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The stereospecific reagent-controlled homologation (StReCH) of boronic esters with putative
lithiooxiranes generated in situ from appropriate precursors via sulfoxide-lithium exchange, tinlithium exchange, and direct lithiation is described with an emphasis on the first lithiation
technique which allows for the regio- and stereo-specific generation of all types of lithiooxirane
isomer. Transient lithiooxiranes[LiCR2(O)CR3R3'] react at low temperature (≤ –30 °C) with
boronic esters [R0B(OR')2] to give intermediate ate-complexes that experience 1,2-metallate
rearrangement upon warming to room temperature to give chain extended -alkoxy boronates
[R3R3'C(OLi)R0R2CB(OR')2]. Providing the lithiooxirane maintains configurational stability on
the time-scale of its interception by the boronic ester, such reactions are anticipated to give antilike boronate products from cis-lithiooxiranes and syn-like boronate products from translithiooxiranes.
Three methods were evaluated to prepare stereodefined scalemic sulfinylepoxides [pTolS(O)CR2(O)CR3R3'] from enantioenriched sulfoxide containing precursors: (i) a Darzens-type
condensation of -chlorosulfoxides [p-TolS(O)CHR2Cl, R2 = H or Me] with aldehydes or

ketones, (ii) basic hydrogen peroxide mediated nucleophilic epoxidation of (E)- and (Z)vinylsulfoxides [p-TolS(O)CR2=CR3R3'] formed via Horner-Wadsworth-Emmons olefination,
and (iii) multi-step epoxide formation from the same vinylsulfoxides via vicinal halohydrin
formation followed by cyclization. Method (i) led to the production of separable mixtures of cisand trans-sulfinylepoxides in good overall yield (67-87%, cis:trans ~ 6:1): for non-enolizable
carbonyl compounds, epoxide formation mediated by t-BuOK base occurred spontaneously in a
single-pot mode; however, a two-step protocol involving LDA mediated chlorohydrin formation
followed by t-BuOK mediated cyclization was required to access sulfinylepoxides from
enolizable carbonyl compounds. Partial racemization of the -chlorosulfoxide starting material
accompanied epoxide formation via each variant of method (i) (chlorosulfoxide %ee ≥ 95% vs.
sulfinylepoxide %ee ~ 85%). Methods (ii) and (iii) were less expedient but resulted in the
formation of pure cis-epoxides from cis-vinylsulfoxides and pure trans-epoxides from transvinylsulfoxides. Little, if any, racemization accompanied methods (i) and (ii). 3-Substituted
sulfinylepoxides were easily obtained from all three methods; however, the formation of
unsubstituted and 2-substituted sulfinylepoxides, 2,3-disubstituted, and 2,3,3-trisubstituted
sulfinylepoxides could only be successfully achieved via method (i).
Lithiooxiranes [LiCR2(O)CR3R3', R2 = H or Me; R3/R3'= H/Me, H/n-Pr, H/Ph, H/t-Bu, or Me/Ph]
generated by sulfoxide-lithium exchange from the stereodefined sulfinylepoxides (using PhLi or
t-BuLi, THF, ≤ –90 °C) were employed for StReCH of boronic esters R0-Bpin (R0 = BnCH2,
allyl, c-C6H11, Ph). Addition of TBSOTf to the intermediate ate-complexes gave silyloxyboronates which could be converted to vicinal diol monosilylethers upon oxidative workup with aq. NaOOH. The 2°/2° (4-32%, dr > 98:2), 2°/3° (21-66%, dr ≥ 65:35), and 3°/3° (5968%, dr ≥ 95:5) vicinal stereodiad containing compounds created in this manner were typically

obtained in a highly stereocontrolled manner. In general, and as expected, cis-sulfinylepoxides
afforded anti-like stereodiads while trans-sulfinylepoxides gave instead syn-like stereodiads. A
deuterium labeling study revealed that sulfinylepoxides with -H-atoms give StReCH products
in low yield (≤32%) because of proton exchange between the transient basic lithiooxirane and its
acidic sulfoxide precursor. Due to its apparent configurational instability, LiCMe(O)CHPh
afforded anti-like 2°/3° motifs regardless of the cis- or trans-stereochemistry of its
sulfinylepoxide precursor. Significant quantities (15-25% yield) of stereochemically pure (E)- or
(Z)-tetrasubstituted alkene by-products accompanied the formation of -hydroxyboronate
products from 2,3,3-trisubstituted sulfinylepoxides. The stereochemistry of products was
established by NMR spectroscopic (including nOe studies of acetonides derived from vicinal
diols) and single-crystal X-ray diffraction methods.
Tin-lithium exchange from 2-(tributylstannyl)oxirane was explored as a means to generate the
parent lithiooxirane for StReCH of boronic esters. (±)-2-(Tributylstannyl)oxirane was prepared
by addition of vinylmagnesium bromide to n-Bu3SnCl following by m-CPBA mediated
epoxidation of the resulting vinyl stannane. Jacobsen's hydrolytic kinetic resolution (HKR)
procedure failed to resolve this epoxide and subsequent StReCH studies were conducted with its
racemate. Treatment of mixtures of a boronic ester R0-Bpin (R0 = BnCH2, allyl) and nBu3SnCH(O)CH2 with n-BuLi (THF, –90 °C) followed by the addition of TBSOTf and TMEDA,
resulted in the formation of the expected chain extended products [TBSOCH2CHR0Bpin] in
excellent yield (≥81%).This process was applied to an enantiodivergent synthesis of the carbon
skeletons of the pyrrolizidine alkaloids (–)-hastanecine and (+)-dihydroxyheliotridane. Thus, Ballyl pinacol boronate was chain extended with (±)-lithiooxirane using the above method and the
resulting racemic -siloxyboronate further homologated with the enantiopure trans-lithiooxirane

generated by deprotonation of (S)-2-[(tert-butyldimethylsilyloxy)ethyl]oxirane with LiTMP
(THF, –30 °C). Oxidative work-up afforded a pair of enantiopure epimeric carbinols (in an
overall unoptimized yield of 13%) containing all carbon-atoms of the target alkaloids.
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Chapter 1

Introduction
The thesis concerns two themes: stereospecific reagent-controlled homologation (StReCH) and
the chemistry of lithiated oxiranes. Accordingly, detailed review of StReCH covering a wide
variety of carbenoid reagents is presented below. In addition, the generation and reactivity of
lithiated oxiranes is also discussed within this introductory Chapter.

1.1- Stereospecific Reagent-Controlled Homologation (StReCH)
A new concept for asymmetric synthesis based on the stereospecific reagent-controlled
homologation (StReCH) of boronic esters 1 with enantioenriched chiral carbenoids 2 was
disclosed in 2006 by Blakemore and co-workers (Scheme 1).1,2,3 Herein, an enantioenriched
chiral carbenoid 2 is inserted into an organoboron 1 via an intermediate ate-complex 3 which
undergoes 1,2-metalate rearrangement to yield the homologated product 4. Iterative application
of StReCH allows for a programmed synthesis with total control of stereochemistry and
constitution. This unified approach to asymmetric synthesis concerns the assembly of molecules
from enantioenriched precursors and does not involve the creation of any new stereogenic
centers. Of course, the stereochemistry of stereodefined reagents is transferred into the product
via stereospecific reactions. StReCH overcomes the problem of substrate/reagent
matching/mismatching that is inherent to stereoinduction based techniques and it thus allows one
to access any diastereoisomer with equal efficiency. 4
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Scheme 1. Stereospecific reagent control homologation
There are three basic requirements that must be satisfied for successful implementation of the
StReCH concept:
(1) the carbenoid reagent 2 must be chemically and configurationally stable on the time scale of
formation of ate-complex 3,
(2) ate-complex formation (1+2→3) and ate-complex breakdown (3→4) must proceed via
completely stereospecific SE2 and 1,2-metalate rearrangement processes respectively,
(3) any excess of carbenoid reagents 2 must be completely consumed (or self-immolated)
before 1,2-metalate rearrangement occurs in order to prevent oligomerization as a result of
multiple insertions of carbenoid 2.
Previously, StReCH of boronic esters was successfully demonstrated with non-functionalized
alkyl substituted carbenoids, including simple α-chloroalkyllithiums/ magnesiums1,2 and Hoppetype α-lithiated O-alkylcarbamates5 and used to prepare molecules with backbones
polysubstituted by alkyl groups. Some examples of these efforts are now illustrated to place this
thesis work in context.

3

1.1.1- StReCH with α-chloroalkyllithiums
The one-pot reaction sequence below that targets a precursor of 1,2-[2H]epibatidine is illustrative
of StReCH using Blakemore chlorosulfoxide based approach (Scheme 2).3,6 This process
involves the formation of the putative α-chloroalkyllithium carbenoid reagent 8, generated in situ
from α-chlorosulfoxides 7 via sulfoxide-lithium exchange. The enantioenriched putative Licarbenoid 8 homologated boronic ester 6 under Barbier-type conditions to give StReCH adduct 9
that was subjected to another homologation cycle to give carbinol 8 after oxidative workup.
Carbinol 8 was converted into a known precursor of epibatidine in five additional steps.3

Scheme 2. StReCH using an α-chloroalkyllithium as carbenoid
Extending the scope of StReCH with α-chloroalkyllithium carbenoids, Blakemore and Sun
demonstrated the ability to install multiple stereocenters in arbitrary contiguous stereotriads
targeting all possible stereoisomers (12-15) in a one-pot process.7 One-pot triple StReCH was
conducted in which the installation of stereogenic centers was programmed at each stage of

4

iteration by selection of appropriate carbenoid enantimorphs. Thus, β-phenylethyl boronic 10
was homologated three times in one-pot protocol with enantioenriched α-chloroalkyllithium
carbenoids generated in situ via sulfoxide-lithium exchange with PhLi (Scheme 3).

Scheme 3: Programmed synthesis of stereotrids motif using iterative StReCH

1.1.2- StReCH with lithiated carbamates
Another class of enantioenriched lithium carbenoids used in StReCH is lithiated carbamates.8
Aggarwal et al.9 reported the utility of enantioenriched lithiated carbamates generated according
to Hoppe’s protocol10 in StReCH. The lithiated carbamates prepared with s-BuLi in the presence
of (−)-sparteine or O’Briens (+)-sparteine surrogate proved to be configurationally stable and
able to react with both boronic esters and boranes (18) to afford the expected carbinols (21) after
oxidative workup with high enantioselectivity and yield (Scheme 4).

5

Scheme 4: StReCH with lithiated carbamates using s-BuLi/(–)-Sparteine

In a demonstration of this methodology in the context of programmed synthesis, Aggarwal and
co-workers reported iterative homologation to synthesize all four stereoisomers of a simple
stereodiad containing alcohol (27-30). Enantioselective lithiation of carbamate 22 with s-BuLi/(–
)-sparteine generated lithium carbenoid 23 which reacted directly with ethyl pinacol boronate 24
leading to homologated boronate 25 via ate-complex formation and 1,2-metalate rearrangement.
A second iteration with lithium carbenoid 26 followed by oxidative workup led to 2° alcohol 27
in high enantioselectivty (>98:2) and with very good diastereoselectivity (96:4). The other three
stereoisomers, 28 and 29/30, were similarly targeted using either (–)-sparteine (31) or O’Briens’
(+)-sparteine surrogate (32) resulting in high diastereo- and enantioselectivities.5
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Scheme 5: Aggarwal’s demonstration of the lithiated carbamate
Extension of this methodology to prepare highly enantiomerically enriched tertiary alcohol was
demonstrated by using lithiated carbamates derived from enantioenriched secondary benzylic
alcohols.11 The chiral carbamate 33 was deprotonated with s-BuLi in Et2O followed by addition
of boronic ester 1 or borane 38 to give after oxidative workup the tertiary alcohol in good yield
and high enantiomeric ratio. The most intriguing aspect of this reaction is the stereochemical
outcome in which either enantiomer of the tertiary alcohol can be obtained in high
enantionselectivity depending on whether a boronic ester or a borane is used as starting material.
The SE2reaction occurs with complete retention of stereochemistry when employing the boronic
ester, and complete inversion of stereochemistry when employing the borane (Scheme 6).

7

Scheme 6: Enantiodivergent conversion of chiral secondary alcohols into tertiary alcohols

Aggarwal’s model to account for these stereochemical outcomes are illustrated in Scheme 7. In
the case of the boronic esters, the oxygen of the ester complexes with the lithium of the
metallated carbamate and is delivered on the same face as the metal (T.S I). However, the
absence of such complexation with boranes, the reaction occurs on the face opposite to the metal
(T.S II). 11

Scheme 7: Rationalization of inversion vs retention
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1.1.3- StReCH with lithiated oxiranes
The work of Aggarwal et al. demonstrated that lithiated epoxides generated by direct
deprotonation of terminal epoxide s react with boronic esters in the expected manner to yield
stereodefined vicinol diols after oxidative workup (Scheme 8).12 By applying Hodgson’s
protocol for the lithiation of terminal epoxides,13 it was shown that generation of trans
lithiooxirane 42 with lithium 2,2,6,6-tetramethylpiperdine (LiTMP) in the presence of boronic
esters 1 led to the expected ate-complex 43 which rearranged to β-silyoxyboronates 44 upon
treatment with TESOTf. TESOTf served two purposes; to protect the emerging primary alcohol
and to suppress boron-Witting elimination.14 The resulting β-silyoxyboronates 44 was isolated in
good yield and high diastereoselectivity and provided a common intermediate which was then
converted into 1,3-diol 45 by methylene insertion/oxidation sequence or subjected to additional
StReCH cycles with 42 leading to contiguous stereotetrad containing 1,2,4-triols 47. It is
important to emphasize that the lithiation method used here is limited to the production of alkyl
1,2-disubstituted trans lithiooxiranes from terminal epoxides (vide infra).12

Scheme 8. StReCH using trans lithiated oxiranes Aggarwal’s protocol
9

It is noteworthy that lithiated styrene oxide15 lost its stereochemical integrity under the same
reaction conditions. Deprotonation of styrene oxide occurs on the carbon adjacent to the phenyl
group and it reacts with boronic esters in the same manner. It was found that changing the
solvent from THF to Et2O, lowering the temperature up to −115 ºC, and using more reactive and
less hindered neopentyl boronic esters suppressed the racemization. In this manner, 1,3-diols 51
were obtained after the oxidative workup in high yield and enantiomeric ratio (Scheme 9).12 The
formation of lithiated styrene oxide had been previously investigated extensively by Florio and
co-workers, lithiation and trapping with a wide range of electrophiles to give more substituted
arylepoxides demonstrated its configurational stability.15,16 However, Aggarwal’s work provided
the first example that showed the configurational stability of lithiated styrene oxide is dependent
on the solvent, temperature, and the nature of the electrophile.

Scheme 9. StReCH using lithiated styrene oxide

1.1.4- StReCH with lithiated aziridines
Lithiated aziridines 54 were also implemented by Aggarwal and co-workders in StReCH to
access β-amino alcohols. Terminal N-Boc aziridine 53 was lithiated in stereoselective fashion
with LiTMP in the presence of phenyl boronic ester (52) to afford syn-β-amino alcohols 56 after
oxidative workup in high yield and enantioselectivity (Scheme 10).17
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Scheme 10. StReCH using lithiated lithiated azirdines
As a potential extension of this methodology, phenylaziridines 57 were explored. It is
noteworthy that the use of hindered LiTMP base with aryl and vinyl boronic esters led to βamino alcohols 58 with complete diastereoselectivity. However, alkyl boronic esters gave
regiomeric mixtures of β-amino alcohol and 1,2-amino alcohols 59 bearing quaternary
stereogenic centers with complete control of stereoselectivity. This result can be attributed to the
competing steric factor of hindered LiTMP favoring deprotonation at the less hindered terminal
position over the more acidic benzylic position. However, switching from hindered LiTMP to nBuLi/TMEDA led to complete regioselective deprotonation at the benzylic position followed by
addition of alkyl boronic ester to afford the amino alcohol 61 in high yield and
enantionselectivity (Scheme 11).17

Scheme 11. StReCH using lithiated phenylazirdines
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1.2- Structure and reactivity of lithiated oxiranes
Epoxides are recognized as versatile synthetic intermediates and exist in some interesting natural
products.18 The enhanced reactivity of epoxides is attributed to a high degree of ring strain and
the chemistry of these compounds is dominated by ring cleavage of the strained three-membered
heterocycle by nucleophiles to give functionalized alcohols 62.19 A second common reactivity
type involves conversion of the epoxide to an allylic alcohol via β-elimination mediated by base
(63 to 64).20 A much rarer, though quite fascinating, reaction pathway for epoxides involves their
conversion to α-metallated species (e.g. 65) via deprotonation (Scheme 12). Deprotonation of αproton occurs to afford lithiated oxiranes (LO) (65) as a result of the electron withdrawing
effects of oxygen and acidifying effect of three-membered rings.21 These metallates are
carbenoids and exhibit both nucleophilic and electrophilic behavior.22 Their use in StReCH is
exemplary and was highlighted above (Section 1.1.3).

Scheme 12: Reaction pathway of epoxides
In the 1950’s, Cope postulated for the first time the existence of an oxiranyllithium as an
intermediate in the deprotonation of cyclooctatetraene oxide with lithium diethylamide.23 Since
then several synthetic methods have been developed based on the use of oxiranyllithiums as key
intermediates to target highly substituted epoxides. This topic was comprehensively reviewed by
12

Satoh in 1996 for the first time.24 Due to the vast advance of lithiated oxirane chemistry over the
last two decades, numerous reviews and books have been published addressing the reactivity and
structural features of oxiranyllithiums.25,26
Despite the widespread development and the synthetic utility of oxiranyllithiums, it was
debatable whether alkoxy carbenes formed first prior to interception by organolithium or if the
oxiranyllithium is directly attacked by RLi in reductive alkylation reactions (Scheme 13).
Recently, structural and spectroscopic investigations27 with computational calculations28, 29, 30 on
such ambiphilic reactive intermediates, have shown that the formation of a carbene 67 from the
carbenoid 65 is a disfavored process. A lithiated epoxide was recently directly observed and
characterized by NMR spectroscopy and X-ray diffraction.31

Scheme 13: Carbanionic and carbenoid reactivity of oxiranyllithiums
Oxiranyllithiums are classified into two types: stabilized and non-stabilized. Stabilized
oxiranyllithiums have electron-withdrawing (R = aryl, vinyl, alkynyl, cyano, sulfonyl, amido,
heterocyclic, trifluoromethyl, ester, phoshinyl, halogen) or R = trialkyl(triaryl)silyl group, able to
increase the life time of the generated carbenoids intermediate (Figure 1).32 However,
oxiranyllithiums 69 with R1= H, alkyl are non-stabilized.33,34 The method of generation and the
13

illustrative reactivity of non-stabilized oxiranyllithium will be presented mainly in this context
because the work documented in this thesis concerns the generation and utility of non-stabilized
oxiranyllithiums in StReCH.

Figure 1: Non-stablized oxiranyllithium

1.3- Generation of α-lithiated oxiranes
Lithiated oxiranes 69 can be generated under different reaction conditions including tin-lithium
exchange from epoxy stannanes,35 deprotonation of terminal epoxides,36 desulfinylation of
sulfinylepoxides,37and intramolecular cyclization (Scheme 14).38

Scheme 14: Generation of α-lithiated oxiranes

1.3.1- Tin-lithium exchange of epoxy stannane
Eisch39 and Molander40 independently attempted to generate non-stabilized oxiranyllithiums
from epoxy stannanes in the late 1980’s, but the generated oxiranyl anions were too unstable to
react with electrophiles. A few years later, Pfaltz and coworker reported the first example of non14

stabilized oxiranyllithiums generated via tin-lithium exchange from tributylstannyl epoxide
(73).35 Tin-lithium exchange is accomplished rapidly (5 min) by treatment with n-Buli at −90 ºC
in the presence of 2 equivalents of TMEDA to provide the lithiated oxirane (e.g, 74).
Interception of lithiated oxirane 74 with carbonyl compounds gave trans-epoxy alcohols 75 in
good yields. The reaction gave lower yield in the absence of TMEDA due to a dimerization
pathyway. A control experiment was conducted by carrying out the reaction in the absence of
TMEDA and stirring it for a longer time before quenching with acetic anhydride; the
dimizeration products 76/77 were obtained in 75% yield favouring the (E)- isomer (E/Z = 4:1)
(Scheme 15).35

Scheme 15: Generation of lithiated oxirane via tin-lithium exchange

1.3.2- Deprotonation of terminal epoxides
Direct metalation with strong base is the more common method to generate lithiated oxiranes.
Using this generation method, Hodgson and co-workers have established the nucleophilic
competence of non-stabilized lithiated epoxides. Thus, epoxysilane 79 was generated in high
yield via a Barbier-type protocol wherein LiTMP was added to a mixture of terminal epoxide 78
and TMSCl (at 0°C).13 Alternatively, greater flexibility is made possible by pre-formation of the
metalated epoxide 80 with a s-BuLi•diamine complex followed by electrophilic quench (Scheme

15

16).41,42 The application of this kind of generation mode was seen above in Aggarwal’s lithiated
oxirane StReCH chemistry (see section 1.1.3).

