Rl=Me, R2= n-C,HI3 ee = 52% 

R1--C,H,, R y P h  ee= 88% 

Scheme 1.19 

There are some other reports in literature on the oxazaborolidine 

catalyzed reduction of C=N bonds.53 

1.5.2 Asymmetric addition of diethylzinc to aldehydes 

The addition of diethylzinc to aldehydes catalyzed by 

oxazaborolidines was reported by Brown et They used ephedrine and 

pseudoephedrine derived oxazaborolidines as the catalyst (Scheme 1.20). 

(i) M&phg m* %, toluene, - 2 ~  C 

Scheme 1.20 

1.5.3 Asymmetric DieIs-Alder reaction 

The oxazaborolidine catalyzed asymmetric Diels-Alder reactions were 

reported by Helmchen et aP5 and Yarnamoto et alS6 They synthesized 
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oxazaborolidines from N-sulfonamides of amino. acids and borane. 

Yamamoto et al. synthesized oxazaborolidine from 2,4,6- 

tnisopropylbenzene sulphonamide of @)-ethyl glycine. 

The cycloaddition of methamolein with 2,3-dimethyl-1,3-butadiene in 

presence of the 10 mol % of the catalyst yielded the cycloadduct with 74% 

ee (Scheme 1 -2 I ). 

Scheme 1.21 

Helmchen used mesityl sulfsnanamide of (S)-valine as the catalyst 

precursor and studied the Diels-Alder reaction between cyclopentadiene and 

various dienophiles (Scheme 1 -22). 

Scheme 1.22 

Later Corey et 01. developed (S)-tryptophan derived oxazaborolidine 

as catalyst for the asymmetric Diels-Alder reaction between cyclopentadiene 

and 2-bromoacrolein (Scheme 1 .23).57 
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Scheme 1.23 

The cycloaddition of p yrroline-N-oxide with 2,3-dihydro furan 

catalyzed by oxazaborolidine yielded the product with moderate 

enantioselectivity (Scheme 1.24). 58 

(9 w 20 rnol%, R T., n u t  TfNTQ 56 % ,38 % ec 

k 
Scheme 1.24 

1.5.4 Catalytic asymmetric hydroboration 

The fnst catalytic asymmetric hydroboration reaction of styrenes 

using ephedrine and pseudoephedrine derived oxazaborolidines and Rh 

complex as catalyst was reported by Brown et ol. (Scheme 1 . 2 5 1 . ~ ~  
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(i) "h"0,56 4'1 A3 m ~ l % ,  ' 1 mol % Rh catalyst (116) 
H 

liiS 40, 
82%,76%ee 

Scheme 1.25 

In this transformation, oxazaborolidine functioned as the borane 

equivalent in stoichiometric amounts and the Rh compound 116 acts as the 

catalyst. 

116 
Figure 2.5 

1.6 SYNTHESIS OF BIOLOGICALLY ACTIVE C O M P O S  

The oxazaborolidine catalyzed reduction of ketone functionality has 

been used as a key step in the synthesis of a wide variety of biologically 

active chira1 natural products. Syntheses of some of these biologically active 

compounds are illustrated below. 

Racemic trans-2,5-diraylfurans 117 have been found to be potent 

antagonists of platelet activating factor. 
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Figure 1.6 
Corey et a[. reported the first asymmetric route to these compounds 

in which the key step is the reduction of a )-ketoester with an 

oxazaborolidine catalyst (Scheme 1-26)!' 

Scheme 1.26 

The total synthesis of (-)-bilobalide 122, a CI5 ginkgolide involves a 

CBS reduction as the key step (Scheme 1.27).~' 

O OH 

- 
OH 

COR COR 

122 
0 

120 121 
= (+)-menthoxy 

H3C 
(ii) B$.TEF, THF, 23' C 

4 5 % ,  9Q%ee 

Scheme 1.27 



Chapter 1 24 

The total synthesis of (-)-forskolin 125 an activator of ATP-AMP 

cyclase involves an oxazaborolidine catalyzed reduction as illustrated in 

Scheme 1 .2Kh2 

(ii) BHsTHF, TEF, 65 mol %, 23O C. 
94 % , 93 % ee 

Scheme 1.28 

The total syntheses of isoprotemol 126, a Padrene receptor agonistd3 

fluoxetine 127 an antidepressant,@ the water soluble carbonic anhydrase 

inhibitor MK-0417 128 used for the treatment of glucoma65 the plant growth 

regulator triapenthenol 1 2 9 ~ ~  the potent dopamine Dl agonist A77636 1 3 0 ~ ~  

and salmeterol a long acting Fagonist 131:' involve the oxazaborolidine 

catalyzed reduction as the key step (Figure 1.7). 
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Figure 1.7 

1.7 MISCELLANEOUS REACTIONS 

Bringmann et a/. reported the atrop enantioselective ring opening of 

axial prochiral lactone bridged biaryl compounds using an oxazaborolidine 

catalyzed reaction (Scheme 1 . 29).69 

OH 

a 3  
132 133 134 

-0 
Ar 

4 l c '  
(ii) BH3THF, 400 mol % 

Scheme 1.29 
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Kiyooka et al. have reported the catalyhc asymmetric aldol reactions 

of sily 1 ketene acetals with aldehydes in presence of oxazaborolidine derived 

from p-nitrobenzene sulfonamide of (s)-valine." Phydroxy alcohols were 

obtained with good enantioselectivity and in good yield (Scheme 1.30). 

OTMS 

Ph 

Scheme 1-30 

The asymmetric reduction of cyclic meso irnides catalyzed by 

oxazaborolidine derived from (S)- a, a-dip heny lprolinol yielded 

Trans-ethoxylactams with 68 - 94 % ee (Scheme 1.31)." 

(ii) BH>TElF, 400 mol %, THF, RT. 

Scheme 1.31 
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1.8 CONCLUSION 

The literatwe survey of the oxazaborolidines reveals their importance 

in the area of asymmetric synthesis. The use of oxazaborolidines as 

asymmetric catalysts is becoming widespread. The catalyst precursors can 

be easily prepared and the reduction procedures are relatively simple. 

However, as evident fiom the above literature survey the oxazaborolidines 

derived fiom amino alcohols of naturally occwing and readily available 

(1R)-(+)-camphor have not been used extensively in the asymmebic 

reduction of ketones. In the light of these obsemations, a systematic study 

has been canied out on the asymmetric reduction of ketones using 

oxazaborolidmes derived fiom camphor amino alcohols as catalysts. The 

results of these studies are presented in the following chapters. - 
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CHAPTER 2 

SYNTHESIS OF AMINO ALCOHOLS AND 

AMINO ALCOHOL DERIVATIVES FROM 

(1R)-(+)-CAMPHOR 

2.1 INTRODUCTION 

The plethora of methods available for the preparation o f  1,2-amino 

alcohols allows the chemistry of these compounds to be exploited for 

their use in asymmetric synthesis. The five membered rings formed by 

amino alcohols constitute a class of important chiral auxiliaries and chiral 

catalysts (Figure 2.1). 

Figure 2.1 
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Both the cyclic and acyclic derivatives of 1,2-amino alcohols can 

act as ligands and catalysts. In both cases, the heteroatoms of amino 

alcohoI wiIl form complexes with the reaction centre. 

A large number of natural products contain the 1,2-amino alcohol 

functionality. e.g. aminosugars, nucleosides, nucleotides etc. Many of 

these amino alcohol derivatives have chemotherapeutic properties. 

2.2 GENERAL METHODS OF PREPARATION OF I,2-AMINO 

ALCOHOLS 

1,2-amino aIcohols can be prepared by the reduction of amino 

acids 5, amino acid ester hydrochlorides, N-protected N-carboxy 

anhydrides 7, irninoesters 9, a-amino carbonyl compounds 13 and oximes 

15 with reducing agents such as lithium aluminium hydride2 (LAH), 

sodium borohydride3 (NaB&), sodium and alcohol4 or diisobutyl 

aluminium hydride (DIBALH) (Scheme 2 . 1 ) ~ ~  

7 8 
(i) NaBm, H20, DME, R T. 

Ph R Ph R R 
(i) , (ii) &LPh (iii) , 

Ph C@Me Ph ~6 
1 a 

(i) DTBALH, PhMgB r, Ether 
(ii) NaHCO,, Ether 

(iii) H+, q o  
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(i) Ether, -78 O C  R= Bn ds = 91; 9 

HI) OH 
15 16 

(i) %, PdlC, McOH 

Scheme 2.3 

Epoxides 17 and 1,2-cyclic sulphates 21 can be converted to 1,2- 

amino alcohols (Scheme 2.2).6.7 

20 2 1 22 

li) SOClz* CCb 

(ii) NaIOq, RuC13, Hz0 

(iii) NaNB2, H ~ O + ,  Ether 

Scheme 2.2 

They can also be prepared from alkenes by ox yam in at ion.^^ by the 

hydroboration of aldehyde enamines (Scheme 2.3)? 
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(i) Cat. OsO, , MeCN, %O 

(i) (IPC),BH, THF, O0 C 

(ii) qO,, NaOH 

Scheme 2.3 

2.3 THE ROLE OF 1,2-AMINO ALCOHOLS IN ASYMMETRIC 

SYNTHESIS 

Alkylation of cyclohexanone derivatives with very good selectivity 

has been achieved by the use of imine derivatives. The stereoselectivity 

achieved here can be attributed to chelation of the heteroatom with the 

lithium ion (Scheme 2.4).1° 

27 28 
(i) LDA, Ether R = nPr, ee = >95 O h  

( i i )  RX, Ether, -78' C R = AIlyl,ee = >90 O h  

(iii) FJ30+ 

Scheme 2.4 

h i d e  derivatives from pseudoephedrin 29 on alkylation followed 

by hydrolysis yielded carboxylic acids with very high selectivity (Scheme 
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29 ti) LDA, Ether 30 

(ii) R,X, Ether, -7S0 C 

Scheme 2.5 

Lithium aluminium hydride modified with amino alcohols was 

found to reduce aralkyI and prspargylic ketones with good selectivity. 

e.g. D w n  alcohol 33 in combination with LAH was found to induce 

high level of stereospecificity (Scheme 2.6)" 

RI=Ph, R2 =M 75 % ee (i) 33, LAa, Ether, - 7 8 O  C 
4 =IW ee 

Scheme 2.6 

Oxazolidines 34, a class of 1,2-amino alcohol derivatives have 

been used as reagents for nucleophilic addition, as acetal and imine 

equivalents (Scheme 2.7).13 

(i) RMgX, Ether (ii) CTA, Ether 6% = 96:4 



(i) PhCHO, Ether 

(ii) McMgI, Ethcr, R T. 

(iii) LTA, Ethcr 

Scheme 2.7 

Oxazaborolidines 43, synthesized from 1,2-amino alcohols were 

employed as chiral catalysts for the asymmetric reduction of ketones, 

irnines etc.(Scheme 2.8).14 

(i) 43,10 mol % 

Scheme 2.8 

Oxazolidin-2-ones 44 and oxazolines 47 derived from 1,2- 

amino alcohols were reported as chiral auxiliaries for asymmetric 

alkylation aldol condensation and pericyclic reactions as illustrated in 

schemes 2.9 and 2 .  
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44 45 46 
de= 100 % 

(i) LDA, Ether, -7S0 C, PbCB2Br 

(ii) EiOOH, NqS03 

Scheme 2.9 

OM OM (i) , (ii) OMOM (iii) QH - && - 
0 

HO~PR 
R 

48 49 
(i) BuLi, Ether, -7S0 C 

(ii) RX, ~thcr ,  R T(iii) 26- 70 n,m. 71-91 % re 

Scheme 2.10 

Bis(oxazo1ines) 53, a class of compounds derived from I,2-amino 

alcohols, were used as ligands for asymmetric ~~clo~ro~anation'~ and 

asymmetric aziridination" of olefins (Schemes 2.1 1 and 2.12). 

(i) 53, CuX 

Scheme 2.1 1 
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Scheme 2. I2 

The pamino alcohols of camphor have been used extensively for 

the asymmetric addition of diethylzinc to aldehydes, 18, 20 asymrn etxic 

Diels-Alder reaction etc." There was a report in the literature where 1.2- 

amino alcohols of (1R)-(+)-camphor were used as chiral auxiliaries in the 

asymmetric reduction of prochiral  ketone^.^' In 1 99 1, Tanaka reported the 

asymmetric borane reduction sf ketones using heterocyclic derivatives of 

camphor derived amino alcohols like 58 as catalysts (Scheme 2.131.~~ 

56 57 

R I 
Me 

58 

(i) 58, 0.25 mmol, B%.THP, 68 %, 73 % ee 

Scheme 2.13 

2.4 DEFINITION OF THE PROBLEM 

Although various amino alcol~ols were used for the 

oxazaborolidine synthesis, the amino alcohols derived from (1R)-(+)- 

camphor have not been exploited well in this area. The study of na tml  

products as chiral catalysts shows that the configuration of -OH bearing 
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carbon atom plays a cruciaI role in asymmetric induction. The different 

isomers of camphor amino alcohols such as exu-exa, endo-endo and em- 

endo provide us the opportunity to study the effect of relative 

configuration of the amino group and hydroxyl group on the 

enantioselectivity of reactions. Also the structure of camphor, which is a 

rigid bicycIic system with a methylene bridge, influences the direction of 

approach of reactant molecules. 

This chapter deals with the synthesis of various amino alcohols of 

(1 R)-(+)-camphor and the derivatives of these amino alcohols. 

2.5 RESULTS AND DISCUSSION 

The eight possible amino alcohols of (1R)-(+)-camphor are shown 

in figure 2. 2. 

In the exo-endo isomer 59, the -OH group is trans to the amino 

group, which is away from the methylene bridge. In 60 and 61 both 
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groups are of cis configuration. In 60, both -NHz and -OH groups are on 

the same side of the bridge whereas, in 61 both groups are away from the 

bridge. In 62 which is a trans isomer, the amino group is cis to the 

methylene bridge. 63 is also a trans isomer here -N& occupies the 2nd 

position and is cis to the bridge. 64 and 65 are cis isomers. 66 is a trans 

isomer in which the NM2 group is away from the bridge. The 

stereochemical outcome of reductions catalyzed by oxazaborolidines 

derived from these amino aIcohols will give us an idea of the effect of 

orientation of the amino and hydroxyl jqoups in asymmetric induction. 

