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ABSTRACT 

The research, to be presented in two chapters discusses the 

development of new methods in asymmetric synthesis which may be 

applicable to the total synthesis of natural products. 

Chapter 1. We have developed the methodology to functionalize 

heterocycles such as tetrahydropyran and tetrahydrofuran using 

intermolecular diastereoselective radical trapping reactions. This method 

was also extended to prepare bicyclic acetals with three chiral centers 

using intramolecular radical reactions. The stereocontrol in both, 

intermolecular and intramolecular reactions was studied. This methodology 

may be developed further to synthesize deoxygenated and substituted 

carbohydrates. 

Chapter 2. Highly functionalized eight membered carbocycle is the basic 

structural unit of many natural products of biological interests. The 

methodology developed and presented in this chapter utilizes chiral 

cyploproyl ketals of eight member carbocycle and allows to introduce 

functionalities on the eight membered ring with good stereocontrol. This 

methodology has direct application in the syntheses of many natural 

products containing functionalized eight member carbocyle. 
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Diastereoselective Manipulations of Chromatographically 

Resolved 2-Alkoxy-3-bromo or 2-Alkoxy-3-phenylseleneyl 

Tetrahydropyrans and Tetrahydrofurans. 
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Introduction 

Functionalized pyrans and furans are important structural units of 

many naturally ocuring compounds. These building blocks are found in 

simple monosaccharides as well as complex macrolides. Highly 

functionalized, enantiomerically pure pyrans and furans found in 

carbohydrates have direct relevance to human biology.1 These pyran and 

furan rings often are deoxygenated, branched, and/or heteroatom 

substituted.2 The structural diversity and biological significance of these 

compounds have made them important synthetic targets. 1 ,2 Many synthetic 

methods are being developed for the syntheses of these with high 

enantiomeric purity. The biological activity of these compounds is directly 

linked to the chirality. Thus, research in this area has been inspired by 

biochemical events. The advent of antibiotics has accelerated efforts in 

synthesis as well as chemical modification of component sugars.3 

Cyclic hemiacetals are known to be thermodynamically stable due to 

formation of pyran and furan rings. These hemiacetals are converted to 

pyranosides and furanosides by reaction with alcohols in the presence of 

acid. These cyclic acetals are stable under neutral or basic reaction 

conditions but can be cleaved under acidic conditions. One of the simplest 

pyranosides is the tetrahydropyranyl ether (THP ether), which protects both 

alcohol and pyranose aldehyde while synthetic manipulations can be done" 

at other positions within the molecule. The formation of tetrahydropyranyl 

ethers (THP) and tetrahydrofuranyl (THF) ethers is a one-step reaction 



using dihydropyran or dihydrofuran and an alcohol under mild acid 

catalysis.4 

14 

Bond formation at the anomeric center is usually not a 

stereocontrolled process. With achiral alcohols, enantiomeric acetals are 

formed which are not separable by conventional methods. However, when 

chiral alcohols are employed a pair of diastereomeric acetals is formed 

(Fig. 1). 

Figure 1. Formation of Diastereomeric Acetals With Chiral Alcohols. 

o o OO '~ • 
OR 

These diastereomers sometimes differ in their physical properties 

which allows separation by conventional methods5 such as fractional 

crystallization or column chromatography. Such separated diastereomeric 

acetals possess absolute stereochemistry at the anomeric center where the 

chirality is effectively transferred from the chiral alcohol to the anomeric 

center on pyran or furan moiety. 

Such separated enantiomerically pure acetals are useful precursors 

to naturally occurring compounds, especially sugars that are heavily 

deoxygenated, branched, and/or heteroatom substituted. The typical 

approaches have employed existing sugars from the chiral pool. 

If such a route makes use of a cheap, easily available starting 

carbohydrate and involves a few reasonably efficient chemical steps then 
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the synthesis could be quite attractive. However, manipulations and/or 

destruction of many chiral centers in a six carbon sugar precursor is 

unattractive. Another practical problem arises with unavoidable steps 

involving protection and deprotection of hydroxyl functionality making the 

'Chi ron Approach' more lengthy and less efticient.6 

On the other hand, resolved, modestly functionalized pyranosides 

and furanosides have proven to be useful precursors for syntheses of 

unique sugars or other natural products. One can take advantage of the 

ready availability of both the enantiomers when appropriate. So, this 

alternative approach is complimentary to the existing methods. 

The success of this methodology depends on the ease and 

generality of formation and resolution of the diastereomeric acetals. It also 

depends upon the availability and prices of the auxiliaries. Even though 

there are many chiral alcohols available, it was found that the resolution 

of acetals was most general when a-hydroxy ester auxiliaries were used. 

There are many a-hydroxy esters commercially available in both 

enantiomeric forms. These react with dihydropyran or dihydrofuran in the 
. 

presence of a mild acid catalyst yielding a pair of diastereomeric acetals 

which are easily separable by simple column chromatography?(Table 1). 

This general method of chromato'graphic resolution provided 

enantiomerically pure pyranosides and furanosides for further 

functionalization. 
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Table 1. Separation of Diastereomeric THP Ethers of a-Hydroxy Esters. 

% Yields a in 20% EtOAclHex 

0"'0 / C02Me ~O / C02Me 
'C 'C 

49,49 1.18 
.. \ .. , 

H CH3 H CH3 

0"'0 / C02Me ~O / C02Me 
'C 'c 42,49 1.10 

.. \ ... \ 
H Ph H Ph 

0"'0 / C02Me 
'c 

~O / C02Me 
"c 41,51 1.11 .. \ .. , 

H CH2Ph H CH2Ph 

Q···o /C02Me ~ 0 / C02Me 
33,42 1.18 'c 'C " \ .. , 

H' CH2-CH(CH3)2 H CH2-CH(CH3)2 

Q .. 0n- ~0n- 49,47 1.40 

o 0 o 0 

Diastereoselective functionalization of the acetals can be done either 

on THP or THF rings leading to new sugar derivatives, or on the chiral 

appendage yielding modified a hydroxy ester derivatives (Fig. 2). 
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Figure 2. Diastereomeric Manipulations of Separated Acetals. 

> 
Stereocontrolled 
Functionalization of 
THP Ring 

Stereocontrolled 
Modification of 
Chiral Appendage 

New Sugar 
===» Derivatives 

===» a Hydroxy Ester 

Derivative 

Asymmetric induction by pendant a-hydroxy ester functionality on the 

pyran ring can exert steric as well as electronic effects. An example of 

sterically controlled diastereoselective functionalization is shown in the 

synthesis of the enantiomers of 4-deoxy pentopyranose. In this synthesis 

the chiral auxiliary at the anomeric center directs osmylation from the 

opposite faB (Scheme 1). 
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Scheme 1. Synthesis of the Enantiomers of 4-deoxy-~-erythropentopyranose 
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H Me 

2a 
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Scheme 2 . Synthesis of (R)-Mevalonolactone 1 9 
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H 
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Chelation-controlled diastereoselective manipulations are illustrated in 

the synthesis of (R)-Mevelonolactone8 (Scheme 2). The diastereoselectivity 

observed in the epoxide formation is due to meta-chloroperbenzoic acid 

chelation to the primary alcohol functionality in the pendant chiral auxiliary 

and is delivered selectively to one face of the double bond. 

Thus 'the chiral auxiliary' at the anomeric center plays a double 

role. First, it is necessary to make pyranosides into diastereomers and aid 

their separation on the silica gel column. Second, it can control the 

stereochemistry of certain reactions in order to introduce new chiral centers 

on the THP or THF ring. 

We were interested in examining further the stereocontrol of carbon

carbon bond formation. An opening of diastereomeric epoxides such as 

13a and 13b with an appropriate carbon nucleophile is one way of 

making a new carbon-carbon bond (Route A, Scheme 3). The 

stereocontrol observed in this transformation would be indirectly governed 

by the chiral auxiliary but subject to the steric and stereoelectronic 

constraints involved in epoxide openings. 
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Scheme 3. Carbon-Carbon Bond Formation at C-3 of pyranoside. 

MX~~ l:J: . Nu-

o O ... /Ph 

/~OH 
H 

13a 

Route A : Epoxide opening 

x = Br, SePh; Y = CN, COOMe etc; R = Me, Ph etc 

Route B: Radical generating and trapping 

Another approach involved a more direct functionalization at C-3 

using radical trapping reactions (Route 8, Scheme 3). We had previously 

observed that some diastereomeric pyranosides and furanosides of a

hydroxy esters which possess either 3-bromo or 3-phenylselenenyl 

functionality were separable by simple column chromatography (Table 2).8 

It was also observed that during the bromide or selenide formation only 

trans isomers were formed. Thus chromatographic resolution of these 

substrates would yield enantiomerically pure starting materials where 

bromo or phenylselenenyl groups would serve as potential radical 

generating functional groups. 
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Table 2. Separation of 3-Bromo or 3-Phenylselenenyl Pyranosides and Furanosides. 

1.30 in 20% EtOAc/Hex 

1.17 in 20% EtOAc/Hex 

1.54 in 10% EtOAc/Hex 

1.10 in 20% EtOAc/Hex 

1.29 in 20% EtOAc/Hex 
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Asymmetric Induction on the THP Ring Using Radical 

Reactions. 

Since 1980, the field of organic synthesis has benefited by 

advances in free radical chemistry. Chemists have learned to generate and 

trap radicals in a selective manner. It only became possible to use free 

radical reactions for selective syntheses after mechanistic studies had 

revealed the effects which influence the reactivity and selectivity of free 

radicals.9 

C. Ruchardt and his co-workers demonstrated the influence of steric 

effects in free radical chemistry at an early stage. 1 0 In addition, electronic 

effects are explained in terms of frontier orbital theory.11 Various radical 

stabilizing effects play an important role, and regio and chemoselectivities 

of radical reactions can be predicted on the basis of these effects.12 

Less is known about the stereoselectivitiy of radical reactions. 

Although the steric course of intramolecular radical cyclizations has been 

studied in great detail, the control of intermolecular reactions is still under 

investigation. 13 

In most carbon-centered radicals the unpaired electron occupies an 

orbital which has mainly p-character, allowing attack from both sides. Thus 

high stereoselectivity can be achieved only if cyclic radicals react from 

preferred conformations and are attacked predominantly from one side. The 

influence of substituent X on the stereoselectivity in the reactions of cyclic 

radicals such as 17 (Fig. 3) has been studied in great detail. 13 
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Figure 3. Stereoselectivity in Cyclic Radicals 

6
x (\ Syn additions 

'. \;) 
····6- Anti additions 

17 U 

Six-Membered Cyclic Radicals 

Two major factors that control the stereoselectivity in intermolecular 

radical reactions of six-membered rings which are' not highly substituted 

are 1) torsional effects and 2) steric substituent effects. Other factors, such 

as stereoelectronic effects are predominant in cases of densely substituted 

six-membered rings such as carbohydrate-derived radicals. 

Torsional effects 

The stereoselectivities of the intermolecular radical reactions of 4-tert

butylcyclohexyl radical 18 have been studied in detail. 14 

Figure 4. Conformationally Anchored Six- Membered Radical. 

Equatorial attack 

1 8 I 
Axial attack 
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The equatorial vs axial selectivity depends upon the reaction type. 

Axial attack is preferred at the radical center for atom transfer reactions 

(Table 3 entries 1-4). This is reminiscent of the selectivity of nucleophilic 

attack at the carbonyl carbon in cyclohexanone which is also sp2 

hybridized.14 In the case of nucleophilic attack on cyclohexanone axial 

preference was attributed to the increased torsional effects in the transition 

state for equatorial attack. Similar torsional forces may be influencing the 

axial selectivity in observed in cyclohexyl radicals. 15 

Balanced against torsional effects are 1,3 diaxial interactions which 

occur in the product arising from the axial attack. The larger the 

approaching reagent is, the larger will be the influence of these steric 

interactions which favor the equatorial approach by the reagent. The 

equatorial attack increases as the reagent gets bulkier as seen in entries 

5-10 (Table 3). 
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Table 3. Stereoselectivity of the 4-tert-ButylcyclohexYI Radical 

in Abstraction and Addition Reactions 

Entry Reagent Reaction Eq.: Ax. 

1. RC02-0H HO abstraction 20: 80 

2. CI3C-CI CI abstraction 23: 77 

3. BU3Sn- D D abstraction 30: 70 

4. CI3C-Br Br abstraction 31 : 69 

5. H2C= C(C02Et)2 Alkene addition 44: 56 

6. H2C=CHCN Alkene addition 55: 45 

7. NCCH= CHCN Alkene addition 60: 40 

8. CH3CH= CHCN Alkene addition 74: 26 

9. CH3CH= C(C02Etb Alkene addition 73: 27 

10. iC3H7CH= C(C02Et)2 Alkene addition 88 :12 

The proportion of equatorial attack increases from 44% to 88% 

when an isopropyl group replaces a hydrogen atom at the olefinic p

carbon atom of diethylmethylene malonate which is attacked by the radical 

(Table 3, entries 5 and 10). 

Another parameter responsible for the observed selectivity has been 

the distance between reacting molecules in the transition state (Fig. 5) .16 
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This has been demonstrated using force field theory in which the 

distance between the carbon atom of cyclohexane bearing the radical and 

acrylonitrile is varied continuously. At a hypothetical distance of 207 pm in 

the transition state, the equatorial:axial ratio is 70:30 whereas at a 

distance of 247 pm the equatorial:axial ratio is shifted to 43:57 (Table 4). 

Figure 5. Effect of Bond Distance on Stereoselectivity. 

\'----\ /CHCN 
·\..---...\"1 ~H / 

C'H -----. V- 2 

Table 4. Bond Disance and Selectivity. 

Distance C1-C2 pm 207 217 227 233 238 247 

Eq.: Ax. 70:30 64:36 57:43 52:48 48:52 43:57 



28 
Substituent Steric Effects 

Substituents in six-membered rings in a ~ position with respect to 

the radical center lead to an increase in anti attack. Axial substituents 

promote axial attack 17 as seen for radicals 19, 20, and 21 (Figure 6). 

Figure 6. Effect of Axial Substituent on Stereoselectivity. 

OH eq 

(CH3)3C~! 

19 t 
ax 

eq: ax 27: 73 

20 

eq: ax 28: 72 

CH3 

(CH3bC~ 

21 

eq:ax 10:90 

This shielding of the one side of the radical by an axially placed ~ 

sUbstituent is not so surprising, but the magnitude of the influence of the 

equatorial substituent on the stereoselectivity is remarkable as seen in 

radical 22. Here the equatorially oriented methyl group promotes 

equatorial attack in all the addition reactions shown (Figure 7).17 



eq: ax 73: 27 

29 
Figure 7. Effect of Equatorial Substituent on Stereoselectivity. 

22 

NCHC=CHCN 

79: 21 >97: 3 >97: 3 

The equatorial selectivity increases as the size of the substituent 

increases at the olefinic carbon atom undergoing attack; thus the reaction 

of fumarodinitrile with 'radical 22 yields equatorial product almost 

exclusively.18 
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Results and Discussion 

Our goal was to examine the stereoselectivity in carbon-carbon bond 

formation of the C-3 radicals derived from 2-alkoxy-3-bromo or 3-

phenylselenenyl pyranosides where the alkoxide portion is derived from a 

chiral alcohol. Since the diastereomers were found to be 

chromatographically separable we were hoping that such enantiomerically 

pure pyranosides would promote a very high 1,2-asymmetric induction so 

that the newly formed bond would be predominantly trans to the chiral 

auxiliary at the anomeric center. 

Scheme 4. Radical Addition Reactions of 2-Alkoxy-3-Bromo 
or 3-Phenylselenenyl Pyranosides. 

AIBN, Ph-H, 
Heat 

~y 

x = Br, SePh; Y = CN, COOMe etc; R = Me, Ph etc 

We also wanted to examine the magnitude of influence of different 

chiral auxiliaries on the selectivity of the radical trapping reaction and so 

we synthesized diastereomeric pyranosides using three different chiral ex

hydroxy esters using an established procedure (Scheme 5). 

Acetals 23-25 were separable on analytical TLC plates as indicated 

by the ex value listed in Scheme 5. Separation of the diastereomers in 
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each case yielded enantiomerically pure pyranosides with a chiral auxiliary 

of varying bulk at the anomeric center and functionality at carbon 3 

capable of generating a carbon centered radical. 19 

Scheme 5. Syntheses of 2-Alkoxy-3-Bromo or 3-Phenylselenenyl Pyranosides. 

o o 

1) CH2CI2, _78
0 

C 

Br2 or Ph2Se2 I Br2 (f.X 
o ". . 

OR + 
,x 

CXOR' 2) Et3N, CH2CI2, 

R*-OH 
(a) Less polar diastereomer (b) More polar diastereomer 

Pyranosides 

L.(Br 

o ", 0., /COOMe 
'c 
1\ 

H CH3 
23a 

L.(Br 

o "'0., /COOMe 
C 
/\ 

24a H Ph 

25a 

23a 

a,sePh 

° OJ) 
o 0 

25b 

% Yield a and b a. I Solvent 

42,42 1.30 in 20% 

EtOAc/Hex 

32,33 1.25 in 10% 

EtOAc/Hex 

31,33 1.20 in 20% 

EtOAc/Hex 
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The absolute stereochemistry assigned to the more and less polar 

diastereomers was based on the previous experiments performed in our 

laboratories.8 During the asymmetric functionalization of 

chromatographically resolved pyranosides, we demonstrated the utility of 

these pyranosides to access either enantiomer of 4-deoxyribose. The 

absolute configuration of the dihydroxylated pyranosides 3a and 3b was 

established by the conversion to the known perbenzoylated pentanetetrols 

5a and 5b. Pyranoside 3b and natural 2-deoxyribose were converted to 

identical tetrabenzoates 5b when subjected to the same reaction 

conditions (Scheme 6).8 

Scheme 6. Assignment of Absolute Configuration of Dihydroxylated Pyranosides 

HO 
.OH a --~ 

o O ... '{( C02Me 

3b H Me 

BzO 

0·0BZ 

BzO OBz 

5b 

BzO 

tc°Bz 

BzO OBz 

5a 

HO 

Cx·OH 

o OH 

2-Deoxyribose 
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We selected the more polar diastereomers 23b, 24b, and 25b 

from each acetal pair and subjected them to radical generation and 

trapping using acrylonitrile as the radical trapping alkene (Scheme 7). 

Scheme 7. Intermolecular Radical Addition to Acrylonitrile 

x= Sr, PhSe 

AISN, Ph-H, Heat 

-::;:;-...... CN ~CN 
o OR* 

.................. CN 

O:OR* 

Each tetrahydropyranyl radical produced a pair of diastereomeric 

nitriles in fair yields. These nitriles were chromatographically separable and 

individual diastereomers were isolated as shown in Table 5. 
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Table 5. Acrylonitrile Trapping Reactions of 2-Alkoxy Tetrahydropyranyl Radicals. 