Scheme 16: Generation of oxiranyllithium by direct deprotonation

1.3.3- Sulfoxide-lithium exchange of sulfinylepoxide
Satoh et al. reported the formation of oxiranyllithiums from the corresponding sulfinylepoxide
82 via sulfoxide-lithium exchange with alkyllithiums.37 Treatment of sulfinylepoxide with
t-BuLi in THF at −100ºC for 30 sec generated the putative oxiranyllithium 83 which was
intercepted with various electrophiles to afford tetrasubstituted epoxides 85 in good yields
(Scheme 17).43

Scheme 17: Generation of Oxiranyllithium via SLE

Sulfoxide-Lithium exchange of sulfinylepoxide can also be achieved with simple n-alkyllithiums
(MeLi, n-BuLi);44 however, in this case the resulting oxiranyllithium is rapidly quenched by αacidic proton of the n-alkyl tolyl sulfoxide by-product 88 affording the desulfinylation product.
This method was used by Satoh in the total synthesis of (+)-displarlure 89 (Scheme 18).45
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Scheme 18: Satoh’s protocol (+)-displarlure 89

1.3.4- Intramolecular cyclization
Intramolecular cyclization of β-oxido lithium carbenoids has been developed by Shimizu38 and
co-workers to generate CF3-substituted oxiranyllithiums. Herein, dichlorohydrins of CF3substituted ketones 90 were treated with three equivalent of an organolithium in THF at −78 ºC
to afford oxiranyllithiums 92 which were intercepted with different electrophiles. Of note, the
cyclization occurs with high stereoselectivity in which the CF3-group and the Li-atom share a cis
relationship.

Scheme 19: Generation of oxiranyllithium intramolecular cyclization

1.4-Reactions of oxiranyllithiums
Oxiranyllithiums are three-membered heterocycles carrying a peculiar polarized Li-C bond
which gives them carbenoid character.2246 They exhibit ambiphillic behavior such that both
nucleophilic and electrophilic reactivity modes are observed. Lithiated epoxides undergo various
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transformations as shown in Scheme 20. They can react as classical nucleophiles and are
captured with various electrophiles to target more substituted epoxides 95 (electrophilic
trapping).47 ,43 All other reactions of lithiated epoxides are ascribed to their carbenoidic character
which is a result of weakening of the bond between the carbon bearing formal negative charge
and the oxygen atom due to great polarization of the C-O bond.22a Thus, lithiated oxiranes (94)
are highly electrophilic in that they react with strong nucleophiles to give olefins 97 after
elimination of Li2O in a process called reductive alkylation.48 The carbenoidic character of
oxiranyllithium is exemplified by its ability to undergo eliminative dimerization49 and
isomerization (1,2-hydride shift, C-H50 or C=C insertion,51 β-C-H insertion)52

Scheme 20: Different reactivities of oxiranyllithium
This section will cover most of the work that has been developed in the last 20 years. Most of
these reactions have been developed as versatile synthetic methods although in the past they
were more often viewed as non-productive side-reactions.
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1.4.1- Reductive alkylation
Reductive alkylation of terminal epoxide 78 to generate more substituted olefins has been
developed by Hodgson.48 A mixture of LiTMP and PhLi was used to synthesize the desired
alkene in excellent yield and (E)-selectivity. The deprotonation of the epoxide with LiTMP is
faster than direct ring opening by PhLi, thus, the trans-lithiated epoxide undergoes reaction with
PhLi preferentially over LiTMP affording the dilithium intermediate 105 which furnishes (E)alkene 106 upon loss of lithium oxide (Scheme 21).48

Scheme 21: Reductive alkylation of terminal epoxide

1.4.2- Eliminative dimerization
The ability of lithiated epoxides to undergo eliminative dimerization to 2-ene-1,4-diols
exemplifies their carbenoid character. For example, Hodgson reported the dimerization of
enantiopure (R)-tert-butyloxirane (107) to give (S,S)-enediol 108 as a single enantiomer in 86 %
yield. The terminal epoxide reacted successfully with LiTMP by increasing the concentration of
the reaction mixture and by using less coordinating solvent mixtures (Scheme 22).49
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Scheme 22: Eliminative dimerization of terminal epoxide

1.4.3- Intramolecular cyclopropanation
The formation of cyclopropane-containing products via intramolecular cyclopropanation was
first reported by Crandel as a side reaction in the reaction of 109 with t-BuLi.53 A version of this
process was developed by Hodgson, the reaction of hindered base LiTMP with 1,2-epoxy-5hexane 109 gave the alcohol in 79% yield (Scheme 23).54 The reaction between the generated
oxiranyllithium and the tethered alkene proceeded in a completely diastereoselective manner via
chair-like transition state 110. The utility of the methodology was demonstrated in the
asymmetric total synthesis of (−)-cubebol 114.55

Scheme 23: Intramolecular cyclopropanation of lithiated oxiranes

1.4.4- Transannular C-H insertion
Cope et al.23 discovered that treatment of epoxides of medium sized cycloalkenes with strong
bases leads to the formation of new carbon skeletons. 40 years later Hodgson reported
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enantioselective variants of this transannular C-H insertion process by desymmetrization of
meso-epoxides. 56 The enantiodetermining step involves discrimination between the enantiotopic
protons of a meso-epoxide by a homochiral base, typically an organolithium in combination with
a chiral diamine ligand, to generate a chiral nonracemic lithiated epoxide. For example, treatment
of cis-cyclooctene oxide (115) with i-PrLi/ (−)-sparteine afford alcohol 117 with 78% and 83%
ee.57,58

Scheme 24: Desymmetrisation of meso epoxides

1.5- Aims of the study
To unlock the full synthetic potential of oxiranyllithiums for StReCH, a more versatile method
for their generation capable of producing any stereo- and regio-isomer is required. Significantly,
Satoh and coworkers reported that treatment of sulfinylepoxides 118 with organolithiums at low
temperature produces transient lithiated epoxides 119 (Equation 1) that can be intercepted in
good yield with a range of simple electrophiles.43,44 Given that related sulfoxide-metal exchange
phenomena59 have been successfully employed to trigger other types of StReCH reactions,1,3,60
we elected to investigate the chain extension of boronates using carbenoids derived from Satoh's
method because of its potential to generate any type of oxiranyllithium (Scheme 25).
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Scheme 25. StReCH using lithiated oxiranes generated by sulfoxide-lithium exchange
The work of Aggarwal et al. (Section 1.1.3) establishes the promise of lithiated epoxide for
StReCH based synthesis but the deprotonation methods that were employed to access these
carbenoids are restricted to the production of trans-2-alkyl-3-lithiooxiranes (42) from terminal
alkyl epoxides and to 2-lithio-2-aryloxiranes (e.g., 49) from styrene oxides.12
The aim of this research project is to investigate the use of lithiated oxiranes (oxiranyllithium) as
carbenoid reagents in StReCH. All stereo- and regioisomers of lithiated oxiranes will be targeted
via sulfoxide lithium exchange. This will extend the StReCH synthetic method for the
introduction of stereogenic centers bearing heteroatoms (Scheme 25). A long the way the
configurational stability of all types of substituted oxiranes (mono, di, tri-substituted) will be
studied.
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Chapter 2

Synthesis of Stereodefined Sulfinylepoxides
This chapter focuses on the synthesis of sulfinylepoxides that are required as precursors to the
oxiranyllithiums of interest for StReCH. All substitution patterns of sulfinylepoxides
(nonsubstituted, monosubstituted, disubstituted, and trisubstituted) were targeted. Figure 2 shows
the structure and numbering scheme used herein as illustrated for the parent (non-substituted)
sulfinylepoxide. Monosubstituted forms of this compound at positions 2 and 3 were synthesized
and studied. 2,3-disubstitued derivatives and 2,3,3-trisubstituted forms of the same structure
were also investigated.

Figure 2: The parent (non-substituted) sulfinylepoxide 122 and numbering system used herein.

2.1-Synthesis of 3-substituted sulfinylepoxides
The study commenced with the syntheses of 3-substituted sulfinylepoxides 123 which were
required as carbenoid precursors. Extensive study of all existing methods for the synthesis of
sulfinylepoxide was conducted to evaluate selectivity and optimal yield in the hope of finding a
unified method to access all stereoisomers. Two intermediates were used as precursors to
synthesize the targets; vinylsulfoxides 124 and α-chlorosulfoxide 126 (Scheme 26).
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Scheme 26: Retrosynthetic plan to access 3-substituted sulfinylepoxides

2.1.1- Synthesis of 3-substituted sulfinylepoxide from vinylsulfoxides
Syntheses of 3-substituted sulfinylepoxides were developed from the Andersen menthyl sulfinate
(127) 61 progressing via vinylsulfoxides 124 and then the continuing either via bromohydrin
formation/cyclization or alternatively via nucleophilic epoxidation. Αn α-phosphoryl sulfoxide
129 was obtained by reaction of methylphosphonate 128 with sulfinate 127.62,63 Deprotonation of
129 with n-BuLi followed by the addition of an aldehyde provided the α,β-unsaturated sulfoxides
in a good yield and low stereoselectivity (Scheme 27). The reaction could be conducted in a onepot reaction following the Craig protocol.64 The low E/Z stereoselectivity was advantageous
because both isomers were required. Separation of the two diastereoisomers provided the
precursors for the synthesis of cis and trans 3-substituted sulfinylepoxide via bromohydrins. The
two E/Z diastereomers were detected by their distinct coupling costant values (3J). The (E)isomer showed a coupling constant 3J = 15 Hz, while the (Z)-isomer showed 3J = 10 Hz.
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Scheme 27: Synthesis of vinylsulfoxide
Conversion of the vinylsulfoxides to sulfinylepoxides was first evaluated via bromohydrin
formation. 65 Trans and cis-sulfinylepoxides 135t and 135c were synthesized by base-induced
cyclization of the corresponding bromohydrins 134t and 134c obtained from (E)-124 and (Z)-124
vinylsulfoxides. For example, the vinylsulfoxide (E)-124 (R = Ph) was treated with aqueous Nbromosuccinimide to produce a mixture of bromohydrins 134 (R = Ph) with good selectivity
anti:syn = 10:1. After separation, the major diastereoisomer was transformed into the
corresponding sulfinylepoxide 136t with high enantioselectivity 98 % ee (R = Ph) (Scheme 28).
Reaction of (E)-124 vinylsulfoxide with aqueous NBS and subsequent base-induced cyclization
of the major bromohydrin produced oxiranes 135t in moderate yield; however, (Z)-124
vinylsulfoxides led to low conversions. Erythro type sulfinylepoxide isomers were obtained from
both trans and cis-vinylsulfoxides.65 The cis and trans isomers of all sulfinylepoxides were
differentiated based on their coupling constants (3J = 3.4-4.7 Hz for trans isomer and 3 J = 1.801.90 Hz for cis isomer).
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Scheme 28: Synthesis of sulfinylepoxide via bromohydrins
Koizumi66 reported that the conformation of vinylsulfoxides is affected by the substituents at αand β-positon. The study suggested the conformational preference of (E) and (Z)vinylsulfoxides; (E)-vinylsulfoxide favours s-cis (S−O and C=C syn coplanar) and (Z)vinylsulfoxides s-trans (S−O and C=C are anti coplanar). These conformations were used to
explained the stereoselectivity of nucleophilic addition to vinylsulfoxides (Figure 3).67

Figure 3: Ground state conformation of (E)- and (Z)-vinylsulfoxide

As indicated by Tsuchihashi and co-workers,65 the proposed reaction mechanism involves the
formation of bromonium ion 140. The stereochemical outcome can be rationalized as follows.
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The electrophilic addition of ‘Br+’ to the vinyl group occurs at the more accessible face, anti to
the p-tolyl group (α-delivery). Regioselective nucleophilic attack of the hydroxyl group occurs at
the β-carbon which is less sterically hindered (Scheme 29).68

Scheme 29: Proposed reaction mechanism for generation of sulfinylepoxides via bromohydrins
An alternative method to produce sulfinylepoxides from vinylsulfoxides via nucleophilic
epoxidation was next pursued. Both vinylsulfoxides (E)-124 and (Z)-124 were subjected to
nucleophilic epoxidation conditions using tert-butyl hydroperoxide anions with different
countercations (Scheme 34).69 Epoxidation involves nucleophilic addition of the peroxide anion
to the vinylsulfoxide followed by epoxide ring closure. Typically, the reaction was found to be
fast with (E)-vinylsulfoxide and occurred in less than one hour. The moderate isolated yields are
a consequence of overoxidation to the corresponding sulfone by-product.69a
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Scheme 30: Nucleophilic epoxidation of (Z)-and (E)-vinylsulfoxide
This reaction typically affords threo type sulfinylepoxide isomers from both (E)- and (Z)vinylsulfoxides as has been reported by la Pradilla and reconfirmed by our own X-Ray
diffraction analysis of compound 146c (Figure 4).69a The stereochemical outcome of threo type
sulfinylepoxide isomer from the (Z)-vinylsulfoxide is explained by initial nucleophilic addition
of the peroxy anion to the α-face of the reactive (Z)-vinylsulfoxide conformer A which possesses
the s-trans coplanar arrangement of S−O and C=C bonds (Scheme 31).66 The s-trans conformer
A is the reactive and more stable conformer due to minimized 1,3-allylic strain and stabilization
by the sulfur lone pair.70 The stereoselectivity is dictated by steric hindrance of the bulky p-tolyl
group in which the peroxy anion approaches the α-face.69a However, the (E)-vinylsulfoxide has a
reactive conformation B in which S−O and C=C bonds are syn-coplanar. Nucleophilic addition
to the β-face of the reactive conformation B and C is rationalized by minimized 1,3-allylic strain
between sulfinyl group and cis- H. 71
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Scheme 31: Stereochemical model for nucleophilic epoxidation
The crystalline nature of the cis-sulfinylepoxide 146c permitted the growth of a single crystal
that was analyzed by X-ray diffraction to determine both its relative and absolute configuration
(Figure 4). This result validated the earlier structural assignment La Pradilla.69a

Figure 4: Absolute stereostructure of 146c determined by single-crsytal X-ray diffraction
analysis
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2.1.2-Synthesis of 3-substituted sulfinylepoxide from chlorosulfoxides
The synthesis of chlorosulfoxides follows a three-step protocol beginning with alkylation of pthiocresol (147).72 The introduction of stereochemistry at sulfur is accomplished through an
enantioselective sulfoxidation using the Jackson,73 Ellman,74 and Bolm75 protocol that employs a
tert-leucinol derived salicyaldehyde ligand (S)-S1. Chlorine is then introduced to the resulting
enantioenriched sulfoxide by electrophilic α-chlorination under non-racemizing conditions using
N-chlorosuccinimde in the presence of K2CO3.76 Electrophilic chlorination of sulfoxides is
precedented to occur with inversion of stereochemistry on sulfur.77 Chlorosulfoxides 126 and
152 were synthesized on a multigram-scale (> 4g) with 90-95% ee. In the case of 154
chlorination predominantly favored formation of the syn diastereoisomer over the anti
diastereomer (syn:anti = 5:1).

.
Scheme 32: Synthesis of α-chlorosulfoxides
A more concise approach to 3-substituted sulfinylepoxides from chlorohydrins 126 was pursued
by modifying Tsuchihashi’s protocol78 which avoids the low yield of bromohydins obtained from
vinylsulfoxides. Darzens condensation between chlorosulfoxide 126 and aldehydes was carried
out by using a one-pot reaction with KOt-Bu/t-BuOH to afford separable mixtures of cis and
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trans-sulfinylepoxides in which the cis-isomer 135c was obtained preferentially (Scheme 33).
This method is limited to non-enolizable aldehydes and it failed for the synthesis of
sulfinylepoxides having substitutes other than H-atom in the α-position. Partial racemization was
found to accompany epoxide formation which led to moderate ee for the cis-isomers (ca 77%),
but low ee (ca 40%) for the trans-isomers. Loss of stereochemical integrity in reactions
involving α-chlorosulfoxide carbanions has been previously observed but the phenomena is not
well understood.79,80

Scheme 33: one-pot Darzens-type reaction to synthesis sulfinylepoxides
Alternatively, a two step sequence involving chlorohydrin formation was used to synthesize all
of sulfinylepoxides from enolizable or non-enolizable aldehydes (Scheme 34).81 Chlorosulfoxide
126 was lithiated with LDA and treated with aldehydes to afford an almost equimolar mixture of
chlorohydrins diastereoisomers which was subjected to base induced cyclization by treatment
with t-BuOK/t-BuOH to produce sulfinylepoxides 135. This method is versatile and broad in
scope, tolerating both enolizable and non-enolizable aldehydes, but moderate enantiopurity (81%
ee, R = Ph) was again observed due to partial racemization (Scheme 34).
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Scheme 34: Two steps Darzen-type reaction to generate sulfinylepoxides
This reaction affords erythro type sulfinylepoxide isomers as has been validated by earlier
reports and confirmed by X-ray diffraction analysis of compound 136c. The relative and absolute
stereochemistry of cis-136c was established bya single-crystal X-ray diffraction analysis (Figure
5).

Figure 5: Absolute stereostructure of cis-136c was established by X-ray diffraction analysis.
ORTEP diagram displays 50% probability ellipsoids for non-hydrogen atoms
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A plausible reaction mechanism for the Darzens reaction is presented below. The carbanion
formed by deprotonation of the α-chlorosulfoxide attacks the carbonyl compound to form
intermediate 154. According to literature precedent, with sulfoxide stabilized carbanions, the
most stable conformation has the filled p-orbital on carbon perpendicular to the lone pair on
sulfur.82 When the reaction is conducted at 0ºC using t-BuOK/t-BuOH formation of 135c is
accounted for via the less hindered transition state 153 then the formation of 154 due to
minimization of steric effects and dipole-dipole interations.83 Then the oxy anion of 155 and 158
undergoes ring-closure by attacks the carbon bearing the chlorine atom. The kinetically preferred
intermediate 154 leads to the thermodynamically unstable isomer cis-isomer 135c (cis:trans =
86:14).84

Scheme 35: Proposed reaction mechanism
However, when the reaction is conducted with LDA in THF, both diastereomers werea obtained
in equal amounts. The counterion has a pronounced effect on the sterochemical outcome. A
plausible reaction mechanism for reactions involving Li is proposed here via a closed transition
state.85 The reaction may occur through a chelated cyclic chair transition state in which the
lithium is coordinated to the oxygen electron pair of the sulfinyl group and the carbonyl oxygen
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atom.86 The low stereoselectivity can be rationalized due to a diminished 1,3-diaxial interaction
if Rs or Rl adapt the axial position. A further piece of evidence in favor of the proposed transition
state is that the cis-product is the major product due to steric repulsion between Rl and Cl-atom
in which Rl adapts an axial position.

