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SYNOPSIS 
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Diversity Oriented Synthetic Strategies for Functionalized 

Organo-Silicon Compounds and Their Applications 

 
This thesis describes the use of different properties of silicon for the development of 

diverse organic reactions and methods to provide functionalized organic molecules with 

desired levels of regio-, stereo-, and chemo-selectivities. The content of the thesis have 

been divided into five chapters. 

CHAPTER 1 

An Introduction to Diversity Oriented Synthesis and Organosilicon 

Chemistry  

 
The importance of stereo chemically pure compounds arises owing to the central role 

played by them during enantiomer recognition in biological activities.1 There are many 

examples of pharmaceutical drugs, agrochemicals and other chemical compounds where 

the desired biological property is related to the absolute configuration. Nevertheless, the 

following question remains unanswered: Are the regions of chemistry space defined by 

natural products and known drugs, which have been so intensely scrutinized to date, the 

best or most fertile regions for discovering small-molecules that modulate macromolecular 

function in useful ways? Given the extraordinary potential for such small molecules to 

promote the understanding and betterment of human health, it is urgent that organic 

chemists begin to answer this basic question. Diversity-oriented synthesis2 (DOS), the 

most diverse approach aims to meet the above mentioned challenges. Diversity-oriented 

synthesis prefers to yield collection of products having many distinct molecular skeletons 

with controlled variation of stereochemistry in a small number of steps. The most 

challenging facet of DOS, and of critical importance to its success, is the ability to 

incorporate skeletal diversity into a compound collection, i.e. the efficient generation of 



  iii    

multiple molecular scaffolds from the same starting material. This ‘skeletal diversity 

oriented synthetic strategy’ is the most effective way of increasing structural diversity. 

 The unique properties of silicon3 have led to its wide utilization in organic 

chemistry ranging from protecting functional groups, forming temporary tether and 

masking hydroxyl group, to highly controlled and selective organic reactions. The 

stabilization of either an electron deficient centre such as a carbocation at the β-position (β-

effect) or a carbanion at the α-position (α-effect) with respect to a silicon group is the 

central theme of organosilicon chemistry, applied to organic synthesis. The regio- and 

stereo-selectivity of electrophilic substitution reactions of allyl-, vinyl- and aryl-silanes 

have been shown to be controlled by the β-effect. This stabilizing effect also plays an 

important role in directing the regioselectivity in various organic reactions. Silicon groups 

are also known to impart strong stereoelectronic effects involving reactions of functional 

groups in the vicinity of it thus control the stereochemical outcome of reactions of 

electrophiles and nucleophiles with the functional groups. Besides, silicon has unique 

affinity for fluorine and oxygen, which makes the silicon chemistry highly selective as 

exemplified in Brook rearrangement and cross-coupling reactions. These special properties 

of silicon groups are expected to play important role in DOS based synthesis. 

 
CHAPTER 2 

Silicon Assisted Diversified Reaction of Silylmethylene Malonates with 

Dimethylsulfoxonium Methylide 

 

Sulfoxonium ylides are a class of sulfur-based ylides,4 particularly, dimethylsulfoxonium 

methylide (DIMSOY) has been proved to be a versatile nucleophilic agent capable of 

reacting with a wide variety of different systems. They are known to transfer a methylene 
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group to certain electrophilic unsaturated linkages, including C=O, C=N, C=S and 

activated C=C bonds (Scheme 1).  

 

Scheme 1 

 

 

Scheme 2 

 This chapter describes our successful approaches towards ‘reagent-based’ skeletal 

diversity oriented synthesis (Scheme 2) by using silylmethylene malonate 1a as common 

substrate and varying DIMSOY (2) quantity and/or different reaction conditions.5 When 

excess DIMSOY 2, generated from the reaction of trimethylsulfoxonium iodide and 

sodium hydride in dimethyl sulfoxide (DMSO) was reacted with the silylmethylene 

malonate 1a at room temperature, the expected cyclopropane 3a was formed albeit in 

moderate yield, associated with two unusual products viz. cyclobutane 4a and the allylated 

malonate 5. However, when stoichiometric quantity of the ylide 2 was used, besides 

cyclopropane 3a, a pair of new products, an allylsilane 6a and its regioisomeric 

homoallylsilane 7a were formed. The diversified products formed under different 

conditions therefore challenged us to formulate conditions for individual products. We, 
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therefore, first aimed to establish the optimized conditions for the preparation of the silicon 

functionalized cyclobutane derivative 4a. To this end, we carried out the reactions of 1a 

with DIMSOY which has been generated from trimethylsulfoxonium iodide under 

different conditions. The best condition was to use 2.5 equivalents each of LiOBu-t and 

trimethylsulfoxonium iodide with respect to malonate 1a in DMSO at 20 ºC, which gave 

cyclobutane 4a and cyclopropane 3a (3a:4a = 13/87) in 71% isolated yield (Scheme 3). To 

survey the generality of this synthetic strategy, two more silylmethylene malonates 1b,c 

were prepared and reacted with DIMSOY under the optimized conditions and the results 

were mentioned in Scheme 3. 

 

Scheme 3 

 Next, we turned our attention towards the preparation of the functionalized 

allylsilane 6a and homoallylsilane 7a. A large number of reaction conditions were studied 

to optimize the formation of 6a and/or 7a. The best result was obtained by carrying out the 

reaction with 0.5 equivalents of ylide 2 in DMF or NMP at 5 oC (Scheme 4). 

 

 
 

Scheme 4 

 To find the role played by the silicon group in these reactions, the arylidene 

malonate 1d was reacted with varying amounts of DIMSOY 2 and in all the cases, no trace 

of cyclobutane or the dimerization products was observed. The cyclopropane 3d was the 
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sole product associated with the unreacted starting material in cases where 

substoichiometric quantity of ylide 2 was used (Scheme 5). Thus, the diversity in the above 

reactions was found to arise due to the presence of silyl group at the β-positions of the 

malonate.  

 

Scheme 5 

 
CHAPTER 3 

Magnesium-Mediated Intramolecular Reductive Coupling: A Stereoselective 

Synthesis of C2-Symmetric 3,4-Bis-Silyl- Substituted Adipic Acid Derivatives 

 
One of the most important DOS protocol, the skeletal diversity can be achieved by two 

ways. The first one involves the use of different reagents and a common starting material 

(‘reagent-based approach’) and we have shown our successful contribution in this area in 

Chapter 2. Alternate approach is called ‘substrate-based approach’, which uses different 

starting materials, containing suitably pre-encoded skeletal information and subjected to a 

common set of conditions leading to different skeletal outcomes. This chapter and the 

following one will be dedicated to ‘substrate-based DOS approaches’.  

 Molecules containing stereochemically defined two (or more) silicon-bearing 

centres and terminal functionalities are useful intermediates in organic synthesis. Highly 

stereoselective syntheses of the meso diastereoisomer of 3,4-bis-silylated adipates have 

been reported.6 In order to show the enormous utility, these intermediates have been 

applied for the synthesis of many natural products such as (±)-2-deoxyribonolactone, (±)-

arabonolactone and both the enantiomers of nonactic acid as well as nonactin. The C2-
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symmetric racemic diastereoisomer of 3,4-bis-silylated adipate is also expected to be a 

starting point for the syntheses of complex molecules. But, there is no method available for 

making them both in racemic or enantiomerically pure form.  

 We, therefore, decided to resolve our problem of making C2-symmetric racemic 

diastereoisomer by a five-membered ring formation by intramolecular reductive 

cyclization of symmetrical disiloxane tethered bis-acrylates 8. A large number of reaction 

conditions were studied to optimize the reductive cyclization of 8. In the presence of 

trimethylsilyl chloride (TMSCl, 12 equiv) as an additive, the Mg (12 equiv) metal-

promoted intramolecular reductive cyclization of the disiloxane 8 in DMF (30 mmolar) at 

0 °C was found to generate a mixture of diastereoisomeric cyclic products, cis-9 and trans-

9, associated with the double bond reduced product 10 (Scheme 6) (cis-9:trans-9:10 = 

42:42:16) in 87% isolated combined yield. 

 

Scheme 6 

 Our next attempt was to improve the relative stereochemistry (trans/cis) as well as 

to control the absolute configuration during the cyclization to obtain the trans-isomer(s) in 

pure and enantiomeric form. It was envisaged that instead of an ester, the Mg/TMSCl-

mediated coupling of the corresponding amide, possessing a suitable chiral amine, might 

be useful for this purpose. In view of all of this, we prepared the (S)-valine derived 

oxazolidin-2-one7 derivatives of β-silylacrylic acid 11a, 11b and 11c as shown in Scheme 

7. Reaction of these amides with TfOH in dichloromethane, followed by quenching with 

ammonium hydroxide, produced the disiloxane 12a, 12b and 12c, respectively, in very 
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good yield. Next, we subjected the disiloxane 12a to the optimized reductive cyclization 

conditions, described for disiloxane 8, using Mg/TMSCl in DMF at 0 °C which led to 

complete consumption of the starting material. Interestingly, the crude reaction product 

showed the formation of a mixture of diastereoisomeric cyclic products, cis-13a and two 

trans-products (trans-13a:trans-14a = 60/40) with a strong preference for the desired trans 

isomers (trans:cis = 85/15)  (Scheme 8). The isolated yield of the cyclic products was also 

very high (85%), and the trans-isomers could be easily separated from the cis-13a by 

crystallisation.  Notably, even the two diastereoisomeric trans-13a and trans-14a could be 

individually isolated by fractional crystallisation with nearly quantitative recovery.8 

Reductive cyclization of disiloxane 12b and 12c under the conditions described for amide 

12a, also resulted in the formation of a mixture of diastereoisomeric cyclic products, cis-

13b,c trans-13b,c and trans-14b,c  (trans:cis = 88/12, trans-13b:trans-14b = 45/55, trans-

13c:trans-14c = 45/55). 

 

 

Scheme 7 
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Scheme 8 

 To establish the absolute stereochemistry of the individual trans diastereoisomers 

viz. trans-13a and trans-14a, each of these was converted to known bilactone 15. For this, 

trans-13a was subjected to Fleming–Tamao9 oxidation using KHF2-H2O2 in 1/1 THF-

MeOH at 60 °C (Scheme 9). Besides conversion of the silyloxy group to a hydroxyl group, 

the oxazolidinone group was also removed under these conditions to give the intermediate 

dipotassium salt. At this stage, a simple extraction of the reaction mixture with ethyl 

acetate gave back the oxazolidinone (90%) and acidification of the residue gave (−)-2,6-

dioxabicyclo[3.3.0]octane-3,7-dione, (–)-15. The (3S,4S)-configuration of the silicon-

bearing asymmetric centre in trans-13a was confirmed from the specific rotation data of 

(−)-15.10  Similarly, the minor trans-14a gave (+)-2,6-dioxabicyclo[3.3.0]octane-3,7-dione 

(+)-15 as confirmed from the specific rotation data of (+)-15, thus confirming its (3R,4R)-

configuration. 

 

Scheme 9 
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CHAPTER 4 

Magnesium-Induced Regiospecific C-Silylation of Suitably Substituted 

Enoates and Dienoates 

 
With the invention of a reaction in which a silicon group can be converted to a hydroxyl 

group with retention of configuration, has opened up a new area of organic synthesis. A 

silicon group possesses very different properties compared to a hydroxyl group or any 

protected form of a hydroxyl group. Thus, carbonyl compounds having a silyl group at β-

position are popular targets because of their versatile nature and also excellent surrogate 

for the acetate aldol reaction. The available methods of preparation of β-silyl carbonyl 

compounds include hydrosilylation and silylmetalation of unsaturated carbonyl compounds 

and methods based on the use of various transition metal catalysts. Amongst these, 

silylmetalation of unsaturated carbonyl compounds using dimethyl(phenyl)silyl lithium 

(Me2PhSiLi)11 as a source reagent is widely used. 

 Reductive coupling using Mg/TMSCl/DMF system on silicon-tethered diacrylic 

esters or amides was shown to prefer for intramolecular reductive coupling of the two 

acrylic units leading to 3,4-bis-silyl substituted adipic acid derivatives with very high 

selectivity with no C-silylation at the β-position (Chapter 3, Scheme 6, 8). We, therefore, 

became curious to know the outcome of the above reductive dimerization protocol, using 

Mg/TMSCl/DMF system on β-dimethyl(aryl)silylacrylates. Which pathway it would 

follow, reduction, C-silylation or dimerization? When β-dimethyl(4-

methylphenyl)silylacrylate was subjected under our optimized conditions, it was gratified 

to note that the crude reaction product showed the formation of Ethyl 3-dimethyl(4-

methylphenyl)silyl-3-trimethylsilylpropionate associated with a small amount of double 

bond reduced product (Scheme 10). 
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Scheme 10 

 Prior to work with β-dimethyl(aryl)silylacrylates, we decided to find out suitable 

conditions for the reductive silylation of ethyl cinnamate. The optimized condition for C-

silylation at the β-position was to add the ethyl cinnamate to a mixture of 6 equiv. of 

TMSCl, 12 equiv. of Mg in DMF (0.2 M) at 30 ºC for 0.5 h (Scheme 11). Under these 

conditions the C-silylated product 17a was isolated in 84% yield with the double bond 

reduction product 18a found to be negligible (~5%). The double bond reduction product 

18a was also easily separated from C-silylated product 17a by column chromatography.  

 

Scheme 11 

 To convert a silyl group to a hydroxyl group, it is mandatory that the silicon has a 

heteroatomic substitution or an allyl/alkene/aryl group on it. Aryl substituted silyl groups 

are generally introduced on an organic structure via silyl lithium reagents. Unfortunately, 

when the aryl groups are electron rich, dimethyl(aryl)silyl lithiums could not be made from 

the corresponding silyl chlorides.12 So the popularity of Me2PhSi group remained because 

of the easy preparation of Me2PhSiLi from the commercially available silyl chloride and 

facile conjugate additions of mono- and bis-silylcuprate reagents derived from it to 

unsaturated carbonyl compounds. To generalize the Mg/TMSCl/DMF system for efficient 

reductive C-silylation at the β-position of ethyl cinnamates, reductive silylation with 

PhMe2SiCl and silyl chlorides which do not form the corresponding silyl lithium easily 

such as p-TolMe2SiCl, p-AnsMe2SiCl and AllMe2SiCl were pursued. The results of 
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reductive silylation under the optimized conditions are presented in Scheme 12. In all cases 

the β-silylated product was obtained in very good yield and purity.13  

 

Scheme 12 

 We next turned our attention to know the fate of β-silyl acrylates under these 

optimized reductive silylation conditions using Mg/chlorosilane/DMF system at 30 °C. 

Treatment of β-dimethyl(4-methylphenyl)silyl acrylate 16c under our optimized reductive 

silylation conditions with TMSCl produced the corresponding silylated product 19a in 

good yield (Scheme 13). A similar clean reaction took place for 16c and 16d when TMSCl 

was replaced by various silyl chlorides as presented in Scheme 13. The desired β,β-

disilylated products 19a-19g were formed in moderate to good yield.  

 

Scheme 13 

 The reductive silylation on dienic esters could be interesting because these 

substrates can react in different modes to produce regio-isomeric β or δ C-silylated 

products. When the dienic ester 20a was treated under the optimized reductive silylation 

conditions using TMSCl, the allyl silane 21a was formed (Scheme 14) without a trace of 
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the other regioisomer. Moreover, the allylsilane was also formed with high 

stereoselectivity where (E)-isomer was found to be the major product. While changing the 

silyl chloride from TMSCl to p-TolMe2SiCl, the corresponding allyl silane 21b was 

formed in good yield and also with high stereoselectivity for the (E)-isomer. Interestingly, 

alkyl substituted dienoate 20b under the same conditions did not provide the desired allyl 

silane 21c.  

 

Scheme 14 

 

Figure 1 

 In conclusion, we have described our ‘substrate-based DOS-approach’, which uses 

a common set of reducing system, Mg/silyl chloride/DMF and reacts with different α,β-
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unsaturated carbonyl compounds leading to highly functionalized skeletally and/or 

stereochemically diverse products. Two main types of reactions such as reductive 

cyclization leading to cyclic diester and reductive β-C-silylation leading to β-silyl carbonyl 

compound have been found to take place as summarized in Fig. 1. 

 
CHAPTER 5 

Asymmetric Syntheses of D-Fagomine Isomers from C2-Symmetric 3,4-Bis-

Silyl-Substituted Adipic Acid Derivatives 

 
Polyhydroxylated piperidines (azasugars) have got increasing synthetic interest due to their 

remarkable biological activity as glycosidase inhibitors.14 Since glycosidases are involved 

in numerous biological processes, azasugars are potential therapeutic agents for the 

treatment of a wide range of diseases, including diabetes, cancer, AIDS, viral infections 

and many more.15 These important biological properties have led to many synthetic 

approaches towards naturally occurring azasugars and their analogs. 1,2-Dideoxy-

azasugars such as D-fagomine 22 and its stereoisomers 23, 24 (Fig. 2) are known to have 

glycosidase inhibition activities. Fagomine itself has strong inhibitory activity towards 

mammalian α-glucosidase, β-galactosidase and also found to have a potent 

antihyperglycemic effect in streptozocin-induced diabetic mice and a potentiation of 

glucose-induced insulin secretion.  

 

Figure 2 

 Our research group is involved in the synthesis16 of hydroxylated piperidine/ 

pyrrolidine involving organosilicon chemistry. This chapter describes17 our successful 
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attempt towards the synthesis of D-fagomine 22 (Scheme 15) and D-3,4-di-epi-fagomine 

24 (Scheme 16) from C2-symmetric 3,4-bis-silyl substituted adipic acid derivatives trans-

14a and trans-13a respectively. For the synthesis of D-fagomine 22, trans-14a was chosen 

as the starting material because the configurations of the Si-bearing centers matches with 

the configurations required for OH substituents at 3 and 4 positions. The introduction of 

the azido group at the α-position of the carboxamide in trans-14a was carried out by using 

KHMDS and trisyl azide. The azide 25 was formed as a single diastereoisomer and the 

stereochemical outcome was controlled by the valine derived oxazolidin-2-one auxiliary. 

Reduction of the azide and in-situ protection of the intermediate amine was achieved with 

added (Boc)2O in H2/Pd-C system in excellent yield. The oxazolidin-2-one groups from 26 

were removed by treatment with K2CO3 in MeOH resulting in a mixture of dimethyl ester 

and dicarboxylic acid which on treatment with diazomethane yielded dimethyl ester 

derivative 27. The Boc-protection in 27 was removed by treatment with trifluoroacetic acid 

and the resulting trifluoroacetate salt was basified with NaHCO3 to give the intermediate 

amine which spontaneously underwent cyclization to lactam 28. A LiAlH4 reduction 

followed by Fleming-Tamao oxidation of the lactam 28 using potassium bifluoride and 

hydrogen peroxide then yielded D-fagomine 22. 

 
 Scheme 15 



  xvi    

 Synthesis of 3,4-di-epi-fagomine 24 has also been achieved from trans-13a in an 

analogous way as shown for D-fagomine 22. In this case, the lactamization of the amine 32 

to lactam 33 was found to be difficult requiring high temperature and prolonged reaction 

time (Scheme 16). This is due to the fact that cyclization to take place, amine 32 has to 

adopt a conformation wherein the silyl groups have to be disposed axially. This makes the 

system energetically unfavorable requiring very high temperature for the lactamization.  

 

Scheme 16 
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1.1 Introduction to diversity oriented synthetic strategy 

Small-molecules can exert powerful effects on the functions of macromolecules that 

comprise living systems. This remarkable ability makes them useful, both as research tools 

for understanding life processes and as pharmacological agents for promoting and restoring 

health. Synthetic organic chemists aim to gain access to these compounds using three 

general approaches. The first approach is target-oriented synthesis1,2 (TOS) which relies 

primarily on nature to discover small-molecules with useful, macromolecule-perturbing 

properties. Natural compounds can be isolated from extract mixtures, and then structurally 

characterized by using a variety of spectroscopic techniques. Once such a structure has 

been identified, it can become a target for chemical synthesis. The aim of the synthesis 

effort in TOS is to access a precise region of chemical space,3 which is often defined by a 

complex natural product known to have a useful function. The second approach uses either 

medicinal chemistry or combinatorial chemistry4,5 and aims to explore a dense region of 

chemistry space in proximity to a precise region known to have useful properties. The 

source of the starting or lead compounds can vary and may include a natural product, a 

known drug, or a rationally designed structure developed from a mechanistic hypothesis 

and/or a crystal structure of a macromolecule of interest. Nevertheless, the following 

question remains unanswered: Are the regions of chemistry space defined by natural 

products and known drugs, which have been so intensely scrutinized to date, the best or 

most fertile regions for discovering small-molecules that modulate macromolecular 

function in useful ways? Given the extraordinary potential for such small molecules to 

promote the understanding and betterment of human health, it is urgent that organic 

chemists begin to answer this basic question. The third and most diverse approach is 

diversity oriented synthesis6-8 (DOS) which aims to meet the above mentioned challenges. 
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DOS prefers to yield collection of products having many distinct molecular skeletons with 

controlled variation of stereochemistry in a small number (between three and five) of steps. 

Such collections are the key to chemical genetics, where small molecules are used to 

explore biology and medicine systematically. 

 
1.1.1 TOS vs DOS 

 Target-oriented synthesis has a long history in organic chemistry. In universities, 

the targets are often natural products, whereas in pharmaceutical companies, the targets are 

drugs or libraries of drug candidates. Beginning in the mid-1960s, a systematic method to 

plan syntheses of target molecules, named retrosynthetic analysis, was devised.9 This 

problem-solving technique involves the recognition of key structural elements in reaction 

products, rather than reaction substrates, that code for synthetic transformations. Repetitive 

application of this process allows a synthetic chemist to start with a structurally complex 

target and find a structurally simple compound that can be used to start a synthesis. In the 

example given in Scheme 1.1, the target is a cis-fused bicyclic ring containing olefin and 

ketone functionalities. This target can be synthesized with the oxy-Cope rearrangement 

reaction. The oxy-Cope substrate could be obtained from a logical precursor substrate, a 

bridged bicyclic ring containing ketone functionality. The bridged bicyclic ketone in turn is 

seen to be the product of a Diels-Alder reaction of cyclohexadiene and ketene.10  

 

Scheme 1.1 



 3 

 In contrast to TOS, DOS is not aimed at one particular target. They are instead 

aimed at a collection of many compounds having structural complexity and diversity. An 

ambitious goal of DOS is to design a synthetic pathway leading to a collection of 

compounds with a large number of different scaffolds. Early work by Armstrong11 and 

Bartlett12 laid the groundwork for DOS of natural product-like libraries. Subsequently, 

Schreiber and co-workers13,14 synthesized and screened a library of over 2 million complex 

polycyclic compounds. This type of diversity requires the development of synthetic 

pathways having branch points, where a splitting step is followed by the addition of 

reagents to different reaction vessels that cause the common substrate to be transformed 

into products having different atomic skeletons. In the pathway illustrated in Scheme 1.2, a 

12-membered ring scaffold is converted into three different scaffolds, including one 

containing two linked five-membered rings.15 These products can be pooled and split and 

the resulting collection of differing scaffolds subjected to a new set of reagents. If their 

different scaffolds render such a process problematic, one may avoid the pooling step and 

continue with additional splitting steps using reaction vessels having single scaffolds. 

 

Scheme 1.2 
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1.1.2 Different approaches of DOS 

 A successful DOS algorithm must address three principle types of diversity: 

substitutional (appendage) diversity, stereochemical diversity and skeletal diversity.3,16,17 

Thus, the products of a DOS should not only be diverse in the appendages they display but 

also in the three-dimensional orientations of these appendages. The first of these can be 

achieved by combinatorial variation of building blocks; the second by use of 

stereocontrolled reactions. The most challenging facet of DOS, and of critical importance 

to its success, is the ability to incorporate skeletal diversity into a compound collection, i.e. 

the efficient generation of multiple molecular scaffolds from the same starting material.17 

This ‘skeletal diversity oriented synthetic strategy’ is the most effective way of increasing 

structural diversity.18 Schreiber16,19 in much of his pioneering work described how to create 

diverse libraries from simple starting materials. Skeletal diversity can be achieved 

principally in two ways namely via ‘reagent-based approach’ and ‘substrate-based 

approach’. The first involves the use of different reagents and a common starting material. 

This ‘reagent-based approach’ is also known as a branching pathway (Fig. 1.1). 

Alternatively, in the ‘substrate-based approach’, different starting materials, containing 

suitably pre-encoded skeletal information, are subjected to a common set of conditions 

leading to different skeletal outcomes (Fig. 1.2). A review of the literature suggests 

successful DOS processes utilize these two approaches in a number of ways by either: (1) 

the use of a pluripotent functionality, where the same part of a molecule is subjected to 

different transformations induced by different reagents; (2) the use of a densely 

functionalized molecule, where different functionalities in the same molecule are 

transformed by different reagents (i.e. pairing different parts of the same densely 

functionalized molecule); or, (3) the use of a folding process, where different structurally 
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encoding elements, contained in different substrates, are subjected to the same reaction 

conditions (i.e. pairing same parts of different densely functionalized molecules).  

 

Figure 1.1: Reagent-based approach/branching pathway 

 

Figure 1.2: Substrate-based approach/folding process 

 

1.2 Introduction to organosilicon chemistry 

 Organosilicon compounds are known since 1863 when Friedel and Crafts20 first 

reported the synthesis of tetraethylsilane from diethylzinc and tetrachlorosilane. In early 

20th century, the chemistry of organosilanes has been widely opened after their convenient 

preparation by F. S. Kipping.21 The discovery of direct process for the preparation of 

halogenated organosilane derivatives by the reaction of methyl chloride with the alloy of 

silicon and copper by E. G. Rochow22 in the later half of 1940's23 made a rapid progress of 

not only silicon industry but also fundamental organosilicon chemistry.24 Most of the work 

on organosilanes up to 1960's was based on the use of silanes as protecting groups.25 

Modern development of organosilicon chemistry as applied to organic synthesis really 

began in late 1960's when Peterson26 developed the olefination reaction. In early 1970's, 
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Stork27 used α-trimethylsilyl methyl vinyl ketone to solve a long standing problem of 

regiospecific trapping of specific enolate in annulation reactions. At this stage rapid 

development in organosilicon chemistry had taken place. 

 

1.2.1 Organosilanes 

 Organosilanes are not naturally occurring. Their origin is from (SiO2)n or metal 

silicates which accounts for c.a. 25% of the earth's crust with a second position in the 

abundance list of elements. The reactive starting material for all organosilicon compounds 

is SiCl4 and is easily obtained from (SiO2)n as shown in Scheme 1.3.  

 

Scheme 1.3 

 Silicon belongs to group 14 in 3rd row, right under carbon in the periodic table and 

electronic configuration of its outer shell is 3s23p2 that is isoelectronic with carbon 

(2s22p2). Therefore, silicon is expected to have a similar character of carbon. However, 

with the progress of organosilicon chemistry, the points of difference between carbon and 

silicon have been made clear. For instance, the Si–C bond length is much longer than the 

analogous C–C bond length (1.89 versus 1.54 Å). Relatively long bond is also polarized in 

the sense Siδ+–Cδ-, placing organosilicon compounds in the class of organometallic 

compounds. Some properties of carbon and silicon are compared in Table 1.1. In addition 

silicon is also more electropositive than hydrogen with Pauling electronegativities being 

1.8 and 2.1 respectively.  
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Table 1.1: Some properties of carbon and silicon 
________________________________________________________________________ 

Properties Carbon Silicon 

Atomic no. 6 14 

Electronic configuration 1s22s22p2 1s22s22p63s23p23d0 

Atomic radius 66 pm 106 pm 

Pauling electronegativity 2.5 1.8 

First I. P. 259 kcal/mol 187.9 kcal/mol 

Bond length C–C 1.54 Å Si–C 1.89 Å 

Bond energy C–C 79.8 kcal/mol Si–C 76.0 kcal/mol 

_________________________________________________________________________ 
 

Table 1.2: Typical bond lengths and dissociation energies of carbon and silicon 
________________________________________________________________________ 

Bond Length (Å) Dissociation energy 
(kJ/mol) 

C–C 1.54 334 

Si–C 1.89 318 

C–O 1.41 340 

Si–O 1.63 531 

C–Cl 1.78  335 

Si–Cl 2.05 471 

C–F 1.39 452 

Si–F 1.60 808 

_________________________________________________________________________ 

 However, the silicon atom is more accessible to nucleophiles than the equivalent 

carbon atom. This is due to the fact that the separation between silicon and its substituent is 

larger than is in the case with carbon. In those cases where carbon forms double or triple 

bonds, silicon generally forms polymer with single bonds. Moreover, silicon forms very 

strong covalent bond with oxygen, fluorine and chlorine (Table 1.2). It is to be mentioned 

here that Si–F bond is one of the strongest single bonds known.  
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1.2.2 Effect of silicon group on organic reactions 

 The influence of a silicon group on organic structures and reactions solely depends 

on its position with respect to the reactive centre.  

1.2.2a The alpha effect28  

  

Figure 1.3: α-effect of silicon 

 In spite of its electropositive character as compared to carbon and hydrogen, silicon 

favors the formation of α-carbanions. The most popular reason29 given for the stabilization 

of a carbanion adjacent to silyl group is the energy lowering overlap of the filled orbital of 

the carbanion with large coefficient on carbon with an empty Si d-orbital of proper 

symmetry. Another explanation to this stabilization may be that the empty antibonding σ∗ 

orbital of Me–Si bond which will have large coefficient on silicon can overlap well enough 

with the filled orbital of the carbanion (Fig. 1.3). Other manifestations of the same property 

include the facts: that silanols are more acidic than water,30 silyl amines are less basic than 

simple amines.31 The first α-metallosilane was prepared by Whitmore and Sommer32 in 

1946 as a Grignard reagent by the reaction of trimethysilylmethyl chloride with 

magnesium. Subsequently, in 1968, Peterson developed26 an alkene synthesis method 

based on the reaction of the Grignard reagent with carbonyl compounds (Scheme 1.4). 

 

Scheme 1.4 

 Alpha-silyl carbanions have high nucleophilicity33 compared with analogous phosphorus 

or sulfur reagents. Also, α-silyl carbanions are less sterically hindered, presumably 
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because of longer C–Si bond. These factors have been critically evaluated in the total 

synthesis of warburganol,34 an antifeedent sesquiterpene (Scheme 1.5). 

 

 Scheme 1.5 

 Nucleophilic substitution α-to a silicon group is also facilitated because the silicon 

group can stabilize the transition state of an SN2 reaction adjacent to it.29 This argument is 

supported from the facts discussed for the stabilization of an anion α-to a silicon 

substituent. This has been exemplified by the regioselective opening of vinylsilane 

epoxides35,36 (Scheme 1.6) with different nucleophiles. 

 

Scheme 1.6 

 
1.2.2b The beta effect28  

 Because silicon is more electropositive than carbon, the filled σ bonding orbital of 

C–Si bond have higher co-efficient on carbon than silicon, resulting substantial overlap of 

these filled orbitals with the empty p-orbital of an adjacent carbocation (hyperconjugation). 

This phenomenon is known as β-effect of silicon and can be represented as in Fig. 1.4.  

 

Figure 1.4: β-effect of silicon 
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 The kinetic magnitude of the effect (at least 1012 in solution and higher in gas 

phase) exceeds almost all other neighboring group effects. Exceptions are silicon's larger 

congeners germanium and tin, which exhibit even larger kinetic effects.37 The regio- and 

stereochemical outcome of the reactions of vinyl- and allyl-silanes with electrophiles are 

well understood by the β-effect. Most vinyl silanes react with electrophiles with retention 

of configuration38 (Scheme 1.7). It is due to the fact that hyperconjugative stabilization of 

the β-silyl cation restricts rotation about C–C bond (since it requires anti-periplanar 

geometry) well enough for it to maintain its configuration. When the electrophile is 

chlorine or bromine, inversion of configuration39 is observed. The cyclic halonium 

intermediate opens up stereospecifically anti to give a dihalide and elimination then takes 

places in the usual anti stereospecific manner. In either case control of double bond 

geometry is very good and frequently used in synthesis. 

 

Scheme 1.7 

 Allylsilanes react with electrophiles in a regio- and stereospecific manner with 1,3-

transposition of stereochemical information.38d The electrophile always enters to the 

terminus of the allylsilane leaving behind a carbocation at β-position with respect to 

silicon. Other things being equal, the electrophile attacks the allylsilane as approximated 

by the structure (Scheme 1.8) where the hydrogen atom on the stereogenic centre is 

eclipsing the double bond. The intermediate cation retains its configuration because of the 
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hyperconjugative overlap of the Si–C bond with the empty p-orbital.40-42 The double bond 

produced by loss of the silyl group is therefore largely trans.  

 

Scheme 1.8 

 
1.2.2c The gamma effect28 

 The stabilization of a positive charge by γ-silicon is believed to be the result of a 

through-space interaction between the back lobe of the C–Si bond and the carbocation p-

orbital. This is often referred to as homohyperconjugation effect (Figure 1.5). 

 

Figure 1.5: γ-effect of silicon 

 
1.2.2d The delta effect28 

 The effect of silicon regretfully does not extend beyond γ-position. Rate of 

ethanolysis of tosylates of cis- and trans-4-(trimethylsilyl)cyclohexanols are almost 

identical to those of the cis- and trans-4-tert-butylcyclohexyl tosylates.43 This is evidently 

due to the fact that the functional groups are too far away to have an effect on one 

another.29 

 

1.2.3 Role of silicon in organic synthesis 

 A wide variety of synthetic methods have been developed by using unique 

properties of silicon. The vast majority of which are based on two major properties of 

silicon i.e. the formation of a strong covalent bond to oxygen or fluorine and α- or β-effect 

of silicon.  
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1.2.3a Protecting groups44 

 The protection of alcoholic functionality via silyl ethers linkage is one of the most 

important sets of orthogonal protecting group strategy. Similarly, enols, ketene acetals and 

carboxylic acids can be protected by suitable silyl-based blocking groups. The same holds 

for thiols, amines, and heterocycles although, Si–N and Si–S bonds are more labile. 

Trimethylsilyl protection of a terminal alkynes group is a valuable asset in acetylene 

chemistry.  

 

 1.2.3b Silicon tethers45 

 The most favored and extensively used temporary silicon tethers strategies have 

been well established to perform intramolecular reactions. In those cases that 

intermolecular reactions proceed with low yield and stereoselectivity, often intramolecular 

reaction of the same type provide a higher degree of regio- and stereoselectivity.  

 

 

Scheme 1.9 

 Scheme 1.9 shows a typical strategy comprising introduction of a temporary tether 

between two individual reactants. An example using a dimethylsilyl acetal as a tether was 

shown45c,d for the synthesis of disaccharide B via intramolecular radical cyclization. 

Silaketal A was prepared from the suitable protected monosaccharide sub-units and 

dichlorodimethylsilane. Addition of Bu3SnH followed by desilylation using aqueous HF 

leads to the formation of α-C disaccharide B as a single diastereoisomer.  
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1.2.3c Rearrangement reactions46 

 Organosilanes which contain hydroxyl or any other oxygen containing functionality 

at a particular position, can undergo different types of rearrangement reactions such as 

[1,2]-, [1,3]-, [1,4]- and [1,5]-silyl shift generally referred as Brook rearrangement 

(Scheme 1.10). Formation of stronger Si–O bond in the expense of weaker Si–C bond is 

proved to be the driving force for the above rearrangement reactions.  

 

Scheme 1.10 

 

1.2.4 Silyl group to control chirality
47

 

 An organosilane group has been a useful functionality to impart chirality into a 

structure that would otherwise be achiral. Chirality could reside either on the silicon atom 

or any of the "R" groups attached to the silicon. Due to the presence of a chiral centre in 

the molecule, the two transition states in a reaction share a diastereomeric relationship and 

one would be preferred over other on energy grounds. The product from the transition state 

having lower energy would be the major or exclusive product. For example, the propionate 

undergoes an Ireland-Claisen48 rearrangement to give either the 2,3-trans acid or 2,3-cis 

acid depending on the geometry of the enolate used (Scheme 1.11).  

 

Scheme 1.11 

 Having served its turn, the silyl group can be removed in the usual way by 

protodesilylation; so that its net effect is to impart a temporary chirality to the starting 
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material. In Mukaiyama aldol reaction49 of acetal with silyl enol ether of acetophenone, the 

presence of the silyl group makes chiral intermediate and also gives substantial selectivity 

in favor of the formation of the diastereoisomer as shown in the Scheme 1.12. Silicon 

group at 5 position in cyclohexenone has also been utilized to control the stereochemistry 

of epoxidation reaction in the synthesis of (−)-frontalin50 (Scheme 1.13). 

 

Scheme 1.12 

 

 

Scheme 1.13 

 
1.2.4a Elimination of β-hydroxy silanes51 

 The organosilicon compounds having β-hydroxy group can undergo 1,2-

elimination (Scheme 1.14). The elimination could be directed to a syn- or anti-fashion by 

performing the reaction under basic or acidic conditions respectively.  

 

Scheme 1.14 

Thus, β-hydroxy silanes with KH afford the cis-alkenes stereospecifically via syn-

elimination of trimethylsilanol. Whereas, acid mediated reaction involve two steps. Initial 
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ionizations of the C–O bond, oriented anti-periplanar to the silyl moiety, leads to the trans-

alkene via a silyl stabilized carbenium intermediate. 

 

1.2.4b Reactions of allylsilanes 

 Allylsilanes have proved to be one of the most versatile carbon nucleophiles 

displaying a high level of stereocontrol in their attack on cationic electrophiles. The 

outcome largely depends on the electrophile, the allylsilane substituents and its geometry, 

Lewis acid catalyst and the positioning of the stereogenic centre/s. The stereochemistry of 

the SE2' reaction of allylsilane is overall anti stereospecific52-55 (Scheme 1.15). 

 

Scheme 1.15 

 Hydroboration of allylsilanes56 is only marginally an electrophilic attack, but it is 

substantially affected by the silyl group. The selectivity for the boron to attach itself to C-3 

of the allyl system is higher than for the corresponding alkenes lacking the silyl group, and 

the stereoselectivity is that expected for anti attack. Now with the established boron 

chemistry, the intermediate boranes can be converted stereospecifically to alcohol 

functionality or can be used in stereospecific C–C bond formation (Scheme 1.16). 

Epoxidation of allysilanes57-59 is highly selective. Allylsilane epoxides are usually unstable 

to isolation or manipulation, undergoing anti stereospecific desilylative elimination 

directly to the (E)- and (Z)-alkenes. The former can be prepared with overall high 
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stereoselectivity, especially when the group R is large and/or the double bond in the 

starting material is cis (Scheme 1.17). 

 

Scheme 1.16 

 

Scheme 1.17 

 

1.2.4c Reactions of vinylsilanes  

 Another important class of organosilanes is vinylsilanes which undergo 

electrophilic substitution with various electrophiles mostly with retention of configuration 

controlling the double-bond geometry (Scheme 1.18). However, there are several reactions 

of vinylsilanes in which the reaction takes place on the double bond and the silyl group 

remains intact but its presence has stereochemical consequences60 (Scheme 1.18). 

 

Scheme 1.18 
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1.2.4d Reactions of β-silyl enolates 

 β-Silyl enolates have essentially the same framework as an allylsilane, and hence 

the same stereochemical imperatives, but due to change of substituents, C-2 becomes the 

nucleophilic atom. Alkylation and protonation reactions therefore take place with very high 

anti selectivity. β-Silyl enolates also react stereoselectively, and in the same sense, with the 

triagonal carbon electrophiles e.g., with aldehydes. They react with very high 

diastereoselectivity, not only with respect to the relationship between C-2 and C-3, but also 

with the centre C-2 and C-3'61,62 (Scheme 1.19).  

 

Scheme 1.19 

 
1.2.4e Reactions of α-silyl ketones 

 A silyl group in α-silyl ketones controls the diastereoselectivity of nucleophilic 

attack on the carbonyl group which follows Cram's rule (silyl group is considered as the 

large group). Both base and acid catalyzed reactions provide stereospecific route to 

trisubstituted alkenes as shown in Scheme 1.20.63 
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Scheme 1.20 

 
1.2.4f Protodesilylation of arylsilanes 

 Fleming used Eaborn's protodesilylation principle64 to introduce an electrophile to 

the aryl-moiety. In presence of an electrophile, arylsilanes undergo desilylation reaction 

via ipso-substitution which results in the formation of desilylated aryl group through silyl 

stabilized cationic intermediate (Scheme 1.21) during protodesilylation, the silyl group is 

converted into a hetero substituted silane. 

 
Scheme 1.21 

 
1.2.4g Silicon groups as masked hydroxyl groups 

 

 As early as in the early eighties, the conversion of particular silyl moieties into the 

corresponding alcohol of the carbon-silicon bond has been described by Fleming, Tamao 

and Kumada.65,66 The dimethyl(phenyl)silyl group introduced by Fleming served as a 

masked hydroxy group67 in total synthesis of many natural products. A 

(phenyl)dimethylsilyl group attached to carbon can be converted into a hydroxyl group 

with retention of configuration at the migrating carbon, by any of the three main methods 

described in Scheme 1.22. The first involves protodesilylation to remove the phenyl ring 
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from the silicon atom, followed by oxidation of the resulting functionalized silicon atom 

using peracid or hydrogen peroxide. The second uses mercuric acetate for the same 

purpose, and can be combined in one pot with the oxidative step using peracetic acid. This 

method has a variant in which the mercuric ion is combined with palladium (II) acetate, 

both in less than stoichiometric amounts. The third uses bromine, which can also be used 

in one pot in conjunction with peracetic acid. In this method, but not in the method based 

on mercuric acetate, the peracetic acid may be buffered with sodium acetate. The method 

using bromine as the electrophile for removing the benzene ring has a more agreeable 

variant in which it is administered in the form of potassium bromide, which is oxidized to 

bromine by the peracetic acid.  

 

Scheme 1.22 

 
1.2.5 Silylation of organic compounds 

 There are many possible ways to introduce a silyl group in carbon framework of 

organic molecules. The choice of method depends on the type of organosilicon compounds 

one would like to make. Besides specific methods for a particular class of organosilanes, 

there are also a few general approaches to prepare organosilicon compounds and are very 

frequently used in practice. Formation of Si–C bond in alkynes, alkenes, carbonyl 

compounds etc. are usually done via hydrosilylation method.68 Hydrosilanes, HSiR3, and a 
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variety of substrates having C=C double bond usually get activated by a transition metal 

complex, MLn (L = ligand), especially an electron-rich complex of a late transition metal 

such as Co(I), Rh(I), Ni(0), Pd(0), or Pt(0) as a pre-catalyst. A catalytic cycle is generally 

assumed to proceed by the Chalk-Harrod mechanism68c (Scheme 1.23). At first, oxidative 

addition of a hydrosilane gives a hydrido-silyl complex, A which then undergoes migratory 

insertion of the alkene into the M–H bond (hydrometallation) to give the alkyl-silyl 

species, B. Reductive elimination of the alkyl and silyl ligands from B produced the 

hydrosilylation product. 

 

Scheme 1.23 

 Silyl cuprates easily prepared from silyllithiums and copper halides react with 

acetylenes69a with very high regioselectivity to give functionalized organosilanes (Scheme 

1.24). Similarly, silylmagnesium and silylaluminium species add to terminal alkynes69b in 

the presence of transition metal catalysts with high regio and stereoselectivity. Silyl 

cuprates also undergo clean 1,4-addition69c with conjugated carbonyl compounds (Scheme 

1.25) providing a method for preparation of large classes of organosilicon compounds.  
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Scheme 1.24 

 

Scheme 1.25 

 The classical way by replacing a carbon-metal bond70 with a carbon silicon bond is 

also very useful to provide a large number of organosilicon products (Scheme 1.26). 