3-Bromo or 
3-Phenylselenenyl Less polar More polar % yield a Ratio 

pyranoside cis diastereomer trans diastereomer a,b solvent a : b 

"Br ~CN ,,,--/CN 

0.: 0'1 ...... C02Me 0 O. ...... C02Me 0.: 0 ...... C02Me 

29,30 1.5 in 20 % 1 :1 

EtOAc/Hex ,C, 'c C 

" " H CH3 H CH3 H CH3 
23b 26a 26b 

.• "Br ~CN ." ............ CN 21,33 2.0 in20% 1 :1.5 

0.:0., ... CO,Me ° o"c ... co,Meo.: o., ... CO,Me EtOAclHex 

IC
\ A \ ,C, 

H Ph H Ph H Ph 
24b 27a 27b 

~CN CN 18,53 1.36 in 35 % 1 : 3.1 
o:sePh CX'V 

EtOAC/Hex o 0"'lJ o 0"'lJ 
o 0"'lJ 

o 0 o 0 
o 0 

25b 28a 28b 

CN CN 19,43 1.30 in 35 % 1 :2.6 

crsePh 0"\"-./ ~ EtOAc/Hex o "'1 o "'1 
0"'lJ 0"'lJ 

0"'lJ 
'I 'I 

'I 

o 0 
o 0 o 0 

25a 29a 29b 
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In the case of each pyranoside the amount of trans isomer was 

higher than cis isomer confirming an anti selectivity in alkene trapping 

which is observed in the literature so far. The cis and trans assignments 

were made by comparing the coupling constants for the anomeric proton 

signal which is a well defined doublet. 

Based on the Karplus correlation between the J value and the 

dihedral angel between the anomeric proton and the neighboring methine 

proton we examined Drieding models of each pyranoside adduct and the 

corresponding coupling constants, but could not fit the observed data into 

a general rule of thumb (Table 6). The more solid general trend was 

observed and conclusions were made in the case of furanoside adducts 

which will be discussed later in this chapter. 
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Table 6. Assignment of Cis and Trans Pyranoside Adducts Based 
On Dihedral Angle and Coupling Constant 

Less polar 
cis adducts 

CN 

~ / C02Me 

l, 
H CH3 

26a 

4.90 ~ J 

CN 

~ / C02Me 
C 

/ \ 
H Ph 

27a 

1.90 ~ J 

More polar 
trans adducts 

.• '-,/CN 

go /C02Me 
C 

I , 
H CH3 
26b 

Hz ___ 0.00 

""",-/CN 

0:0 / C02Me 

IC, 
H Ph 
27b 

Hz ___ 0.00 

Less polar 
cis adducts 

~CN 

o 0iJ 
o 0 

28a 

0.00 ~J 

CN 

Cf"'" o "'0 

0:Q 
29a 

2.77 ~ J 

More polar 
trans adducts 

""",-/CN 

0:0 

0:Q 

28b 
Hz ___ 4.82 

C(""CN 

o "'0 

0:Q 

2gb 

Hz ___ 7.06 

The trans:cis selectivity for 23b and 24b was almost 1:1, while for 

25b the selectivity was almost 1 :3. These results clearly indicated the bulk 

provided by pantolactone chiral auxiliary was the highest and was able to 

shield one face of the radical more effectively allowing higher 

stereoselectivity in bond formation. 
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Since 25b yielded highest amount of trans adduct, we carried out 

the acrylonitrile trapping reaction with the less polar isomer 25a for which 

trans:cis selectivity was 1 :2.6 (Table 5). This is very close to the selectivity 

shown by 25b, the more polar diastereomer. The bond angles of 

tetrahydropyranyl ring are responsible for moderate selectivity since angle 

strain due to the sp2 hybridized radical center is not very well 

accommodated by the six-membered ring, and higher reactivity results in 

poorer selectivity. 

Each tetrahydropyranyl radical is short lived and since the trapping 

experiments involved "The Tin method" it is worthwhile looking at this 

process mechanistically since it shows various radicals produced during 

each catalytic cycle as indicated in Fig 8.20 The selectivity observed in C

C bond formation are better explained by understanding the reactivities 

and stabilities of these intermediate radicals. For example, the AIBN

initiated BU3Sn' radical must homolyticaly break the carbon halogen bond. 
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Figure.S. Intermediate Radicals in Alkene Addition Reactions By the 'Tin Method'. 

AIBN 

R~ 
Y 

R-X + ~ 
y 

~ 

(b) ~ 
R 

'---\ 
(c) y 

. 
R (a) 

R~ 
(d) Y 

R-X 

In most cases, in order to apply reactions between radicals and 

non-radicals for syntheses, chain reactions have to be built up. For the 

successful use of radical chains two conditions must be obeyed. 

The selectivities of the radicals involved in the chain have to differ from 

each other. 

The reaction between radicals and non radicals must be faster than 

radical combination reactions. 

For a successful application of the Tin method, alkyl radical a must 

attack alkene b to form adduct radical c. Hydrogen abstraction by c from 

BU3SnH gives the product d and tributyl tin radical e to give back educt 
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radical a. The tin method can be synthetically useful only if these reactions 

are faster than all other possible reactions of radicals a, c and e. 

Therefore, the radicals in the chain must meet certain selectivity and 

reactivity prerequisites.20 

This figure shows various radicals produced within the chain which 

must have different selectivities but must not lose their high reactivity in 

order to get the desired product in higher yield and keep the formation of 

side products to a minimum. 

During our experiments we observed formation of some side 

products which could be explained by aberration from the mechanistic 

cycle shown in Figure 8. For example, we observed that radical 30 

(Scheme 8) often gave 31 and 34. Formation of 31 was due to a 

hydrogen abstraction, whereas 34 and higher multiple adducts of alkene 

result from undesired homologation of single addition product 32. 



Scheme 8. Side Reactions in Alkene Addition Reactions. 

Reduced by 

31 

Hydrogen abstraction 
product 

30 

~~CN 

[ o:tl 
32 

t~CN 
~CN 

l O)"OR~CN 

34 

double alkene 
addition product. 

H ~CN 

lO)"OW 

33 

Desired alkene 
addition product 

40 

The abovementioned undesirable side reactions are the main 

reasons for the observed moderate yields. 

There are ways that formation of these side products might be 

minimized (Scheme 9). For example, the amount of products 31 might be 

reduced by using more reactive alkenes such as a-chloroacrylonitrile 11 d 

which will be trapped faster than acrylonitrile giving 36. 



41 
Scheme 9. Minimization of Side Reactions Using More Reactive Alkenes. 

~CI 

r" l_) .. /. CN 
a 'OR" 

36 

Desired alkene 

30 35 

J\ . ~,CN 
'CI~a1Nv 

H a ·"OR" 

37 

Double addition product 

The presence of chlorine makes radical 35 sufficiently stable so that 

it may not propagate by attack on a second molecule of (X

chloroacrylonitrile. 

Another factor that might influence the selectivity of radical trapping 

reactions is the polarity of the solvent. This effect has not been studied in 

simple alkoxy cyclohexyl radical but has been studied in radicals derived 

from carbohydrates 13 such as 38. The addition of this radical to 

acrylonitrile was carried out in four different solvents. However, the effect 

on selectivity is not very significant as the polarity is increased from 

toluene to methanol. 
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38 

Table 7. Effect of Solvent Polarity On The Stereoselectivity of Alkene Addition Reactions. 

Solvent Ph-CH3 THF 

Eq. : Ax. 64: 36 65 : 35 70 : 30 76 : 24 

When the radical from the more polar diastereomer of (S)-methyl 

mandelyl-3-bromo-3,4,5,6-tetrahydro-2H-pyran-2-yl ether (24b) was 

generated in toluene and trapped with acrylonitrile a high amount (33%) of 

hydrogen abstraction product 41 in which the stereochemistry at the 

benzilic center was randomized was obtained (Scheme 10). 

We believe this was due. to intramolecular hydrogen abstraction by 

radical 39 since the resulting benzilic radical 40 is more stable. This 

unusual result was not observed when pyranoside radical 31 had methyl 

lactate functionality at the anomeric center and the radical trapping 

experiment was performed in toluene. 

This problem was less pronounced when the same reaction was 

performed in benzene, giving acceptable yields of acrylonitrile-trapped 

products 27a and 27b. 
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Scheme 10. Intramolecular Hydrogen Abstraction of the Radical Derived from {S)-Methyl 
Mandelyl 3-Bromo-3,4,5,6 tetrahydro-2H-pyran-2yl Ether 24b 

cx,Br 
AIBN, Ph-CH3, 

Heat 

a 0." ..... C02Me ~CN C 
~\ • 

H Ph nBu3SnH 

24b 

o O •• C/C02Mel----,-.-
~ \ J H Ph 

39 

a- CN Q:", ......... CN 

a 0, ..... C02Me a 0." ..... C02Me 
'c C 
~\ 

H R 

27a 

(XH 
a O. ",C02Me 

'c 
I 

Ph 

40 

~\ 
H R 

27b 

(XH 
___ a a ..... C02Me 

'c 
sf \ 

H Ph 

41 
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Conclusion 

The six-membered ring radicals derived from pyranosides 2Gb, 27b, 

28a and 28b were added to acrylonitrile. The moderate yields were 

accompanied by moderate trans vs cis selectivity. However this was a 

general survey of these alkene addition reactions. The general protocol 

can be optimized where the yields and selectivities must be improved for 

a total synthetic effort by changing various parameters such as solvent 

polarity, pot temperature, amount of radical initiator, amount of alkene, 

substituent on the alkene, duration of reaction, and rate of addition of 

BU3SnH. 
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Asymmetric Induction on ~he THF Ring Using Radical 

Reactions. 

The trends seen in the case of six-membered radicals are also seen 

in case of five-membered cyclic radicals. The cyclopentyl radical responds 

to the selectivity the same way when the bulk of ~ substituents is 

increased (Table 8).10,13 

Table 8. Effect of Size of Substituent On Alkene 
Addition of Cyclopentyl Radical. 

Anti 

q~ 
X tYn 

X DEt OtBu 

y H H 

Anti: Syn 77 : 23 80 : 20 

=(CN 

y 

Me NHAc 

H CI 

92 : 8 > 98 : 2 

The substituents on the alkene trapping agent also play an 

important role in selectivity. In the case of ~-ethoxy cyclopentyl radical 42, 

the selectivity of the reaction increases as the reactivity of the alkene 

decreases. 



Figure 9. ~-Ethoxy Cyclopentyl Radical 

y' 
OEt 

42 
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For example, the anti:syn selectivity increases from 72:28 to 90:10 

when chloroacrylonitrile is replaced with styrene. This second reaction with 

styrene is 200 hundred times slower than the reaction with 

chloroacrylonitrile.11 d 

Table 9. Increase In Stereoseiectivity of Alkene Addition Reaction of ~-Ethoxy 

Cyclopentyl Radical With Decrese In The Reactivity of Alkene. 

Entry Alkene Anti. : Syn. 

1. H2C=CCICN 72: 28 

2. H2C=CHCN 77: 23 

3. H2C=CHCOMe 86: 14 

4. H2C=CHCOOMe 88: 12 

5. H2C=CHPh 90 :10 

6. NCHC=CHCN 60: 40 

7. MeCOOHC=CHCOOMe 88: 12 

8. (MeCOO)2C=C(COOMe b >98: 2 
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This conforms with the reactivity-selectivity principle and with the 

Hammond postulate, according to which the steric shielding of the alkene 

substituent has more effect in the in the later transition state. 

This relationship also applies when, as in the case of fumarodinitrile 

(Table 9, entry 6) the alkene carbon undergoing attack bears a small 

cyano group. On going to the more bulky ester groups, the reactivity 

effects are decreased as the steric bulk increases; the shielding 

substituents increase the selectivity. In the case of diethyl fumarate the 

selectivity is 88: 12 (Table 9, entry 7) and for tetraethyl ethene carboxylate 

>98:2 (Table 9, entry 8). 

It is noteworthy that in the case of p-ethoxy cyclopentyl radical 42 

the stereoselectivity is influenced by solvent polarity 11 d as shown in Table 

10. 

y. 
OEt 

42 

Table 10. Effect of Solvent Polarity On The 
Stereoselectivity of Alkene Addition Reactions. 

Solvent Cyclohexane THF 

Cis: Tran 68: 32 76 : 24 77 : 23 81 : 19 
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Interestingly replacement of a carbon by an oxygen atom in 

cylopentyl radical 42 increases the anti:syn selectivity. Thus 

tetrahydrofuranyl radical 43 adds to alkenes more selectively as shown in 

Table 11. 

Table 11. Increased Stereoselectivity of Tetrahydrofuranyl Radical. 

y' a'~. 
DEt DEt 

Alkene 42 43 

Anti: Syn Anti: Syn 

1. NCCH=CHCN 60 : 40 64 : 36 

2. H2C=CHCN 77 : 23 86 : 14 

3. H2C=CHCDMe 86 : 14 88 : 12 

88 : 12 97 : 3 
4. H2C=CHCD2Me 

The greater selectivity of the tetrahydrofuranyl radical 43 is probably 

due to the spatial arrangement of the ethoxy substituent; according to the 

anomeric effect the ethoxy group in 43 should occupy psuedoaxial 

position and thus be able to shield syn side of the radical center more 

effectively than in 42.11 d This effect makes it clear that a more exact 

prediction of stereoselectvity is possible only when the conformations of 

the radicals are known. 
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Results and Discussion 

We were interested in examining stereoselectivity in carbon-carbon 

bond formation via an alkene trapping reaction of tetrahydrofuranyl radicals 

such as 43 with a bulky chiral auxiliary present at the anomeric center. 

As mentioned in the introduction section we had previously seen 

that certain furanyl ethers of chiral a-hydroxy esters were separable by 

simple chromatography on silica gel 60. Table 12 summarizes these 

results.8 
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Table 12. Separation of Diastereomeric 
Furanosides. 

a 
in 20% EtOAc/hex 

Br .. ,Br 

0.'0 /C02Me ~O / C02Me 
1.10 o --C o --C 

H .... ' CH3 
.. ' , 

I-( CH3 

SePh ...• SePh c.. 0 / C02Me ~O / C02Me 
1.29 o --:C o ........ C 

H .... """ CH3 
.. ' ...... 

H' CH3 

H ,H 

0.'0 /C02Me ~O / C02Me 
o ........ C o ..... C 1.25 

1-('" ' CH3 
.' ....... 

1-(' CH3 

OtBDMS .0tBDMS 

0.'0 /C02Me 

.' 
~o / C02Me 

o --:C o ..... C 
1.19 

H'" """CH3 
.' , 

1-(" CH3 

OCH2Ph .... OCH2Ph 

0.'0 /C02Me 0-....0 / C02Me 1.22 o ........ C o ..... C 
1-( .... 'CH3 

.' , 
1-(' CH3 

1.30 
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Some of these furanosides had either bromo or phenylselenenyl 

functionality at the position ex to the anomeric center at which a radical 

center which might be generated and subsequently added to various 

alkenes. We wanted to see whether the chiral auxiliary forces incoming 

alkene to approach exclusively from one direction (Scheme 11). 

Scheme 11. Radical Addition Reactions of 2-Alkoxy-3-Phenylselenenyl Fyranosides. 

AIBN, Ph-H, 
Heat 

~y .. 
rS;Y 

o '. ", C02Me 
C 
/\ 

H R 

... ~y 

r-)',o co M o '.", 2 e 
C 
/\ 

H R 

x = SePh; Y = CN, COO Me etc; R = Me, Ph etc 

Synthesis of furanosides (Scheme 12) followed by chromatographic 

separation of the resulting diastereomeric acetals gave enantiomerically 

pure trans selenenyl acetals. 
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Scheme 12. Synthesis of 2-Alkoxy-3-Phenylselenenyl Furanosides. 

1) CH2CI2, _78
0 

C 
SePh 

Ph2Se2 I Br2 

Q."'OR 
.• ,SePh 

0 .. + ~OR' 0 2) Et3N, CH2CI2, 

R"-OH 
(a) Less polar" (b) More polar" 

diastereomer diastereomer 

Furanosides % Yield a ,b ex I Solvent 

~ .• sePh .• ,SePh 
(~).., n 29,35 
o "'0 ..... C02Me ... 0"'" 0 ./ C02Me 

1.24 in 20% 

·"C.... " C .... 
,'\ 1\ 

44a H CH3 44b H CH3 

EtOAc/Hex 

1.29 in 15% 

EtOAc/Hex 

o..sePh 

o "1 a."......\.-
J_) 

46a a 0 

44,26 1.28 in 20% 

EtOAc/Hex 

* These tentative assignments of stereochemistry was based on the 

previous structural assignments to pyranosides.8 Some of these selenides 

were crystalline, so obtention of a crystal structure would provide a better 

proof of absolute configurations of these furanosides. 
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To avoid the hydrogen atom abstraction problem previously noted for 

the methyl mandelate auxiliary, it was replaced by the hexahydro 

derivative. We were hoping that the cyclohexyl moiety would provide 

similar steric impedance. 

The more polar furanoside diastereomers 44b, 45b, and 46b were 

subjected to radical generation and trapping by acrylonitrile. 
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Table 13. Alkene Trapping Reactions of 2-Alkoxy Tetrahydrofuranyl Radicals. 

3-Phenylselenenyl 
Furanosides 

Less polar More polar % yield ex Ratio 
cis diastereomer trans diastereomer a,b solvent a: b 

15,57 1.5in20% 1 :3.8 

EtOAclHex 

13,47 1.33in30% 1 : 3.6 

EtOAclHex 

"SePh 

~O. 
46b oJ':) 

rS::
CN 

o O,"iJ 
49a 0" 0 

.• """,CN 

~O. 
49b oJJ 

4,78 1.37 in 40 % 
1 : 20 

EtOAclHex 

CN 15,53 1.71 in 20% 1: 3.5 
SePh .• , ............. CN ~ 

9·" 0 C02Me 9··" O. " C02Me 0 "" O. ,..C02Me 
"'c" "c "c 
I' 1\ 1\ 

44a H CH3 SOa H CH3 SOb H CH3 

EtOAclHex 



Each selenide gave a less polar cis adduct and a more polar tml1s. 

adduct in fair combined yields. Again these assignments were made by 

comparing the coupling constants for the anomeric proton signal which is. 

a well defined doublet or a sharp singlet due to the adjacent methine 

proton. 

We observed the anomeric proton doublet for the less polar addllcts 

had a larger coupling constant (higher J value) while the doublet ot 

anomeric proton in more polar adducts had a smaller coupling constant 

(lower J value). We made the Dreiding molecular models of each cis (syn) 

and corresponding trans (anti) adduct and then based on a I<arpills 

correlation between the J value and the dihedral angel we made followin~l 

conclusion. The adducts with smaller dihedral angel and the higher J 

values were cis or syn adducts and were less polar (higher Rf) on the 

other hand adducts with larger dihedral angels and lower J values were 

trans or anti adducts. 
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Table 14. Assignment of Cis and Trans Furanoside Adducts Based 

On Dihedral Angle and Coupling Constant 

Less polar 
cis adducts 

More polar 
trans adducts 

~ CN ."'-"" CN 

<"O~O - C02Me~0. ",C02Me 
" C.... 'c 
/\ /\ 

47 a H CH3 47 b H CH3 

4.34 ~JHz-.. 0.00 

Less polar 
cis adducts 

More polar 
trans adducts 

." ............. CN ~CN 

Q .. " 0., .... C02Me 0 "" 0., ",C02Me 
C C 

/, /\ 
50a H CH3 50b H CH3 

4.45 ~JHz-.. 2.24 

4.04 ~JHz -.. 1.98 

rS::.
CN 

o 0':iJ 
49a 0" 0 

." .............. CN 

Q .. " 
O""~ 1_) 

53a 0 0 

~CN 

o "'O':iJ 
53b 0 I, 0 

4.06 ...- J Hz -.. 0.96 4.41 ~JHz -.. 2.26 

The selectivity shown by methyl lactate and methyl hexahydro 

mandelate auxiliaries were similar and moderate. The same experiment 

was also performed with the less polar diastereomer of lactyl selenide 44a 
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which showed almost identical selectivity to the more polar diastereomer 

44b (Table 15). 