Scheme 36: Proposed closed transition state

2.1.3-Synthesis of a 2-deutero-3- substituted sulfinylepoxide
α-Deutero-α-chlorosulfoxide 162 was synthesized in a three step sequence from p-thiocresol via
alkylation with CDI3 followed by a catalytic enantioselective route as illustrated using an
Ellman-Bolm type sulfoxidation followed by α-chlorination under non-racemizing conditions
(Scheme 37).75,76 The formation of sulfone 161 due to over-oxidation accounts for the moderate
yield of the desired sulfoxide 160. Electrophilic chlorination using NCS and K2CO3 was sluggish
due to a primarykinetic isotope and the reaction was quenched after 14 days to obtain 49% yield
of chlorosulfoxide 162.
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Scheme 37: α-deutero-α-chlorosulfoxide
It is noteworthy that conducting the Darzens-type cyclization with α-D-α-chlorosulfoxide led to
sulfinylepoxides 136t and 136c with only < 20% D incorporation using t-BuOK/t-BuOH. It was
found that the loss of deuterium occurs in the base-induced cyclization due to fast deuteriumproton transfer; the source of proton being t-BuOH. On the contrary, when the same cyclization
was carried out in presence of NaH/THF, high D incorporation (> 95%) was obtained. This is
because of the absence of a potential proton source for D/H exchange, given that the conjugate
acid (H2) is liberated as a gas.

Scheme 38: Sythesis of α-deutero-α-sulfinylepoxide
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2.2-Synthesis of 2,3-disubstituted sulfinylepoxides and 2,3,3-trisubstituted
sulfinylepoxides
After evaluating a number of methods to access 2,3-disubstituted and 2,3,3-trisubstituted
sulfinylepoxides, a Darzens-type process via intermediate chlorohydrins was found to offer the
greatest convenience, yielding pairs of easily separated cis and trans epoxides from αchlorosulfoxides. While the Darzens approach was favored here for its ability to swiftly deliver a
varied range of carbenoid precursors, it should not be regarded as an optimal method if
enantiopurity is of paramount importance because as before partial racemization was found to
accompany epoxide formation. For example, chlorosulfoxide 152 with 90% ee gave cis
sulfinylepoxide 166 exhibiting 81% ee via the illustrated route (Scheme 39). The relative
stereochemistry of all of the compounds illustrated in Scheme 39 was validated by nOe
experiments.

Scheme 39: Synthesis of 2,3-di and 2,3,3-trisubstituted sulfinylepoxides
Typically, the above reaction afforded erythro type sulfinylepoxide isomers; however, in one
example it was established by single-crystal X-ray diffraction analysis that the major trans
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epoxide produced (167t´) was of a threo type and an erythro type trans-sulfinylepoxide 167t was
the minor isomer. The relative and absolute configuration of both erythro and threo type
sulfinylepoxide isomers were established by single-crystal X-ray diffraction analysis (Figure 6).

Figure 6: Relative and absolute configuration of 167t and 167t´ by X-ray diffraction analysis.
50% probability ellipsoids are plotted for non-hydrogen atoms

The highly crystalline nature of cis- and trans 2,3,3-trisubstituted sulfinylepoxides 169c and 169t
permitted the determination of their relative stereochemistry by X-ray diffraction analysis
(Figure 7). Both compounds were of the more common erythro-type.
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Figure 7: Relative stereochemistry of cis and trans-trisubstituted sulfinyl 169c/169t epoxide by
X-ray diffraction analysis. ORTEP diagram displays 50% probability ellipsoids are plotted for
non-hydrogen atoms.

2.3- Synthesis of the parent sulfinylepoxide and 2-substituted sulfinylepoxides
To encompass the remainder of all the possible substitution patterns of sulfinylepoxides, 2substitued sulfinylepoxides and the parent sulfinylepoxide were targeted. Chlorosulfoxide 152
was treated with LDA at −65 ºC followed by the addition of methyl formate.87 The obtained
crude mixture was reduced with NaBH4 affording a quantitative yield of chlorohydrin 170 that
was subjected to based-induced cyclization conditions to yield 171 (Scheme 40).

Scheme 40: Synthesis of 2-substituted sulfinylepoxide
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It was observed that base-induced cyclization in THF is sluggish and gave a low yield of the
cyclized product and a substantial amount of chlorohydrin was recovered. Also, the
chlorosulfoxide 152 was produced as a result of retro-Darzens reaction. A similar result has been
reported by García and co-workers.88 However, the reaction gave a good yield using a mixture of
t-BuOH/THF as solvent. The same phenomenon was noted in the base-induced cyclization of
165c and 165t described in the previous section.
Next, the synthesis of the parent non-substituted sulfinylepoxide 175 was explored. The
Anderson menthyl sulfinate (127) was reacted with vinyl magnesium bromide to afford vinyl
sulfoxide 172.89 Vinyl sulfoxide 172 was treated with NBS to form the corresponding
intermediate bromohydrin 173 which was subjected to sodium hydride in THF solvent.
Surprisingly, vinyl bromosulfoxide 174, the product of dehydration was obtained as the main
product (Scheme 41).

Scheme 41. Attempts to synthesize the parent sulfinylepoxide via bromohydrin

An alternate plan to synthesize the parent sulfinylepoxide 175t was pursued involving the
generation of an alkoxide via desilylation of a protected hydroxyl group. The absence of base
was hoped to suppress the elimination reaction and promote cyclization. Thus, TBS-protected
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chlorohydrin 179 was derived by straightforward alkylation90/oxidation followed by chlorination
from p-thiocresol (147) (Scheme 42).

Scheme 42: Synthesis of TBS-protected chlorohydrin
TBS-protected chlorohydrin 179 was treated with different fluoride sources to promote the
desilylative cyclization (Table 1). Treatment of TBS-protected chlorohydrin with different
fluoride sources, 91 afforded the deprotected chlorohydrins with no cyclization adducts (entries 15). By contrast, treatment of 179 with TASF in THF followed by heating to reflux gave the
elimination product 181 (entry 5), as did the reaction conditions shown in entry 6.
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Table 1: Synthesis of parent sulfinylepoxide
Chlorohydrin 180 was subjected to different conditions to achieve base-induced cyclization;
however, the elimination product was again obtained as the major product (Table 2). Fortunately,
the cyclization was successfully achieved using a mixture of t-BuOH/THF (entry 5) as solvent
see explanation in earlier in this section.

Table 2: Attempts to synthesize the parent sulfinylepoxides via chlorohydrins
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The synthesis of unsubstituted sulfinylepoxides (R = H) is noteworthy due to the above
mentioned results. Unexpectedly, base-induced cyclization of unsubstituted chloro/bromo
hydrins (183, 173) led only to elimination products which are believed to be obtained via an
E1cB mechanism in all cases. The desired product was obtained using a solvent blend of
t-BuOH/THF.
An alternative approach to the parent sulfinylepoxide 175 or 183 via nucleophilic epoxidation of
the corresponding vinylsulfoxide has no literature precedent to support it. La Pradilla and
coworkers reported that when phenyl vinylsulfoxide (184) was subjected to nucleophilic
epoxidation, peroxide 185 was the only product obtained (Equation 2).69a Negative results were
also encountered by us in which a mixture of unidentified products was obtained by subjecting
172 to the same protocol.

In Summary, screening of the existing protocols to synthesize the 3-substituted sulfinylepoxides
via the vinylsulfoxides and chlorsulfoxides was conducted (Scheme 43). The one-pot Darzens–
type reaction using t-BuOK/t-BuOH is cis-selctive and is restricted to non-enolizable aldehyde
and shows partial racemization. The two-pot Darzens-type reaction using LDA gives equimolar
amounts of syn and anti chlorohydrins which on treatment with t-BuOK/t-BuOH give cis and
trans isomers in near equal amount and a partial racemization is observed. However,the
formation of sulfinylepoxides from vinylsulfoxides via bromohydrin intermediates was observed
to give a good yield of the (E)-variant with high enantimeric excess (98% ee). However, the (Z)-
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vinyl sulfoxide gave lower yield. The nucleophilic epoxidation of vinylsulfoxide gives high yield
of both cis- and trans-sulfinylepoxide with high enantiomeric excess.

Scheme 43: Comparing different methods to synthesis 3-substituted sulfinylepoxides
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Chapter 3

Stereospecific Reagent-Controlled Homologation with Lithiated Oxiranes
Generated by Sulfoxide-Lithium Exchange

Investigation of the utility of sulfinylepoxides in StReCH began with evaluation of carbenoid
precursors 69 bearing α-H-atoms (R1 = H) and leading to cis- and trans-2-substituted-3lithiooxiranes (Scheme 44). In this manner, Satoh's method for generating lithiooxiranes from
sulfinylepoxides was interfaced with StReCH to prepare chain extended adducts with
encompassing all types of regio- and stereoisomers.

Scheme 44: StReCH with regio- and stereodefined lithiated oxirane

3.1- Stereospecific reagent-controlled homologation with cis and trans 3substituted lithiated oxiranes
The first demonstration of StReCH using a lithiated oxirane generated in situ via sulfoxidelithium exchange 43 was achieved as shown in Scheme 45. Cis-3-substituted sulfinylepoxide
136c was treated with PhLi at −90 ºC in the presence of boronate 1b (Barbier-type conditions),
followed by the addition of TBSOTf ten minutes later. Warming of the reaction mixture and
subsequent oxidation resulted in the formation of the anti diol 188a in low yield and with dr >
98:2 and 189 was identified as the major product. The quantity of SLE by-product (190)
generated provides an upper bound for the quantity of carbenoid produced in the reaction. The
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amount of silyl alcohol 189 product was diminished when the time of addition has increased to
TBSOTf 30 min.

Scheme 45. StReCH with cis- 3-substituted lithiated oxirane
Trans-3-substituted sulfinylepoxide 136t was next subjected to the same reaction conditions
(Scheme 46). As hoped, this reaction led to the syn protected diol 188s (in 32 % yield) rather
than the anti product obtained previously from 136c. The obtained stereochemical outcome from
cis and trans- 3-substituted sulfinylepoxides 136c/136t confirmed the configurational stability of
the generated carbenoids under the reaction condition. The stereochemical outcome for both of
the above reactions was confirmed by comparing 1H and 13C NMR spectral data for 188a and
188s with literature values.92

Scheme 46. StReCH with trans- 3-substituted lithiated oxirane
Efforts to optimize StReCH with cis-3-substituted sulfinylepoxide 136c were pursued as shown
in Table 3. Epoxide 136c was chosen to optimize the reaction because it suffers high steric
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hindrances and the produced lithiated carbenoid is highly unstable; therefore, it was hoped that
optimal reaction conditions would perform well with less challenging examples. A number of
organolithium initiators (n-BuLi, PhLi, t-BuLi), solvents (THF, Et2O, PhMe), addition modes,
additives (with and without TBSOTf), and reaction temperatures (–100 °C to –78 °C) were
investigated (Table 3).

Table 3: Optimization of StReCH with cis-3-substituted lithiated oxirane
No StReCH product was obtained at ‒78 ºC (entry 1). Of note, StReCH failed if the boronate
substrate was added after generation of the putative oxiranyl lithium 186c and it was found that
the boronate and the sulfinylepoxide carbenoid precursor must be premixed before addition of
the organolithium initiator for a successful outcomes (i.e., Barbier conditions). Negative results
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were likewise charted for reactions conducted in Et2O or PhMe or for those attempted above –90
°C. Unlike initiators PhLi and t-BuLi, n-BuLi was ineffective presumably because the sulfoxideligand exchange adduct in this case (entry 7) bears α-H-atoms and so may quench the basic
transient oxiranyllithium by proton transfer (n.b., this pathway has been used deliberately by
Satoh et al. for the protodesulfinylation of sulfinylepoxides).37 Regrettably, the yield of chain
extension was low throughout (TBSOTf boosted yield by only 3-5%). Unexpectedly, the
addition of TMEDA led to no StReCH product (entry 8). Other variants such as stoichiometry,
concentration (0.1 to 0.25M) and different modes of addition (normal addition by adding the
organolithium reagent to the mixture sulfinylepoxide and boronic ester, a reverse addition modes
by adding the sulfinyl epoxide and boronic ester to the organolithium mixture) were investigated
and none of these variations led to any increase in the product yield. The conditions shown in
entry 2 and 9 were identified as being optimal for chain extension [PhLi, THF, −90ºC, normal
addition] and [t-BuLi, THF, −100ºC, normal/reverse addition].
All attempts to further improve the yield were fruitless. The generated lithiated carbenoid is so
reactive that it undergoes decomposition even at temperatures as low as −90 ºC. The utility of
more stable and less reactive magnesiated epoxide93 was tested with a more reactive sterically
unhindered neopentylglycol boronate. However, treatment of 136c with EtMgBr/i-PrMgBr (2 eq)
and boronate 10 at −80 ºC gave no StReCH product (Scheme 47).

Scheme 47: StReCH of neopentyl boronate
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Scope for the cis-3-substituted sulfinylepoxide was explored using four different substituents
ranging from the most hindered t-butyl and phenyl substituents to less hindered methyl
substituent. The same range of substituents was also tested for the corresponding transsulfinylepoxide isomers. In all cases the yields were low (< 25 %). We were surprised to find
that the less hindered trans isomers gave similarly low yield and reducing the bulk of the
substituents did not improve the efficiency. Thus, steric factors are ruled out as being the
principal cause of low yields and we suspected that instead some as yet unidentified side-reaction
was more likely responsible for the inefficient StReCH reactions.
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Scheme 48: Substituent effects in StReCH reactions using cis and trans-3-substituted
sulfinylepoxides
In all cases the StReCH adducts isolated following oxidative work-up (191-200) were single
diastereoisomers. Stereochemically distinct 2°/2° vicinal diols (and related mono-silylated
adducts) were generated from epimeric sulfinylepoxides and it was verified by comparison to
literature data for known compounds (195a, 196s, 195s)60,94,95, that, as anticipated, cis epoxides
led to anti products while the trans isomers gave instead the corresponding syn adducts. Both
erythro (193) and threo sulfinylepoxides (197) gave similar yield and it was concluded that the
relative stereochemistry on sulfur does not significantly impact this reaction (199a, 199s, 200a,
200s).60
The substrate scope of the boronic esters was examined in detail as shown in Scheme 49. The
reaction worked with both primary and secondary boronic esters with a maximum yield of 20%.
The relative configuration of product 202 was confirmed by desilylation and comparing spectral
data for the resulting diol to that previously reported in the literature.96 The identity of compound
188a was verified by comparison to literature spectral data.97
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Scheme 49: Substrate scope of boronic ester
The low yields obtained led to an investigation to address any major side reactions that are
responsible for the low efficiency. The origin of the low yields encountered for this product class
was traced to deleterious proton transfer between the carbenoid and its progenitor. Thus,
treatment of epoxide 136c as indicated with PhLi followed by deuterolysis with CD3OD returned
the protonated form of the quenched oxiranyllithium (styrene oxide) accompanied by the αdeuterated form of 165t and its epimer at sulfur epi-165t. Epimerization at sulfur in other
processes involving sulfinyl carbanions has been previously observed but its origin is not well
understood.3,79,80 Deuterium was incorporated into the recovered sulfinyl epoxide starting
material (% D >95%) (Scheme 50).
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Scheme 50: External D2O quench
A mechanism to account for the internal proton quench is shown in Scheme 51, in which lithium
carbenoid 186c deprotonates the acidic α-position of unreacted sulfinylepoxide 136c. The
formed α-lithiated sulfinylepoxide 205 epimerizes before the addition of external electrophile.
The epimerization of the sulfur stereogenic center was also observed in our study while
conducting the StReCH with no TBSOTf as an additive, in which the recovered starting material
epimerized. The epimerization result was validated by comparing the recovered sulfinylepoxides
165t/epi-165t with authentic 1H NMR spectra for the same two diastereoisomers separately
produced as show in the earlier work (Chapter 2).

Scheme 51: Proposed reaction mechanism
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To fully understand the process, a deuterium labeling study was pursued. However, in an attempt
to introduce deuterium via deprotonation, treatment of sulfinylepoxide 139c with LDA or
NaHMDS in THF for 5 mins followed by deuterolysis led to no deuterium incoporation with the
sulfinylepoxide 139c (Equation 3).

As shown in Chapter 2, α-deutero- α-sulfinylepoxide was synthesized starting with pure CD3I.
To confirm the internal proton transfer, a control experiment was conducted by reverse labeling
in which the 2-deutero-3-substituted sulfinylepoxide 165c was treated with PhLi at −78 ºC and
the reaction quenched after 1 min with CH3OH leading to the formation of styrene oxide 206.
The substitution of deuterium for the α-proton in the α-sulfinylepoxide carbenoid precursors
prevented the internal proton transfer due to a primary kinetic isotope effect.

Scheme 52: Labling study
It has been reported that introducing deuterium instead of proton in the α-chlorosulfoxide
carbenoid precursors has a positive impact on the yield of StReCH.3 For example, α-protio-αchlorosulfoxide 207 (R = H) applied to the StReCH reaction of phenethyl boronate 6, followed
by oxidative workup afforded the expected alcohol 208 in 11% yield. By contrast, the yield was
boosted to 33% by conducting the same StReCH reaction with α-deutero-α-chlorosulfoxide 207
(R = D) (Scheme 53).3 Unfortunately, in the case of our sulfinylepoxide based StReCH
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chemistry the use of α-deuterosulfinylepoxides (e.g., 165c) did not give higher yields than
comparable reactions with normal α-protio sulfinylepoxides.

Scheme 53: The yield of α-chlorosulfoxide based StReCH reactions is boosted by using αdeuterosulfoxides (ref.3)

3.2- Stereospecific reagent-controlled homologation with cis and trans 2,3disubstituted lithiated oxiranes
The proton-transfer pathway that compromized StReCH using cis/trans 3-substituted
sulfinylepoxides (136-139), is not available to cis/trans-di-(167-168) and tri- (169c/169t)
substituted sulfinylepoxides (R1 = Me). Investigation of the utility of such carbenoid precursors
in StReCH began with evaluation of carbenoid 2,3-disubstituted sulfinylepoxides 209 bearing αMe-atoms. We were delighted to find that sterically congested chain extended adducts are
realizable in good to excellent yield from such carbenoid sources. Less pleasing, however, was
the discovery that the stereochemical outcome for the reactions of trisubstituted sulfinylepoxides
deviated significantly from ideal stereospecific behavior (Scheme 54). Herein, a solution of
boronic ester 1 and sulfinylepoxide was added to t-BuLi/THF at −100 ºC (reverse addition mode)
to give the β-siloxyboronate 209. Thus, cis-sulfinylepoxide 167c was noted to deliver the
anticipated 2°/3° anti-like stereodiad motifs (210, 211, 212) with imperfect stereocontrol. The tBu-group substituted cis-sulfinylepoxide 168c favored generation of an expected anti-like
stereodiad (213) but the level of diastereoselectivity was particularly low. Throughout, omitting
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aq. NaOOH work-up enabled isolation of StReCH adducts as boronates in a significantly higher
yield than as carbinols, reflecting that oxidation of tertiary boronates is sluggish.

Scheme 54: Substrate scope
However, unexpectedly the trans epimer 167t´ was also found to produce anti-like adducts. The
substrate scope for this reaction with trans sulfinylepoxide was further examined with various
boronic ester as presented in Scheme 55.

Scheme 55: StReCH of trans-2,3-disunstituted sulfinylepoxides
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The crystalline nature of the β-siloxyboronates 211a and 210a permitted the growth of single
crystals that were analyzed by X-ray diffraction. In this manner, the absolute and relative
stereochemistry of 211a and the relative stereochemistry of 210a, were confirmed. (Figure 8).

Figure 8: Absolute stereochemistry of 211a and 210a determined by single-crystal X-ray
diffraction analysis
The stereochemistry was established for 210a, 213a, and 216a compounds in Scheme by nOe
analysis of acetonide derivatives. The synthesis of acetonides was accomplished in two steps
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starting from siloxy alcohol by desilylation followed by acetonide formation with
dimethoxypropone (Scheme55).