Of the eight possible isomers shown in figure 2.2, the synthesis of 

59 and 61 were known from 1 9 0 0 . ~ ~  Later Daniel et crL l4 and Chittenden 

ei ~ 7 1 . ~ ~  independently synthesized seven of them. The isomer 66 could not 

be synthesized. h the present study we have synthesized five amino 

alcohols 59, 60, 61, 62, 65 and their derivatives. Subsequently, 

oxazaborolidines were prepared from these isomers and asymmetric 

seduction of ketones were carried out using these as catalysts. 

2.6 SYNTHESIS OF AMINO ALCOHOLS FROM (1R)-(+)- 

CAMPHOR 

(1R)-(+)-Camphor 67 was first converted to camphor quinone 

(bornan-2,3-dione) 68 by Se02 oxidation.26 Camphor 67 was converted to 

3-hy&oximinocmphor 69 by treating with sodium amide and isoamyl 

nitrite (Scheme 2.14).'~ 



(i) SeO,, AcOH, 120° C, 6h, 96 % 

% 69 NOH 

(i) NaN%, Ether, R T., 4h 

(ii) Isoarnyl nitrite, O0 - So C, 74 % 

Scheme 2.14 

These two compounds were the intermediates and the reduction of 

the oxime and ketone hctionalities is the key step in the synthesis of 

various amino alcohols of camphor. 

The reduction of 3-hydroximinocamphor 69 with sodium and 

ethanol yielded the 3-endo-amino-2-exo-hydroxybornane 59 (Scheme 

2.15). 

(i) Na I EtOH , R T. & 78" C, 1.5 h,  66 % 

Scheme 2.1 5 

3-hydroximinocamphor 69 on reduction with LAH gave 3-exo- 

amino-2-exo-hyhxybomme 60 (Scheme 2.1 6) .  
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(i) LAH, Ether, R T., 24 h, 55 % 

Scheme 2.16 

The 3-hydroximinocamphor 69 on reduction with zinc and sodium 

hydroxide yielded 3-endo-aminocamphor 70. Reduction of this 

compound with LAH in ether afforded 3-endo-amino-2-endo- 

hydraxybornane 61 (Scheme 2.17).~' 

-- &o 1ii) ,&.. A OH 

NOH N H2 N H ~  
69 70 6 1 

(i) Zn 1 NaOE, q O ,  R T,, 1 .5  h, 86 % 

(ii) LAH, Ether, R T., 12 h, 58 % 

Scheme 2.17 

The camphor quinone 68 on reduction with Zn / AcOH gave a 

mixture of hydroxybornanones 71 and 72 (Scheme 2.1 8). 

(i) Zn I AcOH, R T., lh,  81 % 

Scheme 2.18 
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These were converted to hydroximino bornanols 73 and 74 (Scheme 

2.19). 

& ..*OH + & - (ij ,& *#OH + 

OH NOH 0 
7 1 72 73 74 OH 

(i) NH20H.HCI, CRJCOONa, MeOH, 60, 60° C, 2 h, 83 % 

Scheme 2.19 

The hydroximinobomanol 74 on LLAH reduction yielded 2-endo- 

amino-3-endo-hydroxybomane 65 (Scheme 2.20). 

(i) LAH, THF, 6S0 C, 12 h, 55 % 

Scheme 2.20 

73 on reduction with sodium and alcohol gave 3-exo-amino-2- 

endo- hydroxybomane 62 (Scheme 2.2 1). a **#OH (il &.Hz oa 

73 NOH 62 

(i) Na / EtOH, R T. & 78 O C ,  4 h, 45 % 

Scheme 2.21 
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All the amino alcohols 59,60,61,65 and 62 are further purified by 

repeated crystallization so as to obtain constant specific rotation. The 

purity and specific rotation values of these compounds are presented in 

table 2.1. 

Table 2.1 Percentage purity and specific rotation values of amino 

alcohols 
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2.7 SYNTHESIS OF DERIVATIVES OF AMINO ALCOHOLS 

The exo-endo amino alcohol obtained was converted to 

benzylamino and naphthylrnethylamino derivatives by treating with 

benzaldehyde and 1-naphthaldehyde in absolute ethanol respectively, 

folIowed by the in situ reduction of the imine formed (Scheme 2.22). 

(i) Ethanol, R T., 4 h 

(ii) NaBH4, Ethanol, 12 h 

Scheme 2.22 

The cis exo-exo amino alcohoE was converted to the benzylamino 

and naphthylrnethylamino derivatives by refluxing with benzaldehyde 

and I -aaphthaldehyde in benzene followed by the reduction of the imine 

with sodium borohydride in methanol (Scheme 2.23). 



(i) Bcnxcnc, 80" C, 5 h 

(ii) NaBH4, Methanol, R. T., 12 h 

Scheme 2.23 

The cis endo-endo amino alcohol was also converted to the 

derivatives as shown in scheme 2.24. 

75a R = P h  81a (65 %) 
7513 R = 1-Naphthpl (i) Ethanol, R. T., 4 h Slb  (60 %) 

(ii) NaBH4, Ethanol, 12 h 

Scheme 2.24 

The 2-sndo-amino-3-endo-hydsoxybornane was converted to the 

derivatives by refluxing benzaldehyde or 1-naphthaldehyde in benzene 

followed by sodium borohydride reduction in methanol (Scheme 2.25). 



25 "OH 'J, NH2 + R-CHO ( i ) +  &'''NsmR& '"OH h X ' N H m 2 R  " b ~  

65 75 82 83 
75a R =  Ph 83a (55 %) 
75b R = l-Naphthyl 

(i) Benzene, 80° C, 7 h R3b (46 7%) 

(ii) NaBH,, Methanol, R T., 12 h 

Scheme 2.25 

The 3-ao-amino-2-endo-hydroxybornane was converted to the 

benzylamino and naphthylrnethylamino derivatives by treating with 

benzaldehyde or I-naphthaldehyde in methano1 at room temperature 

followed by the in sihc reduction of the irnine 84 (Scheme 2.26). 

(i) Mctbanol, R T., 6 h 
(ii) NrmBH,, MethanoI, 12 h 

Scheme 2-26 

The spectroscopic and analpica1 data obtained for these amino 

alcohols were in good agreement with the literature data. 24, 25 The 

structures of the derivatives were confirmed on the basis of IR, 'H and 

''c NMR data. For example, the spectral identification of the two 

derivatives, 3-exo-benzylamino-2-exo-I~ydroxybornane (7%) and 3-exo- 

naphthylmethylamino-2-exo-hydroxybornae (79b) is discussed below in 

detail. 
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3-em-benzylamino-2-mu-hydroxybornane (79a) 

The IR spectrum of exo-exo benzyIamino derivative showed a 

broad peak around 3339 cm -' for the -NH and -OH stretching vibrations. 

There was a band around 161 0 cm-' corresponding to the -NH bending 

vibration. The -CH stretching vibration band at 3029 cm-' shows the 

presence of aromatic group in the molecule. There was an absorption at 

1398 - 1390 cm-' corresponds to -CH bending vibration of the gem 

dimethy1 groups in bornane skelton confirming the proposed structure. 

In the 'H NMR spectrum, the aromatic protons resonated at 6 7.3 as 

a multipIet. The benzylic protons appeared as a singlet at 6 3.7. The 

proton adjacent to the -OH group and the proton adjacent to the amino 

group appeared as doublets at 6 3.41 and at 6 2.8 with a J value of 7.2 

respectively. The methyl groups of camphor resonated at 6 1.0, 0.94, 

0.77 in the 'H NMR (Figure 2.3). 

In the 13c NMR spectrum, the aromatic carbons appeared at 

8 139.94 - 127.23. The carbon bearing hydroxyl group resonated at 

8 78.75 and the carbon attached to the amino group was visible at 

8 65 "70. The benzylic carbon appeared at 6 54.80. The alicyclic carbons 

of camphor were seen within 6 5 1 -57 - 1 1.3 5 range (Figure 2.4). 

The mass spectrum of 79a showed a peak at m/z 259 

corresponding to the molecular (Id) ion firther confirming the assigned 

structure. The structure was supported by satisfactory elemental data. The 

other benzylamino derivatives were identified similarly. 
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3-~u-naphthylmethylamin0-2- lexo-hyd~ane  (79b) 

The R spectrum of the exo-exo naphthylmethylamino compound 

showed a broad peak around 3333 cm-' for the -OH and -NH stretching 

vibrations. The band due to the aromatic goup was observed at 

3030 cm-'. The -NH bending vibration appeared as a sharp band at 1607 

cm*! 

In the 'H NMR spectrum, the aromatic protons resonated at 6 7.49 

- 7.39. The -CH2 of the naphthylmethyl group was appeared as singlet at 

S 4.23. The protons adjacent to the hydroxyl and amino groups appeared 

as doublets at 6 3.47 and 6 2.93 with a J value of 7.2 respectively. The 

methyl groups of camphor appeared within 6 1 -0 - 0.75 (Figure 2.5). 

In the ''c NMR, the aromatic carbons were observed at 6 134.95 - 
123.14. The carbon atoms attached to the hydroxyl and amino groups 

resonated at 6 78.81 and 66.17 respectively. The carbon of the 

naphthylmethyl group appeared at 6 52.35. The alicyclic carbons of 

camphor moiety appeared within 6 51.56 - 2 1.29 range (Figure 2.6). The 

DEPT-135 showed three -Cfi groups, which further confirmed the 

structure. 

The structure was M e r  confmed by the mass specbun, which 

showed the w+l] peak at 310, and also by the satisfactory elemental 

analysis data. The other naphthylmethylamino derivatives were also 

identified similarly. 
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All the solid amino alcohol derivatives were further purified by 

repeated crystallization so as to obtain constant specific rotation. The 

purity and [aJD values of all derivatives are given above in table 2.2 

2.8 EXPERIMENTAL DETAILS 

Melting points were recorded on Toshniwal and Biichi melting 

point apparatus and are uncorrected. The infrared spectra were recorded 

on Nicolet Impact 400D and Bornern Series FT-IR 

spectrophotometers. The NMR spectra were recorded on Jeol EX-90, 

Bruker 300 MHz spectrometers. The NMR spectra were recorded at 300 

('H) and 75 (13c) MHz with CDC13 as the solvent unless otherwise 

mentioned. Chemical shifts are reported (6) relative to TMS ('H) and 

CDCIl (13c) as the internal standards. For NMR spectra unless otherwise 

mentioned measurements were made at 300 MHz ('H M) and 75 MHz 

("c NMR) spectra. The mass spectra were recorded on a HewLett 

Packard Series II mass spectrometer. Elemental analysis was carried out 

using Perlun-Elmer elemental analyser. Optical rotations were measured 

using Jasco DIP-370 digitaI polarirneter at ambient temperature (24 - 27 

"C) using chloroform as the solvent. Solvents were removed under 

vacuum using Biichi rotary evaporator. 

Analytical thin layer chromatography was performed on glass 

plates coated with silica gel containing 13 % calcium sulphate as binder. 

The spots were developed in an iodine chamber. Gravity column 

chromatography was performed using silica gel (100 - 200 mesh) and 

neutral A12Q3. All reactions were monitored by TLC employing 

appropriate solvent systems for development. Moisture sensitive reactions 

were carried out by syringe and septum technique and were conducted 

under argon atmosphere. Solvents were distilled and dried prior to use 
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according to the literature procedure.29 (1R)-(+)-camphor with specific 

rotation [aID 43.5' (c=10, EtOH) was purchased fkom Fluka. 

3-Hydroximiaocamphor (69)27 

(1R)-(+)-Camphor 67 (10 g, 65.7 mmol) was dissolved in 

dry ether (50 mL), sodium amide (4 g, 98.5 mmol) was added and stirred 

for two hours at room temperature. Then the reaction mixture was coaled 

to 0" C and cold isoarnyl nitrite3' (9 mL, 78 mmol) was added dropwise. 

The temperature was maintained 0 - 5' C during the addition. The 

reaction mixture was allowed to attain room temperature and was stirred 

overnight. Excess NaNH2 present in the reaction mixture was destroyed 

by adding cold water. The ether layer was washed with water and the 

aqueous layers were pooled together. The aqueous layer was acidified to 

pH 4 with acetic acid, extracted with dichloromethane (3 x 20 mL), 

organic layers were pooled together, washed with water, brine, dried over 

Na2S04 and solvent was removed to get the crude product. This was then 

chromatographed on a silica gel column with a mixture of ethylacetate 

and hexane (5 %) as eluent to afford 3-hydroximinocamphor 69 as a pale 

yellow solid (8.8 g, 74 %). It was then recrystallized from 

dicldorornethane - hexane mixture as white crystals. 

m. p. : 152 - 154" C 

(KBr) V m  : 3140,2969,2928,2881,1748,1640,1398,1378, 

1007,939,730 cm". 

'H NMR (6) : 9.2 (brs, IH), 3.21 (m, lK), 1.79 (m, 4H) 1.02 (s, 

3H), 1 .OO (s, 3H), 0.86 (s, 3w. 
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3-endo-amino-2-m-hydroxybornane (59)" 

Sodium was added to 3-hydroximinocamphor 69 (1 g, 5.52 mmol) 

dissoIved in super dry ethanol, till the solution becomes saturated. The 

reaction mixture was then refluxed for 1 h. The excess ethanol was 

removed, diluted with water and extracted with dichloromethane (3 x 20 

mL). The organic layers were pooled together, washed with water till the 

washings were neutral to litmus. The organic extracts were washed with 

brine, dried over NazSa and solvent was removed to get the crude 

product. This was then purified on a column of neutral alumina using a 

mixture of methanol - chloroform (10 %) as eluent to get the amino 

alcohol 59 as a white solid (0.62 g, 66 %). This was then recrystallized 

from pentane. 

m. p. : 192 - 194°C 

IR (KBr) Vmax : 3353,2928,2861, 1647, 1458, 1384, 1081,1007, 

890 cm-'. 

' H NMR (6)  : 3.4 (brs, lH), 3.05 (d, IH, J =  9 Hz), 2.45 (brs, 

2H), 1.65 (m, 6H), 1.1 (s, 3H) 0.8 (s, 6H). 