To our surprise pantolactonyl furanoside 46b gave a very good 

combined yield of adducts and the anti (trans) adduct was formed with 

outstanding selectivity. 

The next few experiments were carried out using 46b and different 

radical trapping alkenes (Table 14). 

With acrylonitrile we were able to isolate and characterize the minor 

cis adduct but with methyl acrylate we did not detect the minor isomer. 

When the trap was allyl tributyl tin the selectivity observed was again 

outstanding and we did not observe the minor diastereomer. 

However, the more polar pantolactonyl furanoside 46b was more 

selective in alkene additions than less polar diastereomer 46a (Table 16). 

When the radical derived from 46a was added to acrylonitrile the cis:trans 

selectivity was only 1 :5.8, much lower than 1 :20 shown by 46b. Addition 

to methyl acrylate was selective for both the radicals derived from 46a or 

46b where only one isomer was detected. When the radical derived from 

46a was added to allyl tributyl tin the selectivity was outstanding (1 :21) 

but the cis and trans adducts were not chromatographically separable. 

These results are summarized in Tables 15 and 16. 
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Table 15. Addition of 2-Pantolactonyl Tetrahydrofuranyl Radical to Different Alkenes 

AIBN, Ph-H, Heat 

~CN 

BU3SnH 

.' "SePh 

o..OiJ 
o 0 

46b 

AIBN, Ph-H, Heat 

~SnBu3 

cis adduct trans adduct 

~~ 
49a 0 0 

.• ,,~CN 

o..OiJ 
49b 0 0 

AIBN, Ph-H, Heat 

~C02Me 
"",-/C02

Me 

BU3SnH o..OiJ • 

51b o 0 

.. '\-.......:::::-
Q-..o. 

52b O):'J 

% yield Ratio ex in 20% 
a,b a:b EtOAc/ Hex 

4, 78 1 : 20 1.37 

49 >1 :20 

56 >1 : 20 
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Table 16. Addition of 2-Pantolactonyl Tetrahydrofuranyl Radical to Different Alkenes. 

AIBN, Ph-H, Heat 

~CN 

n.sePh 

o 'IIO"'II~ 

46a oJo) 

AIBN, Ph-H, Heat 

~SnBu3 

cis adduct trans adduct 

CN 

% yield 
a,b 

Ratio ex in 20% 
a: b EtOAc/ Hex 

."..............,CN 

n .. ~ 10,561:5.6 1.71 

o 'IIO"'II~ 
J_) o 10':n 

53a 0 0 

AIBN, Ph-H, Heat 

~C02Me 
BU3SnH 

53b 0 0 

~C02Me 

o 'IIO"'II~ J_) 
54b 0 0 

.. ,'-.......:::;:- ~ 
Q""I 0 "1/1 0';6 0';6 

55a 0

'11 

0 55b 0 'I 0 

48 >1 :20 

54 1 : 21 1.0 



Conclusion 

These results clearly established stereocontrol involved in 

functionalization of the THF ring by using sterically biased furanosidas. 

Most experiments. even those with moderate stereoselactivity. gav8 

enantiomerically pure acetals which were functionalized at carbon 3. 

Starting from an achiral dihydrofuran, in two synthetic steps and two 

chromatographic separations we could obtain functionalized furanosides. 

These experiments were not performed under optimized conditions 

and the yields and selectivities might be improved. 

The intermolecular radical addition reactions of 2-alkoxy-3-bromo or 

2-alkoxy-3-phenylselenenyl tetrahydrofuranyl or terahydropyranyl ethers 

demonstrated stereocontrolled functionalization at C-3. The stereoselectivity 

of the newly formed C-C bond depended on the bulk of the chiral 

auxiliary at the anomeric center. 

In any given series pantolactone provided the maximum shielding 

indicating it was the 'most superior' among all the a-hydroxy esters 

examined. 

The higher selectivity shown by tetrahydrofuranyl radicals compared 

to tetrahydropyranyl radical is not so surprising since radical centers are 

planar and are more stable as a part of tetrahydrofuran ring rather than a 

tetrahydropyran ring. Being more stable it is perhaps less reactive towards 

the additions and thus more selective. 



Intramolecular Radical Additions 

6 1 

Formation of Bicyclic Acetals 

Introduction 

The intramolecular radical cyclization20 is the most well researched 

area in the field of free radical chemistry. It is very widely used for ring 

annulations. Radical chemistry is very popular because of the mild reaction 

conditions which require no protection of many functionalities. Undesirable 

side reactions are minimized and thus radical chemistry can be applied to 

polyfunctional molecules. 

Another advantage of radical cyclization methodology is the 

predictable regiochemistry and stereochemistry. The intramolecular radical 

cyclization of various unsaturated a-halo-acetals, originally developed by 

Stork,22 is now an established high yielding reaction used in natural 

product synthesis. 

A stereocontrolled glycoside formation reaction of unsaturated alcohol 

with readily available glycals leading to the 3-halo, 3-phenylseleno or 3-

phenylthioglycosides, followed by a radical based cyclization, has been 

exploited by synthetic carbohydrate chemists.23 
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The bicyclic acetals are very useful synthetic intermediates and can 

be converted to many other useful compounds. Two general routes of 

intramolecular cyclizations are shown in Figure 10. 

Type ,-
() 

o 

L 

Figure 10. Two Types of Intramolecular Radical Cyclizations. 

Type B. 

Alain De Mesmaeker et al. have exploited these bicyclic acetals24-

27 as synthetic intermediates. He has successfully converted these bicyclic 

acetals into C-branched sugars at C-3 and functionalized butyrolactone23 

as shown in Scheme 13. 
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Scheme 13. Synthetic Transformations of Bicyclic Acetals. 
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Radical reactions are valuable in the field of carbohydrate chemistry 

because they are performed under neutral conditions, are compatible with 

most functional groups, and do not require protection of hydroxyl groups. 

Stereoselective C-C bond formation using intramolecular radical 

cyclization reactions offers two major advantages over the intermolecular 

processes: a) a more efficient C-C bond formation, and b) a higher 

stereoselectivity due to the exclusive formation of a cis ring junction. 
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The last step in the sequence for the stereoselective C-C bond 

formation is the ring scission of bicyclic acetal 58, which was cleaved 

selectively with Cr03 in acetic acid to get butyrolactone 59. On the other 

hand cleaving 58 with acetyl chloride and catalytic amount of CoCI2 

yielded C-3 branched sugar 60. These results allowed a short and 

practical synthesis of C-3 branched sugars.25 

Scheme 14 describes a very efficient synthesis of a C(1) glucoside 

when 61, a derivative of D-glucose, was cyclized under radical conditions. 

The resulting bicyclic intermediate 62 was then oxidized to lactone 63. 

Hydride reduction of the lactone accomplishes opening of the lactol as 

well as reduction of the intermediate aldehyde to the primary alcohol. 

During the opening reaction of lactone, anomeric carbon is functionalized 

with alkyl chain providing a very efficient synthesis of C-glucoside 64.27 
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Scheme 14. Conversion of Bicyclic Acetal to C-glycosidic Sugar. 
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Realizing the potential of bicyclic acetals as versatile synthetic 

intermediates we wanted to subject diastereomerically pure 3-bromo or 3-

phenylselenenyl tetrahydropyranyl and tetrahydrofuranyl ethers to 

intramolecular radical cyclizations. The bromo or phenylselenenyl groups 

ensured the presence of radical generating functionality while suitable 

radical traps needed to be incorporated within the molecule. 
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It was decided to exchange the bulky chiral auxiliary at the 

anomeric center with unsaturated alcohols such as allyl or crotyl alcohol 

where the olefinic bond would serve as a radical trap. 

The more polar diastereomer of (S)-methyl lactyl-3-phenylselenenyl 

furanyl-2-ether 44b was subjected to the exchange reactions shown in 

Scheme 15. 



Scheme 15. Synthesis of Allyl and Crotyl -3-Phenylselenenyl 
Tetrahydrofuran-2-yl Ethers. 
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These exchange reactions were very rapid and interestingly the 

trans stereochemistry of the starting selenide was largely retained. This 

indicated participation of selenium in stabilizing the intermediate oxonium 

ion giving cyclic selenonium ion which allows predominantly anti opening 

by either allyl or crotyl alcohol as shown in Scheme 16. 

Allowing the exchange reaction to stir for long periods resulted in 

an almost 1:1 equilibrium mixture of cis and trans allylated selenides 

which were always separable by chromatography. However, optimum yields 

of the desired trans isomers 65a and 66a were obtained by quenching 

the reaction before 30 minutes. 

Scheme 16. Stereospecific Exchange of Anomeric Lactate 
with Unsaturated Alcohols. 
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The less polar diastereomer 65a was cyclized under radical 

generating conditions and the resulting exocyclic methylene radical was 

externally trapped by acrylonitrile or allyl tributyl tin. 

Both the cyclization reactions proceeded smoothly as shown in 

Scheme 17. 
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Scheme 17. Intramolecular Radical Cyclizations of Allyl-3-Phenylselenenyl 

Tetrahydrofuran-2-yl Ether. 
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In each cyclization exo regioisomer was formed exclusively. The 

stereochemistries of the ring junction and the appendage were confirmed 

by NOE experiments (Appendix 1). Oecoupling of Hb showed signal 

intensity enhancement for Ha (3.7%) as well as Hc (2.8%). (Figure 11). 
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Figure 11. Cis-Cis-Cis Stereochemistry at the Ring Junction and Appendage 

NOE El<p9riment 

6 0 

h~CN 
0 ........ :-0 

Ha 

67 

5 0 
PPM 

Appendix 1 

• 0 3 0 

OJ 1/ 

~ 

2 0 



7 1 

Thus the regioselectivity of ring closure and the stereochemistry of 

cyclization was in accordance with cyclizations of hex-5-enyl radical which 

has been studied in very much in detail. 

Athelstan L. J. Beckwith has proposed general guidelines with 

considerable predictive power.28ab 

Intramolecular addition under kinetic control in lower alkenyl and 

alkynyl radicals and related species occurs preferentially in the exo mode 

(a) mode (Figure 12). 

Figure 12. Regioselectivity in Intramolecular Cyclization of Hex-5-enyl Radical . 
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The kinetic control in exo cyclization is explained by Giese based 

on steric effects resulting from 1,3-diaxial interactions in the transition 
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state.29 An explanation provided by P. Bischof is based on the fact that 

less favorable entropies are involved in the formation of cycloalkyl radical 

compared to cycloalkyl methyl radical.30 Beckwith has proposed a 

hypothesis which appears to account satisfactorily for all the experimental 

data relating to the ring closure of hex-5-enyl radical and related 

species.28,31 ,32 This explanation rests on the necessity for an efficient 

overlap in the transition state between the SOMO of the radical and 1[* 

orbital of the olefin. 

Essentially, the theory proposes that the strain gained in 

accommodating the most favorable disposition of reactive centers is much 

higher for endo (1,6) cyclization than it is for exo (1,5) cyclization. This 

difference in the strain energy is sufficient to outweigh those steric and 

thermochemical factors which actually favor the formation of the larger 

rings.32 

We observed exo regioisomers 67 and 68 exclusively in both the 

cases. This reaction was a quick entry into the bicyclic acetals. It allowed 

us to introduce two new chiral centers with excellent stereocontrol. As 

seen previously in the literature all the three stereocenters had cis-cis-cis 

relationship with each other.23 It has also been observed in the literature 

that intramolecular cyclizations of unsubstituted hex-5-enyl radical and 

related systems gives 1,5 cis product, thereby making this reaction very 

stereoselective. D. P. Curran33 has attributed this high stereocontrol to the 

chairlike transition state A which is less strained and the orbital overlap 

required for cyclization is more optimal in that arrangement than in the 



other chairlike transition state B (Figure13). 73 

Figure 13. Chairlike Transition States in Cyclization of Cyclic Hex-5-enyl Radical 
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Even though 1,5 cis stereochemistry in the cyclization of hex-5-enyl 

radical cyclizations is accepted as a rule of thumb, T. V. Rajanbabu23 has 

reported several examples of 1,5 trans stereocontrol in similar cyclizations 

especially in radicals derived from carbohydrates.34ab 

He has proposed a chairlike transition state C for 1,5 cis 

cyclizations and a boatlike transition state D for 1,5 trans cyclizations. 

Figure 14. The exact origin for the preference for a boatlike transition state 

is unknown but since 1,5 trans stereochemistry was particularly observed 

in 4-oxy substituted radicals, it has been suggested that the local 

conformation of allyl ether portion plays an important role in controlling 

stereochemistry . 



Figure 14. Chairlike and BoatlikeTransition States in 
Cyclization of Cyclic Hex-5-enyl Radicals 
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We also constructed bicyclic acetals using cyclizations of allyl 3-

bromo or 3-phenylselenenyl tetrahydropyran-2-yl ethers 69 and 70 and 

surprisingly, the results were quite different than shown by tetrahydrofuranyl 

radicals. The exchange of methyl mandalate with allyl alcohol in case of 

24a to yield 69a and 69b was very slow at room temperature and 

needed heating for 60 minutes for completion. 

On the other hand exchange of pantolactone for allyl alcohol in 2Sa 

did proceed at room temperature to give 70a and 70b but took the same 

amount of time indicating more efficient participation by selenium in 2Sa 

than bromine in 24a. 

Interestingly both the exchange reactions gave a mixture of trans 

and cis allylated material but unlike the cis-trans allyl furanosides these 

cis-trans allyl pyranosides were not separable from each other. These 

results are summarized in Scheme 18. 
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Scheme 18. Synthesis of Allyl 3-Bromo or 3-Phenylselenenyl Tetrahydropyran-2-yl Ether 
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The diastereomerically enriched mixture of 69a and 69b was 

subjected to an intramolecular cyclization reaction followed by trapping of 

the radical with acrylonitrile to yield 71 a and 71 b which showed a 

moderate stereocontrol giving 5:1 cis:trans isomers at C7-CS. 

Scheme 19. Intramolecular Cyclization of Allyl 3-Bromo Tetrahydropyran-2-yl Ether 
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The trapping of the intermediate exocyclic methylene radical resulting 

in all the bicyclic acetal formation reactions prompted exploration of 

introduction of a chiral center on the side chain. 

This idea was explored by cyclizing 66a, the less polar, trans 

isomer of crotyl 3-phenylselenenyl tetrahydropyran-2-yl ether. The bicyclic 

acetal formation was absolutely stereocontrolled as far as 1,2 and 1,5 ring 

juncture however, trapping of the intermediate methine radical with 

acrylonitrile showed R:S selectivity of 2.3:1. This ratio was determined by 

integration of the APT spectrum of the mixture of 72a and 72b. It would 

be worthwhile to explore this further by preparing analogues of 65a by 

exchanging the chiral auxiliary with cinnamyl alcohol because a benzene 

ring a. to the radical center would make the intermediate radical more 

stable and the stereoselectivity seen could be very different than for the 

ethyl radical. 

Scheme 20. Intramolecular Cyclization of Crotyl 3-Phenylselenenyl 
Tetrahydrofuran-2-yl Ether 
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Future Directions 

All the intramolecular cyclizations we carried out had radical centers 

on the THP or THF ring and a radical trapping olefin on the side chain 

at the anomeric center. We wanted to try other types of intramolecular 

cyclizations where the positions of radical generating functionality and the 

radical trapping olefin were switched. We tried constructing systems where 

the double bond was inside the THP ring and a radical generating 

halogen atom was on the appendage at the anomeric center (Scheme 

21). The first step was the acetal exchange reaction but all efforts to 

exchange the chiral auxiliary with ~-halo ethanols failed because of 

instability. The presence of trace of acid in ~-halo ethanols would 

decompose the acetal molecule which resulted in loss of the 

phenylselenenyl group. 

The exchange might also be accomplished with y-halo ethanols 

which are less unstable than ~-halo ethanols. These types of 

intramolecular cyclizations will give bicyclic acetals but the newly formed 

radical center will be on the parent acetal ring which can be trapped by 

an external olefin. It will be interesting to know if stereoselectivity of this 

newly formed bond results (Scheme 21). 
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Scheme 21. Intramolecular Radical Cyclizations Type 2 
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Another interesting direction would be to add a.-hydroxy ester 

moiety across rings containing nitrogen such as tetrahydropyridines and 

dihydropyrroles. (Scheme 22). 



Scheme 22. Addition of a-Hydroxy Esters To Tetrahydropyridines 
and Dihydropyrroles. 
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If we could establish similar radical addition chemistry with these 

systems it would provide a quick entry to the construction of various 

alkaloid skeletons. Our initial attempts to add either (S)-methyl mandalate 

and (S) methyl lactate to N-formyl35 and N-tosyl36 tetrahydropyridine 

resulted in rapid formation of adducts as seen by TLC. However shortly 

after their formation adducts eliminated the the a-hydroxy ester and mostly 

gave starting material back. We did isolate the lactyl adduct which clearly 

showed the desired compound by proton NMR but the yields were very 

poor and also gave starting material even on storing at low temperatures. 

We believe the instability of these adducts was due to the the 

nature of protecting groups on nitrogen. Both formyl and tosyl groups 
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were not sufficiently electron withdrawing and the lone pair on nitrogen 

was very nucleophilic which eliminated the chiral auxiliary. 

If we can find an appropriate protecting group for nitrogen which will 

allow the lone pair to participate during the actual addition but would then 

make it less nucleophilic so that it will not eliminate added a.-hydroxy ester 

at the anomeric position, this chemistry looks very promising especially 

when applied to the field of the syntheses of alkaloids. 



8 1 
Stereocontrolled Manipulations of Conformationally Anchored 

Eight Membered Rings Using Diastereoselective 

Cyclopropanation. 



82 
Introduction 

The syntheses of compounds containing highly functionalized eight

membered rings has gained tremendous interest over the years. Although 

eight membered rings are not as abundant as some of the smaller ring 

sizes they occur widely in nature, particularly in higher plants and marine 

organisms. 

The unique symmetry and the inherent conformational properties of 

this ring size are also responsible for the continuous growth of this field. In 

the earlier days, very few syntheses of compounds containing this ring 

size were reported mainly due to the problems stemming from the high 

degree of ring strain and transannular interactions. However, in recent 

years many new methods are being developed exclusively for the 

construction of eight membered rings. Much of this work is prompted by 

the discovery of an increasing number of natural products possessing eight 

membered carbocycles. Many of these natural products possess interesting 

biological activities and therefore have become synthetic targets. Along 

with biological activity some natural products also contain a highly 

functionalized ring structure and their syntheses offer great challenges to 

synthetic chemists.37 

The functionalities present along the periphery of these rings give 

rise to many stereogenic centers. There is a direct relation between the 

correct enantiomeric structure of the natural product and its biological 

activity and thus the syntheses of such compounds become more 



challenging since the incorporation of every functionality must be 

stereocontrolled. 
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The traditional methods reported in the literature can be broadly 

classified as 

1) Intramolecular C-C bond formation. 