Scheme 55 : Syntheis of acetonides

Figure 9: Diagnostic HMBC and nOe interactions for 221 (from 167t´ and 167c) and 222 (from
minor diastereoisomer produced from 167c)

Figure 10: Diagnostic HMBC and nOe interactions for 223 (from 167t´) and 224 (from major
diastereoisomer produced from 168c)
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3.3- Stereospecific reagent-controlled homologation with cis and trans 2,3,3trisubstituted lithiated oxiranes
Remarkably, 'normal' (anticipated) stereochemical behavior was restored in a brace of
experiments involving trisubstituted sulfinylepoxides 169c/169t. Thus, StReCH of boronate 1 (R
= CH2Bn) with 169c and 167t via the protocol as seen in Scheme 56 (with NaOOH work-up),
resulted in impressive stereospecific transformations yielding anti- (225a) and syn-like (225s)
3°/3° vicinal diols, respectively. In this case, presumably due to heightened steric hindrance,
TBSOTf did not effectively engage with the oxiranyl oxygen-atom during metalate
rearrangement (Scheme 56). The relative stereochemistry of product 225a and 225s was again
established by nOe analysis of its acetonide derivative (Figure 11 )

Scheme 56: StReCH using trisubstituted sulfinylepoxide

Figure 11: Diagnostic HMBC and nOe interactions for 226 (from 225a) and 227 (from 225s)
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Upon closer scrutiny of the StReCH reactions utilizing sulfinylepoxides 169c and 169t, it was
discovered that the failure of TBSOTf to capture the developing alkoxide anion during atecomplex rearrangement resulted in formation of a significant quantity of the tetrasubstituted
alkenes (Z)-230 and as a single (E)-230 isomers respectively, via the intervention of bora-Wittig
elimination (Scheme 57). This process was not further explored; however, suitably optimized it
would hold synthetic value as a stereospecific connective synthesis of tetrasubsituted olefins. Of
particular note herein is the impressive overall net yield of adducts that derive from a StReCH
process involving a reactive carbenoid atom center that is itself fully substituted and flanked by
another fully substituted carbon-atom.

Scheme 57: StReCH using trisubstituted sulfinylepoxide

A possible pathway accounting for the formation of tetrasubstituted alkene (Z)-230 is shown in
Scheme 58. Oxiranyllithium 231 is first formed by sulfoxide-lithium exchange between t-BuLi
and sulfinylepoxide 169t. The subsequent formation of ate-complex followed by 1,2-metalate
rearrangement affords β-alkoxy anion 234. The failure of TBSOTf to capture the developing
alkoxide anion during ate-complex rearrangement is attributed to steric congestion. The traping
of 234 with H+ or TBS afford 229a/228a in decent yield (67%).The formation of (Z)-alkene 230
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indicates that bora-Wittig elimination occurrs stereospecifically via syn elimination.98 The
relative stereochemistry of (E)-230 and (Z)-230 products was established by nOe analysis.

Scheme 58: Reaction meachanism for the formation of (Z)-alkene

3.4- Comments on the relative configurational stability of lithiated oxiranes with
variable substitution patterns
The observation of stereospecificity in chain extension reactions involving 3-substituted
sulfinylepoxides (136-139) and 2,3,3-trisubstituted sulfinylepoxide (169c, 169t) but the lack of
this property for transformations involving 2,3-disubstituted congeners (167-168), warrants
comment. Arguably, the simplest explanation involves competition between oxiranyllithium
epimerization versus ate-complex formation; each process would be affected by substituent
effects and only in those cases where the rate of epimerization surpasses that of ate-complex
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formation might non-ideal behavior be expected. Stereoconvergence toward anti-like products in
the reactions of 167c and 167t´ is understood on this basis (i.e., rapid epimerization) if one
assumes that the reaction proceeds through the trans-like oxiranyllithium 236 in both cases; 237
is formed directly from 167c and accessible from 167t´ via epimerization of the initially
generated higher energy cis-like oxiranyllithium 237 (Scheme 59). Evidently, the rate of
epimerization of 236/237 is faster than that for the corresponding lithiated epoxides derived from
either 167-168. This fact can be rationalized if an α-alkoxycarbene (238) is the relevant vector
for lithiooxirane epimerization; where R1 = H or R2 ≠ H, 238 is destabilized, and the rate of
epimerization consequently retarded, because in the first case the carbene center has 1° character
while in the second case the alkoxide has 3° character. Conversely, where R1 = Me and R2 = H,
the scenario for reactions from 167t/167c, an intermediate situation exists (2° carbene and
2°alkoxide in 238) that may facilitate epimerization. Finally, the poorly stereocontrolled reaction
from 168c to 213a (dr = 65:35) can be understood by invoking the same principle and factoring
that the more stable trans-like lithioxirane in this case (i.e., 69, R1 = Me, R2 = H, R3 = t-Bu) will
react more slowly than its epimer with the boronic ester because of severe steric hindrance of the
C-Li bond by the t-Bu-group

Scheme 59: Stereoconvergence in the reactions of 167t´ and 167c is explicable if the rate of
oxiranyllithium epimerization exceeds its rate of electrophilic capture
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The epimerization of -substituted lithiated epoxides prior to their interception by electrophiles
has been previously noted. Thus, cis-3-tert-butyl-2-lithio-2-(trimethylsilyl)oxirane 243,
generated in situ by direct lithiation of the corresponding cis epoxide, epimerized to the more
stable trans lithiooxirane isomer prior to 1,2-addition to 2-cyclohexen-1-one (Scheme 60).40 This
epimerization can be attributed to the high steric strain having t-butyl and trimethylsilyl groups
on the same side of the epoxide.99,40

Scheme 60: Isomerization of cis-lithiated oxirane to trans isomer
It is also evident from literature that lithiated styrene oxides can potentially racemize under
specific reaction conditions and specific electrophiles as shown in Scheme 61. The compound 49
shows high configurational stability with most of the electrophiles15 but when the boronate ester
1f was used as electrophile it undergoes racemization under the same conditions, faster than the
electrophile trapping as evident from the enantiomeric ratio of the resultant alcohol (see section
1.1.3).12

Scheme 61: Reaction of α-lithiated styrene oxide with different electrophiles
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3.5- Attempts of further elaboration of β-siloxyboronates

Attempts to demonstrate the synthetic utility of the boronic esters by conversion to other
function groups was pursued. Unfortunately, all employed conditions to homologate the boronic
esters failed. For example, homologation under modified Zweifel olifination100 conditons to
construct quaternary all-carbon stereogenic gave no desired product and resulted in recoveres of
the oxidized form of the starting boronate 210a. One-carbon homologation using
Iodomethyllithium (generated in situ from chloroiodomethane and n-BuLi)101 also gave the
oxidized form of boronic esters and no desired product. Similarly, a second StReCH reaction
with lithiated oxirane generated via SLE or with lithiated terminal epoxide gave no homologated
products.

Scheme 62: Attempts to further chain extend boronic ester 210a
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Chapter 4

Miscellaneous Studies Involving Lithiated Oxiranes Generated byTin-Lithium
Exchange and Deprotonation
Investigation of different generation methods for accessing lithiated oxiranes for applications in
StReCH was briefly studied. This chapter covers utilization of tin-lithium exchange and direct
lithiation (deprotonation) rates to lithiated oxiranes for the chain extension of boronic esters. A
combination of these methods was applied to a StReCH based target directed synthesis of
pyrolizidine alkaloids

4.1- Stereospecific reagent-controlled homologation using parent oxiranyllithium
formed via Tin-Lithium exchange
In view of the difficulty of accessing the parent lithiated oxirane via sulfoxide-lithium exchange,
an alternative approach to access this reactive intermediate was pursued via tin-lithium
exchange. The synthesis of the requisite epoxystannane (±)-252 was accomplished in two steps
by addition of vinyl magnesium bromide to tri-n-butylstannane followed by mCPBA mediated
epoxidation of the resulting vinylstannane (Scheme 63).102 Next, the synthesis of enantiopure
epoxystannane was pursued. Resolution of compound (±)-252 has not been previously reported
and after many attempts, Jacobsen hydrolytic kinetic resolution (HKR)103 apparently resolved
(−)-252 and a maximum optical rotation value of [α]D = −18 (c = 1.00, CHCl3) was observed
(Scheme 8). Jacobsen-Katsuki epoxidation104 was also evaluated for direct enantioselective
synthesis of (−)-252 from vinyl stannane 251; however, a low yield and a low optical rotation
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value were obtained. Later work (described below) revealed that the non-zero optical rotation
observed for (−)-252 obtained from HKR was spurious and due to minor scalemic impurities.

Scheme 63: Synthesis of epoxystannane 252
Oxiranyllithium (254) was formed in situ in the presence of boronates 1 via tin-lithium exchange
from epoxystannane (±)-252 by n-BuLi following Plafz’s protocol35 and successfully inserted to
form the expected products 255 after oxidative work up (Table 7). As evident from the
optimization table , the best result was obtained at −90 ºC in presence of TMEDA as an additive
and TBSOTf to protect the emerging primary alcohol (entry 3 and 7). The diamine TMEDA
stabilizes the carbenoid intermediate and hence prevents its decomposition prior to ate-complex
formation.
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Table 4. Homologation of boronic esters 1 with oxiranyllithium (254)
Following the same procedure, but omitting an oxidative work up, β-siloxy boronates 255 were
isolated as shown in Scheme 64. Such compounds may potentially be subjected to further
StReCH cycles.

Scheme 64. Synthesis of β-siloxyboronic ester 255
After optimation of the reaction conditions, we focused on the generation of the parent
oxiranyllithium in enantioenriched form. Relying on non-zero optical rotation as an indication of
enantioenrichment, we conducted the StReCH reaction with optically active compound (−)-252
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obtained earlier from Jocobsen HKR. Surprisingly, the carbinol product 258 obtained by
oxidative work-up of the homologated boronate was found to be essentially racemic by HPLC
analysis on a chiral stationary phase (Scheme 65).

Scheme 65: StReCH of boronic esters with optically active stannane epoxide

At this stage we sought to determine the level of ee exhibited by the samples of (−)-252 obtained
by Jacobsen HKR. Regio- and stereospecific ring opening of (−)-252 with lithium ptolylsulfide105 gave thioether 259 which has chromophore that can be detected by UV for HPLC
analysis (Scheme 66). Compound 259 showed ee < 5% which indicates that the HKR did not
effectively resolve the compound (−)-252. It is suspected that Jacobsen HKR does not work on
epoxystannane (±)-252 because this compound, unlike more typical terminal epoxides, is
hydrolyzed by attack of H2O at the more substituted carbon atom.105

Scheme 66. Derivatization of (−)-252 to determine % ee; indicated absolute stereochemistry is
notional only
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4.2- Synthesis of the carbon frameworks of (–)-hastanecine and (+)dihydroxyheliotridane.
To validate the utility of lithiated oxiranes based StReCH for organic synthesis, programmed
syntheses of the illustrated pyrrolizidine derivatives106 was attempted (Figure 12). (–)Hastanecine and (–)-dihydroxyheliotridane are natural alkaloids isolated from Cacalia hastate
species and have been the focus of intense synthetic effort and constitute the core components of
many bioactive diester derivatives.107,108 Synthesis of the core skeleton of these compounds
having all carbon atoms and stereogenic centers of (–)-hastanecine and (–)-dihydroxyheliotridane
was explored as indicated below via use of appropriate enantiomorphs of trans configured
lithiated oxiranes.

Figure 12: Pyrolizidine alkaloid targets of interest isolated from Cacalia hastate plant species

It was envisioned that compounds 263 and epi-263 containing all carbon-atoms needed to
synthesize the pyrrolizidine alkaloids hastanecine and dihydroxyheliotridane could be obtained
by two successive StReCH reactions from allyl pinacol boronate 1a (Scheme 67). Due to the
failure to resolve epoxystannane by HKR, the parent oxiranyllithium (254) was to be used in
racemic form to chain extend the allyl boronate. Enantiodivergent conversion of racemic βsiloxy boronates (−)-257 was envisioned to produce the main skeleton of the molecules using
scalemic trans-lithiated oxirane 262 generated by Hodgson’s protocol.13
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Scheme 67: A projected enantiodivergent synthesis of (–)-hastanecine and (–)dihydroxyheliotridane
Compounds 269 (R = Bn) and 270 (R =TBS) were synthesized in three steps starting from
commercially available 3-buten-1-ol 263 by benzyl or TBS ether formation followed by
epoxidation with mCPBA. Subsequent hydrolytic kinetic resolution (HKR) in the presence of
Jacobsen’s (R,R)-(salen)Co(III) catalyst afforded epoxides (+)-269/ (+)-270 (Scheme 68).109,111

Scheme 68: Synthesis of (+)-epoxide
The first attempt to access target compound 263 and its epimer epi-263 was conducted using the
benzyl-protected terminal epoxide 269.109 Racemic boronate (±)-252 was reacted with scalemic
lithiated oxirane following Aggarwal’s protocol,12 but this reaction gave tetrahdyrofuran 271 the
sole significant product alongside the oxidized form of the starting boronate 272. The undesired
product was obtained by deprotonation at the benzylic position followed by 5-exo-tet ring
closure (Scheme 69).110
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Scheme 69: StReCH with benzyl-protected terminal epoxide
The TBS-protected variant of epoxide (−)-270111 was targeted to overcome the problem of
unwanted benzylic lithiation. Pleasingly, subjection of epoxide (−)-270 to the same protocol
produced the desired pair of epimeric triprotected to tetrads 263 (R = TBS) and epi-263 (R =
TBS) that are potential platforms for the elaboration of (–)-hastanecine and (–)dihydroxyheliotridane (Scheme 70).

Scheme 70 : StReCH with TBS-protected terminal epoxide
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Due to time constraints, further optimization of the enantiodivergent StReCH process and
conversion of products 263/epi-263 to their respective alkaloid targets, was not pursued;
however, this work may be completed in due cause by a future member of the Blakemore
Research Group. In addition, it is conceivable that use of the cis epimer of lithiated oxirane 262,
potentially obtainable via the sulfoxide-lithium exchange method dexcribed in Chapter 3, could
be used to access another pair of related alkaloids, (−)-turnforcidine and (−)-platynecine
(Scheme 71).

Scheme 71: Pretended synthesis (−)-turnforcidine and (−)-platynecine via sulfoxide-lithium
exchange StReCH
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Chapter 5

Conclusion
The goal of this research was to develop more versatile synthetic methods to access all regio- and
stereo-isomers of lithiated oxiranes. Satoh's method for generating lithiooxiranes from
sulfinylepoxides was interfaced with StReCH to successfully prepare chain extended adducts
many of which cannot be accessed via the direct metalation process as reported by Aggarwal and
co-workers. Cis and trans-3-substituted lithaiated oxiranes were generated via sulfoxide lithium
exchange and applied in StReCH. Configurational stability of cis-lithiated oxiranes 186c
generated for the first time via sulfoxide-lithium exchange was established. Sulfoxide-lithium
exchange base methodology allows for the generation of β-phenyloxiranyllithium (186c and
186t). An intermediate cannot be obtained by direct deprotonation of styrene oxide (48) which
instead occurs in the benzylic position (i.e., 48 to 49, Scheme 72).

Scheme 72: Different mode of generating lithiated-styrene oxide
In spite of the fact that the scope and the synthetic utility of StReCH with lithiated oxirane
generated from sulfinylepoxides having α-H atoms is limited by to fast proton transfer, the study
holds immense significance for comprehending fundamental facts like configurational stability
of these types of cis and trans configured lithiated oxiranes. Moreover, the cis-3-substituted
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oxiranes were generated and studied for the first time. However, direct lithiation of terminal
epoxide is more efficient and synthetically useful if a trans-3-substituted lithiated oxirane is the
desired isomer.
While the new StReCH method did not provide synthetically useful yields of 2°/2° vicinal diols,
it proved effective for the elaboration of 2°/3° and 3°/3° vicinal diols and related motifs via
intermediate tertiary boronates (Scheme 73). Significantly, the B-atom bearing fully substituted
stereogenic center derived from the process in this case is of a fairly generic type (i.e., not allylic
or benzylic) that could be further converted in a stereospecific manner to other types of highly
substituted stereogenic functional groups, such as tetrasubstituted alkenes or quaternary carbon
atoms.

Scheme 73: Synthesis of of 2°/3° and 3°/3°
An extension of the chemistry described herein to lithiated aziridines is conceivable because
such carbenoids (generated by deprotonation) have been deployed successfully in StReCH
before, and sulfoxide-metal exchange has been demonstrated from sulfonylaziridines.
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Scheme 74: StReCH of boronic ester with lithiated aziridines generated via SLE is a possibility
The second protocol for the generation of lithiated oxiranes via tin-lithium exchange was studied.
The parent oxiranyllithium (254) can be exclusively generated via Sn/Li exchange and can be
used to chain-extend boronic esters in high yield. The issue of configurational stability for this
species and its generation in an enantiopure manner has not succeeded by HKR. The protocol
can be extended to generate both cis and trans lithiated oxiranes produced from 3-substituted
stannylepoxide precursor. These precursors can be synthesized in enantiopure forms by known
methods.
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Chapter 6
Experimental Section

6.1- General experimental and analytical techniques

All reactions requiring anhydrous/anaerobic conditions were conducted in flame-dried glassware
under an atmosphere of Ar gas. Anhydrous THF was dispensed from a commercially available
solvent purification system (SPS) employing activated Al2O3 drying columns.112 Preparative
chromatographic separations were performed on silica gel 60 (35-75 m) and reactions followed
by TLC analysis using silica gel 60 plates (2-25 m) with fluorescent indicator (254 nm) and
visualized with UV or phosphomolybdic acid. All commercially available reagents were used as
received unless otherwise noted. Melting points were determined from open capillary tubes on a
melting point apparatus and are uncorrected. Infra-red (IR) spectra were recorded in Fourier
transform mode using KBr disks for solids, while oils were supported between NaCl plates
("neat"). 1H and 13C NMR spectra were recorded in Fourier transform mode at the field strength
specified and from the indicated deuterated solvents in standard 5 mm diameter tubes. Chemical
shift in ppm is quoted relative to residual solvent signals calibrated as follows: CDCl3 H
(CHCl3) = 7.26 ppm, C = 77.2 ppm; (CD3)2SO H (CD3SOCHD2) = 2.50 ppm, C = 39.5 ppm.
Multiplicities in the 1H NMR spectra are described as: s = singlet, d = doublet, t = triplet, q =
quartet, m = multiplet, br = broad. Numbers in parentheses following carbon atom chemical
shifts refer to the number of attached hydrogen atoms as revealed by the DEPT spectral editing
technique. Low (MS) and high resolution (HRMS) mass spectra were obtained using either
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electron impact (EI) or electrospray (ES) ionization techniques. Ion mass/charge (m/z) ratios are
reported as values in atomic mass units.
X-ray Crystallography. Diffraction intensities for 146c, 136c, 167t, 167t´, 169c, 169t, 210a and
211a were collected at 150(2) and 200(2) K on a Bruker Apex2 CCD diffractometer using
MoK radiation = 0.71073 Å and CuK radiation = 1.54178 Å, respectively. Space groups
were determined based on systematic absences and intensity statistics (169c). Absorption
corrections were applied by SADABS.113Structures were solved by direct methods and Fourier
techniques and refined on F2 using full matrix least-squares procedures. All non-hydrogen atoms
were refined with anisotropic thermal parameters. All hydrogen atoms in 136c, 167t, 167t´,
169c, and 169t were found from the residual density map and refined with isotropic thermal
parameters. Hydrogen atoms in 146c, 211a, and 210a were refined in calculated positions in a
rigid group model. All calculations were performed by the Bruker SHELXTL (v. 6.10)
package.114