3-endo-benzylamino-2-4x0-hydroxybornane (77a) 

3-endo-amino-2-exo-hydroxybomane 59 (0.5 g, 2.95 mmol) was 

dissolved in 10 mL absolute ethanol. Benzaldehyde 75a (0.344 g, 3.25 

mrnoI) was then added to this and the reaction mixture was stirred for 4 h. 

Molecular sieves (4 A) were added to remove the water formed during 

the reaction. The imine formed was seduced in situ with sodium 

borohydride (0.235 g, 6.22 mmol) after cooling the reaction mixture to 0' 

C. The reaction mixture was stirred for 12 h and then the excess NaElQ 

was quenched by adding cold water. This was then extracted with 

dichloromethane (3 x 1 OmL). The organic extracts were pooled together, 

washed with water, brine, dried over Na2S04 and concentrated to get the 
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crude product. This was purified on a column of silica using ethylacetate 

- hexane (5 %) as eluent to give a viscous liquid (0.482 g, 63 %). 

: 7.155 (m, 5H), 3.975 (brs, 2H), 3.54 (q, 2H, J =  

12.78 Hz), 3.16 (s, IH), 3.00 (s, 1H), 1.255 (m, 

5H), 0.96 (s, 3H), 0.75 (s, 3H) 0.72 (s, 3H). 

"C NMR (6 )  : 139.26, 228.26, 128.12, 126.85, 85.13, 67.67, 

60.01, 51.80, 49.03, 47.02, 34.46, 20.89, 19.50, 

18.35, 11.35. 

MS ( d z )  (%) : 260 (M+1)' (2), 259 (2), 244 (4), 230 (6),  174 

(25), 146 (4), 120 (8), 106 (12), 95 (12), 91 (loo), 

77 (5) ,  65 (1 5),43 (lo), 4 1(12), 30 (8), 18 (3). 

3-endo-naph thylmethylamino-2-mu-hydroxybae (77b) 

3-endo-amino-2-exo-hydroxybomane 59 (0.300 g, 1.78 

mrnol) was dissolved in 8 mL absolute ethanol. I-Naphthaldehyde 75b 

(0.306 g, 1.96 mmol) was added to this and the reaction mixture was 

stirred for 4 h. Molecular sieves (4 A) were added to remove the water 

formed during the reaction. The imine formed was reduced in situ with 

sodium borohydride (0.148 g, 3.9 mmol) after cooling the reaction 

mixture to O0 C. The reaction mixture was stirred for 12 h. and then the 

excess N a B h  was quenched by adding cold water. This was then 
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dichlorornethane (3 x 10mL). The organic extracts were pooled together, 

washed with water, brine, dried over NazS04 and concentrated to get the 

crude product. This was purified on a column of silica using ethyIacetate 

- hexane (8 %) as eluent to give a pale yellow solid (0.356 g, 65 %). This 

was remystallized from dichloromethane - hexane solvent system as pale 

yellow crystals. 

' H NMR (6) 

"C NMR (6) 

: 7.6 (m, 7H). 4.25 (q, 2H, J = 13.89 Hz), 3.7 (s, 

lH), 3.5 (s, lH), 1.385 (m, 7H3, 0.90 (s, 3H), 0.82 

(s, 3H), 0.84 (s, 3H). 

: 133.7, 131.2, 130.4, 129.7, 128.9, 127.4, 126.4, 

126.0, 125.3, 123.1, 116.8, 80.4, 69.6, 49.2, 48.1, 

46.5,46.0,34.4,20.4, 19.7, 19.6, 11.2. 

: 310 (~+1)+(3), 309 (6), 294 (4), 281 (7), 280 (7), 

239 (25), 238 (25), 225 (a), 224 (5), 168 (SO), 142 

(14, 141(100), 109 (2), 95 (2), 91(2), 53 (lo), 43 

(1 0), 41 (20). 

3-exo-amino-2-ero-hydroxybornane ( 6 0 ) ~ ~  

3-hydroximinocamphor 69 (1 g, 5.52 mrnol) in 30 mL dry diethyl 

ether was added dropwise to a suspension of LAH (0.3 g, 8.28 rnrnol) in 

30 rnL dry ether, and stirred for 12 h. Then the unreacted LAH was 
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destroyed by the dropwise addition of 10 % NaOH solution (5 mL), 

followed by few drops of cold water. The ether layer was decanted and 

the residue was washed several times with ether. The organic layers were 

combined, washed with water, brine, dried over N a m 4  and 

concentrated. The crude product obtained was recrystallized from 

dichloromethane - hexane solvent system (0.5 12 g, 55 %) 

m. p. : 195- 197 "C 

Wr) Vma : 3361,3308,2952,2865,1636, 1566, 1455,1374, 

1334,1066,1025,951,830,730,642 cm". 
1 H NMR (90 m z )  (6) : 5.35 (brs, 3H), 4.2 (s, 1 H), 2 (m, 6H), 1.4 (s, 3H), 

0.98 (s, 3H), 1.2 (s, 3H). 

3-em-benzylamino-2-exo-hydroxybornane (79a) 

3-exo-amino-2-ao-hydroxybmane 60 (0.33 8 g, 2 rnrnol) 

was dissolved in 10 mL dry benzene. Benzaldehyde (0.233 g, 2.2 mmol) 

was added to this and the reaction mixture was refluxed for 5 h using a 

Dean-Stark apparatus. The imine formed was reduced with sodium 

borohydride (0.220 g, 5.84 mmol) after removing benzene and adding 

methanol. The temperature of the reaction mixture was kept at 0" C 

during the NaB& addition. The reaction mixture was stirred for 12 h and 

then the excess NaBa was quenched by adding cold water. This was 

then extracted with dichloromethane (3 x I0 mL). The organic extracts 

were pooled together, washed with water, brine, dried over Na2S04 and 

concentrated to get the crude product. This was purified on a column of 

silica gel using ethylacetate - hexme (10 %) as eluent to give a white 

solid (0.310 g, 60 %). This was recrystallized fiom dichloromethane - 
hexane solvent system. 
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'H NMR (6) 

Analysis 

Calcd (%) 

Fomd (%) 

, ( ~ 0 . 8 5 6 ,  CHC13) = +26.220° 

: 77 - 79 "C 

: 3339,3029,2962,2888,1637,1485,1458,1398, 

1378,1290,1101,751,710 cm-'. 

: 7.3 (m, 5H). 3.79 (s, 2H), 3.415 (d, lH, J = 7.2 

Hz), 2.85 ( d  IH, J =  7.2 HZ), 1.465 (m, 7H), 0.9 

(s, 3H), 1.04 (s, 3H), 0.76 (s, 3H). 

: 139.9, 128.5, 128.0, 127.2,78.7, 65.7, 54.8, 51.8, 

48.8,46.6,32.9,27.2,21.9,21.3, 11.3. 

: 259 (M+)+ (5), 256 (5), 244 (1 5),  243 (12), 23 1 

(IS), 230 (8), 214 (S), 188 (8), 175 (3), 174 (lo), 

168 (5),  161 (5 ) ,  146 (a), 144 (8), 133 (8), 120 (5), 

108 (8), 106 (la), 104 (2), 95 (161, 91 (loo), 79 

(6), 77 (1 o), 71 (4), 67 (9), 65 (20), 56 (9, 55 (1 O), 

53 (5), 43 (15). 

: Cl7Hz5NO 

: C,78.53;H,9.71;N2 5.38. 

: C, 78.53; H, 9.61; N, 5.38. 

3-eroaaphthylmethylz~mino-2-mu-hydroxybo (79b) 

3-exo-amino-2-exo-hydroxybomane 59 (0.338 g, 2 mmol) was 

dissolved in 10 mL dry benzene. I-Naphthaldehyde (0.343 g, 2.2 mmol) 

was added to this and the reaction mixture was refluxed for 5 h using a 

Dean-Stark apparatus. The imine formed was reduced with sodium 

borohydride (0.246 g 6.5 m o l )  after removing benzene, adding 
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methanol and cooling the reaction mixture ;to 0' C. The reaction mixture 

was stirred for 12 hours and then the excess NaB& was quenched by 

adding cold water. This was then extracted with dichlorarnethane (3 x 10 

mL). The organic extracts were pooled together, washed with water, 

brine, dried over Na2SQ and concentrated to get the crude product. This 

was purified on a column of silica gel using ethylacetate - hexane (I 0 %) 

as eluent to give a Eight yellow solid (0.345 g, 56 %). This was 

recrystallized from dichloromethane - hexane solvent system as pale 

yellow crystals. 

' H NMR (6) : 7.44 (m, 7H), 4.2 (s, 2H), 3.475 (d, lH, J =  7.23 

Hz), 2.93 (d, lH, J =  7.26 Hz) 1.5 (m, 7 l 3 ,  1.00 (s, 

3H), 0.9 (s,3H), 0.75 (s,3H). 

"C NMR. (6) : 134.9, 128.7, 126.1, 125.6, 125.6, 125.2, 123.1, 

78.8, 66.1, 52.3, 51.5, 48.8, 46.5, 32.8, 27.1, 21.8, 

21.3, 11.2. 

Analysis : C21H2TN0 

Calcd (%) : C, 81.51; H, 8.79; N, 4.53. 

Found (%) : C, 81.44; H, 8.79; N, 4.53. 
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3-endo-aminocampho r (70)~' 

3-hydroximinocamphor 69 (1 g, 5.52 m o l )  was dissolved in 30 % 

NaOH solution (10 mL). Zinc dust (0.72 g, 11.04 mmol) was added 

slowly to the reaction mixture. The reaction mixture was allowed to stir 

for 30 min. When the reaction was completed as noted by TLC, the 

reaction mixture was extracted with dichloromethane (3 x 10 mL), The 

organic layers were pooled together, washed with water, brine dried over 

Na2S04 and concentrated to get a pale yelfow oil (0.89 g, 86 %). This 

being unstable, was used immediately for the synthesis of 61 

3-endo -amino-2-endo-hydroxybornane (61) 

A soIution 3-endo-aminocamphor 70 (0.85 g, 5.09 rnmol) in 20 mL 

dry ether was added dropwise to a suspension of LAH (0.39 g, 10.2 

mmol) in 20 mL ether and stirred for 12 h at room temperature. The 

excess LAW was destroyed by the dropwise addition of 10 % NaOH 

solution (5  mL). The ether layer was decanted and the residue was 

washed several times with ether. The organic layers were collected, 

washed with water, brine, dried over Na2SOs and concentrated. The crude 

product obtained was purified on a neutral alumina column using 

methanol - chloroform ( 5  %) as eluent. This was then recrystallized fiom 

dichloromethane - hexane (0.50 g, 58 %) 

m. p. : 193 - 194 "C 

JR Imr) vmax 1 3373,3151,2955, 1580, 1472, 1398, 1378, 1067, 

1020,933,838 cm-I. 

'H NMR (6) : 3.55 (m, 2I3), 2.2 (brs, 3If), 1.01 (m, 5H), 0.94 (s, 

3H), 0.90 (s, 3H), 0.81 (s, 3H). 

3-endo-benzylamiao-2-endo-hydroxybomane (81s)" 

3-endo-amino-2-endo-hydroxybornane 61 (0.507 g, 3 mmol) was 

dissolved in 15 mL dry ethanol. Benzaldehyde (0.35 g, 3.3 mmol) was 
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added to this and the reaction mixture was stirred for 4 h at room 

temperature. Molecular sieves ( 4 4  were added to remove the water 

formed during the reaction. The imine formed was reduced in sltu with 

sodium borohydride (0.388 g, 4.47 mmol) after cooling the reaction 

mixture to 0' C. The reaction mixture was stirred for 12 h and then the 

excess N a B h  was quenched by adding cold water. This was then 

extracted with dichloromethane (3 x 10 mL). The organic extracts were 

pooled together, washed with water, brine, dried over Na2S04 and 

concentrated to get the crude product. This was purified on a silica 

column using ethylacetate - hexane (5 %) as eluent to give a white solid 

(0.508 g, 65 %). This was recrystallized from dichloromethane - hexane 

solvent system. 

IR P r )  Vmm : 3333,3023,2948,1609,1458,1398, 1391,1101, 

1067,757,751 cm". 

l~ NMR (8) : 7.3 (m, 5H),3.715 (d,2H, J=3.4Hz), 3.665 (m, 

lH), 3.195 (m, lH), 1.77 @rs, W),  1.5 (m, 5H), 

0.89 (s, 6H), 0.86 (s, 3H). 

3~ NMR (8) : 139.7, 128.5, 128.1, 127.2, 126.9, 72.7, 65.1, 

56.5, 53.3,49.6,45.3,25.4,20.0, 18.9, 18.3, 14,4. 

MS (dz) : 259 (~+)'( l0) ,  244 (6),  230 (25), 174 (40), 146 

(1 0), 120 (lo), 106 (9), 95 (9), 91 (1 00), 77 (6), 65 

(ZO), 43 (1 2), 4 1 (25). 
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3-endo-naphthylmethylamino-2-endu-hydroxybornane (8 1 b) 

3-endo-amino-2-endo-hyd~oxybornane 61 (0.3 3 8 g, 2 mmol) was 

dissolved in 10 mL absolute ethanol. I-Naphthaldehyde (0.343 g, 2.2 

mmol) was added to this and the reaction mixture was stirred for 4 11. 

Molecular sieves ( 4 4  were added to remove the water formed during the 

reaction. The irnine formed was reduced in situ with sodium borohydride 

(0.246 g, 6.5 mmol) after cooling the reaction mixture to 0" C. The 

reaction mixture was stirred for 12 h and then the excess NaBh was 

quenched by adding cold water. This was then extracted with 

dichlorornethane (3 x 10 d). The organic extracts were pooled together, 

washed with water, brine, dried over Na2S04 and concentrated to get the 

crude product. This was purified on a column of silica using ethylacetate 

- hexane (1 0 %) as eluent to give a pale yellow solid (0.37 g, 60 %). This 

was recrystaIEized from dichloromethane - hexane solvent system. 

"C NMR (6)  

: ( ~ 0 . 9 6 3 ,  CHC13) = +22.74g0 

:88-90°C 

: 3330,3057,2942,2920,2877, 1602,1516, 1478, 

1408,1084,1005 cm-l. 

: 7.61 (an, 7H), 4.1 (s, 2H), 3.7 (d, lH, J = 8.9 Hz), 

3.2 (m, lH), 1.7@rs, lw, 1.45 (m, 6H), 0.89(s, 

3H), 0.87 (s ,  3H), 0.82 (s, 3H). 