Of all the ring sizes, the formation of eight membered ring 

carbocycles by intramolecular ring closure reactions is often most 

difficult.38 Due to the intrinsic conformational and entropic problems, the 

usual C-C bond formation reactions either give very low yield or do not 

work at all. Various different types of transformations are used, which 

involve electrophilic cyclizations, aldol reactions,39-47 conjugate 

additions,48-SS phenolic coupling,S6-60 radical cyclizations61 and 

cycloaddition reactions.62-71 

2) Fragmentation of bicyclic and tricyclic ring systems,?2-82 

In a bicyclic system, the cleavage of a bond bridging two 

atoms of an eight membered ring is a very effective method for the 

synthesis of cyclooctanoids. There are three general modes of this 

type process, involving fragmentation at C1-C7, C1-C6, and C1-CS. 

If these atoms are joined directly by a C-C bond the corresponding 

precursors are the bicyclooctanes i.e. bicyclo[S.1.O]octane, 

bicyclo[4,2,O]octane, and bicyclo[3.3.0]octane. 
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Since the rings present in these molecules are smaller, they 

are much easier to construct. The conditions for the fragmentation 

step vary from oxidative to reductive cleavage to the many variations 

of the Wharton fragmentation process. 

3) Ring expansions of smaller rings.83-105. 

Several methods for eight membered ring synthesis involve the 

direct ring expansion of smaller rings. In these cases, there is a reactive 

intermediate or even a transition state which has a similar framework with 

the bicyclic skeletons. Various sigmatropic rearrangements are the most 

common strategies and are either catalyzed by Lewis acid or heat. 

All these approaches require prior functionalization of ring systems 

which may not be stereocontrolled. Drastic reaction conditions often lead to 

undesired side reactions and therefore yields are low, and the method 

becomes inefficient. 
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Background 

We have been exploring the construction of functionalized eight 

membered carbocyclic rings for the past few years. 1 06 Our approach 

however, is very different from those described above. We have 

introduced functionalities on the achiral eight membered rings via chiral 

cyclopropanes as a conformational anchor. 

We have successfully developed a general method to carry out 

diastereoselective manipulations of medium and large rings using chiral 

cyciopropanes. 107 We have developed a general protocol to construct 

bicyclic ketones such as 78 of various ring sizes. Synthesis of bicyclo 

[6.1.0] nonane is illustrated in Scheme 23. 
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Scheme 23. Synthesis of Bicyclo [6.1.0] Octane. 
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Cyclic ketones such as cyclooctanone can be ketalized using a 

chiral diol. The ketal is then a brominated followed by dehydrobromination. 

This sequence introduces a double bond in the ring which can be 

cyclopropanated using the Simmons-Smith procedure.107 

This cyclopropanation is known to be diastereoselective due to the 

presence of the chiral ketal. Deketalization using mild acid hydrolysis 

yields bicyclic ketones such as 78. 

These bicyclic ketones are very versatile intermediates and these 

can be manipulated in various different ways. 



87 
The inherent bias involved with eight membered carbocycles and the 

conformational anchor provided by the cyclopropane gives an excellent 

stereocontrol in synthetic manipulations. (Figure 15). 

Figure 15. Diastereoselective Manipulations of Eight Membered Rings 
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We have already examined nucleophilic additions to the carbonyl 

and these results were excellent. Various nucleophiles of different sizes 

were added and the addition was almost exclusively anti to the 

cyclopropane (Table 17). 

Table 17. Nucleophilic Additions to the Carbonyl. 
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These results clearly demonstrated possibility of asymmetric induction 

at carbon 2 with excellent stereocontrol. 107 Alkylation at the c{ carbon is 

another way to introduce more stereogenic centers at carbon 3 (Scheme 

24). This chemistry is currently being explored in our laboratories. 

Scheme 24. Alkylations of Bicyclo [6.1.0] Non-2-one 
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Results and discussion 

After investigating and developing a method to introduce five 

contiguous chiral centers on eight membered ring our interest has turned 

to developing this methodology for a suitable target natural product. 1 08 

Many of these natural products are very densely functionalized 

possessing 6, 7 or even 8 chiral centers along the ring periphery. Using 

the same methodology as described above it was necessary to investigate 

the possibility of stereocontrolled functionalization of ring carbons remotely 

placed from the stereogenic cyclopropane. 

The most suitable systems for the purpose of this investigation are 

shown in Figure 16. 
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Figure 16. Functionalization of Carbon Atoms Remotely 

Placed From Chiral Cyclopropane 
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These have suitably incorporated two carbonyls. The carbonyl closer 

to the cyclopropane is necessary for the diastereoselective Simmons-Smith 

cyclopropanation and after serving that purpose it can remain protected 

while the other remotely placed carbonyl is subjected to manipulations as 

depicted in Schemes 25 and 26. 



Scheme 25. Nucleophilic Additions to Remotely Placed Carbonyl 

MeO~""-OMe 

o 0 0:::CH2 

o 

Asymmetric Induction at Carbon 6 

MeO~""-OMe 

Nu- Q::CH2 

Nu OH 

Scheme 26. Alkylations ex to the Carbonyl 

Meo~ ...• -OMe 

o 0 

O:::: CH2 

o 

Introduction of Chirality on 
Either Carbon 5 or 7 

LOA ITHF / - 78° C 

R-X 

Meo~ ..• -OMe 

o 0 

· Q:::: CH2 

o R 

92 

Scheme 25 shows addition of nucleophiles to the C6 ketone while 

Scheme 26 describes functionalization of carbon 5 and/or 7 via alkylations 

of the ex carbons. It will be interesting to study the effect of the 

stereogenic cyclopropane on the regio and stereoselectivity of these 

reactions. 

As depicted in Figure 15 to build the molecules under investigation 

the most appropriate starting materials are either cyclooctanediones or 
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cyclooctanediols which are commercially available and are disubstituted at 

various different positions such as 1,3 1,4 or 1 ,5. 

The nucleophilic additions to remotely located carbonyl were studied 

in (1 R,2S)-bicyclo[6.1.0]nonan-2,6-dione-2-(2S,3S)-1 ,4-dimethyl-1 ,2,3,4-

butanetetrol ketal. This molecule was synthesized from commercially 

available cis 1,5 cyclooctanediol (Scheme 27). 

The selective monobenzylation 108 was accomplished in a non 

traditional manner i.e. opening of stannylidine ketal by benzyl bromide, a 

method commonly used to monobenzylate 1,2 diols. Other common 

methods for selective monobenzylation5 usually gave very low yields of 

the desired material 79. 

The unprotected hydroxyl group was oxidized to carbonyl 80 which 

was ketalized using 1,4-di-O-methyl-L-threitol. This chiral ketal 81 was 

brominated using very mild brominating conditions followed by 

dehydrobromination introducing a double bond. Olefin 84 was then 

subjected to Simmons-Smith cyclopropanation 107 which turned out to be 

100% diastereoselective giving only the major isomer 85. 

Debenzylation followed by oxidation of the free hydroxyl group to the 

carbonyl afforded the desired ketone 87. 



Scheme 27. Synthesis of (1 R,8S)-bicyclo [6.1.01 nonan-2,6-dione-2-
(2S,3S)-1 ,4-dimethyl-1 ,2,3,4-butanetetrol Ketal. 
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Scheme 28. Nucleophilic Additions to the Carbonyl 
Introduction of Chirality at Carbon 6 
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The initial investigation concerned addition of various nucleophiles to 

the free carbonyl. These additions were very moderately stereoselective, 

and except for the hydride addition products, the other diastereomeric 

tertiary alcohols were separable by column chromatography. 

Nevertheless these results clearly demonstrated a possibility of 

functionalization at carbon 6. 
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Table 18. Nucleophilic Additions to (1 R,88)-bicyclo [6.1.0] nonan-2,6-dione-2-

(28,35)-1 ,4-dimethyl-1 ,2,3,4-butanetetrol Ketal. 

Meo'-, .• ,'·OMe Meo'-,.~- OMe MeO~.~-OMe 

00 00 

Q~ICH' R::ICH, Q::ICH' 
10H Ph OH Me OH 

Adducts 88ab 89ab 90ab 

Nucleophile H2C=CHMgBr PhLi MeLi 

% Yield 74 87 99 

Trans: Cis Ratio 3.1 :1 4 :1 4.2 :1 

1.18 in 40% 1.57 in 25% 1.50 in 40% 
a / Solvent EtOAc/hex EtOAc/hex EtOAc/hex 

MeO, ___ t- OMe MeO'-,.~- OMe Meo'-..~- OMe 

00 
00 o 0 

Q::lCH' Q::lCH' Q::lCH' 
nBu OH CH3(CH2bC: C OH H OH 

Adducts 
91ab 92ab 86ab 

Nucleophile nBuLi CH3(CH2bC: CLi LiAIH4 

% Yield 99 93 99 

Trans: Cis Ratio 3.7 :1 3.7 :1 2 :1 

a / Solvent 1.50 in 40% 1.09 in 40% 1.0 
EtOAc/hex EtOAc/hex 



Future Direction 

This investigation can take many turns. One possibility is a 

alkylations as described in Scheme 26. 
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The modelling studies do not indicate any regioselectivity in the 

enolate formation i. e. two protons on either side of the carbonyl group 

have perpendicular orientation, which is considered to be most favorable 

for enolate formation. In that case a kinetic vs thermodynamic preference 

needs to be studied and if such a bias is found we would like to develop 

conditions for the preffered alkylations and continue to explore more 

transformations on these molecules such as ring annulations. 
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EXPERIMENTAL 
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General Procedure for Preparation of 3-Bromo or 3-Selenenyl 

Tetrahydropyranyl and Tetrahydrofuranyl Acetals 

To a well stirred solution of dihydropyran or dihydrofuran (1.1 equiv) in 

° methylene chloride (0.8 mL / mmol) at -78 C is added either Br2 (1.0 

equiv) or a pre-cooled solution of PhSeBr (1.0 equiv) in methylene 

chloride (0.8 mL / mmol) dropwise by addition funnel. The reaction mixture 

is then stirred at _78°C for 30 min. followed by rapid addition of a pre

cooled solution of triethylamine (1.0 equiv) and the a-hydroxy ester (1.0 

equiv). The amber colored reaction mixture is then allowed to warm up 

slowly to room temperature and stirred for 20 to 24 h. The reaction mixture 

is then diluted with methylene chloride, and washed with sat aq NaHC03, 

sat aq NaCI and the organic layer separated and dried over anhydrous 

MgS04. Concentration of the organic layer in vacuo followed by the 

chromatography of the resulting residue yielded pairs of diastereomeric 

acetals. 



100 

General procedure for radical addition reactions. 

To a well stirred solution of 3-Bromo or 3-phenyl selenenyl 

tetrahydropyranyl or tetrahydrofuranyl ether in benzene (0.06 mmol / mL) 

were added an excess (4 to 7 equiv) of radical trapping olefin such as 

acrylonitrile, methyl acrylate, or allyl tributyl tin and a catalytic amount of 

AIBN (0.30 equiv) were added. The reaction mixture was then heated 

maintaining a pot temperature to 70-75°C. To this reaction mixture was 

added a solution of tributyl tin hydride (3.0 equiv) in benzene (0.5 mL / 

equiv) slowly via a syringe pump. Starting material was usually consumed 

in 5 to 7 hr, before the addition of nBu3SnH was complete. The volatiles 

were removed in vacuo and the residue was columned on silica gel 60 to 

provide diasteromeric cis and trans addition products. 
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(S)-Methyl Mandelyl-3-Bromo-3,4,5,6-tetrahydro-2H-pyran-2-yl 

Ethers 24a and 24b 

To a well stirred solution of dihydropyran (1.0 g, 1.09 mL, 12.0 mmol) in 

11.0 mL of methylene chloride at -78°C Br2 was added dropwise (1.68 g, 

0.540 mL, 10.5 mmol) and reaction mixture was stirred for 0.5 h. A 

solution of triethylamine (1.09 g, 1.5 mL, 10.8 mmol) and (S)-(-)methyl 

mandelate (1.74 g, 10.5 mmol) in CH2CI2 (5 mL) was added rapidly and 

resulting mixture was allowed to attain room temperature and stirred for 21 

h. The reaction mixture was then diluted with methylene chloride 25 mL 

and washed with sat aq NaHC03 (2 x 25 mL), sat aq NaCI (25 mL). The 

organic layer was separated and dried over anhydrous MgS04, 

concentrated in vacuo. and the crude residue was chromatographed on 

silica gel 60 (400 mL), eluted with 10% ethyl acetate/hexanes. The 

diastereomeric aceta Is 24a and 24b were isolated in 65% combined 

yield. 

Less polar diastereomer 24a (1.073 g, 3.26 mmol, 32%) was isolated as 

white solid and was recrystalized from hexanes, mp 76-78°C 

[a]27D - 66.13° (c 2.61 ,EtOAc); Rf = 0.27 (10% EtOAc/Hex); 1 H NMR 

(CDCI3) cS 1.35-1.50 (1,m), 1.88-2.18 (3,m), 2.32-2.50 (1,m), 3.52-3.64 

(1,m), 3.72 (3,s), 4.30 (1,m), 5.00 (1, d, J = 2.62 Hz), 5.20 (1,s), 7.32-7.43 

(3,m), 7.44-7.52 (2,m); 13C NMR (CDCI3) cS 21.2 (CH2), 28.0 (CH2), 48.3 

(CH3), 52.2 (CH), 61.4 (CH2), 76.0 (CH), 98.4 (CH), 128.5 (CH), 128.5 

(CH), 128.6 (CH), 136.3 (C), 170.9 (C). 
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More polar diastereomer 24b (1.094 g, 3.32 mmol, 33%) was isolated as 

colorless oil. 

[a]270 + 164.32° (c 2.24, EtOAc); Rf = 0.12 (10% EtOAc/Hex.); 1H NMR 

(COCI3) 0 1.46-1.60 (1,m), 1.83-2.0 (3,m), 3.67 (3,s), 3.90-4.14 (2,m), 4.58 

(1, d, J= 3.77 Hz), 5.20 (2,s), 7.31-7.38 (3,m), 7.32-7.48 (2,m); 13C NMR 

(COCI3) 0 22.3 (CH2), 29.1 (CH2), 48.5 (CH3), 52.2 (CH), 62.3 (CH2), 

78.0 (CH), 98.5 (CH), 127.7 (CH), 128.6 (CH), 129.0 (CH), 135.2 (C), 

170.1 (C).; 

IR (CH2CI2) 2953, 2252, 1747, 1435, 1216, 1134, 1095, 1070, 1053,994, 

907, 733, 650 cm-1 

(R)-Pantolactonyl-3-Phenylselenenyl 3,4,5,6-tetrahydro-2H-pyran-

2-yl Ethers 25a and 25b 

To a well stirred solution of Ph2Se2 (1.854 g, 5.94 mmol) in methylene 

chloride (15 mL) at 5°C was added Br2 (0.950 g, 0.306 mL, 5.94 mmol) 

dropwise. This solution was allowed to stir at 5°C untill used. 

To a well stirred solution of dihydropyran (1.0 g, 1.08 mL, 11.88 mmol) in 

methylene chloride (15 mL) at _78°C was added dropwise the above 

solution of PhSeBr which was precooled to O°C. After 0.5 h the solution of 

triethylamine (1.32 g, 1.82 mL, 13.06 mmol) and (R)-(-) pantolactone (1.54 

g, 11.88 mmol) in CH2CI2 (5 mL) was added rapidly. The resulting 

mixture was allowed to attain room temperature and stirred for 24 h. The 

reaction mixture was then diluted with methylene chloride (25 mL) and 
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washed with sat aq NaHC03 (2 x 25 mL) and sat aq NaCI (25 mL). The 

organic layer was separated, dried over anhydrous MgS04, and 

concentrated in vacuo. The crude residue was chromatographed on silica 

gel 60 (450 mL), eluted with 10% ethyl acetate/hexanes. The 

diastereomeric acetals 25a and 25b were isolated as colorless oils in 

52% combined yield. 

Less polar diastereomer 25a (1.356 g; 3.67 mmol; 31 %) was isolated as 

colorless oil. 

[a]260 + 99.44° (c 5.0, EtOAc); At = 0.24 (20% EtOAc/Hex); 1 H NMA 

(COCI3) 0 1.04 (3,s), 1.85 (3,s), 1.50-1.62 (1,m), 1.70-1.98 (2,m), 2.20-2.34 

(1,m), 3.50-3.68 (2,m), 3.88-3.93 (2,m), 4.12 (1,s), 5.25 (1, d, J = 4.40 Hz), 

7.24-7.30 (3,m), 7.46-7.51 (2,m); 13C NMA (COCI3) 0 19.2 (CH3), 23.1 

(CH3), 23.7 (CH3), 26.3 (CH2), 39.9 (C), 43.3 (CH), 62.6 (CH2), 76.2 

(CH2), 77.5 (CH), 100.1 (CH), 127.2 (CH), 128.9 (CH), 129.5 (C), 133.9 

(CH), '174.8 (C). 