 

Scheme 1.26 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

 



 

   

 

 

 

CHAPTER 2 

 

 

 

 

 

Silicon Assisted Diversified Reaction of 

Silylmethylene Malonates with 

Dimethylsulfoxonium Methylide 

 

 

 

 

 

 

 



   22 

2.1 Introduction 

The term, ‘ylide’ is obtained from German terms yl (means an open valancy) and id 

(means anionicity). An ylide can be viewed as a special carbanion, which bears a 

neighboring heteroatom (sulfur,71 phosphorus,72 nitrogen,73 arsenic,74 antimony,75 

bismuth,76 selenium,77 tellurium,78 germanium,79 tin,80 and iodine81) carrying a high degree 

of positive charge (Fig. 2.1). It can be considered as a special type of zwitter ion where the 

negatively charged carbon is highly nucleophilic in nature. Sulfur ylides are now a 

powerful and versatile synthetic tool in the arsenal of organic chemists. Sulfoxonium 

ylides (Fig. 2.2) are a class of sulfur-based ylides that have been extensively studied after 

sulfonium ylides in the chemical literature. In particular, dimethylsulfoxonium methylide 

(Corey’s reagent) have been proved to be a versatile nucleophilic agent capable of reacting 

with a wide variety of different systems.82 

 

Figure 2.1: General structure of an ylide 

 

Figure 2.2: General structure of sulfoxonium ylides 

 In 1962, Corey and Chaykovsky83 synthesized dimethylsulfoxonium methylide by 

the reaction of trimethylsulfoxonium chloride or iodide with sodium hydride under inert 

atmosphere in dry dimethyl sulfoxide (DMSO) (Scheme 2.1). A solution of 

dimethylsulfoxonium methylide in THF is stable for several months if kept in dry nitrogen 

or argon atmosphere at 0 ºC. A series of sulfoxonium salts have been used for the synthesis 
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of different types of sulfoxonium ylides such as dialkylsulfoxonium ethylides, 

dialkylamino(aryl)sulfoxonium methylides, dialkylamino(alkyl)sulfoxonium methylides, 

dialkylamino(alkyl)sulfoxonium ethylides etc. 

 

Scheme 2.1 
 

2.1.1 Reactions of DIMSOY with multiple bonds 

 Both the sulfur ylides, dimethylsulfoxonium methylide (DIMSOY) and 

dimethylsulfonium methylide (DIMSY) are known to behave as nucleophile and transfer 

methylene group to certain electrophilic unsaturated linkages, including C=O, C=N, C=S 

and activated C=C bonds. In these reactions the ylide behaves as a nucleophile in the first 

step and then subsequent loss of DMSO provides the cyclic products (Scheme 2.2).  

 

Scheme 2.2 

Therefore, DIMSOY reacts with a ketone to produce epoxide. Epoxidation reaction 

between chiral β-hydroxy ketones and DIMSOY produced only one diastereomeric 

product (Scheme 2.3).84 Whereas enedione and DIMSOY gave a mixture of mono- and di-

epoxy products along with other products.85 But 4,6-di-methylbenzocyclobuten-1-one does 

not lead to an epoxide. Instead, it produces 5,7-dimethylindan-1-one (Scheme 2.3).86 

Reactions of DIMSOY with epoxides lead to ring expansions to give oxetanes via the 

Corey reaction, therefore ketones can be converted to oxetanes by using 2 equivalents of 

the ylide (Scheme 2.4). 
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Scheme 2.3 
 

 

 Scheme 2.4 

 A convenient preparation of terminal diamondoidyl bis-1,3-dienes was achieved87 

by converting bis-acetyl diamondoids to the respective oxetanes using DIMSOY and 

subsequent acid catalyzed ring opening/dehydration reactions (Scheme 2.5). 

 

Scheme 2.5 
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 According to Corey and Chaykovsky,83 the less reactive DIMSOY (stabilized 

ylide) interacts with the carbonyl function of nonconjugated aldehydes and ketones to form 

oxiranes. On the other hand, α,β-unsaturated ketones which are Michael acceptor form 

cyclopropyl ketones. Contrary to DIMSOY, DIMSY reacts with the same substrates to 

form oxiranes exclusively even with α,β-unsaturated systems. Recently, the use of 

recyclable ionic liquids like (bmim)PF6
88 as solvent have been introduced for the Corey-

Chaykovsky epoxidation and cyclopropanation reactions (Scheme 2.6). Similarly, 3-

ethoxycarbonylcoumarine reacts with 2.4 equiv of the ylide to produce tricyclic product.89 

 

Scheme 2.6 

 Like C=O, C=N also undergoes methylene group insertion reaction to produce 

azetidines when reacted with DIMSOY (Scheme 2.7) and here also a number of products 

formed through the participation of other neighboring groups.  

 

Scheme 2.7 

 
2.1.2 Substitution reactions with DIMSOY90 

 DIMSOY not only reacts with multiple bonds, but also undergoes the substitution 

reactions with chloro-containing compounds such as 3-chlorocyclohex-2-enone,90a 3-
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chloro-2-methyl-2-cyclopenten-1-one,90b 2-chloropyrimidine90c and 3-chlorobenzothiazole 

1,1-dioxide.90c They result in the formation of new sulfoxonium ylides (Scheme 2.8).  

 

Scheme 2.8 

 Similarly, substitution reactions with acid anhydrides and phenyl isocyanate, acid 

chloride provide acyl-substituted ylides (Scheme 2.9).82 The reaction of the ylide with 

organoelement acid halides gives the corresponding C-substituted ylides. Such kind of 

reactions of DIMSOY with methanesulfonyl chloride, tri-fluoromethanesulfonyl fluoride, 

chloro tri-methylgermane have been presented in Scheme 2.10.82  

 

Scheme 2.9 

 

Scheme 2.10 
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2.1.3 Methylation reactions with DIMSOY  

 Certain organic compounds also enjoy methylation reactions such as C-

methylation, N-methylation, O-methylation and S-methylation when treated with 

DIMSOY. When nitrobenzene and DIMSOY were allowed to react at room temperature, a 

mixture of products of o- and p-nitrotoluene was isolated.91 Similarly, phenalenone upon 

treatment with excess of the ylide undergoes C-methylation and provide 9-

methylphenalenone followed by 9-methyl-2,3-homophenalenone (Scheme 2.11).92  

 

Scheme 2.11  

 The deprotonation of N–H group in certain organic compounds was found to be 

transferred to DIMSOY and generate the trimethylsulfoxonium salt, which then methylates 

the amide ion resulting into the corresponding N-methylation products (Scheme 2.12).  

 

Scheme 2.12 
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Similarly, weak acids like phenols, carboxylic acids, and oximes undergo O-methylation 

on treatment with the ylide. S-Methylated products were also prepared by the reactions of 

the ylide with N-phenyliso-rodanine, certain thioketones and dithiocarboxylic esters 

(Scheme 2.12).82  

 

2.2 Present Work  

 As discussed above, sulfonium and sulfoxonium ylides are extensively used in 

organic chemistry to achieve the stepwise insertion of a methylene or a substituted 

methylene across the double bond of a carbonyl, an imine, or an electrophilic olefin to 

yield an oxirane, an aziridine, or a cyclopropane, respectively. Besides their difference in 

stability, the outcomes of many reactions with these ylides are similar, although, some 

notable differences in their reactivity and selectivity are also reported93. Recently our 

group and others have shown that DIMSY (1) when used in excess, or in the presence of a 

base can act as an equivalent of a carbenoid anion and provided interesting product(s) 

when reacted with various Michael acceptors,94 activated dienes,95 carbonyl compounds, 

imines and epoxides.96 When DIMSY was reacted with β-silylmethylene or β-

arylmethylene malonates 2, cyclopropane derivatives 3 or olefins 4 were obtained94 

depending upon the quantities of the ylide and base used (Scheme 2.13). We were 

therefore interested to know if excess DIMSOY (5) would react in similar fashion with β-

silylmethylene malonate 2a (R = SiMe2Ph). 

 

Scheme 2.13  
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 We have prepared 2a by a conjugate addition-elimination reactions starting from 

the commercially available diethyl ethoxymethylene malonate (Scheme 2.14). 

Dimethyl(phenyl)silyl chloride 6a was obtained by the addition of phenylmagnesium 

bromide to dichlorodimethylsilane. Dimethyl(phenyl)silyllithium 7 was obtained from the 

corresponding silyl chloride by reaction with lithium metal and was added to diethyl 

ethoxymethylene malonate leading to unsaturated diester 2a in good yield.  

 

Scheme 2.14 

 

 

Scheme 2.15 

 Interestingly, when excess DIMSOY, generated from the reaction of 

trimethylsulfoxonium iodide and sodium hydride in DMSO was reacted with the β-

silylmethylene malonate 2a at room temperature, the expected cyclopropane 3a was 

formed albeit in moderate yield, associated with two unusual products viz. cyclobutane 8a 

and the allylated malonate 9 (Scheme 2.15). However, when stoichiometric quantity of the 
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ylide 5 was used, besides cyclopropane 3a, a pair of new products, an allylsilane 10 and its 

regioisomeric homoallylsilane 11 were formed (Scheme 2.15). The diversified products 

formed under different conditions therefore challenged us to formulate conditions for 

individual products. We developed the conditions for two interesting groups of products, 

cyclobutane and allyl/homoallylsilane with very high selectivity merely by adjusting the 

stoichiometry of the ylide and reaction conditions. 

 

2.2.1 Preparation of cyclobutane derivatives 

 Cyclobutanes have been known for more than a century but their use as synthetic 

intermediates has gained popularity very recently.97 Their diversity of reactions is the 

result of the inherent strain associated with the four-membered ring contributing to both 

angular and torsional effects. Thus, cyclobutanes undergo reactions such as ring opening to 

acyclic products98 (23–26 kcal mol-1 release of energy), ring enlargement to five- or six-

membered ring products99 (20 and 25 kcal mol-1 respectively), and ring contraction to 

cyclopropanes.99 The regioselectivity of bond cleavage in cyclobutane is decided by the 

ring substituents, reagents and conditions.  

 The [2+2] cycloaddition between two alkene moieties represents the most popular 

method for the construction of cyclobutanes.97d However, the above method for the 

synthesis of cyclobutane derivatives, suffers from the inherent nonselectivity for the 

thermal process, which is forbidden by orbital symmetry considerations, and thus proceeds 

via intermediates which are sufficiently long lived to undergo stereochemical equilibration. 

The photochemically induced cycloaddition is allowed by orbital symmetry. However, 

isolated alkenes possess chromophores which are not accessible to excitation by 

conventional light sources. On the other hand, conjugated alkenes and enones, which are 

conveniently excited by conventional UV sources, often undergo intersystem crossing to 
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the triplet state, producing biradicals which can readily undergo stereochemical 

equilibration. An additional problem arises when nonsymmetric alkenes with little 

electronic differentiation are used, giving rise to mixtures of regioisomers.  

 From the above discussions it is very clear that the synthesis of suitably 

functionalized cyclobutane derivatives is still challenging. We, therefore, first aimed to 

establish the optimized conditions for the preparation of the silicon functionalized 

cyclobutane derivative 8a (Fig. 2.3). To this end, we carried out the reactions of 2a with 

DIMSOY, generated from trimethylsulfoxonium iodide under different conditions 

(Scheme 2.16) and the results are presented in Table 2.1.  

 The reaction of 2a with 2 equivalents of DIMSOY, generated using sodium hydride 

as base in DMSO at 20 ºC provided the cyclopropane 3a (Fig. 2.4) associated with a 

significant amount of cyclobutane 8a and the allylated malonate 9 (Fig. 2.5) in moderate 

yield (Table 2.1, entry 1). Further increase in the DIMSOY quantity or changing the 

temperature did not improve the yield, but led to substantial formation of the undesired 

byproduct 9 at the expense of the target cyclobutane 8a (Table 2.1, entries 2 & 3). 

Changing the base to LiOBu-t (generated from n-butyl lithium and tert-butanol) in DMSO 

improved the product yield with overwhelming preference for the cyclobutane 8a. 

Amongst the solvents studied, DMF showed comparable yields and selectivity. The cation 

of the base had a dramatic influence on the selectivity of the formation of cyclobutane 8a 

over cyclopropane 3a, and increased in the order Li>Na>K. Hence, the best condition was 

to use 2.5 equivalents each of LiOBu-t and trimethylsulfoxonium iodide with respect to 

malonate 2a in DMSO at 20 ºC, which gave cyclobutane 8a and cyclopropane 3a (3a:8a = 

13/87) in 71% isolated yield (Table 2.1, entry 5). Increasing the amount of ylide 5 beyond 

2.5 equivalents neither enhanced the yield nor selectivity (Table 2.1, entry 6). The effect of 
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counter ion in the trimethylsulfoxonium salt did not have much impact since the reaction 

with trimethylsulfoxonium chloride proceeded with similar yield and selectivity (Table 

2.1, entry 11). 

 

Scheme 2.16 

 
Table 2.1: Optimization of conditions for the synthesis of cyclobutane 8a 
________________________________________________________________________ 

Entry Me3S(O)I 

(equiv) 

Base (equiv) Solvent 3a:8a:9a %Yield of 

3a+8ab 

1 2 NaH (2) DMSO 24:41:35 34c 

2 2.5 NaH (2.5) DMSO 49:2:49 ndd,e 

3 2.5 NaH (2.5) DMSO 28:4:68 ndd,f 

4 2 LiOBu-t (2) DMSO 17:83:0 60 

5 2.5 LiOBu-t (2.5) DMSO 13:87:0 71 

6 3 LiOBu-t (3) DMSO 12:88:0 69 

7 2.5 LiOBu-t (2.5) DMF 13:87:0 69 

8 2.5 LiOBu-t (2.5) THF 68:32:0 19 

9 2.5 NaOBu-t (2.5) DMSO 43:57:0 61 

10 2.5 KOBu-t (2.5) DMSO 59:41:0 60 

11 2.5g LiOBu-t (2.5) DMSO 12:88:0 73 

 
a Ratios determined by 1H NMR from the crude product; b

 All the reactions (except entries 2 and 3) were 

performed at 20 ºC; c
 20% of 9 was also isolated; d Yield not determined; e Reaction was performed at −10 

ºC; f Reaction was performed at 50 ºC; g Me3S(O)Cl was used. 

 

 To see the generality of this synthetic strategy, we prepared two more 

silylmethylene malonates 2b,c. The dimethyl(trimethylsilyloxy)silyl substituted methylene 

malonate 2b was prepared in 58% yield from 2a by a selective protiodephenylation of the 
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(phenyl)dimethylsilyl group with trifluoromethanesulfonic acid in dichloromethane 

followed by mixed disiloxane formation by adding excess trimethylsilyl chloride to the 

reaction mixture and then quenching with ammonium hydroxide (Scheme 2.17). 

Figure 2.3: 1H NMR of cyclobutane 8a

 

Figure 2.4: 1H NMR of cyclopropane 3a 

 

Figure 2.5: 1H NMR of malonate 9 

 For the preparation of di-tert-butyloxy(phenyl)silyl substituted methylene malonate 

2c, we adopted a procedure similar to the preparation of 2a. Therefore, the known di-tert-

butyloxy(phenyl)silyl chloride100 12 was achieved by the reaction of commercially 

available phenyltrichlorosilane with tert-butyl alcohol in presence of triethylamine and 4-

(dimethylamino)pyridine (DMAP). Following the literature procedure,100 di-tert-
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butyloxy(phenyl)silyllithium 13 was prepared from the corresponding silyl chloride 12 and 

reacted with diethyl ethoxymethylene malonate in THF to give 2c (Scheme 2.18). 

 

Scheme 2.17 

 

Scheme 2.18 

 Reaction of silylmethylene malonate 2b with DIMSOY, generated under the 

optimized conditions (Table 2.1, entry 5), provided a mixture of cyclopropane 3b and 

cyclobutane 8b in moderate yield and selectivity (3b:8b = 1/2) (Scheme 2.19). Under these 

conditions, silylmethylene malonate 2c also reacted with DIMSOY to give a mixture of 

cyclopropane 3c and cyclobutane 8c. In this case, there was a reversal of selectivity 

wherein cyclopropane 3c was formed as the major product (3c:8c = 7:3). This suggested a 

crucial role of the silyl substituents on the course of the reaction. 

 

Scheme 2.19 
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2.2.1a Plausible mechanism for the formation of cyclobutane derivatives 

 A plausible mechanism for the formation of cyclobutane products from silyl 

substituted methylene malonates 2 is delineated in Scheme 2.20. The nucleophilic addition 

of DIMSOY on the β-silylalkylidene malonate 2 produced the intermediate 14 which can 

give the cyclopropane 3 by loss of DMSO (path-a). Evidently, the cyclobutane 8a, formed 

in this reaction was not produced via the cyclopropane intermediate. In separate 

experiments, cyclopropane 3a was found to be unreactive to the ylide 5 even when treated 

in large excess. As the silicon group is known to facilitate nucleophilic substitution β-to it, 

the other favorable pathway (path-b) was the nucleophilic displacement of DMSO on 14 

by ylide 5 to give the intermediate 15, which on intramolecular cyclization provided the 

cyclobutane 8 with expulsion of DMSO. As the silicon group becomes larger, path-b 

becomes unfavorable owing to the steric effect. This was clearly manifested in case of 2c 

where cyclopropane 3c was obtained as the major product. 

 

Scheme 2.20 
 
2.2.2 Plausible mechanism for the formation of allylmalonate 9 

 Although diethyl allylmalonate 9 can be readily prepared from diethyl malonate 

and allyl bromide, its formation in the reaction of silylmethylene malonates 2 with excess 
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DIMSOY is somewhat unusual. It is well established that cyclopropylmethyl halides, 

cyclobutyl halides and homoallyl halides are all in equilibrium in acid solutions and the 

mixture of products are often formed via delocalized cationic intermediate.101 But, under 

present circumstances, this situation is unlikely. We believe that the silyl group plays an 

important role in this reaction also. We propose that the malonate 9 is also formed from the 

intermediate anion 15 as depicted in Scheme 2.21. The enolate form of 15 probably formed 

a pentacoordinated silicate102 species 16 which facilitated a γ-silyl group assisted 

(neighboring group participation)103 loss of DMSO to give a primary carbocation that 

initiated a 1,2-hydride shift induced 1,3-silyl shift to give a β-silicon stabilized cationic 

intermediate 17. Loss of silyl group from it then yields 9. 

 

Scheme 2.21 

 
2.2.3 Preparation of allyl and homoallylsilane 

 Allylsilanes are versatile compounds that are thermally stable and remain 

unreactive even in the presence of water or oxygen, requiring no special precautions for 

storage of allylsilanes. It is in part due to this high level of stability that allows high 

degrees of regioselectivity and stereoselectivity when doing reactions that involve 

allylsilanes.104 Along with the synthetic importance of allylsilanes (Chapter 1), some of 



   37 

these compounds are also incorporated in the reaction schemes of natural products such as 

prostaglandins,105a loganin105b etc. Allylsilanes are also known to act as effective allylating 

agents towards various carbonyl compounds to give homoallyl alcohol derivatives. Due to 

their enormous synthetic utility, a large number of synthetic procedures of allylsilanes have 

been reported.106 

 Therefore, we turned our attention towards the preparation of the functionalized 

allylsilane 10 (Fig. 2.6) and/or homoallylsilane 11 (Fig. 2.7), obtained by the reaction of β-

silylmethylene malonate 2a with the stoichiometric amount of the ylide 5 (Scheme 2.22). 

The homoallylsilane 11 and the allylsilane 10 are essentially labile olefin regioisomers, and 

are interconvertible under mild conditions. Their structures suggest that these products are 

formed from two molecules of malonate 2a. Therefore, while optimization, the ylide 

quantity was reduced to half that of the malonate 2a. A large number of reaction conditions 

were tried to optimize the formation of 10 and/or 11 as presented in Table 2.2.  

 

Scheme 2.22 
 

Table 2.2: Optimization of conditions for the synthesis of olefins 10 and 11  
________________________________________________________________________ 

Entry Solvent 
(temp) 

%Yield of 
10 + 11a 

%Yield 
of 3ab 

1 DMSO (5 oC) 55 13 

2 DMF (15 oC) 58 11 

3 DMF (5 oC) 65 12 

4 DMF (0 oC) 51 11 

5 NMP (5 oC) 67 11 

 
a Refers to combined isolated yield; b Product contaminated with 8–10% of 8a. 
________________________________________________________________________ 
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The reactions were performed using 0.5 equivalent of DIMSOY generated from 0.5 

equivalent of trimethylsulfoxonium iodide and 1.1 equivalent of t-BuOLi (with respect to 

2a) at a temperature range of 0–15 °C using different solvents like DMSO, DMF and N-

methyl pyrrolidone (NMP). The best result was obtained by carrying out the reaction with 

0.5 equivalents of ylide 5 in DMF or NMP at 5 °C (Table 2.2; entries 3 and 5). 

  

 

Figure 2.6: 1H NMR of 10 

 

Figure 2.7: 1H NMR of 11 
 

2.2.3a Plausible mechanism for the formation of olefins 10 and 11 

 The formation pathway of allylsilane from β-silylalkylidene malonate 2a under 

substoichiometric amount of ylide and stoichiometric amount of base is exemplified in 

Scheme 2.23. The ylide 5 adds to malonate 2a to give the adduct 14 from which the base 

abstracts a proton to generate a new ylide 18. This, in turn, reacts with another molecule of 

malonate 2a to give the intermediate 19. A Peterson type olefination with elimination of 

PhMe2Si and Me2S(O)+ groups afforded the allylsilane 10. The homoallylsilane 11 is then 

formed by base induced double bond isomerization of the allylsilane. 
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Scheme 2.23 

 

2.2.4 Role of silicon group in the diversified reaction of β-silylmethylene 

malonate and ylide  

 To find the role played by the silicon group in the above reactions, arylidene 

malonate 2d94 was prepared by refluxing a solution of m-anisaldehyde and diethyl 

malonate in benzene in the presence of piperidinium benzoate. The arylidene malonate 2d 

was reacted with varying amounts of DIMSOY, generated from the corresponding iodide 

and base (Scheme 2.24). In all the cases, no trace of cyclobutane or the dimerization  

 

Scheme 2.24 

products was observed. The cyclopropane 3d was the sole product associated with the 

unreacted starting material in cases where substoichiometric quantity of ylide 5 was used. 

These results, unambiguously established the vital role of the silyl group in the malonates 
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2a-c in governing the pathway of the ‘reagent-based’ skeletal diversity oriented synthesis 

(Fig 2.8). Where, a common starting substrate is β-silylmethylene malonate and reacts with 

different reagents and/or different reaction conditions to produce highly functionalized 

diverse skeletal. 

 

Figure 2.8: Schematic representation of the ‘reagent based’ DOS approaches 

 

 

2.3 Conclusion 

 In conclusion, we have developed for the first time the ‘reagent-based’ skeletal 

diversity oriented synthesis of functionalized organosilicon compounds. We have 

illustrated the reaction of silylmethylene malonates with DIMSOY, which produces 

diversified products depending upon the stoichiometry of the reactants and reaction 

conditions. The product(s) formed are unique, and the silicon group plays crucial role 

either by assisting and/or by participating in the process. The cyclopropanes, cyclobutanes, 

allyl and homoallyl silanes, produced in this method have synthetic potentials as the 

chemistry of these classes of molecules are well established. In addition, the present work 

also exemplified the unique difference in reactivity of DIMSOY and DIMSY with 

silylmethylene and/or arylmethylene malonates. 
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2.4 Experimental 

All reactions were performed in oven-dried (120 °C) or flame-dried glass apparatus under 

dry N2 or argon atmosphere.  

Solvent purification and drying 

The solvents were dried and distilled from the indicated drying agents: CH2Cl2 and CHCl3 

from P2O5; THF and Et2O from sodium/benzophenone; Toluene, benzene and hexanes 

from sodium; t-BuOH, DMSO, DMF and NMP from CaH2 and then stored over 4 Å 

molecular sieves. 

Reagents 

Benzaldehyde, p/m-anisaldehyde, p-chlorobenzaldehyde were freshly distilled, where as p- 

bromobenzaldehyde and p-nitrobenzaldehyde were crystallized before use. Diethyl 

malonate, ethyl cyanoacetate, triethyl phosphonoacetate were distilled under vacuum 

before use. NaH (55% in oil) was obtained from Aldrich while KH (20% in oil suspension) 

was obtained from Fluka. n-BuLi (1.5 M in hexane), Me3S(O)I and Me3SI were purchased 

from Aldrich. 

NMR Study 
1H NMR spectra were recorded on a Bruker 200 and 500 MHz spectrometer. 13C NMR 

spectra were recorded on a Bruker 50 and 125 MHz spectrometer. Spectra were referenced 

to residual chloroform (δ 7.25 ppm, 1H; 77.00 ppm, 13C). Chemical shifts are reported in 

ppm (δ); multiplicities are indicated by s (singlet), d (doublet), t (triplet), q (quartet), quint 

(pentet), m (multiplet) and br (broad). Coupling constants, J, are reported in Hertz.  

Mass Spectrometry 

The mass spectra were recorded on a Shimadzu GC-MS 2010 mass spectrometer (EI 70 

eV). High resolution mass spectra were recorded at 60–70 eV with a Waters Micromass Q-

TOF spectrometer (ESI, Ar).  
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IR Study 

Infrared spectra (IR) were recorded on a JASCO FT IR spectrophotometer in NaCl cells or 

in KBr discs. Peaks are reported in cm−1. 

Melting Points 

Melting points (mp) were determined on a Fischer John’s melting point apparatus and are 

uncorrected.  

Gas Chromatography 

Gas chromatography (GC) studies were carried out using Younglin Acme 6000M Gas 

Chromatograph fitted with a capillary column (WCOT Fused Silica, CP-SIL-5-CB, 50 m × 

0.25 mm/0.39 mm, 0.25 µm; Carrier: helium 1 mL/min). 

TLC 
Analytical thin-layer chromatography was performed using home made Acme silica gel 

plates (about 0.5 mm). 

Column Chromatography 

Column Chromatography was performed using Silica Gel 230–400 mesh (for flash 

chromatography) obtained from Sisco Research Laboratories Pvt. Ltd. 

 

 
Dimethyl(phenyl)silyl chloride 6 

A solution of bromobenzene (52.7 mL, 500 mmol) in ether (500 mL) was added drop wise 

on magnesium turnings (13.2 g, 550 mmol) with stirring and under gentle reflux. The 

reaction mixture was stirred with reflux for 2 h. This phenylmagnesium bromide solution 

was added to dichlorodimethylsilane (97 mL, 800 mmol) with stirring at 0 °C. The 

reaction mixture was heated under reflux with stirring overnight. The reaction mixture was 

filtered under vacuum and the filtrate was concentrated on oil bath (bath 60 °C). The 

residue was distilled to give dimethyl(phenyl)silyl chloride 6 (66.7 g, 79%).(Caution! the 
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material has frothing nature, therefore, glass wool and bigger size flask has to be used 

during distillation). 

bp. 75–80 oC/5 mmHg.  

1H-NMR (200 MHz, CDCl3): δ 0.69 (6 H, s, 2 × MeSi), 7.35–7.44 (3 H, m, Ar), 7.61–

7.66 (2 H, m, Ar). 

 

Dimethyl(phenyl)silyllithium 7
 

Dimethyl(phenyl)silyl chloride (20 mL) was added to a stirred suspension of lithium metal 

(2 g, 0.286 gatom) in THF (90 mL) at 0 °C under argon. The reaction mixture was stirred 

under this condition for 5 h (color of the solution became deep red).  

Estimation of the strength of the dimethyl(phenyl)silyllithium solution: 

A) 1 mL of the reagent was quenched with water and titrated with standard oxalic acid 

solution (0.1 N) using phenolphthalein indicator which gave total lithium content in 

solution. 

B) 1 mL of the reagent was first quenched with 1,2-dibromoethane (1 mL) in ether (10 

mL), stirred under argon for 5 min and then quenched with water and titrated as above 

which gave lithium content not present as silyllithium.  

The difference of the two titer values (A−B) gave the actual silyllithium concentration 

which was found to be 0.85 M in this case. 

 

 

Ethyl 2-ethoxycarbonyl-3-phenyldimethylsilyl-2-propenoate 2a 

Dimethyl(phenyl)silyllithium 7 (0.85 M solution in THF) (105 mL, 89 mmol) was added 

drop wise to a stirred solution of diethyl ethoxymethylene malonate (18 mL, 89 mmol) in 
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THF (200 mL) at –78 oC over 0.5 h. After the addition was over, the reaction mixture was 

stirred for 5 min and the cold bath was removed. The reaction mixture was allowed to 

attain to room temperature (about 25 min) and poured into saturated ammonium chloride 

solution, extracted with Et2O (2 × 250 mL). The organic extract was washed with water 

and with brine, dried over anhydrous MgSO4 and evaporated. The residue was purified by 

column chromatography on silica using hexane-EtOAc (95:5) to give the diester 2a (19.9 

g, 73%) as colorless oil. 

Rf 0.6 (hexane/EtOAc, 95:5). 

IR (neat): 1727, 1604, 1236, 1114 cm−1.  

1H-NMR (200 MHz, CDCl3): δ 0.45 (6 H, s, 2 × SiMe), 1.19 (3 H, t, J = 7.1 Hz, 

MeCH2OCO), 1.29 (3 H, t, J = 7.1 Hz, MeCH2OCO), 4.00 (2 H, q, J = 7.1 Hz, 

MeCH2OCO), 4.24 (2 H, q, J = 7.1 Hz, MeCH2OCO), 7.31 (1 H, s, C=CHSi), 7.34–7.38 

(3 H, m, Ph), 7.50–7.55 (2 H, m, Ph). 

13C-NMR (50 MHz, CDCl3): δ −2.8, 13.7, 13.9, 61.0, 61.4, 127.7, 129.3, 133.7, 136.1, 

141.6, 147.3, 163.6, 165.9. 

MS (ESI) m/z: 329 (M+Na, 15%), 307 (M+H, 5), 229 (M−Ph, 100), 128 (82), 173 (41), 

155 (37). 

 

 

Diethyl dimethyl(trimethylsilyloxy)silylmethylene malonate 2b 

Trifluoromethanesulfonic acid (4.3 mL, 49 mmol, 5 equiv) was added to a stirred solution 

of 2a (3 g, 9.8 mmol) in dry CH2Cl2 (15 mL) at −2 °C. After 10 min, chlorotrimethylsilane 

(12.5 mL, 98 mmol, 10 equiv) was added to the reaction mixture. The reaction mixture was 

poured into ice-cold saturated NH4OH solution (100 mL) and extracted with CHCl3. The 
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organic extract was dried over anhydrous sodium sulfate and evaporated under reduced 

pressure. The residue was purified by column chromatography to give 2b (1.8 g, 58%) as 

colorless oil.  

Rf 0.58 (hexane/EtOAc, 95:5). 

IR (film): 2982, 2958, 2904, 1732, 1370, 1318, 1254, 1198, 1051, 844, 809, 754 cm−1. 

1H-NMR (200 MHz, CDCl3): δ −0.02 (9 H, s, Me3SiO), 0.13 (6 H, s, Me2Si), 1.18 (3 H, t, 

J = 6 Hz, OCH2CH3), 1.20 (3 H, t, J = 6 Hz, OCH2CH3), 4.13 (2 H, q, J = 6 Hz, 

OCH2CH3), 4.15 (2 H, q, J = 6 Hz, OCH2CH3), 6.99 (1 H, s, SiCH=C). 

13C-NMR (50 MHz, CDCl3): δ 0.5 (2 C), 1.6 (3 C), 13.7 (2 C), 60.9, 61.1, 140.1, 149.4, 

163.8, 165.5. 

HRMS (ESI) m/z: Found MNa+ 341.1219, C13H26O5Si2Na requires 341.1217.  

MS (ESI) m/z: 341 (M+Na, 43%), 201(16), 155 (10), 83 (100). 

 

 

Di-tert-butyloxy(phenyl)silyl chloride 12100a 

A solution of t-butyl alcohol (10.4 mL, 110 mmol) in THF (10 mL) was added to a mixture 

of phenyltrichlorosilane (8 mL, 50 mmol), triethylamine (15.3 mL, 110 mmol) and DMAP 

(305 mg, 2.5 mmol) in THF (100 mL). The mixture was stirred at room temperature for 6 

h. The reaction mixture was diluted with dry hexane (100 mL), filtered with suction to 

remove the salt. The filtrate was concentrated and the residue was distilled to give the 

desired product 12 (9.5 g, 66%) as colorless oil. 

bp 85–91 oC/0.6 mmHg.  

1H-NMR (200 MHz, C6D6): δ 1.41 (s, 18 H, 2 × t-BuO), 7.20–7.23 (m, 3 H, Ph), 7.96–

8.00 (m, 2 H, Ph). 
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13C-NMR (50 MHz, C6D6): δ 31.6 (6 C), 75.8 (2 C), 128.1 (2 C), 130.6, 134.4 (2 C), 

135.6. 

 

Di-tert-butyloxy(phenyl)silyllithium 13100b 

Di-tert-butyloxy(phenyl)silyl chloride (8.5 g, 29.6 mmol) was added to a stirred 

suspension of lithium metal (830 mg, 0.118 gatom) in THF (30 mL) at room temperature 

under argon. After 40 min, the reaction mixture was cooled to 0 °C and stirred for 4 h to 

get deep red silyllithium solution. 

 

 

Diethyl di-tert-butyloxy(phenyl)silylmethylene malonate 2c 

The deep red di-tert-butyloxy(phenyl)silyllithium solution (as prepared above) was slowly 

cannulated to a stirred solution of diethyl ethoxymethylene malonate (6.5 mL, 32.6 mmol, 

1.1 equiv) in THF (30 mL) at –78 °C over 15 min. After the addition was over, the reaction 

mixture was stirred for 30 min and the cold bath was removed. The reaction mixture was 

allowed to attain to room temperature (about 25 min) and poured into saturated ammonium 

chloride solution, extracted with Et2O. The organic extract was washed with water and 

with brine, dried over anhydrous MgSO4 and evaporated. The residue was purified by 

column chromatography on silica using hexane-EtOAc (95:5) to give the diester 2c (6.6 g, 

53%) as colorless oil. 

Rf 0.62 (hexane/EtOAc, 95:5). 

IR (film): 3070, 2978, 1731, 1615, 1390, 1366, 1331, 1235, 1119, 1046, 899, 870 cm−1. 

1H-NMR (200 MHz, CDCl3): δ 1.13 (3 H, t, J = 7 Hz, OCH2CH3), 1.29 (3 H, t, J = 7 Hz, 

OCH2CH3), 1.29 (18 H, s, OBu-t), 3.89 (2 H, q, J = 6 Hz, OCH2CH3), 4.23 (2 H, q, J = 6  
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Hz, OCH2CH3), 7.12 (1 H, s, SiCH=C), 7.28–7.37 (3 H, m, Ar), 7.62–7.67 (2 H, m, Ar).  

13C-NMR (50 MHz, CDCl3): δ 13.4, 13.8, 31.6 (6 C), 60.5, 61.2, 73.9 (2 C), 127.2 (2 C), 

129.6, 134.4 (2 C), 135.3, 141.0, 143.5, 163.4, 165.6.  

HRMS (ESI) m/z: Found MNa+ 445.2026, C22H34O6SiNa requires 445.2022. 

MS (ESI) m/z: 445 (M+Na, 17), 349 (23), 265 (100), 219 (47), 147 (23). 

 

 

Ethyl 2-ethoxycarbonyl-3-(3-methoxyphenyl)-2-propenoate 2d 

A solution of m-anisaldehyde (3.7 mL, 30 mmol) and diethyl malonate (5 mL, 33 mmol), 

piperidinium benzoate (20 mol%) in benzene (80 mL) was heated under reflux fitted with a 

Dean-Strake apparatus overnight. The reaction mixture was cooled, washed with water and 

with brine, dried over anhydrous MgSO4 and evaporated. The residue was purified by 

column chromatography on silica using hexane-EtOAc (95:5) to give the diester 2d (6.3 g, 

75%) as colorless oil. 

IR (neat): 2989, 1726, 1629 cm−1. 

1H-NMR (200 MHz, CDCl3): δ 1.29 (3 H, m, MeCH2OCO), 1.34 (3 H, m, MeCH2OCO), 

3.79 (3 H, s, OMe), 4.33 (2 H, q, J = 7 Hz, MeCH2OCO), 4.36 (2 H, q, J = 7.2 Hz, 

MeCH2OCO), 6.92–7.05 (2 H, m, Ar), 7.24–7.32 (2 H, m, Ar), 7.70 (1 H, s, C=CHAr). 

13C-NMR (50 MHz, CDCl3): δ 13.4, 13.7, 54.7, 61.2 (2 C), 113.9, 116.1, 121.5, 126.2, 

129.4, 133.7, 141.4, 159.3, 163.5, 166.1. 

 

 
Diethyl 2-dimethyl(phenyl)silylcyclopropane-1,1-dicarboxylate 3a 

A solution of sodium dimsylate (1 mmol) in DMSO (4 mL) was prepared. The solution  
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was diluted with THF (1 mL) and cooled to 0 °C. Solid trimethylsulfonium iodide (0.205 

g, 1 mmol) was introduced into the flask and the reaction mixture was stirred under same 

conditions for 15 min. A solution of 2a (0.306 g, 1 mmol) in dry THF (0.75 mL) was 

rapidly added to the reaction mixture. It was slowly brought to room temperature (about 1 

h) and stirred for 1 h. The reaction mixture was diluted with water and extracted with ether. 

The organic extract was washed with brine, dried (MgSO4) and evaporated. The residue 

was purified by column chromatography on silica using hexane-EtOAc (95:5) as eluent to 

give the cyclopropane 3a (0.173 g, 55%). 

Rf 0.32 (hexane/EtOAc, 95:5). 

IR (neat): 1731, 1249, 1116 cm−1. 

1H-NMR (200 MHz, CDCl3): δ 0.25 (3 H, s, SiMe), 0.34 (3 H, s, SiMe), 1.10 (1 H, dd, J 

= 9.5, 11 Hz, SiCH), 1.18 (3 H, t, J = 7.1 Hz, MeCH2OCO), 1.26 (3 H, t, J = 7 Hz, 

MeCH2OCO), 1.41 (1 H, dd, J = 3.4, 9.5 Hz, CHAHBCHSi), 1.52 (1 H, dd, J = 3.4, 11 Hz, 

CHAHBCHSi), 3.80–4.30 (4 H, m, 2 × MeCH2OCO), 7.30–7.75 (5 H, m, Ar).  

13C-NMR (50 MHz, CDCl3): δ −3.3, −3.2, 13.8, 14.0, 15.4, 18.4, 33.3, 61.2, 61.6, 127.7 

(2 C), 129.1, 133.8 (2 C), 137.9, 169.1, 171.0. 

MS (EI) m/z: 305 (M−Me, 100%), 275 (11), 243 (70), 231 (90), 215 (21), 187 (76), 169 

(73), 159 (27), 135 (41), 105 (29).  

Anal. Calacd for C17H24O4Si: C, 63.72; H, 7.55. Found: C, 63.36; H, 7.88%. 

 

 

Reaction of 2a with 2.5 equivalents of 5 using sodium hydride as base 

Sodium hydride (96 mg, 50% in oil, 2 mmol, 2 equiv) was made oil free by washing with 

dry hexane and dry DMSO (2 mL) was added into it. Trimethylsulfoxonium iodide (440 
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mg, 2 mmol, 2 equiv) was added and the suspension was stirred under argon atmosphere 

for 30 min. The solution was cooled to 20 °C and a solution of 2a (306 mg, 1 mmol, 1 

equiv) in dry DMSO (1 mL) was added slowly (10 min) to the reaction mixture. The 

reaction mixture was stirred at room temperature for 30 min and diluted with water (50 

mL), extracted with 5% ethyl acetate in hexane (3 × 30 mL). The combined extract was 

washed with brine, dried over anhydrous magnesium sulfate and concentrated under 

reduced pressure. The residue was purified by column chromatography on silica using 

hexane-EtOAc (97:3) to give the pure cyclopropane 3a94b (42 mg, 13%), cyclobutane 8a 

(70 mg, 21%) and malonate 9107 (40 mg, 20%).  

Data for 8a  

Rf 0.45 (hexane/EtOAc, 95:5).  

IR (film): 3070, 2981, 2958, 2904, 1724, 1427, 1371, 1251, 1135, 1114, 1025, 836 cm−1.  

1H-NMR (500 MHz, CDCl3): δ 0.34 (3 H, s, SiMe), 0.35 (3 H, s, SiMe), 0.43 (1 H, dd, J 

= 11.5, 11.5 Hz, SiCH), 1.20 (1 H, dd, J = 3, 11.5 Hz, SiCHCHAHB), 1.25 (3 H, t, J = 6.5 

Hz, OCH2CH3), 1.24–1.27 (1 H, m, CHAHBC), 1.28 (3 H, t, J = 6.5 Hz, OCH2CH3), 1.39 (1 

H, dd, J = 3, 7 Hz, CHAHBC), 1.86–1.92 (1 H, m, SiCHCHAHB), 4.09–4.29 (4 H, m, 2 × 

OCH2CH3), 7.36 (3 H, s, Ar), 7.50–7.51 (2 H, m, Ar). 

13C-NMR (50 MHz, CDCl3): δ −3.4, −3.3, 13.8, 14.0, 14.8, 22.2, 24.8, 34.6, 60.9 (2 C), 

127.6 (2 C), 128.9, 133.3 (2 C), 137.9, 167.9, 170.1.  

HRMS (ESI) m/z: Found MNa+ 357.1505, C18H22O4SiNa requires 357.1498. 

MS (ESI) m/z: 357 (M+Na, 100%), 243 (6), 201 (16), 135 (10), 111 (6).  

Data for 9  

Rf 0.58 (hexane/EtOAc, 95:5). 

IR (film): 3082, 2984, 2939, 1733, 1644, 1466, 1370, 1336, 1237, 1178, 1033, 916 cm−1. 
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 1H-NMR (200 MHz, CDCl3): δ 1.25 (6 H, t, J = 7.2 Hz, 2 × OCH2CH3), 2.63 (2 H, t, J = 

7.6 Hz, CH2=CHCH2), 3.41 (1 H, t, J = 7.6 Hz, CH(CO2Et)2), 4.18 (4 H, q, J = 7.2 Hz, 2 × 

OCH2CH3), 5.04 (1 H, d, J = 9.6 Hz, C=CHAHB), 5.10 (1 H, d, J = 16.8 Hz, C=CHAHB), 

5.67–5.84 (1 H, m, H2C=CH). 

13C-NMR (50 MHz, CDCl3): δ 13.9 (2 C), 32.7, 51.5, 61.2 (2 C), 117.3, 133.9, 168.7 (2 

C).  

 

Reaction of 2a with 2.5 equivalents of 5 using lithium tert-butoxide as base 

Dry t-BuOH (0.26 mL, 2.7 mmol) was added drop wise to n-BuLi (1.7 mL, 1.5 M solution 

in hexane, 2.5 mmol) under argon atmosphere. The solvent was removed under vacuum 

and the residue was dissolved in dry DMSO (2 mL). The solution was cooled to 20 oC and 

solid trimethylsulfoxonium iodide (550 mg, 2.5 mmol) was added into it. After 20 minutes, 

a solution of 2a (306 mg, 1 mmol, 1 equiv) in dry DMSO (1 mL) was added slowly (10 

min) to the reaction mixture. The reaction mixture was stirred at room temperature for 30 

min and diluted with water (50 mL), extracted with 5% ethyl acetate in hexane (3 × 30 

mL). The combined extract was washed with brine, dried over anhydrous magnesium 

sulfate and concentrated under reduced pressure. The residue was purified by column 

chromatography on silica using hexane-EtOAc (97:3) to give the pure cyclopropane 3a (25 

mg, 8%) and cyclobutane 8a (210 mg, 63%). 

 

 

Reaction of 2b with 2.5 equivalents of 5 using lithium tert-butoxide as base 

Following the procedure described for the reaction of 2a with ylide 5, 

trimethylsulfoxonium iodide (550 mg, 2.5 mmol), t-BuOH (0.26 mL, 2.7 mmol), n-BuLi 
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(1.7 mL, 1.5 M solution in hexane, 2.5 mmol) and 2b (318 mg, 1 mmol, 1 equiv) gave a 

mixture of cyclopropane 3b and cyclobutane 8b (220 mg, 65%; 3b:8b = 1/2 by 1H-NMR) 

which could not be separated.  

Data for mixture of 3b and 8b 

Rf 0.47 (hexane/EtOAc, 95:5). 