: 136.3, 133.7, 128.6, 125.8, 125.3, 123.6, 72.8, 

63.4, 57.2, 50.3, 49.6, 45.4, 25.4, 19.9, 19.0, 18.3, 

14.3. 
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Analysis : C21H27N0 

Calcd (%$ : C, 81.51; H, 8.79; N, 4.53. 

Found (%) : C, 81.30; H, 8.75;N, 4.54. 

Camphor quinone ( 6 8 1 ~ ~  

(1R)-(+)-Camphor 67 (10 g, 65.8 mmol) was dissolved in 40 mL 

glacial AcOH. To this SeOz (10.9 g, 98.7 mmol) was added and refluxed 

for 6 h, monitoring the reaction by TLC. When the reaction was over, the 

reaction mixture was cooled to room temperature and was made alkaline 

with sodium bicarbonate solution. This was then filtered and the residue 

was washed several times with dichlorornethane (6 x 20 d). The organic 

layers were pooled together, washed with water, brine, dned over Na2S04 

and concentrated to get camphor quinone as an yellow soiid (9.8 g, 96 

%). This was then recrystallized $am dichloromethane - hexane solvent 

system. 

m. p. : 198 - 200 "C 

IR (KBr) vmax : 2975,2935,2888, 1782, 1748, 1492, 1458, 1404, 

1378, 1207, 1202, E 169, 1108, 1054, 1000, 973, 

906, 826,744,690,629 cm". 

Hydroxybornsnones (71 & 72)" 

Camphor quinone 68 (10 g, 60.24 mmol) was dissolved in 50 mL 

acetic acid and 30 mL water was added. This is stirred well and zinc dust 

(7.8 g, 120.48 mmol) was added to this in small portions. The reaction 

was monitored by TLC and was complete within lh. Then the unreacted 

Zinc was filtered and washed with ether. The filtrate was extracted with 

ether (3 x 20 mL). The organic layers were pooled together, washed with 

saturated sodium bicarbonate, water, brine respectively, dried over 

Na2S04 and solvent was removed to get a mixture of hydroxybornanones 

(8.2 g, 81 %). 
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IR (CC14) vmax : 3461,3306,2948,2874, 1647, 1465, 1276, 1169, 

1 101,926,804 cm-' . 

Hydroximinobornanols (73 & 74lZ4 

The mixture of 71 and 72 (10 g, 59.52 rnmol) was dissolved in 40 

mL methanol. To this hydroxylarnine hydrochloride (8.7 g, 125 mmoI) 

and sodium acetate (18.6 g, 249 mmol) dissolved in 30 mL water was 

added and refluxed for 2 h. This was then cooled to room temperature and 

extracted with ether (4 x 20 mL). The organic layer was then washed with 

sat. NaHC03 solution, water, brine, dried over Na2S% and concentrated 

to get a viscous liquid containing the mixture of hydroximinobornanols (9 

g, 83 %). 

The reaction mixture on chromatographic separation on a neutral 

alumina column using ethylacetate - h e m e  (20 %) as eIuent afforded the 

compound 74 as a viscous liquid (4 g, 37 %). 

IR (CC14) vnox : 3218,3130,2962,2888, 1694, 1485, 1391, 1344, 

1290, 1256, 1209, 1196, 1020,926, 852,825, 757, 

690 cm-' . 

H NMR (6) : 9.55 @rs, lH), 4.845 (d, IH, J=4.51 Hz), 3.565 

(brs, IH), 1.61 (m, 5H), 0.98 (s, 3H), 0.96 (s, 3H), 

0.82 (s, 3H>. 

"C NMR (6) : 170.28, 168.1 1, 74.03,69.56, 52.27, 51.19, 50.1 I ,  

48.88, 45.82, 45.66, 33.84, 26.04, 25.54, 19.49, 

19.00, 18.61, 18.47, 18.18, 22.84, 11.19. 

Further elution with 50 % ethylacetate - hexane yielded other 

isomer 73 as a white solid (4.2 g, 39 %). It was then recrystallized from 

dichlorornethane - hexane solvent system. 

m. p. : I63 - 165°C 
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IR (mr) vmax : 3258,3 144,2962,2921,2874, 1703, 1465, 1398, 

1378,1310,1249,1196,1081,980,946 cm-'. 

IH NMR (8) : 9.5 (brs, lH), 4.82 (brs, lH), 4.2, (s, lH), 2.955 

(d, 1H, J =  4.99 Hz), 1.935 (m, 2H), 1.39 (m, ZH), 

0.96 (s, 3H), 0.92 (s, 3H), 0.83 (s, 3H). 

"C NMR (6) : 168.82, 75.36, 50.08, 48.6I, 45.08, 25.76, 24.37, 

19.39, 18.45, 12.99. 

2-endo-amino-3-endo-hydroxybornane (65lZ4 

The compound 74 (2 g, 10.92 mmol) dissolved in 30 mL dry THF 

was added dropwise to a suspension of LAH (0.82 g, 21.84 rnmol) in 30 

mL THF and this is then refluxed for 24 h. When the reaction was 

complete, the reaction mixture was cooled to room temperature and the 

excess LAH was destroyed by the dropwise addition of 10 % NaOH 

solution ( 5  mL) followed by the dropwise addition of cold water. Then 

the reaction mixture was filtered and the precipitate was washed a 

number of times with ether. All the organic layers were pooled together, 

washed with water, brine, dried over Na2S04 and concentrated to get the 

cnlde product. ( 1  -01 g, 55 %). This was then crystallized from 

dichloromethane - hexane solvent system. 

m. p. : 192- 194 "C 

JR (mr) vmax : 3461,3306,2948,2374, 1647, 1465, 1276, 1169, 

1101.926 ern-'. 

'H NMR (6) : 4.3 (s, 23-I), 3.92 (brs, IH), 3.185 (d, IH, J =  

13.03 Hz), 2.9 (d, IH, J = 11-89 Hz), 1.695 (m, 

SH), f .04 (s, 3513,0.87 (s, 3H), 0.79 (s, 3H). 
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"C NMR (6) : 53.20, 47.02, 45.44, 42.30, 41.27, 34.48, 25.62, 

24.22, 18.29, 17.47. 

2-endu-benzylamino-3-end~-hydroxybo~an (83a) 

2-endo-amino-3-endo-bdroxybornane 65 (0.507 g, 3 mmol) was 

dissolved in 10 mL dry benzene. Benzaldehyde (0.350 g, 3.3 mmol) was 

added to this and the reaction mixture was refluxed for 5 h using a Dean- 

Stark apparatus. When the reaction was complete the reaction mixture 

was cooled to room temperature, soIvent was removed. The imine thus 

formed was dissolved in methanof and reduced with sodium bosohydside 

(0.235 g, 6.22 mmol) after cooling the reaction mixture to OD C. The 

reaction mixture was stirred for 12 h and then the excess NaB& was 

quenched by adding cold water. This was then extracted with 

dichlorornethane (3 x 20 mL). The organic extracts were pooled together, 

washed with water, brine, dried over Na2S04 and concentrated to get the 

crude product. This was purified on a silica column using ethylacetate - 
hexane (5 %) as eluent to give a viscous liquid (0.426 g, 55  %). 

[a1 J5 : (c=0.72, CHCI3) = -I 4.292'' 

IR (CC14) v ~ n a x  : 3341,3031, 2949,2880, 1654, 1456, 1389, 1373, 

1325, 1287,1259, 1083,1063,921,825,809 cml. 

'H NMR (6) : 7.26 (m, 5H), 3.7 (s, 2H), 3.685 (m, lH), 3.485 

(d, lH, J = 8.27 Hz), 1.55 (m, 7H), 0.97 (s, 3l3, 

0.98 (s, 3H), 0.70 (s, 3H). 
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2-endo-naphthylmethylamiao-3-endo-hydroxybornane (83b) 

2-en&-amino-3 -endo-hydrox ybornane 65 (0.507 g, 3 mmol) was 

dissolved in 10 mL dry benzene. 1-Naphthaldehyde (0.51 5 g, 3.3 mmol) 

was added to this and the reaction mixture was refluxed at 80" C for 4 h 

using a Dean - Stark apparatus. When the reaction was complete, the 

reaction mixture was cooled to room temperature and the solvent was 

removed. The imine formed was dissolved in methanol and reduced with 

sodium borohydnde (0.225 g, 5.86 rnmol) after cooling the reaction 

mixture to 0 'C. The reaction mixture was stirred for 12 h and then the 

excess NaB& was quenched by adding cold water. This was then 

extracted with dichloromethane (3 x 10mL). The organic extracts were 

pooled together, washed with water, brine, dried over N%S04 and 

concentrated to get the cmde product. This was purified on a column of 

silica gel using ethylacetate - hexane (10 %) as eluent to gve a viscous 

liquid (0.425 g, 46 %). 

 ID^' : (c=0.98, CHC13) = +13.250° 

lR (CCL) Vmax : 3311, 3055, 2956, 2881, 1655, 1588, 2507, 

1468,1451, 1389, 1370,1095,1058,920 cm-'. 

'H NMR (6) : 7.735 (m,7EI),4.215 (q, 2H, J =  12.63 Hz),3.82 

(s, IH), 2.565 (d, lH, J = 3.42 Hz), 1.88 (m, 7H), 

0.87 (s, 3H), 0.86 (s, 3H), 0.80 (s, 32.1). 
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''c NMR (6) : 135.04, 133.79, 131.68, 128.68, 128.33, 126.5, 

124.01, 125.91, 225.33, 123.56, 83.84, 73.01, 

69.64, 50.48, 45.58, 33.18, 27.83, 25.34, 21.40, 

18.72, 11.20. 

MS (m/z) (O/o) : 309 (M+)+ (lo), 294 (9, 280 (lo), 238 (1 0), 224 

(30), 2 1 1 (9, 196 (4), 1 68 (1 O), 156 (5),  14 1 (1 00), 

115 (10). 

3-ero-amino-2-endo-hydroxybornane (62)24 

3-hydroximino-2-endo-hydroxybomane 73 (2 g, 1 0 -9 1 rnmol) was 

dissolved in 30 mL super dry ethanol and stirred well. Sodium metal was 

added to this till the reaction mixture becomes saturated. The reaction 

mixture is allowed to reflux for another Ih. The reaction mixture was 

cooled to room temperature and cold water was added to destroy the 

sodium ethoxide formed and the solvent was evaporated. The residue was 

then extracted with dichloromethane. All the organic layers were pooled 

together, washed with water, brine, dried over Na2S04 and concentrated 

to get the crude product (0.83 g, 45 %). 

Iff (C C43 vmav : 3299,3118,2962,2864, 1651, 1551, 1451, 1376, 

1384,1245,1089,1058,1002,914,802 cm-I. 

3-~o-benzylamino-2-endo-hydroxybornane (85a) 

3-exo-amino-2-endo-hydroxybornane 62 (0.33 8 g, 2 mmol) was 

dissolved in 10 mL absolute ethanol. Benzaldehyde (0.235 g, 2.2 mmol) 

was added to this and the reaction mixture was stirred for 4 h. MollecuEar 

sieves (4A) were added to remove the water formed during the reaction. 

The imine formed was reduced in situ with sodium borohydride (0.220 g, 

5 84 mrnol) after cooling the reaction mixture to 0" C. The reaction 

mixture was stirred for 12 h md then the excess NaB& was quenched by 

adding coId water. This was then extracted with dichloromethane (3 x 10 
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mL). The organic extracts were pooled together, washed with water, 

brine, dried over anhydrous sodurn sulphate and concentrated to get the 

crude product. This was purified on a silica column using ethylacetate 

and hexane ( 5  %) as eluent to give a white solid (0.233 g, 45 %). This 

was recrystallized from dichloromethane - hexane solvent system. 

' H NMR (6) 

: (~=0.2, CHC13) = -19.858" 

: 157 - 160°C 

: 3349,3 193,3068,2956,2874, 1676, 1496, 1479, 

1448, 1387, 1368, 1319, 1276, 1113, 1070, 1035, 

992,837,813,751,724,707 cm-' 

: 8.2 (s, 1H), 7.365 (m, 5H), 4.1 (s, lH), 3.79 (s, 

2H), 3.08 (s, lH), 1.5 (m, 6H), 0.89 (s, 3H), 0.82 

(s, 3H), 0.85 (s, 3H). 

: 142.59, 129.09, 128.53, 127.20, 70.80, 56.04, 

53.18, 47.20, 45.93, 35.59, 27.03, 26.50, 21.07, 

16.94, 13.22 

3-m-nnphthylmethylamino -2-endo-hydroxybornane (85b) 

3-exo-amino-2-endo-hydroxybomane 62 (0.507 g, 3 mmoI) was 

dissolved in 10 mL absolute ethanol. I-Naphthaldehyde (0.516 g, 3.3 

mmol) was added to this and the reaction mixture was stirred for 4 h. 

Molecular sieves ( 4 4  were added to remove the water formed during the 

reaction. The imine formed was reduced in situ with sodium borohydride 

(0.209 g, 5.54 mmol) aRer cooling the reaction mixture to OD C. me 

reaction mixture was stirred for 12 h and then the excess NaB& was 



quenched by adding cold water. This was then extracted with 

dichloromethane (3 x 20 mL). The organic extracts were pooled together. 

washed with water, brine, dried over Na2S04 and concentrated to get the 

cn~de product. This was purified on a column of silica using ethylacetate 

- hexane (10 %) as eluent to give a yellow viscous liquid (0.48 g, 52 O h ) .  

[alDZS : (c=0.8? CHC13) = +28.99S0 

1R (CC4) vmax : 3305,3055,2956,2874, 1651, 1545, 1513, 1457, 

1395,1376,1257, 1064,1026,808,777 cm'. 

'H NMR (6) : 7.52 (m, 7H), 3.90 (s, 2H), 2.62 (d, 1H,J = 10.44 

Hz), 2.15 (d, lH,.J= 10.31 Hz), 1.87 (m, 7H), 0.96 

(s, 3H), 0.83 (s, 3H), 0.73 (s, 3H). 

"C NMR (6) : 132.69, 128.14, 128.08, 125.95, 124.95, 121.76, 

72.33, 64.57, 56.48, 53.68, 48.69, 45.34, 28.64, 

24.66, 18.51, 17.86,12.90. 