More polar diasteromer 25b was isolated as colorless oil (0.914 g; 2.47 

mmol; 21 %); [a]260 - 50.22° (c 5.0, EtOAc); At = 0.20 (20% EtOAc/Hex); 

1H NMA (COCI3) 0 1.01 (3,s), 1.11 (3,s), 1.51-1.66 (1,m), 1.70-1.95 (2,m), 

2.28-2.40 (1,m), 3.20-3.50 (1,m), 3.54-3.66 (1,m), 3.843.99 (3,m), 4.18 (1,s), 

4.78 (1, d, J = 3.67 Hz), 7.25-7.32 (3,m), 7.50-7.61 (2,m); 13C NMR 

(COCI3) 0 19.3 (CH3), 23.0 (CH3), 23.4 (CH3), 25.8 (CH2), 43.3 (CH), 

62.3 (CH2), 75.6 (CH2), 79.0 (CH), 101.5 (CH), 127.5 (CH), 129.1 (CH), 

133.9 (CH), 174.1 (C). 
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IR (Neat) 3053, 2960, 1787, 1735, 1576, 1465, 1436, 1400, 1371, 1332, 

1298, 1241, 1201, 1072, 1059, 1022, 1012, 970, 883, 876, 818, 742, 692, 

670 cm-1 

(S)-Methy Lactyl 3-(2-Cyano )ethyl-2,3,4,5-tetrahydro-2H-pyran-2-

yl ethers 26a and 26b 

Ether 23b (0.250 g, 0.93 mmol) was disssolved in dry benzene (5.0 mL) 

and acrylonitrile (0.413 mL, 0.347 g, 6.55 mmol) was added to this 

solution along with (0.04 g, 0.27 mmol) AIBN and the reaction mixture was 

stirred and heated (75°C pot temperature). To this nBu3SnH (O.B16 g, 

0.754 mL, 2.80 mmol) in benzene (1.0 mL) was added via a syringe 

pump over 5 h. Volatiles were then removed in vacuo and the residue 

was chromatographed on silica gel 150 mL (75 g) and eluted with 25% 

EtOAc/hexanes to give 26a and 26b in 59% combined yield. 
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Less polar isomer 2Sa was isolated as colorless oil (0.063 g; 0.26 mmol, 

28%); [a]25D + 47.93° (c 3.15 EtOAc); Rf = 0.12 (20% EtOAc/hex.); 1 H 

NMR (CDCI3) () 1.38 (3, d, J = 6.82 Hz), 1.58-1.90 (6,m), 2.34-2.42 (3,m), 

3.46-3.55 (2,m), 3.73 (3,s), 4.20 (1, q, J = 7.5 Hz), 4.72 (1, d, J = 4.9 Hz); 

13C NMR 14.8 (CH2), 17.0 (CH2), 17.5 (CH3), 23.4 (CH2), 25.0 (CH2), 

26.5 (CH2), 27.1 (CH2), 38.4 (CH3), 51.2 (CH), 60.3 (CH2), 72.4 (CH2), 

98.5 (CH), 119.7 (C), 172.8 (C) 

More polar isomer 2Sb was isolated as colorless oil (0.083 g; 0.34 mmol, 

37%); [a]27D + 28.56° (c 3.69 EtOAc); Rf = 0.08 (20% EtOAc/hex.); 1 H 

NMR (CDCI3) () 1.40 (3, d, J = 6.85 Hz), 1.54-1.70 (5,m), 1.80-2.12 (2,m), 

2.44-2.50 (2,m), 3.35-3.46 (1,m), 3.73 (3,s), 3.90-4.01 (1,m), 4.18-4.25 

(2,m); 13C NMR (CDCI3) () 15.0 (CH2), 17.2 (CH2), 17.8 (CH3), 23.6 

(CH2), 26.4 (CH2), 27.1 (CH2), 38.8 (CH3), 51.8 (CH), 64.5 (CH2), 73.2 

(CH2), 103.8 (CH), 119.5 (C), 172.5 (C) 

IR (CH2CI2) 3054, 2930, 2245, 1749, 1452, 1372, 1265, 1205, 1126, 

1075, 1054, 998, 911, 877, 848, 736, 703 cm-1 

(S)-Methyl Mandelyl 3-(2-Cyano)ethyl-3,4,5,S-tetrahydro-2H-

pyran-2-yl ethers 27a and 27b 

Using procedure described for the preparation of 2Sa/2Sb, ethers 27a 

and 27b were prepared from (24b : 0.200 g, 0.60 mmol; acrylonitrile : 

0.222 g, 4.20 mmol, 0.276 mL; BU3SnH : 0.261 g, 0.90 mmol, 0.242 mL) 

and were isolated in 54% combined yield. 
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Less polar isomer 27a was isolated as colorless oil (0.037 g, 0.12 mmol, 

21 %); [a]250 + 117.94° (c 1.84 CHCI3); Rf = 0.12 (20% EtOAc/hex.); 1 H 

NMR (COCI3) 0 1.54-1.80 (7,m), 2.08-2.18 (2,m), 3.54-3.62 (1,m), 3.67 

(3,m), 3.80-3.93 (1,m), 4.50 (1, d, J = 1.90Hz), 5.13 (1,s), 7.33-7.40 (5,m); 

13C NMR (COCI3) 0 14.1 (CH2), 24.8 (CH2), 27.0 (CH2), 38.1 (CH3), 

52.2 (CH), 60.2 (CH2), 96.1 (CH), 119.8 (C), 127.6 (CH), 128.7 (CH2), 

128.9 (CH), 135.9 (C), 171.2 (C). 

More polar isomer 27b was isolated as colorless oil (0.060 g, 0.19 mmol, 

33%); [a]270 + 81.33° (c 3.00 CHCI3); Rf = 0.06 (20% EtOAc/hex.); 1H 

NMR (CDCI3) 0 1.60-1.85 (7,m), 2.30-2.44 (2,m), 3.24-3.46 (1,m), 3.62 

(3,m), 3.86-4.00 (2,m), 5.18 (1,s), 7.33-7.40 (5,m); 13C NMR (COCI3) () 

15.1 (CH2), 23.8 (CH2), 27.0 (CH2), 38.8 (CH3), 52.2 (CH), 64.6 (CH2), 

101.6 (CH), 120.0 (C), 127.5 (CH), 128.7 (CH2), 128.9 (CH), 135.5 (C), 

171.1 (C). 

IR (Neat) 3939, 3050, 2948, 2853, 2002, 1752, 1453, 1435, 1264, 1208, 

1075, 743, 704 cm-1 

(R)-Pantolactonyl 3-(2-Cyano)ethyl-3,4,5,6-tetrahydropyran-2H-2-yl 

ethers 28a and 28b 

Using procedure described for the preparation of 26a/26b, ethers 28a 

and 28b were prepared from (25b : 0.252 g, 0.68 mmol; acrylonitrile : 

0.253 g, 4.77 mmol, 0.314 mL; BU3SnH : 0.593 g, 2.04 mmol, 0.548 mL) 

and were isolated in 71 % combined yield. 
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Less polar isomer 28a was isolated as colorless oil (0.033 g; 0.12 mmol, 

18%); [a]27D - 71.2° (c 0.5 EtOAc); Rf = 0.15 (c 35% EtOAc/hex.); 1 H 

NMR (CDCI3) 0 1.10 (3,s), 1.23 (3,s), 1.59-1.76 (4,m), 2.35-2.54 (2,m), 

2.60-2.69 (2,m), 3.55-3.64 (2,m), 3.87-4.02 (2,m), 4.24 (2,s), 4.79 (1,s); 13C 

NMR (CDCI3) 0 14.6 (CH2), 19.7 (CH2), 22.5 (CH2), 23.6 (CH2), 24.8 

(CH2), 27.4 (CH2), 38.8 (CH), 40.6 (CH2), 60.2 (CH2), 75.4 (CH2), 78.1 

(CH), 99.7 (CH), 118.7 (C). 

More polar isomer 28b was isolated as colorless oil (0.097 g; 0.36 mmol, 

53%); [a]27D - 67.98° (c 2.88 EtOAc); Rf = 0.11 (35% EtOAc/hex.); 1 H 

NMR (CDCI3) 0 1.12 (3,s), 1.22 (3,s), 1.43-1.80 (4,m), 1.96-2.10 (2,m), 

2.41-2.46 (2,m), 3.42-3.56 (2,m), 3.88-4.19 (2,m), 4.25 (2,s), 4.43 (1, d, J = 
4.82 Hz); 13C NMR (CDCI3) 0 14.8 (CH2), 19.3 (CH2), 22.3 (CH2), 23.3 

(CH2), 24.3 (CH2), 26.2 (CH2), 38.0 (CH), 40.3 (CH2), 63.3 (CH2), 75.5 

(CH2), 78.5 (CH), 102.8 (CH), 119.3 (C), 174.2 (C). 

IR (CH2CI2) 3548, 3056, 2245, 1733, 1463, 1425, 1394, 1372, 1199, 

1047, 960, 912, 882, 842, 805 cm-1 

(R)-Pantolactonyl 3-(2-Cyano)ethyl-3,4,5,6-tetrahydropyran 

-2H-2-yl ethers 29a and 29b 

Using procedure described for the preparation of 26a/26b, ethers 29a 

and 29b were prepared from (25a : 0.252 g, 0.68 mmol; acrylonitrile : 

0.253 g, 4.77 mmol, 0.314 mL; BU3SnH : 0.593 g, 2.04 mmol, 0.548 mL) 

and were isolated in 62% combined yield. 
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Less polar isomer 29a was isolated as flaky white solid. 

(0.034 g; 0.12 mmol, 19%); [a]270 + 225.2° (c 0.5 EtOAc); Rf = 0.17 

(35% EtOAc/hex.); 1 H NMR (COCI3) 0 1.09 (3,5), 1.20 (3,s), 1.49-1.66 

(4,m), 1.79-1.95 (2,m), 2.48-2.59 (2,m), 3.55-3.79 (2,m), 3.89-4.00 (3,m), 

4.14 (1,5), 5.19 (1, d, J = 2.77 Hz); 13C NMR (COCI3) 0 14.1 (CH2), 19.5 

(CH3), 23.2 (CH3), 23.8 (CH2), 25.1 (CH2), 27.3 (CH2), 38.1 (CH), 40.2 

(C), 59.9 (CH2), 76.0 (CH2), 76.7 (CH), 96.3 (CH), 120.1 (CH2), 175.2 (C). 

More polar isomer 29b was isolated as colorless oil (0.079 g; 0.29 mmol, 

43%); [a]270 + 271.8° (c 1.31 EtOAc); Rf = 0.13 (35% EtOAc/hex.); 1H 

NMR (COCI3) 0 1.11 (3,s), 1.21 (3,s), 1.54-1.79 (4,m), 1.86-2.07 (2,m), 

2.40-2.68 (2,m), 3.38-3.51 (2,m), 3.96-4.03 (3,m), 4.22 (1,s), 4.60 (1, d, J = 

7.06 Hz); 13C NMR (COCI3) 8 15.4 (CH2), 19.5 (CH3), 22.5 (CH3), 24.3 

(CH2), 27.4 (CH2), 27.6 (CH2), 38.8 (CH), 40.0 (C), 65.1 (CH2), 76.2 

(CH2), 78.0 (CH), 103.4 (CH), 119.9 (C), 175.3 (C). 

IR (CH2CI2) 3548, 3056, 2245, 1733, 1463, 1425, 1394, 1372, 1199, 

1047, 960, 912, 882, 842, 805 cm-1. 

(S)-Methyl Lactayl-3-Phenylselenenyl-3,4,S,6 

-tetrahydrofuran-2-yl Ethers 44a and 44b 

Using the procedure analogous to the preparation of 2Sa/2Sb. The 

diastereomeric acetals 44a and 44b were obtained from (dihydrofuran 

2.78 g, 39.15 mmol, 2.99 mL; Ph2Se2 : 6.10 g, 5.94 mmol; Br2 : 3.13 g, 
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19.57 mmol; 1.00 mL. triethylamine; 3.96 g; 39.15 mmol; 5.45 mL. (S)-

methyl lactate; 3.95 g; 38.00 mmol; 3.62 mL) in 64% combined yield. 

Less polar isomerr 44a was isolated as colorless oil (3.62 g; 11.0 mmol; 

29%); [a]25D - 50.36° (c 5.0, EtOAc); Rf = 0.36 (20% EtOAc/hex): 1 H NMR 

(CDCI3) 8 1.36 (3, d, J = 6.96 Hz), 1.85-1.92 (1,m), 2.49-2.52 (1,m), 3.63 

(3,s), 3.71-3.82 (1,m), 3.93-4.02 (2,m), 4.31 (1, q, J = 6.96 Hz), 5.24 (1,s), 

7.27-7.30 (3,m), 7.53-7.57 (2,m); 13C NMR (CDCI3) 8 18.7 (CH3), 30.5 

(CH2), 44.2 (CH), 51.7 (CH3), 66.9 (CH2), 70.1 (CH), 107.3 (CH), 127.2 

(CH), 129.2 (C), 133.1 (CH), 173.0 (C). 

More polar isomer 44b was isolated as colorless oil (4.35 g; 13.22 mmol; 

35%); [a]25D - 15.70° (c 6.1, EtOAc); Rf = 0.29 (20% EtOAc/hex), 1 H NMR 

(CDCI3) 8 1.29 (3, d, J = 6.86 Hz), 1.84-2.00 (1,m), 2.52-2.56 (1,m), 3.70 

(3,s), 3.76-3.81 (1,m), 3.91-3.94 (2,m), 4.04 (1, q, J = 8.86 Hz), 5.19 (1,s), 

7.25-7.28 (3,m), 7.51-7.55 (2,m); 13C NMR (CDCI3) 8 18.1 (CH3), 30.8 

(CH2), 44.2 (CH), 51.7 (CH3), 67.2 (CH2), 71.8 (CH), 108.7 (CH), 127.3 

(CH), 129.0 (C), 129.1 (C), 133.3 (CH), 173.3 (C). 

IR (Neat) 3564, 3053, 2986, 2305, 1747, 1422, 1269, 900 cm-1 

(S)-Methyl Hexahydromandelyl-3-Phenylselenenyl-3,4,S,6-

tetrahydrofuran-2-yl Ethers 4Sa and 45b 

Using the procedure analogous to that described for the preparation 

of 25a/2Sb, the diastereomeric acetals 4Sa and 4Sb were obtained from 

(dihydrofuran : 0.20 g, 2.90 mmol, 0.22 mL; Ph2Se2 : 0.45 g, 1.45 mmol; 
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Br2 : 0.23 g, 1.45 mmol, 0.07 mL; triethylamine : 0.29 g, 2.90 mmol, 0.40 

mL; (S)-methyl hexahydromandelate : 0.50 g, 2.90 mmol) in 63% 

combined yield. 

Less polar isomer 45a was isolated as colorless oil (0.313 g; 0.78 mmol; 

28%); [a]270 - 57.49° (c 2.79, EtOAc); Rt = 0.44 (15% EtOAc/Hex), 1 H 

NMR (COCI3) 0 1.06-1.31 (7,m), 1.51-1.82 (6,m), 2.49-2.65 (1,m), 3.63 

(3,s), 3.80-3.86 (1,m), 3.91-4.08 (2,m), 5.15 (1,s), 7.26-7.29 (3,m), 7.53-7.55 

(2,m); 13C NMR (COCI3) 0 26.0 (CH2), 27.7 (CH2), 29.1 (CH2), 30.5 

(CH2), 40.5 (CH3), 44.4 (CH), 51.5 (CH), 66.9 (CH2), 77.9 (CH), 106.0 

(CH), 127.2 (CH), 129.0 (CH), 133.1 (CH) 

More polar isomer 45b was isolated as colorless oil (0.395 g; 0.99 mmol; 

35%); [a]270 - 26.90° (c 0.91, EtOAc); Rt = 0.34 (15% EtOAc/Hex), 1 H 

NMR (COCI3) 0 0.85-1.29 (7,m), 1.50-1.95 (6,m), 2.47-2.62 (1,m), 3.70 

(3,s), 3.78-3.86 (3,m), 5.15 (1,s), 7.26-7.29 (3,m), 7.51-7.55 (2,m); 13C 

NMR (COCI3) 0 25.6 (CH2), 25.7 (CH2), 26.0 (CH2), 28.4 (CH2), 40.3 

(CH3), 44.1 (CH), 51.5 (CH), 67.2 (CH2), 81.4 (CH), 110.7 (CH), 127.3 

(CH), 129.1 (CH), 129.2 (C), 133.2 (CH). 

IR (Neat) 3052, 2929, 2854, 2267, 1743, 1709, 1576, 1477, 1448, 1436, 

1264, 1203, 1147, 1121, 1021,923,739,704 cm-1 
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{R)-Pantolactonyl-3-Phenylselenenyl-2,3,4,5-tetrahydrofuran-2-yl 

Ethers 46a and 46b 

Using a procedure analogous to that described for the preparation of 

25a/25b, the diastereomeric acetals 46a and 46b were obtained from 

(dihydrofuran : 1.85 g, 26.11 mmol, 2.00 mL; Ph2Se2 : 4.07 g, 13.05 

mmol; Br2 : 2.08 g, 13.05 mmol, 0.67 mL: triethylamine : 2.64 g. 26.11 

mmol, 3.63 mL; (R)-pantolactone : 3.95 g, 38.00 mmol, 3.62 mL) in 70% 

combined yield. 

Less polar diastereomer 46a (3.27 g; 9.32 mmol, 44%) was isolated as 

white solid and was recrystallized from hexanes. mp 74-76°C. 

[a]27D + 64.14° (c 25.1 EtOAc), Rf = 0.27 (20% EtOAc/hex), 1H NMR 

(CDCI3) 8 1.03 (3,s), 1.14 (3,s), 1.91-2.03 (1,m), 2.47-2.58 (1,m), 3.81-4.08 

(7,m), 5.59 (1,s), 7.26-7.34 (3,m), 7.54-7.62 (2,m); 13C NMR (CDCI3) 0 

19.3 (CH3), 23.1 (CH3), 30.3 (CH2), 40.1 (C), 44.3 (CH), 67.4 (CH2), 75.5 

(CH2), 78.1 (CH), 109.2 (CH), 127.6 (CH), 129.2 (CH), 129.5 (CH), 133.5 

(CH), 173.0 (C). 

More polar isomer 46b was isolated as colorless oil; (1.90 g, 5.41 mmol, 

26%); [a]27 D + 1.42° (c 4.78 CHCI3); Rf = 0.21 (20% EtOAc/hex), 1 H 

NMR (CDCI3) 0 0.91 (3,s), 1.01 (3,s), 1.83-2.00 (1,m), 2.59-2.62 (1,m), 

3.80-3.91 (3,m), 4.03-4.10 (2,m), 4.22-4.24 (1,m), 5.21 (1,s), 7.26-7.30 

(3,m), 7.54-7.58 (2,m); 13C NMR (CDCI3) 0 19.3 (CH3), 23.4 (CH3), 30.3 

(CH2), 40.1 (C), 44.3 (CH), 67.4 (CH2), 75.5 (CH2), 78.1 (CH), 109.2 

(CH\, 127.6 (CH), 129.2 (CH), 129.5 (CH), 133.5 (CH), 173.0 (C). 
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IR (CH2CI2) 3054, 2986, 2400, 2350, 1789, 1250 cm-1 

(S)-Methyl Lactylyl 3-(2-Cyano) ethyl-2,3,4,5-tetrahydrofuran-2-yl 

Ethers (47a and 47b) 

Using procedure described for the preparation of 26a/26b, ethers 47a 

and 47b were prepared from (44b : 0.200 g, 0.60 mmol; acrylonitrile : 

0.224 g, 4.24 mmol, 0.278 mL; BU3SnH : 0.520 g, 1.80 mmol, 0.484 mL) 

and were isolated in 72% combined yield. 

Less polar isomer 47a was isolated as colorless oil (0.020 g; 0.08 mmol, 

15%); [a]270 - 31.88° (c 0.85 EtOAc); Rf = 0.15 (20% EtOAc/hex.); 1H 

NMR (COCI3) 8 1.30 (3, d, J = 6.85 Hz), 1.61-2.25 (3,m), 2.33-2.36 (2,m), 

3.66 (3,s), 3.68-3.93 (3,m), 4.00 (1, q, J = 6.80 Hz), 4.98 (1, d, J = 4.34 

Hz) 

More polar isomer 47b was isolated as colorless oil (0.079 g, 0.33 mmol, 

57%); [a]270 - 116.62° (c 2.1 EtOAc); Rf = 0.10 (20% EtOAc/hex.); 1H 

NMR (COCI3) 8 1.37 (3, d, J = 6.87 Hz), 1.49-1.93 (3,m), 2.20-2.51 (2,m), 

3.72 (3,s), 3.73-3.89 (3,m), 4.10 (1, q, J = 6.82 Hz), 4.91 (1,s) 

13C NMR (COCI3) 8 15.6 (CH2), 18.2 (CH3), 27.8 (CH2), 29.8 (CH2), 

44.7 (CH), 51.7 (CH3), 66.8 (CH2), 72.3 (CH), 107.7 (CH), 118.7 (CH2), 

173.9 (C). 