IR (film): 2981, 2958, 2903, 1728, 1371, 1321, 1284, 1254, 1207, 1135, 1057, 843 cm−1. 

1H NMR (200 MHz, CDCl3): (recognizable peaks for 3b) δ 0.84 (1 H, dd, J = 9.4, 11.2, 

Hz, SiCH); (recognizable peaks for 8b) δ 0.97 (1 H, dd, J = 3.4, 14.4 Hz, SiCHCHAHB), 

1.83–1.98 (1 H, m, SiCHCHAHB). 

GC: (column: WCOT Fused Silica, CP-SIL-5-CB, 50m × 0.25 mm/0.39 mm, 0.25 µm; 

Carrier: helium 1 mL/min; temp: 60 ºC-2 min-10 ºC/min-300 ºC): tR 7.34 min (3b) (35%); 

tR 8.61 min (8b) (57%). 

 MS (EI) m/z: for 3b; 317 (M−Me, 73%), 287 (20), 243 (100), 199 (34) 169 (80, 157 (35), 

147 (27), 133 (40), 95 (14), 73 (23). 

MS (EI) m/z: for 8b; 346 (M, 1%), 331 (20), 301 (12), 273 (19), 257 (8), 177 (15), 147 

(100), 133 (29), 108 (39), 81 (44).  

 

 

Reaction of 2c with 2.5 equivalents of 5 using lithium tert-butoxide as base 

Following the procedure described for the reaction of 2a with ylide 5, 

trimethylsulfoxonium iodide (550 mg, 2.5 mmol), t-BuOH (0.26 mL, 2.7 mmol), n-BuLi 

(1.7 mL, 1.5 M solution in hexane, 2.5 mmol) and 2c (422 mg, 1 mmol, 1 equiv) gave a 

mixture of cyclopropane 3c and cyclobutane 8c (322 mg, 73%; 3c:8c = 7/3 by 1H-NMR) 

which could not be separated.  
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Data for mixture of 3c and 8c 

Rf 0.65 (hexane/EtOAc, 95:5). 

IR (film): 2977, 2933, 1731, 1429, 1366, 1330, 1241, 1194, 1118, 1060, 702 cm−1. 

1H-NMR (200 MHz, CDCl3): (recognizable peaks for 3c) δ 0.99 (1 H, dd, J = 9.6, 10.8 

Hz, SiCH), 1.46 (1 H, dd, J = 3, 10.8 Hz, SiCHCHAHB), 1.61 (1 H, dd, J = 3, 9.6 Hz, 

SiCHCHAHB). (recognizable peaks for 8c) δ 0.44 (1 H, dd, J = 11.6, 14.6 Hz, SiCH), 1.96–

2.12 (1 H, m, SiCHCHAHB).  

GC: (column: WCOT Fused Silica, CP-SIL-5-CB, 50 m × 0.25 mm/0.39 mm, 0.25 µm; 

Carrier: helium 1 mL/min; temp: 60 ºC-2 min-10º C/min-300 ºC): tR 12.91 min (3c) (66%);  

tR 13.66 min (8c) (31%). 

MS (EI) m/z: for 3c; 363 (M−t-BuO, 100%), 360 (71), 335 (11), 307 (13), 279 (23), 247 

(11), 233 (39), 219 (24), 189 (18), 173 (14), 161 (12), 140 (12), 139 (88). 

MS (EI) m/z: for 8c; 450 (M, 2%), 393 (6), 377 (8), 349 (5), 293 (4), 251 (5), 195 (15), 

140 (13), 139 (100), 108 (4).  

 

 

Reaction of 2d with 2.5 equivalents of 5 using lithium tert-butoxide as base 

Following the procedure described for the reaction of 2a with ylide 5, 

trimethylsulfoxonium iodide (550 mg, 2.5 mmol), t-BuOH (0.26 mL, 2.7 mmol), n-BuLi 

(1.7 mL, 1.5 M solution in hexane, 2.5 mmol) and 2d (278 mg, 1 mmol, 1 equiv) gave 

diethyl 2-(3-methoxyphenyl) cyclopropane-1, 1-dicarboxylate 3d108 (210 mg, 72%).  

Rf 0.44 (hexane/EtOAc, 90:10). 
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IR (film): 2981, 2938, 2837, 1725, 1603, 1585, 1491, 1465, 1371, 1280, 1208, 1131, 1032, 

991, 862 cm−1. 

1H-NMR (200 MHz, CDCl3): δ 0.87 (3 H, t, J = 7 Hz, OCH2CH3), 1.26 (3 H, t, J = 7 Hz, 

OCH2CH3), 1.65 (1 H, dd, J = 5.2, 9.4 Hz, CHAHB), 2.11 (1 H, dd, J = 5.2, 8 Hz, CHAHB), 

3.16 (1 H, dd, J = 8.6, 8.6 Hz, ArCH), 3.74 (3 H, s, ArOMe), 3.84 (2 H, q, J = 7 Hz, 

OCH2CH3), 4.14–4.29 (2 H, m, OCH2CH3), 6.72–6.77 (3 H, m, Ar), 7.10–7.18 (1 H, m, 

Ar).  

13C-NMR (50 MHz, CDCl3): δ 13.6, 14.0, 18.8, 32.0, 37.3, 55.1, 61.0, 61.6, 113.0, 114.0, 

120.7, 129.0, 136.2, 159.3, 166.5, 169.7. 

 

 

Reaction of 2a with 0.5 equivalents of 5 using lithium tert-butoxide as base 

Dry t-BuOH (0.1 mL, 1 mmol) was added drop wise to n-BuLi (0.67 mL, 1.5 M solution in 

hexane, 1 mmol) under argon atmosphere. The solvent was removed under vacuum and the 

residue was dissolved in dry N-methyl pyrrolidone (1 mL). The solution was cooled to 20 

oC and solid trimethylsulfoxonium iodide (110 mg, 0.5 mmol) was added into it. After 20 

minutes, this ylide solution was added drop wise to neat 2a (306 mg, 1 mmol) over 15 min 

at 5 oC under argon atmosphere. The reaction mixture was allowed to attain to room 

temperature and stirred for 20 min, diluted with water (30 mL) and extracted with 10% 

ethyl acetate in hexane (3 × 30 mL). The combined extract was washed with brine, dried 

over anhydrous magnesium sulfate and concentrated under reduced pressure. The residue 

was purified by column chromatography on silica using hexane-EtOAc (96:4) to give the 

pure allylsilane 10 (10 mg, 4%) and homoallylsilane 11 (155 mg, 63%). A small amount of 

a mixture of cyclopropane 3a and cyclobutane 8a (36 mg, 11%) was also isolated.  
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Data for 10  

Rf 0.34 (hexane/EtOAc, 95:5).  

1H-NMR (200 MHz, CDCl3): δ 0.32 (6 H, s, 2 × SiMe), 1.12–1.29 (12 H, m, 4 × 

OCH2CH3), 2.60 (1 H, t, J = 9.4 Hz, SiCH), 3.42 (1 H, d, J = 8.6 Hz, CH(CO2Et)2), 3.88–

4.22 (9 H, m, 4 × OCH2CH3, CH(CO2Et)2), 5.54 (1 H, dd, J = 8.6, 15.4 Hz, CH=CH), 5.72 

(1 H, dd, J = 10, 15.4 Hz, CH=CH), 7.32–7.49 (5 H, m, Ar).  

Data for 11 

Rf 0.34 (hexane/EtOAc, 95:5). 

IR (film): 3070, 2982, 2938, 2906, 1725, 1644, 1446, 1371, 1254, 1153, 1111, 1028, 836, 

817, 777, 737 cm−1. 

1H-NMR (200 MHz, CDCl3): δ 0.33 (3 H, s, SiMe), 0.36 (3 H, s, SiMe), 1.17–1.32 (12 H, 

m, 4 × OCH2CH3), 1.88–1.98 (1 H, m, SiCH), 2.50–2.60 (2 H, m, C=CHCH2), 3.43 (1 H, 

d, J = 5.2 Hz, CH(CO2Et)2), 4.02–4.28 (8 H, m, 4 × OCH2CH3), 6.84 (1 H, t, J = 7.6 Hz, 

C=CH), 7.33–7.53 (5 H, m, Ph).  

13C-NMR (50 MHz, CDCl3): δ −3.9, −3.4, 13.9 (2 C), 14.0 (2 C), 26.1, 28.3, 52.2, 61.1 (2 

C), 61.2 (2 C), 127.7 (2 C), 128.7, 129.2, 134.0 (2 C), 137.3, 149.1, 163.7, 165.0, 169.1, 

169.5. 

HRMS (ESI) m/z: Found MNa+ 515.2099, C25H36O8SiNa requires 515.2077. 

MS (EI) m/z: 515 (M+Na, 93%), 510 (33), 447 (33), 415 (10), 401 (37), 369 (100), 323 

(6).  

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
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3.1 Introduction  

Unsaturated systems attached to electron withdrawing groups undergo reductive coupling 

reactions in intermolecular or intramolecular fashion by using one-electron transfer 

reducing agents. Electrochemical method109 is a chemical free, useful and versatile 

synthetic methodology for the carbon-carbon bond forming reactions such as 

electrohydrodimerization (Scheme 3.1).110a According to Klemm and co-workers,110b 

electroreduction of α,β-unsaturated esters such as trans-cinnamate at constant cathodic 

potential in anhydrous acetonitrile-tetraethylammonium bromide produce the crystalline 

hydrodimer, 2,3-diaryl-5-oxocyclopentane-1-carboxylate in good yield. Asymmetric 

version of the above reaction had also been performed by Kise et al.
110c wherein [(1R)-

exo]-3-exo-(diphenylmethyl)borneol has been used as a highly effective chiral auxiliary to 

product the R,R-dimer in good yield and diastereomeric excess (Scheme 3.2). 

Electroreductive cyclization111 of a bisenoate tethered by a propyl chain was found to give 

1,2-disubstituted cyclopentane system with moderate to high trans selectivity depending 

upon the proton source (Scheme 3.3).111d 

 

Scheme 3.1 
 

 

Scheme 3.2 
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Scheme 3.3 
 Intermolecular reductive hydrocoupling of α,β-unsaturated carbonyl compounds is 

also known to be mediated by metals like Na, Yb and Sm (Scheme 3.4). Enoates also 

undergo 1,4-conjugate addition followed by Dieckmann cyclization when treated with 

sodium in ether.112a Similarly, reductive coupling of trans-α,β-unsaturated ketone with Na 

in hexamethylphosphoric triamide (HMPA) at −78 °C yielded the racemic dimer whereas 

cis-ketone produced a mixture of the racemic dimer and the meso dimer.112b,c The reaction 

 

Scheme 3.4 

of chalcones with an equimolar amount of Yb metal in the presence of excess 

trimethylsilyl chloride (TMSCl) produced three-type of products due to reductive 

dimerization, simple double bond reduction and β-C-silylation.113 On the other hand, 

chalcones preferred reductive coupling-cyclization when samarium metal114 was used in 

presence of TMSCl as an additive or I2 as catalyst. 

 Kagan et al.
115 had invented divalent lanthanide halides such as SmI2 and YbI2 as 

reducing or coupling agents. Amongst them SmI2 is frequently used.116
 Inanaga et al.

117a 

has shown that a verity of α,β-unsaturated esters instantly hydrodimerized with C–C bond 

formation at β-positions by using SmI2/THF/HMPA and a proton source. The reaction can 
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be performed in an intermolecular or intramolecular fashion with racemic diastereomer as 

the preferred product. Interestingly, the reaction of N,N-dibenzyl crotonamide, under the 

same conditions provides the corresponding racemic 3,4-dimethyl-adipiamide as a single 

diastereoisomer (Scheme 3.5).117b Kanemasa117c used the SmI2/THF/HMPA system, for the 

reduction of N,N-dimethyl dibenzylamides of (E)-α,β-unsaturated acids. The reaction 

produced the 1,2-trans-2,3-trans stereoisomers of 2,3-disubstituted 5-oxo-1-

cyclopentanecarboxamides via highly diasteroselective reductive coupling followed by 

Dieckmann condensation (Scheme 3.6).  

 

Scheme 3.5 

 

 

Scheme 3.6 

 Fleming and Ghosh118 have reported highly stereoselective syntheses of the meso 

diastereoisomer of 3,4-bis-silylated adipates by a SmI2-induced hydrodimerization of β-

dimethyl(aryl)silylacrylates. The reductive coupling was associated with unavoidable 

reduction of C=C double bond which was in agreement with Inanaga.117 However, in 

contrast to Inanaga, the β-silylated acrylic ester favored the meso diastereomers (Scheme 

3.7). 
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 Scheme 3.7 

 Nagaoka et al.
119a have established SmI2-induced method for the tandem 

cyclization of bis-α,β-unsaturated ester to afford bicyclic compounds, 

bicyclo[4.3.0]octane-8-ones and bicyclo[3.3.0]nonan-3-ones in the presence of catalytic 

amount of methanol (Scheme 3.8). Like α,β-unsaturated esters, the reaction of α,β-

unsaturated ketones with SmI2 in the absence of alcohol, leads to reductive or 

cycloreductive stereo controlled coupling reactions.119b In all cases, the use of HMPA as a 

co-promoter increases the yield of the dimer. A similar cycloreductive coupling reaction of 

α,β-unsaturated ketones take place when a low valent titanium reagent, TiCl4-Zn120 was 

used (Scheme 3.8). 

 

Scheme 3.8 

 Using reagents other than SmI2, a few recent reports121-123 have been documented 

where intramolecular reductive coupling of α,β-unsaturated carbonyl compounds joined by 

a suitable tether lead to cyclic systems with preferential formation of trans 
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diastereoisomer. Pandey et al.
122 have developed two photosystems, called PS-A and PS-B 

to harvest visible-light photons that promotes sequential electron transfer process thus 

initiating photosensitized one electron reductive β-activation of α,β-unsaturated ketones. 

Photosystem-A i.e. PS-A consists of DCA (9,10-dicyanoanthracene) as light harvesting 

electron acceptor and PPh3 as sacrificial electron donor, whereas photosystem-B i.e. PS-B 

employed DCA as usual electron acceptor, DMN (1,5-dimethoxynaphthalene) as a primary 

electron donor and ascorbic acid as a secondary and sacrificial electron donor.  

 

 Scheme 3.9 

α,β-unsaturated ketones were selected as secondary electron acceptor due to there 

suitability for testing the concept as upon acceptance of an electron this functionality 

would activate its β-position as carbon centered radical, which would cyclize to tethered 

olefin to give 1,2-disubstituted cycloalkane derivatives. The anti stereochemistry of the 

product appeared to be in marked contrast to the general trend of syn stereochemistry 

expected in 5-hexenyl radical cyclization. These cyclizations follow the well established 5- 

and 6-exo-trig radical cyclization rules. They have also developed122e a new strategy for 
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construction of carbo- and oxycycles by intramolecular reductive coupling of α,β-

unsaturated esters by using these photosystems (Scheme 3.9).  

 The first example of anion radical cycloaddition, induced by homogeneous electron 

transfer from chemical reagents was reported by Krische and co-workers.121b The chrysene 

radical anion-induced intramolecular reductive cyclization of bis(enone) led to a cis ring 

junction preferentially with moderate yield as described in Scheme 3.10. 

 

Scheme 3.10 

 Magnesium in methanol can induce intramolecular reductive cyclization of 

ketones121c tethered to activated olefins. Under the above reaction conditions, olefins such 

as α,β-unsaturated esters, nitriles, sulfoxides and sulfides tethered to ketones undergo 

reductive cyclizations to produce mono and bicyclic alcohol products resulting from 

carbon-carbon bond formation between the β-carbon of the activated olefin and the 

carbonyl carbon.121d,e The reaction was accelerated by the catalytic amount of mercuric 

chloride, without affecting the stereo selectivity of the reaction. The cyclization reactions 

of tethered α,β-unsaturated ester and ketone proceeded smoothly under the above 

conditions producing a mixture of trans and cis isomers in excellent yield along with some 

amount of simple double bond reduction products. In all cases, trans isomers were 

predominantly formed and the minor cis isomers were lactonized under the reaction 



 61 

conditions. The diastereoisomer ratio was found to be independent of the substrate 

geometry (E or Z) (Scheme 3.11). Chavan and Ethiraj121f have also used magnesium in 

methanol for activated olefins connected by a tether to give cyclic products with 3-, 5- and 

6-membered rings, associated with varying quantities of double bond reduction products. 

The diastereoisomer ratio in the products depended on the substituents at the activated 

olefins and the tether. In most cases, it varied between 1.1 and 2.8, favoring for the trans 

isomers (Scheme 3.11). 

 

Scheme 3.11 

 Tributyltin hydride (n-Bu3SnH) has been applied to diverse free radical reactions. 

The tin hydride induced intramolecular reductive cyclizations of α,β-unsaturated ketones 

with electron-deficient olefins was studied by Enholm and Kinter.123 The reaction was 

initiated by an O-stannyl ketyl formed by the addition of a tribytyltin radical to a carbonyl, 

which has both anionic and radical character. Intramolecular addition of the radical 

(formed after resonance) to an alkene leads to the cyclized product by a 5-exo-trig ring 

closure with high trans-selectivity (Scheme 3.12). The minor cis isomer underwent second 

intramolecular cyclization with the tin enolate to produce the corresponding bicyclic 

products. 
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Scheme 3.12 

 

3.2 Present Work  

 As discussed in Chapter 1, diversity-oriented synthesis (DOS) aims to yield 

skeletally and stereochemically diverse products and so have high potential. Principally, 

skeletal diversity-oriented synthesis can be achieved in two ways. The first one involves 

the use of different reagents and a common class of starting materials and we have shown 

our achievement in this area in Chapter 2. The other approach is called ‘substrate-based 

approach’, wherein different starting materials, containing pre-encoded skeletal 

informations are subjected to a common set of reaction conditions leading to different 

skeletal diversity. This Chapter deals with a ‘substrate-based DOS approaches’ for 

generating diverse skeletal products. 

 Molecules containing stereochemically defined two (or more) silicon-bearing 

centres and terminal functionalities are useful intermediates in organic synthesis. A silicon 

group can effect stereochemical control47a,b in a 1,2-related and a 1,3-related fashion. 

Therefore, molecules with two adjacent silicon-bearing centres can effectively control 

stereocentres which are 1,4-related & beyond.47c,d As shown in Scheme 3.7, highly 

stereoselective syntheses of the meso diastereoisomer of 3,4-bis-silylated adipates have 

been achieved with great stereo control.118,124 These intermediates have been applied for 
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the synthesis of many natural products118,124 (Fig. 3.1) such as ribonolactone, 

deoxyribonolactone, both the enantiomers of nonactic acid as well as nonactin.  

 

Figure 3.1: Structure of natural products derived from meso 3,4-bis-silylated adipate 

 The C2-symmetric racemic diastereoisomers of 3,4-bis-silylated adipates are also 

expected to be a starting point for the syntheses of complex molecules. Besides, C2-

symmetric molecules have privileged structures with high potential for the generation of 

molecular species suitable in asymmetric catalysis. There is no method available for 

making them both in racemic or enantiomerically pure form. Therefore, our plan was to 

find out a synthetic procedure for the stereoselective synthesis of chiral C2-symmetric 3,4-

bis-silyl-substituted adipic acid derivatives to show their reactivity and utility. 

 

3.2.1 Syntheses of C2-symmetric racemic diastereoisomers of 3,4-bis-silyl-

substituted adipic acid derivatives 

 As described in the introduction part of this Chapter, intermolecular reductive 

hydrocoupling of α,β-unsaturated carbonyl compounds is known to be mediated by metals 

like Na, Yb and Sm or reducing agents like SmI2 and TiCl4-Zn. Amongst these, SmI2, 
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which is frequently used for this purpose, can induce hydrodimerization of β-aryl/alkyl 

acrylic acid derivatives to give 3,4-diaryl/alkyl-substituted adipates/adipamides in favor 

(66–100%) of the C2-symmetric diastereoisomer. However, the same hydrodimerization of 

β-silylacrylic acid esters favored the meso diastereoisomer (76–100%).  

 Making a five membered ring with trans geometry of the substituents is 

energetically more favored. We, therefore, decided to resolve our problem of making C2-

symmetric racemic diastereoisomers of 3,4-bis-silyl-substituted adipic acid derivative 20 

by a five-membered ring formation (Scheme 3.13) which can be expected to be achieved 

by intramolecular reductive cyclization of symmetrical disiloxane tethered bis-acrylates 21 

(X = OR). One possible way of making disiloxane 21 would be by the dehydrative 

dimerization of the corresponding silanol 22. The silanol in turn could be obtained from 

the corresponding aryldimethyl silyl substituted acrylate 23. 

 

Scheme 3.13 

 Our first task was, therefore, to make the symmetric disiloxane 21a (X = OMe), as 

the syntheses of these types of molecules are not known. For this, the β-silylated α,β-

unsaturated ester 23a-c was synthesized from the readily available chlorodimethylsilane as 

shown in Scheme 3.14. Addition of phenylmagnesium bromide on chlorodimethylsilane 

provided dimethyl(phenyl)silane 24a whereas 4-methylphenylmagnesium bromide with 

chlorodimethylsilane gave dimethyl(4-methylphenyl)silane 24b. Dimethyl(phenyl)silane 

24a on reaction with methyl acrylate in the presence dicobalt octacarbonyl as the catalyst 

provided (E)-β-silyl acrylate 23a. Similarly, dimethyl(4-methylphenyl)silane 24b with 
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ethyl and methyl acrylate produced (E)-β-silyl acrylates 23b/23c, respectively. The 

synthesis of vinylsilanols and vinyldisiloxanes have been achieved (Scheme 3.15)94c-e from  

 

Scheme 3.14 

 

 
Scheme 3.15 

trifluoromethanesulfonic acid (TfOH) or trifluoroacetic acid (TFA). We were pleased to 

see that silylacrylate 23a on treatment with TfOH at −4 °C in dichloromethane gave the 

desired disiloxane 21a in excellent yield (Scheme 3.16). It is worth mentioning that 

sometimes the product is contaminated with a small amount of silanol 22a, which either on 

standing or treatment with a sub-stoichiometric amount of potassium t-butoxide gets 

converted to the desired disiloxane 21a (Fig. 3.2).  

 

Scheme 3.16 
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Figure 3.2: 1H NMR of 21a 

 After successful synthesis of the disiloxane 21a, our next goal was to find out an 

appropriate reducing system for the reductive cyclization reaction. The commonly used 

reducing agent, SmI2 is reactive, expensive, highly air-sensitive to certain carboxylic acid 

derivatives like N-acyl oxazolidin-2-ones,125 and requires THF as a co-solvent. Magnesium 

metal and SmI2 have similar reduction potentials (Mg: −2.38 V vs SCE; SmI2: −2.05 V vs 

Ag/AgNO3).
126 Magnesium has already been used in reductive reactions involving 

unsaturated esters as well as in intramolecular reductive cyclizations.121d-f When we carried 

out the reductive cyclization of disiloxane 21a with Mg metal in dry MeOH following the 

reported procedure,121f only the double bond reduced product 25a (Scheme 3.17) was 

isolated. The reaction did not proceed at all in solvents like THF, acetonitrile or DMF even 

after prolong stirring at room temperature. 

 

Scheme 3.17 
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 Recently, Nishiguichi et al.
127 have shown that in the presence of trimethylsilyl 

chloride (TMSCl) as an additive, the Mg metal-promoted reductive dimerization of α,β-

unsaturated aldehydes and ketones in DMF generate bis-(silyl enol) ethers with very high 

regioselectivity (Scheme 3.18).  

 

Scheme 3.18 

 When disiloxane 21a was subjected to react under the reported conditions,127 we 

were pleased to see that the reaction took place with complete consumption of starting 

material (Scheme 3.19, Table 3.1, entry 1). Analysis of the crude product by 1H NMR 

spectroscopy revealed the formation of a mixture of diastereoisomeric cyclic products, cis-

20a and trans-20a, associated with the double bond reduced product 25a and some 

unidentified oligomeric materials. We, then modified the procedure by adding the 

disiloxane 21a to the mixture of Mg and TMSCl in DMF under various conditions as 

presented in Table 3.1. Under all these conditions, the formation of the double bond 

reduction product 25a (10-24%) could not be avoided. The stereo selectivity of the 

cyclization was marginal in all these conditions as shown in Table 3.1. Catalytic amount of 

SmI2 or SmI3 and stoichiometric amount of a reducing agent like Mg can induce various 

types of reactions on carbonyl compounds including pinacol type self couplings128 or 

couplings with activated olefins.129 Being a lanthanide, samarium in trivalent state is 

known to be a good complexing agent130 thus can activate the substrate as well as make the 

transition state compact for a better stereocontrol. Therefore, we were interested to see the 

effect of SmI3 in this coupling reactions and a marginal preference for cis-20a was 
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observed when SmI3 (0.2 equiv) was added to the above reagents (Table 3.1, entry 8). The 

optimized conditions for the cyclization were therefore to use 12 equiv each of Mg and 

TMSCl in DMF with a 30 mmolar concentration of the unsaturated ester 21a at 0 °C which 

gave a mixture of cis-20a, trans-20a and reduced diester 25a in 87% isolated combined 

yield (Table 3.1, entry 7). Although little selectivity in the cyclization was observed, the 

formation of the reduction product was substantially reduced (20a:25a = 84/16) under the 

optimized conditions. 

 

Scheme 3.19 

 
Table 3.1: Reductive cyclization of disiloxane 21a promoted by Mg/TMSCl 
_________________________________________________________________________ 

Entry Mg/TMSCl 

(equiv) 

Conc. of 21a 

in DMF 

Temp (°C)/ 

addition time 

Ratio of products a 

cis-20a:trans-20a:25a 

Yield 

(%)b 

1 12/12 100 mM 28/1 min 42:40:18 25 

2 12/6 100 mM 0/10 min 43:40:17 70 

3 12/12 12 mM 28/3 h 39:40:21 75 

4 12/24 15 mM 10/3 h 42:38:20 75 

5 24/24 8 mM 28/5 h 46:30:24 80 

6 12/12 10 mM 10/1 h 52:30:18 80 c 

7 12/12 30 mM 0/1.3 h 42:42:16 87 

8 12/6 15 mM 28/3 h 63:27:10 85 d 
 

a 1H NMR spectrum of the crude product; b Isolated combined yield of cis-20a, trans-20a and 25a; c Reaction 

performed under sonication; d SmI3 (0.2 equiv) was added as an additive. 

________________________________________________________________________ 
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3.2.2 Plausible mechanism and role of trimethyl silylchloride in the 

reductive cyclization reaction 

 The role of TMSCl in this reaction was manifold. Without it, the reaction did not 

take place in DMF. The reaction did not proceed at all in solvent like THF and acetonitrile 

even in the presence of TMSCl. Therefore, the presence of TMSCl accelerated the redox 

process between Mg and the disiloxane substrate in DMF. Its presence also increases the 

chemoselectivity of the reaction in favor of the reductive cyclization products over double 

bond reduction product. This can be explained by the mechanism proposed in Scheme 

3.20. The reductive cyclization process was probably accelerated by quenching the radical 

anion, formed by electron transfer from Mg to the substrate 21a, with TMSCl to give the 

radical 26. This radical underwent intramolecular conjugate addition to the unsaturated 

ester functionality and finally one more electron addition gave the intermediate anion 27 

which was then quenched by TMSCl to give bis silyl ketene acetal 28. The silyl acetal 28 

underwent hydrolysis during aqueous work-up conditions and provided the diester 20a. By 

this process, TMSCl also protected the reductive cyclization product from further reactions 

like Dieckmann condensation or oligomerizations.  

 

Scheme 3.20  
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3.2.3 Stereochemistry of the products formed in the reductive cyclization 

reaction 

 Racemic trans-20a (Fig. 3.3) is a crystalline solid and easily crystallizes out from a 

hexane solution of the crude reaction product leaving behind the cis-20a (Fig. 3.4) and the 

reduced product 25a in the solution which was then separated by chromatography. The 

stereochemistry of the cyclic products was confirmed by converting the known118 meso 

diester 29a to the cis-20a (Scheme 3.21). For that, at first, we have prepared 0.1 M SmI2 

solution in THF as described by Inanaga.117a As mentioned in the introduction of this 

Chapter, β-silylated α,β-unsaturated ester 23c undergoes reductive dimerization when 

treated with SmI2/HMPA/t-BuOH as the reducing system. The meso diester 29a was 

formed as the major product along with the racemic diastereomer 29b (29a:29b = 82:18) 

and double bond reduction product 30. Desire meso diester 29a was purified from the 

mixture of products with 65% yield. The meso diester 29a was then briefly treated with 

TfOH in dichloromethane at −4 °C and quenched with ammonium hydroxide to provide 

cis-20a. Comparing the 1H NMR (δ SiMe 0.09 and 0.24 for trans-20a, 0.14 and 0.18 for 

cis-20a) the stereochemistry of the crystalline product was confirmed to be the racemic 

trans-20a. 

 

Scheme 3.21 

 



 

   

 

Figure 3.3: 1H NMR of trans-20a 

 
Figure 3.4: 1H NMR of cis-20a

 
3.2.4 Effect of chiral auxiliaries in the reductive coupling 

 Our next aim was to improve the relative stereochemistry (trans/cis) as well as 

control the absolute configuration during the cyclization to obtain the trans isomer(s) in 

pure and enantiomeric form. It was envisaged that instead of an ester, the Mg/TMSCl-

mediated coupling of the corresponding amide, possessing a suitable chiral amine, might 

be useful for this purpose. Amongst the amides, chiral oxazolidin-2-ones,131 initially 

introduced by Evans132 are widely used as chiral auxiliaries. These oxazolidin-2-ones when 

attached to carboxylic acids control the diastereoselectivity132c of reactions at the position α 

to the carboxylic acid group. Oxazolidin-2-ones are also known for their strong directing 

effect133 on the conjugate addition of nucleophiles to the β-position of unsaturated acid 

derivatives. Kise et al.
134 have shown that reductive hydrocoupling of chiral 3-trans-

cinnamoyloxazolidin-2-one by electrochemical method (Scheme 3.22), produced 

diastereoselective products and the selectivity at the β-position changes with the electrolyte 

used in the reaction. Sibi133b has shown that various oxazolidin-2-one derivatives of α,β-

unsaturated carboxylic acids can control the stereoselectivity of C–C bond formation at the 
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β-position in radical reactions. Unlike alkyl amides, the oxazolidin-2-one amide bond is 

easily hydrolysed to give acids. 

 

Scheme 3.22 

 The synthesis of chiral oxazolidin-2-one 31a is shown in Scheme 3.23. 

Commercially available (S)-valine was reduced with LiAlH4 to give (S)-valinol 32a which 

on treatment with diethyl carbonate in presence of potassium carbonate under reflux 

condition produced the desired oxazolidin-2-one 31a. The next step was to attach this 

oxazolidin-2-one 31a to β-silylacrylic acid. 

 

Scheme 3.23 

The trans-β-silylacrylic ester 23a was hydrolysed to the acid 33a, which was then 

converted to the intermediate acid chloride by reacting with oxalyl chloride and 

subsequently reacted with the lithium salt of Evans’ oxazolidin-2-one 31a to give the 

oxazolidin-2-one derivative 34a in 92% yield (Scheme 3.24). Reaction of amide 34a with 

TfOH (3.6 equiv) in dichloromethane at −10 °C, followed by quenching with ammonium 

hydroxide, produced the disiloxane 35a in very good yield. We subjected the disiloxane 

35a to the optimized reductive cyclization conditions (Table 3.1, entry 7), described for 

disiloxane 21a, using Mg/TMSCl in DMF at 0 °C which led to complete consumption of 

the starting material. Interestingly, the crude reaction product showed the formation of a 

mixture of diastereoisomeric cyclic products, cis-36a and two trans-products (trans-
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36a:trans-37a = 60/40) with a strong preference for the desired trans isomers (trans:cis = 

85/15) (Scheme 3.25, Table 3.2, entry 1).  

 
Scheme 3.24 

   

 

Scheme 3.25 

 Also, the formation of the double bond reduced product was significantly reduced 

(not seen in the 1H NMR spectrum of the crude product). The isolated yield of the cyclic 

products was also very high (85%). To see the effect of SmI3 in the reductive cyclization, 

the reaction was also carried out using disiloxane 35a, TMSCl and SmI3 (0.2 equiv) as an 

additive under the above conditions. This reduced the trans/cis ratio to 67/33, with a 

marginal change in the selectivity between the trans isomers (Table 3.2, entry 2). 

  
3.2.4a Separation of individual diastereoisomers 

 The individual isomers could not be separated easily by column chromatography 

because of very close Rf values. We have adopted simple procedures by which the trans 
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isomers are separated from the cis-36a and then individual trans isomers by crystallization 

(Scheme 3.26 and Fig. 3.5). Initially, the mixture of cis-36a, trans-36a and trans-37a was  

 
Scheme 3.26 

 

 

Figure 3.5: Separation of diastereoisomers 

dissolved in ethyl acetate and the trans-isomers were precipitated out by adding hexane 

into the solution. After separating the solid mixture of trans-36a and trans-37a (55%), the 

gummy mixture containing all three isomers (30%) was treated with lithium 

hexamethyldisilyl amide in THF at –78 ºC. Under these conditions, the cis-36a underwent 

cyclization to cyclic β-keto esters 38a and 38b (Scheme 3.26) while the trans isomers 

trans-36a + trans-37a + cis-36a 
 

trans-36a + trans-37a mother liquor  
LiHMDS 

 
Fractional 

crystallization 

trans-37a 
 

trans-36a 
 

38a + 38b 
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(15%) remained unaffected leading to easy separation by column chromatography. The 

combined yield of the trans isomers thus improved to 70%. Individual trans isomers were 

then separated by fractional crystallization. For this, the mixture of trans-36a and trans-

37a was crystallized from benzene-hexane to give pure trans-36a product (38%, Fig. 3.6 

and 3.7) as needle shaped crystals, and the remaining mass on crystallization from hexane-

ethyl acetate gave trans-37a (27%, Fig. 3.8 and 3.9) as sugar like crystals. 

 

 

Figure 3.6: 1H NMR of trans-36a  

 

Figure 3.7: 13C NMR of trans-36a

 

Figure 3.8: 1H NMR of trans-37a 

 

Figure 3.9: 13C NMR of trans-37a
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3.2.4b Effect of ‘SuperQuats’ chiral auxiliaries in the reductive coupling 

 For further improvement of stereoselectivity, we decided to modify the oxazolidin-

2-one with various substituents. A number of research groups135 had independently 

introduced 5,5-disubstituted oxazolidin-2-ones, called ‘SuperQuats’, as chiral auxiliaries 

mainly to obviate the problems viz. purification of products by crystallization, and limit 

endocyclic cleavage during removal, which is known to be problematic with Evans’ 

oxazolidin-2-one 31a.132 We were specifically interested to see the effect of 5,5-

disubstituted oxazolidin-2-ones on the reductive cyclization because a dramatic 

improvement of diastereoselectivity (95:5) in anhydride opening (Scheme 3.27)136 reaction 

has been observed by our group. 

 

Scheme 3.27 

 We prepared 4-isopropyl-5,5-diphenyloxazolidin-2-one 31b and 4-isopropyl-5,5-

diaryloxazolidin-2-one 31c from Boc-protected (S)-valine methyl ester following the 

reported procedures136,137 (Scheme 3.28). Boc-protected (S)-valine methyl ester was reacted 

with phenylmagnesium bromide to give the corresponding alcohol 32b, which on 

treatment with potassium t-butoxide produced oxazolidin-2-one 31b. Similarly, Boc-

protected (S)-vallin methyl ester with 2-methoxy-4-methylphenylmagnesium bromide gave 

the Boc-protected amino alcohol 32c. 5,5-Diaryloxazolidin-2-one 31c was synthesized 

from 32c by treating with potassium t-butoxide. The lithium salts of the oxazolidin-2-ones 

31b, 31c were made in THF using n-BuLi at 0 ºC and reacted with the intermediate acid 

chloride generated from acid 33b (obtained from the hydrolysis of 23b) at −78 ºC in THF 
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to give the amides 34b and 34c, respectively. The TolMe2Si group was chosen in these 

cases because this group is expected to proteodearylate under milder conditions compared 

to the PhMe2Si group. This was essential to prevent degradation of the oxazolidin-2-one 

moieties in 34b and 34c. Unlike amide 34a, the conversion of the amides 34b and 34c to 

the corresponding disiloxanes 35b and 35c was performed with less TfOH (2.5–3 equiv) 

and at lower temperature (−15 °C) (Scheme 3.29). 

 
Scheme 3.28 

 

 

Scheme 3.29 

 Reductive cyclization of disiloxane 35b (Scheme 3.30), under the conditions 

described for amide 35a, resulted in the formation of a mixture of diastereoisomeric cyclic 

products, cis-36b and two diastereoisomeric trans products (trans-36b:trans-37b = 45/55) 

with a marginally higher preference for the desired trans isomers (trans:cis = 88/12) (Table 

3.2, entry 3).  
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Scheme 3.30 

 
Table 3.2: Mg/TMSCl promoted reductive cyclization of oxazolidin-2-one-attached 

disiloxanes 35a-35c 

________________________________________________________________________ 

Cyclized products Entry Disiloxane 

trans:cis a trans-36:trans-37 %Yieldb 

1 35a 85:15 60:40 85 

2 35a 67:33 53:47 75c 

3 35b 88:12 45:55 83 

4 35c 87:13 45:55 83 
 

a Obtained from 1H NMR spectrum of the crude product; b Combined isolated yield of all isomers; c SmI3 (0.2 

equiv) was used as an additive.  

_______________________________________________________________________________________ 

 
 Similarly, the disiloxane 35c also gave a mixture of cis-36c and two 

diastereoisomeric trans products (trans-36c:trans-37c = 45/55) on reductive cyclization 

with Mg and TMSCl (Scheme 3.31). Fractional crystallization then provided pure trans-

37b (Fig. 3.10) from the mixture of trans-36b, trans-37b and cis-36b, obtained from the 

reductive cyclization reaction of disiloxane 35b. But other isomers viz. cis-36b and trans-

36b could not be separated by crystallization. Similar results were found during 

crystallization, from the mixture of trans-36c, trans-37c and cis-36c obtained from the 

reductive cyclization reaction of disiloxane 35c, where trans-37c (Fig. 3.11) was separated 
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easily but other isomers viz. cis-36c and trans-36c could not be separated by crystallization 

or chromatography. 

 

Scheme 3.31 

 

 

Figure 3.10: 1H NMR of trans-37b 

 

Figure 3.11: 1H NMR of trans-37c

 
3.2.5 Synthesis of dioxabicyclo[3.3.0]octane-3,7-diones and confirmation 

of absolute stereochemistry of the individual trans isomers  

 To establish the absolute stereochemistry of the individual trans diastereoisomers 

viz. trans-36a and trans-37a, each of them was converted to known bislactone 39.138 The 

trans-36a was subjected to Fleming–Tamao65,66 oxidation using KHF2-H2O2 in 1/1 THF-

MeOH at 60 °C (Scheme 3.32). Besides conversion of the silyloxy group to a hydroxyl 
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group, the oxazolidin-2-one group was also removed under these conditions to give the 

intermediate dipotassium salt. At this stage, a simple extraction of the reaction mixture 

with ethyl acetate gave back the oxazolidin-2-one 31a (90%) and acidification of the 

residue gave the dilactone (−)-39. The (3S,4S)-configuration of the silicon-bearing 

asymmetric centre in trans-36a was confirmed from the specific rotation data of (−)-39 

([α]D
23 = −145.3, c 0.64, H2O) (lit.:139 [α]D

19 = +143 ± 2.5, c 0.785, H2O for the antipode). 

Similarly, the minor trans-37a under Fleming–Tamao oxidation using KHF2-H2O2 in 1/1 

THF-MeOH at 60 °C followed by acidification (Scheme 3.33) gave (+)-2,6-

dioxabicyclo[3.3.0]octane-3,7-dione (+)-39 as confirmed from the specific rotation data of 

(+)-39 ([α]D
25 = +142.1, c 0.38, H2O) (lit.:139 [α]D

19 = +143 ± 2.5, c 0.785, H2O), thus 

confirming its (3R,4R)-configuration. 

 

Scheme 3.32 
 

 

Scheme 3.33 
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 Interestingly, the major trans diastereoisomers containing ‘SuperQuat’ oxazolidin-

2-ones, trans-37b and trans-37c, after Fleming–Tamao oxidation gave (+)-2,6-

dioxabicyclo[3.3.0]octane-3,7-dione (+)-39 (Scheme 3.34). The marginal difference in 

stereocontrol behaviour between oxazolidin-2-ones 31a and 31b or 31c is probably due to 

the steric crowding caused by the 5,5-diaryl groups in 31b or 31c.  

 

Scheme 3.34 

 It is important to note that the bis-lactone 39 has been shown to be a useful 

intermediate in the synthesis of some important biologically active compounds such as 

butenolides (Scheme 3.35),138 eldanolide (Scheme 3.36),140 the Geissman-Waiss 

lactone (Scheme 3.37),141 prostaglandin analogues,142 trans-laurediols143 and 8,9-

epoxyeicosatrienoic acid.144  

 

Scheme 3.35 

 

Scheme 3.36 
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Scheme 3.37 

 

3.3 Conclusion 

 In conclusion, we have successfully developed Mg/TMSCl-mediated 

intramolecular reductive cyclization of symmetric disiloxanes made from chiral 

oxazolidin-2-one derivatives of β-silylacrylic acid. C2-Symmetric trans-diastereoisomers 

were produced with high stereoselectivity but the stereocontrol is marginal amongst the 

trans-diastereoisomers. The trans diastereoisomers attached to Evans’ oxazolidin-2-ones 

were easily separated from the cis diastereoisomer and individual trans-diastereoisomers 

were also separated by fractional crystallization with ease and high recoveries. The 

individual isomers of cyclic products containing “SuperQuat” oxazolidin-2-ones are 

difficult to separate. Efficient and short syntheses of enantiomerically pure enantiomers of 

2,6-dioxabicyclo[3.3.0]octane-3,7-dione have been achieved from the bis-silylated adipic 

acid derivatives by Fleming-Tamao oxidation as the key step. It is also important to note 

that the bis-lactone 39 has been shown to be a useful intermediate in the synthesis of some 

important biologically active compounds. However, in spite of the significant utility of the 

bis-lactone 39, to our knowledge, only two reports are available for the asymmetric 

synthesis of the (+)-39 and none for (−)-39. 
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3.4 Experimental 

 The general experimental and instrumental descriptions are provided in the 

experimental section of Chapter 2. Compounds 31a,132 31b137 and 31c136 were prepared 

following the published procedures and included in the experimental section. DMF was 

dried over CaH2 followed by storage over 4 Å molecular sieves. Mg turnings were purified 

by washing with dilute hydrochloric acid, water followed by washing with acetone and 

dried under vacuum. TMSCl was distilled over CaH2 before use. n-BuLi (~1.6 M in 

hexanes) was purchased from Aldrich and its strength was determined by titration prior to 

use. Trifluoromethanesulfonic acid, KHF2, H2O2 (30%), KOBut and oxalyl chloride were 

used as received from commercial sources. 

Dimethyl(phenyl)silane 24a 

A solution of bromobenzene (29 mL, 275 mmol) in dry ether (250 mL) was added drop 

wise to magnesium turnings (7.2 g, 296 mmol) with stirring under argon. The mixture was 

heated under reflux for additional 1 h and cooled on an ice-water bath. A solution of 

chlorodimethylsilane (30.6 mL, 275.5 mmol) in dry ether (100 mL) was added to this 

Grignard solution and the mixture was stirred at room temperature overnight followed by 

refluxing for 2 h. The reaction was filtered to remove the precipitated magnesium salts and 

evaporated. The residue was distilled to give dimethyl(phenyl)silane 24a (26 g, 70%) as 

colorless liquid. 

bp. 68–69 ºC/30 mmHg.  

IR (film): 3069, 3019, 2960, 2119, 1427, 1250, 1116, 879, 836, 709 cm−1. 