6.2 Experimental details for results presented in chapter 2

(Ss)-menthyl p-toluenesulfinate 127: Prepared by a method of Solladie.61 Sodium
toluenesulfinate (279) (45.1 g, 200 mmol) was added to thionyl chloride (51.0 mL, d = 1.63, 83.1
g, 699 mmol) held at 0 ˚C in 8 portions over 30 min. after cessation of effervescence, the viscous
yellow liquid was azeotroped with toluene (3 × 50 mL). A solution of l-menthol (39.0 g, 250
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mmol) and pyridine ( 36.0 mL, d = 0.978, 35.2 g, 445 mmol) in Et2O (90 ml) at 0 ˚C was treated
with an Et2O solution (160 mL) of the above formed sulfinyl chloride. A voluminous colourless
precipitate appeared immediately. The mixture was stirred at rt for 16 h before pouring into
water (50 mL). the organic layer was washed with hydrochloric acid (1.5 M, 3 × 50 mL), dried
over Na2SO4 and concentrated in vacuo to give a pale yellow liquid that was recrystallised in two
crops from acetone to yield sulfinate ester (23 g , 1.04 mmol, 31%) as colorless needles, mp 98100 ˚C; [α]D23 = -199 (c = 1.00, CHCl3); IR (neat) 3042, 2953-2859, 1590, 1497, 1450, 1127,
948 cm-1. 1H NMR (400 MHz, CDCl3) δ =7.60(2H, d, J = 8.0 Hz), 7.33(1H, d, J = 8.0 Hz), 4.12
(1H, td, J = 10.7, 4.4 Hz), 2.42(3H, s), 2.27(1, dm, J = 12.11 Hz), 2.13(3H, m), 1.65-1.69 (2H,
m), 1.50-1.00 (5H, m). 0.96 (2H, d, J = 6.5 Hz), 0.86(3H, d, J = 7 Hz), 0.70 (3H, d, J = 7 Hz)
ppm; 13C NMR (100 Hz, CDCl3) δ = 143.0 (1), 142.6 (0), 129.8 (1), 125.1 (1), 80.3(1), 48.0 (1),
34.23 (2), 31.9(1), 25.4 (1), 23.1(2), 22.2 (3), 21.7(3), 21.0(3), 15.6(3) ppm. 1H and 13C NMR
data are in agreement with those previously reported by Solladie.61

Dimethylphosphorylmethyl-P-tolyl sulfoxide 129: Prepared by a method of .Mikolajcyk et
al.62 A stirred solution of (MeO)2POMe 128 (4.84 g, 39 mmol) in THF (65 mL) under Ar at
−78˚C was treated with n-BuLi( 2.32 M, 18.5 mL). The mixture was stirred at -78˚C for 30 min,
then a solution of (‒)-menthyl(‒)-(S)-P-toluenesulfinate 127 in THF (10 mL) was added
dropwise. The reaction mixture stirred at −78˚C for 30 min, and then warm slowly to −20 ˚C and
quenched with Sat. NH4Cl (15 mL). After the evaporation of THF, the aqueous layer extracted
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with CHCl3 (3 × 15 mL). The combined organic extracts were washed with brine (20 mL), dried
(Na2SO4) and concentrated in vacuo. The residue was further purified by column
chromatography (SiO2, eluting with 5% MeOH in CH2Cl2) to yield the desired product (4.46 g)
as colorless oil. [α]D23 = + 112.0 (c = 0.72, CHCl3)] IR (neat) 3478, 2957-2854, 1651, 1495,
1494, 1455, 1399, 1308, 1259 cm–1; 1H NMR (400 MHz, CDCl3) δ = 7.6 (2H, d, J = 8.24 Hz),
7.35 (2H, d, J = 7.96 Hz), 3.81 (3H, d, J = 1.47, 11.24 Hz ), 3.74 (3H, d, J = 11.29 Hz), 3.40 (1
H, t, J = 14.46 Hz), 3.26 (1 H, t, J = 14.73 Hz), 2.41 (3H, s) ppm; 13C NMR (400 MHz, CDCl3)
δ =142.3(0), 141.4 (0), 130.1 (1), 124.1 (1), 54.77 (2) , 53.2 (3) 21.42 (3) ppm. 1H and 13C NMR
data are in agreement with those previously reported by Mikolajcyk.62,63

Synthesis of (E)- and (Z)-vinylsulfoxides

Representative procedure:
By a modification of the method of Mikolajcyk et al.62 A stirred solution of
diethylphosphorylmethyl methyl sulfoxide (2.0 g, 8.6 mmol) in THF (20 mL) under Ar at −78˚C
was treated with n-BuLi (2.10 M, 9.2 mmol 4.1 mL). After the mixture was stirred at −78˚C ˚C
for 1 h, benzaldehyde (6.8 mmol) in THF (10 mL) was added dropwise using syringe at −78˚C
and the resulting mixture was stirred at this temperature for 30 min. The mixture was warmed
slowly to rt and stirred for 2 hr. The mixture became turbid by the appearance of orange color
solution. After the removal of THF solvent, the residue was diluted with H2O (20 mL) and
extracted with CH2Cl2 (3 × 15 mL). The combined organic extracts were washed with brine (10
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mL), dried (Na2SO4) and concentrated in vacuo. The crude residue was further purified by
column chromatography (SiO2, eluting with 30-50% EtOAc in hexanes) to afford, in order of
elution, trans-vinylsulfoxide (1.07 g , 4 mmol, 52%) as white soild and cis-vinylsulfoxide (537
mg, 2.2 mmol, 26 %) as pale yellow oil.
Data for (E)-132: mp = 68-70 ºC; [α]D23 = + 149.5 (c = 0.55, CHCl3); IR
(neat) 3024-2921, 1710, 1595, 1574,1492, 1447, 1084; 1045 cm–1; 1H NMR
(700 MHz, CDCl3) δ = 7.58(2H, d, J = 8.0 Hz), 7.46 (2H, d, J = 6.72 Hz),
7.37 (2H, J = 6.65 Hz), 7.34 (1H, J = 15.68 Hz), 7.32 ( 2H, J = 8.0 Hz), 6.81 (1H, d, J = 15.47
Hz), 2.41 (3H, s) ppm;

13

C NMR (175 MHz, CDCl3) δ = 141.9(0), 140.9 (0), 136.0 (1), 134.0

(0), 133.3 (1),130.3(1), 129.9(1), 129.0 (1), 127.9(1), 125.1(1), 21.6(3) ppm. 1H and

13

C NMR

spectral data in agreement with those previously reported by la Pradilla.69
Data for (Z)-132:[α]D23 = − 664 (c = 0.50, CHCl3); IR (neat) 3467, 3023,
2922, 1710, 1572, 1595, 1492, 1447, 1084; 1045 cm–1; 1H NMR (700
MHz, CDCl3) δ = 7.31-7.58 (9H, m), 7.10, (1H, d, J = 10.65 Hz ), 6.45
(1H, d, J = 10.64 Hz), 2.41 (3H, s) ppm; 13C NMR (175 MHz, CDCl3) δ = 141.6(0), 138.6 (1),
137.2(1), 134.0 (2c, 0), 130.2 (1),129.9(1), 129.6(1), 128.8 (1), 124.5(1), 21.5 (3) ppm. 1H and
13

C NMR spectral data in agreement with those previously reported by Satoh.115

The remaining three pairs of cis and trans vinyl sulfoxide were prepared in a like fashion from
Dimethylphosphorylmethyl-P-tolyl sulfoxide
Data for (E)-133: (60mg, 0.27 mmol 15%) as yellow oil;[α]D23 = + 94.2 (c
= 0.22, CHCl3); IR (neat) 3476, 3023, 2961, 2868, 1596, 1493, 1475,
1463, 1364, 1265, 1178, 1084; 1045 cm–1; 1H NMR (400 MHz, CDCl3) δ
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= 7.48 (2H, d, J = 8.1 Hz),7.31 (2H, d, J = 7.96 Hz), 6.60(1H, d, J = 15.36 Hz ), 6.10 (1H, d, J
= 15.37 Hz), 2.40 (3H, s), 1.1 (9H, s) ppm; 13C NMR (100 MHz, CDCl3) δ = 150.8(1), 141.4 (0),
141.3(0) 131.3 (1), 130.1 (1), 124.8(1), 34.3 (0), 28.9(1), 21.5 (3) ppm. 1H and 13C NMR spectral
data in agreement with those previously reported by Strickler.116
Data for (Z)-133 :(215 mg, 0.27mmol, 57% ) as yellow oil; [α]D23 = − 287.8
(c = 0.90, CHCl3); IR (neat) 3539, 2962-2868, 1617, 1596, 1492, 1475,
1396, 1178, 1081; 1045, 898 cm–1; 1H NMR (400 MHz, CDCl3) δ = 7.53
(2H, d, J = 8.0 Hz),7.32 (2H, d, J = 7.92 Hz), 6.12 (1H, d, J = 10.89 Hz ), 6.03 (1H, d, J = 10.85
Hz), 2.40 (3H, s), 1.32 (9H, s) ppm; 13C NMR (100 MHz, CDCl3) δ = 150.3(1), 142.0 (0), 141.3
(0), 134.7 (1), 130.2(1), 124.5(1), 35.6 (0), 31.5(1), 21.5 (3) ppm. 1H and 13C NMR spectral data
in agreement with those previously reported by la Pradilla.69a
Data (E)-130: (892mg, 4.9 mmol, 73%) as colorless oil;[α]D23 = + 122.7 (c =
0.43, CHCl3); IR (neat) 3444, 3021-2870, 1733, 1633, 1585, 1493, 1441,
1377, 1090; 1041 cm–1; 1H NMR (700 MHz, CDCl3) δ = 7.50 (2H, d, J =
8.1 Hz), 7.31 (2H, d, J = 8.0 Hz), 6.59 (1H, dq, J = 15.0, 6.8 Hz ), 6.25 (1H, dq, J = 15.0, 1.54
Hz), 2.41 (3H, s), 1.90 (2H, dd, 6.79, 1.6 Hz) ppm; 13C NMR (175 MHz, CDCl3) δ 141.5 = (0),
141.2 (0), 136.6 (0), 136.3 (1), 130.1 (1), 124.7(1), 124.0(1), 21.5(3), 17.9(3) ppm. 1H and

13

C

NMR spectral data in agreement with those previously reported by Mikolajcyk. 62
Data for (Z)-130 (244mg, 1.37 mmol, 21%) as amorphous white solid;
[α]D23= − 295 (c = 0.29, CHCl3); IR (neat) 3474, 3026-2920, 1733, 1623,
1492, 1438, 1083, 1037, 1014, 811 cm–1; 1H NMR (400 MHz, CDCl3) δ =
7.53 (2H, d, J = 8.19 Hz), 7.32 (2H, d, J = 8.4 Hz), 6.25 (2H, m), 2.41 (3H, s), 2.14 (3H, dd,
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6.79, 1.26 Hz) ppm; 13C NMR (175 MHz, CDCl3) δ = 141.6(0), 141.3 (0), 138.2 (1), 136.8 (1),
130.2 (1), 124.2(1) 21.5(3), 15.4(3) ppm. 1H and 13C NMR spectral data in agreement with those
previously reported by Craig.64
Data for (E)-131: (713 mg, 3.4 mmol, 50%) as colorless oil; [α]D23 = + 322
(c = 0.90, CHCl3); IR (neat) 3021-2872, 1726, 1627, 1596, 1493, 1455,
1177, 1082; 1041 cm–1; 1H NMR (400 MHz, CDCl3) δ = 7.50 (2H, d, J =
8.2 Hz),7.33 (2H, d, J = 7.96 Hz), 6.61 (1H, dt, J = 15.13, 6.85 Hz ), 6.21 (2H, dt, J = 15.16, 1.4
Hz), 2.40 (3H, s), 2.2 (2H, qd, 7.12, 1.12 Hz), 1.51(2H, s, J = 7.37Hz) 0.92 (3H, t, J = 7.36 Hz)
ppm;

13

C NMR (100 MHz, CDCl3) δ = 141.4(0), 141.3 (0), 140.8 (1), 135.4 (1), 130.1(2c, 1),

124.7(1), 34.1 (2), 21.5(3), 13.7 (3) ppm. 1H and 13C NMR spectral data in agreement with those
previously reported by Takahashi 117
Data (E)-131: (356mg, 0.17 mmol, 25 %) as light yellow oil;[α]D23 = −
245.6 (c = 0.57, CHCl3); IR (neat) 3456, 3021-2872, 1617, 1596, 1492,
1456, 1380, 1302, 1177, 1082; 1041 cm–1; 1H NMR (400 MHz, CDCl3) δ =
7.50 (2H, d, J = 8.2 Hz),7.32 (2H, d, J = 7.96 Hz), 6.20 (2H, m ), 2.60 (1H, sept, J = 7.6 Hz),
2.50(1H, sept, J = 6.92 Hz), 2.41 (3H, s), 1.55 (2H, m), 1.04(3H, t, J = 7.36 Hz) ppm; 13C NMR
(100 MHz, CDCl3) δ = 141.8(1), 141.2 (2c,0), 137.4 (1), 130.0 (2c, 1), 124.6(1), 31.4 (2),
22.5(2), 21.5(3), 13.8 (3) ppm. 1H and 13C NMR spectral spectral data in agreement with those
previously reported by Louis 118
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Synthesis of bromohydrins

Prepared by a method of Tsuchihashi et al.65 A solution of vinylsulfoxide 134a´ (465 mg, 1.92
mmol) in dioxane/H2O (1.2: 1) (3.9 mL: 4.6 mL) at rt was stirred for 5 min. The resulting
solution was treated with NBS (578 mg, 3.3 mmol) and stirred for 4 h. The mixture was
quenched with NaI (5 mL) and then Na2S2O3 (8 mL). The solvent was concentrated in vacuo and
extracted with CH2Cl2 (3 × 10 mL). The combined organic extracts were washed with brine (10
mL), dried (Na2SO4) and concentrated in vacuo. The crude residue was further purified by
column chromatography (SiO2, eluting with 30-40% EtOAc in hexanes) afforded the desired
prduct. (392 mg, 1.2 mmol, 63 %, dr >10:1). %) as colorless oil; [α]D23 = + 126 (c = 0.1, CHCl3)
IR (neat) 3331, 3086, 3059, 2922, 1595, 1493, 1399, 1265 1086, 1039 cm–1; 1H NMR (400 MHz,
CDCl3) δ = 7.58 (2H, d, J = 8.2 Hz),7.42 (1H, d, J = 8.0Hz), 7.33-7.39 (5H, m), 5.14 (1H, dd, J
= 8.4, 3.0 ), 4.79 (1H, d, J = 8.4), 2.45(3H, s) ppm; 13C NMR (400 MHz, CDCl3) δ = 142.7(0),
139.7(0), 135.9(1) 129.7 (1), 128.9 (1), 128.5(1) 127.2 (1), 125.7(1), 75.7(1), 74.6(1), 21.5(3)
ppm. 1H and 13C NMR spectral data in agreement with those previously reported by
Tsuchihashi.65
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A solution of vinylsulfoxide (E)-131 (234 mg, 1.12 mmol) in dioxane/H2O (1.2: 1) (2.7 mL: 2.3
mL) was stirred for 5 min at rt. The resulting solution was treated with NBS (338 mg, 1.9 mmol)
and stirred for 4 h. The mixture was quenched with NaI (5 mL) and then Na2S2O3 (8 mL). The
solvent was concentrated in vacuo and extracted with CH2Cl2 (3 × 10 mL). The combined
organic extracts were washed with brine (10 mL), dried (Na2SO4) and concentrated in vacuo.
The crude residue was further purified by column chromatography (SiO2, eluting with 30-40%
EtOAc in hexanes) afforded the desired prduct. (195 mg, 0.65 mmol, 64 %, dr >10: 1). %) as
colorless oil. IR (neat) 3339, 2958, 2932, 2870, 1492, 1458, 1088, 1041, 809 cm–1; 1H NMR
(400 MHz, CDCl3) δ = 7.60 (2H, d, J = 8.2 Hz),7.39 (1H, d, J = 8.0 Hz), 4.63 (1H, d, J = 7.7
Hz), 5.15 (1H, m ), 3.53 (1H, d, J = 4.3), 2.47(3H, s) 2.20 (1H, s), 1.86 (1H, m), 1.70 (1H, m),
1.4 (1H, m), 0.97 (3, t, J = 7.3 Hz) ppm; 13C NMR (100 MHz, CDCl3) δ = 142.6(0), 136.1(0),
129.7(1), 125.6 (1), 72.3 (1), 72.2 (1), 37.3(2), 21.5(3), 18.1(2), 13.1(3) ppm. MS (ES) m/z 305
(M+H)+ , HRMS(ES) 305.0201 ( calcd. C12H17BrO2S: 304.01).

A solution of vinylsulfoxide (E)-133 (200 mg, 0.9 mmol) in dioxane/H2O (1.2: 1) (2.0 mL: 1.2
mL) at rt was stirred for 5 min. The resulting solution was treated with NBS (338 mg, 1.9 mmol)
and stirred for 4 h. The mixture was quenched with NaI (5 mL) and then Na2S2O3 (6 mL). The
solvent was concentrated in vacuo and extracted with CH2Cl2 (3 × 10 mL). The combined
organic extracts were washed with brine (10 mL), dried (Na2SO4) and concentrated in vacuo.
The crude residue was further purified by column chromatography (SiO2, eluting with 30-40%
EtOAc in hexanes) afforded the desired product. (158 mg, 0.65 mmol, 52 %, dr >10: 1). %) as
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colorless oil. IR (neat) 3431, 2960, 2922, 1643, 1467, 1369, 1060, 813 cm–1; 1H NMR (400
MHz, CDCl3) δ = 7.73 (2H, d, J = 8.1 Hz),7.4 (1H, d, J = 8.0 Hz), 5.32 (1H, s ), 4.93 (1H, d, J =
1.3), 3.85(1H, d, J = 1.3 Hz) 2.47 (3H, s), 1.0 (9H, s) ppm; 13C NMR (100 MHz, CDCl3) δ =
143.5(0), 137.7(0), 130.2(1), 125.7 (1), 74.0 (1), 60.9 (1), 37.2 (0), 28.0(3), 21.1(3) ppm.

Representative procedure:
A solution of (1S,2S)-1-bromo-1-((S)-p-toylsulfinyl)ethan-2-ol 134a´ (260 mg, 0.76 mmol) in
mixture of THF/t-BuOH (3 mL) (1:1) at 0 ºC was treated with t-BuOK (102 mg, 0.91 mmol).The
reaction mixture was stirred for 1 h untile TLC showed reaction completion. The reaction
mixture was quenched with sat. NH4Cl. The mixture was quenched with a saturated solution of
NH4Cl (5 mL), and was concentrated concentrated in vacuo to remove the solvents, diluted with
EtOAc (4 mL). The layers were separated and the aquous layer was extracted with EtOAc (3×7
mL). The combined organic extracts were washed with brine (10 mL), dried (Na2SO4) and
concentrated in vacuo. The crude residue was further purified by column chromatography
(eluting with 30% EtOAc in hexanes) to afford the desird product as white amorphous solid (182
mg, 0.70 mmol, 92%); [α]D23 = + 119 (c = 0.1, CHCl3); 1HNMR and 13C see data for 136t below.
HPLC analysis of (±)-136t, prepared in a similar fashion from (±)-126, performed with a Daicel
Chiralcel® IC column (4.6 mm ID x 250 mm), eluting with 10% i-PrOH in hexanes at 1.0 mL
min–1 and monitored by UV at 210 nm, showed resolved peaks: tret. [(−)-(RS)-136t] = 7.91 min,
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tret. [(+)-(SS)-136t] = 19.951 min. Analysis of the enantioenriched material prepared as described
revealed an enantiomeric excess of 98.4% for (+)-(SS)-136t.

Figure 13: HPLC analysis of 136t with Daicel Chiralcel® IC column: right trace scalemic
mixture of 136t and another diastereoisomer, left trace enantioenriched sample of (+)-(Ss)-136t
with % ee >98%.