IR (neat) 3056, 2935, 2360, 2247, 1746, 1500, 1325, 1050 cm-1 
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(S)-Methyl Hexahydromandelyl 3-(2-Cyano )ethyl-2,3,4,5-

tetrahydrofuran-2-yl Ethers (48a and 48b) 

Using procedure described for the preparation of 26a/26b, ethers 48a 

and 48b were prepared from (45b : 0.140 g, 0.35 mmol; acrylonitrile : 

0.130 g, 2.46 mmol, 0.162 mL; BU3SnH : 0.305 g, 1.05 mmol, 0.282 mL) 

and were isolated in 60% combined yield. 

The less polar isomer 48a was isolated as colorless oil (0.013 g; 0.05 

mmol, 21%); [a]27D + 40.61° (c 1.96 EtOac); Rf = 0.16 (30% EtOAc/Hex.); 

1 H NMR (CDCI3) 0 0.83-1.26 (4,m), 1.49-2.15 (8,m), 2.39-2.48 (2,t), 2.50-

2.61 (2,t), 3.62 (1, d, J = 6.93 Hz), 3.71 (3,s), 3.75-3.97 (4,m), 4.94 (1, d, 

J = 4.04 Hz) 

More polar isomer 48b was isolated as colorless oil (0.048 g; 0.16 mmol, 

39%); [a]27 D + 33.94° (c 0.38 EtOAc); Rf = 0.12 (30% EtOAc/hex); 1 H 

NMR (CDCI3) 0 0.85-1.16 (4,m), 1.33-1.92 (8,m), 2.20-2.32 (1,m), 2.35-2.43 

(2,m), 3.42 (1,s), 3.63 (1, d, J = 6.93 Hz), 3.71 (3,s), 3.84-3.91 (3,m), 4.81 

(1, d, J = 1.98 Hz); 13C NMR (CDCI3) 0 15.7 (CH2), 25.6 (CH2), 25.7 

(CH2), 26.0 (CH2), 28.0 (CH2), 28.5 (CH2), 28.6 (CH2), 29.6 (CH2), 30.0 

(CH2), 40.5 (CH3), 44.7 (CH), 51.4 (CH), 66.8 (CH2), 74.6 (CH2), 82.0 

(CH), 109.3 (CH), 119.5 (C), 173.2 (C). 
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(R)-Pantolactonyl 3-(2-Cyano )ethyl-2,3,4,5-tetrahyd rofu ra n-2-yl 

ethers (49a and 49b) 

Using procedure described for the preparation of 26a/26b, ethers 49a 

and 49b were prepared from (46b : 0.200 g, 0.56 mmol; acrylonitrile : 

0.210 g, 3.96 mmol, 0.170 mL; BU3SnH : 0.494 g, 1.70 mmol, 0.456 mL) 

and were isolated in 81 % combined yield. 

Less polar isomer 49a was isolated as colorless oil (0.020 g; .081 mmol, 

4%); [a]270 + 17.64° (c 0.17 EtOAc); Rf = 0.22 (40% EtOAc/hex.); 1H 

NMR (COCI3) 0 1.10 (3,s), 1.20 (3,s), 1.52-1.70 (3,m), 1.76-1.82 (1,m), 

1.83-1.90 (1,m), 2.18-2.21 (1,m), 2.35-2.40 (1,m), 2.46-3.10 (2,m), 3.85-4.01 

(3,m), 5.10 (1, d, J = 4.06 Hz) 

More polar isomer 49b was isolated as colorless oil (0.106 g; 0.43 mmol, 

78%) 

[a]270 - 82.78° (c 2.8 EtOAc); Rf = 0.16 (40% EtOAc/hex); 1H NMR 

(COCI3) 0 1.06 (3,s), 1.09 (3,s), 1.48-1.94 (4,m), 2.36-2.48 (2,m), 3.87- 4.26 

(6,m), 4.98 (1, d, J = 0.96 Hz); 13C NMR (COCI3) 0 15.6 (CH2), 19.4 

(CH3), 23.3 (CH3), 40.1 (CH), 67.0 (CH2), 75.6 (CH2), 78.1 (CH), 107.7 

(CH), 118.9 (C), 174.7 (C). 

IR (neat) 3549, 3057, 2963, 2245, 1734, 1464, 1371, 1207, 1199, 1120, 

1060, 1011, 911, 806, 737, 702 cm-1 
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(S)-Methyl Lactylyl 3-(2-Cyano )ethyl-2,3,4,5-tetrahydrofuran-2-yl 

Ethers (50a and 50b) 

Using procedure described for the preparation of 26a/26b, ethers 50a 

and 50b were prepared from (44a : 0.200 g, 0.60 mmol; acrylonitrile : 

0.224 g, 4.24 mmol, 0.278 mL; BU3SnH : 0.520 g, 1.80 mmol, 0.484 mL) 

and were isolated in 68% combined yield. 

Less polar isomer 50a was isolated as colorless oil (0.020 g; 0.08 mmol, 

15%); [a]270 - 131.85° (c 0.81 CHCI3); Rf = 0.12 (20% EtOAc/hex); 1H 

NMR (COCI3) 0 1.36 (3, d, J = 7.01 Hz), 1.70-2.14 (2,m), 2.19-2.32 (2,m), 

2.54-2.69 (2,m), 3.73 (3,s), 3.84-4.00 (2,m), 4.65 (1, q, J = 7.88 Hz), 5.01 

(1, d, J = 4.45 Hz) 

More polar isomer 50b was isolated as colorless oil (0.071 g; 0.30 mmol, 

53%); [a]270 + 35.19° (c 29.5 EtOAc); Rf = 0.07 (20% EtOAc/hex.); 1H 

NMR (COCI3) 0 1.39 (3, d, J = 6.96 Hz), 1.45-1.62 (1,m), 1.68-1.95 (1,m), 

2.14 -2.36 (2,m), 2.47-2.53 (2,m), 3.74 (3,s), 3.82-4.00 (2,m), 4.36 (1, q, J = 

6.98 Hz), 4.87 (1, d, J = 2.24 Hz); 13C NMR (CDCI3) 0 15.6 (CH2), 18.7 

(CH3), 28.2 (CH2), 30.5 (CH2), 44.8 (CH3), 51.8 (CH), 66.8 (CH2), 70.1 

(CH), 106.5 (CH), 119.9 (CH2), 173.8 (C). 

IR (neat) 3056, 2935, 2360, 2247, 1746, 1500, 1325, 1050 cm-1 
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(R)-Pantolactonyl,3-(2-Cyano)ethyl 2,3,4,5-tetrahydrofuran-2-yl 

ethers (53a and 53b) 

Using procedure described for the preparation of 26a/26b, ethers 53a 

and 53b were prepared from (46a : 0.200 g, 0.56 mmol; acrylonitrile : 

0.210 g, 3.96 mmol, 0.170 mL; BU3SnH : 0.494 g, 1.70 mmol, 0.456 mL) 

and were isolated in 66% combined yield. 

Less polar isomer 53a was isolated as colorless oil (0.0132 g; 0.054 

mmol, 10%); a]260 + 138.9
0 

(c 0.42 EtOAc); Rf = 0.20 (40% EtOAc/hex); 

1 H NMR (COCI3) 0 1.03 (3,s), 1.17 (3,s), 1.70-1.81 (1,m), 1.86-1.91 (1,m), 

1.93-2.02 (1,m), 2.10-2.19 (1,m), 2.29-2.39 (1,m), 2.59-2.63 (2,m), 3.92-4.06 

(4,m), 4.11 (1,s), 5.40 (1, d, J = 4.41 Hz) 

More polar isomer 53b was isolated as colorless oil (0.0766 g; 0.31 

mmol, 56%). 

[a]260 + 119.18 0 (c 1.46 EtOAc); Rf = 0.18 (40% EtOAc/hex); 1H NMR 

(COCI3) 0 1.06 (3,s), 1.16 (3,s), 1.55-1.62 (1,m), 1.70-1.80 (1,m), 1.82-1.91 

(1,m), 2.18-2.23 (1,m), 2.35 -2.40 (1,m), 2.49-2.55 (2,m), 3.85-4.00 (4,m), 

4.10 (1,s), 5.30 (1, d, J = 2.26 Hz) 

13C NMR (COCI3) 0 15.9 (CH2), 19.6 (CH3), 22.9 (CH3), 28.2 (CH2), 

30.7 (CH2), 40.1 (C), 44.9 (CH3), 67.2 (CH2), 76.5 (CH2), 78.1 (CH), 

107.0 (CH), 119.4 (C), 176.1 (C). 

IR (neat) 3549, 3057, 2963, 2245, 1734, 1464, 1371, 1207, 1199, 1120, 

1060, 1011, 911, 806, 737, 702 cm-1 
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(R)-Pantolactonyl 3-(3-Methyl Propanoyl)-2,3,4,5-tetrahydrofuran-

2-yl ether 51 b 

The ether 46b (0.203 g; 0.57 mmol) was disssolved in dry benzene (10 

mL) and methyl acrylate (0.131 g; 0.137 mL; 1.52 mmol); AIBN (0.030 g; 
o 

0.18 mmol) was added and the reaction mixture was heated (75 C pot 

temperature) with stirring. 

To this nBu3SnH (0.497 g; 0.459 mL; 1.71 mmol in 1.2 mL benzene) was 

added slowly via a syringe pump for 5 h. The solvent was removed in 

vacuo and the residue was chromatogrphed on silica gel 60 column (75 

g). The diasteromeric cis and trans isomers were separated by eluting 

column with 20% EtOAc/hex. 

The only diastereomer 51 b was isolated as colorless oil (0.089 g; 0.31 

mmol, 49%). 

[a]270 - 77.9
0 

(c 2.65 EtOAc); Rf = 0.11 (20% EtOAc/hex); 1H NMR 

(COCI3) 0 1.08 (3,s), 1.22 (3,s), 1.48-1.90 (3,m), 2.21-2.43 (3,m), 3.68 (3,s), 

3.90-4.05 (4,m), 4.16 (2,s), 4.94 (1,s); 13C NMR (COCI3) 0 19.4 (CH3), 

23.3 (CH3), 27.4 (CH2), 29.6 (CH2), 32.3 (CH2), 44.8 (CH), 51.5 (CH3), 

67.1 (CH2), 75.5 (CH2), 78.0 (CH), 108.3 (CH), 173.3 (C), 175.0 (C). 
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(R)-Pantolactonyl 3-(2-Propenyl)-2,3,4,5-tetrahydrofuran-2-yl ether 

52b 

To a well stirred solution of ether 46b (0.215 g; 0.61 mmol) in dry 

benzene (10 mL) were added allyl tributyl tin (1.29 g; 1.21 mL; 3.92 

mmol) and AIBN (0.027 g; 0.18 mmol). The reaction mixture was heated 

(75°C pot temperature) with stirring for 20 h. The volatiles were removed 

in vacuo and the residue was chromatographed on silica gel 60 (50 g) 

column and eluted with 20% EtOAc/hexanes, providing only diastereomer 

52b, isolated as colorless oil (0.074 g; 0.30 mmol, 56%); [a.]27 D - 78.09° 

(c 2.96 CHCI3); Rf = 0.28 (30% EtOAc/hex); 1 H NMR (CDCI3) 0 1.07 (3,5), 

1.20 (3,5), 1.25-1.41 (1,m), 1.52-1.70 (1,m), 2.06-2.16 (1,m), 2.32-2.46 

(1,m), 3.86-3.97 (2,m), 4.12-4.18 (2,m), 4.93 (2,5), 5.04-5.11 (3,m), 5.78-

5.81 (1,m) ; 13C NMR (CDCI3) 0 19.4 (CH3), 23.3 (CH3), 27.7 (CH2), 

29.4 (CH2), 36.6 (CH2), 40.1 (C), 44.4 (CH), 67.1 (CH2), 75.5 (CH2), 78.0 

(CH), 107.9 (CH), 116.2 (CH2), 136.2 (CH), 175.3 (C). 

IR (CH2CI2) 3075, 2963, 1788, 1737, 1639, 1464, 1400, 1370, 1344, 

1294, 1269, 1241, 1201, 998, 963, 917, 811, 737, 703 cm-1 
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(R)-Pantolactonyl 3-(3-Methyl Propanoyl)-2,3,4,5-tetrahydrofuran-

2-yl ether 54b 

Using procedure described for the preparation of 51 b, ether 54b was 

prepared from (46a : 0.215 g, 0.61 mmol; methyl acrylate: 0.131 g, 1.52 

mmol, 0.137 mL; BU3SnH : 0.497 g, 1.71 mmol, 0.459 mL). The only 

diastereomer 54b was obtained as colorless oil (0.054 g; 0.18 mmol, 

48%); [a]270 + 151.79° (c 2.7 EtOAc); Rf = 0.19 (30% EtOAc/hex); 1H 

NMR (COCI3) 0 1.04 (3,s), 1.16 (3,s), 1.52-1.61 (1,m), 1.65-1.72 (1,m), 

1.78-1.88 (1,m), 2.11-2.20 (1,m), 2.22-2.30 (1,m), 2.40-2.49 (2,m), 3.67 

(3,s), 3.86-4.00 (3,m), 4.09 (2,s), 5.27 (1, d, J = 1.47 Hz); 13C NMR 

(COCI3) 0 19.4 (CH3), 22.8 (CH3), 27.3 (CH2), 30.1 (CH2), 32.2 (CH2), 

44.8 (CH), 51.4 (CH3), 66.8 (CH2), 76.2 (CH2), 77.6 (CH), 107.1 (CH), 

174.0 (C), 175.8 (C). 

(R)-Pantolactonyl 3-(2-Propenyl)-2,3,4,5-tetrahydrofuran-2-yl ether 

55a and 55b 

Using procedure described for the preparation of 52b, ethers 55a and 

55b were prepared from (46a : 0.215 g; 0.61 mmol; allyl tributyl tin : 

1.29 g; 1.21 mL; 3.92 mmol; AIBN : 0.027 g; 0.18 mmol). The reaction 

provided inseparable mixture (20: i) of ethers 55a and 55b; (0.074 g; 

0.30 mmol; 56%); Rf = 0.31 (30% EtOAc/hex); 1 H NMR (COCI3) 0 1.05 

(3,s), 1.2 (3,s), 1.6 (2,m), 2.0- 2.25 (4,m), 3.8 (5,m), 4.1 (1,s), 5.1 (2,m), 
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5.25 (1,s), 5.8 (1,m); 13C NMR (COCI3) 5 20.0 (CH3), 24.0 (CH3), 31.0 

(CH2), 37.5 (CH2), 40.0 (C), 45.0 (CH), 67.0 (CH2), 76.0 (CH2), 78.0 

(CH), 109.0 (CH), 117.0 (CH2), 137.0 (CH), 175.0 (C). 

IR (CH2CI2) 3075, 2963, 1788, 1737, 1639, 1464, 1400, 1370, 1344, 

1294, 1269, 1241, 1201, 998, 963, 917, 811, 737, 703 cm-1. 

Allyl 3-Phenylselenenyl-2,3,4,5-tetrahydrofuran-2-yl Ether 65ab 

To a well stirred solution of 44b (1.00 g, 3.03 mmol) and allyl alcohol 

(1.75 g; 2.06 mL; 30.3 mmol) in CH2CI2 (10 mL) at room temperature 

was added catalytic amount of tosic acid (0.058 g, 0.303 mmol). After 15 

minutes the reaction mixture was diluted with CH2CI2 (10 mL), washed 

with sat aq NaHC03 (2 x 20 mL), water (20 mL), the organic layer was 

separated, dried over anhydrous MgS04. Concentration in vacuo gave a 

mixture of cis and trans isomers of the product which were separated (a. = 

1.08) by chromatography on silica gel 60 (100 g) and eluted with 5% 

Ethyl acetate/hexanes. 

The major trans isomer 65a was isolated as colorless oil in 68% yeild 

(0.528 g; 1.86 mmol); a.]260 + 38.29° (c 6.5 EtOAc); Rf = (0.49 20% 

EtOAc/Hex.); 1 H NMR (COCI3) 5 1.90-1.95 (2,m), 2.47-2.54 (2,m), 3.70-3.75 

(1,m), 3.87-4.15 (3,m), 5.09-5.24 (2,m), 5.77-5.88 (1,m), 7.25-7.29 (3,m), 

7.52-7.56 (2,m); 13C NMR (COCI3) 5 30.9 (CH2), 44.5 (CH), 66.7 (CH2), 

68.0 (CH2), 107.9 (CH), 116.9 (CH2), 127.3 (CH), 129.0 (CH), 133.4 (CH), 

134.1 (CH). 



IR (neat) 3070, 2977, 2891, 2316, 1644, 1578, 1448, 1435, 1358, 

1298,1268, 1177, 1104, 1021 cm-1 

121 

Crotyl 3-Pheylseleneyl-2,3,4,5-tetrahydrofuran-2-yl ether (66ab) 

To a well stirred solution of 44b (0.24 g, 0.75 mmol) and Crotyl alcohol 

(0.54 g, 7.5 mmol) in CH2CI2 (10 mL) at room temperature was added 

catalytic amount of tosic acid (0.014 g, 0.075 mmol). After 25 minutes the 

reaction mixture was diluted with CH2CI2 (10 mL), washed with sat aq 

NaHC03 (2 x10 mL), water (10 mL). The organic layer was separated, 

dried over anhydrous MgS04. Concentration in vacuo gave a mixture of 

cis and trans isomers of the product which were separated (a. = 1.19 in 

10% EtOAc/hex) by chromatography on silica gel 60 (100 g) and eluted 

with 5% Ethyl acetate/hexanes. 

The major' trans isomer 66a was isolated as colorless oil (0.196 g; 0.66 

mmol, 88%); [a.]260 - 33.33° (c 6.15 CHCI3) Rf = (0.37 in 10% 

EtOAc/hex.); 1H NMR (COCI3) 5 1.67 (3, d, J = 7.51 Hz), 1.84-1.98 (1,m), 

2.43-2.60 (1,m), 3.69-3.74 (1,m), 3.84-3.87 (1,m), 3.95-4.18 (3,m), 5.15 

("I,m), 5.50-5.51 (1,m), 5.62-5.65 (1,m), 7.25-7.29 (2,m), 7.52-7.55 (3,m) 

13C NMR (COCI3) 5 17.2 (CH2), 31.1 (CH2), 44.9 (CH), 66.8 (CH2), 68.0 

(CH2), 126.8 (CH), 127.i (CH), 129.2 (CH), 129.4 (C), 130.0 (C). 

IR (neat) 2936, 2887, 1948, 1735, 1671, 1577, 1476, 1436, 1373, 1298, 

1240, 1090, 1022, 966, 924, 860 cm-1 
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4-{3-cyano) propyl-2,8-dioxabicyclo [3.3.0 ]octane (67) 

Ether 65a (0.200 g; 0.70 mmol) was disssolved in dry benzene (10 mL) 

and acrylonitrile (0.235 g; 0.292 mL; 4.43 mmol) and AIBN (0.030 g; 0.21 

mmol) were added. The reaction mixture was stirred and heated to 70-75° 

and nBu3SnH (0.550 g; 0.508 mL; 1.89 mmol) in benzene (1.2 mL) was 

added via syringe pump over 4 5 h. Volatiles were removed in vacuo and 

the residue was chromatographed on silica gel 60 (90 g) and eluted with 

40% EtOAc/hex. 