1H-NMR (200 MHz, CDCl3): δ 0.35 (6 H, d, J = 3.6 Hz, SiMe2), 4.44 (1 H, septet, J = 

3.6 Hz, SiH), 7.34–7.38 (3 H, m, Ph), 7.53–7.58 (2 H, m, Ph). 

13C-NMR (50 MHz, CDCl3): δ −3.8 (2 C), 127.9 (2 C), 129.2, 134.0 (2 C), 137.4. 
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Dimethyl(4-methylphenyl)silane 24b 

Following the procedure for the preparation of 24a, 4-methylbromobenzene (34 mL, 275 

mmol), chlorodimethylsilane (30.6 mL, 275.5 mmol) gave dimethyl(4-methylphenyl)silane 

24b (30 g, 73%) as a colorless liquid. 

bp. 68–69 ºC/30 mmHg. 

IR (film): 3066, 3012, 2959, 2921, 2117, 1602, 1422, 1249, 1109, 880, 836, 763 cm−1. 

1H-NMR (200 MHz, CDCl3): δ 0.42 (6 H, d, J = 3.8 Hz, SiMe2), 2.43 (3 H, s, Ph-Me), 

4.52 (1 H, septet, J = 3.6 Hz, SiH), 7.27 (2 H, d, J = 7.6 Hz, Ar), 7.53 (2 H, d, J = 7.6 Hz, 

Ar). 

13C-NMR (50 MHz, CDCl3): δ −3.7 (2 C), 21.4, 128.7 (2 C), 133.6, 134.0 (2 C), 138.8. 

 

 

(E)-methyl 3-dimethyl(phenyl)silylpropenoate 23a 

A solution of dimethyl(phenyl)silane (24.1 g, 177 mmol) in dry benzene (35 mL) was 

added to a stirred solution of methyl acrylate (79.5 mL, 882.8 mmol) and dicobalt 

octacarbonyl (2.41 g, 7.05 mmol) in dry benzene (150 mL) under argon atmosphere. After 

4 h, the solvent and excess methyl acrylate was evaporated under reduced pressure and the 

residue was purified by column chromatography on silica using hexane-EtOAc (98:2) as 

eluent to give the acrylate 23a (29.25 g, 75%) as a colorless liquid.  

Rf 0.67 (hexane/EtOAc, 95:5).  

IR (film): 3070, 2953, 1730, 1429, 1308, 1251, 1227, 1168, 1116, 997, 841, 701 cm−1. 

1H-NMR (200 MHz, CDCl3): δ 0.41 (6 H, s, 2 × SiMe), 3.74 (3 H, s, CO2CH3), 6.26 (1 H, 

d, J = 18.8 Hz, CH=CHCO2CH3), 7.31–7.40 (3 H, m, Ar), 7.36 (1 H, d, J = 18.8 Hz, 

CH=CHCO2CH3), 7.47–7.51 (2 H, m, Ar). 
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13C-NMR (50 MHz, CDCl3): δ −3.4 (2 C), 51.4, 127.8 (2 C), 129.4, 133.63 (2 C), 134.8, 

136.1, 147.5, 165.8. 

 

(E)-ethyl 3-dimethyl(4-methylphnyl)silylpropenoate 23b 

Following the procedure for the preparation of 23a, dimethyl(4-methylphenyl)silane (30.6 

g, 204 mmol), ethyl acrylate (111 mL, 1.02 mol) and dicobalt octacarbonyl (2.8 g, 8.2 

mmol) gave (E)-ethyl 3-dimethyl(4-methylphenyl)silylpropenoate 23b (37.5 g, 74%) as a 

colorless liquid. 

Rf 0.66 (hexane/EtOAc, 95:5).  

IR (film): 3067, 3014, 2959, 2922, 1700, 1410, 1299, 1254, 1218, 1190, 1107, 997 cm−1. 

1H-NMR (200 MHz, CDCl3): δ 0.40 (6 H, s, 2 × SiMe), 1.29 (3 H, t, J = 7 Hz, 

CO2CH2CH3), 2.35 (3 H, s, Ph-Me), 4.20 (2 H, q, J = 7 Hz, CO2CH2CH3), 6.26 (1 H, d, J = 

18.8 Hz, CH=CHCO2Et), 7.19 (2 H, d, J = 7.6 Hz, Ar), 7.35 (1 H, d, J = 18.8 Hz, 

CH=CHCO2CH3), 7.44 (2 H, d, J = 7.6 Hz, Ar).  

13C-NMR (50 MHz, CDCl3): δ −3.3 (2 C), 14.0, 21.2, 60.2, 128.6 (2 C), 132.4, 133.7 (2 

C), 135.1, 139.2, 147.3, 165.4. 

 

 

(E)-methyl 3-dimethyl(4-methylphnyl)silylpropenoate 23c 

Following the procedure for the preparation of 23a, dimethyl(4-methylphenyl)silane (9 g, 

60 mmol), methyl acrylate (27 mL, 300 mmol) and dicobalt octacarbonyl (0.82 g, 2.4 

mmol) gave (E)-methyl 3-dimethyl(4-methylphenyl)silylpropenoate 23c (10.8 g, 77%) as a 

colorless liquid. 

Rf 0.42 (hexane/EtOAc, 95:5).  
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IR (film): 3015, 2959, 2912, 1735, 1410, 1300, 1250, 1218, 1191, 1106, 998 cm−1. 

1H-NMR (200 MHz, CDCl3): δ 0.39 (6 H, s, 2 × SiMe), 2.34 (3 H, s, Ph-Me), 3.73 (3 H, 

s, OMe), 6.25 (1 H, d, J = 18.8 Hz, CH=CHCO2Et), 7.18 (2 H, d, J = 7.8 Hz, Ar), 7.35 (1 

H, d, J = 18.8 Hz, CH=CHCO2CH3), 7.39 (2 H, d, J = 7.8 Hz, Ar).  

 

 

1,1,3,3-Tetramethyl-1,3-di-[(2-methoxycarbonyl)ethenyl]disiloxane 21a 

Trifluoromethanesulfonic acid (4.8 mL, 54.6 mmol, 5.5 equiv) was added to a stirred 

solution of (E)-methyl 3-dimethyl(phenyl)silylpropenoate 23a (2.2 g, 10 mmol) in dry 

dichloromethane (70 mL) at –4 ºC. The reaction mixture was stirred for 20 min at that 

temperature, poured slowly into a stirred ice-cold aqueous ammonia solution (25%, 230 

mL) and extracted with chloroform. The organic extract was washed with brine, dried over 

anhydrous MgSO4 and evaporated. The residue was dissolved in THF (7 mL) and 

potassium t-butoxide (8 mg, 0.07 mmol) was added into it. The reaction mixture was 

stirred at room temperature overnight, diluted with water and extracted with ethyl acetate. 

The organic extract was washed with brine, dried over anhydrous MgSO4 and evaporated. 

The residue was purified by column chromatography on silica using hexane-EtOAc (95:5) 

as eluent to give the disiloxane 21a (1.3 g, 86%) as a colorless liquid.  

Rf 0.64 (hexane/EtOAc, 90:10).  

IR (film): 3033, 2956, 2904, 2844, 1731, 1601, 1436, 1308, 1273, 1257, 1227, 1192, 1170, 

1054, 998, 844, 802, 702 cm−1.  

1H-NMR (200 MHz, CDCl3): δ 0.20 (12 H, s, 4 × SiMe), 3.75 (6 H, s, 2 × CO2CH3), 6.25 

(2 H, d, J = 19 Hz, 2 × CH=CHCO2CH3), 7.12 (2 H, d, J = 19 Hz, 2 × CH=CHCO2CH3). 
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13C-NMR (50 MHz, CDCl3): δ −0.3 (4 C), 50.9 (2 C), 133.9 (2 C), 146.5 (2 C), 165.3 (2 

C). 

MS (EI) m/z: 287 (M−15, 30%), 233 (18), 179 (100), 163 (60), 149 (68), 133 (53), 119 

(24), 73 (18). 

 

1,1,3,3-Tetramethyl-1,3-di-[(2-methoxycarbonyl)ethyl]disiloxane 25a 

Magnesium turnings (101 mg, 4.1 mmol) were added to a stirred solution of the diester 21a 

(125 mg, 0.41 mmol) in dry methanol (6 mL) at room temperature under an argon 

atmosphere. After 4 h, the reaction mixture was poured into cold aqueous HCl (0.3 N, 30 

mL) and extracted with ethyl acetate. The extract was dried over MgSO4 and evaporated 

under reduced pressure. The residue was quickly filtered through a plug of silica gel to 

give the diester 25a (103 mg, 82%) as colorless oil. 

Rf 0.67 (hexane/EtOAc, 90:10). 

IR (film): 2954, 2900, 1742, 1437, 1353, 1255, 1212, 1162, 1125, 1051, 843, 793 cm−1. 

1H-NMR (200 MHz, CDCl3): δ 0.05 (12 H, s, 4 × SiMe), 0.83 (4 H, t, J = 8.4 Hz, 2 × 

Me2SiCH2), 2.27 (4 H, t, J = 8.4 Hz, 2 × CH2CO2Me), 3.64 (6 H, s, 2 × CO2CH3).  

13C-NMR (50 MHz, CDCl3): δ 0.0 (4 C), 13.1 (2 C), 27.9 (2 C), 51.5 (2 C), 175.3 (2 C). 

MS (EI) m/z: 291 (M−15, 3%), 219 (75), 163 (100), 145 (74), 133 (45), 119 (13). 89 (15), 

73 (15). 

 

 

Reductive cyclization of 21a to give trans-20a, cis-20a and 25a 
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Freshly distilled TMSCl (5.2 mL, 41 mmol) was added to a stirred suspension of 

magnesium turnings (1 g, 41 mmol) in dry DMF (95 mL) at room temperature under an 

argon atmosphere. After 30 min, the reaction mixture was cooled on an ice-water bath and 

a solution of disiloxane 21a (1 g, 3.3 mmol) in dry DMF (15 mL) was added slowly over 

1.3 h to the stirred reaction mixture. After the addition was over, the reaction mixture was 

stirred for 5.5 h and the cold bath was removed. The reaction mixture was allowed to attain 

to room temperature (about 30 min) and poured into cold saturated sodium bicarbonate 

solution and then extracted three times with 10% ethyl acetate-hexane. The organic extract 

was washed with brine, dried over anhydrous MgSO4 and evaporated. The residue was 

purified by column chromatography on silica using benzene-EtOAc (99:1) as eluent to 

give the reduction product 25a (125 mg, 12%) as a colorless liquid, the trans-20a (380 mg, 

38%) as a colorless solid, and the cis-20a (375 mg, 37%) as a colorless liquid.  

Data for trans-20a  

mp. 99–100 ºC (hexane).  

Rf 0.60 (hexane/EtOAc, 90:10). 

IR (KBr): 3005, 2985, 2956, 2899, 2856, 1731, 1436, 1421, 1357, 1306, 1250, 1205, 

1176, 1145, 1052, 930, 873, 841, 789 cm−1.  

1H-NMR (200 MHz, CDCl3): δ 0.09 (6 H, s, 2 × SiMe), 0.24 (6 H, s, 2 × SiMe), 0.86–

1.10 (2 H, m, 2 × Me2SiCHCH2), 2.22 (2 H, dd, J = 10.6, 15.8 Hz, 2 × Me2SiCHCHAHB), 

2.65 (2 H, dd, J = 3.6, 15.8 Hz, 2 × Me2SiCHCHAHB), 3.64 (6 H, s, 2 × CO2CH3).  

13C-NMR (50 MHz, CDCl3): δ −2.5 (2 C), 0.6 (2 C), 27.0 (2 C), 35.4 (2 C), 51.5 (2 C), 

174.2 (2 C). 

MS (EI) m/z: 289 (M−Me, 7%), 245 (10), 231 (56), 179 (10), 163 (100), 149 (23), 133 

(92), 119 (23), 73 (46). 
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Anal. (Found: C, 47.18; H, 8.08. C12H24O5Si2 requires C, 47.33; H, 7.94%).  

Data for cis-20a  

Rf 0.51 (hexane/EtOAc, 90:10). 

IR (film): 3021, 2954, 2917, 2848, 1738, 1437, 1356, 1254, 1204, 1164, 1114, 924, 847, 

794, 758 cm−1.  

1H-NMR (200 MHz, CDCl3): δ 0.14 (6 H, s, 2 × SiMe), 0.18 (6 H, s, 2 × SiMe), 1.60–

1.73 (2 H, m, 2 × Me2SiCHCH2), 2.30 (2 H, dd, J = 9.4, 15.8 Hz, 2 × Me2SiCHCHAHB), 

2.46 (2 H, dd, J = 6.2, 15.8 Hz, 2 × Me2SiCHCHAHB), 3.65 (6 H, s, 2 × CO2CH3).  

13C-NMR (50 MHz, CDCl3): δ −1.4 (2 C), 0.2 (2 C), 23.8 (2 C), 31.8 (2 C), 51.7 (2 C), 

174.2 (2 C). 

MS (EI) m/z: 289 (M−15, 9%), 231 (54), 179 (15), 163 (100), 149 (22), 133 (63), 119 

(16), 73 (28). 

Anal. (Found: C, 47.49; H, 7.95. C12H24O5Si2 requires C, 47.33; H, 7.94%). 

 

 
(3SR,4SR)-Dimethyl 3,4-bis-dimethyl(4-methylphenyl)silyl-1,6-hexandioate 29a 

A freshly prepared samarium diiodide117a (100 mL, 0.1 M in THF) was added to a stirred 

solution of (E)-acrylate 23c (2.55 g, 10 mmol based on 92% purity), t-butyl alcohol (740 

mg, 10 mmol) in dry HMPA (20 mL) under nitrogen over 25 min at room temperature. 

After 1 min, the reaction mixture was quenched with saturated sodium bicarbonate solution 

and extracted with ether. The extract was washed with water and brine, dried over MgSO4 

and evaporated under reduced pressure. The residue was purified by column 

chromatography on silica using hexane-EtOAc (85:15) as eluent to give meso diester 29a 

(1.26 g, 54%), racemic diester 29b (265 mg, 11%) and the reduction product 30 (703 mg, 

30%). 
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Data for 29a 

Rf 0.2 (hexane/EtOAc, 90:10). 

IR (film): 1735, 1260, 1204, 1164, 1110, 924, 845, 796 cm−1.  

1H-NMR (200 MHz, CDCl3): δ 0.21 (6 H, s, 2 × SiMe), 0.26 (6 H, s, 2 × SiMe), 1.84–

1.76 (2 H, m, 2 × Me2SiCHCH2), 2.33 (6 H, s, 2 × 4-Me-ph), 2.34 (2 H, dd, J = 5.9, 16.4 

Hz, 2 × CHAHBCO2Me), 2.45 (2 H, dd, J = 7.5, 16.4 Hz, 2 × CHAHBCO2Me), 3.50 (6 H, s, 

2 × CO2CH3), 7.14 (4 H, d, J = 7.8 Hz, Ar), 7.32 (4 H, d, J = 7.8 Hz, Ar). 

 

 

Protodesilylation of 29a to cis-20a 

Following the procedure for the preparation of disiloxane 21a, meso diester 29a (75 mg, 

0.16 mmol), CF3SO3H (0.08 mL, 0.9 mmol) gave cis-20a (31.6 mg, 65%). 

Rf 0.51 (hexane/EtOAc, 90:10). 

IR (film): 3021, 2954, 2917, 2848, 1738, 1437, 1356, 1254, 1204, 1164, 1114, 924, 847, 

794, 758 cm−1.  

1H-NMR (200 MHz, CDCl3): δ 0.14 (6 H, s, 2 × SiMe), 0.18 (6 H, s, 2 × SiMe), 1.60–

1.73 (2 H, m, 2 × Me2SiCHCH2), 2.30 (2 H, dd, J = 9.4, 15.8 Hz, 2 × Me2SiCHCHAHB), 

2.46 (2 H, dd, J = 6.2, 15.8 Hz, 2 × Me2SiCHCHAHB), 3.65 (6 H, s, 2 × CO2CH3).  

13C-NMR (50 MHz, CDCl3): δ −1.4 (2 C), 0.2 (2 C), 23.8 (2 C), 31.8 (2 C), 51.7 (2 C), 

174.2 (2 C). 

MS (EI) m/z: 289 (M−15, 9%), 231 (54), 179 (15), 163 (100), 149 (22), 133 (63), 119 

(16), 73 (28). 

Anal. (Found: C, 47.49; H, 7.95. C12H24O5Si2 requires C, 47.33; H, 7.94%). 
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(E)- 3-Dimethyl(phenyl)silylpropenoic acid 33a 

A solution of sodium hydroxide (15 M, 30 mL, 450 mmol) in water was added portionwise 

to a stirred solution of (E)-methyl 3-[dimethyl(phenyl)silyl]propenoate 23a (32.5 g, 147.5 

mmol) in 1,4 dioxane (580 mL). Ethanol (20 mL) was added to the reaction mixture to 

make it homogeneous and stirred overnight. The solvent was removed under reduced 

pressure, diluted with water (300 mL) and extracted with ether. The aqueous phase was 

acidified with citric acid (pH ~ 4) and extracted with ethyl acetate. The organic extract was 

washed with brine, dried over anhydrous MgSO4 and evaporated to give acid 33a (29 g, 

95%) as a thick gum. 

IR (film): 3500–2500 (br), 3070, 3022, 2959, 1696, 1594, 1427, 1411, 1300, 1253, 1117, 

 997, 938, 843, 822, 732, 700 cm−1.  

1H-NMR (200 MHz, CDCl3): δ 0.44 (6 H, s, 2 × SiMe), 6.28 (1 H, d, J = 18.8 Hz, 

CH=CHCO2H), 7.34–7.54 (6 H, CH=CHCO2H, Ar).  

13C-NMR (50 MHz, CDCl3): δ −3.4 (2 C), 128.0 (2 C), 129.5, 133.7 (2 C), 134.5, 135.8, 

150.7, 171.0. 

MS (EI) m/z: 206 (M, 9%), 205 (32), 191 (32), 163 (25), 145 (21), 135 (26), 121 (28), 105 

(19), 75 (100), 69 (25). 

 

 

(E)- 3-Dimethyl(4-methylphenyl)silylpropenoic acid 33b 

Following the procedure for the preparation of 33a, (E)-ethyl 3-dimethyl(4-

methylphenyl)silylpropenoate 23b (12.5 g, 50.3 mmol) gave acid 33b (8.9 g, 80%) as a 

crystalline solid. 
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mp. 78–80 ºC (hexane). 

IR (KBr): 3500–2500 (broad), 3066, 3011, 2968, 2921, 1697, 1611, 1402, 1298, 1247, 

1110, 1001, 935, 838, 795, 777 cm−1.  

1H-NMR (200 MHz, CDCl3): δ 0.40 (6 H, s, 2 × SiMe), 2.35 (3 H, s, Ar-Me), 6.25 (1 H, 

d, J = 18.8 Hz, CH=CHCO2H), 7.19 (2 H, d, J = 7.6 Hz, Ar), 7.39 (2 H, d, J = 7.6 Hz, Ar), 

7.46 (1 H, d, J = 18.8 Hz, CH=CHCO2H).  

13C-NMR (50 MHz, CDCl3): δ −3.3 (2 C), 21.4, 128.9 (2 C), 132.2, 133.8 (2 C), 134.4, 

139.5, 151.1, 171.2.  

MS (EI) m/z: 220 (M, 11%), 219 (14), 205 (51), 177 (28), 159 (25), 149 (22), 135 (25), 91 

(22), 75 (100), 69 (24). 

 

(S)-2-Amino-3-methylbutan-1-ol 32a145 

Lithium aluminium hydride (15 g, 394.7 mmol) was charged into an oven dried three 

necked flask under argon atmosphere followed by addition of dry THF (375 mL). (S)-

valine (33 g, 281.7 mmol) was added portion wise over 1 h to the above stirred suspension 

kept at ice-water bath. After the addition over, the reaction mixture was slowly brought to 

room temperature. After refluxing for 16 h, the reaction mixture was cooled to 10 ºC and 

diluted with ether (310 mL). The reaction mixture was then quenched with water (15 mL), 

aqueous 15% sodium hydroxide (15 mL) and water (45 mL). After stirring, the white 

precipitate was filtered and washed with ether. The organic filtrate were combined, dried 

over anhydrous MgSO4 and evaporated. Distillation of the residue under vacuum affords 

amino alcohol 32a (21.5 g, 74%) as liquid. 

bp. 65 ºC/0.9 mmHg. 

[α]D
26 +19.4 (c 10, CHCl3) (lit.:

145 [α]D
20 +14.6, neat). 
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IR (CHCl3):
 3357, 2959, 2874, 1592, 1468, 1369, 1053, 732 cm−1.  

1H-NMR (200 MHz, CDCl3): δ 0.91 (3 H, d, J = 6.8 Hz, CHMeAMeB), 0.93 (3 H, d, J =  

6.8 Hz, CHMeAMeB), 1.50–1.71 (1 H, m, NCHCHMe2), 2.62 (3 H, s, broad, NH2 & OH), 

2.54–2.61 (1 H, m, NCHCHMe2), 3.32 (1 H, dd, J = 8.8, 10.6 Hz, CHAHBOH), 3.66 (1 H, 

dd, J = 4.0, 10.6 Hz, CHAHBOH). 

13C-NMR (50 MHz, CDCl3): δ 17.7, 18.6, 30.0, 57.7, 63.5. 

 

 

 (4S)-4-isopropyloxazolidin-2-one 31a 

A mixture of 32a (46.5 g, 450.8 mmol), dry potassium carbonate (6.2 g, 45 mmol), and 

diethyl carbonate (109.8 mL, 901.5 mmol) was refluxed with stirring for 5 h. The solvent 

was removed by downward distillation. The residue was diluted with water and extracted 

with ethyl acetate. The organic extract was washed with brine, dried over anhydrous 

MgSO4 and evaporated. The residue was purified by crystallization to give the oxazolidin-

2-one 31a (43 g, 74%). 

[α]D
27 +14.8 (c 6, CHCl3) (lit.:

132 [α]D
20 +14.8, c 7, CHCl3). 

IR (CHCl3):
 3278, 2964, 2877, 1748, 1407, 1393, 1242, 1015, 978 cm−1.  

1H-NMR (200 MHz, CDCl3): δ 0.89 (3 H, d, J = 6.8 Hz, CHMeAMeB), 0.95 (3 H, d, J = 

6.6 Hz, CHMeAMeB), 1.63–1.82 (1 H, m, CHMe2), 3.60 (1 H, dd, J = 6.8, 15.4 Hz, 

CO2CHAHB), 4.09 (1 H, dd, J = 6.4, 8.8 Hz, CO2CHAHB), 4.44 (1 H, t, J = 8.8 Hz, 

NCHCHMe2), 6.5 (1 H, s, broad, NH). 

13C-NMR (50 MHz, CDCl3): δ 17.4, 17.6, 32.4, 58.1, 68.4, 160.7. 
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(4S)-3-trans-(2-Dimethylphenylsilyl)acryloyl-4-isopropyl-2-oxazolidin-2-one 34a 

Dry DMF (0.03 mL, 0.38 mmol) was added to a stirred solution of acid 33a (15 g, 72.7 

mmol) in dry dichloromethane (100 mL) and the reaction mixture was cooled in an ice-

water bath. Oxalyl chloride (25.4 mL, 291 mmol) was added and the reaction mixture was 

allowed to attain to room temperature. After 3.5 h, the solvent and volatiles were removed 

under reduced pressure to give the crude acid chloride which was dissolved in dry THF (68 

mL). The acid chloride solution was added into a stirred solution of lithium salt of 

oxazolidin-2-one at −78 ºC which was prepared from oxazolidin-2-one 31a (9.4 g, 72.7 

mmol) and n-BuLi (48.5 mL, 1.5 M solution in hexane, 72.7 mmol) in dry THF (136 mL) 

at −78 ºC. The reaction mixture was stirred under the same conditions for 30 min followed 

by 15 min in an ice-water bath. A saturated aqueous ammonium chloride solution (600 

mL) was added into the reaction mixture and extracted with ether. The extract was washed 

successively with saturated aqueous sodium bicarbonate and brine, dried over anhydrous 

MgSO4, filtered and concentrated under reduced pressure. The residue was purified by 

column chromatography on silica using hexane-EtOAc (93:7) as eluent to give the pure 

amide 34a (21.2 g, 92%) as a colorless solid. 

mp. 60 ºC (hexane). 

[α]D
25 +78.52 (c 1.08, EtOH). 

Rf 0.53 (hexane/EtOAc, 85:15). 

IR (CHCl3): 3070, 3049, 2963, 2876, 1781, 1683, 1592, 1487, 1428, 1364, 1337, 1254, 

1207, 1116, 1060, 974, 860, 819, 774 cm−1.  
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1H-NMR (200 MHz, CDCl3): δ 0.45 (6 H, s, 2 × SiMe), 0.88 (3 H, d, J = 7.2 Hz, 

CHMeAMeB), 0.92 (3 H, d, J = 7.2 Hz, CHMeAMeB), 2.33–2.49 (1 H, m, NCHCHMe2), 

4.18–4.32 (2 H, m, NCO2CH2CH), 4.44–4.51 (1 H, m, NCHCHMe2), 7.33–7.40 (3 H, m, 

Ar), 7.50 (1 H, d, J = 18.8 Hz, CH=CHCON), 7.47–7.60 (2 H, m, Ar), 7.70 (1 H, d, J = 

18.6 Hz, CH=CHCO).  

13C-NMR (50 MHz, CDCl3): δ −3.3 (2 C), 14.6, 17.9, 28.3, 58.5, 63.3, 127.9 (2 C), 129.3, 

133.7 (2 C), 133.9, 136.4, 148.8, 153.8, 164.2. 

MS (EI) m/z: 302 (M−15, 43%), 240 (17), 230 (31), 216 (60), 202 (90), 189 (46), 161 

(54), 145 (55), 135 (100), 105 (40), 75 (26), 69 (42). 

Anal. (Found: C, 64.16; H, 7.58; N, 4.38. C17H23NO3Si requires C, 64.32; H, 7.30; N, 

4.41%).  

 
1,1,3,3-Tetramethyl-1,3-di-{2-[3-(4S)-3-carbonyl-4-isopropyl-2-oxazolidin-2-

one]ethenyl}disiloxane 35a 

Trifluoromethanesulfonic acid (13.8 mL, 157 mmol, 2.5 equiv) was added to a stirred 

solution of 34a (20 g, 63 mmol) in dry dichloromethane (400 mL) at –10 ºC. After 1 h, 

another portion of TfOH (6 mL, 68.3 mmol, 1.1 equiv) was added to the reaction mixture 

and stirred under the same conditions for 1 h. The reaction mixture was poured slowly into 

a stirred ice-cold aqueous ammonia solution (25%, 1.4 L) and stirred for 2.5 h. The 

reaction mixture was extracted with chloroform and the extract was washed with brine, 

dried over anhydrous MgSO4 and evaporated under reduced pressure. The residue was 

purified by column chromatography on silica using hexane-EtOAc (85:15) as eluent to 

give the disiloxane 35a (13.5 g, 86%) as a colorless solid. 
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mp. 78–88 ºC (hexane-EtOAc). 

[α]D
23 +93.1 (c 1.01, EtOH). 

Rf 0.72 (hexane/EtOAc, 70:30).  

IR (CHCl3): 3020, 2964, 2877, 1781, 1683, 1487, 1388, 1365, 1337, 1256, 1208, 1120, 

1098, 1060, 840, 756 cm−1.  

1H-NMR (200 MHz, CDCl3): δ 0.25 (12 H, s, 4 × SiMe), 0.89 (6 H, d, J = 7.8 Hz, 2 × 

CHMeAMeB), 0.93 (6 H, d, J = 7.8 Hz, 2 × CHMeAMeB), 2.33–2.49 (2 H, m, 2 × 

NCHCHMe2), 4.18–4.34 (4 H, m, 2 × NCO2CH2CH), 4.44–4.51 (2 H, m, 2 × 

NCHCHMe2), 7.28 (2 H, d, J = 18.6 Hz, 2 × CH=CHCON), 7.67 (2 H, d, J = 18.6 Hz, 2 × 

CH=CHCON).  

13C-NMR (50 MHz, CDCl3): δ 0.3 (2 C), 0.4 (2 C), 14.7 (2 C), 18.0 (2 C), 28.4 (2 C), 

58.6 (2 C), 63.4 (2 C), 133.4 (2 C), 148.7 (2 C), 153.9 (2 C), 164.5 (2 C). 

MS (EI) m/z: 481 (M−15, 19%), 324 (16), 261 (22), 260 (100), 186 (19), 157 (41), 133 

(22), 69 (15). 

Anal. (Found: C, 53.34; H, 7.62; N, 5.77. C22H36N2O7Si2 requires C, 53.20; H, 7.31; N, 

5.64%).  

 

Reductive cyclization of 35a to give trans-36a, trans-37a and cis-36a 

Following the procedure of intramolecular reductive cyclization of disiloxane 21a, 

disiloxane 35a (7 g, 14.1 mmol), magnesium turnings (4.1 g, 168.8 mmol) and TMSCl 

(21.4 mL, 168.8 mmol) gave a mixture of trans-36a, trans-37a and cis-36a (6 g, 85%). All 
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the three individual isomers were separated by fractional crystallization as mentioned 

earlier. A pure sample of cis-36a for characterization purposes was obtained by careful 

column chromatography of the gummy residue containing mixture of all isomers.  

Data for (4S,4'S)-3,3'-(2,2'-((3S,4S)-2,2,5,5-tetramethyl-1,2,5-oxadisilolane-3,4-

diyl)bis(acetyl))bis(4-isopropyloxazolidin-2-one) trans-36a  

mp. 162–163 ºC (hexane-EtOAc).  

[α]D
28 −5.3 (c 0.87, EtOH).  

Rf 0.71 (hexane/EtOAc, 70:30).  

IR (CHCl3): 3019, 2966, 1780, 1697, 1388, 1376, 1302, 1252, 1215, 1098, 919, 846, 759 

cm−1. 

1H-NMR (200 MHz, CDCl3): δ 0.04 (6 H, s, 2 × SiMe), 0.32 (6 H, s, 2 × SiMe), 0.87 (6 

H, d, J = 7.8 Hz, 2 × CHMeAMeB), 0.92 (6 H, d, J = 7.8 Hz, 2 × CHMeAMeB), 1.10–1.51 (2 

H, m, 2 × Me2SiCHCH2), 2.27–2.43 (2 H, m, 2 × NCHCHMe2), 2.81 (2 H, dd, J = 10.8, 

18.6 Hz, 2 × CHAHBCON), 3.43 (2 H, dd, J = 4.4, 18.6 Hz, 2 × CHAHBCON), 4.17–4.33 (4 

H, m, 2 × NCO2CH2CH), 4.37–4.44 (2 H, m, 2 × NCHCHMe2).  

13C-NMR (50 MHz, CDCl3): δ −2.4 (2 C), 1.1 (2 C), 14.6 (2 C), 17.9 (2 C), 25.8 (2 C),  

28.4 (2 C), 38.2 (2 C), 58.4 (2 C), 63.5 (2 C), 154.1 (2 C), 173.7 (2 C). 

MS (EI) m/z: 483 (M−15, 5%), 327 (27), 328 (100), 260 (81), 228 (15), 213 (19), 199 

(71), 174 (34), 149 (32), 133 (66), 117 (19), 73 (22), 69 (21). 

Anal. (Found: C, 52.95; H, 7.85; N, 5.88. C22H38N2O7Si2 requires C, 52.98; H, 7.68; N, 

5.62%). 

Data for (4S,4'S)-3,3'-(2,2'-((3R,4R)-2,2,5,5-tetramethyl-1,2,5-oxadisilolane-3,4-

diyl)bis(acetyl))bis(4-isopropyloxazolidin-2-one) trans-37a  

mp. 141–142 ºC (hexane-EtOAc).  

[α]D
27 +152.9 (c 0.90, EtOH).  
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Rf 0.71 (hexane/EtOAc, 70:30). 

IR (CHCl3): 3019, 2965, 2877, 1779, 1696, 1487, 1388, 1302, 1251, 1210, 1096, 920, 

846, 751 cm−1.  

1H-NMR (200 MHz, CDCl3): δ 0.05 (6 H, s, 2 × SiMe), 0.30 (6 H, s, 2 × SiMe), 0.88 (6 

H, d, J = 7.8 Hz, 2 × CHMeAMeB), 0.92 (6 H, d, J = 7.8 Hz, 2 × CHMeAMeB), 1.15–1.19 (2 

H, m, 2 × Me2SiCHCH2), 2.28–2.44 (2 H, m, 2 × NCHCHMe2), 2.82 (2 H, dd, J = 10.4, 

17.8 Hz, 2 × CHAHBCON), 3.41 (2 H, dd, J = 4.6, 17.8 Hz, 2 × CHAHBCON), 4.17–4.33 (4 

H, m, 2 × NCO2CH2CH), 4.38–4.45 (2 H, m, 2 × NCHCHMe2). 

13C-NMR (50 MHz, CDCl3): δ −2.3 (2 C), 1.0 (2 C), 14.5 (2 C), 18.0 (2 C), 25.9 (2 C), 

28.1 (2 C), 38.1 (2 C), 58.4 (2 C), 63.2 (2 C), 154.0 (2 C), 173.7 (2 C). 

MS (EI) m/z: 483 (M−15, 5%), 327 (26), 328 (100), 260 (80), 228 (15), 213 (19), 199 

(69), 174 (35), 149 (32), 133 (64), 117 (18), 73 (22), 69 (21). 

 Anal. (Found: C, 52.99; H, 7.74; N, 6.21. C22H38N2O7Si2 requires C, 52.98; H, 7.68; N, 

5.62%). 

Data for (4S,4'S)-3,3'-(2,2'-((3R,4R)-2,2,5,5-tetramethyl-1,2,5-oxadisilolane-3,4-

diyl)bis(acetyl))bis(4-isopropyloxazolidin-2-one) cis-36a 

[α]D
31 +58.2 (c 0.67, EtOH). 

Rf 0.71 (hexane/EtOAc, 70:30).  

IR (CHCl3): 2963, 2977, 1780, 1698, 1387, 1302, 1252, 1208, 1097, 10120, 919 cm−1. 

1H-NMR (500 MHz, CDCl3): δ 0.16 (3 H, s, SiMe), 0.17 (3 H, s, SiMe), 0.23 (3 H, s, 

SiMe), 0.25 (3 H, s, SiMe), 0.88 (6 H, d, J = 7 Hz, 2 × CHMeAMeB), 0.92 (6 H, d, J = 7.8 

Hz, 2 × CHMeAMeB), 1.69–1.73 (1 H, m, Me2SiCHCH2), 1.82–1.86 (1 H, m, 

Me2SiCHCH2), 2.30–2.43 (2 H, m, 2 × NCHCHMe2), 2.95 (2 H, dd, J = 9, 17.5 Hz, 2 × 

CHAHBCON), 3.15 (1 H, dd, J = 6, 17.5 Hz, CHAHBCON), 3.22 (1 H, dd, J = 7.5, 18 Hz, 
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CHAHBCON), 4.18–4.23 (2 H, m, NCO2CH2CH), 4.26–4.34 (2 H, m, NCO2CH2CH), 

4.39–4.42 (1 H, m, NCHCHMe2), 4.44–4.47 (1 H, m, NCHCHMe2).  

13C-NMR (125 MHz, CDCl3): δ−1.3, −1.1, 0.1, 0.5, 14.5, 14.5, 18.0 (2 C), 22.4, 22.9, 

28.2, 28.3, 32.9, 33.5, 58.5 (2 C), 63.2, 63.3, 154.1, 154.2, 173.4, 173.6. 

HRMS (ESI) m/z: Found MH+ 499.2275, C22H39N2O7Si2 requires 499.2290. 

MS (EI) m/z: 521 (M+Na, 69%), 499 (M+H, 100), 481 (26), 370 (19), 279 (41), 132 (16). 

 

 

(2S)-2-tert-butyloxycarbonylamino-1,1-di(phenyl)-3-methylbutanol 32b 

A solution of bromobenzene (11 mL, 105 mmol) in THF (70 mL) was added drop wise to 

magnesium turnings (2.6 g, 107 mmol) with stirring under argon. The mixture was heated 

under reflux for additional 1 h and cooled on an ice-water bath. A solution of N-(tert-

butoxycarbonyl)-(S)-valine methyl ester (6.9 g, 30 mmol) in dry THF (30 mL) was added 

slowly in portions to the Grignard solution at 0 ºC. After the addition was over, the 

reaction mixture was allowed to warm to room temperature and stirring was continued for 

15 h. The reaction mixture was slowly poured into an ice-cold saturated NH4Cl solution 

and extracted with ethyl acetate. The combined organic layer was washed with brine, dried 

over anhydrous MgSO4, and concentrated under reduced pressure. The residue was 

chromatographed followed by crystallization from ethyl acetate-petroleum ether to give 

(2S)-2-tert-butyloxycarbonylamino-1,1-di(phenyl)-3-methylbutanol 32b (8.8 g, 80%). 

mp. 188–189 ºC (Lit.:137 188.5–189 ºC). 

[α]D
22 −64 (c 1, CH2Cl2) [Lit.:137 [α]D

r.t. −65 (c 1, CH2Cl2)]. 

IR (CHCl3): 3446, 2966, 1703, 1498, 1368 cm−1. 
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1H-NMR (200 MHz, CDCl3): δ 0.88 (3 H, d, J = 6.8 Hz, CHMeAMeB), 0.90 (3 H, d, J = 

6.9 Hz, CHMeAMeB), 1.34 (9 H, s, t-BuO), 1.74–1.82 (1 H, m, CHMe2), 2.63 (1 H, s, OH), 

4.58-4.62 (1 H, m, NCH), 5.01 (1 H, d, J = 10.2 Hz, NH), 7.13–7.55 (10 H, m, Ph). 

 

(4S)-5,5-Diphenyl-4-isopropyloxazolidino-2-one 31b137 

Potassium tert-butoxide (3.7 g, 33 mmol) was added to a stirred solution of the alcohol 32b 

(9.8 g, 27.5 mmol) in dry THF (180 mL) at 0 ºC. After 2.5 h, the resulting suspension was 

poured into a 10% aqueous solution of NH4Cl (200 mL). The white solid were collected 

and crystallized from methanol to give oxazolidin-2-one 31b (7 g, 91%). 

mp. 253–254 ºC (EtOAc) (Lit.:137 253.5–254 ºC). 

[α]D
29 −243 (c 0.6, CH2Cl2) [Lit.:137 [α]D

r.t. −244 (c 0.61, CH2Cl2)]. 

IR (CHCl3): 3461, 2968, 1759 cm−1. 

1H-NMR (200 MHz, CDCl3): δ 0.68 (3 H, d, J = 6.6 Hz, CHMeAMeB), 0.89 (3 H, d, J = 

6.8 Hz, CHMeAMeB), 1.78–1.91 (1 H, m, CHMeAMeB), 4.35 (1 H, d, J = 3.6 Hz, NCH), 

6.34 (1 H, br, NH), 7.24–7.40 (8 H, m, Ph), 7.51–7.56 (2 H, m, Ph). 

 

 

(2S)-2-tert-butyloxycarbonylamino-1,1-di(2-methoxy-5-methylphenyl)-3-

methylbutanol 32c 

A solution of 2-methoxy-4-methylphenylmagnesium bromide was prepared in the usual 

way by using 2-bromo-4-methylanisole (30.4 g, 151 mmol), Mg turnings (3.7 g, 154 

mmol) and THF (100 mL) under argon atmosphere. A solution of N-(tert-butoxycarbonyl)-

(S)-valine methyl ester (10 g, 43.2 mmol) in dry THF (50 mL) was added drop wise to the 
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Grignard solution at 0 ºC. After the addition was over, the reaction mixture was allowed to 

warm to room temperature and stirring was continued for 18 h. The reaction mixture was 

slowly poured into an ice-cold saturated NH4Cl solution and extracted with ethyl acetate. 

The combined organic layer was washed with brine, dried over anhydrous MgSO4, and 

concentrated under reduced pressure. The residue was chromatographed followed by 

crystallization from petroleum ether to give (2S)-2-tert-butyloxycarbonylamino-1,1-di(2-

methoxy-5-methylphenyl)-3-methylbutanol 32c (14.8 g, 77%). 

mp. 112-113 ºC. 

[α]D
22 −143 (c 1, EtOH). 

Rf 0.55 (hexane/EtOAc, 90:10).  

IR (CHCl3): 3502, 3454, 1700, 1497 cm−1. 

1H-NMR (200 MHz, CDCl3): δ 0.84 (6 H, d, J = 6.8 Hz, CHMe2), 1.40 (9 H, s, t-BuO), 

1.51–1.67 (1 H, m, CHMe2), 2.28 (3 H, s, ArMe), 2.32 (3 H, s, ArMe), 3.47 (3 H, s, 

ArOMe), 3.48 (3 H, s, ArOMe), 5.05 (1 H, d, J = 10 Hz, NCH), 5.05 (1 H, d, J = 10.2 Hz, 

NH), 5.29 (1 H, s, br, OH), 6.60 (1 H, d, J = 7.8 Hz, Ar), 6.64 (1 H, d, J = 7.8 Hz, Ar), 

6.90–6.98 (2 H, m, Ar), 7.52 (1 H, s, Ar), 7.58 (1 H, d, J = 2 Hz, Ar). 

13C-NMR (50 MHz, CDCl3): δ 17.1, 20.6, 20.8, 22.6, 28.3 (3 C), 29.5, 55.2, 55.3, 55.9, 

78.2, 81.6, 111.7, 112.3, 127.4, 127.9, 128.1, 128.8, 129.6, 129.7, 132.5, 133.0, 153.8, 

154.8, 156.2.  

 

(4S)-5,5-Di(2-methoxy-5-methylphenyl)-4-isopropyloxazolidin-2-one 31c136 

Potassium tert-butoxide (4.2 g, 37.8 mmol) was added to a stirred solution of the alcohol 

32c (14.0 g, 31.5 mmol) in dry THF (205 mL) at 0 ºC. After 2.5 h, the resulting suspension 
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was poured into a 10% aqueous solution of NH4Cl (350 mL) and extracted with CHCl3. 

The extract was washed with water, dried over MgSO4 and evaporated under reduced 

pressure. The residue was crystallized from ethyl acetate to give oxazolidin-2-one 31c (10 

g, 86%). 

mp. 266-269 ºC (Lit.:136 266-268 ºC). 

[α]D
25 −346 (c 0.5, CHCl3) [Lit.:136 [α]D

24 -346.6 (c 0.5, CHCl3)]. 

Rf 0.4 (CHCl3). 

IR (KBr): 3359, 1764, 1503 cm−1. 

1H-NMR (200 MHz, CDCl3): δ 0.66 (3 H, d, J = 6.6 Hz, CHMeAMeB), 0.92 (3 H, d, J = 

7.2 Hz, CHMeAMeB), 1.51–1.67 (1 H, m, CHMeAMeB), 2.27 (3 H, s, ArMe), 2.32 (3 H, s, 

ArMe), 3.43 (3 H, s, OMe), 3.51 (3 H, s, OMe), 4.76 (1 H, d, J = 1.6 Hz, NCH), 6.22 (1 H, 

br, NH), 6.62 (1 H, d, J = 8.2 Hz, Ar), 6.69 (1 H, d, J = 8.2 Hz, Ar), 6.97–7.05 (2 H, m, 

Ar), 7.24 (1 H, s, d, J = 1 Hz, Ar), 7.67(1 H, d, J = 2 Hz, Ar). 

13C-NMR (50 MHz, CDCl3): δ 15.0, 20.6, 20.8, 21.4, 29.2, 55.5, 56.2, 61.6, 88.8, 111.3, 

114.0, 127.9, 128.0, 128.7, 128.7, 129.0, 129.1, 129.5, 129.6, 152.9, 156.3, 159.8. 

 

 

(4S)-3-trans-(2-Dimethyltolylsilyl)acryloyl-5,5-diphenyl-4-isopropyl-2-oxazolidin-2-

one 34b 

Following the procedure for the preparation of 34a, (E)-3-[dimethyl(tolyl)silyl]propenoic 

acid 33b (1.06 g, 4.8 mmol), oxazolidin-2-one 31b (1.36 g, 4.8 mmol) and n-BuLi (3.2 

mL, 1.5 M solution in hexane, 4.8 mmol) gave N-substituted oxazolidin-2-one 34b (2.06 g, 

89%) as a crystalline solid. 
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mp. 105–107 ºC (hexane-EtOAc). 