Data for 138t: (95 mg, 0.424 mmol, 92%) as white soild; [α]D23 = + 140 (c = 0.1, CHCl3);. IR
(neat) 2961, 2938, 2873, 1597, 1493, 1087, 1053, 912, 811 cm–1; 1H NMR (400 MHz, CDCl3) δ
= 7.57 (2H, d, J = 8.2 Hz ), 7.35 (2H, d, J = 7.92 Hz), 3.68 (1H, d, J = 1.8 Hz), 3.63 (1H, dt, J =
1.8, 5.68 Hz ), 2.40 (3H, s), 1.62 (2H, m), 1.45 (2H, m), 0.90 (3H, t, J = 7.36 Hz) ppm; 13C NMR
(100 MHz, CDCl3) δ = 142.5(0), 138.08 (0), 130.3 (1), 124.6 (1), 72.9 (1), 56.0 (1), 32.8(2),
21.6 (3), 19.2 (2), 13.8 (3)ppm.
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Synthesis of sulfinyl epoxides by nucleophilic epoxidation of vinyl sulfoxide
a. Representative procedure with NaOO-t-Bu:

By a modification of the method of la Pradilla et al. 69a. In 50 mL round-bottomed flamed dry
under argon was charged with 4 equiv of oil free NaH (144 mg, 1.8 mmol) (washed with hexane
and dried) in THF 10 mL. The mixture was cooled to 0 °C and 4 (24 mmol, 1.44 mL, 80% in tBuOO-t-Bu) was added. After stirring at 25 °C for 20-30 min, the resulting solution was cooled
to 0 °C and a solution of 1 equiv of the corresponding vinyl sulfoxide 220 mg in THF (10 mL)
was added dropwise. The reaction mixture was stirred at 0 °C until starting material
disappearance, monitored by TLC 30 mins. The reaction was then quenched with a saturated
solution of Na2S2O4 (15 mL) and diluted with EtOAc (15 mL) and the layers were separated. The
aqueous layer was extracted with EtOAc (3× 10 mL), and the combined organic extracts were
washed with a saturated solution of NaCl (15 mL/mmol), dried over anhydrous Na2SO4 and
concentrated in vacuo. The crude residue was further purified by column chromatography (SiO2,
eluting with 40% EtOAc in hexanes) (175 mg, 0.67 mmol, 75 %) as white solid mp = 148-150
ºC; [α]D23 = − 240 (c = 0.17, CHCl3); IR (neat) 3053, 2971, 2925, 2865, 1493, 1454, 1392, 1280,
1084, 1049, 895, 808 cm–1; 1H NMR (700 MHz, CDCl3) δ = 7.48-7.42 (5H, m), 7.20 (2H, d, J =
7.84 Hz), 7.03 (2H, d, J = 7.85 Hz), 4.23 (1H, d, J = 3.57 Hz ), 4.22 (1H, d, J = 3.64 Hz), 2.38
(3H, s) ppm; 13C NMR (175 MHz, CDCl3) δ = 142. 5(0), 137.2 (0), 132.4 (0), 130.2(1), 129.2
(1), 128.7 (1), 126.7 (1), 124.3 (1), 78.6 (1), 57.7 (1), 21.6 (3) ppm.
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HPLC analysis of (±)-146c, prepared by with similar way from racemic chlorosulfoxide ,
performed with a Daicel Chiralcel® OD column (4.6 mm ID x 250 mm), eluting with 10% iPrOH in hexanes at 1.0 mL min–1 and monitored by UV at 210 nm, showed resolved peaks: tret.
[(+)-(RS)-146c] = 17.65 min, tret. [(–)-(SS)-146c] = 20.464 min. Analysis of the optically active
material prepared as described above revealed an enantiomeric excess of > 98.4 % in favor of the
(−)-(SS)-146c (Figure 14).

Figure 14: HPLC analysis of146c with Daicel Chiralcel® OD column: right trace scalemic
mixture of 146c and another diastereoisomer, left trace enantioenriched sample of (−)-(SS)-146c
with % ee >98%.
Crystallographic Data for 146c: C15H14O2S, M = 258.32, 0.11 x 0.09 x 0.07 mm, T = 200 K,
Orthorhombic, space group P212121, a = 6.3012(7) Å, b = 12.1780(13) Å, c = 16.6838(18) Å, V
= 1280.2(2) Å3, Z = 4, Dc = 1.340 Mg/m3, μ = 2.167 mm-1, F(000) = 544, 2θmax = 136.74°,
9587 reflections, 2324 independent reflections [Rint = 0.0886], R1 = 0.0590, wR2 = 0.1520 and
GOF = 1.086 for 2324 reflections (165 parameters) with I>2(I), R1 = 0.0748, wR2 = 0.1638
and GOF = 1.086 for all reflections, the Flack parameter is 0.05(4), max/min residual electron
density +0.208/-0.229 eÅ3. The ORTEP diagram for 146c appeared in Figure 4.
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Data for 144c:(169 mg, 0.625 mmol, 86%) as pale yellow oil; [α]D23 = + 39 (c = 1, CHCl3); IR
(neat) 3043, 2972, 2872, 1595, 1492, 1447, 1406, 1299, 1085, 1051, 1016 cm–1; 1H NMR (700
MHz, CDCl3) δ = 7.57 (2H, d, J = 8.12 Hz ), 7.37 (2H, d, J = 7.92 Hz), 3.89 (1H, d, J = 3.78
Hz), 3.30 (1H, dq, J = 3.78, 5.6 Hz ), 2.43 (3H, s), 1.61(3H, d, J = 5.6 Hz) ppm; 13C NMR (175
MHz, CDCl3) δ = 142.6 (0), 138.0 (0), 130.4 (1), 124.4 (1), 75.5 (1), 54.4 (1), 21.6 (3), 14.8 (3)
ppm. MS (ES+) m/z 197.1 (M+H)+; HRMS (ES+) m/z 197.0644 (M+H)+ (calcd. for C10H12O2S:
196.06).

Data for sulfone 143t´: (164 mg, 0.77 mmol, 14%) as white solid; mp = 53-55 ºC ; IR (neat)
2976, 2928, 1596, 1456, 1406, 1323, 1155, 1088, 1018, 867 cm–1; 1H NMR (700 MHz, CDCl3)
δ = 7.85(2H, d, J = 8.25 Hz ), 7.41 (2H, d, J = 8.29 Hz), 3.88 (1H, d, J = 1.49 Hz), 3.70 (1H, dq,
J = 5.29, 1.49 Hz ), 2.50 (3H, s), 1.46 (3H, d, J = 5.32 ppm; 13C NMR (175 MHz, CDCl3) δ =
145. 7 (0), 134.0 (0), 130.0 (1), 128.8 (1), 69.3 (1), 54.4 (1), 21.9 (3), 16.3 (3) ppm. MS (ES)
m/z 212 (M+H)+ , HRMS(ES) 212.0559 ( calcd. C10H12O3S: 212.05).
Data for 144t: (640 mg, 3.3 mmol, 58 %) as pale yellow oil; [α]D23 = + 186 (c = 0.30, CHCl3); IR
(neat) 3468, 2974, 2925, 1648, 1596, 1493, 1448, 1024, 1085, 1052, 966, 869, 811 cm–1; 1H
NMR (700 MHz, CDCl3) δ = 7.55 (2H, d, J = 8.19 Hz ), 7.35 (2H, d, J = 8.17 Hz), 3.77 (1H, d, J
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= 1.90 Hz), 3.48 (1H, dq, J = 5.32, 1.89 Hz ), 2.45 (3H, s), 1.40 (3H, d, J = 5.32 Hz) ppm; 13C
NMR (175 MHz, CDCl3) δ = 142. 4(0), 137.1 (0), 130.3 (1), 124.9 (1), 73.4 (1), 53.1 (1), 21.6
(3), 16.5 (3) ppm. MS (ES) m/z 197 (M+H)+ , HRMS(ES) 197.0641 ( calcd. C10H12O2S).

Data for sulfone 143t´´: (12 mg, 0.05 mmol, 12 %) as amorphous light yellow solid, (neat) 3385,
2960, 2930, 2873, 1717, 1596, 1456, 1176, 1144, 1054, 1053, 914, cm–1; 1H NMR (400 MHz,
CDCl3) δ = 7.80 (2H, d, J = 8.32 Hz ), 7.40 (2H, d, J = 8.05 Hz), 3.87 (1H, d, J = 1.64 Hz), 3.39
(1H, dt, J = 4.8, 1.68 Hz ), 2.46 (3H, s), 1.65 (2H, m), 1.52 (2H, m), 0.92 (3H, t, J = 7.28 Hz)
ppm;. MS (ES+) m/z 241 (M+H)+ (calcd. for C12H16O3S: 240.08).
Data for 145t:(68 mg, 0.3 mmol, 78%) as white amorphous solid ; [α]D23 = + 252 (c = 0.35,
CHCl3); IR (neat) 3493, 3037, 2961, 2873, 1596, 1493, 1457, 1210, 1086, 1053, 1016, 914, 811
cm–1; 1H NMR (400 MHz, CDCl3) δ = 7.55 (2H, d, J = 8.24 Hz ), 7.35 (2H, d, J = 8.12 Hz), 3.80
(1H, d, J = 1.88 Hz), 3.41 (1H, dt, J = 5.32, 1.88 Hz ), 2.43 (3H, s), 1.62 (2H, m), 1.46 (2H, m),
0.94 (3H, t, J = 7.32 Hz) ppm; 13C NMR (100 MHz, CDCl3) δ = 142. 4(0), 137.2 (0), 130.2 (1),
124.9 (1), 72.8 (1), 56.7 (1), 32.7 (2), 21.6 (3), 19.1 (2), 13.8 (3) ppm. MS (ES+) m/z 225.1
(M+H)+; HRMS (ES+) m/z 225.0356 (M+H)+ (calcd. for C12H16O2S: 224.09).
b. Representative procedure with LiOO-t-Bu:
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By a modification of the method of la Pradilla.69a In 100 mL round-bottomed flamed dry under
argon was charged with anhydrous THF 10 mL and 4 equiv of t-BuOOH (5.7 mmol, 0.37 mL,
80% in t-BuOO-t-Bu), the mixture was cooled to 0 °C, and then 5 equiv of n-BuLi ( 7 mmol, 2.8
mL, 2.5M) was added. The mixture was stirred at 0 °C for 10 min, and a solution of 1 equiv of
the corresponding vinyl sulfoxide 300 mg in THF (10 mL) was added dropwise. The reaction
mixture was stirred at 0 °C until starting material disappearance, monitored by TLC 2h. The
reaction was then quenched with a saturated solution of Na2S2O4 (8 mL) and diluted with EtOAc
(8 mL) and the layers were separated. The aqueous layer was extracted with EtOAc (3× 8 mL),
and the combined organic extracts were washed with a saturated solution of NaCl (4 mL/mmol),
dried over anhydrous Na2SO4 and concentrated in vacuo. The residue was purified by column
chromatography (SiO2, eluting with 30% EtOAc in hexanes) to afford, in order of elution
Data for 146c: (213 mg, 0.625 mmol, 66%) as colorless oil;. [α]D23 = + 187 (c = 0.3, CHCl3); IR
(neat) 3473, 2961, 2934, 2873, 1600, 1493, 1462, 1085, 1051, 811 cm–1; 1H NMR (700 MHz,
CDCl3) δ = 7.58 (2H, d, J = 8.13Hz ), 7.38 (2H, d, J = 7.99 Hz), 3.93 (1H, d, J = 3.78 Hz), 3.20
(1H, quin, J = 4 Hz ), 2.44 (3H, s), 1.84 (2H, m), 1.63 (1H, m), 1.53 (1H,m), 1.03 (3H, t, J = 7.35
Hz) ppm; 13C NMR (175 MHz, CDCl3) δ = 142.53(0), 139.0 (0), 130.3 (1), 124.5 (1), 75.4 (1),
58.5 (1), 31.1 (2), 21.2 (3), 20.4(2), 13.7 (3) ppm. MS (ES) m/z 225 (M+H)+ , HRMS(ES)
225.0949 ( calcd. C12H16O2S: 224.09).
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Synthesis of α-Chlorosulfoxides (+)-(SS)-126, (+)-(SS)-152 and (+)-(SS)-162

4-Methylthioanisole 148: A stirred suspension of p-thiocresol (10.9 g, 87.8 mmol) and K2CO3
(14.6 g, 106 mmol) in acetone (100 mL) was treated with neat MeI (6.50 mL, d = 2.28, 14.8 g,
104 mmol) and stirred vigorously at rt for 12 h. The mixture was then concentrated in vacuo and
the residue partitioned between EtOAc (100 mL) and 5 wt.% aq. NaOH (125 mL). The layers
were separated and the aqueous phase extracted with EtOAc (2x60 mL). The combined organic
phases were washed with brine (50 mL), dried (Na2SO4), and concentrated in vacuo. The residue
was purified by column chromatography (SiO2, eluting with 5% EtOAc in hexanes) to afford the
title thioether (11.4 g, 82.5 mmol, 94%) as a pale yellow oil: IR (neat) 2919, 1493, 1437, 1093,
801, 489 cm–1; 1H NMR (700 MHz, CDCl3) δ = 7.22 (2H, d, J = 7.8 Hz), 7.13 (2H, d, J = 7.8
Hz), 2.50 (3H, s), 2.34 (3H, s) ppm; 13C NMR (175 MHz, CDCl3) δ = 135.1 (0), 134.7 (0), 129.6
(2C, 1), 127.3 (2C, 1), 20.9 (3), 16.6 (3) ppm.
(–)-(SS)-Methyl (4-methylphenyl) sulfoxide 148: Prepared by the method
of Jackson et al.73 A solution of the ligand (S)-S1 (170 mg, 0.360 mmol, 1.5
mol%) in CHCl3 (15 mL) was added to vanadyl acetoacetonate [VO(acac)2,
63 mg, 0.238 mmol, 1 mol%] in CHCl3 (15 mL) and the resulting mixture
stirred for 2 h at rt. After this time, 4-methylthioanisole (3.30 g, 23.9 mmol) in CHCl3 (30 mL)
was added to the aged solution of pre-catalyst at the mixture stirred for a further 30 min at rt. The
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mixture was then cooled to 0 °C, treated with 30 wt.% aq. H2O2 (2.93 mL, d = 1.11, 3.25 g, 28.7
mmol, 1.2 eq), and the resulting biphasic mixture stirred for 4 d at 0 °C before 10 wt.% aq.
NaS2O3 (60 mL) was added to quench the reaction. The layers were separated and the aqueous
phase extracted with CHCl3 (3x50 mL). The combined organic phases were washed with brine
(50 mL), dried (Na2SO4), and concentrated in vacuo. The residue was purified by column
chromatography (SiO2, eluting with 50% EtOAc in hexanes) to afford the desired scalemic (SS)configured sulfoxide (3.30 g, 21.4 mmol, 90%) as a colorless solid: mp = 62-64 °C; [α]D23 = –
172 (c = 1.00, CHCl3); IR (KBr) 2996, 1597, 1495, 1412, 1088, 1040, 957, 811, 506 cm–1; 1H
NMR (400 MHz, CDCl3) δ = 7.54 (2H, d, J = 8.1 Hz), 7.34 (2H, d, J = 7.9 Hz), 2.70 (3H, s),
2.42 (3H, s) ppm; 13C NMR (100 MHz, CDCl3) δ = 143.0 (0), 141.8 (0), 130.1 (2C, 1), 123.6
(2C, 1), 44.0 (3), 21.4 (3) ppm. 1H NMR spectral data in agreement with those previously
reported by Lattanzi et al.119
(+)-(SS)-Chloromethyl (4-methylphenyl) sulfoxide (126): By the method of Satoh and
Yamakawa.45 N-Chlorosuccinimide (3.44 g, 25.8 mmol, 2.0 eq) was added to a vigorously stirred
suspension of (–)-(SS)-methyl (4-methylphenyl) sulfoxide (2.00 g, 13.0 mmol) and K2CO3 (1.10
g, 7.97 mmol, 0.6 eq) in CH2Cl2 (40 mL) at rt. After stirring for 88 h in this manner, 4 wt.% NaI
(20 mL) and sat. aq. Na2S2O3 (30 mL) were added and the resulting biphasic mixture well shaken
and the layers separated. The aqueous phase was extracted with CH2Cl2 (3x20 mL) and the
combined organic phases were washed with brine (30 mL), dried (Na2SO4), and concentrated in
vacuo. The residue was purified by column chromatography (SiO2, eluting with 20% EtOAc in
hexanes) to afford the title compound (1.94 g, 10.3 mmol, 79%) as a colorless solid: mp = 72-74
°C (EtOAc-hexanes); [α]D23 = +136 (c = 0.50, CHCl3, 95% ee); IR (KBr) 2930, 1595, 1486,
1396, 1303, 1151, 1054, 809, 754 cm–1; 1H NMR (400 MHz, CDCl3) δ = 7.61 (2H, d, J = 8.2
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Hz), 7.37 (2H, d, J = 8.1 Hz), 4.39 (2H, s), 2.46 (3H, s) ppm; 13C NMR (100 MHz, CDCl3) δ =
142.9 (0), 137.7 (0), 130.0 (2C, 1), 124.9 (2C, 1), 61.3 (2), 21.6 (3) ppm. 1H NMR spectral data
in agreement with those previously reported by Satoh et al.45
HPLC analysis of (±)-126, prepared by NCS mediated chlorination of (±)-methyl (4methylphenyl) sulfoxide in the absence of K2CO3, performed with a Daicel Chiralcel® OD-H
column (4.6 mm ID x 250 mm), eluting with 1% i-PrOH in hexanes at 1.0 mL min–1 and
monitored by UV at 254 nm, showed resolved peaks: tret. [(–)-(RS)-126] = 32.2 min, tret. [(+)-(SS)126] = 38.3 min. Analysis of the enantioenriched material prepared as described above revealed
an enantiomeric excess of 95% for (+)-(SS)-126 (Figure 15).