The only detectable isomer 67 was was isolated as colorless oil. (0.067 

g; 0.30 mmol, 45%); [a.]250 - 11.95° (c 3.39 EtOAc) ; Rf = 0.05 (30% 

Ether/hex); 1 H NMR (COCI3) () 1.42-1.70 (3,m), 1.64-1.74 (3,m), 2.19-2.38 

(2,m), 3.30-3.41 (2,m), 3.75-3.90 (4,m), 5.73 (1, d, J = 4.94 Hz); 

13CNMR (COCI3) () 17.2 (CH2), 24.1 (CH2), 24.6 (CH2), 26.4 (CH2), 41.3 

(CH), 44.9 (CH), 68.8 (CH2), 71.9 (CH2), 109.4 (CH), 119.1 (C). 

IR (neat) 3058, 2869, 2245, 1596, 1458, 1423, 1404, 1376, 1202, 1145, 

1108, 1024, 940, 871, 703 cm-1 

4-(2-propenyl)-2,8-dioxabicyclo [3.3.0 ]octane (68) 

Ether 65a (0.269 g; 0.95 mmol) was disssolved in dry benzene (10 mL) 

and allyl tributyl tin (1.57 g; 1.47 mL; 4.74 mmol) and AIBN (0.046 g; 0.28 

mmol) were added. The reaction mixture was stirred and heated to 70-

75°C. After 52 h, the reaction mixture was directly loaded onto a silica gel 
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column (90 g. packed in hexanes) and the column was eluted with 

hexanes (100 mL) and then with 20% ether/hexanes to give a single 

adduct 68 which was isolated as colorless oil (0.068 g, 0.40 mmol, 52%) 

based on recovered starting material (0.040 g, 0.14 mmol); Rf 0.16 (20% 

Ether/hexanes); 1H NMR (CDCI3) () 1.45-1.59 (2,m), 2.3 (1,m), 1.76-1.83 

(2,m), 2.05-2.16 (2,m), 2.75-2.86 (1,m), 3.38-3.46 (2,m), 3.84-3.98 (2,m), 

4.96-5.01 (1,m), 5.07 (1, d, J = 1.69 Hz), 5.71-5.82 (2,m); 13C NMR 

(CDCI3) () 13.4 (CH3), 17.3 (CH2), 24.8 (CH2), 26.6 (CH2), 27.6 (CH2), 

32.4 (CH2), 41.4 (CH), 45.1 (CH), 68.9 (CH2), 72.3 (CH2), 109.5 (CH), 

114.9 (CH2), 137.8 (CH). 

Allyl 3-Bromo-3,4,5,6-tetrahydro-2H-pyran-2-yl Ether (69ab) 

To a well stirred solution of (24a) (0.50 g, 1.51 mmol) and allyl alcohol 

(0.882 gm, 1.03 mL, 15.19 mmol) in CH2CI2 (5 mL) was added a catalytic 

amount of tosic acid (0.058 g, 0.303 mmol). The reaction was heated to 

reflux for 48 h, and then diluted with CH2CI2 (10 mL), washed with sat 

NaHC03 (2 x 10 mL), and water (10 mL). The organic layer was 

separated, and dried over anhydrous MgS04. Concentration in vacuo and 

chromatographing the residue on silica gel 60 (50 g), eluting with 5% ethyl 

acetate/hexanes yielded an inseparable mixture (10: 1) of cis/trans isomers 

69ab (0.29 g, 1.33 mmol, 89%); Rf = 0.63 (30% EtOAc/Hexanes) 

1 H NMR (CDCI3) () 1.49-1.60 (1,m), 1.86 -2.01 (2,m), 2.34-2.47 (1,m), 3.54-

3.60 (1,m), 3.88-4.11 (3,m), 4.22-4.30 (1,m), 4.66 (1, d, J = 4.41 Hz), 5.18-
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5.37 (2,m), 5.85-6.01 (1,m); 13C NMR (CDCI3) 0 23.2 (CH2), 30.0 (CH2), 

49.2 (CH), 62.4 (CH2), 68.7 (CH2), 69.0 (CH2), 100.1 (CH), 117.4 (CH2), 

133.8 (CH). 

IR (neat) 3070, 2977, 2891, 2316, 1644, 1578, 1448, 1435, 1358, 

1298,1268,1177,1104,1021 cm-1 

4-(2-Cyanoethyl)2,9-dioxabicyclo[ 4.3.0 ]nonane (71 ab) 

Ether 69a (0.174 g; 0.78 mmol) was dissolved in dry benzene (7 mL) 

and acrylonitrile (0.289 g; 0.359 mL; 5.46 mmol) and AIBN (0.044g; 0.27 

mmol) were added. The reaction mixture was stirred and heated to 70-
o . 

75 C pot temperature and nBu3SnH (0.681 g; 0.629 mL; 1.89 mmol) In 

dry benzene (1.2 mL) was added via a syringe pump over 4.5 h. Volatiles 

were removed in vacuo and the residue was columned on silica gel 60 

(90 g) and eluted with 50% EtOAc/hex. The inseparable diasteromeric 

addition products and 71ab were obtained. (0.076 g; 0.38 mmol, 51 %). 

Rt :: 0.08 (30% ether/hex); 1 H NMR (CDCI3) 0 (For major isomer only) 

1.21-1.55 (4,m), 1.56-1.73 (6,m), 2.29-3.45 (4,m), 3.58-3.70 (2,m), 3.93-4.00 

(1,m), 5.27 (1, d, J = 3.67 Hz); 13C NMR (CDCI3) 0 For major isomer 

only 17.1 (CH2), 18.9 (CH2), 22.8 (CH2), 23.9 (CH2), 26.0 (CH2), 36.0 

(CH), 40.1 (CH), 60.7 (CH2), 69.3 (CH2), 101.6 (CH), 119.1 (C). 

IR (CH2CI2) 3053, 2869, 2246, 1596, 1458, 1423, 1404, 1376, 1202, 

1145, 1108, 1067, 1048, 1024, 946, 871, 703 cm-1. 
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4-(3-Cyano,1-Methyl) Propyl-2,8-dioxabicyclo [3.3.0 ]octane 

(72a/b) 

Ether GGa (0.136 g; 0.45mmol) was disssolved in dry benzene (5 mL) 

and acrylonitrile (0.167 g; 0.207mL; 3.20 mmol) and AIBN (0.030 g; 0.21 

mmol) were added. The reaction mixture was stirred and heated to 70-

75°C and nBu3SnH (0.392 g; 0.363 mL; 1.35 mmol) in benzene (0.5 mL) 

was added via a syringe pump over 6.5 h. The volatiles were removed in 

vacuo and the residue was chromatographed on silica gel 60 (75 g.) and 

eluted with 50 % EtOAc/hex.The inseparable mixture of addition products 

72ab, was obtained (0.069 g; 0.35 mmol, 78%). 

72ab, isolated as colorless oil ; Rf = 0.07 (30% ether/hex); 1 H NMR 

(CDCI3) 0 0.96-1.00 (2,m), 1.04-1.10 (2,m), 1.25-1.98 (2,m), 1.60-1.82 

(1,m), 1.88-2.01 (2,m), 2.08-2.19 (1,m), 2.36-2.52 (2,m), 2.80-2.94 (1,m), 

3.50-3.61 (1,m), 3.82-4.13 (4,m), 5.69-5.74 (1,m); 13C NMR (CDCI3) 0 13.4 

(CH3), 14.3 (CH2), 14.4 (CH2), 17.1 (CH), 17.2 (CH), 24.3 (CH3), 24.5 

(CH2), 26.6 (CH2), 27.6 (CH2), 30.7 (CH2), 31.1 (CH2), 44.3 (CH), 44.8 

(CH), 48.3 (CH), 48.5 (CH), 68.6 (CH2), 68.7 (CH2), 70.7 (CH2), 71.1 

(CH2), 109.2 (CH), 109.5 (CH), 119.2 (C), 119.3 (C). 

IR (Neat) 2955, 2243, 1730, 1637, 1451, 1425, 1391, 1281, 1254, 1211, 

1104,1067,1021,961,892,933 cm-1 
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5-Benzyloxy, 1-Hydroxy cyclooctane. (80) 

1 ,S-cis -dihydroxy cyclooctane (10.01 g, 69.34 mmol) and dibutyl tin oxide 

(20.71 g, 83.21 mmol) were refluxed vigourously in toluene using Dean 

Stark trap. For 36 hrs and wet toluene was frequently drained. Benzyl 

bromide (23.71g, 16.49 mL, 138.68 mmol) and tetrabutyl ammonium 

bromide were added to the reaction mixture and refluxion was continued 

without the Dean Stark trap for 48 h. The reaction mixture was cooled 

and toluene was removed in vacuo. The oily residue was 

chromatographed on a silica gel column (SOO g) and eluted with 40% 

EtOac/hex. The product was isolated as colorless oil (10.62 g, 4S.32 mmol, 

66% ) 

Rf = 0.29 in 4S% EtOac/hex. 1 H NMR (CDCI3) 0 1.40-1.91 (12,m), 2.03 

(1,bs), 3.44 (1,bt), 3.73 (1,bt), 4.48 (2,s), 7.24-7.33 (S,m),. 

13C NMR (CDCI3) 0 20.4 (CH2), 32.S (CH2), 36.2 (CH2), 69.9 (CH2), 

71.5 (CH), 78.4 (CH), 127.2 (CH), 127.3 (CH), 128.1 (CH). 

IR (Neat) 3413, 3049, 2303, 1602, 1494, 1365, 1211 cm-1 

5-Benzyloxy, cycloocta-1-one. (81) 

1-benzyloxy 5-hydroxy cyclooctane 80 (11.4 g, 48.7 mmol) was dissolved 

in 7S mL dry methylene chloride and PDC (20.1 g, S3.6 mmol) was 

suspended in this solution. The reaction mixture was stirred vigorously 

under argon for about 3 h (prolonged stirring resulted in elimination of 
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benzyl ether functionality). The reaction mixture was diluted with ether and 

residual Cr salts were filtered off. The filtrate was concentrated in vacuo 

The residue was chromatographed on the silica gel column (500 g) and 

eluted with 10% EtOAc/hex. The product was isolated as colorless oil 

(6.98 g, 30.0 mmol, 62%) 

Rf = 0.31 in 30% EtOac/hex. 1 H NMR (CDCI3) 8 1.72-2.03 (10,m), 2.23-

2.33 (1,m), 2.55-2.59 (1,m), 3.38 (1,t), 4.42 (2,s), 7.26-7.32 (5,m), 

13C NMR (CDCI3) 8 22.8 (CH2), 33.6 (CH2), 42.2 (CH2), 77.9 (CH), 

127.5 (CH), 128.3 (CH), 215.3 (C). 

IR (Neat) 3427, 3332, 3257, 1794, 1410, cm-1 

5-Benzyloxy, cycloocta-1-one-(2S,3S)-1 ,4-dimethyl-1 ,2,3,4-

butanetetrol Ketal. (82) 

5-Benzyloxy, cycloocta-1-one 81 (6.93 g, 29.8 mmol), di-O-rnethyl-L-threitol 

(8.96 g, 59.7 mmol) and tosic acid (0.56 g, 2.98 mmol) were taken up in 

freshly distilled benzene (500 mL). The reaction mixture was heated to 

reflux for 3 hrs, cooled to the room temperature and was diluted with 

ether. The organic layer was washed with sat. aq. NaHC03 (2 x 300 mL).. 

sat. aq. NaCI (1 x 300 mL). Organic layer was dried over MgS04, filtred, 

concentrated in vacuo. The residue was chromatographed on silica gel 

column (250 g) and eluted with 15% EtOAc/hex. The product was isolated 

as colorless oil (8.21 g, 22.5 mmol, 76%) 



Rf = 0.09 in 20~o EtOaC'hex. 1H NMR (CDCI3) (\ 1.50-1.73 (3.m). 1.83-

1.86 (6,m). 1.90-2.10 (4.m). 3.38 (3.s). 3.39 (3.s). 3.49 (4. d. J = 2.28 H:). 

3.89 (2,t), 4.48 (2,s), 7.26-7.33 (5.m): 13C NMR (CDCI3) (\ 19.2 (CH2), 19.3 

(CH2), 33.2 (CH2). 33.9 (CH2). 35.8 (CH2). 36.6 (CH3). 69.9 (CH2). 73.1 

(CH2), 76.7 (CH). 7"8.1 (CH). 113.0 (C), 127.1 (CH). 127.3 (CH). 128.1 

(CH). 138.1 (C). 

IR (Neat) 2929, 1451, 1366, 1027 cm-1 

5-Benzyloxy, 2-Bromo, cycloocta-1-one-(2S,3S)-1,4-dimethyl-

1,2,3,4-butanetetrol Ketal. (83) 

5-8enzyloxy, cycloocta-1-one-(2S,3S)-1 ,4-dimethyl-1,2,3,4-butanetetrol Ketal. 

(82) (7.88 g, 21.6 mmol) was dissolved in 50 mL dry THF and the 

solution was cooled to O°C. Phenyl trimethyl ammonium bromide tribromide 

was added to the reaction mixture. The reaction mixture was vigorously 

stirred at room temperature under argon for 17 h. The reaction mixture was 

poured into 5% K2C03 solution and extracted with ether (5 x 40 mL). 

Combined organic layers were dried over MgS04, filtred, concentrated in 

vacuo. The residue was chromatographed on the silica gel column (500 

mL) and eluted with 15% EtOAc/hex. 

The product was isolated as colorless oil (9.32 g, 21.0 mmol, 97%) 

Rf = 0.25 in 20% EtOac/hex when eluted twice 1 H NMR (CDCI3) 0 1.79-

2.45 (10,m), 3.37 (3,s), 3.41 (3,s), 3.46-3.61 (2,m), 3.61-3.67 (4,m), 4.07 

(1,m), 4.48 (2,s), 7.25-7.32 (5,m); 13C NMR (CDCI3) 0 18.3 (CH2). 30.3 
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(CH2), 31.3 (CH2), 32.4 (CH2), 35.6 (CH2), 59.4 (CH3), 70.0 (CH2), 72.5 

(CH2), 72.8 (CH2), 77.1 (CH), 77.7 (CH), 78.6 (CH), 111.2 (C), 127.3 

(CH), 128.2 (CH), 138.7 (C). 

IR (Neat) 3051, 2930,1700,1452,1264,1196,1097 cm-1 

5-Benzyloxy, cyclooct-2-en-1-one-{2S,3S)-1 ,4-dimethyl-1 ,2,3,4-

butanetetrol Ketal. (84) 

5-Benzyloxy, 2-bromo, cycloocta-1-one-(2S,3S)-1 ,4-dimethyl-1 ,2,3,4-

butanetetrol Ketal (83) (8.88 g, 20.0 mmol) was dissolved in 10 mL 

DMSO and sodium methoxide was added to the solution. The reaction 

mixture was stireed for 72 hrs during which it turned into a thick brown 

slurry. It was poured into 400 mL sat. aq. Nacl solution and was extracted 

with hexanes (5 x 75 mL). Combined hexane layers were dried over 

MgS04, filtred, concentrated in vacuo. The residue was quickly filtered 

through a short silica gel column (60 mL) and column was washed with 

10% EtOAc/hex. 

The product was isolated as colorless oil (6.22 g, 17.1 mmol, 86%) 

1 H NMR (CDCI3) D 1.75-2.00 (6,m), 2.68 (1,t), 3.37 (3,s), 3.39 (3,s), 3.43-

3.44 (1,m), 3.50-3.57 (4,m), 3.59-3.68 (1,m), 3.87-4.00 (2,m), 4.50 (2,m), 

5.73-5.74 (2,m), 7.31-7.33 (5,m); 13C NMR (CDCI3) D 17.1 (CH2), 29.2 

(CH2), 29.9 (CH2), 40.2 (CH2), 59.3 (CH3), 70.1 (CH2), 73.1 (CH2), 73.8 

(CH2), 76.8 (CH), 77.7 (CH), 79.0 (CH), 110.2 (C), 127.3 (CH), 127.4 

(CH), 128.2 (CH), 136.4 (CH), 138.9 (C). 
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IR (Neat) 3025, 1652, 1494, 1391, 1352, cm-1 

5-benzyloxy (1 R,8S)-Bicyclo[6.1.0]nonan-2,6-dione-2-(2S,3S)-1 ,4-

dimethyl-1,2,3,4-butanetetrol Ketal. (85) 

The Zn(Cu) couple (10.66 g, 164.1 mmol), diodomethane (21.98 g, 6.61 

mL, 82.09 mmol) was taken up in ether (300 mL freshly distilled over 

P205). The reaction mixture was refluxed with a crystal of iodine. 5-

Benzyloxy, cyclooct-2-en-1-one-(2S,3S)-1 ,4-dimethyl-1 ,2,3,4-butanetetrol Ketal 

(84) was added to the refluxing mixture as solution in ether (80 mL). The 

raction mixture was continued refluxing for 18 h. 

The reaction mixture was cooled to the room temperature and then 

to O°C. Sat. aq. K2C03 was added dropwise till the mixture turned brown. 

The brown solid was filtered washed with methylene chloride (400 mL). 

The organic layer was separated, dried and concentrated in vacuo. The 

residue was chromatographed on the silica gel column (300 mL) and 

eluted with 20% EtOAc/hex. 

The product was isolated as colorless oil (5.38g, 87.33%, 14.3 mmol) Rt = 

0.61 in 20% EtOAc/hex (after 5 elutions) 

1 H NMR (CDCI3) 0 0.21-.029 (1,m), 0.53-0.68 (1,m), 1.03-1.22 (2,m) 1.55-

1.83 (5,m), 2.07-2.23 (4,m), 3.33 (3,s), 3.37 (3,s), 3.42-3.43 (2,m), 3.49-3.54 

(2,m), 3.78-3.86 (2,m), 4.39-4.58 (2,m), 7.26-7.33 (5,m); 13C NMR (CDCI3) 

o 17.3 (CH2), 23.2 (CH), 27.8 (CH2), 30.9 (CH2), 40.5 (CH2), 59.2 (CH3), 
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69.7 (CH2), 73.0 (CH2), 75.2 (CH), 76.8 (CH), 77.9 (CH2), 78.7 (CH), 

111.4 (C), 126.9 (CH), 127.1 (CH), 127.9 (CH), 138.9 (C). 

IR (Neat) 3051, 2985, 1730, 1355, 1195, cm-1 

5-Hydroxy (1 R,8S)-Sicyclo[6.1.0]nonan-2,6-dione-2-(2S,3S)-1 ,4-

dimethyl-1,2,3,4-butanetetrol Ketal. (86) 

5-benzyloxy (1 R,8S)-Bicyclo[6.1.0]nonan-2,6-dione-2-(2S,3S)-1 ,4-dimethyl-

1,2,3,4-butanetetrol Ketal (85) (2.32 g, 6.18 mmol) was dissolved in 100% 

ethanol (30 mL) and Pd/C was added (50 mg). The reaction flask was 

flushed several times with H2 gas and finally reaction was stirred under 

H2 atomosphere for 10 h. The catalyst was filtered out by centrifugation 

and decantation. Ethyl alcohol was evaporated in vaccuo and the residue 

was filtered through a short silica gel column and was eluted with 40% 

EtOAc/hex. 