MS ( d z )  (%) : 309 Q d ) + ( l O ) ,  280 (12), 238 (lo), 224 (30), 168 

(15), 156(5), 141 (loo), 115 (10). 
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CHAPTER 3 

ASYMMETRIC BORANE REDUCTION OF 

PROCHIRAL KETONES USING 

OXAZABOROLIDTNES DERIVED FROM 

(1R)-(+)-CAMPHOR AS CATALYSTS 

This chapter consists of three parts. In Part I of this chapter, a brief 

review on various methods available in literature for the enantioselective 

reduction of ketones 1s presented. Part I1 deals with the asy~nmetrlc 

reduction of ketones catalyzed by the oxazaborolidines derived from amino 

alcohol derivatives of (1R)-(+)-camphor. Part III contains the same 

reductions catalyzed by oxazaborolidines derived from amino alcohols of 

( I  R)-(+)-camphor. 
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PART I 

3.1 INTRODUCTION 

Enantioselective reduction of pro~hiral ketones is an important 

reaction in synthetic organic chemistry. During the reduction, the hydride 

ion can approach from both faces of the carbonyl moiety with an angle close 

to 109" which will result in enantiomers (Scheme 3 . 1 )  ' 

Scheme 3.1 

Optically active alcohols t l~us produced serve as the starting materials 

for the synthesis of a number of enantiopure compounds including 

biologically active natural products. The known methods for the reduction of 

proclllral ketones are the use of stoichiometric arnount of modified chiral 

hydride reagents both lithium alu~niniutn hydride and sodium borohydride, 

using enantiopure alkylboranes, transition metal catalyzed hydrogenation 

and hydrosilyIation of ketones, catalytic asymmetric borane reduction and 

asy~nmetric reduction with the enzymes.' 

An overview of the important methods for the reduction of prochiral 

ketones i s  given in the following sections. 
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3.1.1 Chirally modified Iithium aluminium hydride reagents 

The first endoselective reduction of ketones with the reagent 

prepared from LAH and D-camphor was repotted in 195 1 .' Since then a 

number of chirally modified reagents have been developed. Chiral reagents 

are prepared from LAH by replacing the active hydrogen atoms of LAH by 

chiral alcohols, biphenols, amino acids, amines diamines etc. 

3.1.1A Chiral alcohoIs as modifiers 

Preliminary studies of alcohol modification of LAH was with (+)- 

bomeol, but the optical purity of the product was l o ~ . ~  This may be due to 

the rapid disproportion of the alkoxy aluminium hydride to fiee LAH. 

Inorder to overcome this, chhP diols were used as modifiers as 

depicted in scheme 3 .Z5 

4 Sa 

6 

(i) 6, EtOH, Ether, 99 %, 30 %a 

Scheme 3.2 

BlNAL-H prepared from binaphthol and LAH was found to be a good 

reducing agent for the asymmetric reduction of aromatic, a, punsaturated 

and acetylinic ketones. But this was found to be a poor reagent for aliphatic 

ketones.' 
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(i) 9, Ether, - 7 8 O  C, 61-92 % , 44-100 Yee 

Scheme 3.3 

The chiral aluminium hydride reagent 10 (Fig 3.1) has been found to 

be a good reducing agent for all types of  ketone^.^ 

10 

Figure 3.1 

3.1.1B Chiral amino alcohols 

Darvon alcoholg and amino alcohols derived from ephedrine, (S)- 

aspartic acid, (1R)-(-)-myrtenol were used as chiral modifiers for LAH. The 

reactions yielded products with moderate enantioselecti~it~.' 
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3.1.1C Chiral diamines 

The asymmetric reduction of aromatic ketones with the reagent 

prepared fiorn LAH and (S)-2-anilinomethylpyridine yielded alcohol with 

high enantioselectivity (Scheme 3 -4). lo 

Scheme 3.4 

3.1.2 Chirally modified borohydride reagents 

Sodium borohydride can also be modified by a number of ways. 

(i) The borohydride anion [B&]- can be modified by the use of chiral 

counter ions. (ii) The hydrides can be replaced by chiral modifiers including 

chiral alcohol, carboxylic acid, hydroxy acid, amino alcohol etc. 

An example to the first approach is the replacement o f  sodium ion 

with a chiral quartenary ammonium ion, but the optical purity of the product 

was low (Scheme 3-51." 
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Scheme 3.5 

An example to the second category is given in scheme 3.6. Here the 

chiral reagent prepared fiom (S)-proline and NaB& is used as the reducing 

agent. 

(i) 15, THF, R T., 92 %, 50 O/&e 

Scheme 3.6 

There are reports in literature using modified form of borohydnde for 

the asymmetric reduction of ketones but the enantioselectivity of the product 

in most cases were found to be low.12 

3.1.3 Chirally modified boranes 

Lewis acidic boranes can be modified with chiral bases and the 

resultant complex can be used for the enantioselective reduction of ketones. 

Midland reagents derived fiom terpenic azaboracyclohexanes complexed 
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with BH3 act as good reducing agents for a l l  kinds of ketones (Scheme 

3 .7).13 

f 6 17 18 

ti) TEA, B&, PbMe, l L O o  C (ii) BE3THF 

(i) 18, TIW, R T., 61 %, 82 Yaee 

Scheme 3.7 

Alpine-borane @ 2 1, prepared by the hydroboration of a-pinene with 

9-BBN was found to be a good reducing agent for acetylinic ketones but a 

poor reagent for other types of ketones.14 

2 1 

Figure 3.2 

Diisopinocampheylchloroborane IpqBCI, (DIP-CI) 24, developed by 

Brown is found to be a good reagent for a variety of ketones'(Scheme 3.8).15 
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(i) 24, THF, R T,, 5d. 71%, 98 % ee 

Scheme 3.8 

The reaction of Li, Na, or K hydrides with enantiopure alkylboranes 

will afford the corresponding alkylborohydrides . Litluum p3 -pinanyl-9- 

borabicyclo[3.3.1]nonyl hy dride (alpine hydnde) @ 25,16 Lithium ,&3 - (iso- 

2-ethyl apopinocamphey1)-9-borabicyclo/3 -3. llnonyl hydride (Eapine 

hydride @ 2617 and lithium hydrido(9-BBN-nopol benzyl ether adduct) 

(NB -Enantri de) @ 2718 are examples of these class of reagents. Alpine 

hydride when used as a reducing agent yielded secondary alcohols with 

moderate enantio selectivi ty . Eapine hydride and NB-enantride are found to 

be good reducing agents for aliphatic ketones. 

Figure 3.3 
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Masamune developed (R, R) or (S, S) dimethyl borolane 28 and 29 

whch are good reducing agents for aliphatic ketones. Pure 28 reduces 2- 

butanone with only 4 % ee. But high enantioselectivity was observed with 

the reagent which is a mixture of 2,5-dimethylborolany1 mesylate (0.2 equiv) 

and 28 (1 equiv.) as shown in scheme 3.9." 

28 2 9 

Figure 3.4 

Ci) BOMs , Pentane, -20' C, 2h 

"*, 

%OH ,Ether. R T.. lh, 81 %, 98.6 %ee (iil HzK 

Scheme 3.9 

3.1.4 Transition metal catalyzed reductions 

Rhodium, ruthenium and iridium complexes of enantiapure 

diphosphine ligands have been used as catalysts for the asymmetric 

hydrogenation of prochiral ketones. BWAP-Ru complexes developed by 

Noyori were found to be good reducing agents for the asymmetric reduction 

of a variety of ketones.20 Rhodium complexes bearing chiral phosphine 
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ligands have used for the asymmetric hydrosilylation of a wide variety of 

ketones.21 

3.1.5 Enzymatic reductions 

Various alcohol dehydrogenases have been used as chiral catalysts for 

the asymmetric reduction of prmhiral ketones. The reduction of 

acetophenone by Bakers yeast in presence of 2.5 % glucose yielded alcohol 

with 95 % ee. The advantage of enzymatic reduction is that ketones can be 

reduced with chemoselectivity and in high enantioselectivity (Scheme 

3.10).'~ 

a Baker's yeast OH 
K , c O 2 B n  - -CO~BII 

N3 N3 

Scheme 3.10 

3.1.6 Catalytic borane reductions 

Oxazaborolidine developed by Itsuno is an important chiral catalyst 

for the asymmetric reduction of prochiral ketones. A review of this has been 

presented in the first chapter. 

In addition to this c h a l  oxazaphospholidines derived from 

1,2-amino alcohols were reported as catalysts for the asymmemc borane 

reductions (Scheme 3 -1 I)." 
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35 

(i) 35, lequiv., PbMe, l l O o  C, 77 %, 99 %ee 

Scheme 3.1 1 

Chiral phosphinamides are another class of chiral catalysts used for 

the asymmetric borane reduction of ketones.24 The example given in scheme 

3.12 shows the enantioselective reduction of acetophenone using 

phosphinamide 36 as catalyst. 

3 6 

(i) 36,10 rnrnol, PhMe, l l O a  C, lh., 90 %, 62 W e  

Scheme 3.12 

Recently, chiral hydroxythiols were reported as asymmetric catalysts 

for the borane reduction of prochiral ketones. In this study D-camphor 

derived hydroxy thiol37 is used as the catalyst (Scheme 3.1 3).15 
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SH 

37 

(i) 37,10 mol %, B&.THF, 1 mot %, THF, 3S0 C, 

95 %, 64 % ee 

Scheme 3,13 

3.2 RESULTS AND DISCUSSION 

Eventhough a number of chiral reducing agents and c k a l  catalysts 

are known, chiral catalysts of general nature that can reduce all types of 

ketones with high enantioselectivity are yet to be discovered. So chemists 

are in search of new methods and reagents for the asymmetric reduction of 

ketones. Hence we have carried out an indepth study concerning the use 

oxazabornlidines from (R)-camphor. In this chapter results of our 

investigations in the area of oxazaborolidine catalyzed reductions is given in 

next two parts. 
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PART Kt 

3.2.1 Asymmetric bomne reduction using oxazaboroZidines derived 

from 1,2-amino alcohol derivatives of (1R)-(+)-camphor as catalysts 

From the survey of literature, it is found that the oxazaborolidine 

catalysts prepared from amino alcohols containing a secondary amino group 

act as good catalysts for the asymmetric reduction than the amino alcohols 

containing a primary amino With this in mind, we prepared the 

amino derivatives, the benzyl and naphthylmethylamino derivatives of 

amino alcohols of camphor. These were then used for the oxazaborolidine 

synthesis. 

The preparation of these derivatives is described in chapter 2. (Section 2.7). 

3.2.2 Catalysts derived from cis endoendo amino alcohol derivatives 

The amino alcohol derivatives selected for the oxazaborolidine 

synthesis are given in figure 3.5. 

Figure 3.5 
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The following ketones were selected for study (Figure 3.6). 

4 13 40 
Acetopbenone Propiophenone a-Tetralone 

Figure 3.6 

The oxazaborolidines were generated in situ by the treatment of 

borane, or the trimethyl borate with the amino alcohol derivatives under 

anhydrous conditions. Attempts were made to isolate the catalyst, but failed 

due to its high decomposing nature. While carrying out the reaction there 

was a well defined spot on TLC and the spot of starting material was absent. 

The formation of the oxazaborolidine catalyst was speculated because when 

the reduction was carried out with the amino alcohol alone in catalytic 

amount and using borane as the reducing agent no appreciable 

enantioselectivity was observed. This was further confirmed by carrying out 

the reaction in an NMR tube. The catalyst formation was evident by the 

absence of -OH and -NH peaks in the resultant spectrum. 

The catalysts were generated in situ from the endo-endo benzylarnino 

and naphthylmethylamino derivatives by the reaction with borne and 

trimethyl borate respectively as shown below. The probable structures of the 

catalysts are given in scheme 3.14. 



Bq.M%S, THF 

RT., 1 h -. &b : \ RH I;J-B-H 
I I 

B(OMe&, Trn 
RT., 2.5 h 

Scheme 3.14 

The catalysts were prepared from cis 2-endo-amino-3-endo- 

hydroxybornane derivatives in a similar manner as depicted in scheme 3.1 5. 

R IB%.M%S,THF 

RT., 1h 
=. & & r R  \ 

-B-H 

Scheme 3.15 

The results obtained for the asymmetric reduction of ketones are given in 

tables 3.1-3.5. 
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Scheme 3.16 

Table 3.1 Asymmetric reduction of acetophenone using oxazaborolidines 

derived fiorn endo-endo amino alcohol derivatives as catalysts. 

Entry Catalyst Observed ee Configuration Yield 

C a n  (%) 
("/.I 
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13 14a 

Scheme 3.17 

Table 3.2 Asymmetric reduction of propiophenone using oxazaborolidines 

derived from endo-endo amino alcohol derivatives as catalysts. 

Entry Catalyst Observed ee Configuration Yield 

 ID ("/.I ("/.I 
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r)H 

10 mol % of catalyst 
-C 

SH3,MqS 

40 47 
Scheme 3.18 

Table 3.3 Asymmetric reduction of a-tetralone using oxazabordidines 

derived fiom endo-endo amino alcohol derivatives as catalysts. 

Entry Catalyst Observed ee Configuration Yield 

[ah (%I (%I 
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Scheme 3.19 

Table 3.4 Asymmetric reduction of 1'-acetonaphthone using oxaza- 

borolidines derived from endo-endo amino alcohol derivatives as catalysts. 
- ~ ~ - - ~ ~ ~  .. ~ ~ - ~ ~ - ~ ~ ~  ~ ~ ... ... p p - ~ ~ ~ ~ ~  ----.... .... - 

Entry Catalyst Observed ee Configuration Yield 
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10 mol % of cataIyst 

Table 3.5 Asymmetric reduction of 2-octanone using oxazaborolidines 

derived fkom endo-endo amino alcohol derivatives as catalysts. 
- - - 

Entry Catalyst Obsetved ee Configuration Yield 

When endo-endo naphthylrnethylarnino alcohol and borane derived 

oxazaborolidine was used as the chiral catalyst, moderate enantioselectivity 
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of the product alcohol was obtained compared to the catalyst derived fiom 

endo-endo benzylamho alcohol and borane. The catalyst derived from 

amino alcohols and trimethyl borate were found be poor catalysts in all 

cases. The catalytic activity of 44a and 44b over 45a and 456 can be 

explained as per Corey's mechanism (Scheme 1.17 of chapter 1).27 The 

electron donating nature of the -OMe group on the oxazaborolidine moiety 

increases the electron density on the boron atom leading to weak interactions 

between the free borane and the nitrogen atom. This reduces the interactions 

between carbonyl oxygen and the boron atom of the oxazaborolidine moiety 

favoring the attack of free borane on the ketone leading to the low 

enantioselectivity of the product. 