Figure 15. HPLC analysis of126 with Daicel Chiralcel® OD-H column: right trace racemic
standard, left trace enantioenriched sample of (+)-(SS)-126 with % ee = 95%.
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Ethyl (4-methylphenyl) thioether 149: A stirred suspension of p-thiocresol (10.0 g, 80.5 mmol)
and K2CO3 (13.4 g, 97.1 mmol) in acetone (100 mL) was treated with neat EtBr (5.40 mL, d =
1.95, 10.5 g, 96.3 mmol) and stirred vigorously at rt for 20 h. The mixture was then filtered
through a celite pad and concentrated in vacuo. The residue was partitioned between Et2O (200
mL) and 5 wt.% aq. NaOH (100 mL) and the layers were separated. The organic phase was
washed successively with 5 wt.% aq. NaOH (2x100 mL) and brine (100 mL), then dried
(Na2SO4), and concentrated in vacuo. The residue was purified by column chromatography
(SiO2, eluting with 1% EtOAc in hexanes) to afford the title thioether (12.2 g, 80.1 mmol, 99%)
as a pale yellow oil: IR (neat) 2973, 2924, 1492, 1447, 1261, 1093, 1017, 804 cm–1; 1H NMR
(700 MHz, CDCl3) δ = 7.29 (2H, d, J = 8.1 Hz), 7.13 (2H, d, J = 7.9 Hz), 2.93 (2H, q, J = 7.4
Hz), 2.35 (3H, s), 1.32 (3H, t, J = 7.3 Hz) ppm; 13C NMR (175 MHz, CDCl3) δ = 135.0 (0),
132.7 (0), 129.9 (2C, 1), 129.6 (2C, 1), 28.6 (2), 21.0 (3), 14.5 (3) ppm. 1H and 13C NMR
spectral data in agreement with those previously reported by Blakemore et al.2
(–)-(SS)-Ethyl (4-methylphenyl) sulfoxide (151): Prepared by the method
of Jackson et al.65 A solution of the ligand (S)-S1 (233 mg, 0.492 mmol, 1.5
mol%) in CHCl3 (50 mL) was added to vanadyl acetoacetonate [VO(acac)2,
87 mg, 0.329 mmol, 1 mol%] in CHCl3 (50 mL) and the resulting mixture
stirred for 2 h at rt. After this time, ethyl (4-methyl-phenyl) thioether (5.00 g, 32.8 mmol) in
CHCl3 (30 mL) was added to the aged solution of pre-catalyst at the mixture stirred for a further
30 min at rt. The mixture was then cooled to 0 °C, treated with 30 wt.% aq. H2O2 (4.00 mL, d =
1.11, 4.44 g, 39.2 mmol, 1.2 eq), and the resulting biphasic mixture stirred for 5 d at 0 °C before
10 wt.% aq. NaS2O3 (40 mL) was added to quench the reaction. The layers were separated and
the aqueous phase extracted with CHCl3 (3x30 mL). The combined organic phases were washed
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with brine (50 mL), dried (Na2SO4), and concentrated in vacuo. The residue was purified by
column chromatography (SiO2, eluting with 60% EtOAc in hexanes) to afford the desired
scalemic (SS)-configured sulfoxide (4.90 g, 29.1 mmol, 89%) as a colorless solid: mp = 107-109
°C; [α]D23 = –182 (c = 1.0, CHCl3); IR (KBr) 2978, 1656, 1495, 1455, 1087, 1046, 813, 637,
625, 536 cm–1; 1H NMR (400 MHz, CDCl3) δ = 7.52 (2H, d, J = 8.2 Hz), 7.35 (2H, d, J = 7.9
Hz), 2.89 (1H, dq, J = 13.2, 7.4 Hz), 2.78 (1H, dq, J = 13.3, 7.4 Hz), 2.43 (3H, s), 1.21 (3H, t, J =
7.4 Hz) ppm; 13C NMR (100 MHz, CDCl3) δ = 141.6 (0), 140.4 (0), 130.0 (2C, 1), 124.4 (2C, 1),
50.6 (2), 21.6 (3), 6.2 (3) ppm. 1H and 13C NMR spectral data in agreement with those previously
reported by Han et al.120
(+)-(SS,1S)-1-Chloroethyl (4-methylphenyl) sulfoxide (152): By the method of Satoh and
Yamakawa.45 N-Chlorosuccinimide (3.16 g, 23.7 mmol, 2.0 eq) was added to a vigorously stirred
suspension of (–)-(SS)-ethyl (4-methylphenyl) sulfoxide (2.00 g, 11.9 mmol) and K2CO3 (985
mg, 7.14 mmol, 0.6 eq) in CH2Cl2 (80 mL) at rt. After stirring for 96 h in this manner, 4 wt.%
NaI (30 mL) and sat. aq. Na2S2O3 (20 mL) were added and the resulting biphasic mixture well
shaken and the layers separated. The aqueous phase was extracted with CH2Cl2 (3x20 mL) and
the combined organic phases were washed with brine (30 mL), dried (Na2SO4), and concentrated
in vacuo. The residue was purified by column chromatography (SiO2, eluting with 30% EtOAc
in hexanes) to afford the title compound (1.75 g, 8.63 mmol, 73%) as a pale yellow oil as a
mixture of syn and anti diastereomers epimeric at the α-carbon (dr = 86:14, respectively). The
following data were obtained from this mixture: [α]D23 = +101 (c = 1.0, CHCl3); IR (neat) 2952,
1596, 1494, 1444, 1088, 1057, 811, 694 cm–1; 1H NMR (400 MHz, CDCl3) δ (major
diastereomer) = 7.58 (2H, d, J = 8.2 Hz), 7.35 (2H, d, J = 8.0 Hz), 4.69 (1H, q, J = 6.7 Hz), 2.44
(3H, s), 1.61 (3H, d, J = 6.7 Hz) ppm; 13C NMR (175 MHz, CDCl3) δ = 142.8 (0), 135.4 (0),
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129.6 (2C, 1), 125.9 (2C, 1), 70.8 (1), 21.5 (3), 17.1 (3) ppm. 1H and 13C NMR spectral data in
agreement with those previously reported.2
HPLC analysis of a sample of (±)-152 with syn:anti = 90:10, prepared by NCS mediated
chlorination of (±)-ethyl (4-methylphenyl) sulfoxide in the absence of K2CO3, performed with a
Daicel Chiralcel® OD column (4.6 mm ID x 250 mm), eluting with 3% i-PrOH in hexanes at 0.5
mL min–1 and monitored by UV at 210 nm, showed three resolved peaks: tret. [anti-(SS,1R)-152]
= 31.1 min, tret. [syn-(SS,1S)-152] = 33.4 min, tret. [anti-(RS,1S)-152 + syn-(RS,1R)-152] = 37.4
min. Analysis of the enantioenriched material prepared as described above (with syn:anti =
86:14) revealed an excess of ≥90% (i.e., (SS):(RS) ≥ 95:5) for the (SS)-configured sulfoxide
components syn-(SS,1S)-152 and anti-(SS,1R)-152 (Figure 16).

Figure 16. HPLC analysis of 152 with Daicel Chiralcel® OD column: right trace racemic
standard, left trace enantioenriched sample of (+)-(SS)-152 with % ee = 90%.
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4-Methyl-D3-thioanisole (159): A stirred suspension of p-thiocresol (1.43 g, 11.5 mmol) and
K2CO3 (2.38 g, 17.25 mmol) in acetone (40 mL) was treated with neat CD3I (0.85 mL, d = 2.329,
2.0 g, 13.79 mmol) and stirred vigorously at rt for 12 h. The mixture was then concentrated in
vacuo and the residue partitioned between EtOAc (100 mL) and 5 wt.% aq. NaOH (125 mL).
The layers were separated and the aqueous phase extracted with EtOAc (2x60 mL). The
combined organic phases were washed with brine (50 mL), dried (Na2SO4), and concentrated in
vacuo. The residue was purified by column chromatography (SiO2, eluting with 5% EtOAc in
hexanes) to afford the title thioether (1.60 g, 11.3 mmol, 99%) as a yellow amorphorus solid: IR
(neat) 3019, 2919, 2866,1595, 1489, 1397, 1179,1078, 803 cm–1; 1H NMR (700 MHz, CDCl3) δ
7.39 (2H, d, J = 8.19 Hz), 7.11 (2H, d, J = 7.94 Hz), 2.32 (3H, s) ppm; 13C NMR (175 MHz,
CDCl3) δ 137.6 (0), 134.0 (0), 129.9 (1), 128.5 (1), 21.2 (3) ppm. MS (ES+) m/z 164.1 (M+Na)+;
HRMS (ES+) m/z 164.0596 (M+Na)+ (calcd. for C8H7D3S: 141.07).
(–)-(SS)-Methyl-D3- (4-methylphenyl) sulfoxide 160: By a modification of
the method of Jackson et al.45 A solution of the ligand (S)-S1 (88.8 mg, 0.18
mmol, 1.5 mol%) in CHCl3 (15 mL) was added to vanadyl acetoacetonate
[VO(acac)2, 33 mg, 0.125 mmol, 1 mol%] in CHCl3 (15 mL) and the
resulting mixture stirred for 2 h at rt. After this time, 4-methyl-D3-p-tolyl sulfide (1.766 g, 12.5
mmol) in CHCl3 (30 mL) was added to the aged solution of pre-catalyst at the mixture stirred for
a further 30 min at rt. The mixture was then cooled to 0 °C, treated with 30 wt.% aq. H2O2 (1.53
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mL, d = 1.11, 15.0 mmol, 1.2 eq), and the resulting biphasic mixture stirred for 4 d at 0 °C before
10 wt.% aq. NaS2O3 (60 mL) was added to quench the reaction. The layers were separated and
the aqueous phase extracted with CHCl3 (3x20 mL). The combined organic phases were washed
with brine (30 mL), dried (Na2SO4), and concentrated in vacuo. The residue was purified by
column chromatography (SiO2, eluting with 60% EtOAc in hexanes) to afford , in order of
elution, Sulfone:(373mg, 2 mmol,19 %) yellow solid desired scalemic (SS)-configured sulfoxide
(904 mg, 5.8 mmol, 60%) as a white solid and 170 mg recovery SM 159
Sulfone 161: mp = 76-78 ºC: IR(neat) 3066, 3032, 2976, 1600, 1454, 1300, 1152, 1087, 1095,
820, 777 cm–1; 1H NMR (400 MHz, CDCl3) δ 7.87 (2H, d, J = 8.24 Hz), 7.36 (2H, d, J = 7.94),
2.48 (3H, s) ppm; 13C NMR (100 MHz, CDCl3) δ 144.6 (0), 137.7 (0), 129.9 (1), 127.4 (1) 21.6
(3). MS (ES+) m/z 174.1 (M+H)+; HRMS (ES+) m/z 174.0675 (M+H)+ (calcd. for C8H7D3O2S:
157.25).
(SS)-configured sulfoxide 160: mp = 107-109 ºC, [α]D23 = −179.13 (c = 0.23, CHCl3); IR(neat)
3453, 3051, 2924, 1733, 1494, 1396, 1245 1087, 1049, 822, 769cm–1; 1H NMR (400 MHz,
CDCl3) δ = 7.55 (2H, d, J = 8.2 Hz), 7.35 (2H, d, J = 8.20), 2.4 (3H, s) ppm; 13C NMR (100
MHz, CDCl3) δ = 142.6 (0), 141.7 (0), 130.2 (1), 123.7 (1), 21.5 (3). MS (ES+) m/z 158 (M+H)+;
HRMS (ES+) m/z 158.0717 (M+H)+ (calcd. for C8H7D3OS: 157.06).
(+)-(SS)-Chloromethyl-D2-(4-methylphenyl) sulfoxide (162): By a modification of the method
of Satoh and Yamakawa.44N-Chlorosuccinimide (922 mg, 6.92 mmol, 2.0 eq) was added to a
vigorously stirred suspension of (–)-(SS)-methyl-D3-(4-methylphenyl) sulfoxide (544 mg, 3.5
mmol) and K2CO3 (286.5 mg, 2.07 mmol, 0.6 eq) in CH2Cl2 (15 mL) at rt. After stirring for 14
days in this manner, 4 wt.% NaI (15 mL) and sat. aq. Na2S2O3 (10 mL) were added and the
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resulting biphasic mixture well shaken and the layers separated. The aqueous phase was
extracted with CH2Cl2 (3x10 mL) and the combined organic phases were washed with brine (30
mL), dried (Na2SO4), and concentrated in vacuo. The residue was purified by column
chromatography (SiO2, eluting with 60 % EtOAc in hexanes) to afford the title compound (323
mg, 1.73 mmol, 49%) as white solid mp = 65-67 ºC; [α]D23 = +110 (c = 0.6, CHCl3); IR (neat)
3490, 3052, 2923, 1596, 1493, 1300, 1153, 1090, 1058, 1016, 812, 724 cm–1; 1H NMR (700
MHz, CDCl3) δ = 7.62 (2H, d, J = 8.19 Hz), 7.40 (2H, d, J = 7.97 Hz), 2.47 (3H, s) ppm; 13C
NMR (175 MHz, CDCl3) δ 143.1 (0), 137.8 (0), 130.0 (1), 125.0 (1), 21.7 (3) ppm. MS (ES+)
m/z 191 (M+H)+; HRMS (ES+) m/z 191.0273 (M+H)+ ( calcd. C8H7D2ClOS: 190.02).
HPLC analysis of (±)-162, prepared by NCS mediated chlorination of (±)-D2-methyl(4methylphenyl) sulfoxide in the absence of K2CO3, performed with a Daicel Chiralcel® OD-H
column (4.6 mm ID x 250 mm), eluting with 10% i-PrOH in hexanes at 1.0 mL min–1 and
monitored by UV at 254 nm, showed resolved peaks: tret. [(–)-(RS)-162] = 16.18 min, tret. [(+)(SS)-162] = 19.52 min. Analysis of the enantioenriched material prepared as described above
revealed an enantiomeric excess of 88% for (+)-(SS)-162 (Figure 17).

Figure 17. HPLC analysis of 162 with Daicel Chiralcel® OD-H column: right trace racemic
standard, left trace enantioenriched sample of (+)-(SS)-162 with % ee = 88%.
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Synthesis of sulfinyl epoxides by Darzens reaction
Representative procedure. (SS,2S,3R)-2-[(4-Methylphenyl)sulfinyl]-3-phenyloxirane (136c)
and (SS,2S,3S)-2-[(4-Methylphenyl)sulfinyl]-3-phenyloxirane (136t): By a modification of the
45

method of Satoh and Yamakawa.

n-BuLi (0.76 mL, 2.50 M in hexanes, 1.90 mmol) was added

to a solution of i-Pr2NH (0.27 mL, d = 0.722, 195 mg, 1.93 mmol) in anhydrous THF (5 mL) at 0
°C under Ar. The resulting solution of LDA was stirred for 10 min at 0 °C, then cooled to –78 °C
and treated dropwise with a solution of (S)-chlorosulfoxide (+)-126 (300 mg, 1.59 mmol, 95%
ee) in anhydrous THF (2 mL). After stirring for 10 min, still at –78 °C, neat PhCHO (0.24 mL, d
= 1.04, 250 mg, 2.36 mmol) was added followed 10 min later by sat. aq. NH4Cl (5 mL). The
quenched reaction mixture was allowed to warm to rt and then extracted with EtOAc (3x7 mL).
The combined organic phases were washed with brine (10 mL), dried (Na2SO4), and
concentrated in vacuo to afford ca. 480 mg of the intermediate chlorohydrin. This material was
taken up in t-BuOH-THF (1:1, 10 mL) and cooled to 0 °C with stirring. t-BuOK (455 mg, 4.06
mmol) was then added and the resulting mixture stirred for 2 h. After this time, sat. aq. NH4Cl
(10 mL) was added and a majority of the volatile organic solvent removed in vacuo. The residue
was partitioned between EtOAc (20 mL) and H2O (10 mL) and the aqueous phase extracted with
EtOAc (3x15 mL). The combined organic phases were washed with brine (15 mL), dried
(Na2SO4), and concentrated in vacuo. The residue was purified by column chromatography
(SiO2, eluting with 40% EtOAc in hexanes) to afford, in order of elution, the trans sulfinyl
epoxide 136t (140 mg, 0.542 mmol, 34%) as a colorless oil followed by the cis sulfinyl epoxide
136t (156 mg, 0.604 mmol, 38%) as a colorless solid.
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Data for 136t: []D

23

= + 90 (c = 0.10, CHCl3); IR (neat)  = 3036, 2923,
–1

1704, 1597, 1493, 1455, 1399, 1226, 1087, 1052, 900, 716, 699, 518 cm ;
1

H NMR (400 MHz, CDCl3)  = 7.63 (2H, d, J = 8.2 Hz), 7.38 (2H, d, J =

8.1 Hz), 7.37-7.33 (3H, m), 7.26-7.24 (2H, m), 4.60 (1H, d, J = 1.5 Hz), 4.02 (1H, d, J = 1.6 Hz),
2.45 (3H, s) ppm;

13

C NMR (100 MHz, CDCl3)  = 142.7 (0), 137.3 (0), 134.0 (0), 130.3 (2C,

1), 129.1 (1), 128.7 (2C, 1), 126.0 (2C, 1), 124.7 (2C, 1), 75.7 (1), 54.6 (1), 21.5 (3) ppm.
HPLC analysis of (±)-136t, prepared in a similar fashion from (±)-126, performed with a Daicel
Chiralcel® OD column (4.6 mm ID x 250 mm), eluting with 10% i-PrOH in hexanes at 1.0 mL
min–1 and monitored by UV at 210 nm, showed resolved peaks: tret. [(−)-(RS)-136t] = 10.0 min,
tret. [(+)-(SS)-136t] = 16.39 min. Analysis of the enantioenriched material prepared as described
above from (+)-(SS)-126 (with 95% ee) revealed an enantiomeric excess of 78% for (+)-(SS)136t.
Data for 136c: mp = 108-110 °C; []D

23

= –177 (c = 0.40, CHCl3, 81% ee);

IR (KBr)  = 3065, 3033, 2922, 1679, 1597, 1493, 1452, 1396, 1085, 1044,
–1 1

906, 807, 697 cm ; H NMR (400 MHz, CDCl3)  = 7.66 (2H, d, J = 8.2
Hz), 7.52-7.44 (5H, m), 7.42 (2H, d, J = 8.0 Hz), 4.55 (1H, d, J = 3.4 Hz), 4.11 (1H, d, J = 3.4
Hz), 2.47 (3H, s) ppm;

13

C NMR (100 MHz, CDCl3)  = 142.3 (0), 138.5 (0), 132.0 (0), 130.2

(2C, 1), 129.0 (1), 128.6 (2C, 1), 126.7 (2C, 1), 124.6 (2C, 1), 75.0 (1), 59.9 (1), 21.5 (3) ppm.
1

H and

13

C NMR data are in agreement with those reported by Midura et al.121 The identity and

absolute stereochemistry of (–)-136c was further confirmed by single-crystal XRD analysis
(Figure 5).
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HPLC analysis of (±)-136c, prepared in a similar fashion from (±)-126, performed with a Daicel
Chiralcel® IC column (4.6 mm ID x 250 mm), eluting with 10% i-PrOH in hexanes at 1.0 mL
min–1 and monitored by UV at 210 nm, showed resolved peaks: tret. [(+)-(RS)-136c] = 16.9 min,
tret. [(–)-(SS)-136c] = 31.3 min. Analysis of the enantioenriched material prepared as described
above from (+)-(SS)-126 (with 95% ee) revealed an enantiomeric excess of 81% for (–)-(SS)-136c
(Figure 18).

Figure 18. HPLC analysis of 136c with Daicel Chiralcel® IC column: right trace racemic
standard, left trace enantioenriched sample of (−)-(SS)-136c with % ee = 81%.
Crystallographic data for (–)-136c (pb44): C15H14O2S, M = 258.32, 0.09 x 0.08 x 0.05 mm, T =
200(2) K, Monoclinic, space group P21, a = 9.9902(14) Å, b = 5.6154(7) Å, c = 11.4301(15) Å,

 = 95.722(10), V = 638.02(15) Å3, Z = 2, Dc = 1.345 Mg/m3, μ = 2.174 mm-1, F(000) = 272,
2θmax = 133.42°, 6025 reflections, 2235 independent reflections [Rint = 0.0608], R1 = 0.0509,
wR2 = 0.1182 and GOF = 1.054 for 2235 reflections (163 parameters) with I>2(I), R1 =
0.0691, wR2 = 0.1270 and GOF = 1.053 for all reflections, the Flack = 0.08(3), max/min residual
electron density +0.292/-0.336 eÅ-3. The ORTEP diagram for 136c appeared in Figure 5.
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The remaining five pairs of cis and trans epoxides (137-139) were prepared in a like fashion
from chlorosulfoxide (+)-(SS)-126 (with 95% ee, for 139t, 139c, 137t, 137t) or (+)-(SS,1S)-152
(with dr() = 86:14 and effectively ≥90% ee (at sulfur), for 167-169).
Data for 139t: (151 mg, 0.63 mmol, 49%) as colorless oil; []D

23

= –49.0

(c = 0.25, CHCl3); IR (neat)  = 2961, 1598, 1480, 1367, 1226, 1086,
–1 1

1049, 809, 625 cm ; H NMR (400 MHz, CDCl3)  = 7.63 (2H, d, J = 8.2
Hz), 7.39 (2H, d, J = 8.0 Hz), 3.75 (1H, d, J = 3.6 Hz), 3.16 (1H, d, J = 3.6 Hz), 2.47 (3H, s),
1.26 (9H, s) ppm;

13

C NMR (100 MHz, CDCl3)  = 142.2 (0), 139.3 (0), 130.1 (2C, 1), 124.3
+

(2C, 1), 74.9 (1), 68.4 (1), 32.1 (0), 27.6 (3C, 3), 21.5 (3) ppm. MS (ES+) m/z = 261 (M+Na) ,
+

239 (M+H) ; HRMS (ES+) m/z = 239.1098 (calcd. for C13H19O2S: 239.1106).
Data for 139t: (117mg, 0.49, 38%) as colorless oil; []D

23

= –138 (c =

0.10, CHCl3); IR (neat)  = 2960, 1597, 1480, 1366, 1226, 1207, 1089,
–1 1

1051, 944, 812, 624 cm ; H NMR (700 MHz, CDCl3)  = 7.59 (2H, d, J
= 8.1 Hz), 7.39 (2H, d, J = 7.8 Hz), 3.78 (1H, d, J = 1.9 Hz), 3.48 (1H, d, J = 1.9 Hz), 2.46 (3H,
s), 0.92 (9H, s) ppm;