[α]D
25 −163.95 (c 1.03, CHCl3).  

Rf 0.62 (hexane/EtOAc, 90:10).  

IR (CHCl3): 3065, 3031, 2965, 2878, 1784, 1683, 1602, 1495, 1450, 1394, 1363, 1334, 

1250, 1108, 1001, 762 cm−1.  

1H-NMR (200 MHz, CDCl3): δ 0.39 (3 H, s, SiMe), 0.40 (3 H, s, SiMe), 0.76 (3 H, d, J = 

6.6 Hz, CHMeAMeB), 0.89 (3 H, d, J = 6.8 Hz, CHMeAMeB), 1.91–2.06 (1 H, m, 

NCHCHMe2), 2.33 (3 H, s, Ar-Me), 5.46 (1 H, d, J = 3.2 Hz, NCHCHMe2), 7.16–7.66 (16 

H, m, 2 × Ph, Ar, CH=CHCON). 

13C-NMR (50 MHz, CDCl3): δ −3.2 (2 C), 16.3, 21.4, 21.7, 30.1, 64.4, 89.2, 125.6 (2 C), 

125.9 (2 C), 127.9, 128.3 (2 C), 128.5, 128.8 (2 C), 128.8 (2 C), 132.7, 133.2, 133.8 (2 C), 

138.2, 139.3, 142.2, 149.8, 152.8, 164.2. 

MS (EI) m/z: 468 (M−15, 5%), 424 (16), 337 (21), 262 (14), 222 (34), 207 (100), 167 

(40), 149 (55), 129 (22), 105 (24), 91 (16). 

Anal. (Found: C, 75.02; H, 6.78; N, 2.91. C30H33NO3Si requires C, 74.50; H, 6.88; N, 

2.90% ). 

 
1,1,3,3-Tetramethyl-1,3-di-{2-[3-(4S)-3-carbonyl-5,5-diphenyl-4-isopropyl-2-

oxazolidin-2-one]ethenyl}disiloxane 35b 

Following the procedure for the preparation of disiloxane 35a, oxazolidin-2-one 34b (1.8 

g, 3.7 mmol) and trifluoromethanesulfonic acid (0.98 mL, 11.15 mmol, 3 equiv) at –15 ºC 

gave the disiloxane 35b (1.2 g, 81%) as a colorless solid.  
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mp. 150 ºC (hexane-EtOAc). 

[α]D
24 −193.2 (c 1.03, CHCl3).  

Rf 0.52 (hexane/EtOAc, 85:15).  

IR (CHCl3): 3024, 2965, 2877, 1782, 1683, 1450, 1364, 1335, 1256, 1213, 1176, 1053, 

752 cm−1. 

1H-NMR (200 MHz, CDCl3): δ 0.18 (6 H, s, 2 × SiMe), 0.19 (6 H, s, 2 × SiMe), 0.77 (6 

H, d, J = 6.8 Hz, 2 × CHMeAMeB), 0.89 (6 H, d, J = 7 Hz, 2 × CHMeAMeB), 1.91–2.06 (2 

H, m, 2 × NCHCHMe2), 5.45 (2 H, d, J = 3.2 Hz, 2 × NCHCHMe2), 7.20–7.62 (24 H, m, 4 

× Ph, 2 × CH=CHCON).  

13C-NMR (50 MHz, CDCl3): δ 0.2 (4 C), 16.2 (2 C), 21.6 (2 C), 29.9 (2 C), 64.4 (2 C), 

89.1 (2 C), 125.4 (4 C), 125.7 (4 C), 127.7 (2 C), 128.1 (4 C), 128.3 (2 C), 128.7 (4 C), 

132.7 (2 C), 138.1 (2 C), 142.1 (2 C), 149.2 (2 C), 152.5 (2 C), 164.1 (2 C). 

MS (EI) m/z: 823 (M+Na, 8%), 801 (M+H, 100). 

Anal. (Found: C, 68.83; H, 6.59; N, 3.59. C46H52N2O7Si2 requires C, 68.97; H, 6.54; N, 

3.50%). 

 

 

Reductive cyclization of 35b to give trans-36b, trans-37b and cis-36b 

Following the procedure of intramolecular reductive cyclization of disiloxane 21a, 

disiloxane 35b (0.945 g, 1.18 mmol), magnesium turnings (0.344 g, 14.2 mmol) and 

TMSCl (1.8 mL, 14.2 mmol) gave a mixture of trans-36b, trans-37b and cis-36b (0.79 g, 

83%). The residue was crystallized from hexane-ethyl acetate to give the major trans-37b 
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(0.28 g, 29%). The remaining portion (0.5 g, 54%) consisted of a mixture of all three 

isomers from which the individual isomers could not be separated by crystallisation or 

chromatography. 

Data for trans-37b  

mp. 93–95 ºC (hexane-EtOAc).  

[α]D
26 −98.3 (c 0.6, CHCl3). 

Rf 0.51 (hexane/EtOAc, 85:15).  

IR (CHCl3): 3062, 3029, 2966, 2878, 1783, 1701, 1450, 1369, 1251, 1176, 929, 758 cm−1. 

1H-NMR (200 MHz, CDCl3): δ −0.43 (6 H, s, 2 × SiMe), 0.20 (6 H, s, 2 × SiMe), 0.77 (6 

H, d, J = 6 Hz, 2 × CHMeAMeB), 0.86 (6 H, d, J = 8 Hz, 2 × CHMeAMeB), 1.00–1.05 (2 H, 

m, 2 × Me2SiCHCH2), 1.91–2.06 (2 H, m, 2 × NCHCHMe2), 2.65 (2 H, dd, J = 11, 18.6 

Hz, 2 × CHAHBCON), 3.32 (2 H, dd, J = 3.4, 18.6 Hz, 2 × CHAHBCON), 5.34 (2 H, d, J = 

4 Hz, 2 × NCHCHMe2), 7.26–7.50 (20 H, m, 4 × Ph).  

13C-NMR (50 MHz, CDCl3): δ −3.0 (2 C), 1.1 (2 C), 16.5 (2 C), 21.5 (2 C), 25.4 (2 C), 

29.8 (2 C), 37.6 (2 C), 64.7 (2 C), 89.5 (2 C), 125.5 (4 C), 125.8 (4 C), 127.9 (2 C), 128.3 

(4 C), 128.6 (2 C), 128.9 (4 C), 137.9 (2 C), 142.3 (2 C), 153.1 (2 C), 173.3 (2 C).  

HRMS (ESI) m/z: Found MH+ 803.3507, C46H55N2O7Si2 requires 803.3542. 

MS (EI) m/z: 825 (M+Na, 6%), 803 (M+H, 63), 279 (100), 132 (33). 

Data for trans-36b from the mixture containing about 55% of trans-37b  
1H-NMR (200 MHz, CDCl3): δ 0.03 (6 H, s, 2 × SiMe), 0.20 (6 H, s, 2 × SiMe), 0.72 (6 

H, d, J = 6 Hz, 2 × CHMeAMeB), 0.86 (6 H, d, J = 8 Hz, 2 × CHMeAMeB), 0.93–1.05 (2 H, 

m, 2 × Me2SiCHCH2), 1.91–2.06 (2 H, m, 2 × NCHCHMe2), 2.74 (2 H, dd, J = 11, 19.6 

Hz, 2 × CHAHBCON), 3.17 (2 H, dd, J = 3.2, 19.6 Hz, 2 × CHAHBCON), 5.32 (2 H, d, J = 

4 Hz, 2 × NCHCHMe2), 7.23–7.50 (20 H, m, 4 × Ph). 
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(4S)-3-trans-(2-dimethyltolylsilyl)acryloyl-4-isopropyl-5,5-di(2-methoxy-5-methyl)-2-

oxazolidin-2-one 34c 

Following the procedure for the preparation of 34a, (E)-3-[dimethyl(4-

methylphenyl)silyl]propenoic acid 33b (1.02 g, 4.6 mmol), oxazolidin-2-one 31c (1.7 g, 

4.6 mmol) and n-BuLi (3.1 mL, 1.5 M solution in hexane, 4.6 mmol) gave N-substituted 

oxazolidin-2-one 34c (2.4 g, 91%) as a crystalline solid. 

mp. 160–161 ºC (hexane-EtOAc).  

[α]D
28 −215.8 (c 1.05, EtOAc).  

Rf 0.69 (hexane/EtOAc, 85:15).  

IR (CHCl3): 3072, 3035, 3012, 2999, 2964, 2835, 1772, 1683, 1604, 1504, 1465, 1342, 

1250, 1201, 1107, 1034, 910, 821, 730 cm−1.  

1H-NMR (200 MHz, CDCl3): δ 0.39 (3 H, s, SiMe), 0.40 (3 H, s, SiMe), 0.73 (3 H, d, J = 

6.8 Hz, CHMeAMeB), 0.97 (3 H, d, J = 7 Hz, CHMeAMeB), 1.67–1.82 (1 H, m, 

NCHCHMe2), 2.23 (3 H, s, Ar-Me), 2.34 (3 H, s, Ar-Me), 2.36 (3 H, s, Ar-Me), 3.48 (3 H, 

s, OMe-Ar), 3.49 (3 H, s, OMe-Ar), 5.85 (1 H, d, J = 1.8 Hz, NCHCHMe2), 6.66 (2 H, dd, 

J = 8.2, 10 Hz, Ar), 6.98–7.10 (2 H, m, Ar), 7.16–7.70 (8 H, m, Ar, CH=CHCON).  

13C-NMR (50 MHz, CDCl3): δ −3.1 (2 C), 16.0, 20.7 (2 C), 21.4, 22.6, 30.1, 55.4, 56.0, 

62.3, 89.0, 111.0, 113.8, 126.7, 127.6, 128.1, 128.7 (3 C), 128.9, 129.0, 129.1, 130.0 133.0, 

133.9 (3 C), 139.2, 148.4, 152.7, 153.3, 156.2, 164.4.  

MS (EI) m/z: 571(M, 3%), 556 (M−15, 2), 512 (15), 310 (26), 293 (18), 271 (20), 255 

(28), 203 (55), 149 (100), 135 (45), 105 (20), 91 (14). 



 107 

Anal. (Found: C, 71.61; H, 7.38; N, 2.89. C34H41NO5Si requires C, 71.42; H, 7.23; N, 

2.45% ). 

 

1,1,3,3-Tetramethyl-1,3-di-{2-[3-(4S)-3-carbonyl-5,5-di(2-methoxy-5-methyl)-4-

isopropyl-2-oxazolidin-2-one]ethenyl}disiloxane 35c 

Following the procedure for the preparation of disiloxane 35a, oxazolidin-2-one 34c (1.32 

g, 2.3 mmol) and TfOH (0.51 mL, 5.8 mmol, 2.5 equiv) at –15 ºC gave the disiloxane 35c 

(0.81 g, 72%) as a colorless solid.  

mp. 179–180 ºC (hexane-EtOAc). 

[α]D
24 −235.8 (c 1.02, EtOAc).  

Rf 0.65 (hexane/EtOAc, 75:25).  

IR (CHCl3): 3019, 2964, 2879, 2836, 1778, 1683, 16011, 1503, 1465, 1343, 1253, 1201, 

1033, 760 cm−1. 

1H-NMR (200 MHz, CDCl3): δ 0.20 (12 H, s, 4 × SiMe), 0.74 (6 H, d, J = 6.8 Hz, 2 × 

CHMeAMeB), 0.98 (6 H, d, J = 7.2 Hz, 2 × CHMeAMeB), 1.69–1.77 (2 H, m, 2 × 

NCHCHMe2), 2.23 (6 H, s, 2 × Ar-Me), 2.35 (6 H, s, 2 × Ar-Me), 3.49 (12 H, s, 4 × OMe-

Ar), 5.85 (2 H, d, J = 1.8 Hz, 2 × NCHCHMe2), 6.65 (4 H, t, J = 9.2 Hz, Ar), 6.95–7.10 (4 

H, m, Ar), 7.16 (1 H, s, Ar), 7.26 (2 H, d, J = 18.6 Hz, 2 × CH=CHCON), 7.36 (1 H, s, 

Ar), 7.61 (2 H, d, J = 18.6 Hz, 2 × CH=CHCON), 7.69 (1 H, s, Ar), 7.70 (1 H, s, Ar).  

13C-NMR (50 MHz, CDCl3): δ 0.1 (4 C), 15.8 (2 C), 20.4 (4 C), 22.4 (2 C), 29.8 (2 C), 

55.0 (2 C), 55.5 (2 C), 62.1 (2 C), 88.8 (2 C), 110.8 (2 C), 113.4 (2 C), 126.3 (2 C), 127.4 
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(2 C), 127.7 (2 C), 128.4 (2 C), 128.6 (2 C), 128.6 (2 C), 128.9 (2 C), 129.8 (2 C), 133.2 (2 

C), 148.0 (2 C), 152.4 (2 C), 153.0 (2 C), 155.9 (2 C), 164.2 (2 C). 

MS (EI) m/z: 999 (M+Na, 19%), 977 (M+H, 15), 500 (100). 

Anal. (Found: C, 66.70; H, 7.17; N, 2.92. C54H68N2O11Si2 requires C, 66.36; H, 7.01; N, 

2.87%). 

 

Reductive cyclization of 35c to give trans-36c, trans-37c and cis-36c 

Following the procedure of intramolecular reductive cyclization of disiloxane 21a, 

disiloxane 35c (0.695 g, 0.71 mmol), magnesium turnings (0.21 g, 8.64 mmol) and TMSCl 

(1.1 mL, 8.68 mmol) gave a mixture of trans-36c, trans-37c and cis-36c (0.58 g, 83%). 

The residue was crystallized from hexane-ethyl acetate to give the major trans-37c (0.21 g, 

30%). The remaining portion (0.37 g, 53%) consisted of a mixture of all three isomers 

from which the individual isomers could not be separated.  

Data for trans-37c 

mp. 250–252 ºC (hexane-EtOAc).  

[α]D
24 −135.1 (c 0.6, CHCl3).  

Rf 0.63 (hexane/EtOAc, 75:25).  

IR (CHCl3): 2957, 2926, 2856, 1779, 1695, 1502, 1464, 1372, 1252, 1200, 1032 cm−1.  

1H-NMR (200 MHz, CDCl3): δ −0.20 (6 H, s, 2 × SiMe), 0.34 (6 H, s, 2 × SiMe), 0.74 (6 

H, d, J = 6.6 Hz, 2 × CHMeAMeB), 0.95 (6 H, d, J = 7.2 Hz, 2 × CHMeAMeB), 1.09–1.14 (2 

H, m, 2 × Me2SiCHCH2), 1.61–1.75 (2 H, m, 2 × NCHCHMe2), 2.23 (6 H, s, 2 × Ar-Me), 
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2.35 (6 H, s, 2 × Ar-Me), 2.74 (2 H, dd, J = 11.4, 19 Hz, 2 × CHAHBCON), 3.44 (2 H, dd, J 

= 3, 19 Hz, CHAHBCON), 3.48 (12 H, s, 4 × OMe-Ar), 5.75 (2 H, d, J = 2 Hz, 2 × 

NCHCHMe2), 6.65 (4 H, dd, J = 8.2, 12.8 Hz, Ar), 6.96–7.10 (4 H, m, Ar), 7.21 (1 H, s, 

Ar), 7.22 (1 H, s, Ar), 7.70 (1 H, s, Ar), 7.71 (1 H, s, Ar).  

13C-NMR (50 MHz, CDCl3): δ −2.6 (2 C), 1.5 (2 C), 16.0 (2 C), 20.6 (2 C), 20.8 (2 C), 

22.4 (2 C), 25.1 (2 C), 29.9 (2 C), 38.1 (2 C), 55.3 (2 C), 56.0 (2 C), 61.7 (2 C), 89.0 (2 C), 

111.0 (2 C), 114.1 (2 C), 126.3 (2 C), 126.9 (2 C), 127.9 (2 C), 128.9 (6 C), 129.1 (2 C), 

130.1 (2 C), 152.7 (2 C), 153.5 (2 C), 156.4 (2 C), 173.5 (2 C). 

HRMS (ESI) m/z: Found MH+ 979.4545, C54H71N2O11Si2 requires 979.4591. 

MS (EI) m/z: 1001 (M+Na, 11%), 979 (M+H, 100), 318 (14), 279 (45), 132 (7). 

Data for trans-36c from the mixture containing about 5% of trans-37c 
1H-NMR (200 MHz, CDCl3): δ 0.07 (6 H, s, 2 × SiMe), 0.37 (6 H, s, 2 × SiMe), 0.69 (6 

H, d, J = 6.6 Hz, 2 × CHMeAMeB), 0.95 (6 H, d, J = 7 Hz, 2 × CHMeAMeB), 1.09–1.14 (2 

H, m, 2 × Me2SiCHCH2), 1.61–1.75 (2 H, m, 2 × NCHCHMe2), 2.24 (6 H, s, 2 × Ar-Me), 

2.34 (6 H, s, 2 × Ar-Me), 2.93 (2 H, dd, J = 11.2, 19 Hz, 2 × CHAHBCON), 3.12 (2 H, dd, J 

= 4, 19 Hz, CHAHBCON), 3.46 (6 H, s, 2 × OMe-Ar), 3.48 (6 H, s, 2 × OMe-Ar), 5.76 (2 

H, d, J = 1.5 Hz, 2 × NCHCHMe2), 6.64 (4 H, dd, J = 8.4, 12 Hz, Ar), 6.96–7.10 (4 H, m, 

Ar), 7.14 (1 H, s, Ar), 7.15 (1 H, s, Ar), 7.66 (1 H, s, Ar), 7.67 (1 H, s, Ar). 

 

(3S,4S)-Dihydroxyadipic-γ,γ/-dilactone (−)-39 

Hydrogen peroxide (0.6 mL, 30%) was added to a stirred mixture of trans-36a (0.15 g, 0.3 

mmol) and KHF2 (0.14 g, 1.8 mmol) in THF/MeOH (6 mL, 1:1). After 24 h at 60 ºC, H2O2 
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(0.3 mL) was added to the reaction mixture followed by addition of THF/MeOH (2 mL, 

1:1). After 15 h, the solvent was evaporated under reduced pressure. The white residue was 

triturated with hot EtOAc and filtered. The filtrate on evaporation gave the oxazolidin-2-

one (35 mg, 90%). The solid residue was taken up in 0.2 molar methanolic HCl (10 mL) 

and evaporated. The residue was triturated with ethyl acetate and filtered. The filtrate was 

evaporated under reduced pressure and the residue was dissolved in THF (2 mL), TsOH (2 

mg, 0.01 mmol) was added into it and the mixture was heated at 55 ºC for 12 h. Sodium 

bicarbonate (3 mg) was added into the reaction mixture, diluted with hot EtOAc, filtered 

and the filtrate was evaporated to give the lactone (−)-39 (42 mg, 98%) as a solid. 

mp. 122–124 ºC (hexane-EtOAc) (lit.:139 mp. 122–123 ºC, for the antipode). 

[α]D
23 −145.3 (c 0.64, H2O) (lit.:139 [α]D

19 +143 ± 2.5, c 0.785, H2O for the antipode). 

Rf 0.57 (hexane/EtOAc, 2:8).  

IR (CHCl3): 3023, 2993, 2958, 1783, 1401, 1343, 1309, 1191, 1165, 1051 cm−1.  

1H-NMR (200 MHz, CDCl3): δ 2.83–3.04 (4 H, m, 2 × CH2), 5.18–5.24 (2 H, m, 2 × CH).  

13C-NMR (50 MHz, CDCl3): δ 35.1 (2 C), 78.3 (2 C), 172.9 (2 C). 

 

 

(3R,4R)-Dihydroxyadipic-γ,γ/-dilactone (+)-39 

Following the procedure of conversion of trans-36a to (−)-39, disiloxane trans-37a (0.1 g, 

0.2 mmol) and H2O2 (0.7 mL, 30%) gave lactone (+)-39 (25 mg, 88%) as a solid and 

oxazolidin-2-one 31a (27 mg, 80%). 

mp. 121–123 ºC (hexane-EtOAc) (lit.:139 mp. 122–123 ºC).  
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[α]D
25 +142.11 (c 0.38, H2O) (lit.:139 [α]D

19 +143 ± 2.5, c 0.785, H2O).  

Rf 0.57 (hexane/EtOAc, 20:80).  

IR (CHCl3): 3023, 2993, 2958, 1783, 1401, 1343, 1309, 1191, 1165, 1051, 927, 836 cm−1. 

1H-NMR (200 MHz, CDCl3): δ 2.83–3.04 (4 H, m, 2 × CH2), 5.18–5.24 (2 H, m, 2 × CH). 

13C-NMR (50 MHz, CDCl3): δ 35.1 (2 C), 78.3 (2 C), 172.9 (2 C).  

This compound was also obtained by Fleming-Tamao oxidation of trans-37b in 85% yield. 

Recovery of oxazolidin-2-one 31b was 75%. This compound was also obtained by 

Fleming-Tamao oxidation of trans-37c in 84% yield. Recovery of oxazolidin-2-one 31c 

was 70%. 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
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4.1 Introduction 

With the invention of a reaction in which a silicon group can be converted to a hydroxyl 

group with retention of configuration, has opened up a new area of organic synthesis. A 

silicon group possesses very different properties compared to a hydroxy group or any 

protected form of a hydroxy group. The neutral silyl group is stable to wide range of 

reaction conditions and can be carried along a multistep synthesis. Similarly, the 

protection-deprotection sequence required for hydroxyl functions during total synthesis 

may sometimes be troublesome. More interestingly, a silicon group has certain properties 

that are complementary to a hydroxy group with respect to controlling of stereochemical 

aspects in organic reactions. The electropositive silicon centre and electronegative OH 

group introduce opposite electronic effects. In contrast to a hydroxy group, a silicon group 

does not possess a lone pair of electrons and does not coordinate with incoming 

organometallic reagents, electrophiles or Lewis acids.  

 Carbonyl compounds having a silyl group at the β-position are popular targets 

because of their versatile nature47b and also excellent surrogate for the acetate aldol146 

reaction. As described in Chapter 1, hydrosilylation is one of the most common pathways 

that provide β-silyl carbonyl compounds.147 The reaction of 1,3-diphenyl-2-propenone with 

pentamethyldisilane proceeded well with PtCl2(cod) (cod = 1,5-cyclooctadiene) to produce 

oxasilacyclopentene (Scheme 4.1).147c The same protocol using 1,5-diphenyl-2,4-diene-

pentanone instead of 1,3-diphenyl-2-propenone also gave β-silylated product with good 

yield.  

 Silylmetalation of unsaturated carbonyl compounds148 is another most popular and 

useful methodology for the synthesis of β-silyl carbonyl compounds. The silyl anions 
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usually have their counter-cations as Li, Na, K, Rb, Cs (Group 1); Mg (Group 2); Cu 

(Group 11) and Zn, Cd, Hg (Group 12) metals.149 

 

Scheme 4.1 

 The conjugate silylation of enone can be classified into two types of reactions. One 

is the stoichiometric conjugate addition of silyl anion to enones, and the other is the 

transition metal catalyzed reaction of disilane with enones to give γ-siloxyallylsilane. In 

1976, Still150 has shown that the conjugate addition to α,β-unsaturated carbonyl 

compounds with trimethylsilyllithium in presence of hexamethylphosphoric triamide 

(HMPA) produced β-silylated product. Two years later, Fleming et al.
151 has started 

reporting their observations in this area. Preparation of dimethyl(phenyl)silyllithium is 

easier than that of trimethylsilyllithium reagent. In presence of copper(I) iodide, 

dimethyl(phenyl)silyllithium undergoes conjugate addition to α,β-unsaturated carbonyl 

compounds to produce the corresponding β-silylated products in high yield (Scheme 

4.2).148a-c,151  
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Scheme 4.2 
 The above conjugate addition has also been done with siliylzincate148d-f reagent, 

formed by the reaction of dimethyl zinc and silyllithium. The yield of the β-silylated 

product is comparatively higher while using silylzincate reagent than that of the 

siliylcuprate reagent. The asymmetric version of these reactions using α,β-unsaturated 

carbonyl compounds attached to chiral auxiliaries gave both the diastereoisomers with 

moderate to good diastereoselectivity (Scheme 4.3). Tamao and Ito149e have prepared three 

stable amino(phenyl)silyl anions by the standard direct reaction of aminochlorosilanes with 

lithium metal to produce (diaminosily1)lithium in quantitative yields. (Aminosilyl)lithium 

thus formed are also useful reagent as it undergoes conjugate addition to α,β-unsaturated 

ester to produce β-silylated product (Scheme 4.4). 

 

Scheme 4.3 

 

 

Scheme 4.4 
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 Hayashi et al.
149 have given a major contribution to the conjugate silylation of 

enone by using transition metal catalyzed reaction of disilane. Palladium-catalyzed 

symmetric/asymmetric 1,4-addition of disilanes were thoroughly studied by them. 1,4-

disilylation of α,β-unsaturated ketones was shown to proceed with 1,1-dichloro-1-phenyl-

2-trimethyldisilane in the presence of a phosphine-palladium catalyst in benzene. Excess 

amount of methyllithium reacts with the disilylated product to give β-silyllithium enolate, 

which on hydrolysis produce β-silyl carbonyl compounds with satisfactory yield (Scheme 

4.5). 

 

Scheme 4.5 

 Transition metal catalysts containing chiral ligands can, in principle, make the 

silylation result with the formation of optically active β-silyl carbonyl compounds. 

Optically active β-hydroxy carbonyl compounds were synthesized by palladium-catalyzed 

asymmetric 1,4-disilylation of α,β-unsaturated ketones followed by oxidative cleavage of 

the carbon-silicon bond. Catalyst, PdCl2[(R)-(+)-BINAP] (BINAP = 2,2′-bis(di-

phenylphosphino)-1,1′-binapththyl) was found to be the most effective chiral catalyst for 

enantioselective disilylation reactions (Scheme 4.6).149a,b  

 

Scheme 4.6 
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 Oxidative addition of disilanes is likely to be a crucial process in the palladium-

catalyzed bis-silylation of the unsaturated bond which require the reactive disilanes and 

heating conditions. Thus, bis-silylation of α,β-unsaturated carbonyl compounds, which 

does not proceed via oxidative addition of disilane was an important issue. It was thought 

that the silylation of the η3-siloxyallylpalladium complex with disilane can give the desired 

product under milder conditions, because the reaction of the η3-allylpalladium intermediate 

with disilane has been known to give allylsilanes rather easily. The palladium/Me3SiOTf-

catalyzed addition of disilane to α,β-unsaturated carbonyl compounds was found to 

proceed smoothly to give the desired β-silylated products (Scheme 4.7)149d even under mild 

reaction conditions. 

 

Scheme 4.7 
 Recently, Oestreich and co-workers149f have invented a novel carbon-silicon bond 

formation reaction by using Si−B linkage instead of Si−Si linkage (disilanes) and reacted 

with α,β-unsaturated ketones under catalytic conditions. It was shown that racemic as well 

as asymmetric silyl transfer took place when boron linked silane was treated with various 

α,β-unsaturated carbonyl compounds catalyzed by Rh(I)-complex (Scheme 4.8).  

 

Scheme 4.8 
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 The conjugate silylation reaction of α,β-unsaturated ketones with different disilanes 

were also seen to be catalyzed by (CuOTf)2.benzene in presence of tributylphosphine to 

give the corresponding β-silylated product.149g,h Whereas, (CuOTf)2.benzene-catalyzed 

disilylation of alkylidene malonates with disilanes provided higher yield of the β-silyl 

diesters when pyridine was used as Lewis base instead of phosphine (Scheme 4.9). 

 

Scheme 4.9 
 Reductive silylation of α,β-unsaturated carbonyl compounds is another important 

way of synthesizing β-C-silyl carbonyl compounds. The reducing agent used for the 

reductive silylation could be metals such as ytterbium,113 magnesium152a-c and lithium.152d 

The outcome of these reactions depended upon the functionalities attached to the double 

bond, metal and the solvent used in these reactions. Reaction of chalcone with an 

equimolar amount of Yb in presence of excess TMSCl produced three products such as, 

reductive dimerization product, simple double bond reduction product and β-C-silylated 

product (Scheme 4.10).  

 

Scheme 4.10 
 Picard et al.

152a,b have shown that α,β-unsaturated esters in the presence of Mg and 

TMSCl in HMPA can produce three different types of products viz. C-silylation at the β-

position with respect to the ester moiety, reductive dimerization and simple saturation of 

the double bond (Scheme 4.11). The quantum of each product depended on the 
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functionalities attached to the double bond. The C-silylation at the β-position was the main 

pathway when reacted with cinnamic esters and so the corresponding β-silylated 

hydrocinnamic ester/acid was formed as the major product (~50% yield).152b Similar 

results were obtained when β-aryl α-phosphorylacrylate derivatives152c were subjected 

under reductive silylation conditions using Mg/TMSCl/DMF system. Whereas, arylidene 

malonates/aceto acetates/cyanoacetates were not so selective under these conditions and 

produced in addition to the C-silylated product, a significant amount of double bond 

reduced product.  

 

Scheme 4.11 

 TMSCl/Li/THF system152d had also been used for the silylation of unsaturated 

carbonyl compounds. The β-silylation along with silylation of the ester was found to be the 

major product when methyl crotonate was treated with Li/TMSCl/THF system (Scheme 

4.12). 

 

Scheme 4.12 

 Electrochemical methods have also been used although rarely to produce silicon-

carbon bond at the β-position of the α,β-unsaturated carbonyl compounds. Reductive 

trimethylsilylation of β-aryl-α,β-unsaturated ketones, esters and nitriles using a sacrificial 
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Mg anode in an undivided electrochemical cell152e mainly produced the β-C-silylated 

products in moderate yields (Scheme 4.13). While α,β-unsaturated aldehydes and ketones 

under these conditions preferred for reductive dimerization127 to generate bis-(enol silyl) 

ethers with very high regioselectivity (Scheme 3.18, Chapter 3). 

 

Scheme 4.13 

 

4.2 Present Work  

 Reductive coupling reactions using Mg/TMSCl/DMF system on silicon-tethered 

diacrylic esters or amides (Chapter 3) preferred for intramolecular reductive coupling of 

the two acrylic units leading to 3,4-bis-silyl substituted adipic acid derivatives with very 

high selectivity without any C-silylation at the β-position (Scheme 4.14). We, therefore, 

became curious to know the outcome of this reductive dimerization protocol on the 

monomeric esters viz. β-dimethyl(aryl)silylacrylates 23. Which pathway it would follow, 

reduction, C-silylation or dimerization? When β-dimethyl(phenyl)silylacrylate 23a was 

subjected under our reported153 (as described in Chapter 3) conditions (reactant 

concentration 0.1 M in DMF, 12 equiv each of Mg and TMSCl with respect to silyl 

acrylate, at 0 °C), it was gratifying to note that the reaction took place with complete 

consumption of starting material. Surprisingly, the crude reaction product showed the 

formation of methyl 3-dimethyl(phenyl)silyl-3-trimethylsilylpropionate 40 associated with 

a small amount of double bond reduced product 41. Thus, the above observation of β-C-

silylation reaction prompt us to do an elaborate study of our ‘substrate based’ diversity 

oriented synthetic strategy by using Mg/DMF/silyl chloride system as a common reagent 
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 and varying the substrate to produce a diverse skeletons. 

 

Scheme 4.14 

  
4.2.1 Optimization of the reaction conditions for the synthesis of β-C-

silylated cinnamates 

 Prior to work with β-dimethyl(aryl)silylacrylates 23, we decided to find out a 

suitable conditions for the reductive silylation of ethyl cinnamate as it is known152b to react 

with Mg/TMSCl/HMPA system to produced β-C-silylated product along with reductive 

dimerization and simple double bond reduction product (Scheme 4.11). A trial set of 

conditions were performed to optimize the process. Therefore, TMSCl (12 equiv) was 

added to a stirred suspension of Mg (12 equiv) and ethyl cinnamate 42a (1 equiv, 0.1 M) in 

DMF at 0 °C and stirred for 1.5 h. We were pleased to see that the reaction took place with 

complete consumption of the starting material (Scheme 4.15). The crude reaction product 

indeed showed the formation of ethyl β-phenyl β-trimethylsilyl propionate 43a associated 

with a small amount of double bond reduced product, ethyl dihydrocinnamate 44a 

(43a:44a = 9/1 as revealed by 1H NMR). An authentic sample of ethyl dihydrocinnamate 

44a was also synthesized form ethyl cinnamate by the palladium-charcoal reduction 

reaction (Scheme 4.16). No reductive dimerization product could be detected from the 

crude product. The C-silylated product 43a was also isolated in 76% yield. To improve 
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upon the yield and selectivity, the procedure was then modified by adding ethyl cinnamate 

to the mixture of Mg and TMSCl under various conditions as presented in Table 4.1. 

 

Scheme 4.15 

 
Scheme 4.16 

 
Table 4.1: Optimization of conditions for the reductive silylation of ethyl cinnamatea 

________________________________________________________________________ 

Entry Me3SiCl 
(equiv)  

Conc. of 42a (M) 
in DMF 

Temperature (ºC)/ 
 time (h)  

43a:44ab Yield of 
43a (%)c 

1 3 0.1 0/1.5 85:15 68 

2 6 0.1 0/1.5 91:9 75 

3 12 0.1 0/1.5 91:9 76 

4 15 0.1 0/1.5 91:9 76 

5 20 0.1 0/1.5 91:9 76 

6 6 0.2 0/1.5 92:8 77 

7 6 0.06 0/1.5 90:10 73 

8 6 0.05 0/1.5 89:11 72 

9 6 0.1 − 15/1.5 71:19 50 

10 6 0.2 30/0.5 95:5 84 

11 6 0.2 65/0.15 91:9 79 

12 6 0.2 30/0.5 94:6 78d 

13 6 0.2 30/1 94:6 73e 

14 6 0.2 30/1.5 93:7 70f 
 

a Unless stated, 12 equiv of Mg metal was used; b Ratio determined by 1H NMR; c Yield of homogeneous 

material obtained after silica-gel chromatography; d 9 equiv of Mg metal was used; e 6 equiv of Mg metal 

was used; f 3 equiv of Mg metal was used. 

________________________________________________________________________ 
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 As our study aimed to introduce various silyl groups, optimization of the quantity 

of silyl chloride was therefore essential. We began our studies with the use of 3 equiv of 

TMSCl with respect to ethyl cinnamate at 0 ºC (Table 4.1, entry 1). Increasing the 

proportion of TMSCl from 3 equiv to 6 equiv reduced the formation of the reduction 

product 44a and the overall yield was also improved (Table 4.1, entry 2). Further increase 

in TMSCl quantity did not improve the yield of the silylated product 43a much (Table 4.1, 

entries 3–5). Increasing the reactant concentration did not change the selectivity or the 

yield while reactions under dilute conditions produced more double bond reduction 

product 44a (Table 4.1, entries 6–8). When the reaction temperature was lowered, the 

selectivity of C-silylation versus double bond reduction deteriorated (Table 4.1, entry 9) 

and also the isolated yield of 43a decreased significantly. Interestingly, carrying out the 

reaction at room temperature (30 ºC) increased the reaction rate, the yield of product 43a 

and the selectivity of the reaction (Table 4.1, entry 10). Further increase in the reaction 

temperature shortened the reaction time but yield and selectivity dropped marginally 

(Table 4.1, entry 11). We also varied the quantity of magnesium (9–3 equiv; Table 4.1, 

entries 12–14) and carried out the silylation reaction of ethyl cinnamate with 6 equiv of 

TMSCl in each case at room temperature. The β-silylated product 43a was formed in all 

cases but required longer reaction time. Although, the ratio of silylation to reduction i.e. 

the formation of 43a/44a did not change, significant drop in the isolated yield of 43a was 

observed. The best condition is therefore to add the ethyl cinnamate to a mixture of 6 equiv 

of TMSCl, 12 equiv of Mg in DMF (0.2 M) at 30 ºC for 0.5 h (Table 4.1, entry 10). Under 

these conditions the C-silylated product 43a was isolated in 84% yield with the double 

bond reduction product 44a now found to be negligible (~5%). The reduction product 44a 

was easily separated from C-silylated product 43a by column chromatography. 
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4.2.1a C-Silylation at the β-position of ethyl cinnamates using different 

silyl chlorides  

 Although Me2PhSi group is equivalent to a hydroxyl group, it is not the most easily 

oxidizable group. The proposed mechanism (Scheme 4.17)154 shows that the phenyl group 

undergoes an ipso-substitution by first reacting with an electrophile such as bromine or 

mercuric acetate. It is therefore expected that electron rich aryl ring would make this ipso-

substitution more facile. This has been demonstrated by converting dimethyl(4-

methylphenyl)silyl118,124 and (2-methoxyphenyl)dimethylsilyl groups155 (Scheme 4.18) to a 

hydroxyl functionality under milder conditions and better yields.  

 

Scheme 4.17 

 

 

Scheme 4.18 

 The dimethyl(phenyl)silyl lithium is usually prepared by the reaction of 

(phenyl)dimethylsilyl chloride and two equivalents of lithium in THF. Reaction of 

(phenyl)dimethyl silyllithium with equimolar amount of copper(I) cyanide/iodide 

generates the silylcuprate which then undergoes conjugate silylation to acrylate systems 

easily (Scheme 4.19). This process is not applicable to a silyl group with an electron-rich 
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aryl substituent. The major hurdle was the preparation of dimethyl(aryl)silyllithiums from 

the corresponding dimethyl(aryl)silyl chloride having electron rich aryl groups. 

Dimethyl(aryl)silyl chloride in Li/THF suspension reacts to form the corresponding 

disilane with low yield which does not cleave even in presence of excess amount of Li 

(Scheme 4.20).156a,b So the popularity of Me2PhSi group remained because of the easy 

preparation of Me2PhSiLi156c,d from the commercially available silyl chloride and facile 

conjugate additions of mono-silylcuprate156e,f or bis-silylcuprate148a-c,151 (Scheme 4.2) 

reagents derived from it to unsaturated carbonyl compounds. 

 

Scheme 4.19 

 

Scheme 4.20 

 As suitable substituents on silicon, especially electron rich aryl groups make the 

silyl group as a potent masked hydroxyl group, different (aryl)silyl chlorides 6a-c were 

synthesized from dichlorodimethylsilane via Grignard reaction (Scheme 4.21).  

 
Scheme 4.21 

 To generalize the Mg/TMSCl/DMF system for efficient reductive C-silylation at 

the β-position of ethyl cinnamates, reductive silylation with PhMe2SiCl and silyl chlorides 

which do not form the corresponding silyllithium easily such as p-TolMe2SiCl, p-
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AnsMe2SiCl and AllMe2SiCl were pursued. All these silyl groups118,124,157 are also known 

to be the surrogate of the hydroxyl group. The results of reductive silylation under the 

optimized conditions are presented in Scheme 4.22 and Table 4.2.  

 

Scheme 4.22 
 

Table 4.2: Reductive silylation of cinnamates with various silyl chlorides 
________________________________________________________________________ 

 
a Reaction time was 30 min in all the reactions; b Isolated yield. 
________________________________________________________________________ 
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 In all cases the β-silylated product 43 (Fig. 4.1–4.4) was obtained in very good 

yield and purity (Table 4.2, entries 1–6). Even, chlorodimethylsilane reacts very cleanly to 

produce the corresponding β-silylated product 43f in high yield (Table 4.2, entry 6). 

Electron donating substituent at the phenyl ring of the substituted ethyl cinnamate did not 

hinder the reaction (Table 4.2, entries 7, 8). 

 

 

Figure 4.1: 1H NMR of 43c 

 

Figure 4.2: 1H NMR of 43d

 

Figure 4.3: 1H NMR of 43e 

 

Figure 4.4: 1H NMR of 43f 

 
 It is pertinent to mention here that the β-aryl-β-silyl propionate thus formed can be 

considered as an ester homoenolate. Tetrabutylammonium triphenyldifluorosilicate 

(TBAT) can cause desilylation to generate aryl and silyl stabilized carbanion which can be 

trapped with different electrophiles.158a As homoenolates are considered equivalent to 
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umpolung of acrylates, the present methodology is thus amounted to overall umpolung 

generation while making the silylated compounds from the acrylates as well as their 

possible uses. The β-silylated silyl ketene acetals with (ethoxycarbonyl)nitrene, generated 

by photolysis of N3CO2Et, produces β-silylated N-(ethoxycarbonyl)-α-amino esters. The 

attack of the electrophile was shown to be anti to the silyl group (Scheme 4.23).158b 

 

Scheme 4.23 

 
4.2.2 C-silylation of β-silyl acrylates to synthesize β,β-disilylated acrylates 

 We next turned our attention to know the fate of β-silyl acrylates under these 

optimized reductive silylation conditions using Mg/chlorosilane/DMF system at 30 °C. β-

silyl acrylates 23a and 23b was prepared following the reported procedures159 using cobalt 

carbonyl mediated silylation of ethyl/methyl acrylate as shown in Chapter 3, Scheme 3.14. 

When β-dimethyl(aryl)silyl acrylate 23a and 23b were subjected under the reductive 

silylation conditions using Mg/silyl chloride/DMF system, the β,β-disilylated products 

were isolated (Scheme 4.24). Treatment of β-dimethyl(phenyl)silyl acrylate 23a under our 

optimized reductive silylation conditions with TMSCl produced the corresponding 

silylated product 40a in good yield (Table 4.3, entry 1). β-dimethyl(4-methylphenyl)silyl 

acrylate ethyl ester 23b under the above reaction conditions provide 40b in 81% isolated 

yield (Table 4.3, entry 2). Although a trace amount (<5%) of reductive dimerization 

product was formed, no double bond reduction could be seen in the crude reaction product. 

A similar clean reaction took place for 23b when TMSCl was replaced by dimethyl(4-
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methylphenyl)silyl chloride (Table 4.3, entry 3). The reductive C-silylation was then 

repeated with the silyl acrylate methyl ester 23a using various silyl chlorides as presented 

in Table 4.3. The desired β,β-disilylated products (Fig. 4.5-4.8) 40d–40g were formed in 

moderate to good yield.  

 

Scheme 4.24 
 

Table 4.3: Reductive silylation of β-silyl substituted acrylates 23a 

________________________________________________________________________ 

 
a 12 equiv of Mg metal and 6 equiv of silyl chloride were used in all experiments and the reaction time was 

30-60 min; b Yield of homogeneous material obtained after silica-gel chromatography. 

_______________________________________________________________________________________ 
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 Compared to ethyl ester 23b, methyl ester 23a produced slightly more amount of 

the reductive dimerization products (10–15%) as judged from the crude reaction product 

by 1H NMR affecting the isolated yields of β,β-disilylated products 4d–4g (Table 4.3, 

entries 1, 4–7). The reactivity of β-dimethyl(aryl)silyl acrylate 23a and 23b was slightly 

less than that of ethyl cinnamate 42. Also, dimethyl(aryl)silyl chloride took longer reaction 

time than trimethylsilyl chloride when reacted with β-dimethyl(aryl)silyl acrylates. 

However, acrylates with a β-alkyl group viz. ethyl crotonate or ethyl 5-phenyl-2-

pentenoate under the same conditions did not react (Scheme 4.25). After prolonged stirring 

at room temperature some unidentified products were formed presumably by cross reaction 

with the solvent i.e. DMF under the reaction conditions. 

 

Scheme 4.25 
 

 

Figure 4.5: 1H NMR of 40d 

 

Figure 4.6: 1H NMR of 40e 
 



 

 

 

Figure 4.7: 1H NMR of 40f 

 

Figure 4.8: 1H NMR of 40g

 
4.2.3 Reductive silylation of δ-aryl substituted dienoates  

 Reductive silylation on dienic esters can produce regio-isomeric C-silylated 

products. Therefore dienic ester 45a and 45b were prepared by Horner-Wittig reaction 

using triethyl phosphonoacetate, sodium hydride and the α,β-unsaturated aldehyde 

(Scheme 4.26).  