The product was isolated as colorless oil and was inseparable mixture of 

diastereomers (1.75g, 100%, 6.11 mmol) 

Rf = 0.12 in 40% EtOAc/hex; 1 H NMR (CDCI3) 0 0.13-.029 (1,m), 0.42-

0.58 (1,m), 0.93-1.10 (2,m), 1.38-1.92 (9,m), 2.35 (1,bs), 3.29 (3,s), 3.30 

(3,s), 3.34-3.44 (4,m), 3.70-3.81 (2,m); 13C NMR (CDCI3) 0 13.4 (CH), 

14.5 (CH2), 17.3 (CH2), 23.2 (CH), 23.5 \CH2), 31.8 (CH2), 32.0 (CH2), 

33.9 (CH2), 41.7 (CH2), 59.2 (CH3), 70.9 (CH2), 71.1 (CH2), 73.1 (CH2), 

73.2 (CH2), 75.3 (CH), 75.4 (CH), 78.7 (CH), 111.4 (C), 111.6 (C). 
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IR (eH2e12) 3453, 3051, 2929, 1454, 1264, 1194, 1136, 1092,981,852, 

779 cm-1 

(1 R,8S)-Bicyclo[S.1.0]nonan-2,S-dione-2-(2S,3S)-1 ,4-dimethyl-

1,2,3,4-butanetetrol Ketal. (87) 

5-Hydroxy (1 R,8S)-Bicyclo[6.1.0]nonan-2,6-dione-2-(2S,3S)-1 A-dimethyl-

1,2,3A-butanetetrol Ketal (8S) (1.63 g, 5.70 mmol) was dissolved in 25 

mL dry methylene chloride and poe (4.29 g, 11.41 mmol) was suspended 

in this solution. The reaction mixture was stirred vigorously under argon for 

7 h. The reaction mixture was diluted with ether and residual er salts 

were filtered off. The filtrate was concentrated in vaccuo The residue was 

chromatographed on the silica gel column (30 g) and eluted with 20% 

EtOAc/hex. 

The product was isolated as colorless oil (0.94 g, 59%, 3.51 mmol) 

1 H NMR (eOel3) 0 0.39-0.48 (1,m), 0.72-0.81 (1,m), 1.00-1.17 (1,m). 1.31-

1.42 (1,m), 1.57-1.71 (1,m), 1.79-2.05 (3,m), 2.41-2.81 (4,m), 3.36 (3,s), 

3.42 (3,s), 3.47 (2, d, J = 4.77 Hz), 3.55 (2, d, J = 4.94 Hz), 3.84-3.90 

(1,m), 3.96-4.01 (1,m); 13e NMR (eOel3) 0 7.13 (eH2). 13.3 (eH), 18.5 

(eH2), 23.5 (CH), 40.8 (eH2), 41.3 (eH2). 42.1 (eH2), 59.3 (eH3). 72.9 

(eH2). 73.0 (eH2), 75.5 (eH), 78.9 (eH), 110.5 (e), 214.7 (e). 

IR (eH2e12) 3453, 2926, 1733, 1455, 1373, 1136, 1266, 1195, 1092, 958, 

850, 735 cm-1 
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General Procedure for Nucleophiic Additions to the Carbonyl 

The dry three necked flask was charged with dry THF (3-5 mL) and was 

cooled to -7aoC under argon. The solution of the nucleophile (3 

equivalents) was syringed into the flask. The solution of the ketone (87) in 

THF (1 equiv in 1 mL) was added to the the reaction mixture at -7aoC. 

The reaction mixture was gradually allowed to warm to the room 

temperature and the progress of the reaction was monitored by TLC. The 

reaction was then quenched with sat aq NH4CI solution (2-3 mL) and was 

extracted with ether (4 x 15-20 mL). Ether layers were combined, dried 

and concentrated. The residue is chromatographed on silica gel column 

and eluted with EtOAc/hexane mixtures. 

Syntheses of 5-Hydroxy, 5-(ethenyl)-(1 R,aS)-Bicyclo[6.1.0]nonan-2,6-dione-2-

(2S,3S)-1,4-dimethyl-1,2,3,4-butanetetrol Ketals. (88a and 88b) is 

illustrative. 

5-Hydroxy, 5-(ethenyl)-(1 R,85)-Bicyclo[6.1.0]nonan-2,6-dione-2-

(25,35)-1,4-dimethyl-1,2,3,4-butanetetrol Ketals. (88a and 88b) 

The dry three necked flask was charged with dry THF (3 mL) and was 

cooled to -7aoC under argon. The solution of vinyl magnesium bromide in 

THF was syringed into the flask. The solution of the (87) (0.100 g, 0.35 

mmol) in THF (1 mL) was added to the reaction mixture at -7aoC. 

The reaction mixture was gradually allowed to warm to the room 

temperature. The reaction mixture was then quenched with sat aq NH4CI 
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solution (2 mL) and was extracted with ether (4 x 15 mL). Ether layers 

were combined, dried and concentrated. The residue was chromatographed 

on silica gel column (75 mL) and eluted with 30% EtOAc/hexane. 

Less polar isomer 88a was isolated as yellow oil (0.020 g, 0.06mmol, 

19%); Rf = 0.19 in 40% EtOAc/hex; [0.]230 - 38.88° (c 2.7 CHCI3) 1 H 

NMR (CDCI3) 8 0.29-.036 (1,m), 0.62-0.71 (1,m), 1.10-1.31 (4,m), 1.70-1.92 

(7,m), 3.37 (3,s), 3.41 (3,s), 3.47 (2, d, J = 4.65 Hz), 3.54 (2, d, J = 5.52 

Hz), 3.81-3.86 (2,m), 5.15 (1, d, J = 11.9 Hz), 5.20 (1, d, J = 18.5 Hz), 

5.90-6.03 (1,m); 13C NMR (CDCI3) 8 11.4 (CH), 17.2 (CH2), 23.8 (CH), 

35.5 (CH2), 38.2 (CH2), 41.5 (CH2), 59.3 (CH3), 73.2 (CH2), 73.4 (CH2), 

75.6 (CH), 75.8 (CH), 78.9 (CH), 111.5 (C), 111.9 (CH2), 145.1 (CH). 

More polar isomer 88b was isolated as white flaky solid (0.057 g, 0.19 

mmol, 54%); Rf = 0.16 in 40% EtOAc/hex; [0.]230 - 30.10° (c 0.95 CHCI3) 

1 H NMR (CDCI3) 8 0.29-.036 (1,m), 0.53-0.68 (1,m), 0.70-0.82 (1,m), 1.10-

1.31 (5,m), 1.46-1.90 (6,m), 3.38 (3,s), 3.41 (3,s), 3.46-3.52 (4,m), 3.81-3.86 

(2,m), 5.06 (1, d, J = 11.9 Hz), 5.25 (1, d, J = 18.5 Hz), 5.90-6.03 (1,m); 

13C NMR (CDCI3) 8 12.7 (CH), 15.6 (CH2), 23.7 (CH), 36.0 (CH2), 41.7 

(CH2), 59.3 (CH3), 73.2 (CH2), 73.3 (CH2), 75.3 (CH), 75.6 (CH), 78.7 

(CH), 111.4 (C), 111.9 (CH2), 145.3 (CH). 

IR (Neat) 3033, 2981, 2884, 1264, 1135, 1093, 929, 895 cm-1 
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5-Hydroxy, 5-phenyl-(1 R,85)-Bicyclo[6.1.0]nonan-2,6-dione-2-

(25,35)-1 ,4-dimethyl-1 ,2,3,4-butanetetrol Ketals. (89a and 89b) 

Using the same procedure to prepare 88a and 88b diastereomeric 

alcohols 89a and 89b were prepared from (87) (0.111 g, 0.38 mmol) by 

adding phenyl lithium (0.583 mL, 1,05 mmol, 1.8 M solution in ether). 

These were separated on the silica gel column (200 mL) eluted with 25% 

EtOAc/hex. The products were isolated as yellow oils. 

Less polar isomer 89a (0.023 g, 0.065 mmol, 17%); Rf = 0.11 in 25% 

EtOAc/hex; [a]23o - 35.61
0 

(c 1.05 CHCI3); 1 H NMR CDCI3 8 0.38-047 

(1,m), 0.66-0.79 (1,m), 1.23-1.31 (3,m), 1.37-2.38 (8,m), 3.37 (3,s), 3.41 

(3,s), 3.44-3.59 (4,m), 3.87-3.91 (2,m), 7.21-7.36 (3,m), 7.47-7.51 (2,m); 13C 

NMR CDCI3 8 11.9 (CH), 17.4 (CH2), 24.0 (CH), 36.3 (CH2), 39.7 (CH2), 

41.3 (CH2), 59.4 (CH3), 73.3 (CH2), 73.6 (CH2), 75.7 (CH), 76.5 (CH), 

78.9 (CH), 111.8 (C), 125.6 (CH), 126.9 (CH), 128.0 (CH), 148.0 (C). 

More polar isomer 8gb (0.095 g, 0.26 mmol, 69%); Rf = 0.07 in 25% 

EtOAc/hex; [a]23o - 29.5
0 

(c 4.00 CHCI3) 1 H NMR CDCI3 8 0.23-.0.38 

(1,m), 0.45-0.61 (1,m), 1.21-1.33 (3,m), 1.53-2.41 (8,m), 3.30 (3,s), 3.31 

(3,s), 3.40-3.48 (4,m), 3.76-3.86 (2,m), 7.15-7.28 (3,m), 7.47-7.50 (2,m); 13C 

NMR CDCI3 8 12.5 (CH), 15.8 (CH2), 23.6 (CH), 37.7 (CH2), 37.9 (CH2), 

41.7 (CH2), 59.3 (CH3), 73.1 (CH2), 75.6 (CH2), 76.4 (CH), 78.7 (CH), 

111.4 (C), 125.5 (CH), 126.7 (CH), 127.9 (CH). 

IR (Neat) 3581, 3051, 2984, 2927, 2303, 1696, 1444, 1264, 1090, 965 

cm-1 
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5-Hydroxy, 5-methyl-{1 R,8S)-Bicyclo[6.1.0]nonan-2,6-dione-2-

{2S,3S)-1 ,4-dimethyl-1 ,2,3,4-butanetetrol Ketals. (90a and 90b) 

Using the same procedure to prepare 88a and 88b diastereomeric 

alcohols 90a and 90b were prepared from 87 (0.110 g, 0.38 mmol) and 

methyl lithium (2.85 mL, 1.14 mmol, 0.4 M solution in ether) and were 

separated on the silica gel column (150 mL) eluted with 40% EtOAc/hex. 

(0.060 mmol unreacted starting material and 0.024 mmol mixture of 

diastereomers 90a and 90b were recovered). 

Less polar isomer 90a was isolated as yellow oil (0.016 g, 0.05 mmol, 

17%); Rf = 0.18 in 40% EtOAc/hex; [a]23o - 36.19° (c 1.05 CHCI3) 1H 

NMR CDCI3 0 0.29-.0.31 (1,m), 0.64-0.66 (1,m), 1.19 (3,s), 1.61-2.09 

(11,m), 3.41 (3,s), 3.44 (3,s), 3.50-3.58 (4,m), 3.87-3.91 (2,m); 13C NMR 

CDCI3 0 17.9 (CH2), 23.7 (CH), 29.0 (CH), 37.7 (CH2), 40.1 (CH2), 41.7 

(CH2), 59.3 (CH3), 73.2 (CH2), 73.4 (CH2), 74.0 (CH2), 75.6 (CH), 78.8 

(CH), 111.5 (C). 

More polar isomer 90b was isolated as white flaky solid (0.067 g, 0.22 

mmol, 74%); Rf = 0.18 in 40% EtOAc/hex; [a]23o - 26.59° (c 3.35 CHCI3) 

1H NMR CDCI3 0 0.17-0.29 (1,m), 0.45-0.58 (1,m), 0.61-0.72 (1,m), 0.90-

1.06 (1,m), 1.20 (3,s), 1.41-1.76 (8,m), 1.87-2.13 (1,bs), 3.29 (3,s), 3.32 

(3,s), 3.34-3.46 (4,m), 3.72-3.84 (2,m); 13C NMR CDCI3 0 13.4 (CH), 16.2 

(CH2), 23.8 (CH), 29.2 (CH), 37.8 (CH2), 40.4 (CH2), 41.7 (CH2), 59.3 

(CH3), 73.2 (CH2), 73.3 (CH2), 73.6 (CH2), 75.6 (CH), 78.7 (CH), 111.5 

(C) 
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IR (Neat) 3051, 2927, 2304, 1420, 1264, 1088, 948, 895, 737 cm-1 

5-Hydroxy, 5-butyl-(1 R,85)-Bicyclo[6.1.0]nonan-2,6-dione-2-

(25,35)-1 ,4-dimethyl-1 ,2,3,4-butanetetrol Ketals. (91 a and 91 b) 

Using the same procedure to prepare 88a and 88b diastereomeric 

alcohols 91 a and 91 b were prepared from 87 (0.110 g, 0.38 mmol) and 

butyl lithium (0.95 mL, 1.14 mmol, 1.2 M solution in hexane) and were 

separated on the silica gel column (100 mL) eluted with 1 % isopropanol / 

methylene chloride. (0.055 mmol unreacted starting material was 

recovered) to separate starting material from adducts while 91 a and 91 b 

were separated from each other by chromatographing the mixture on silica 

gel column (200 mL) and eluting with 40% EtOAc/hex. 

Less polar isomer 91a (0.022 g, 0.063 mmol, 23%); Rf = 0.23 in 40% 

EtOAc/hex; [a]23o - 37.53° (c 1.31 CHCI3) 1 H NMR CDCI3 0 0.23-.0.31 

(1,m), 0.59-0.70 (1,m), 0.83-0.95 (2,m), 1.06-1.20 (4,m), 1.35-1.42 (8,m), 

1.52-1.68 (2,m), 1.73-1.81 (4,m), 3.38 (3,s), 3.40 (3,s), 3.47 (2, d, J = 4.46 

Hz), 3.53 (2, d, J = 5.52 Hz), 3.87-3.91 (2,m); 13C NMR CDCI3 0 14.1 

(CH), 17.4 (CH2), 23.2 (CH), 25.1 (CH), 36.5 (CH2), 37.6 (CH2), 41.6 

(CH2), 59.4 (CH3), 73.3 (CH2), 73.4 (CH2), 75.7 (CH2), 78.8 (CH), 111.6 

(C). 

More polar isomer 91 b (0.071 g, 0.20 mmol, 77%); Rt = 0.20 in 40% 

EtOAc/hex; [a]23o - 26.25° (c 3.20 CHCI3) 1 H NMR CDCI3 0 0.21-0.30 

(1,m), 0.50-0.58 (1,m), 1.01-1.11 (4,m), 1.16-1.40 (4,m), 1.43-1.58 (8,m), 
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1.65-1.85 (4,m), 3.31 (3,s), 3.34 (3,s), 3.41-3.50 (4,m), 3.76-3.88 (2,m); 13C 

NMR CDCI3 0 12.9 (CH), 14.0 (CH2), 15.9 (CH2), 23.2 (CH2), 25.1 (CH2), 

34.9 (CH2), 39.2 (CH2), 40.5 (CH2), 41.7 (CH2), 59.3 (CH3), 73.2 (CH2), 

73.3 (CH2), 75.0 (CH), 75.6 (CH), 78.7 (CH), 111.4 (C). 

IR (Neat) 3050, 2970, 1314, 1090, 973, 739, 705 cm-1 

5-Hydroxy, 5-(1-hexynyl)-(1 R,8S)-Bicyclo[6.1.0]nonan-2,6-dione-2-

(25,35)-1 ,4-dimethyl-1 ,2,3,4-butanetetrol Ketals. (92a and 92b) 

Using the same procedure to prepare 88a and 88b diastereomeric 

alcohols 92a and 92b were prepared from 87 (0.110 g, 0.38 mmol), 

LOA (0.63 mL, 0.95 mmol, 1.5 M solution in hexane) and 1-hexyne (0.152 

mL, 0.109 g, 1.33 mmol) and were separated on the silica gel column 

(200 mL) and eluting with 25% EtOAc/hex. The products were isolated as 

yellow oils 

Less polar isomer 92a (0.021 g, 0.057 mmol, 14%); Rf = 0.35 in 40% 

EtOAc/hex; [a]23o - 21.67° (c 2.75 CHCI3) 1 H NMR CDCI3 0 0.22-0.31 

(1,m), 0.52-0.68 (1,m), 1.02-1.13 (4,m), 1.29-1.49 (6,m), 1.71-1.79 (4,m), 

1.83-2.06 (3,m), 2.12-2.21 (3,m), 3.34 (3,s), 3.35 (3,s), 3.43-3.49 (4,m), 

3.80-3.84 (2,m); 13C NMR CDCI3 0 10.9 (CH), 13.4 (CH), 17.6 (CH2), 

21.6 (CH2), 23.7 (CH3), 30.6 (CH2), 38.4 (CH2), 39.4 (CH2), 41.1 (CH2), 

59.3 (CH3), 71.3 (CH2), 73.2 (CH2), 73.3 (CH2), 75.6 (CH), 78.9 (CH), 

82.9 (C), 85.0 (C), 111.4 (C). 
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More polar isomer 92b (0.104 g, 0.28 mmol, 70%); Rf = 0.32 in 40% 

EtOAc/hex; [a]23D - 17.75° (c 9.6 CHCI3) 1 H NMR CDCI3 8 0.25-.0.32 

(1,m), 0.53-0.59 (1,m), 0.81 (2,t), 1.04-1.45 (3,m), 1.28-1.48 (6,m), 1.65-1.79 

(3,m), 1.96-2.01 (3,m), 2.07-2.13 (3,m), 3.28 (3,s), 3.31 (3,s), 3.37-3.45 

(4,m), 3.76-3.79 (2,m); 13C NMR CDCI3 8 13.2 (CH), 13.4 (CH), 15.7 

(CH2), 18.1 (CH2), 21.7 (CH2), 23.3 (CH3), 30.6 (CH2), 37.4 (CH2), 40.7 

(CH2), 41.3 (CH2), 59.2 (CH3), 71.0 (CH2), 73.1 (CH2), 75.5 (CH), 78.7 

(CH), 83.1 (C), 84.9 (C), 111.4 (C).I 

R (Neat) 3448, 3051, 2927, 1630, 1453, 1376, 1293, 1264, 1089, 974, 

852, 738 cm-1 

5-Hydroxy (1 R,8S)-Bicyclo[6.1.0]nonan-2,6-dione-2-(2S,3S)-1 ,4-

dimethyl-1,2,3,4-butanetetrol Ketals. (86a and 86b) 

Lithium aluminum hydride (0.043 g, 1.14 mmol) was suspended in 3 mL 

dry ether and the reaction mixture was cooled to O°C and 87 (0.110 g, 

0.38 mmol) in dry ether (1.5 mL) was added dropwise. Reaction mixture 

was stirred for 20 minutes and LAH was quenched by adding 43 J..lL 

water, 43 J..lL 4N NaOH, 129 J..lL water and the stirring was continued for 

3 h. The white precipitate was filtered off and the ether was distilled of at 

atmospheric pressure due to· volatile nature of the product. The 

diastereomeric ketals 86a and 86b were not separable by 

chromatography. 
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