In all cases the configuration of the product obtained was R. This can 

be explained by the transition state diagram. The transition state in which the 

ketone attached on its si face leading to R alcohol is sterically favored over 

the other side attack which suffers the repulsion between the phenyl group 

on the ketone and the camphor part of the molecule. 

Scheme 3.21 
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3.2.3 Catalysts derived from cis ero-exo amino alcohol derivatives 

The following amino alcohol derivatives are selected as precursors for the 

oxazaborolidine synthesis (Figure 3.7). 

51a R = Ph 
Slb R = 1-Naphthyl 

Figure 3.7 

The method of preparation and the probable structures of the catalysts 

used in the study are given in schemes 3.22 and 3.23. 

RT., Ih 

R 

Scheme 3.22 

Scheme 3.23 

The results obtained for the asymmetric reduction of ketones are given 

in tables 3.6 - 3.10. 
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4 5a 
Scheme 3.24 

Table 3.6 Asymmetric reduction of acetophenone using oxazaborolidines 

derived fiom exo-exo arnino alcahol derivatives as catalysts. 

Entry Catalyst Observed ee (%) Configuration Yield (ah) 
.._ .... * .--_-__-_. __._ ..-------.,.. *__l__._-..__l_-_ -----...,.---.....-..- ._.__._ ll.llllI1--l-......lllll----.-----. 

1 52a 15.765" 3 7 R 79 

13 Scheme 3.25 14a 

Table 3.7 Asymmetric reduction of propiophenone using oxazaborolidines 

derived from exo-exo amino alcohol derivatives as catalysts. 

Entry Catalyst Observed [@In ee(%) Configuration Yield (%) 
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10 mol % of catalyst 

40 47 
Scheme 3.26 

Table 3.8 Asymmetric reduction of a-tetralone using oxazaborolidines 

derived from exo-exo amino alcohol derivatives as catalysts. 

Entry Catalyst Observed [a]n ee (%) Configuration Yield (%) 
- - . - . I - . . . . . . I . . . - . . _ _ . _ _ . . - . . - - - ~ - - . . . . . . . - ~ . . - . . . . . I  -...-...----.*. 

1 52a -9.079 lo 28 R 76 

10 mol % of catalyst 

4 1 
Scheme 3.23 

48 

Table 3.9 Asymmetric reduction of 1 '-acetonaphthone using oxaza- 

borolidines derived from exo-exo amino alcohol derivatives as catalysts. 

Entry Catalyst Observed [(XID ee (%) Configuration Yield (%) 

1 52a 1 1.309' 14 R 78 



Chapter 3 

10 m o ~  % of catalyst OH - 
B%."ep 

43 49 
Scheme 3.28 

Table 3.10 Asymmetric reduction of Zoctanone using oxazaborolidines 

derived from exo-exo amino alcohol. derivatives as catalysts. 

Entry Catalyst Observed ee C ~ ~ g u r a t i o n  Yield (?AS) 

1a3~ PA> 

When exo-exo amino alcohol derivatives derived oxazaborolidines 

were used for catalytic reduction similar pattern of reactivity as that of endo- 

endo amino alcohol derivatives derived catalyst were observed. The 

configurations of the product molecules were found to be R. This suggests 

that the reaction is occurring through a transition state in which the ketone is 

attached on the re face of the molecale just reverse of the transition state 

discussed in the scheme 3.21 

R 
/ 

'\04c-ph - (R) - alcohol 

Scheme 3.29 
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3.2.4 Catalysts derived from trans evo-endo amino alcohol derivatives 

Having obtained moderate ee with the cis exo-exo and cis endo-endo 

amino alcohol derivatives, we turned our attention to the trans endo-exo 

amino alcohol derived oxazaboroIidines as catalysts. 

Figure 3.8 

The method of preparation and the probable structures of the catalysts 

used in the study are given in schemes 3 -30 and 3.3 1. 

QH BH3.M~S.  ,F 

RT., l h  @ &J-H 
NH ? 

Scheme 3.30 



Chapter 3 

RT., l h  = B-H 
OH 0' 

Scheme 3.31 

The results obtained for the asymmetric reduction of ketones are given in 

tables 3.11 - 3.15 

4 5 a Scheme 3.32 

Table 3.11 Asymmetric reduction of acetophenone using oxazaborolidines 

derived from exo-endo amino alcohol derivatives as catalysts. 
- - 

Entry Catalyst Observed ee (%) Configuration Yield (%) 

[a ln  
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13 Scheme 3.33 14a 

Table 3.12 Asymmetric reduction of propiophenone using oxaza-borolidines 

derived from ao-endo arnino alcohol derivatives as catalysts. 

Entry Catalyst Observed [or]D ee (Oh) Configuration Yield (%) 

10 mol Oh of catalyst 

Scheme 3.34 

Table 3.13 Asymmetric reduction of a-tetralone using oxazaborolidines 

derived from exo-endo amino alcohol derivatives as catalysts. 

Entry Catalyst Observed [a]n ee (%) Configuration Yield (%) 



Chapter 3 

4 1 48 
Scheme 3.35 

Table 3.14 Asymmetric reduction of 1'-acetmaphthone using oxaza- 

borolidines derived from exa-endo amino alcohol derivatives as catalysts. 

Entry Catalyst Observed ee (%) Configuration Yield (%) 

43 49 
Scheme 3.36 

Table 3.15 Asymmetric reduction of 2-octanone using oxazaborolidines 

derived fiom exo-endo amino alcohol derivatives as catalysts. 

Entry Catalyst Observed [aJD ee (%) Configoration Yield ?/a) 
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It can be seen that very low enmtioselectivity was observed with all 

ketone reductions. This can be explained as follows. In this tram isomer, the 

-OH and -NER groups are away compared to that in a cis isomer, so the 

complex formed may not be very stable. This will decompose rapidly 

facilitatmg free borane reduction, thus lowering the enantioselectivity of the 

reaction. 

PART IR 
3.3 ASY MMETIUC BORANE REDUCTION USING 

OXAZABOROLTDINES DERIVED PROM 1,2-AMINO ALCOHOLS 

OF (1R)-(+)-CAMPHOR AS CATALYSTS 

When we carried out the asymmetric reduction using oxazaborolidines 

derived fiom amino alcohol derivatives of (1R)-(+)-Camphor we obtained 

products with low enantioselectivity than expected. With this results in hand 

we synthesized oxazaborolidines from 1,2-anino alcohols of (1R)-(+)- 

Camphor. These were prepared in situ by the reaction of amino alcohol with 

borane or tnmethyl borate and used as catalysts for the asymmetric borane 

reductions 

3.3.1 Catalysts derived from cis endoendo amino alcohols 

The catalyst precursors selected for the study are given in figure 3.9. 

59 60 

Figure 3.9 

The method of preparation and the probable structures of the catalysts 

used in the study are given in scheme 3.37 
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Ba,M%S, 
+ 

- -- OH RT., Ih 

..Me& * 
% 

- OH 
RT., 1.5 h =N-B-OMc 

NH2 B 
59 62 

Scheme 3.37 

Similarly catalyst was also prepared from the Zendo-amino -3 -endo- 

hydroxybomanol (Scheme 3 -3 8). 

a T., ~b --- N . - 
OH sWB-H 

60 63 

Scheme 3.38 

The results obtained for the asymmetric reduction of ketones are 

summarized in tables 3.16 and 3.17. 
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Table 3.16 Asymmetric reduction of ketones using oxazaborolidines derived 

from cis endo-amino-endo hy droxybornanols as catalysts. 

Entry 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Ketone 

d 
4 

em3 
d 

4 0 
- - - 

d 
41 

& 

Catalyst 

6 1 

62 

63 

61 

62 

63 

61 

62 

' 63 

- 

6 1 

62 

63 

6 1 

62 

6 L 

16 

17 

62 

63 

4 
43 

ee ?A) 

93 

78 

2 

86 

43 

0.7 

74 

70 

69 

Configuration 

R 

R 

S 

R 

R 

S 

R 

58 

9 

Yield (O/o) 

84 

8 6 

7 1 

93 

90 

8 8 

95 

R 

S 

97 

8 1 

7 8 

74 

8 1 

8 4 

80 

7 3 

7 1 R 

8 S 

90 

68 

0.9 

5 9 

49 

8 5 

R 

R 

S 

R 

R 

R 
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It is evident from the above table that the cis endo-endo amino alcohol 

and borane derived oxazaborolidine is found to be an efficient catalyst for 

the asymmetric reduction of ketones. The configuration of the 

products in a11 cases were found to be R. The very low value of 

enantioselectivity observed with cis 2-endo-amino-3-endo-hydroxybomane 

can be explained on the basis of the steric factors. The free borane cannot 

coordinate with the nitrogen atom of the oxazaborolidine moiety because of 

the steric repulsion of the methyl group on the camphor skeleton thus 

facilitating free borane reduction, 

3.3.2 Catalysts derived from cis ao-exo amino alcohol 

The amino alcohol selected for the oxazaborolidine synthesis is given 

in fig.3.12. 

6 4 

Figure 3.12 

The method of preparation and the probable structures of the catalysts 

used in the study are given in scheme 3.39. 

B%.M%S, THF 

RT., 1h. 

B(OMe&, THF - 
NH2 RT., 1.5 h. 

H 
64 Scheme 3.39 6 6 
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The results obtained for the asymmetric reduction of ketones are given 

h table 3.17 

Table 3.17 Asymmetric reduction of ketones using oxazaborolidines derived 

from cis exo-amino-mu-hy&oxybommol as catalysts. 

1 

Configuration Entry Yield (?A) Catalyst Ketone 

S 

S 

S 

S 

ee (?A) 

1 

2 

3 

4 

94 

70 

70 

83 

65 

66 

65 

6 6 

d 
4 

0"- 13 

98 

9 1 

8 5 

63 

79 

70 

88 

79 

79 

5 6 

68 

4 1 

5 

6 

7 

8 

9 

65 

66 

65 

66 

65 

r?yJ 
40 

\ 
4 1 

10 

I I 

12 

63 

47 

78 

5 0 

74 

S 

S 

S 

S 

S 

59 

69 

62 

S 

S 

S 

& 66 

4 
43 

65 

66 

1 
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In the case of cis exo-exo amino alcohol derived oxazaborolidine 

catalyzed reductians, the configuration of the products were found to be S. 

Ths  can be explained by a transition state 67 in which the oxygen atom of 

the ketone interacts with the boron atom inarder to minimise the steric 

repulsion between the phenyl group and the camphor skeleton so that the 

addtion of the borane on the re face of the ketone takes place leading to the 

5 alcohol. 

67 Scheme 3.40 

It is noteworthy that higher ee values were obtained when amino 

alcohols with unsubstituted amino group was used for the oxazaboraiidine 

synthesis. In the case of amino alcohols with substituted amino group, the ee 

values were found to be lower. This may be attributed to the non-availability 

of lone pair on nitrogen and the effect of steric hindrance at the nitrogen part 

of the oxazaborolidine moiety. The trans exo-endo amino alcohols were not 

used for the oxazaborolidine synthesis as the alcohols prepared were not so 

pure. The amino alcohols were duectly converted to the derivatives and used 

for the oxazaborolidine synthesis. 

The synthesis of amino alcohols and the amino alcohol derivatives 

were carried out as described in the previous chapter. The secondary 

alcohols obtained after reduction were identified by IR and NMR spectral 

studies. The enantiomeric excess of the products were determined by using 

polarimeter and confumed by NMR studies of (R)-MTPA ester of the 
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alcoh~ls.~'  The enantiomeric excess was determined by comparing the 

optical rotation value with the literature value. 29-3 1,32 

3.4 EXPERIMENTAL 

A general description of experimental procedure is given in chapter 2 

(Section 2.8). Borane BH3.Me2S (10M) purchased from Aldrich Chemical 

Co., USA was made upto 2M using anhydrous THF, and used for the 

reactions. THF was collected over Na-benzophenone ketyl complex. All 

reactions were carried out in perfectly dry conditions under inert atmosphere 

using syringe and septum technique. All ketones were &stilled before use.30 

All reactions were carried out at room temperature 25'-30°C unless 

otherwise mentioned. TLC spots were visualised by iodine vapors. 

A typical procedure for the asymmetric reduction using 

oxazaborolidines is described with 3-endo-amino-2-endo-hydroxybomane 

59 as the starting material. 

The amino alcohol (0.033 g, 0.2mmol) was dissolved in 3 mL of dry 

THF in a three necked R.B. flask fitted with a septum, an argon source and a 

pressure equalizing funnel. To this 1.5 equiv. of 2M BH3.Me2S in THF was 

added and stinred for 1 h at room temperature. Reaction was monitored by 

TLC. When the amino alcohol was hlly consumed, another 0.7 equiv. of 2 

M BH3.Me2S was added and the reaction mixture was stirred for another 10 

minutes. To this, acetophenone (0.240 g, 2 mmol) in 4 mL THF was added 

dropwise. The reaction was complete within 2 h as observed by TLC. The 

excess borane was destroyed by dropwise addition of cold water (2 mL). The 

reaction mixture was extracted with ether (4 x 5 a). The organic layers 

were pooled together, washed with water, brine, dried over Na2S04 and 

concentrated. The crude product was then purified on silica gel using 



ethylacetate - hexane mixture (2 %) as the eluent to afford the alcohol in 

85% yield [ a ] ~ ~ '  = 39.895'. Literature value 42.9'. This was again 

confirmed by taking the NMR spectra of the MTPA ester of the alcohol 28 

(Figure 2.10 and 2.1 1). 

1-Phenylethanol(5) 

Standard [aln for R isomer : 42 -9" (neat) , 

Standard [aID for S isomer : -42.9" (neat) 

Ill (CCL) h m  : 3360,2967, 1494, 1459, 1207, 1087, 1010, 

898,709 cnil. 