 
Scheme 4.26 

 When the dienic ester 45a was treated under the optimized reductive silylation 

conditions as described for ethyl cinnamate, (Scheme 4.27) using TMSCl, the allyl silane 

46a (Fig. 4.9) was formed without a trace of the other regioisomer. Moreover, the 

allylsilane was also formed with high stereoselectivity where (E)-isomer was found to be 

the major product (E/Z = 86/14 by GC) as revealed from the 1H NMR coupling constant 

values of the olefinic protons (J = 16 Hz). While changing the silyl chloride from TMSCl 
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to p-TolMe2SiCl, the corresponding allyl silane 46b was formed in good yield. Here also 

(E)-isomer of 46b was contaminated with a small amount of the (Z)-isomer (19%).  

 

Scheme 4.27 

 Interestingly, alkyl substituted dienoate 45b under the same conditions did not 

provide the desired allyl silane 46c. Instead, some unidentified oligomeric products were 

formed. The allylsilanes are known as useful synthetic intermediates and a number of 

research groups had paid attention towards the synthesis of functional allysilanes as stated 

in Chapter 2. The present synthesis of highly functionalized allylsilanes and the additional 

ester functionality at the terminal of the allysilane would enhance their utility. 

 

Figure 4.9: 1H NMR of 46a 

 
4.2.4 Investigation on plausible mechanism in the reductive β-C-silylation 

reaction 

 The reductive β-C-silylation of cinnamate can occur by two pathways. The silyl 

chloride can react with magnesium metal to give intermediate silyl Grignard species 
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which then undergo 1,4-addition to cinnamate 42a to give the product 43a (Scheme 4.28). 

The other possibility is the single electron transfer from Mg metal to the cinnamate, 

activated by silyl chloride, to generate a benzyl radical which accepts another electron 

from Mg to give the anion species that is quenched by the silyl chloride to give the β-C-

silylated product. The former pathway seems to be not operative in the present case. When 

a mixture of TMSCl and Mg metal in DMF was stirred at room temperature and the 

supernatant was added to ethyl cinnamate 42a, no silyl addition product 43a was observed. 

No reaction also took place when a DMF solution of ethyl cinnamate was added to the 

residual Mg metal. But the desired product 43a was formed when 6 equiv of TMSCl was 

added to this mixture. Although silyl Grignard reagents are known to be produced from 

silyl chlorides having aryl substitutions, trialkylsilyl chlorides do not form such species 

under normal conditions.160  

 

Scheme 4.28 

 The alternate and most plausible mechanism for the reductive C-silylation is 

depicted in Scheme 4.29. Without TMSCl, there was no reaction including the double 

bond reduction. The role of the silyl chloride was manifold. First, it probably activates the 

metal by cleaning the oxide/hydroxide/carbonate coating from the surface.  

 

Scheme 4.29  
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TMSCl is also known to increase the reduction potential value of octanoylimidazole from 

−2.00 to −1.04 V vs SCE161a or acetophenone −2.34 to −1.38 V vs SCE.161b It is logically 

expected that TMSCl would increase the reduction potential value of the cinnamate 

substrate thus accelerates the single electron transfer from Mg to the substrate. Its presence 

also increases the chemoselectivity of the reaction in favor of the C-silylation products 

over double bond reduction product or dimerization. The reductive C-silylation process 

was probably accelerated by quenching the radical anion 47, formed by electron transfer 

from Mg to the acrylate 42a, with TMSCl to give the ketene silyl acetal radical 48. One 

more electron transfer from Mg to 48 provided the intermediate anion 49 which was then 

quenched by silyl chloride to give the β-C-silylated silyl ketene acetal 50. The silyl acetal 

50 underwent hydrolysis during aqueous work-up conditions and provided the β-silyl 

propionate 43a. By this process, TMSCl also protected the reductive silylation product 

from further reactions like Claisen condensation or oligomerizations. The C-silylation took 

place only with β-aryl/silyl acrylates and not with β-alkyl acrylates. The aryl groups are 

known to stabilize the carbanion at the benzylic positions and a silicon group is also known 

to stabilize a carbanion α to it. As the reduction potential of benzyl radical (−1.45 V vs 

SCE)161c and α-silyl radical (−1.51 V vs SCE)161d is higher compared to alkyl radicals 

(−2.0 V vs SCE),161c the reductive silylation process was favored with these two classes of 

substrates. 

 
4.2.5 Our findings in ‘substrate-based DOS-approach’  

 We have described our ‘substrate-based DOS-approach’, which uses a common set 

of reducing system, Mg/silyl chloride/DMF and reacts with different α,β-unsaturated 

carbonyl compounds leading to highly functionalized skeletally and stereochemically 
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diverse products. Two main types of reactions such as reductive cyclization leading to 

cyclic diester and reductive β-C-silylation leading to β-silyl carbonyl compound have been 

found to take place (Fig. 4.10). 

 

Figure 4.10: Substrate-based DOS-approach 

 

4.3 Conclusion 

 In conclusion, we have successfully developed a Mg/silyl chloride/DMF system for 

the reductive C-silylation at the β-position of β-aryl and β-silyl substituted enoates with 

very good yields and purity. The C-silylation selectivity was very high over the reductive 

dimerization or the simple double bond reduction. The reductive silylation conditions are 
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applicable to δ-aryl substituted dienoates wherein silylation took place at the δ-position 

leading to the synthesis of allylsilanes as single regioisomer and with very high 

stereoselectivity. The allylsilanes are known as useful synthetic intermediates and the 

additional ester functionality at the terminal of the allysilane would enhance their utility. 

The present methodology of making the silylated compounds from the acrylates is 

amounted to overall umpolung generation. The C-silylations described here is 

electrophilic. Thus, there is no limitation for the choice of silyl groups, a crucial factor for 

nucleophilc silylation reactions. Although β-silylation using the silyl chloride like p-

TolMe2SiCl, p-AnsMe2SiCl, AllMe2SiCl etc. are not possible by using the conventional 

procedure of 1,4 addition using silylcuprate reagents, it is easily done by using Mg/silyl 

chloride/DMF system. 

 

4.4 Experimental 

 The general experimental and instrumental descriptions are provided in the 

experimental section of Chapter 2. DMF was dried over CaH2 followed by storage over 4 

Å molecular sieves. Mg turnings were purified by washing with dilute hydrochloric acid, 

water followed by washing with acetone and dried under vacuum. Ethyl cinnamate, 

TMSCl was distilled before use. PhMe2SiCl, p-TolMe2SiCl and p-AnsMe2SiCl were 

synthesized via Grignard reaction where as AllMe2SiCl and Me2SiHCl were purchased. 

Silylated acrylates 23a and 23b were prepared following the reported procedure159 and 

included in the experimental section of Chapter 3. Dienoates 45a and 45b were 

synthesized by Horner-Wittig reaction. 
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Dimethyl(phenyl)silyl chloride 6a 

Has been given in the experimental section of Chapter 2. 

 

 
Dimethyl(4-methylphenyl)silyl chloride 6b 

A solution of 4-bromotoluene (30.7 mL, 250 mmol) in ether (250 mL) was added drop 

wise on magnesium turnings (6.7 g, 275 mmol) with stirring and under gentle reflux. The 

reaction mixture was stirred with reflux for 2 h. (4-methylphenyl)magnesium bromide 

solution was added to dichlorodimethylsilane (48.2 mL, 400 mmol) in ether (100 mL) with 

stirring at 0 °C. The reaction mixture was heated under reflux with stirring overnight. The 

reaction mixture was filtered under vacuum and the filtrate was concentrated on oil bath 

(bath 60 °C). The residue was distilled to give dimethyl(4-methylphenyl)silyl chloride 6b 

(32 g, 69%).  

1H-NMR (200 MHz, CDCl3): δ 0.71 (6 H, s, Me2Si), 2.4 (3 H, s, MeArMe2SiCl), 7.27 (2 

H, d, J = 7.7 Hz, Ar), 7.57 (2 H, d, J = 7.7 Hz, Ar). 

13C-NMR (50 MHz, CDCl3): δ 2.1 (2 C), 21.5, 128.8 (2 C), 132.6, 133.0 (2 C), 140.1. 

 

 
Dimethyl(4-methoxyphenyl)silyl chloride 6c 

Following the procedure for the preparation of 6b, 4-bromoanisol (31.3 mL, 250 mmol), 

magnesium turnings (6.7 g, 275 mmol) and dichlorodimethylsilane (48.2 mL, 400 mmol) 

gave dimethyl(4-methoxyphenyl)silyl chloride 6c (30 g, 60%). 

1H-NMR (200 MHz, CDCl3): δ 0.67 (6 H, s, Me2Si), 3.83 (3 H, s, MeOArMe2SiCl), 6.96 

(2 H, d, J = 8.6 Hz, Ar), 7.57 (2 H, d, J = 8.6 Hz, Ar). 
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13C-NMR (50 MHz, CDCl3): δ 2.0 (2 C), 54.7, 113.7 (2 C), 126.9, 134.6 (2 C), 161.3. 

 

 

General Procedure: Preparation of (3RS)-Ethyl 3-phenyl-3-trimethylsilylpropionate 

43a151e 

Freshly distilled TMSCl (3.8 mL, 30 mmol) was added to a stirred suspension of 

magnesium turnings (1.46 g, 60 mmol) in dry DMF (20 mL) at room temperature under an 

argon atmosphere. After 15 min, a solution of trans-ethyl cinnamate 42a (0.88 g, 5 mmol) 

in dry DMF (5 mL) was added to the reaction mixture, stirred for 0.5 h and poured into 

cold saturated sodium bicarbonate solution. The reaction mixture was extracted with 15% 

ethyl acetate-hexane. The organic extract was washed with brine, dried over anhydrous 

MgSO4 and evaporated. The residue was purified by column chromatography on silica 

using hexane-EtOAc (98:2) as eluent to give the product 43a (1.05 g, 84%) as a colourless 

liquid.  

Rf 0.52 (hexane/EtOAc, 95:5). 

IR (film): 3026, 2956, 2899, 1736, 1601, 1495, 1450, 1250, 1163, 1034, 839, 700 cm−1. 

1H-NMR (200 MHz, CDCl3): δ −0.04 (9 H, s, Me3Si), 1.08 (3 H, t, J = 7.1 Hz, 

CO2CH2CH3), 2.59– 2.81 (3 H, m, PhCHCH2CO), 3.99 (2 H, q, J = 7.1 Hz, CO2CH2CH3), 

7.00–7.11 (3 H, m, Ph), 7.18–7.26 (2 H, m, Ph). 

13C-NMR (50 MHz, CDCl3): δ −3.2 (3 C), 14.0, 32.5, 34.8, 60.1, 124.7, 128.0 (2 C), 

127.3 (2 C), 142.4, 173.1. 

 

 

Ethyl dihydrocinnamate 44a 
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A suspension of ethyl cinnamate (0.35 g, 2 mmol) and catalytic amount of Pd-C (10%) in 

dry ethanol (10 mL) was stirred under hydrogen atmosphere. After overnight stirring at 

room temperature, the reaction mixture was filtered through a bed of celite and silica. The 

filtrate was concentrated under reduced pressure to get the crude product. The residue was 

purified by column chromatography on silica using hexane-EtOAc (98:2) as eluent to give 

the product 44a (0.33 g, 92%) as a colourless liquid.  

Rf 0.49 (hexane/EtOAc, 95:5). 

IR (film): 3063, 3029, 2981, 2934, 2871, 1734, 1496, 1373, 1180, 1161, 1038, 752, cm−1. 

1H-NMR (200 MHz, CDCl3): δ 1.23 (3 H, t, J = 7.1 Hz, CO2CH2CH3), 2.62 (2 H, t, J = 

7.9 Hz, PhCH2CH2CO), 2.96 (2 H, t, J = 7.9 Hz, PhCH2CH2CO), 4.13 (2 H, q, J = 7.1 Hz, 

CO2CH2CH3), 7.20–7.30 (5 H, m, Ph).  

13C-NMR (50 MHz, CDCl3): δ 13.8, 30.6, 35.5, 59.9, 125.9, 127.9 (2 C), 128.1 (2 C), 

140.2, 172.4. 

 

(3RS)-Ethyl 3-dimethyl(phenyl)silyl-3-phenylpropionate 43b147 

Following the procedure for the preparation of 43a, trans-ethyl cinnamate 42a (0.88 g, 5 

mmol), Mg (1.46 g, 60 mmol), dimethyl(phenyl)silyl chloride 6a (5 mL, 30 mmol) gave 

43b (1.17 g, 75%) as colorless liquid.  

Rf 0.53 (hexane/EtOAc, 95:5). 

IR (film): 3069, 3025, 2959, 2901, 1733, 1600, 1494, 1450, 1251, 1167, 1114, 1033, 908, 

835, 699 cm−1. 

1H-NMR (200 MHz, CDCl3): δ 0.21 (3 H, s, SiMeAMeBPh), 0.25 (3 H, s, SiMeAMeBPh), 

1.03 (3 H, t, J = 7.1 Hz, CO2CH2CH3), 2.56–2.88 (3 H, m, PhCHCH2CO), 3.90 (2 H, q, J = 

7.1 Hz, CO2CH2CH3), 6.92–6.96 (2 H, m, Ph), 7.07–7.26 (4 H, m, Ph), 7.30–7.38 (4 
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H, m, Ph). 

13C-NMR (50 MHz, CDCl3): δ −5.6, −4.3, 13.8, 32.2, 34.8, 60.0, 124.8, 127.4 (2 C), 

127.6 (2 C), 127.9 (2 C), 129.1, 134.0 (2 C), 136.3, 141.6, 172.7. 

 

 

(3RS)-Ethyl 3-dimethyl(4-methylphenyl)silyl-3-phenylpropionate 43c  

Following the procedure for the preparation of 43a, trans-ethyl cinnamate 42a (0.88 g, 5 

mmol), Mg (1.46 g, 60 mmol), dimethyl(4-methylphenyl)silyl chloride 6b (5.5 g, 30 

mmol) gave 43c (1.22 g, 75%) as colorless liquid.  

Rf 0.50 (hexane/EtOAc, 95:5). 

IR (film): 3062, 3025, 2958, 1735, 1602, 1494, 1450, 1250, 1164, 1106, 1034, 836 cm−1. 

1H-NMR (200 MHz, CDCl3): δ 0.20 (3 H, s, SiMeAMeBAr), 0.23 (3 H, s, SiMeAMeBAr), 

1.04 (3 H, t, J = 7.1 Hz, CO2CH2CH3), 2.36 (3 H, s, ArMe), 2.50–2.96 (3 H, m, 

PhCHCH2CO), 3.91 (2 H, q, J = 7.1 Hz, CO2CH2CH3), 6.95 (2 H, d, J = 7.6 Hz, Ar), 7.06–

7.27 (5 H, m, Ph), 7.30 (2 H, d, J = 7.6 Hz, Ar). 

13C-NMR (50 MHz, CDCl3): δ −5.5, −4.1, 13.9, 21.3, 32.3, 34.8, 60.0, 124.8, 127.5 (2 C), 

127.9 (2 C), 128.5 (2 C), 132.7, 134.1 (2 C), 139.0, 141.8, 172.9. 

HRMS (ESI) m/z: Found M+ 326.1727, C20H26O2Si requires M+ 326.1702. 

 

 

(3RS)-Ethyl 3-dimethyl(4-methoxyphenyl)silyl-3-phenylpropionate 43d 

Following the procedure for the preparation of 43a, trans-ethyl cinnamate 42a (0.88 g, 5 

mmol), Mg (1.46 g, 60 mmol), dimethyl(4-methoxyphenyl)silyl chloride 6c (6 g, 30 mmol) 

gave 43d (1.37 g, 80%) as colorless liquid.  
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Rf 0.36 (hexane/EtOAc, 95:5). 

IR (film): 3060, 3023, 2957, 2903, 2837, 1732, 1595, 1504, 1278, 1250, 1183, 1112, 1033, 

822 cm−1. 

1H-NMR (200 MHz, CDCl3): δ 0.20 (3 H, s, SiMeAMeBAr), 0.22 (3 H, s, SiMeAMeBAr), 

1.04 (3 H, t, J = 7.1 Hz, CO2CH2CH3), 2.57–2.86 (3 H, m, PhCHCH2CO), 3.82 (3 H, s, 

OMe), 3.95 (2 H, q, J = 7.1 Hz, CO2CH2CH3), 6.89 (2 H, d, J = 8.5 Hz, Ar), 6.90–6.97 (2 

H, m, Ph), 6.90–7.20 (3 H, m, Ph), 7.32 (2 H, d, J = 8.5 Hz, Ar). 

13C-NMR (50 MHz, CDCl3): δ −5.3, −4.0, 13.9, 32.5, 34.9, 54.9, 60.1, 113.4 (2 C), 124.8, 

127.1, 127.5 (2 C), 127.9 (2 C), 135.5 (2 C), 141.8, 160.5, 173.0.  

HRMS (ESI) m/z: Found MNa+ 365.1542, C20H26O3SiNa requires 365.1543. 

MS (EI) m/z: 342 (M, 15%), 327 (M−Me, 4), 297 (5), 207 (5), 195 (14), 165 (100), 135 

(13), 122 (8), 104 (11). 

 

(3RS)-Ethyl 3-dimethyl(2-propenyl)silyl-3-phenylpropionate 43e  

Following the procedure for the preparation of 43a, trans-ethyl cinnamate 42a (0.88 g, 5 

mmol), Mg (1.46 g, 60 mmol), (allyl)dimethylsilyl chloride (4.5 mL, 30 mmol) gave 43e 

(1.23 g, 89%) as colorless liquid.  

Rf 0.52 (hexane/EtOAc, 95:5). 

IR (film): 3078, 3060, 3026, 2958, 2901, 1736, 1630, 1600, 1370, 1251, 1163, 1035, 897, 

838, 701 cm−1. 

1H-NMR (200 MHz, CDCl3): δ −0.06 (3 H, s, SiMeAMeB), −0.01 (3 H, s, SiMeAMeB), 

1.08 (3 H, t, J = 7.1 Hz, CO2CH2CH3), 1.47 (2 H, d, J = 7.9 Hz, SiCH2CH=CH2), 2.66–

2.89 (3 H, m, PhCHCH2CO), 3.98 (2 H, q, J = 7.1 Hz, CO2CH2CH3), 4.81–4.87 (2 H, m, 
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SiCH2CH=CH2), 5.60–5.76 (1 H, m, SiCH2CH=CH2), 7.02–7.13 (3 H, m, Ph), 7.20–7.26 

(2 H, m, Ph). 

13C-NMR (50 MHz, CDCl3): δ −5.3 (2 C), 13.9, 21.4, 31.4, 34.8, 60.1, 113.5, 124.8, 

127.3 (2 C), 128.1 (2 C), 134.1, 141.9, 172.8. 

HRMS (ESI) m/z: Found MNa+ 299.1411, C16H24O2SiNa requires 299.1444. 

MS (EI) m/z: 276 (M, 1%), 261 (M−Me, 5), 235 (M−C3H5, 100), 207 (27), 171 (9), 147 

(9), 99 (60), 75 (66).  

 

 

(3RS)-Ethyl 3-dimethyl(hydro)silyl-3-phenylpropionate 43f 

Following the procedure for the preparation of 43a, trans-ethyl cinnamate 42a (0.88 g, 5 

mmol), Mg (1.46 g, 60 mmol), dimethylchlorosilane (3.3 mL, 30 mmol) gave 43f (1.00 g, 

85%) as colorless liquid.  

Rf 0.56 (hexane/EtOAc, 95:5). 

IR (film): 3061, 3025, 2961, 2903, 2116, 1734, 1601, 1494, 1450, 1371, 1252, 1166, 1034, 

908, 881, 758 cm−1. 

1H-NMR (200 MHz, CDCl3): δ −0.02 (3 H, s, J = 3.5 Hz, SiMeAMeBH), 0.11 (3 H, s, J = 

3.5 Hz, SiMeAMeBH), 1.11 (3 H, t, J = 7.1 Hz, CO2CH2CH3), 2.68–2.89 (3 H, m, 

PhCHCH2CO), 3.85–3.93 (1 H, m, Me2SiH), 4.02 (2 H, q, J = 7.1 Hz, CO2CH2CH3), 7.04–

7.14 (3 H, m, Ph), 7.20–7.28 (2 H, m, Ph). 

13C-NMR (50 MHz, CDCl3): δ −6.1, −5.7, 14.0, 30.5, 35.5, 60.2, 125.0, 127.2 (2 C), 

128.2 (2 C), 142.1, 172.7.  

MS (EI) m/z: 236 (M, 11%), 221 (M−Me, 6), 207 (7), 193 (17), 163 (17), 147 (11), 135 

(52), 117 (33), 104 (100), 91 (16), 75 (41). 
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(3RS)-Ethyl 3-(4-methoxyphenyl)-3-trimethylsilylpropionate 43g151e 

Following the procedure for the preparation of 43a, (E)-ethyl 3-(4-

methoxyphenyl)propenoate 42b (1 g, 5 mmol), Mg (1.46 g, 60 mmol), TMSCl (3.8 mL, 30 

mmol) gave 43g (0.98 g, 70%) as colorless liquid.  

Rf 0.58 (hexane/EtOAc, 90:10). 

IR (film): 3069, 2955, 2901, 2835, 1733, 1610, 1510, 1249, 1162, 1108, 1038, 841 cm−1. 

1H-NMR (200 MHz, CDCl3): δ −0.05 (9 H, s, SiMe3), 1.09 (3 H, t, J = 7.1 Hz, 

CO2CH2CH3), 2.50–2.80 (3 H, m, ArCHCH2CO), 3.76 (3 H, s, OMe), 3.99 (2 H, q, J = 7.1 

Hz, CO2CH2CH3), 6.78 (2 H, d, J = 8.5 Hz, Ar), 6.95 (2 H, d, J = 8.5 Hz, Ar).  

13C-NMR (50 MHz, CDCl3): δ −3.3 (3 C), 13.9, 31.3, 34.9, 54.9, 60.0, 113.3 (2 C), 128.0 

(2 C), 134.1, 156.8, 173.0. 

 

(3RS)-Ethyl 3-dimethyl(4-methylphenyl)silyl-3-(4-methoxyphenyl)propionate 43h  

Following the procedure for the preparation of 43a, (E)-ethyl 3-(4-

methoxyphenyl)propenoate 42b (1 g, 5 mmol), Mg (1.46 g, 60 mmol), dimethyl(4-

methylphenyl)silyl chloride 6b (5.5 g, 30 mmol) gave 43h (1.27 g, 71%) as colorless 

liquid.  

Rf 0.56 (hexane/EtOAc, 90:10). 

IR (film): 3065, 3032, 2956, 2904, 2834, 1734, 1606, 1509, 1442, 1247, 1162, 1107, 1038, 

842, 795, 778 cm−1. 

1H-NMR (200 MHz, CDCl3): δ 0.18 (3 H, s, SiMeAMeB), 0.21 (3 H, s, SiMeAMeB), 1.04 

(3 H, t, J = 7.1 Hz, CO2CH2CH3), 2.35 (3 H, s, ArMe), 2.52–2.79 (3 H, m, ArCHCH2CO), 
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3.76 (3 H, s, OMe), 3.91 (2 H, q, J = 7.1 Hz, CO2CH2CH3), 6.74 (2 H, d, J = 8.6 Hz, Ar), 

6.86 (2 H, d, J = 8.6 Hz, Ar), 7.16 (2 H, d, J = 7.6 Hz, Ar), 7.30 (2 H, d, J = 7.6 Hz, Ar). 

13C-NMR (50 MHz, CDCl3): δ −5.5, −4.1, 13.9, 21.3, 31.2, 35.1, 55.0, 60.0, 113.4 (2 C), 

128.4 (2 C), 128.5 (2 C), 132.8, 133.60, 134.1 (2 C), 139.0, 157.0, 173.0. 

HRMS (ESI) m/z: Found MNa+ 379.1696, C21H28O3SiNa requires 379.1705. 

MS (EI) m/z: 356 (M, 6%), 149 (100), 134 (22), 121 (13), 91 (4). 

 

 

(3RS)-Methyl 3-dimethyl(phenyl)silyl-3-trimethylsilylpropionate 40a  

Following the procedure for the preparation of 43a, (E)-methyl 3-

dimethyl(phenyl)silylpropenoate 23a (1.1 g, 5 mmol), Mg (1.46 g, 60 mmol), TMSCl (3.8 

mL, 30 mmol) gave 40a (1.03 g, 70%) as a colorless liquid.  

Rf 0.58 (hexane/EtOAc, 95:5). 

IR (film): 3069, 2999, 2952, 2898, 1739, 1428, 1348, 1252, 1204, 1050, 1032, 837 cm−1. 

1H-NMR (200 MHz, CDCl3): δ −0.06 (9 H, s, SiMe3), 0.30 (3 H, s, SiMeAMeB), 0.32 (3 

H, s, SiMeAMeB), 0.77 (1 H, t, J = 6.5 Hz, SiCHCH2CO), 2.38 (2 H, d, J = 6.5 Hz, 

SiCHCH2CO), 3.53 (3 H, s, CO2CH3), 7.32–7.35 (3 H, m, Ph), 7.47–7.54 (2 H, m, Ph).  

13C-NMR (50 MHz, CDCl3): δ −2.6, −1.5, −0.5 (3 C), 8.7, 30.6, 51.4, 127.6 (2 C), 128.8, 

133.7 (2 C), 139.0, 174.8.  

MS (EI) m/z: 294 (M, 2%), 279 (M−Me, 80), 217 (50), 163 (19), 151 (27), 135 (100), 121 

(26), 89 (41), 73 (30). 

 

(3RS)-Ethyl 3-dimethyl(4-methylphenyl)silyl-3-trimethylsilylpropionate 40b  

Following the procedure for the preparation of 43a, (E)-ethyl 3-dimethyl(4-
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methylphenyl)silylpropenoate 23b (1.24 g, 5 mmol), Mg (1.46 g, 60 mmol), TMSCl (3.8 

mL, 30 mmol) gave 40b (1.31 g, 81%) as a colorless liquid.  

Rf 0.65 (hexane/EtOAc, 95:5). 

IR (film): 3067, 2955, 2899, 1736, 1369, 1252, 1199, 1105, 1037, 837, 734 cm−1. 

1H-NMR (200 MHz, CDCl3): δ −0.06 (9 H, s, SiMe3), 0.28 (3 H, s, SiMeAMeB), 0.30 (3 

H, s, SiMeAMeB), 0.76 (1 H, t, J = 6.4 Hz, SiCHCH2CO), 1.19 (3 H, t, J = 7.1 Hz, 

CO2CH2CH3), 2.33 (3 H, s, ArMe), 2.37 (2 H, d, J = 6.4 Hz, CH2CO), 3.92–4.06 (2 H, m, 

CO2CH2CH3), 7.15 (2 H, d, J = 7.6 Hz, Ar), 7.41 (2 H, d, J = 7.6 Hz, Ar). 

13C-NMR (50 MHz, CDCl3): δ −2.4, −1.4, −0.4 (3 C), 8.6, 14.1, 21.4, 30.9, 60.3, 128.4 (2  

C), 133.8 (2 C), 135.4, 138.5, 174.6. 

MS (EI) m/z: 307 (M−Me, 70%), 249 (8), 231 (43), 149 (100), 133 (19), 121 (11), 103 

(12), 73 (19). 

 

Ethyl 3,3-bis-dimethyl(4-methylphenyl)silylpropionate 40c  

Following the procedure for the preparation of 43a, (E)-ethyl 3-dimethyl(4-

methylphenyl)silylpropenoate 23b (1.24 g, 5 mmol), Mg (1.46 g, 60 mmol), dimethyl(4-

methylphenyl)silyl chloride 6b (5.5 g, 30 mmol) gave 40c (1.57 g, 79%) as a colorless 

liquid.  

Rf 0.60 (hexane/EtOAc, 95:5). 

IR (film): 3066, 3010, 2955, 1734, 1603, 1251, 1104, 1036, 835, 796 cm−1. 

1H-NMR (200 MHz, CDCl3): δ 0.18 (6 H, s, 2 × SiMeAMeB), 0.20 (6 H, s, 2 × 

SiMeAMeB), 1.05 (1 H, t, J = 6.5 Hz, SiCHCH2CO), 1.20 (3 H, t, J = 7.2 Hz, CO2CH2CH3), 

2.33 (6 H, s, 2 × ArMe), 2.34 (2 H, d, J = 6.5 Hz, SiCHCH2CO), 3.84 (2 H, q, J = 7.2 Hz, 
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CO2CH2CH3), 7.13 (4 H, d, J = 7.5 Hz, Ar), 7.36 (4 H, d, J = 7.5 Hz, Ar). 

13C-NMR (50 MHz, CDCl3): δ −2.5 (2 C), −1.5 (2 C), 8.1, 13.9, 21.3 (2 C), 31.0, 60.2, 

128.4 (4 C), 133.8 (4 C), 135.3 (2 C), 138.5 (2 C), 174.2. 

HRMS (ESI) m/z: Found MNa+ 421.1977, C23H34O2Si2Na requires 421.1995. 

MS (EI) m/z: 398 (M, 1%), 383 (M−Me, 45), 308 (17), 307 (54), 249 (11), 207 (14), 149 

(100), 133 (26), 121 (16), 103 (11). 

 

 

Methyl 3,3-bis-dimethyl(phenyl)silylpropionate 40d  

Following the procedure for the preparation of 43a, (E)-methyl 3-

dimethyl(phenyl)silylpropenoate 23a (1.1 g, 5 mmol), Mg (1.46 g, 60 mmol), 

dimethyl(phenyl)silyl chloride 6a (5 mL, 30 mmol) gave 40d (1.27 g, 71%) as a colorless 

liquid.  

Rf 0.56 (hexane/EtOAc, 95:5).  

IR (film): 3069, 3049, 2952, 2899, 2843, 1738, 1427, 1349, 1253, 1206, 1112, 1048, 1027, 

838, 813, 700 cm−1. 

1H-NMR (200 MHz, CDCl3): δ 0.20 (6 H, s, 2 × SiMeAMeB), 0.30 (6 H, s, 2 × 

SiMeAMeB), 1.07 (1 H, t, J = 6.6 Hz, SiCHCH2CO), 2.38 (2 H, d, J = 6.6 Hz, 

SiCHCH2CO), 3.38 (3 H, s, CO2CH3), 7.30–7.34 (6 H, m, Ph), 7.44–7.49 (4 H, m, Ph).  

13C-NMR (50 MHz, CDCl3): δ −2.6 (2 C), −1.6 (2 C), 8.3, 30.8, 51.4, 127.6 (4 C), 128.9 

(2 C), 133.8 (4 C), 138.9 (2 C), 174.6. 

HRMS (ESI) m/z: Found MNa+ 379.1510, C20H28O2Si2Na requires 379.1526. 

MS (EI) m/z: 356 (M, 3%), 341 (M−Me, 59), 279 (60), 231 (15), 221 (34), 193 (13), 151 

(23), 135 (100), 121 (22), 107 (11), 89 (14). 
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(3RS)-Methyl 3-dimethyl(4-methylphenyl)silyl-3-dimethyl(phenyl)silylpropionate 40e 

Following the procedure for the preparation of 43a, (E)-methyl 3-

dimethyl(phenyl)silylpropenoate 23a (1.1 g, 5 mmol), Mg (1.46 g, 60 mmol), dimethyl(4-

methylphenyl)silyl chloride 6b (5.5 g, 30 mmol) gave 40e (1.30 g, 70%) as a colorless 

liquid.  

Rf 0.57 (hexane/EtOAc, 95:5). 

IR (film): 3068, 3011, 2952, 2900, 1739, 1428, 1348, 1252, 1204, 1105, 1032, 831 cm−1. 

1H-NMR (200 MHz, CDCl3): δ 0.18 (3 H, s, SiMeAMeB), 0.20 (6 H s, , 2 × SiMeAMeB), 

0.23 (3 H, s, SiMeAMeB), 1.05 (1 H, t, J = 6.6 Hz, SiCHCH2CO), 2.34 (3 H, s, ArMe), 2.38 

(2 H, d, J = 6.6 Hz, SiCHCH2CO), 3.39 (3 H, s, CO2CH3), 7.14 (2 H, d, J = 7.5 Hz, Ar), 

7.28–7.49 (7 H, m, Ar).  

13C-NMR (50 MHz, CDCl3): δ −2.6, −2.5, −1.5 (2 C), 8.4, 21.4, 30.8, 51.4, 127.6 (2 C), 

128.5 (2 C), 128.8, 133.9 (4 C), 135.2, 138.7, 139.0, 174.7. 

HRMS (ESI) m/z: Found MNa+ 393.1665, C21H30O2Si2Na requires 393.1682. 

MS (EI) m/z: 370 (M, 1%), 355 (M−Me, 56), 280 (15), 279 (53), 235 (17), 193 (11), 165 

(18), 149 (100), 135 (80), 121 (30), 105 (15), 89 (23). 

 

 

(3RS)-Methyl 3-dimethyl(4-methoxyphenyl)silyl-3-dimethyl(phenyl)silylpropionate 

40f 

Following the procedure for the preparation of 43a, (E)-methyl 3-

dimethyl(phenyl)silylpropenoate 23a (1.1 g, 5 mmol), Mg (1.46 g, 60 mmol), dimethyl(4-

methoxyphenyl)silyl chloride 6c (6 g, 30 mmol) gave 40f (1.35 g, 70%) as a colorless 
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liquid.  

Rf 0.47 (hexane/EtOAc, 95:5). 

IR (film): 3068, 3019, 2999, 2952, 2902, 2837, 1738, 1503, 1428, 1278, 1249, 1205, 1183, 

1111, 1032, 834, 810 cm−1. 

1H-NMR (200 MHz, CDCl3): δ 0.18 (3 H, s, SiMeAMeB), 0.20 (6 H, s, 2 × SiMeAMeB), 

0.28 (3 H, s, SiMeAMeB), 1.04 (1 H, t, J = 6.5 Hz, SiCHCH2CO), 2.38 (2 H, d, J = 6.5 Hz, 

SiCHCH2CO), 3.41 (3 H, s, ArOMe), 3.81 (3 H, s, CO2CH3), 6.88 (2 H, d, J = 8.2 Hz, Ar), 

7.32–7.48 (7 H, m, Ar).  

13C-NMR (50 MHz, CDCl3): δ −2.6, −2.4, −1.6, −1.5, 8.5, 30.8, 51.4, 54.9, 113.3 (2 C), 

127.6 (2 C), 128.8, 129.6, 133.8 (2 C), 135.2 (2 C), 139.0, 160.2, 174.7.  

MS (EI) m/z: 371 (M−Me, 58%), 231(11), 181 (14), 165 (100), 151 (32), 135 (65), 121 

(23), 89 (21). 

 

(3RS)-methyl 3-dimethyl(2-propenyl)silyl-3-dimethyl(phenyl)silylpropionate 40g  

Following the procedure for the preparation of 43a, (E)-methyl 3-

dimethyl(phenyl)silylpropenoate 23a (1.1 g, 5 mmol), Mg (1.46 g, 60 mmol), 

(allyl)dimethylsilyl chloride (4.5 mL, 30 mmol) gave 40g (1.15 g, 72%) as a colorless 

liquid.  

Rf 0.57 (hexane/EtOAc, 95:5). 

IR (film): 3070, 2952, 2901, 1739, 1630, 1428, 1254, 1204, 1157, 1112, 1028, 814 cm−1. 

1H-NMR (200 MHz, CDCl3): δ −0.06 (3 H, s, SiMeAMeB), −0.05 (3 H, s, SiMeAMeB), 

0.32 (3 H, s, SiMeAMeB), 0.34 (3 H, s, SiMeAMeB), 0.84 (1 H, t, J = 6.4 Hz, SiCHCH2CO), 

1.43–1.48 (2 H, m, SiCH2CH=CH2), 2.41 (2 H, d, J = 6.4 Hz, SiCHCH2CO), 3.51 (3 H, s, 
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CO2CH3), 4.75–4.84 (2 H, m, SiCH2CH=CH2), 5.59–5.81 (1 H, m, SiCH2CH=CH2), 7.33–

7.36 (3 H, m, Ph), 7.49–7.54 (2 H, m, Ph). 

13C-NMR (50 MHz, CDCl3): δ −3.1, −2.5, −2.4, −1.5, 7.5, 23.6, 30.5, 51.5, 113.2, 127.6 

(2 C), 128.9, 133.8 (2 C), 134.7, 138.8, 174.7.  

HRMS (ESI) m/z: Found MNa+ 343.1526, C17H28O2Si2Na requires 343.1526. 

MS (EI) m/z: 305 (M−Me, 3%), 279 (M−C3H5, 94), 231 (23), 163 (41), 151 (25), 135 

(100), 121 (31), 89 (62). 

 

 

(2E,4E)-Ethyl 5-phenyldienoate 45a 

Triethyl phosphonoacetate (4.4 mL, 22 mmol) was added drop wise to a suspension of 

sodium hydride (0.96 g, 50% in oil, 20 mmol) in THF (4 mL) and stirred under argon 

atmosphere. After 15 min, freshly distilled cinnamaldehyde (2.5 mL, 20 mmol) was added 

to the above reaction mixture and stirred for 1.5 h. The reaction mixture was quenched 

with water, extracted with 5% ethyl acetate in hexane. The combined extract was washed 

with brine, dried over anhydrous magnesium sulfate and concentrated under reduced 

pressure. The residue was purified by column chromatography on silica using hexane-

EtOAc (96:4) to give the pure dienoate 45a (3.3 g, 82%). 

Rf 0.50 (hexane/EtOAc, 95:5). 

IR (film): 3060, 3027, 2980, 2936, 1706, 1626, 1367, 1259, 1239, 1134, 1038, 998 cm−1. 

1H-NMR (200 MHz, CDCl3): δ 1.32 (3 H, t, J = 7.0 Hz, CO2CH2CH3), 4.23 (2 H, q, J = 

7.0 Hz, CO2CH2CH3), 5.99 (1 H, d, J = 15.2 Hz, CH=CHCO2Et), 6.87–7.48 (8 H, m, Ph-

CH=CHCH). 

13C-NMR (50 MHz, CDCl3): δ 14.0, 59.9, 121.0, 125.8, 126.8 (2 C), 128.4 (2 C), 128.6, 
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135.6, 139.9, 144.1, 166.5. 

 

(2E,4E)-Ethyl 5-methyldienoate 45b 

Following the procedure for the preparation of 45a, triethyl phosphonoacetate (4.4 mL, 22 

mmol), sodium hydride (0.96 g, 50% in oil, 20 mmol) and crotonaldehyde (1.65 mL, 20 

mmol) gave dienoate 45b (2.2 g , 78%) as a colorless liquid. 

Rf 0.4 (hexane/EtOAc, 95:5). 

1H-NMR (200 MHz, CDCl3): δ 1.29 (3 H, t, J = 7.1 Hz, CO2CH2CH3), 1.85 (3 H, d, J = 

4.8 Hz, Me-CH=CHCH), 4.20 (2 H, q, J = 7.1 Hz, CO2CH2CH3), 5.76 (1 H, d, J = 15.4 Hz, 

CH=CHCO2Et), 6.06–6.27 (2 H, m, CH=CHCH). 7.19–7.31 (1 H, m, Me-CH=CHCH).  

 

 

(3E,5RS)-Ethyl 5-phenyl-5-trimethylsilylpentanoate 46a  

Following the procedure for the preparation of 43a, dienoate 45a (1 g, 5 mmol), Mg (1.46 

g, 60 mmol), TMSCl (3.8 mL, 30 mmol) gave 46a (0.99 g, 72%) as a colorless liquid 

contains 14% of (3Z,5RS)-isomer.  

Rf 0.58 (hexane/EtOAc, 95:5). 

IR (film): 3061, 3026, 2980, 2957, 2898, 2871, 1737, 1638, 1600, 1495, 1368, 1249, 1159, 

1031, 968, 839, 700 cm−1. 

1H-NMR (200 MHz, CDCl3): δ −0.04 (9 H, s, SiMe3), 1.25 (3 H, t, J = 7.1 Hz, 

CO2CH2CH3), 2.96 (1 H, d, J = 10.0 Hz, CHCH=CHCH2), 3.06 (2 H, d, J = 6.9 Hz, 

CHCH=CHCH2), 4.13 (2 H, q, J = 7.1 Hz, CO2CH2CH3), 5.43–5.57 (1 H, m, 

SiCHCH=CHCH2), 5.93 (1 H, dd, J = 10.0, 15.0 Hz, SiCHCH=CHCH2), 7.04–7.29 (5 H, 

m, Ph). 
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13C-NMR (50 MHz, CDCl3): δ −3.1 (3 C), 14.1, 38.3, 42.9, 60.4, 120.0, 124.5, 127.0 (2 

C), 128.2 (2 C), 133.7, 142.2, 171.9. 

GCMS: (column: WCOT Fused Silica, CP-SIL-5-CB, 5 0m × 0.25 mm/0.39 mm, 0.25 

µm; Carrier: helium 1 mL/min; temp: 60 ºC-2 min-10º C/min-300 ºC): tR 16.57 min,  

(3E,5RS)-46a (86%); tR 16.79 min, (3Z,5RS)-46a (14%). 

MS (EI) m/z: for (3E,5RS)-46a: 276 (M, 11%), 261 (M−Me, 3), 158 (21), 130 (99), 115 

(23), 73 (100);  

MS (EI) m/z: for (3Z,5RS)-46a: 276 (M, 11%), 261 (M−Me, 3), 158 (10), 130 (67), 115 

(19), 73 (100). 

 

 

(3E,5RS)-Ethyl 5-dimethyl(4-methylphenyl)silyl-5-phenylpentanoate 46b  

Following the procedure for the preparation of 43a, dienoate 45a (1 g, 5 mmol), Mg (1.46 

g, 60 mmol), dimethyl(4-methylphenyl)silyl chloride 6b (5.5 g, 30 mmol) gave 46b (1.23 

g, 70%) as a colorless liquid contains 19% of (3Z,5RS)-isomer.  

Rf 0.57 (hexane/EtOAc, 95:5). 

IR (film): 3061, 3025, 2979, 2871, 1733, 1659, 1601, 1494, 1369, 1248, 1157, 1106, 1030, 

967, 831, 760 cm−1. 

1H-NMR (200 MHz, CDCl3): δ 0.23 (6 H, s, SiMe2), 1.25 (3 H, t, J = 7.1 Hz, 

CO2CH2CH3), 2.35 (3 H, s, ArMe), 3.03 (2 H, d, J = 7.1 Hz, SiCHCH=CHCH2), 3.12 (1 H, 

d, J = 9.9 Hz, SiCHCH=CHCH2), 4.13 (2 H, q, J = 7.1 Hz, CO2CH2CH3), 5.36–5.51 (1 H, 

m, SiCHCH=CHCH2), 5.85 (1 H, dd, J = 9.9, 15.0 Hz, SiCHCH=CHCH2), 6.90 (2 H, d, J 

= 7.3 Hz, Ar), 7.04–7.41 (7 H, m, Ph and Ar).  

13C-NMR (50 MHz, CDCl3): δ −4.8, −4.3, 14.1, 21.4, 38.3, 42.7, 60.4, 120.2, 124.6, 
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127.3 (2 C), 128.0 (2 C), 128.2 (2 C), 132.8, 133.6, 134.3 (2 C), 138.8, 141.6, 171.8. 

HRMS (ESI) m/z: Found MH+ 353.1921, C22H29O2Si requires 353.1937. 

GCMS: (column: WCOT Fused Silica, CP-SIL-5-CB, 50m × 0.25mm/0.39mm, 0.25 µm; 

Carrier: helium 1 mL/min; temp: 60 ºC-2 min-10º C/min-300 ºC): tR 21.6 min, (3E,5RS)-

46b (80%); tR 21.94 min, (3Z,5RS)-46b (20%). 

MS (EI) m/z: for (3E,5RS)-46b: 352 (M, 7%), 149 (100), 130 (28), 121 (11).  

MS (EI) m/z: for (3Z,5RS)-46b: 352 (M, 13%), 149 (100), 130 (41), 121 (15). 

 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
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5.1 Introduction 

Polyhydroxylated piperidines (azasugars) have gained increasing synthetic interest due to 

their remarkable biological activity as glycosidase inhibitors.162 Since glycosidases are 

involved in numerous biological processes, azasugars are potential therapeutic agents for 

the treatment of a wide range of diseases, including diabetes, cancer, AIDS, viral infections 

and many more.163 These important biological properties have led to many synthetic 

approaches164 towards naturally occurring azasugars (Fig. 5.1) and their analogues.  