'H NMR (6) : 7.3 (m, 5H), 4.87 (q, lH, J = 6 Hz), 1.97 

(bss, lH), 1.48 (d, 3H, J =  6 Hz). 

MS ( d z )  (%) : 122 (15), 107 (85), 103 (15), 81 (lo), 77 

(loo), 68 (8), 52 (17), 51 (17). 

l-Phenyl-l-propan01(14)~' 

Stada~d[a]~forRisomer :33"(C=5,EtOH) 

Standasd [a]= for S isomer : -33" (C=5, E t 0 w  

(CCb) V m  : 3387,3043,2982,2935,2881,1458,1108, 

1027,973,919,764,724 cm-'. 

'H NMR (6) : 7.28 (m, 5H), 4.55 (t, lH, J =  6.5 Hz), 2.12 

(brs, IH), 1.7 (m,2H), 0.895 (t, 3H, J=7 .4  

-1 " 

MS ( d z )  (%) : 137 (2), 136 (20), 119 (15), 118 (153, 117 

(35), 115 (30), 107 (70), 105 (3), 91 (12), 79 

(loo), 77 (65), 65 (5),53 (5),43 (10). 



1,2,3,4-Tetrahydro-1-naphthd(47) 

Standard [aIDfor R isomer : -32" (c=2.5, CHC13) 

Standard [aIu for S isomer : 32" ( ~ 2 . 5 ,  CHC13) 

IR (cCl-4) Vmax : 3346,3070,3029,2935,2861, 1593, 1452, 

1276,1074,1040,960,744 cm-'. 

' H NMR (6 )  : 7.1 (m, 4H), 4.60 (s, lH), 2.6 (m, 2H), 2.21 

@rs, lH), 1.72 (m, 4H). 

a-Methyl-1-naphthalenemethanol (48) 

Standard[aIDforRisorner :78"(c-l,CH30H) 

Standard [ a ] ~  for S isomer : -78" (c-1, CH30H) 

(CCb) V m  : 3360,3056,2982,2928, 1593, 1378, 1270, 

1121,1074,1020,906,798,791 cm'. 

'H NMR (6) : 7.58 (m, 7H), 5.57 (q, lH, J = 6.33 Hz), 

1.9 (brs, lH), 1.58 (d, 3H, J =  6.4 Hz). 

2-Octanol(49) 

Standard[aIDforRisomer :-9S0(neat) 

Standard [aJn for S isomer : 9.5" (neat) 

(CCL) V- : 3339,2962,2928,2861,1472,1384, 1128, 

1074 cm-'. 

'H NMR (6) : 3.76 (my lH), 1.73 (s, IH), 1.34 (m, IOH), 

1.16 (m, 3H), 0.88 (m, 3H). 

2,2-Dimetbyl-l-phenyl-l-propan01(64)~~ 

Standard [aID for R isomer : -22 .go (c=2, CHC13) 

Standard[a]DforSisomer :22.g0(~=2,CHC13) 



IR (CCLl) vmax 

' H NMR (6)  

: 3447,2969,2881, 1492, 1465, 1378, 1061, 

1018,751,724,548 cm". 

: 7.26 (m, 5H), 4.38 (s, IH), 1.85 (brs, 1H), 

0.92 (s, 9H). 
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CHAPTER 4 

EFFECT OF VARIOUS PARAMETERS ON 
ASYMMETRIC KETONE FU3DUCTION 

4.1 INTRODUCTION 

The results presented in the third chapter demonstrated the relation 

between the structure of the catalyst and the enantioselectivity of the 

product. The structure of the catalyst thus plays an important role in 

determining the stereoselectivity of the reaction. Besides this, other factors 

such as solvent, temperature of the reaction, and the catalyst substrate ratio 

also influence the enantioselectivity of the reduction. Herein we report, the 

effect of these parameters on the asymmetric reduction of acetophenone and 

the results of this systematic and indepth investigations are presented in the 

following sections. Among the various catalysts used, the catalyst 2 

synthesized from the endo-endo amino alcohol and borane was found to give 

high enatioselectivities. So this catalyst was taken as a model catalyst to 

study the effect of various parameters on the asymmetric reduction of 

acetophenone (Scheme 4.1). 



Chapter 4 

3 4 

Scheme 4.1 

4.2 EFFECT OF SOLVENT 

The dielectric constant is a measure of both the dipole moment and 

the polarizability. It is a good indicator of the ability of the solvent to 

accommodate the separation of charges. 

Two types of ion pairs are found in organic reactions. They are the 

loose external or solvent separated ion pairs and the tight internal or intimate 

ion pairs. In solvents, the solvated fiee ions can approach its counter ion 

without difficulty when the two solvation shells touch forming the loose ion 

pair. When the two ion shells can come even closer a contact ion pair is 

formed. The tight or contact ion pair usually shows high stereo~~ecif lc i t~ .~  

The solvents with low dielectric constant which do not solvate the ions 

much, tend to increase the stereoselectivities by allowing the formation of 

tight ion pairs. In order to study the solvent effect, the asymmetric reduction 



of acetophenone was carried out in different solvents of varying dielectric 

constants. The results are shown in table 4.1. 

Table 4.1 Effect of solvent on asymmetric ketone reduction. 

E n 0  Solvent 

1 Dichloromethane 

2 Tetrahydrofuran 

3 Chloroform 

4 Diethyl ether 

5 Toluene 

6 Benzene 

7 Carbon tetsachloride 

8 Hexane 

Dielectric ee Yield 

constant (7'0) (%) 

We expected the enantioselectivity to decrease with increasing solvent 

polarity. But no specific relationship between the enantioselectivity of the 

product and dielectric constant was observed. When the reaction was carried 

out in solvents other than TIIF low enantioselectivity of the product was 

obtained confirming the need of a donor type solvent Iike TI!E for the 

reduction. Eventhough many oxazaborolidine reductions in literature used 

toluene as the solven?, very low ee of the product was obtained with toluene 

in this reduction. h the chlorinated solvents CHzClz and CC4 moderate ee of 

the product was obtained. These experiments clearly indicate that the solvent 

plays an important role in determining the enantioselectivity of the product 

in the oxazaborolidine catalyzed asymrnemc reduction of ketones. 
* 
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4.3 EFFECT OF TEMPERATURE 

The early reports on the effect of temperature on oxazaborolidine 

catalyzed reductions show a decrease in the enantioselectivity of the product 

with the decrease of temperature.3 We canied out the oxazaborolidine 

reduction of acetophenone at various temperatures in order to study the 

eEect of temperature on the enantioselectivity of the ketone reduction. The 

results are summarized in table 4.2. 

Table 4.2 Effect of temperature on asymmetric ketone reduction. 

Entry Temperature ("C) ee (%) Yield (%) 

1 -7 8 50 45 

2 0 - '10 65 76 

3 R.T. (25) 85 93 

4 65 6 80 

It is evident fiom the study that good enantioselectivity is obtained 

only at room temperature. At -78°C and at 65°C reaction leads to low ee of 

the product. The catalyst may not be stable at 65OC and at -78°C the catalyst 

formation may be slow. In such cases, fiee borane reduction may occur at a 

faster rate leading to low enantioselectivity of the product. At low 

temperature like -78" the rate of reaction may be slow leading to low yield 

and low enantioselectivity of the product. 

4.4 EFFECT OF CATALYST - SUBSTRATE RATIO 

Increasing the concentration of the catalyst to substrate is known to 

increase the asymmetric induction in some cases. The effect of catalyst 

concentration on the enantioselectivity of the acetaphenone reduction was 
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studied by employing 1, 5, 10 and 20 mol % of the catalyst for tlie reduction 

in THF. The results are tabulated in table 4.3. 

Table 4.3 Effect of catalyst concentration on asymmetric ketone reduction. 

Entry Catalyst mol(%) ee (%) Yield (%) 

I 0 0 99 

2 1 79 78 

3 5 80 69 

4 10 85 93 

5 20 76 86 

It can be concluded from the study that good ee is obtained using 10 

mol % of the catalyst. 

4.5 EFFECT OF REDUCING AGENTS 

In all the above mentioned oxazabosolidine catalysed reductions, 

borane was used as the stoichiometric reductant. In order to study the effect 

of reducing agents an enantioselectivity of reduction, other bozanes such as 

9-BBN, (+)-QPC)2BH, (+)-(PC)BH2 were used as the stoichiometric 

reductant and the results are summarized in table 4.4. 

Table 4.4 Effect of reducing agents on asymmetric ketone reduction 

Entry Reducing Reaction ee ee(%)' Yield(%$ 

agent time (h) (%la 

1 9-BBN 6 66 ,. 9 1 

2 ( p C ) a H  12 3 1.8 9 80 

3 (IPC)BH2 12 5 7 15 8 6 

a ee obtained when used as reducing agent along with oxazaborotidine catalyst b ee obtained when used 

as reducing agent without the catalyst. 
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(+)-(IPC)2BH, (+)-(IPC)BH2 developed by H. C. Brown fiom (1 S)-I-)- 

(a)-Pinene were found to be effective reagents for asymmetric 

hydroborationm6 But they were found to be less effective for asymmetric 

reduction of ketones. 5 p  From the table 4.4, it is evident that better 

enantioselectivities of the product is obtained when these boranes are used 

along with oxazaborolidine catalyst. The (IPC)2BH, (IPC)BH2 were prepared 

by reported procedures7y and stoichiornetric amounts were used for the 

reduction. 9-BBN being a stericdly crowded borane is found to enhance the 

enantioselectivity of reduction. 

4.6 ASYMMETRIC BORANE REDUCTION USING 

OXAZABOROLIDINES DERIVED FROM (IS)-(-)-CAMPHOR 

AMINO ALCOHOLS AS CATALYSTS 

To study the effect of configuration of the catalyst on the 

enantioselectivity of reduction, we carried out experiments with 

oxazaborolidines derived from (-)-aminohydrsxybommes. The (1s)- (+)- 

camphor quinone 5 was converted to 3-hydroximinobornanone 6 (Scheme 4. 

2) .4 

0 HON 
5 6 

(i) m20H.HCI, C]85COON+ MeOH, 65' C, 2 

Scheme 4.2 



LAH reduction of 6 afforded (-)-cis-3-exo- amino-2-exo- 

l~ydroxybornane 7 (Scheme 4.3). 

(i) LAH, Ether, R T., 24 h 

Scheme 4.3 

(-)-3-hydroximinobornanone 6 was transformed to (-) cis 3-endo- 

amino-2-endo-hydroxybomane 9 by Zn / NaOH reduction followed by LAH 

reduction. (Scheme 4.4). 

0% ('1 A+ mn& 

EON E ~ N  "' H2N 'I' 

(i) Zn I NaOH, R T., I h 

(ii) LAH, Ether, R T., 24 b 

Scheme 4.4 

The oxazaborolidines were generated in situ from these amino 

alcohols by treatment with borane and reduction of acetophenone was 

carried out (Scheme 4.5). 

7 10 

(i) BH3THF, m, R T., 2 h 
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9 I I 
(i) BH3THF, THF, R T., 2 h 

Scheme 4.5 

The results are summarized in the table 4.5. 

Table 4.5 Effect of configuration of the catalyst on asymmetric ketone 

reduction 

Entry Catalyst Observed ee Configuration Yield 

  ID W) (%I 
1 10 18.087" 42 R 78 

2 11 -20.008" 46 S 76 

It can be seen from the results that we are getting products with 

opposite configuration as to that obtained with (1R)-(+)-camphor derived 

oxazaborolidine catalyzed reductions. 

4.7 ASYMMETRIC REDUCTION OF ACETOPHENONE USING 

IEYDRIDE REAGENTS MODIFIED WITH AMINO ALCOHOLS 

DERIVED FROM (1R)-(+)-CAMPHOR 

As mentioned earlier in chapter 3 (Part I), prochiral ketones can be 

reduced with hydride reagents modified with chral alcohols, amines, amino 

alcohols, diarnines e t ~ . ~  Though a number of amino alcohols were used, the 

1,2-amino alcohols derived fjrorn (1R)-(+)-camphor have not been used as 

chiral modifier for hydride reagents. h this section the results of a study on 
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the asymmetric reduction sf acetophenone using LAH and NaB& modified 

with cis 3-endo-amino-3-endo-h ydroxybornane I and cis 3-axo-amino-3 - 
e-yo-hydroxybornane 12 are presented in table 4.6. 

Figure 4.1 

(i) / (ii) 

3 4 

(i) 1 / 12, LAH, 1.1 equiv., THF, R T., 4 h 

(i) 1 / 12,NaBH4,1.1 equiv., TEO?, R T., 6 h 

Scheme 4.6 

Table 4.6 Asymmetric reduction of ketone using chirally modified hydnde 

reagents 

Entry Amino Hydride  ID ee Yield 

alcohol reagent observed (%) 

1 1 LAH 23.253 54 76 



In all these reductions, products with R configuration were obtained. 

Earlier in the oxazaborolidine catalyzed reductions, the endo-endo amino 

alcohol derived catalysts afforded products with R configuration while uxo- 

exo amino alcollol derived catalysts afforded products with S configuration. 

In the present case no such difference was observed. 

4.8 EXPERIMENTAL 

A general description of expe~imental procedure is gven  in chapter 2 

(Section 2.8) and in chapter 3 (Section 3.10). (1 S)-(+)-Camphor quinone, 9- 

BBN dimer, (1 S)-(-)-a-pinene (99 %), observed = -5 1.902 (c, 1.242, 

CHCI,), reported (a)D20 - -50.7" (neat) were purchased from Aldrich 

Chemical Co., USA. All reactions were carried out under argon atmosphere 

with oven-dried glassware. 

(1 S)-(-)-3-Hydroximinocampho r (6 )  

(1 S)-(+)-Camphor quinone (0. lg, 0.602 mmol) was dissolved in 4 mL 

methanol. To ths,  hydroxylarnine hydrochloride (0.05 g, 0.72 mmol) and 

sodium acetate (0.123 g, 0.903 rnrnol) dissolved in 5 mL water was added 

and refluxed for 2 h. The reaction mixture was then cooled to room 

temperature and extracted with ether (4 x 5 mL). The organic layer was then 

washed with saturated NaHC03 solution, water, brine, h e d  over Na2S04 

and concentrated to get the crude product. This was then purifed by passing 

through a silica gel column using 5% ethylacetate - hexane mixture to get a 

white solid (0.09 g, 82 %). The solid obtained was then recrystallized from 

hexane - dichlorornethane solvent system. 

m. p. : 149 - 151 "C 



'H NMR (6 )  

"C NMR (6) 

: 3420,2962,2928,2881,1742,1654, 2458,1404, 

1378,1303,1189,1081,1013,933,906,865,724 
I cm . 