 

Figure 5.1: Structure of some representative azasugars 

 1,2-Dideoxy-azasugars such as D-fagomine 51 and its stereoisomers 52, 53 (Fig. 

5.2) have been isolated from buckwheat seeds of Japanese buckwheat Fagopyrum 

esculentum australe Moench165 and also from the seeds of Castanospermum australe 

(Leguminosae).166
 More recently, the isomers of fagomine such as 52 and 53 have been 

isolated from the leaves and roots of Xanthocericis zambesiaca.167 Fagomine itself has a 

strong inhibitory activity towards mammalian α-glucosidase, β-galactosidase,167 and has 

also been found to have a potent antihyperglycemic effect in streptozocin-induced diabetic 

mice and a potentiation of glucose-induced insulin secretion.168  

  

Figure 5.2: Fagomine and its stereoisomers 
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  The first asymmetric synthesis of fagomine 51 was reported169 in 1985 from 

methyl 2-azido-3-O-benzyl-2-deoxy-α-D-mannofuranoside (Scheme 5.1) which in turn was 

synthesized form D-glucose. The first enzymatic synthesis of 51 was achieved in 1992 by 

Effenberger and Null.170  

 

Scheme 5.1 

 Takahata et al.
171 has shown the asymmetric synthesis of all the naturally occurring 

fagomine isomers 51–53. An intermediate unsaturated piperidine ring was constructed 

from D-serine-derived Garner aldehyde by catalytic ring-closing metathesis reaction as 

shown in Scheme 5.2. Stereoselective dihydroxylation of the double bond in piperidine 

under modified Upjohn171c conditions produced 3-epi-fagomine 52. Epoxidation of the 

double bond followed by stereoselective cleavage of the epoxy ring using super-hydride 

produced a mixture of fagomine 51 and 3,4-di-epi-fagomine 53. 

 

Scheme 5.2 
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 Fagomine 51 have also been synthesized via Sharpless asymmetric dihydroxylation 

and Pd(II)-catalyzed cyclization as the key steps (Scheme 5.3).172 

 

Scheme 5.3 

 The report by Vankar et al.
173 show that introduction of amino functionalities into 

D-glycals, followed by ring-opening to cleave the C–O bonds, and finally cyclization can 

afford fagomine isomers (Scheme 5.4). Most recently, Occhiato174 has shown an efficient 

synthetic protocol for the synthesis of fagomine isomers. Pd-catalyzed 

methoxycarbonylation reaction of a lactam-derived vinyl phosphate followed by 

stereoselective hydroboration-oxidation of the enamine double bond provided fagomine 51 

(Scheme 5.5). Chemo-enzymatic approaches using lipase-catalyzed kinetic resolution gave 

an access to both the enantiomers of fagomine such as D- and L-fagomine. 

 

Scheme 5.4 
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Scheme 5.5 

 

5.2 Present Work  

 In Chapter 3, we have shown153 the asymmetric synthesis of C2-symmetric 3,4-bis-

silyl substituted adipic acid derivatives trans-36a and trans-37a (Fig. 5.3). Absolute 

stereochemistry and application of these trans-diastereoisomers were revealed by efficient 

syntheses of both the enantiomers of 2,6-dioxabicyclo[3.3.0]octane-3,7-dione 39 (Fig. 5.4). 

Enantiomerically pure (−)-39 have been synthesized from the trans-36a using Fleming-

Tamao oxidation as the key steps, whereas trans-37a under the same reaction conditions 

produced enantiomerically pure (+)-39. Diverse functionality of the above mentioned 

trans-diastereoisomers prompted us to explore their further synthetic utility towards the 

synthesis of biologically active natural products such as azasugar. 

 As described in the introduction, several syntheses of D-fagomine 51169-175 have 

been reported from carbohydrates, amino acids and other precursors. However, the number 

of syntheses of fagomine isomers such as 52 and 53 are rare. The only synthesis of the 

stereoisomeric 3,4-di-epi-fagomine 53 has been reported as a mixture of diastereoisomers 

starting from D-serine-derived Garner aldehyde (Scheme 5.2).171  
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 In continuation of our efforts for the silicon-mediated hydroxylated 

piperidine/pyrrolidine syntheses,176 we present in this chapter our successful attempt 

towards the synthesis of D-fagomine 51 and D-3,4-di-epi-fagomine 53 from C2-symmetric 

3,4-bis-silyl substituted adipic acid derivatives via stereocontrolled azidation and silicon to 

hydroxyl conversion as the key steps. 

 

Figure 5.3: Structure of C2-symmetric diastereoisomers 

 

Figure 5.4: Structure of dilactones 
 

5.2.1 Retrosynthetic strategy for fagomine stereoisomers 

 Our proposed general retrosynthetic strategy (Scheme 5.6) for the synthesis of 

fagomine and its stereoisomers from 3,4-bis-silyl substituted adipic acid derivatives trans-

37a and trans-36a is based on, (i) stereoselective introduction of an amino functionality at 

the α-position of one of the derivatized carboxylic acid to give the amine 54, (ii) 

intramolecular cyclization to give the lactam 55, and (iii) reduction of the carbonyl groups 

and the conversion of the silicon groups to hydroxyl groups with retention of configuration 

to give 1,2-dideoxy azasugars 51 and 53.  
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Scheme 5.6 

 
5.2.2 Synthesis of D-fagomine 51  

 For the synthesis of D-fagomine 51, 3,4-bis-silyl substituted adipic acid derivatives 

trans-37a was chosen as the starting material because the configurations of the Si-bearing 

centres matched with the configurations required for OH substituents at 3 and 4 positions. 

The introduction of an azido group at the α-position of the carboxamide in trans-37a was 

carried out following the electrophilic azidation procedure as described by Evans and co-

workers,177 using KHMDS and trisyl azide. Azide 56 (Fig. 5.5 & Fig. 5.6) was formed as a 

single diastereoisomer in good yield (76%, Scheme 5.7).  

 

Scheme 5.7 
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 The stereochemical outcome of the azidation reactions was controlled by the valine 

derived oxazolidin-2-one auxiliary131c and not by the β-silyl group. The reduction of azide 

56 and the in-situ protection of the intermediate amine were achieved by the addition of 

(Boc)2O in an H2/Pd-C system to give urethane 57 in excellent yield. The oxazolidin-2-one 

groups from 57 were removed by treatment with K2CO3 in MeOH, resulting in a mixture 

of dimethyl ester and dicarboxylic acid which upon treatment with diazomethane yielded 

dimethyl ester derivative 58. The Boc-protecting group in 58 was removed by treatment 

with trifluoroacetic acid and the resulting trifluoroacetate salt was basified with NaHCO3 

to give the intermediate amine which spontaneously underwent cyclization to lactam 55a. 

A LiAlH4 reduction followed by Fleming-Tamao oxidation66,154 of the lactam 55a using 

potassium bifluoride and hydrogen peroxide yielded D-fagomine 51 (Fig. 5.7 & Fig. 5.8) as 

confirmed from the 1H and 13C NMR chemical shift values, and comparing the specific 

rotation value ([α]D
22

 = +18.6, c 0.43, H2O; lit.171 [α]D
25= +18.0, c 0.92, H2O).  

 

 

Figure 5.5: 1H NMR of 56 

 

Figure 5.6: 13C NMR of 56



 

 

 

Figure 5.7: 1H NMR of 51 

 

Figure 5.8: 13C NMR of 51

5.2.3 Synthesis of D-3,4-di-epi-fagomine 53 

 The synthesis of 3,4-di-epi-fagomine was achieved in an analogous way as shown 

for D-fagomine 51. For this purpose, 3,4-bis-silyl substituted adipic acid derivatives trans-

36a was chosen as the starting material because the configurations of the Si-bearing 

centres matches with the configurations required for OH substituents at 3 and 4 positions.  

 

Scheme 5.8 
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 The stereochemical outcome in the electrophilic azidation in trans-36a was also 

controlled by the oxazolidin-2-one auxiliary, thus giving azide 59 as a single 

diastereoisomer (Scheme 5.8). Similar to the D-fagomine series, the reduction of azide 59 

and the in-situ protection of the intermediate amine was achieved by adding (Boc)2O in an 

H2/Pd-C system to give the urethane 60. The oxazolidin-2-one groups from 60 were 

removed and converted to dimethyl ester derivative 61. The Boc-protecting group in 61 

was removed by treatment with trifluroacetic acid and the resulting trifluoroacetate salt 

was basified with NaHCO3 to give the amine 54 (Fig. 5.9 & Fig. 5.10). It is interesting to 

note that the amine 54 is stable and did not cyclize to lactam 55b. The cyclization of the 

amine 54 to lactam 55b was finally achieved by refluxing a xylene solution of the amine 

54. A LiAlH4 reduction followed by Fleming-Tamao66,154 oxidation of lactam 55a using 

potassium bifluoride and hydrogen peroxide then yielded 3,4-di-epi-fagomine 53 (Fig. 5.11 

& Fig. 5.12) as confirmed from the 1H and 13C NMR chemical shift values, and comparing 

the specific rotation value ([α]D
24 = 12.1, c 0.33, H2O; lit.171 [α]D

25 = +13.4, c 0.32, H2O). 

 

 

Figure 5.9: 1H NMR of 54 
 

 

Figure 5.10: 13C NMR of 54 



 

 

 

Figure 5.11: 1H NMR of 53 

 

 

Figure 5.12: 13C NMR of 53 

5.2.4 Proposed transition states for amines undergoing cyclization 

 The lactamization of the intermediate amine derived from 58 was smooth whereas 

the same for amine 54 to lactam 55b was very difficult requiring high temperature and 

prolonged reaction time. The proposed transition states for both the amines undergoing 

cyclization is shown in Scheme 5.9. 

 

Scheme 5.9 

 While cyclization to take place, amine 54 has to adopt a conformation wherein the 

silyl groups have to be disposed axially and methoxycarbonyl group in equatorial position. 
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This makes the system energetically unfavorable requiring very high temperature for the 

lactamization. On the other hand, amine derived from urethane 58, the silyl groups and 

methoxycarbonyl group can adopt equatorial positions making the system smooth for 

lactamization. 

 

5.3 Conclusion 

 In conclusion, we have successfully achieved the stereocontrolled synthesis of D-

fagomine from C2-symmetric 3,4-bis-silyl substituted adipic acid di-oxazolidin-2-one 

trans-37a. The successful synthesis of enantio pure D-3,4-di-epi-fagomine was also 

achieved from C2-symmetric 3,4-bis-silyl substituted adipic acid derivative trans-36a. The 

Evans’ oxazolidin-2-one controlled the stereochemical outcome of the azidation that 

supersedes the directing effects of the silyl substituent. 
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5.4 Experimental 

 The general experimental and instrumental descriptions are provided in the 

experimental section of Chapter 2. KHMDS was freshly prepared where as TFA was 

distilled before use. THF and diethyl ether were distilled over Na/benzophenone. Lithium 

aluminium hydride, Pd/C (10%), (Boc)2O, trifluoromethanesulfonic acid, KHF2 and H2O2 

(30%) were used as received from commercial sources. 

 

 

(S)-3-((R)-2-azido-2-((3R,4R)-4-(2-((S)-4-isopropyl-2-oxooxazolidin-3-yl)-2-oxoethyl)-

2,2,5,5-tetramethyl-1,2,5-oxadisilolan-3-yl)acetyl)-4-isopropyloxazolidin-2-one 56 

Freshly prepared potassium hexamethyldisilazide (KHMDS) solution (1.3 mL, 1 M 

solution in THF, 1.3 mmol, 1.3 equiv) was added to a stirred solution of trans-37a (0.5 g, 1 

mmol) in dry THF (2.5 mL) at −78 ºC. After 30 min, a solution of trisyl azide (0.4 g, 1.3 

mmol) in THF (3 mL) was canulated into the reaction mixture and stirred for 8 min. The 

reaction mixture was quenched with acetic acid (0.3 mL, 5 mmol) at −78 ºC and slowly 

raised the temperature to 30 ºC. The reaction mixture was evaporated under reduced 

pressure and the residue was diluted with brine. The reaction mixture was extracted with 

chloroform and the combined extract was washed with sodium bicarbonate solution, dried 

over anhydrous MgSO4 and evaporated. The residue was purified by column 

chromatography on silica using hexane-EtOAc (85:15) as eluent to give the azide 56 (0.41 

g, 76%) as a thick gum.  

[α]D
25 +89.8 (c 1.06, CHCl3).  
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Rf 0.66 (hexane/EtOAc, 75:25).  

IR (CHCl3): 3013, 2965, 2878, 2106, 1780, 1698, 1388, 1252, 1207, 1101, 935, 846 cm−1.  

1H-NMR (200 MHz, CDCl3): δ 0.05 (3 H, s, SiMe), 0.16 (3 H, s, SiMe), 0.25 (3 H, s, 

SiMe), 0.34 (3 H, s, SiMe), 0.84–0.97 (12 H, m, 2 × NCO2CH2CHCHMe2), 1.41–1.59 (2 

H, m, 2 × Me2SiCHCH2), 2.28–2.44 (2 H, m, 2 × NCHCHMe2), 2.82 (1 H, dd, J = 10.2, 

18.4 Hz, CHAHBCON), 3.39 (1 H, dd, J = 5.4, 18.4 Hz, CHAHBCON), 4.16–4.51 (6 H, m, 2 

× NCO2CH2CH, 2 × NCHCHMe2), 5.36 (1 H, d, J = 6.3 Hz, CHN3).  

13C-NMR (50 MHz, CDCl3): δ −2.0, −0.7, 1.0, 1.3, 14.4, 14.6, 17.7 (2 C), 21.7, 28.1, 

28.3, 32.9, 38.9, 58.3, 58.8, 63.2, 63.5, 64.0, 153.5, 154.0, 169.7, 173.3.  

Anal. (Found: C, 48.85; H, 6.93; N, 12.81. C22H37N5O7Si2 requires C, 48.96; H, 6.91; N, 

12.98%). 

 

(S)-3-((R)-2-((tert-butyloxycarbonyl)amino)-2-((3R,4R)-4-(2-((S)-4-isopropyl-2-

oxooxazolidin-3-yl)-2-oxoethyl)-2,2,5,5-tetramethyl-1,2,5-oxadisilolan-3-yl)acetyl)-4-

isopropyloxazolidin-2-one 57 

Catalytic amount of Pd-C (10%) was added to a solution of the azide 56 (0.24 g, 0.44 

mmol) and (Boc)2O (0.3 g, 1.4 mmol) in ethyl acetate (8 mL) and the solution was stirred 

under hydrogen atmosphere for 24 h at room temperature. The reaction mixture was 

filtered through a celite pad, and the filtrate was evaporated under reduced pressure. The 

residue was purified by column chromatography on silica using hexane-EtOAc (85:15) as 

eluent to give the product 57 (0.25 g, 93%) as a colourless solid. mp 147 ºC (from hexane-

EtOAc).  
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[α]D
23 +139.89 (c 1.07, CHCl3).  

Rf 0.54 (hexane/EtOAc, 75:25).  

IR (CHCl3): 3379, 3019, 2966, 2932, 2877, 1780, 1699, 1489, 1253, 1207, 929 cm−1.  

1H-NMR (200 MHz, CDCl3): δ 0.00 (3 H, s, SiMe), 0.15 (3 H, s, SiMe), 0.30 (3 H, s, 

SiMe), 0.33 (3 H, s, SiMe), 0.82–0.91 (12 H, m, 2 × NCO2CH2CHCHMe2), 1.19–1.52 (2 

H, m, 2 × Me2SiCHCH2), 1.40 (9 H, s, NHBoc), 2.29–2.45 (2 H, m, 2 × NCHCHMe2), 

2.63 (1 H, dd, J = 9.8, 19.0 Hz, CHAHBCON), 3.20 (1 H, dd, J = 4.4, 19.0 Hz, 

CHAHBCON), 4.15–4.47 (6 H, m, 2 × NCO2CH2CH, 2 × NCHCHMe2), 5.36–5.50 (2 H, m, 

CHNHBoc).  

13C-NMR (50 MHz, CDCl3): δ −2.2, −0.9, 0.2, 1.0, 14.4, 14.6, 17.8 (2 C), 19.1, 28.2 (5 

C), 33.1, 38.6, 52.0, 58.4, 59.1, 63.3, 64.0, 79.8, 153.4, 154.0, 155.3, 173.4, 174.7.  

Anal. (Found: C, 52.92; H, 7.73; N, 6.76. C27H47N3O9Si2 requires C, 52.83; H, 7.72; N, 

6.85%). 

 

(R)-Methyl 2-((tert-butyloxycarbonyl)amino)-2-((3R,4R)-4-(2-methoxy-2-oxoethyl)-

2,2,5,5-tetramethyl-1,2,5-oxadisilolan-3-yl)acetate 58 

Potassium carbonate (138 mg, 1 mmol) was added to a solution of 57 (0.21 g, 0.34 mmol) 

in methanol (8 mL) at 30 ºC and stirred for an hour. After removing the solvent under 

reducing pressure, the residue was dissolved in water, acidified with dilute HCl and 

extracted with ethyl acetate. The organic extract was evaporated under reduced pressure 

and the residue was treated with ethereal diazomethane. The reaction mixture was 

evaporated under reduced pressure and the residue was purified by column 
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chromatography on silica using hexane-EtOAc (85:10) as eluent to give the product 58 

(0.12 g, 84%) as a colourless liquid.  

[α]D
25 +49.17 (c 1.2, CHCl3). 

Rf 0.7 (hexane/EtOAc, 75:25).  

IR (CHCl3): 3364, 3019, 2955, 2904, 1733, 1715, 1456, 1366, 1254, 1210, 1162, 1055, 

933, 847 cm−1.  

1H-NMR (200 MHz, CDCl3): δ 0.09 (3 H, s, SiMe), 0.11 (3 H, s, SiMe), 0.22 (3 H, s, 

SiMe), 0.26 (3 H, s, SiMe), 0.87–0.96 (1 H, m, Me2SiCHCH2), 1.21–1.40 (1 H, m, 

Me2SiCHCH2), 1.43 (9 H, s, NHBoc), 2.27 (1 H, dd, J = 9.7, 16.8 Hz, CHAHBCO2Me), 

2.77 (1 H, dd, J = 5.0, 16.76 Hz, CHAHBCO2Me), 3.64 (3 H, s, CO2Me), 3.71 (3 H, s, 

CO2Me), 4.39–4.52 (1 H, m, NHCH), 5.29 (1 H, d, J = 8.6 Hz, NH).  

13C-NMR (50 MHz, CDCl3): δ −2.4, −1.3, 0.6, 0.7, 22.5, 28.3 (3 C), 34.3, 35.6, 51.5, 

52.1, 53.2, 79.9, 155.2, 173.3, 174.3.  

Anal. (Found: C, 49.08; H, 7.93; N, 2.91. C17H33NO7Si2 requires C, 48.66; H, 7.93; N, 

3.34%). 

 

 

(3aR, 4R, 7aR)-methyl octahydro-1,1,3,3-tetramethyl-6-oxo-[1,2,5]oxadisilolo[3,4-

c]pyridine-4-carboxylate 55a 

Freshly distilled TFA (0.3 mL) was added to a stirred solution of 58 (85 mg, 0.2 mmol) in 

CH2Cl2 (0.3 mL) at 30 ºC. After 1 h, the reaction mixture was evaporated and the residue 

was quenched with aqueous sodium bicarbonate solution. The reaction mixture was 

extracted with CH2Cl2 and the organic extract was washed with brine, dried over 
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anhydrous MgSO4 and evaporated to give the cyclized product 55a (57 mg, 99%) as a 

colourless liquid.  

[α]D
25 −20.0 (c 1.0, CHCl3).  

Rf 0.51 (CHCl3/MeOH, 95:5).  

IR (CHCl3): 3303, 3008, 2955, 2898, 1740, 1659, 1469, 1352, 1255, 1201, 1133, 1042, 

927, 843 cm−1.  

1H-NMR (200 MHz, CDCl3): δ 0.10 (3 H, s, SiMe), 0.21 (3 H, s, SiMe), 0.25 (3 H, s, 

SiMe), 0.28 (3 H, s, SiMe), 1.02–1.34 (2 H, m, 2 × Me2SiCHCH2), 2.17 (1 H, dd, J = 12.0, 

18.0 Hz, CHAHBCON), 2.54 (1 H, dd, J = 4.0, 18.0 Hz, CHAHBCON), 3.77 (3 H, s, 

CO2Me), 4.12 (1 H, d, J = 12 Hz, CHNH), 6.81 (1 H, s, broad, NH). 

13C-NMR (50 MHz, CDCl3): δ −3.1, −2.5, −0.8, −0.1, 25.4, 30.2, 32.7, 52.3, 58.3, 171.9, 

171.8.  

HRMS (ESI) m/z: Found MH+ 288.1080, C11H22NO4Si2 requires 288.1087. 

 

 

D-Fagomine 51 

A solution of LAH (91 mg, 2.4 mmol) in dry ether (10 mL) was cannulated to the lactam 

55a (50 mg, 0.17 mmol) at 0 ºC under argon. The reaction temperature was raised to 30 ºC 

and heated under reflux for 4 h. After cooling to 0 ºC, the reaction mixture was diluted 

with ether and quenched with 15% aqueous NaOH solution and water. The reaction 

mixture was filtered and the residue was washed well with ether. The combined filtrate 

was concentrated and hydrogen peroxide (0.5 mL, 30%) was added to it followed by the 

addition of KHF2 (90 mg, 1.2 mmol) and THF/MeOH (6 mL, 1:1) as the solvent. After 15 



 

 168 

h at 60 ºC, the solvent was evaporated under reduced pressure and the white residue was 

purified by ion-exchange resin to give pure Fagomine 51 (17 mg, 68%) as a white solid. 

[α]D
22 +18.6 (c 0.43, H2O), [lit.:171 [α]D

25 +18.0 (c 0.92, H2O)].  

1H-NMR (200 MHz, CDCl3): δ 1.35 (1 H, dq, J = 4.4, 13 Hz), 1.80–1.95 (1 H, m), 2.46–

2.64 (2 H, m), 2.91–3.04 (1 H, m), 3.09 (1 H, t, J = 9.4 Hz), 3.35–3.57 (2 H, m), 3.71 (1 H, 

dd, J = 3.1, 12.0 Hz). 

13C-NMR (125 MHz, CDCl3): δ 32.0, 42.4, 60.7, 61.0, 72.6, 72.8. 

 

 

(S)-3-((R)-2-azido-2-((3S,4S)-4-(2-((S)-4-isopropyl-2-oxooxazolidin-3-yl)-2-oxoethyl)-

2,2,5,5-tetramethyl-1,2,5-oxadisilolan-3-yl)acetyl)-4-isopropyloxazolidin-2-one 59 

Following the procedure for the preparation of 56, trans-36a (2 g, 4 mmol), KHMDS (8 

mL, 1 M solution in THF, 8 mmol, 2 equiv), trisyl azide (2.4 g, 8 mmol) and acetic acid 

(1.2 mL, 20 mmol) gave azide 59 (1.6 g, 74%) as a colorless solid. mp 125 ºC (from 

hexane-EtOAc).  

[α]D
28 +35.79 (c 1.01, MeOH).  

Rf 0.65 (hexane/EtOAc, 75:25).  

IR (CHCl3): 3019, 2965, 2877, 2105, 1780, 1698, 1387, 1251, 1207, 1102, 934, 844 cm−1.  

1H-NMR (200 MHz, CDCl3): δ 0.06 (3 H, s, SiMe), 0.24 (3 H, s, SiMe), 0.27 (3 H, s, 

SiMe), 0.34 (3 H, s, SiMe), 0.82–0.95 (12 H, m, 2 × NCO2CH2CHCHMe2), 1.18–1.40 (1 

H, m, Me2SiCHCH2), 1.49–1.59 (1 H, m, Me2SiCHCH2), 2.23–2.47 (2 H, m, 2 × 

NCHCHMe2), 2.58 (1 H, dd, J = 10.8, 18.0 Hz, CHAHBCON), 3.48 (1 H, dd, J = 5.4, 18.0 
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Hz, CHAHBCON), 4.05–4.59 (6 H, m, 2 × NCO2CH2CH, 2 × NCHCHMe2), 5.39 (1 H, d, J 

= 7.6 Hz, CHN3). 

13C-NMR (50 MHz, CDCl3): δ −2.3, −0.9, 0.8, 1.1, 14.4, 14.5, 17.7, 17.8, 23.2, 28.1 (2 

C), 33.3, 37.2, 58.2, 58.6, 61.9, 63.3, 63.9, 153.7, 154.0, 170.5, 173.2.  

Anal. (Found: C, 49.10; H, 6.96; N, 12.96. C22H37N5O7Si2 requires C, 48.96; H, 6.91; N, 

12.98%). 

 

 

(S)-3-((R)-2-((tert-butyloxycarbonyl)amino)-2-((3S,4S)-4-(2-((S)-4-isopropyl-2-

oxooxazolidin-3-yl)-2-oxoethyl)-2,2,5,5-tetramethyl-1,2,5-oxadisilolan-3-yl)acetyl)-4-

isopropyloxazolidin-2-one 60 

Following the procedure for the preparation of 57, azide 59 (1.5 g, 2.8 mmol) and (Boc)2O 

(1.2 g, 5.5 mmol) gave protected amine 60 (1.65 g, 96%) as a colorless solid. mp 181 ºC 

(from hexane-EtOAc).  

[α]D
28 +46.73 (c 1.01, CHCl3).  

Rf 0.5 (hexane/EtOAc, 75:25). 

IR (CHCl3): 3453, 3345, 3019, 2967, 2878, 1782, 1697, 1488, 1389, 1251, 1205, 1101, 

919, 844 cm−1.  

1H-NMR (200 MHz, CDCl3): δ 0.02 (3 H, s, SiMe), 0.11 (3 H, s, SiMe), 0.27 (3 H, s, 

SiMe), 0.35 (3 H, s, SiMe), 0.82–0.91 (12 H, m, 2 × NCO2CH2CHCHMe2), 1.24–1.56 (2 

H, m, 2 × Me2SiCHCH2), 1.40 (9 H, s, NHBoc), 2.24–2.45 (2 H, m, 2 × NCHCHMe2), 

2.78 (1 H, dd, J = 10.6, 19.2 Hz, CHAHBCON), 3.72 (1 H, dd, J = 4.6, 19.2 Hz, 
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CHAHBCON), 4.13–4.37 (6 H, m, 2 × NCO2CH2CH, 2 × NCHCHMe2), 4.98 (1 H, s, 

broad, NH), 5.69–5.77 (1 H, m, CHNHBoc).  

13C-NMR (50 MHz, CDCl3): δ −2.5, −0.2, 0.6, 1.2, 14.4, 14.5, 17.6, 17.7, 21.8, 28.0 (3 

C), 28.3 (2 C), 34.8, 36.9, 52.4, 58.2, 58.5, 63.2, 63.5, 79.6, 153.0, 153.7, 155.0, 173.7, 

174.7.  

Anal. (Found: C, 53.03; H, 7.70; N, 6.86. C27H47N3O9Si2 requires C, 52.83; H, 7.72; N, 

6.85%).  

 

(R)-Methyl 2-((tert-butyloxycarbonyl)amino)-2-((3S,4S)-4-(2-methoxy-2-oxoethyl)-

2,2,5,5-tetramethyl-1,2,5-oxadisilolan-3-yl)acetate 61 

Following the procedure for the preparation of 58, the dioxazolidin-2one 60 (1.4 g, 2.3 

mmol), K2CO3 (1 g, 7.2 mmol), methanol (30 mL) and diazomethane gave the pure 

product 61 (0.83 g, 86%) as a colorless liquid. 

[α]D
28 −11.0 (c 1.02, CHCl3).  

Rf 0.7 (hexane/EtOAc, 75:25).  

IR (CHCl3): 3517, 3345, 3019, 2954, 2903, 1735, 1718, 1499, 1366, 1253, 1204, 1169, 

936, 846 cm−1.  

1H-NMR (200 MHz, CDCl3): δ 0.10 (3 H, s, SiMe), 0.12 (3 H, s, SiMe), ) 0.22 (3 H, s, 

SiMe), 0.30 (3 H, s, SiMe), 1.19–1.52 (2 H, m, 2 × Me2SiCHCH2), 1.43 (9 H, s, NHBoc), 

2.18 (1 H, dd, J = 11.2, 16.2 Hz, CHAHBCO2Me), 2.90 (1 H, dd, J = 3.5, 16.2 Hz, 
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CHAHBCO2Me), 3.64 (3 H, s, CO2Me), 3.73 (3 H, s, CO2Me), 4.44–4.59 (1 H, m, NHCH), 

4.76 (1 H, s, broad, NH).  

13C-NMR (50 MHz, CDCl3): δ −2.7, −0.3, 0.3, 0.6, 22.3, 28.0 (3 C), 34.7, 35.1, 51.1, 

51.8, 52.4, 79.8, 155.1, 173.8 (2 C).  

Anal. (Found: C, 48.76; H, 7.91; N, 3.41. C17H33NO7Si2 requires C, 48.66; H, 7.93; N, 

3.34%).  

 

(R)-Methyl 2-(amino)-2-((3S,4S)-4-(2-methoxy-2-oxoethyl)-2,2,5,5-tetramethyl-1,2,5-

oxadisilolan-3-yl)acetate 54 

Freshly distilled TFA (2 mL) was added to a stirred solution of urethane 61 (0.5 g, 1.2 

mmol) in CH2Cl2 (2 mL) at 30 ºC. After 1 h, the solvent was removed under reduced 

pressure and the residue was diluted with aqueous sodium bicarbonate solution. The 

mixture was extracted with CH2Cl2 and the organic extract was washed with brine, dried 

over anhydrous MgSO4 and evaporated to give amine 54 (0.37 g, 96%) as a brownish 

liquid.  

[α]D
24 −10.4 (c 1.04, CHCl3).  

Rf 0.35 (hexane/EtOAc, 75:25).  

IR (CHCl3): 3430, 3394, 3302, 3017, 2953, 2903, 2847, 1735, 1437, 1353, 1252, 1202, 

1105, 1008, 930, 846 cm−1. 

1H-NMR (200 MHz, CDCl3): δ −0.06 (3 H, s, SiMe), 0.04 (3 H, s, SiMe), 0.06 (3 H, s, 

SiMe), 0.12 (3 H, s, SiMe), 0.94–1.10 (1 H, m, Me2SiCHCH2), 1.25–1.39 (1 H, m, 

Me2SiCHCH2), 1.56 (2 H, s, broad, NH2), 2.03 (1 H, dd, J = 11.4, 16.1 Hz, 
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CHAHBCO2Me), 2.39 (1 H, dd, J = 5.0, 19.2 Hz, CHAHBCO2Me), 3.28 (1 H, d, J = 7.8 Hz, 

CHNH2), 3.49 (3 H, s, CO2Me), 3.57 (3 H, s, CO2Me).  

13C-NMR (50 MHz, CDCl3): δ −2.6, −0.8, 0.6, 1.2, 22.8, 34.9, 36.6, 51.2, 51.5, 54.8, 

173.8, 177.4.  

 

 

(3aS, 4R, 7aS)-methyl octahydro-1,1,3,3-tetramethyl-6-oxo-[1,2,5]oxadisilolo[3,4-

c]pyridine-4-carboxylate 55b 

A solution of the amine 54 (0.35 g, 1.1 mmol) and pyridine (0.3 mL) in freshly distilled p-

xylene (45 mL) was gently refluxed at 145 ºC under argon atmosphere. After 9 h, the 

reaction mixture was evaporated under reduced pressure and the residue was purified by 

column chromatography on silica using CHCl3-MeOH (97:3) as eluent to give the product 

55b (0.22 g, 70%) as a colourless liquid.  

[α]D
27 +80.9 (c 0.88, CHCl3).  

Rf 0.5 (CHCl3/MeOH, 95:5).  

IR (CHCl3): 3301, 3009, 2955, 2899, 1741, 1659, 1469, 1353, 1256, 1201, 1132, 1042, 

925, 842 cm−1.  

1H-NMR (200 MHz, CDCl3): δ 0.00 (3 H, s, SiMe), 0.10 (3 H, s, SiMe), 0.20 (3 H, s, 

SiMe), 0.30 (3 H, s, SiMe), 1.33–1.43 (1 H, m, Me2SiCHCH2), 1.56–1.72 (1 H, m, 

Me2SiCHCH2), 2.16 (1 H, dd, J = 12.2, 17.7 Hz, CHAHBCON), 2.51 (1 H, dd, J = 5.1, 17.7 

Hz, CHAHBCON), 3.68 (3 H, s, CO2Me), 4.33 (1 H, dd, J = 3, 5.9 Hz, CHNH), 7.03 (1 H, 

s, broad, NH). 
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13C-NMR (50 MHz, CDCl3): δ −3.2, −1.7, −0.4 (2 C), 19.8, 29.2, 32.7, 52.1, 55.5, 171.9, 

172.9.  

HRMS (ESI) m/z: Found MH+ 288.1094, C11H22NO4Si2 requires 288.1087. 

 

 

D-3,4-Di-epi-fagomine 53 

Following the procedure for the preparation of fagomine 51, the lactam 55b (70 mg, 0.24 

mmol), lithium aluminium hydride (100 mg, 2.6 mmol), hydrogen peroxide (0.6 mL, 30%) 

and KHF2 (0.11 g, 1.4 mmol) gave pure 3,4-di-epi fagomine 53 (23 mg, 65%) as a 

colorless liquid.  

[α]D
24 +12.1 (c 0.33, H2O) [(lit.:171 [α]D

25 +13.4 (c 0.32, H2O)].  

1H-NMR (200 MHz, CDCl3): δ 1.51–1.67 (1 H, m), 1.87–2.06 (1 H, m), 2.90–3.02 (2 H, 

m), 3.16–3.27 (1 H, m), 3.58–3.66 (2 H, m), 3.66–3.74 (1 H, m), 3.79–3.88 (1 H, m).  

13C-NMR (50 MHz, CDCl3): δ 27.6, 41.0, 57.8, 62.2, 68.2, 69.3. 

 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

 



 

 174 

REFERENCES 

 

1. Corey, E. J. Angew. Chem. Int. Ed. Engl. 1991, 445. 

2. Kametani, T.; Nemoto, H. Tetrahedron 1981, 37, 3. 

3. Bruke, M. D.; Schreiber, S. L. Angew. Chem. Int. Ed. 2004, 43, 46. 

4. (a) Dolle, R. E. J. Comb. Chem. 2002, 4, 369. (b) Dolle, R. E. J. Comb. Chem. 2003, 5, 

693. (c) Dolle, R. E. J. Comb. Chem. 2004, 6, 623. 

5. (a) Hall, D. G.; Manku, S.; Wang, F. J. Comb. Chem. 2001, 3, 125. (b) Arya, P.; M. G. 

Curr. Opin. 2001, 292. (c) Arya, P.; Joseph, R.; Chou, D. T. H. Chem. Biol. 2002, 9, 

145. (d) Boger, D. L.; Desharnais, J.; Capps, K. Angew. Chem. Int. Ed. Engl. 2003, 42, 

4138. (e) Dörwald, F. Z. Wiley-VCH, Weinheim, Germany, 2000. 

6. (a) Schreiber, S. L. Science 2002, 287, 1964. (b) Schreiber, S. L. Chem. Eng. News. 

2003, 81, 51. (c) Lee, D.; Sello, J. K.; Schreiber, S. L. Org. Lett. 2000, 2, 709. (d) 

Koehler, A. N.; Shamji, A. F.; Schreiber, S. L. J. Am. Chem. Soc. 2003, 125, 8420. (e) 

Oguri, H.; Schreiber, S. L. Org. Lett. 2005, 7, 47. (f) Kwon, O.; Park, S. B.; Schreiber, 

S. L. J. Am. Chem. Soc. 2002, 124, 13402. 

7. (a) Spandl, R. J.; Bender, A.; Spring, D. R. Org. Biomol. Chem. 2008, 6, 1149. (b) 

Thomas, G. L.; Wyatt, E. E.; Spring, D. R. Curr. Opin. Drug Dicsovery & 

Development 2006, 9, 700. 

8. (a) Pelish, H. E.; Westwood, N. J.; Feng, Y.; Kirchhausen, T.; Shair, M. D. J. Am. 

Chem. Soc. 2001, 123, 6740. (b) Shang, S.; Tan, D. S. Curr. Opin. Chem. Bio. 2005, 9, 

248. (c) Arya, P.; Joseph, R.; Gan, Z.; Rakic, B. Chem. Bio. 2005, 12, 163. (d) Cordier, 

C.; Morton, D.; Murrison, S.; Nelson, A.; O’Leary-Steele, C. Nat. Prod. Rep. 2008, 25, 



 

 175 

719. (e) Su, Q.; Beeler, A. B.; Lobkovsky, E.; Porco, J. A.; Jr.; Panek, J. S. Org. Lett. 

2003, 5, 2149. 

9. Corey, E. J.; Cheng, X.-M. The Logic of Chemical Synthesis, Wiley, New York, 1989. 

10. Evans, D. A.; Nelson, J. V. J. Am. Chem. Soc. 1980, 102, 774. 

11. Tempest, P. A.; Armstrong, R. W. J. Am. Chem. Soc. 1997, 119, 7607. 

12. Marx, M. A.; Grillot, A.-L.; Louer, C. T.; Beaver, K. A.; Bartlett, P. A. J. Am. Chem. 

Soc. 1997, 119, 6153. 

13. Tan, D. S.; Foley, M. A.; Shair, M. D.; Schreiber, S. L. J. Am. Chem. Soc. 1998, 120, 

8565. 

14. Tan, D. S.; Foley, M. A.; Stockwell, B. R.; Shair, M. D.; Schreiber, S. L. J. Am. Chem. 

Soc. 1999, 121, 9073. 

15. Lee, D.; Sello, J.; Schreiber, S. L. J. Am. Chem. Soc. 1999, 121, 10648. 

16. Burke, M. D.; Berger, E. M.; Schreiber, S. L. Science 2003, 302, 613. 

17. Burke, M. D.; Berger, E. M.; Schreiber, S. L. J. Am. Chem. Soc, 2004, 126, 14095. 

18. Wyatt, E. E.; Fergus, S.; Galloway, W.; Bender, A.; Fox, D. J.; Plowright, A. T.; 

Jessiman, A. S.; Welch, M.; Spring, D. R. Chem.Commun. 2006, 3296. 

19. Schreiber, S. L. Science 2000, 287, 1964. 

20. Friedal, C.; Crafts, J. M. Ann. 1865, 136, 203. 

21. Kipping, F. S. Pr. Chem. Soc. 1904, 20, 15. 

22. Rochow, E. G. J. Am. Chem. Soc. 1945, 67, 963. 

23. Petov, A. D.; Mironov, B. F.; Ponomarenko, V. A.; Chernyshev, E. A. Synthesis of 

Organosilicon monomers, Heywood & Co. Ltd., London, 1964. 

24. (a) Patai, S.; Rappoport, Z. The Chemistry of Organic Silicon Compounds, John Wiley 

& Sons Ltd., 1989. (b) Rappoport, Z.; Apeloig, Y. The Chemistry of Organic Silicon 



 

 176 

 Compounds, John Wiley & Sons Ltd., 1998, 2. 

25. Klebe, J. F. Adv. Org. Chem. 1972, 8, 97. 

26. Peterson, D. J. J. Org. Chem. 1968, 33, 780. 

27. Stork, G.; Ganem, B. J. Am. Chem. Soc. 1974, 95, 6152. 

28. (a) Lambert, J. B. Tetrahedron 1990, 46, 2677. (b) White, J. M. Aust. J. Chem. 1995, 

48, 1227. 

29. Fleming, I. in Comprehensive Organic Chemistry, Barton, D. H. R.; Ollis, W. D. Edn. 

Pergamon Press, 1979, 5, Ch. 13. 

30. West, R.; Baney, R. H. J. Am. Chem. Soc. 1959, 81, 6145. 

31. (a) Sujishi, S.; Witz, S. J. Am. Chem. Soc. 1954, 76, 4631. (b) Homer, G. D.; Sommer, 

L. H. J. Organomet. Chem. 1974, 67, C-10. 

32. (a) Whitmore, F. C.; Sommer, L. H. J. Am. Chem. Soc. 1946, 68, 481. (b) Sommer, L. 

H. D.; Bailey, L.; Whitmore, F. C. J. Am. Chem. Soc. 1948, 70, 2869. 

33. Magnus, P. D.; Sarkar, T. K.; Djuric, S. in Comprehensive Organometallic Chemistry, 

Wilkinson, G.; Stone, F. G. A.; Abell, E. W. Edn., Pergamon Press, 1981, Ch. 48. 

34. Kende, A. S.; Blacklock, T. J. Tetrahedron Lett. 1980, 3119. 

35. Hudrlik, P. F.; Holmes, P. E.; Hudrlik, A. M. Tetrahedron Lett. 1988, 29, 6395. 

36. Hudrlik, P. F.; Hudrlik, A. M.; Rona, R. J.; Misra, R. N.; Withers, G. P. J. Am. Chem. 

Soc. 1977, 99, 1993. 

37. Lambert, J. B.; Wang, G. T.; Teramura, D. H. J. Org. Chem. 1988, 53, 5422. 

38. (a) Häbich, D.; Effenberger, F. Synthesis 1979, 841. (b) Birkofer, L.; Stahl, O. Top. 

Curr. Chem. 1980, 88, 33. (c) Effenberger, F.; Krebs, A. J. Org. Chem. 1984, 49, 4687. 

(d) Chan, T. H.; Fleming, I. Synthesis 1979, 761. (e) Parnes, Z.; Bolestora, G. I. 

Synthesis 1984, 991. (f) Vollhardt, K. P. C. Acc. Chem. Res. 1977, 10, 1. (g) Funk, R. 



 

 177 

 L.; Vollhardt, K. P. C. Chem. Soc. Rev. 1980, 9, 41. 

39. Miller, R. B.; McGarvey, G. J. Org. Soc. 1979, 44, 4623. 

40. Hanstein, W.; Berwin, H. J.; Traylor, T. G. J. Am. Chem. Soc. 1970, 92, 829. 

41. Eaborn, C. J. Chem. Soc., Chem. Commun. 1972, 1255. 

42. Fleming, I. in Frontier Orbitals and Organic Chemical Reactions, Wiley, London, 

1976, 81. 

43. Fassenden, R. J.; Seiles, K.; Dagani, M. J. Org. Chem. 1966, 31, 2433. 

44. (a) Greene, T. W.; Wuts, P. G. 2nd Edn., Wiley-Interscience, New York, 1991. (b) 

Kocienski, P. J. George Thieme verlag, Stuttgart, 1994. (c) Rucker, C. Chem. Rev. 

1995, 95, 1009. 

45. (a) Bols, M.; Skrydstrup, T. Chem. Rev. 1995, 95, 1253. (b) Stork, G.; Kim, G. J. Am. 

Chem. Soc. 1992, 114, 1087. (c) Xin, Y. C.; Mallet, J.-M.; Sinay, P. J. Chem. Soc., 

Chem. Commun. 1993, 864. (d) Mallet, A.; Mallet, J.-M.; Sinay, P. Tetrahedron: 

Asymmetry 1994, 5, 2593. 

46. (a) Brook, A. G. Acc. Chem. Res. 1974, 7, 77. (b) Brook, A. G.; Bassindale, A. R.; de 

Mayo, P. Edn., Rearrangements in Ground and Excited States, Academic Press, New 

York. 1980, 149. (c) Brook, M. A. Silicon in Organic, Organometallic, and Polymer 

Chemistry, John Wiley and Sons, Inc. New York, 2000. 

47. (a) Fleming, I.; Barbero, A.; Walter, D. Chem. Rev. 1997, 97, 2063. (b) Fleming, I. in 

Science of Synthesis, Fleming, I. Edn., Thieme, Stuttgart, 2002, 927. (c) Barbero, A.; 

Blakemore, D. C.; Fleming, I.; Wesley, R. N. J. Chem. Soc., Perkin Trans. 1 1997, 

1329. (d) Ahmar, M.; Duyck, C.; Fleming, I. J. Chem. Soc., Perkin Trans. 1 1998, 

2721. 