: 9.44 (brs, lH), 2.05 (m, lH), 1.8 (m, 2H), 1.57 (m, 

2H), 1.00 (s, 3H), 1.92 (3, 3H), 0.89 (s, 3H). 

: 204.67,204.03, 159.62, 58.61,49.67,46.75, 45.05, 

30.83,30.09,25.17,23.93,20.85,20.74, 18.18, 

17.83,9.12,8.60. 

: 18 1 (60), 164 (lo), 136 (1 00), 120 (49, 109 (40), 

95 (15), 91 (15), 82 (20), 67 (25),55 (30). There 

were two peaks in GC with area 50.34 % and 

49.66 %. 

3-exa-amino-2-em-hydroxyboraane (7) 

3-Hydroximinocamphor (0.1 g, 0.54 mmol) dissolved in 5 mL dry 

THF was added dropwise to a suspension of LAH (0.049 g, 1.38 mmol) in 5 

mL THF and refluxed for 24h. The reaction on completion, was cooled to 

room temperature and the excess LAH was destroyed by the addition of 

10 % NaOH solution (1 d) followed by addition of cold water. It was then 

filtered and the precipitate was washed several times with ether. The organic 

layers were pooled together, washed with water, brine, dried over Na2S04 

and concentrated to get the product (0.065 g, 71 %) as a viscous solid. 

 ID " : ( ~ 0 . 7 6 ,  CHC13) -35.847" 

(CC1.4) Vma~ : 3265,2962,2928,2874,1655,1431,1344,1373, 

1366,1081,1007,960,804 m-l. 

'H NMR (6) : 3.9 (9, lH), 3.03 (s, IH), 1.72 (m., SH), 1.24 (m, 

3H), 1.04 (s, 3H), 0.98 (s, 3H), 0.88 (s, 3H). 
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3-ertdo-amino-2-enda-hydroxybornane (9) 

3-hydroximinocamphor (0.1 g, 0.55 mmol) was dissolved in 30 % 

NaOH solution (2 a). To this zinc dust (0.072 g, I . l m o l )  was added 

slowly and was stirred for 30 minutes. The reaction on completion, as noted 

by TLC, was extracted with dichloromethane (3 x 5 d). The organic layers 

were pooled together, washed with water, brine, dried over Na2S04 and 

concentrated to get a pale yellow oil (0.065 g, 60 %). This was used for the 

next step without further purification. 

A solution 3-endo-amino camphor (0.060 g, 0.36 mmol) in 2 mL dry 

ether was added dropwise to a suspension of LAH (0.0259 g, 0.72 rnmol) in 

5 mL ether and stirred for 12 h. at room temperature. The excess LAH was 

then destroyed by the addition of 10 % NaOH solution 

(I mL). The ether layer was decanted and the residue was washed several 

times with ether. The organic layers were collected, washed with water, 

brine, dried over Na2S04 and concentrated. The crude product was purified 

on a neutral alumina caIunrn using methanol - chlorofom ( 5  %) as eluent to 

get the pure product. (0.035 g, 57 %) 

 ID 27 : (c-0-4, CHC13) -3 1.138" 

IR (CCb) v m m  : 3366,2949,2924,2874,1645,1507,1445,1389, 

1365,1089,1034,789 cm-'. 

'H NMR (6) : 3.4 (m, 3H), 3.1 (s, IH), 1.52 (m, 6H), 1.01 (s, 

3H), 0.91 (s, 3H), 0.75 (s, 3H). 

13c NMR (6) : 77.5,62.64,57.49,49.39,48.94,34.04,29.96, 

21 5 5 ,  18.60, 11.45. 
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Pmcedure far asymmetric ketone reduction using 9-BBN as reducing 

agent 

The cis-3-endo-amino-2-endo-hydroxybomane (0.0 1 7 g, 0.1 m~nol)  

was dissolved in 3 mL of dry THE: in a three necked R.B. flask fitted with a 

septum, an argon source and a pressure equalizing funnel. To this 

1.5 equiv. of 2M BH3.Me2S in THF was added and stirred for one hour at 

room temperature. Reaction was monitored by TLC. When the amino 

alcohol fully consumed, to the in situ generated oxazaborolidine, 9-BBN 

dirner (0.268 g, 1 . 1  m o l )  dissolved in 3 KLL dry THF was added and stirred 

for 10 min. To this, acetophenone (0.120 g, 1 mmol) in 4 rriL, THE was 

added dropwise. The reaction was stirred for 6 h and the excess 9-BBN was 

destroyed by the addition of cold water (2 mL). The reaction mixture was 

extracted with ether (4 x 5 d). The organic layers were pooled together, 

washed with water, brine, dried over Na2S04 and concentrated. The crude 

product was then purified on silica gel using ethylacetate - hexane mixture 

(2 %) as the eluent ta get the alcohol (0.122 g, 91 %) 

28.21 2". Literature value for optically pure (R)-l -phenylethanol = 

42.9". 

Procedure for asymmetric ketone reduction using (1PC)zBH as reducing 

agent 

The oxazaborolidine was generated in situ as reported in the above 

procedure. (+)-(IPC)2BH was prepared using the reported procedure from 

(l~)-(-)-(a)-~inene.~ To the oxazaborolidioe generated, (1PC)2BH ( 0.625 g, 



2.2 rnrnol) is added and stirred well for 10 min. To this acetophenone (0.120 

g, 1 mrnol) in 3 mL THF was added, and stirred overnight. The excess 

(JPC)2BH was destroyed by the addition of cold water, reaction mixture was 

extracted with ether. The organic layers were collected together, washed 

with water, brine, dried over Na2S04 and concentrated to get the crude 

product. This was then purified as in the above experiment (0.097 g, 80 %), 

= 13.662". 

Procedure for asymmetric ketone reduction using (+)-(IPC)BH2 as 

reducing agent 

The oxazaborolidine was generated in srtu as reported in the above 

procedure. (+)-(PC)BH2 was prepared using the reported procedure from 

(I s)-(-)-(a)qinenem8 To the oxazaborolidine generated, (PC)BH2 (0.178 g, 

1.2 mL of 3M solution in THF, 1.2 mmol) is added and stirred well for 10 

min. To this, acetophenone (0.120 g, 1 mmol) in 3 HiL THF was added, and 

stirred overnight. The excess (IPC)BHz was destroyed by the addition of 

cold water, and the reaction mixture was extracted with ether. The organic 

layers were collected together, washed with water, brine, dried over Na2S04 

and concentrated to get the crude product. This was then purified as in the 

above experiment (0.104 g, 86 %), [ a ] ~ =  24.991". 

General procedure for hydride reductions 

Cis-3 -endo-amino-2-endo-hydroxybornane (0.169 g, 1 rnmol) 

dissolved in 2 rnL dry TEE was added to a suspension of LAH (0.04 g, 1.1 

mmol) in 3 mL dry THF under inert conditions. T h s  was allowed to stir for 

10 minutes. To this, acetophenone (0.120 g, 1 mmol) dissolved in 2 ml dry 
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TI3 was added dropwise and stirred. When the reaction was complete, the 

excess LAH was destroyed by adding cold water. This was then extracted 

with ether and usual work up yielded the crude alcohol, which was then 

purified on a silica gel column using ethylacetate - hexane (2 %) as eluent to 

get the pure alcohol (0.092 g, 76 %). 
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SUMMARY 

This thesis entitled as ''ASYMMETRIC CATALYSIS USING 

CHIAI: OXAZABOROLIDINES" embodies the resuIts of our 

investigation undertaken to study the reactivities of oxazaborolidine 

catalysts derived from (1R)-(+)-camphor in the enantioselective reduction of 

prochiral ketones. 

A general introduction to the asymmetric synthesis and a brief 

overview of history, synthesis and application in the area of asymmetric 

synthesis and mechanism of action of oxazaborolidines are given in the first 

chapter. 

The synthesis of 1,2-amino alcohols and amino alcohol derivatives 

from (1R)-(+)-camphor is dealt in chapter 2. Of the possible eight isomers of 

amino alcohols derived from (1R)-(+)-camphor five amino alcohols were 

synthesized. The literature procedures were modified wherever it i s  

necessary to improve the yields. The cis endo-endo, cis exo-exo, trans exo 

endo amino alcohols were prepared. These were bansformed to benzylamino 

and naphthylmethylamino derivatives by treating with the corresponding 

aldehyde and reducing the imine formed. The derivatives were obtained in 

moderate yields and all the derivatives have been characterized by spectral 

data. The purities of the amino alcohols and amino alcohol derivatives were 

checked by NMR spectra of recrystallized samples in the case of solids. The 

purities were further confmed by taking the optical rotation of the samples 

repeatedly to a constant value. 



The third chapter deals with the synthesis of oxazaborolidines from 

1,2-amino alcohols of camphor. The chapter consists of three parts. In the 

first part a brief review on the methods available in literature for the 

enantiosclective reduction of ketones is given. Part I1 deals with the 

asymmetric reduction of prochiral ketones catalyzed by the in sihr generated 

oxazaborolidines derived fiom amino alcohol derivatives of (1 R)-(+)- 

camphor. The oxazaborolidines were generated by the reaction of the amino 

alcohol derivatives with borane or trimethyl borate respectively. Moderate to 

low enantioselectivities of the products were observed in all cases. The 

catalysts generated fiom the naphthylmethylamino alcohols and borane 

[44b, 45b, 52b, 53b, 57b and 58bj catalyzed the reduction of acetophenone 

and yielded alcohols with % ee 70, 25, 52, 27, 21, 35 respectively. Thus 

these were found to be better catalysts than corresponding benzylmino 

alcohol analogues [(44a, 45a, 52a, 53a, 57a and SSa] which yielded alcohols 

with 39, 27, 37, 21, 19, 38 % ee for the same reduction. Among the 

naphthylmethylamino hydroxybomanes the, compound with endo-endo 

stereochemistry 44b is found be a good catalyst giving an ee of the products 

in the range 50-80 %. The enantfomeric excess of the products were 

determined by using polarimetty. The enantiomeric excesses obtained were 

further confirmed by taking the NMR spectra of the corresponding MTPA 

esters. All catalysts yielded products with R configuration. The formation of 

this was explained by transition state diagrams. Catalysts [46a and 46bJ 

were found to be poor catalysts than others. 

Part 3 of chapter IlT deals with the above mentioned reductions 

catalyzed by the in siiu generated oxazaborolidines fiom cis endo-endo, cis 

exo-exo amino aIcohols of (1R)-(+)-camphor. The oxazaborolidines were 



generated by the reaction of amino atcohols with borane or trimethyl borate. 

It was found that the endo-endo amino alcohol and borane derived catalyst 

61 which catalyzed the acetophenone reduction to yield alcohol with 93 % 

ee is a good catalyst for the reduction followed by corresponding exo-exo 

anaIogue 65 which yielded aIcohoI with 79 % ee. The -B(OMe) substituted 

oxazaborolidines 62 (78 % ee) and 66 (56 % ee) showed somewhat lower 

catalytic activity than the BH oxazaborolidines. The configuration of the 

products are R when cis endo-endo amino alcohol derived catalysts were 

used, and as of S configuration when cis exo-ao amino alcohol derived 

catalysts were used. Attempts to isolate the catdysts were unsuccessful due 

to its highly decomposing nature. 

The fourth chapter deals with the effect of parameters such as 

temperature, medium of reaction, catalyst substrate ratio and nature of 

reducing agents on the enantioselectivity of asymmetric ketone reduction. 

The catalyst 61 synthesized in situ from cis endo-endo amino alcohol and 

borane was taken as the model catalyst and acetophenone was taken as 

model ketone for these studies. Solvent was found to play an important role 

in the enantioselectivity of reduction products, but no specific relationship 

between the enantioselectivity and dielectric constant of the solvent was 

observed. Moderate enantioselectivity was observed in THF, confirming the 

need of a donor type solvent for the reduction. When the reduction was 

carried out at different temperatures maximum enantioselectivity of the 

product was obtained at room temperature (25' C). At -78' C and at 65' C, 

low enantioselectivity was observed. The catalyst concentration also found 

to affect the enantioseIectivity of the product, but not much variation was 

observed. The effect of reducing agents on enantioselectivity of reduction 



was also studied by carrying out the reduction with different reducing agents 

such as 9-BBN, (+)-(IPC)?BH, (+)-(IPC)BH2. (PC)2BH, (IPC)B& were 

found to reduce ketones with low enantioselectivity (9 % and I5 % ee 

respectively, but in combination with the oxazaborolidine catalyst better 

enantiaselectivity of the product was observed (31 % and 57 % ee 

respectively). The enantioselectivity of the product 1-phenylethanol has 

enhanced by 3-4 times in the oxazaborolidine catalyzed reductions. In order 

to study the effect of configuration of the catalyst an the enantioselectivity 

of reduction, cis amino alcohols &om (1s)-(-)-camphor were prepared and 

used for the oxazaborolidine synthesis. Asymmetric reduction of 

acetophenone was performed with the in situ generated oxazaborolidines. As 

expected alcohols with reverse configuration as that obtained fiom (1R)- 

(+)-camphor cis amino alcohols were obtained. Asymmetric reduction of 

acetophenone by hydride reagents modified with chiral 1,2-amino alcohoIs 

derived from (1R)-(+)-camphor was' also carried out. Products with 

moderate enantioselectivity and with R configuration were obtained in all 

cases. 

In conclusion the work embodied in the thesis has unraveled a method 

to synthesize both (R) and (S) secondary alcohols with predictable 

stereochemistry from prochisal ketones by using chiral catalysts prepared 

from the readily available and naturally occuring (ER)-(+)-camphor. It is 

also anticipated that these catalysts developed here may find use in other 

catalytic asymmetric reactions aIso. 



APPENDIX 

NEW CHIRAL OXAZlABOROLIDINE CATALYSTS PREPARED 

FROM (IR)-(+)-CAMPHOR 
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