 

 178 

48. (a) Ireland, R. E.; Varney, M. D. J. Am. Chem. Soc. 1984, 106, 3668. (b) Avery, M. A.; 

Jennings-White, C., Chong, W. K. M. J. Org. Chem. 1989, 54, 1789. 

49. Linderman, R. J.; Anklekar, T. V. J. Org. Chem. 1992, 57, 5078. 

50. Asaoka, M.; Hayashibe, S.; Sonoda, S.; Takei, H. Tetrahedron Lett. 1990, 31, 4761. 

51. Hudrlik, P. F.; Peterson, D. J. Am. Chem. Soc. 1975, 97, 1464. 

52. Heathcock, C. H.; Kiyooka, S.; Blumenkopf, T. A. J. Org. Chem. 1984, 49, 4214. 

53. Reetz, M. T.; Kesseler, K. J. Org. Chem. 1985, 50, 5434. 

54. Nishgaichi, Y.; Takuwa, A.; Jodai, A. Tetrahedron Lett. 1991, 32, 2383. 

55. Panek, J. S.; Yang, M.; Muler, I. J. Org. Chem. 1992, 57, 4063. 

56. Fleming, I.; Lawrence, N. J. J. Chem. Soc., Perkin Trans. 1 1992, 3309. 

57. Nicolaou, K. C.; Piscopio, A. D.; Bertinato, P.; Chakraborty, T. K.; Minwa, N.; Koibe, 

K. Chem. Eur. J. 1995, 1, 318. See also for another example: Wang, T.; Tjepkema, M. 

W.; Audari, H.; Wilson, P. D.; Fallis, A. G. Tetrahedron Lett. 1996, 37, 755.  

58. Vedejs, E.; McClure, C. K. J. Am. Chem. Soc. 1986, 108, 1094. 

59. Fleming, I.; Lawrence, N. J.; Sarkar, A. K.; Thomas, A. P. J. Chem. Soc., Perkin Trans. 

1 1992, 3303. 

60. Norley, M. C.; Kocienski, P. J.; Faller, A. Syn. Lett. 1994, 77. 

61. Procter, G.; Russel, A. T.; Murphy, P. J.; Tam, P. S.; Mather, A. N. Tetrahedron 1988, 

44, 3953. 

62. Fleming, I.; Kilburn, J. D. J. Chem. Soc., Perkin Trans. 1 1992, 3295. 

63. Obayashi, M.; Utimoto, K.; Nozaki, H. Bull. Chem. Soc. Jpn. 1979, 52, 1760. 

64. (a) Eaborn, C. J. Organomet. Chem. 1975, 100, 43. (b) Eaborn, C.; Bott, R. W. in 

Organometallic Compounds of the group IV Elements, Mac Diarnid, A. G. Edn., NY, 



 

 179 

1968, 1, Part I, 407. (c) For a review on ipso effect, see: Bennetau, B.; Dunogues, J. 

Syn. Lett. 1993, 171. 

65. Fleming, I. Chemtracts-Org. Chem. 1996, 9, 1. 

66.  Tamao, K.; Ishida, N.; Ito, Y.; Kumada, M. Org. Synth. 1990, 69, 96. 

67. (a) Fleming, I.; Henning, R.; Plaut, H. J. Chem. Soc., Chem. Commun. 1984, 29. (b) 

Fleming, I.; Sanderson, P. E. J. Tetrahedron Lett. 1987, 28, 4229. 

68.  (a) Lukevics, E.; Belyakova, Z. V.; Pomerantseva, M. G.; Voronkov, M. G. 

Organomet. Chem. Rev. 1977, 5, 1. (b) Tamamo, K.; Yoshida, J. I.; Yamamoto, H.; 

Kakui, T.; Matsumoto, H.; Takahashi, M.; Kurita, A.; Murata, M.; Kumada, M. 

Organometallics, 1982, 1, 355. (c) Chalk, A. J.; Harrod, J. F. J. Am. Chem. Soc. 1965, 

87, 16. 

69. (a) Fleming, I.; Newton, T. W. J. Chem. Soc., Perkin Trans. 1 1984, 1805. (b) Hayama, 

H.; Sato, M.; Kanemoto, S.; Morizawa, Y.; Oshima, K.; Nozaki, H. J. Am. Chem. Soc. 

1983, 105, 4491. (c) Fleming, I.; Newton, T. W.; Roessler, F. J. Chem. Soc., Perkin 

Trans. 1 1981, 2527. 

70. (a) Kraihanzel, C. S.; Losee, M. L. J. Am. Chem. Soc. 1968, 90, 4701. (b) Reuter, J. M.; 

Sinha, A.; Salomon, R. G. J. Org. Chem. 1978, 43, 2438. (c) Benkeser, R. E.; Krysiak, 

H. R. J. Am. Chem. Soc. 1953, 75, 2421. (d) Eaborn, C.; Walton, D. R. M. J. 

Organomet. Chem. 1965, 3, 169. 

71. (a) Abiko, T. Idemitsu Giho. 1993, 36, 644. (b) Lin, I. J. B.; Shen, H. I. J. Chin. Chem. 

Soc. (Taipei) 1992, 39, 583. (c) Kapovits, I. Phosphorus, Sulfur, Silicon Relat. Elem. 

1991, 58, 39. (d) Magdesieva, N. N.; Sergeeva, T. A. Khim. Geterotsikl Soedin 1990, 

147. (e) Honda, T. Yakugaku Zasshi, 1989, 109, 345. 



 

 180 

72. (a) Walker, B. J. Organophosphorus Chem. 1994, 25, 218 and references cited therein. 

(b) Johnson, A. W.; Kaska, W. C.; K. Starzewski, A. O.; Dixon, D. Ylides and Imines 

of Phosphorus Wiley: New York, 1993, 587. (c) Hartley, F. R. Edn. Phosphonium 

Salts, Ylides and Phosphoranes. The Chemistry of Organophosphorus Compounds, 

Wiley: Chichester (UK), 1994, 3, 442. (d) Zhang, P.; Cao, W.; Ding, W. Youji Huaxue 

1988, 8, 385. (e) McKenna, E. G.; Walker, B. J. Phosphorus, Sulfur Silicon Relat. 

Elem. 1990, 49/50, 445. (f) Cristau, H. J.; Ribeill, Y.; Plenat, F.; Chiche, L. 

Phosphorus Sulfur 1987, 30, 135. 

73. Reviews on ylide formation by the reaction of carbenes and carbeniods with 

heteroatom lone pairs: (a) Padwa, A.; Hornbuckle, S. F. Chem. Rev. 1991, 91, 263. (b) 

Ye, T.; McKervey, M. A. Chem. Rev. 1994, 94, 1091. (c) Padwa, A.; Krumpe, K. E. 

Tetrahedron 1992, 48, 5385. 

74. (a) Sato, Y.; Shirai, N. Yakugaku Zasshi 1994, 114, 880. (b) Rudler, H. R.; Audouin, 

M.; Chelain, E.; Denise, B.; Goumont, R.; Massoud, A.; Parlier, A.; Pacreau, A.; 

Rudler, M.; Yefsah, R.; Alvarez, C.; Delgado-Reyes, F. Chem. Soc. Rev. 1991, 20, 503. 

(c) Razina, T. L. Arm. Khim. Zh. 1990, 43, 649. (d) Razina, T. L. Arm. Khim. Zh. 1991, 

44, 25. 

75. (a) Grigg, R.; Sridharan, V. Adv. Cycloaddit. 1993, 3, 161.  (b) Kanemasa, S.; Tsuge, 

O. Adv. Cycloaddit. 1993, 3, 99.  (c) Tominaga, Y.; Hojo, M.; Hosomi, A. Yuki Gosei 

Kagaku Kyokaishi 1992, 50, 48. (d) Tsuge, O.; Kanemasa, S. Adv. Heterocycl. Chem. 

1989, 45, 231. (e) Vedejs, E. Adv. Cycloaddit. 1988, 1, 33.  (f) Terao, Y.; Aono, M.; 

Achiwa, K. Heterocycles 1988, 27, 981. 

76. Litvinov, V. P. Zh. Org. Khim. 1993, 29, 2070. 

77. Zecchi, G. Synthesis 1991, 181. 



 

 181 

78. Johnson, C. R. Acc. Chem. Res. 1973, 6, 341. 

79. Porter, A. E. A. Adv. Heterocycl. Chem. 1989, 45, 151. 

80.  (a) Padwa, A. J. Chin. Chem. Soc. (Taipei) 1993, 40, 97. (b) Ganem, B. Chemtracts: 

Org. Chem. 1988, 1, 410. 

81. (a) Lloyd, D.; Gosney, I. in The Chemistry of Organic Arsenic, Antimony and Bismuth 

Compounds, Patai, S. Edn. Wiley: Chichester (UK), 1994, 657. (b) Lloyd, D.; Gosney, 

I.; Ormiston, R. A. Chem. Soc. Rev. 1987, 16, 45. (c) Huang, X.; Fu, W. Huaxue Shiji. 

1987, 9, 39. (d) Huang, Y.-Z.; Shen, Y.-C. Adv. Organomet. Chem. 1982, 20, 115. 

82. Gololobov, Y. G.; Nesmeyanov, A. N.; Lysenko, V. P.; Boldeskul, I. E. Tetrahedron 

1987, 43, 2609. 

83. Corey, E. J.; Chaykovsky, M. J. Am. Chem. Soc. 1962, 84, 867. 

84. Hansen, J. A.; Smith, C. R.; Linder, R. J.; Huffman, J. C. Tetrahedron Lett. 2006, 47, 

7209. 

85. Geetha, P.; Narasimhan, K.; Swaminathan, S. Tetrahedron Lett. 1979, 565. 

86. Landquist, J. K.; Stanier, A. Tetrahedron Lett. 1975, 1611. 

87. Fokin, A. A.; Butova, E. D.; Chernish, L. V.; Fokina, N. A.; Dahl, J. E. P.; Carison, R. 

M. K.; Schreiner, P. S. Org. Lett. 2007, 9, 2541. 

88. Chandrashekhar, S.; Narasihmulu, C.; Jagadeshwar, V.; Reddy, K. V. Tetrahedron 

Lett. 2003, 44, 3629. 

89. Yamashita, M.; Okuyama, K.; Kawasaki, I.; Ohta, S. Tetrahedron Lett. 1995, 36, 5603. 

90. (a) Tamura, Y.; Miyamoto, T.; Nishimura, T.; Eiho, J.; Kita, Y. J. Chem. Soc., Parkin 

Trans. I 1974, 102. (b) Marino, J. P.; Kaneko, T. J. Org. Chem. 1974, 39, 3175. (c) 

Faragher, R.; Gilchrist, T. J. Chem. Soc., Parkin Trans. I 1977, 1196. 

91. Traynelis, V. J.; McSweeney, J. V. J. Org. Chem. 1966, 31, 243. 



 

 182 

92. Pagni, R. M.; Watson, C. R. J. Chem. Soc., Chem. Commun. 1974, 224. 

93. Bermand, C.; Comel, A.; Kirsch, G. Arkivoc 2000, 128. 

94. (a) Ghosh, S. K.; Singh, R.; Date, S. M. Chem. Commun. 2003, 636. (b) Date, S. M.; 

Singh, R.; Ghosh, S. K. Org. Biomol. Chem. 2005, 3, 3369. (c) Ghosh, S. K.; Singh, R.; 

Singh, G. C. Eur. J. Org. Chem. 2004, 4141. (d) Singh, R.; Singh, G. C.; Ghosh, S. K. 

Eur. J. Org. Chem. 2007, 5376. (e) Singh, R.; Singh, G. C.; Ghosh, S. K. Tetrahedron 

Lett. 2005, 46, 4719. (f) Date, S. M.; Ghosh, S. K. Bull. Chem. Soc. Jpn. 2004, 77, 

2099. (g) Date, S. M.; Ghosh, S. K. Angew. Chem. Int. Ed. 2007, 46, 386. (i) 

Chowdhuri, R.; Ghosh, S. K. Eur. J. Org. Chem. 2008, 3868. 

95. Singh, R.; Ghosh, S. K. Org. Lett. 2007, 9, 5071. 

96. (a) Alcaraz, L.; Harnett, J. J.; Mioskowski, C.; Martel, J. P.; Le Gall, T.; Shin, D.-S.; 

Falck, J. R. Tetrahedron Lett. 1994, 35, 5449. (b) Alcaraz, L.; Cridland, A.; Kinchin, E. 

Org. Lett. 2001, 3, 4051. (c) Alcaraz, L.; Cox, K.; Cridland, A. P.; Kinchin, E.; Morris, 

J.; Thompson, S. P. Org. Lett. 2005, 7, 1399. (d) Alcaraz, L.; Harnett, J. J.; 

Mioskowski, C.; Martel, J. P.; Le Gall, T.; Shin, D.- S.; Falck, J. R. Tetrahedron Lett. 

1994, 35, 5453. 

97. (a) Bellus, D.; Ernst, B. Angew. Chem. Int. Ed. 1988, 27, 797. (b) Wong, H. N. C.; Lau, 

K.-L.; Tam, K.-F. Top. Curr. Chem. 1986, 133, 83. (c) Namyslo, J. C.; Kaufmann, D. 

E. Chem. Rev. 2003, 103, 1485. (d) Lee-Ruff, E.; Mladenova, G. Chem. Rev. 2003, 

103, 1449. 

98. (a) Barluenga, J.; Gonzalez-Bobes, F.; Ananthoju, S. R.; Garcia-Martin, M. A.; 

Gonzalez, J. M. Angew. Chem. 2001, 113, 3491; Angew. Chem., Int. Ed. Engl. 2001, 

40, 3389. 

99. Estieu, K.; Ollivier, J.; Salau¨n, J. Tetrahedron 1998, 54, 8075. 



 

 183 

100. (a) Tamao, K.; Kawachi, A. Organometallics 1995, 14, 3108. (b) Kawachi, A.; 

Tamao, K. Organometallics 1996, 15, 4653. 

101. (a) Julia, M.; Julia, S.; Guegan, R. Bull. Soc. Chim. Fr. 1960, 1072. (b) Hoffsommer, 

R. D.; Taub, D.; Wendler, N. L. J. Org. Chem. 1962, 27, 4134. (c) Julia, M.; Descoinis, 

C.; Risse, C. Tetrahedron Suppl. 1966, 8, 443. (d) Sarel, S.; Yovell, J.; Sarel-Imber, M. 

Angew. Chem. Int. Ed. 1968, 7, 577. (e) Brady, S. F.; Ilton, M.; Johnson, W. S. J. Am. 

Chem. Soc. 1968, 90, 2882. (f) Johnson, W. S.; Li, T.; Faulkner, D. J.; Campbell, S. F. 

J. Am. Chem. Soc. 1968, 90, 6225. (g) Mori, K.; Ohki, M.; Sato, A.; Mataui, M. 

Tetrahedron 1972, 28, 3739. (h) Julia, M.; Paris, J.-M. Tetrahedron Lett. 1974, 3445. 

(i) Descoins, C.; Samain, D. Tetrahedron Lett. 1976, 745. (j) Santelli, C. Z. 

Tetrahedron Lett. 1979, 1165. (k) Corey, E. J.; Long, A. K. J. Org. Chem. 1978, 43, 

2208. 

102. (a) Trindle, C.; Hwang, J.-T.; Carey, F. A. J. Org. Chem. 1973, 38, 2664. (b) van 

Staden, L. F.; Gravestock, D.; Ager, D. J. Chem. Soc., Rev. 2002, 31, 195. 

103. (a) Shiner, V. J.; Ensinger, M. W.; Kriz, G. S. J. Am. Chem. Soc. 1986, 108, 842. (b) 

Hwu, J. R.; Gilbert, B. A. J. Am. Chem. Soc. 1991, 113, 5917. 

104. (a) Masse, C. E.; Panek, J. S. Chem. Rev. 1995, 95, 1293. (b) Sarkar, T. K. in Science 

of Synthesis, Houben-Weyl methods of Molecular Transformations, Georg Thieme 

Verlag, Stuttgart, 2002, 4, 837. (c) Sarkar, T. K. Synthesis 1990, 1101. (d) Chabaud, L.; 

James, P.; Landais, Y. Eur. J. Org. Chem. 2004, 3173. 

105. (a) Au-Yeung, B-W.; Fleming, I. J. Chem. Soc., Chem. Comm. 1977, 79. (b) Au-

Yeung, B-W.; Fleming, I. J. Chem. Soc., Chem. Comm. 1977, 81. 

106. (a) Fleming, I.; Higgins, D.; Lawrence, N. J.; Thomas, A. P. J. Chem. Soc., Perkin 

Trans. 1 1992, 3331. (b) Shintani, R.; Ichikawa, Y.; Hayashi, T.; Chen, J.; Nakao, Y.; 



 

 184 

Hiyama, T. Org. Lett. 2007, 9, 4643. (c) Bunnelle, W. H.; Narayanan, B. A. Org. 

Syntheses 1993, 8, 602. (d) Bhat, N. G.; Lai, W. C.; Carroll, M. B. Tetrahedron Lett. 

2007, 48, 4267. (e) Shintani, R.; Okamoto, K.; Hayashi, T. Org. Lett. 2005, 7, 4757. 

107. Yamazaki, T.; Kasatkin, A.; Kawanaka, Y.; Sato, F. J. Org. Chem. 1996, 61, 2266. 

108. Chraibi, A.; Fillion, H.; Cuong, L. D. Ann. Pharm. Franc. 1980, 38, 343. 

109. (a) Baizer, M. M.; Anderson, J. D. J. Electrochem. Soc. 1964, 111, 223. (b) Fry, A. J. 

in Synthetic Organic Electrochemistry, 2nd Ed.; John Wiley and Sons, NY, 1989, 208. 

110. (a) Utley, J. Chem. Soc., Rev. 1997, 26, 157. (b) Klemm, L. H.; Olson, D. R. J. Org. 

Chem. 1973, 38, 3390. (c) Kise, N.; Iwasaki, K.; Tokieda, N.; Ueda, N. Org. Lett. 

2001, 3, 3241. 

111. (a) Bode, H. E.; Sowell, C. G.; Little, R. D. Tetrahedron Lett. 1990, 31, 2525. (b) 

Little, R. D.; Fox, D. P.; Hijfte, L. V.; Dannecker, R.; Sowell, G.; Wolin, R. L.; Mones, 

L.; Baizer, M. M. J. Org. Chem. 1988, 53, 2287. (c) Fox, D. P.; Little, R. D.; Baizer, 

M. M. J. Org. Chem. 1985, 50, 2202. (d) Moens, L.; Baizer, M. M.; Little, R. D. J. 

Org. Chem. 1986, 51, 4497. 

112. (a) Totton, E. L.; Camp, N. C.; III; Cooper, G. M.; Haywood, B. D.; Lewis, D. P. J. 

Org. Chem. 1967, 32, 2033. (b) Bowers, K. W.; Giese, R. W.; Grimshaw, J.; House, H. 

O.; Kolodny, N. H.; Kronberger, K.; Roe, D. K. J. Am. Chem. Soc. 1970, 92, 2783. (c) 

House, H. O.; Giese, R. W.; Kronberger, K.; Kaplan, J. P.; Simeone, J. P. J. Am. Chem. 

Soc. 1970, 92, 2800. 

113. Takaki, K.; Beppu, F.; Tanaka, S.; Tsubaki, Y.; Jintoku, T.; Fujiwara, Y. J. Chem. 

Soc., Chem. Commun. 1990, 516. 

114. (a) Liu, Y.; Dai, N.; Qi, Y.; Zhang, S. Synth. Commun. 2009, 39, 799. (b) For a 

review, see: Banik, B. K. Eur. J. Org. Chem. 2002, 2431. 



 

 185 

115. (a) Girard, P.; Namy, J. L.; Kagan, H. B. J. Am. Chem. Soc. 1980, 102, 2693. (b) 

Gopalaiah, K.; Kagan, H. B. New J. Chem. 2008, 32, 607. (c) Kagan, H. B. 

Tetrahedron 2003, 59, 10351. (d) Molander, G. A.; Harris, C. R. Chem. Rev. 1996, 96, 

307. 

116. Jung, D. Y.; Kim, Y. H. Synlett 2005, 3019. 

117. (a) Inanaga, J.; Handa, Y.; Tabuchi, T.; Otsubo, K.; Yamaguchi, M.; Hanamoto, T.  

Tetrahedron Lett. 1991, 32, 6557. (b) Kikukawa, T.; Hanamoto, T.; Inanaga, J. 

Tetrahedron Lett. 1999, 40, 7497. (c) Kanemasa, S.; Yamamoto, H.; Kobayashi, S. 

Tetrahedron Lett. 1996, 37, 8505. 

118. (a) Fleming, I.; Ghosh, S. K. J. Chem. Soc., Chem. Commun. 1992, 1775. (b) 

Fleming, I.; Ghosh, S. K. J. Chem. Soc., Perkin Trans. 1 1998, 2711 and 2733. 

119. (a) Shinohara, I.; Okue, M.; Yamada, Y.; Nagaoka, H. Tetrahedron Lett. 2003, 44, 

4649. (b) Cabrera, A.; Lagadec, R. L.; Sharma, P.; Arias, J. L.; Toscano, R. A.; 

Velasco, L.; Gavino, R.; Alvarez, C.; Salmon, M. J. Chem. Soc., Perkin Trans. 1 1998, 

3609. 

120. Zhou, L.; Shi, D.; Gao, Y.; Shen, W.; Dai, G.; Chen, W. Tetrahedron Lett. 1997, 38, 

2729. 

121. (a) Osborn, M. E.; Pegues, J. F.; Paquette, L. A. J. Org. Chem. 1980, 45, 167. (b) 

Yang, J.; Felton, G. A. N.; Bauld, N. L.; Krische, M. J. J. Am. Chem. Soc. 2004, 125, 

1634. (c) Angle, S. R.; Rainier, J. D. J. Org. Chem. 1992, 57, 6883. (d) Lee, G. H.; 

Choi, E. B.; Lee, E.; Pak, C. S. J. Org. Chem. 1994, 59, 1428 (e) For a review, see: 

Lee, G. H.; Youn, I. K.; Choi, E. B.; Lee, H. K.; Yon, G. H.; Yang, H. C.; Pak, C. S. 

Curr. Org. Chem. 2004, 8, 1263. (f) Chavan, S. P.; Ethiraj, K. S. Tetrahedron Lett. 

1995, 36, 2281. 



 

 186 

122. (a) Pandey, G.; Hajra, S. Angew. Chem, Int. Ed. Engl. 1994, 33, 1169. (b) Pandey,  

G.; Hajra, S.; Ghorai, M. K. Tetrahedron Lett. 1994, 35, 7837. (c) Pandey, G.;  Hajra, 

S.; Ghorai, M. K.; Kumar, K. R. J. Am. Chem. Soc. 1997, 119, 8777. (d) Pandey,  G.; 

Hajra, S.; Ghorai, M. K. J. Org. Chem. 1997, 62, 5966. (e) Pandey, G.; Ghorai, M. K.; 

Hajra, S. Tetrahedron Lett. 1998, 39, 1831. (f) Pandey, G.; Gaikwad, A. L.; Gadre, S. 

R. Tetrahedron Lett. 2006, 47, 701. 

123. (a) Enholm, E. J.; Kinter, K. S. J. Org. Chem. 1995, 60, 4850. (b) Enholm, E. J.; 

Kinter, K. S. J. Am. Chem. Soc. 1991, 113, 7784. (c) Hays, D. S.; Fu, G. C. J. Org. 

Chem. 1996, 61, 4. 

124. (a) Fleming, I.; Ghosh, S. K. J. Chem. Soc., Chem. Commun. 1992, 1777. (b) 

Fleming, I.; Ghosh, S. K. J. Chem. Soc., Chem. Commun. 1994, 2285. 

125. (a) Jensen, C. M.; Lindsay, K. B.; Taaning, R. H.; Karaffa, J.; Hansen, A.-M.; 

Skrydstrup, T. J. Am. Chem. Soc. 2005, 127, 6544. (b) Taaning, R. H.; Thim, L.; 

Karaffa, J.; Campana, A. C.; Hansen, A.-M.; Skrydstrup, T. Tetrahedron 2008, 64, 

11884. 

126. (a) Shabangi, M.; Flowers, R. A. Tetrahedron Lett. 1997, 38, 1137. (b) Atkins, P. W. 

Physical Chemistry, Fifth Edn.; ELBS, Oxford, C20. 

127. Maekawa, H.; Sakai, M.; Uchida, T.; Kita, Y.; Nishiguchi, I. Tetrahedron Lett. 2004, 

45, 607. 

128. (a) Nomura, R.; Matsuno, T.; Endo, T. J. Am. Chem. Soc. 1996, 118, 11666. (b) 

Aspinall, H. C.; Greeves, N.; Valla, C. Org. Lett. 2005, 7, 1919. (c) Helion, F.; Namy, 

J.-L. J. Org. Chem. 1999, 64, 2944. 

129. Corey, E. J.; Zheng, G. Z. Tetrahedron Lett. 1997, 38, 2045. 

130. Mikami, K.; Terada, M.; Matsuzawa, H. Angew. Chem. Int. Ed. 2002, 41, 3554. 



 

 187 

131. (a) Evans, D. A. Aldrichimica Acta 1982,  15, 23. (b) Evans, D. A.; Kim, A. S. in 

Encyclopedia of Reagents for Organic Synthesis, Paquette, L. A., Ed.; Wiley, NY, 

1995, 11, 345. (c) Ager, D.; Prakash, I.; Schaad, D. R. Chem. Rev. 1996, 96, 835. 

132. (a) Evans, D. A.; Weber, A. E. J. Am. Chem. Soc. 1986, 108, 6757. (b) Evans, D. A.; 

Chapman, K. T.; Bisaha, J. J. Am. Chem. Soc. 1988, 110, 1238. (c) Evans, D. A.; 

Ennis, M. D.; Mathre, D. J.  J. Am. Chem. Soc. 1982, 104, 1737. 

133.  (a) Sibi, M. P.; Manyem, S.; Tetrahedron 2000, 56, 8033. (b) Sibi, M. P.; Manyem, 

S.; Zimmerman, J. Chem. Rev. 2003, 103, 3263. 

134. Kise, N.; Mashiba, S.-i.; Ueda, N. J. Org. Chem. 1998, 63, 7931. 

135. (a) Davies, S. G.; Sanganee, H. J. Tetrahedron: Asymmetry 1995, 6, 671. (b) Bull, S. 

D.; Davies, S. G.; Garner, A. C.; Kruchinin, D.; Key, M.-S.; Roberts, P. M.; Savory, E. 

D.; Smith, A. D.; Thomson, J. E. Org. Biomol. Chem. 2006, 4, 2945. (c) Hintermann, 

T.; Seebach, D. Helv. Chim. Acta. 1998, 81, 2093. (d) Gibson, C. L.; Gillon, K.; Cook, 

S. Tetrahedron Lett. 1998, 39, 6733. (e) Bull, S. D.; Davis, S. G.; Jones, S.; Polywka, 

M. E. C.; Prasad, R. S.; Sanganee, H. J. Synlett 1998, 519. 

136. Chaubey, N.; Date, S. M.; Ghosh, S. K. Tetrahedron: Asymmetry 2008, 19, 2721. 

137. Brenner, M.; Vecchia, L. L.; Leutert, T.; Seebach, D. Org. Synth. 2003, 80, 57. 

138. Kiegiel, J.; Nowacki, J.; Tarnowska, A.; Stachurska, M.; Jurczak, J. Tetrahedron Lett. 

2000, 41, 4003. 

139. Posternak, T.; Susz, J.-P. Helv. Chim. Acta. 1956, 39, 2032. 

140. Hizuka, M.; Hayashi, N.; Kamashita, T.; Suemune, H.; Sakai, K. Chem. Pharm. Bull. 

1988, 36, 1550. 

141. Tanaka, M.; Murakami, T.; Suemune, H.; Sakai, K. Heterocycles 1992, 33, 697. 

142. Hizuka, M.; Fang, C.; Suemune, H.; Sakai, K. Chem. Pharm. Bull. 1989, 37, 1185. 



 

 188 

143. Anorbe, B.; Martin, V. S.; Palazone, J. M.; Trujillo, J. M. Tetrahedron Lett. 1986, 27, 

4991. 

144. (a) Moustakis, C. A.; Viala, J.; Capdevila, J.; Falck, J. R. J. Am. Chem. Soc. 1985, 

107, 5283. (b) Mosset, F.; Yadagiri, P.; Lumin, S.; Capdevila, J.; Falck, J. R. 

Tetrahedron Lett. 1986, 27, 6035. (c) Ennis, M. D.; Base, M. E. Tetrahedron Lett. 

1986, 27, 6031. 

145. Dickman, D. A.; Meyers, A. I.; Smith, G. A.; Gawley, R. E. Org. Synth. 1990, 7, 530. 

146. (a) Masamune, S.; Choy, W.; Petersen, J. S.; Sita, L. R. Angew. Chem. Int. Ed. Engl. 

1985, 24, 1. (b) Braun, M. Angew. Chem. Int. Ed. Engl. 1987, 26, 24. 

147. (a) Tang, J.; Hayashi, T. Catalytic Hetero-functionalization; Togni, A.; Grützmacher, 

H., Edn. Wiley-VCH: Weinheim, Germany, 2001, 73. (b) Hayashi, T. Hydrosilylation 

of Carbon-Carbon Double Bonds, Chapter 7, 319. (c) Okamoto, K.; Hayashi, T. Chem. 

Lett. 2008, 37, 108. 

148. (a) Lipshutz, B. H. Organometallics in Synthesis, A manual, Schlosser, M. Edn. 

Wiley-VCH: Weinheim, 2002, 665. (b) Fleming, I. Organocopper Reagents, A 

Practical Approach, Taylor, R. J. K. Edn. Oxford Academic Press, New York, 1994, 

257. (c) Tamao, K.; Kawachi, A. Adv. Organomet Chem. 1995, 38, 1. (d) Crump, R. A. 

N. C.; Fleming, I.; Urch, C. J. J. Chem. Soc., Perkin Trans. 1 1994, 701. (e) Vaughan, 

A.; Singer, R. D. Tetrahedron Lett. 1995, 36, 5683. (f) Maclean, B. L.; Hennigar, K. 

A.; Kells, K. W.; Singer, R. D. Tetrahedron Lett. 1997, 38, 7313. 

149. (a) Hayashi, T.; Matsumuto, Y.; Ito, Y. J. Am. Chem. Soc. 1988, 110, 5579. (b) 

Matsumuto, Y.; Hayashi, T.; Ito, Y. Tetrahedron 1994, 50, 335. (c) Hayashi, T.; 

Matsumoto, Y.; Ito, Y. Tetrahedron Lett. 1988, 29, 4147. (d) Ogoshi, S.; Tomiyasu, S.; 

Morita, M.; Kurosawa, H. J. Am. Chem. Soc. 2002, 124, 11598. (e) Nakao, Y.; Chen, 



 

 189 

J.; Imanaka, H.; Hiyama, T.; Ichikawa, Y.; Duan, W.-L.; Shintani, R.; Hayashi, T. J. 

Am. Chem. Soc. 2007, 129, 9137. (f) Walter, C.; Fröhlich, R.; Oestreich, M. 

Tetrahedron 2009, 65, 5513 (g) Ito, H.; Ishizuka, T.; Tateiwa, J.-I; Sonoda, M.; 

Hosomi, A. J. Am. Chem. Soc. 1998, 120, 11196. (h) Clark, C. T.; Lake,J. F.; Scheidt, 

K. A. J. Am. Chem. Soc. 2004, 126, 84.  

150. Still, W. C. J. Org. Chem., 1976, 41, 3063. 

151. (a) Ager, D.; Fleming, I. J. Chem. Soc., Chem. Commun. 1978, 177. (b) Ager, D.; 

Fleming, I.; Patel, S. K. J. Chem. Soc., Perkin Trans. 1 1981, 2520. (c) Fleming, I.; 

Newton, T. W. J. Chem. Soc, Perkin Trans. 1 1984, 1805. (d) Lipshutz, B. H.; Reuter, 

D. C.; Ellsworth, E. L. J. Org. Chem. 1989, 54, 4975. (e) Tamao, K.; Kawachi, A.; Ito, 

Y. J. Am. Chem. Soc. 1992, 114, 3989. 

152. (a) Picard, J.-P.; Dunogues, J.; Calas, R. J. Orgmetal. Chem. 1974, 77, 167. (b) 

Picard, J.-P. J. Orgmetal. Chem. 1972, 34, 279. (c) Kyoda, M.; Yokoyama, T.; 

Kuwahara, T.; Maekawa, H.; Nishiguchi, I. Chem. Lett. 2002, 228. (d) Picard, J.-P.; 

Ekouya, A. ; Dunogues, J. ; Duffaut, N. ; Calas, R. J. Orgmetal. Chem. 1972, 93, 51. 

(e) Ohno, T.; Nakahiro, H.; Sanemitsu, K.; Hirashima, T.; Nishiguchi, I. Tetrahedron 

Lett. 1992, 33, 5515. 

153. Kundu, P. K.; Ghosh, S. K. Org. Biomol. Chem. 2009, 7, 4611. 

154. Fleming, I.; Henning, R.; Parker, D. C.; Plaut, H. E.; Sanderson, P. E. J. J. Chem. 

Soc., Perkin Trans. 1 1995, 317. 

155. Lee, T. W.; Corey, E. J. Org. Lett. 2001, 3, 3337. 

156. (a) Rahman, N. A.; Fleming, I.; Zwicky, A. B. J. Chem. Res. (S) 1992, 292. (b) 

Rahman, N. A.; Fleming, I.; Zwicky, A. B. J. Chem. Res. (M) 1992, 2041. (c) Fleming, 

I.; Roberts, R. S.; Smith, S. C. Tetrahedron Lett. 1996, 37, 9395. (d) Fleming, I.; 



 

 190 

Roberts, R. S.; Smith, S. C. J. Chem. Soc., Perkin Trans. 1 1998, 1209. (e) Dambacher, 

J.; Bergdahl, M. Chem. Commun. 2003, 144. (f) Dambacher, J.; Bergdahl, M. J. Org. 

Chem. 2005, 70, 580. 

157. (a) Dikshit, D. K.; Goswami, L. N.; Singh, V. S. Synlett, 2003, 11, 1737. (b) Utimoto, 

K.; Otake, Y.; Yoshino, H.; Kuwahara, E.; Oshima, K.; Matsubara, S. Bull. Chem. Soc. 

Jpn. 2001, 74, 753. 

158. (a) DiMauro, E.; Fry, A. J. Tetrahedron Lett. 1999, 40, 7945. (b) Loreto, M. A.; 

Tardella, P. A.; Tedeshi, L.; Tofani, D. Tetrahedron Lett. 1997, 38, 5717. 

159. Takeshita, K.; Seki, Y.; Kawamoto, K.; Murai, S.; Sonoda, N. J. Org. Chem. 1987, 

52, 4864. 

160. (a) Stedel, W.; Gilman, H. J. Am. Chem. Soc. 1960, 82, 6129. (b) Selin, T. G.; West, 

R. Tetrahedron 1959, 5, 97. (c) Tamao, K.; Kumada, M.; Noro, A. J. Organomet. 

Chem. 1971, 31, 169. 

161. (a) Kise, N.; Kaneko, H.; Uemoto, N.; Yoshida, J. Tetrahedron Lett. 1995, 36, 8839. 

(b) Kise, N.; Agui, S.; Morimoto, S.; Ueda, N. J. Org. Chem. 2005, 70, 9407. (c) 

Wayner, D. D. M.; McPhee, D. J.; Griller, D. J. Am. Chem. Soc. 1988, 110, 132. (d) 

Jouikov, V.; Biran, C.; Bordeau, M.; Dunogue`s,  J. Electrochimica Acta 1999, 45, 

1015. 

162. (a) Heightman, T. D.; Vasella, A. T. Angew. Chem., Int. Ed. 1999, 38, 750. (b) 

Zechel, D. L.; Withers, S. G. Acc. Chem. Res. 2000, 33, 11. (c) Stütz, A. E. 

Iminosugars as Glycosidase Inhibitors: Nojirimycin and Beyond; Wiley-VCH: 

Weinheim, Germany, 1999. 



 

 191 

163. (a) Butters, T. D.; Dwek, R. A.; Platt, F. M. Chem. Rev. 2000, 100, 4683. (b) Asano, 

N.; Nash, R. J.; Molyneux, R. J.; Fleet, G. W. J. Tetrahedron: Asymmetry 2000, 11, 

1645. 

164. (a) Afarinkia, K.; Bahar, A. Tetrahedron: Asymmetry 2005, 16, 1239. (b) Pearson, M. 

S. M.; Mathé-Allainmat, M.; Fargeas, V.; Lebreton, J. Eur. J. Org. Chem. 2005, 2159. 

165. Koyama, M.; Sakamura, S. Agric. Biol. Chem. 1974, 38, 1111. 

166. Molyneux, R. J.; Benson, M.; Wong, R. Y.; Tropea, J. E.; Eibein, A. D. J. Nat. Prod. 

1988, 51, 1198. 

167. Kato, A.; Asano, N.; Kizu, H.; Matsui, K.; Watson, A. A.; Nash, R. J. J. Nat. Prod. 

1997, 60, 312. 

168. (a) Nojima, H.; Kimura, I.; Chen F.-J.; Sugiura, Y.; Haruno, M.; Kato, A.; Asano, N. 

J. Nat. Prod. 1998, 61, 397. (b) Taniguchi, S.; Asano, N.; Tomino, F.; Miwa, I. Horm. 

Metab. Res. 1998, 30, 679. 

169. (a) Fleet, G. W. J.; Smith, P. W. Tetrahedron Lett. 1985, 26, 1469. (b) Fleet, G. W. J.; 

Fellows, L. E.; Smith, P. W. Tetrahedron 1987, 43, 979. (c) Fleet, G. W. J.; Witty, D. 

R. Tetrahedron: Asymmetry 1990, 1, 119. 

170. Effenberger, F.; Null, V. Liebigs Ann. Chem. 1992, 1211. 

171. (a) Takahata, H.; Banba, Y.; Cheimi, A.; Hideo, N.; Kato, A.; Adachi, I. Tetrahedron: 

Asymmetry 2001, 12, 817. (b) Takahata, H.; Banba, Y.; Ouchi, H.; Nemoto, H.; Kato, 

A.; Adachi I. J. Org. Chem. 2003, 68, 3603. (c) VanRheenen, V.; Kelly, R. C.; Cha, D. 

Y. Tetrahedron Lett. 1976, 17, 1973. 

172. Yokoyama, H.; Ejiri, H.; Miyazawa, M.; Yamaguchi, S.; Hirai, Y. Tetrahedron: 

Asymmetry 2007, 18, 852. 

173. Kumari, N.; Reddy, B. G.; Vankar, Y. D. Eur. J. Org. Chem. 2009, 160. 



 

 192 

174. (a) Bartali, L.; Scarpi, D.; Guarna, A.; Prandi, C.; Occhiato, E. G. Synlett 2009, 913. 

(b) Bartali, L.; Casani, A.; Guarna, A.; Occhiato, E. G.; Scarpi, D. Eur. J. Org. Chem. 

2010, 5831. 

175. (a) Désiré, J.; Dransfield, P. J.; Gore, P. M.; Shipman, M. Synlett 2001, 1329. (b) Von 

der Osten, C. H.; Sinskey, A. J.; Barbas, C. F.; Pederson, R. L.; Wang, Y.-F.; Wang, 

C.-H. J. Am. Chem. Soc. 1989, 111, 3924. (c) Pederson, R. L.; Wang, C.-H. 

Heterocycles 1989, 28, 477. (d) Castillo, J. A.; Calveras, J.; Casas, J.; Mitjans, M.;  

Vinardell, M. P.; Parella, T.; Inoue, T.; Sprenger, G. A.; Joglar, J.; Clapés, P. Org. Lett. 

2006, 8, 6067. 

176. (a) Verma, R.; Ghosh, S. K. Chem. Commun. 1997, 1601. (b) Verma, R.; Ghosh, S. 

K. J. Chem. Soc., Perkin Trans. 1 1999, 265. (c) Chowdhury, R.; Ghosh, S. K. 

Tetrahedron: Asymmetry 2010, 21, 2696. (d) Singh, R.; Ghosh, S. K. Tetrahedron Lett. 

2002, 43, 7711. 

177. Evans, D. A.; Britton, T. C.; Ellman, J. A.; Dorow, R. L. J. Am. Chem. Soc. 1990, 

112, 4011. 

 

 

 

 

 

 

 



 

 193 

LIST OF PUBLICATIONS 

  

Journal publications 

1. Pintu K. Kundu and Sunil K. Ghosh*. Silicon-mediated asymmetric synthesis of 

fagomine and 3,4-di-epi-fagomine. Tetrahedron: Asymmetry, 2011, 22, 1090-1096. 

 

2. Pintu K. Kundu and Sunil K. Ghosh*. Magnesium-induced regiospecific C-

silylation of suitably substituted enoates and dienoates. Tetrahedron, 2010, 66, 8562-

8568. 

 

3. Pintu K. Kundu and Sunil K. Ghosh*. Magnesium-mediated intramolecular 

reductive coupling: a stereoselective synthesis of C2-symmetric 3,4-bis-silyl-

substituted adipic acid derivatives. Org.  Biomol. Chem., 2009, 7, 4611-4621.    

   

4. Pintu K. Kundu, Rekha Singh and Sunil K. Ghosh*. Silicon assisted diversified 

reaction of a β-silylmethylene malonate with dimethylsulfoxonium methylide. J. 

Organomet. Chem., 2009, 694, 382-388. 

 

Bulletin publications 

 
5. Pintu K. Kundu and Sunil K. Ghosh. Functionalized organosilicon compounds: 

synthesis and applications. Society for Materials Chemistry, 2011, accepted. 

 

Symposium and conference publications and presentations 

6. Pintu K. Kundu and Sunil K. Ghosh. Silicon-mediated asymmetric synthesis of 

some bio-active molecules. National Conference on Chirality, 2011, The M. S. 

University of Baroda, Vadodara, India (Oral Presentation). 

 



 

 194 

7. Pintu K. Kundu and Sunil K. Ghosh. Organo-silicon compounds in diversified 

organic synthesis. Chemistry Research Scholars’ Meet, 2011, IGCAR, Kalpakkam, 

India (Oral Presentation). 

 

8. Pintu K. Kundu and Sunil K. Ghosh. Diversity oriented synthetic strategies for 

functionalized organo-silicon compounds and their applications. 23
rd

 Research 

Scholars’ Meet, 2011, N. G. Acharya & D. K. Marathe College, Mumbai, India 

(Oral Presentation).  

 

9. Pintu K. Kundu and Sunil K. Ghosh. Diversity oriented synthesis of functionalized 

small molecules using organo-silicon compounds. 3
rd

 DAE-BRNS International 

Symposium on Materials Chemistry, 2010, BARC, Mumbai, India (Poster 

Presentation).  

 

10. Pintu K. Kundu and Sunil K. Ghosh. Regiospecific C-silylation of suitably 

substituted enoates and stereoselective synthesis of C2-symmetric 3,4-bis-silyl-

substituted adipic acid derivatives by Mg/silyl chloride/system. 5
th

 Mid-Year 

Chemical Research Society of India Symposium in Chemistry, 2010, NIIST, 

Thiruvananthapuram, India (Poster Presentation).  

 

11. Pintu K. Kundu and Sunil K. Ghosh. Stereoselective synthesis of C2-symmetric 3,4-

bis-silyl-substituted adipic acid derivatives by a magnesium-mediated reductive 

coupling. 5th
 J-NOST Conference for Research Scholars, 2009, IIT-Kanpur, Kanpur, 

India (Oral Presentation).  

 

12. Pintu K. Kundu, Rekha Singh and Sunil K. Ghosh. Silicon assisted diversified 

reaction of a β-silylmethylene malonate with dimethylsulfoxonium methylide. 2
nd

 

DAE-BRNS International Symposium on Materials Chemistry, 2008, BARC, 

Mumbai, India (Poster Presentation).  

 