13

C NMR (100 MHz, CDCl3)  = 142.4 (0), 137.8 (0), 130.2 (2C, 1), 124.6
+

(2C, 1), 70.9 (1), 62.8 (1), 30.7 (0), 25.7 (3C, 3), 21.6 (3) ppm. MS (ES+) m/z = 239 (M+H) ;
HRMS (ES+) m/z = 239.1097 (calcd. for C13H19O2S: 239.1106).
Data 137c: (126 mg, 0.64 mmol, 96%) as colorless oil. [α]D23 = − 145 (c =
0.1, CHCl3); IR (neat) 3451, 2972, 2928, 2871, 1914, 1716, 1596, 1208,
1015, 740 cm–1; 1H NMR (400 MHz, CDCl3) δ = 7.60 (2H, d, J = 8.20 Hz ),
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7.37 (2H, d, J = 8.0 Hz), 3.80 (1H, d, J = 3.4 Hz), 3.50 (1H, dq, J = 2, 3.4 Hz ), 2.46 (3H, s), 1.72
(2H, d, J = 5.45 Hz) ppm.
Data for 137t: (130 mg, 0.66 mmol, 98%).as colorless oil; IR (neat) 3451,
2972, 2928, 2871, 1914, 1716, 1596, 1208, 1015, 740 cm–1; 1H NMR (400
MHz, CDCl3) δ = 7.62 (2H, d, J = 8.21 Hz ), 7.38 (2H, d, J = 8.08 Hz), 4.36
(1H, d, J = 1.88 Hz), 3.66 (1H, dq, J = 1.88, 3.4 Hz ), 2.43 (3H, s), 1.41 (2H, d, J = 5.05 Hz)
ppm; 13C NMR (100 MHz, CDCl3) δ = 143.1 (0), 137.9 (0), 130.3 (1), 124.7(1), 73.7 (1), 53.10
(1), 21.6 (3), 16.6 (3) ppm; MS (ES) m/z 197 (M+H)+ , HRMS(ES) 197.0636 (calcd. C10H12O2S:
196.06).
Data for 167t´: (197 mg, 0.72 mmol, 56%) as colorless solid; mp = 86-88
°C (hexane); []D

23

= –128 (c = 0.10, CHCl3, 80% ee); IR (KBr)  =
–1 1

3032, 2925, 1714, 1597, 1453, 1376, 1093, 1049, 810, 751, 700 cm ; H
NMR (700 MHz, CDCl3)  = 7.68 (2H, d, J = 8.1 Hz), 7.42-7.33 (5H, m), 7.31-7.27 (2H, m),
4.69 (1H, s), 2.47 (3H, s), 1.18 (3H, s) ppm;

13

C NMR (175 MHz, CDCl3) = 142.7 (0), 136.5

(0), 133.1 (0), 130.0 (2C, 1), 128.4 (3C, 1), 126.4 (2C, 1), 126.0 (2C, 1), 77.5 (0), 59.9 (1), 21.6
(3), 10.4 (3) ppm; MS (ES+) m/z = 295 (M+Na), 273 (M+H); HRMS (ES+) m/z = 295.0778
(calcd. for C16H16O2NaS: 295.0769). A single-crystal XRD analysis was used to establish the
relative and absolute stereochemistry for this compound (Figure 6).
HPLC analysis of (±)-167t´, prepared in a similar fashion from (±)-152, performed with a Daicel
Chiralcel® OJ column (4.6 mm ID x 250 mm), eluting with 5% i-PrOH in hexanes at 1.0 mL
min–1 and monitored by UV at 210 nm, showed resolved peaks: tret. [(–)-(SS)-167t´] = 22.7 min,
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tret. [(+)-(RS)-167t´] = 28.4 min. Analysis of the enantioenriched material prepared as described
above from (+)-(SS,1S)-152 (effectively ≥90% ee) revealed an enantiomeric excess of 80% for (–
)-(SS)-167t´(Figure 19).

Figure 19:. HPLC analysis of 167t´ with Daicel Chiralcel® OJ column: right trace racemic
standard, left trace enantioenriched sample of (−)-(SS)-167t´ with % ee = 80%.
Crystallographic data for (–)-167t´ (pb45): C16H16O2S, M = 272.35, 0.20 x 0.19 x 0.06 mm, T =
200(2) K, Monoclinic, space group P21, a = 6.4387(5) Å, b = 7.0414(5) Å, c = 15.7296(12) Å, 
= 94.994(4), V = 710.43(9) Å3, Z = 2, Dc = 1.273 Mg/m3, μ = 1.978 mm-1, F(000) = 288, 2θmax
= 136.62°, 7540 reflections, 2580 independent reflections [Rint = 0.0356], R1 = 0.0318, wR2 =
0.0810 and GOF = 1.046 for 2580 reflections (236 parameters) with I>2(I), R1 = 0.0345, wR2
= 0.0824 and GOF = 1.046 for all reflections, the Flack = 0.046(18), max/min residual electron
density +0.236/-0.136 eÅ-3. The ORTEP diagram for 167t´ appeared in Figure 6.
Data for 167t: (40 mg, 0.14 mmol, 11%) as pile yellow solid; (700 MHz,
CDCl3)  = 7.64(2H, d, J = 8.1 Hz), 7.39-7.33 (5H, m), 7.39-7.27 (2H, m),
4.73 (1H, s), 2.44 (3H, s), 1.20 (3H, s) ppm. A single-crystal XRD
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analysis was used to establish the relative and absolute stereochemistry for this compound
(Figure 6).
Crystallographic Data for 167t: C16H16O2S, M = 272.35, 0.22 x 0.16 x 0.12 mm, T = 200 K,
Orthorhombic, space group Pbca, a = 16.0468(9) Å, b = 8.9159(5) Å, c = 19.7359(11) Å, V =
2823.6(3) Å3, Z = 8, Dc = 1.281 Mg/m3, μ = 1.991 mm-1, F(000) = 1152, 2θmax = 136.42°,
28525 reflections, 2582 independent reflections [Rint = 0.0423], R1 = 0.0302, wR2 = 0.0825 and
GOF = 1.043 for 2582 reflections (236 parameters) with I>2(I), R1 = 0.0319, wR2 = 0.0842
and GOF = 1.043 for all reflections, max/min residual electron density +0.296/-0.296 eÅ3. The
ORTEP diagram for 167t appeared in Figure 6.
Data for 167c: (59 mg, 0.22 mmol, 17%) as colorless solid; mp = 129-131
°C; []D

23

= +200 (c = 0.05, CHCl3, 88% ee); IR (KBr)  = 2925, 1597,
–1 1

1493, 1451, 1167, 1084, 1048, 810, 748, 698 cm ; H NMR (400 MHz,
CDCl3)  = 7.60 (2H, d, J = 8.2 Hz), 7.52 (2H, dm, J = 7.5 Hz), 7.47 (2H, tm, J = 7.0 Hz), 7.43
(1H, tt, J = 7.0, 1.6 Hz), 7.38 (2H, d, J = 8.1 Hz), 4.35 (1H, s), 2.46 (3H, s), 1.49 (3H, s) ppm;
13

C NMR (175 MHz, CDCl3)  = 141.6 (0), 136.7 (0), 132.4 (0), 129.7 (2C, 1), 128.8 (1), 128.4

(2C, 1), 127.0 (2C, 1), 125.0 (2C, 1), 66.1 (1), 21.5 (3), 11.7 (3) ppm (-quat. carbon atom signal
obscured by CDCl3); MS (EI+) m/z = 273 (17%), 255 (9), 133 (100), 105 (83); HRMS (ES+) m/z
= 273.0938 (calcd. for C16H17O2S: 273.0949).
HPLC analysis of (±)-167c, prepared in a similar fashion from (±)-152, performed with a Daicel
Chiralcel® OJ column (4.6 mm ID x 250 mm), eluting with 5% i-PrOH in hexanes at 1.0 mL
min–1 and monitored by UV at 210 nm, showed resolved peaks: tret. [(–)-(RS)-167c] = 24.0 min,
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tret. [(+)-(SS)-167c] = 29.5 min. Analysis of the enantioenriched material prepared as described
above from (+)-(SS,1S)-152(effectively ≥90% ee) revealed an enantiomeric excess of ≥88% ee
for (+)-(SS)-167c (Figure 20).

Figure 20: HPLC analysis of 167c with Daicel Chiralcel® OJ column: right trace racemic
standard, left trace enantioenriched sample of (+)-(SS)-167c with % ee ≥88%.
Data for 168c:(170mg, 0.67 mmol, 59%) colorless solid; mp = 104-106
°C; []D

23

= +1.9 (c = 0.43, CHCl3, 84% ee); IR (KBr) 2960, 1480, 1086,
–1 1

1050, 810 cm ; H NMR (700 MHz, CDCl3)  = 7.59 (2H, d, J = 8.2
Hz), 7.37 (2H, d, J = 8.4 Hz), 2.97 (1H, s), 2.46 (3H, s), 1.31 (3H, s), 1.28 (9H, s) ppm;

13

C

NMR (175 MHz, CDCl3) = 141.4 (0), 136.8 (0), 129.6 (2C, 1), 124.9 (2C, 1), 75.3 (0), 75.0
(1), 32.1 (0), 28.3 (3C, 3), 21.5 (3), 13.2 (3) ppm; MS (ES+) m/z = 275 (M+Na), 253 (M+H);
HRMS (ES+) m/z = 275.1079 (calcd. for C14H20O2NaS: 275.1082).
HPLC analysis of (±)-168c, prepared in a similar fashion from (±)-152, performed with a Daicel
Chiralcel® OD-H column (4.6 mm ID x 250 mm), eluting with 1% i-PrOH in hexanes at 1.0 mL
min–1 and monitored by UV at 210 nm, showed resolved peaks: tret. [(RS)-168c] = 7.46 min, tret.
[(SS)-168c] = 8.3 min. Analysis of the enantioenriched material prepared as described above
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from (+)-(SS,1S)-152 (effectively ≥90% ee) revealed an enantiomeric excess of 84% for (SS)168c (Figure 21).

Figure 21: HPLC analysis of 168c with Daicel Chiralcel® OD-H column: right trace racemic
standard, left trace enantioenriched sample of (+)-(SS)-168c with % ee ≥84%.
Data for 168t: (83 mg, 0.33 mmol, 29%) as colorless oil; []D

23

= +28.0

(c = 0.20, CHCl3, 91% ee); IR (neat) 2959, 1597, 1464, 1366, 1087,
–1 1

1052, 811 cm ; H NMR (700 MHz, CDCl3)  = 7.58 (2H, d, J = 8.2
Hz), 7.35 (2H, d, J = 8.3 Hz), 3.46 (1H, s), 2.45 (3H, s), 1.46 (3H, s), 1.06 (9H, s) ppm;

13

C

NMR (175 MHz, CDCl3) = 142.1 (0), 137.1 (0), 129.7 (2C, 1), 125.6 (2C, 1), 75.3 (0), 67.7
(1), 31.6 (0), 27.4 (3C, 3), 21.5 (3), 10.1 (3) ppm; MS (ES+) m/z = 275 (M+Na), 253 (M+H);
HRMS (ES+) m/z = 253.1253 (calcd. for C14H21O2S: 253.1262).
HPLC analysis of (±)-168t, prepared in a similar fashion from (±)-152, performed with a Daicel
Chiralcel® OD-H column (4.6 mm ID x 250 mm), eluting with 1% i-PrOH in hexanes at 0.5 mL
min–1 and monitored by UV at 210 nm, showed resolved peaks: tret. [(RS)-168] = 11.1 min, tret.
[(SS)-168] = 11.7 min. Analysis of the enantioenriched material prepared as described above
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from (+)-(SS,1S)-152 (effectively ≥90% ee) revealed an enantiomeric excess of 91% for (SS)168t (Figure 22).

Figure 22: HPLC analysis of 168t with Daicel Chiralcel® OD-H column: right trace racemic
standard, left trace enantioenriched sample of (+)-(SS)-168t with % ee ≥88%.
Data for 169c:(144mg , 0.50 mmol, 42%).colorless solid; mp = 129131 °C; []D

23

= –103 (c = 0.20, CHCl3, 83% ee); IR (KBr) 2928,
–1 1

1493, 1447, 1381, 1088, 1048, 810, 760, 700 cm ; H NMR (400
MHz, CDCl3)  = 7.55-7.50 (4H, m), 7.46 (2H, tm, J = 8.3 Hz), 7.39 (1H, tt, J = 8.1, 1.4 Hz),
7.34 (2H, d, J = 7.9 Hz), 2.43 (3H, s), 1.75 (3H, s), 1.49 (3H, s) ppm;

13

C NMR (175 MHz,

CDCl3) = 141.3 (0), 138.5 (0), 137.0 (0), 129.5 (2C, 1), 128.6 (2C, 1), 128.2 (1), 126.5 (2C, 1),
125.0 (2C, 1), 79.9 (0), 70.1 (0), 21.8 (3), 21.4 (3), 8.0 (3) ppm; MS (ES+) m/z = 309 (M+Na),
287 (M+H); HRMS (ES+) m/z = 287.1115 (calcd. for C17H19O2S: 287.1106). A single-crystal
XRD analysis of (±)-169c was used to establish the relative stereochemistry for this compound
(Figure 7).
HPLC analysis of (±)-169c, prepared in a similar fashion from (±)-152, performed with a Daicel
Chiralcel® OJ column (4.6 mm ID x 250 mm), eluting with 5% i-PrOH in hexanes at 1.0 mL
min–1 and monitored by UV at 210 nm, showed resolved peaks: tret. [(–)-(SS)-169c] = 21.6 min,
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tret. [(+)-(RS)-169c] = 38.9 min. Analysis of the enantioenriched material prepared as described
above from (+)-(SS,1S)-152 (effectively ≥90% ee) revealed an enantiomeric excess of 83% for (–
)-(SS)-169c (Figure 23).

Figure 23: HPLC analysis of 169c with Daicel Chiralcel® OJ column: right trace racemic
standard, left trace enantioenriched sample of (+)-(SS)-169c with % ee = 83%.
Crystallographic data for (±)-169c (pb48): C17H18O2S, M = 286.37, 0.14 x 0.11 x 0.07 mm, T =
200(2) K, Triclinic, space group P-1, a = 6.9409(3) Å, b = 10.1639(5) Å, c = 12.0572(6) Å,  =
110.324(3),  = 91.136(3),  = 107.458(3), V = 753.55(6) Å3, Z = 2, Dc = 1.262 Mg/m3, μ =
1.889 mm-1, F(000) = 304, 2θmax = 133.14°, 12558 reflections, 2571 independent reflections
[Rint = 0.0430], R1 = 0.0369, wR2 = 0.0920 and GOF = 1.033 for 2571 reflections (253
parameters) with I>2(I), R1 = 0.0460, wR2 = 0.0967 and GOF = 1.033 for all reflections,
max/min residual electron density +0.330/-0.295 eÅ-3. The ORTEP diagram for 169c appeared
in Figure 7.
Data for 169t: (133 mg, 0.46 mmol, 35%) as colorless solid; mp = 100-102
°C; []D

23

= +129 (c = 0.20, CHCl3, 84% ee); IR (KBr) 2928, 1493, 1445,
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–1 1

1372, 1050, 810, 764, 702 cm ; H NMR (700 MHz, CDCl3)  = 7.63 (2H, d, J = 8.2 Hz), 7.407.32 (7H, m), 2.46 (3H, s), 2.14 (3H, s), 1.02 (3H, s) ppm;

13

C NMR (175 MHz, CDCl3) =

141.6 (0), 139.0 (0), 136.4 (0), 129.7 (2C, 1), 128.4 (2C, 1), 128.0 (1), 126.0 (2C, 1), 125.0 (2C,
1), 80.2 (0), 70.2 (0), 21.5 (3), 21.0 (3), 8.3 (3) ppm; MS (ES+) m/z = 309 (M+Na), 287 (M+H);
HRMS (ES+) m/z = 287.1104 (calcd. for C17H19O2S: 287.1106). A single-crystal XRD analysis
of (±)-169t was used to establish the relative stereochemistry for this compound (Figure 7).
HPLC analysis of (±)-169t, prepared in a similar fashion from (±)-152, performed with a Daicel
Chiralcel® OJ column (4.6 mm ID x 250 mm), eluting with 5% i-PrOH in hexanes at 1.0 mL
min–1 and monitored by UV at 210 nm, showed resolved peaks: tret. [(+)-(SS)-169t] = 11.7 min,
tret. [(–)-(RS)-169t] = 13.9 min. Analysis of the enantioenriched material prepared as described
above from (+)-(SS,1S)-152 (effectively ≥90% ee) revealed an enantiomeric excess of 84% for
(+)-(SS)-169t (Figure 24).

Figure 24: HPLC analysis of 169t with Daicel Chiralcel® OJ column: right trace racemic
standard, left trace enantioenriched sample of (+)-(SS)-169t with % ee = 84%.
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Crystallographic data for (±)-169t: C17H18O2S, M = 286.37, 0.28 x 0.21 x 0.12 mm, T = 150(2)
K, Monoclinic, space group P21/c, a = 10.653(2) Å, b = 19.349(4) Å, c = 7.3179(15) Å,  =
97.763(4), V = 1494.6(5) Å3, Z = 4, Dc = 1.273 Mg/m3, μ = 0.215 mm-1, F(000) = 608, 2θmax =
56.00°, 14977 reflections, 3600 independent reflections [Rint = 0.0714], R1 = 0.0483, wR2 =
0.0966 and GOF = 1.080 for 3600 reflections (253 parameters) with I>2(I), R1 = 0.0963, wR2
= 0.1154 and GOF = 1.080 for all reflections, max/min residual electron density +0.353/-0.355
eÅ-3. The ORTEP diagram fro 169t appeared in Figure 7.

A solution of chlorosulfoxide (265 mg, 1.4 mmol) and benzaldehyde (3.1 mmol) in t-BuOH at rt
was treated with (5 mL), solution of potassium t-butoxide (0.77 N) in t-butanol. The resulting
solution was stirred for 50 mins at rt. The mixture was quenched with a saturated solution of
NH4Cl (5 mL), and was concentrated concentrated in vacuo to remove the solvents, diluted with
EtOAc (4 mL). The layers were separated and the aquous layer was extracted with EtOAc (3×7
mL). The combined organic extracts were washed with brine (10 mL), dried (Na2SO4) and
concentrated in vacuo. The crude residue was further purified by column chromatography
(eluting with 10-30% EtOAc in hexanes) to afford, in the order of elution, trans (33 mg, 0.13
mmol, 9 %, 40% ee) [α]D23 = + 55 (c = 0.1, CHCl3), cis (209 mg, 0.81 mmol, 58%, 77% ee) 1H

and 13C NMR spectral data are show above for 136c and 136t.
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A 25 mL round-bottomed flask was charged with 1.0 mL of THF and i-Pr2NH (0.07 mL, 43 mg,
0.42 mmol) and cooled to 0 ºC. To the above solution n-Buli ( 0.17 mL, 2.50 M, 0.42 mmol) was
added and the resulting LDA soultion was stirred at 0 ºC for 15 min and the cooled to −78 ºC.
After 10 min, a solution of 1 eq of chlorosulfoxide (80 mg, 0.42 mmol) in 1.2 mL of THF, was
added dropwise. After stirring for 10 min at −78 ºC, 1.5 eq of benzaldehyde (0.07 mL, 67 mg,
0.63 mmol) was added dropwise and the resulting colorless solution was stirred for another 10
min at −78 ºC. The reaction mixture was quenched with sat. NH4Cl. The mixture was quenched
with a saturated solution of NH4Cl (5 mL), and was concentrated in vacuo to remove the
solvents, diluted with EtOAc (4 mL). The layers were separated and the aquous layer was
extracted with EtOAc (3×7 mL). The combined organic extracts were washed with brine (10
mL), dried (Na2SO4) and concentrated in vacuo. The crude residue was further purified by
column chromatography (eluting with 30% EtOAc in hexanes) as colorless oil (109 mg, 0.37
mmol, 88 %) inseparable mixture.
A 50 mL round-bottomed flask was charged with a solution NaH (27.2 mg, 0.66 mmol, 60%)
(dried with hexane 2 × 5 mL) in THF 2 mL. The mixture was cooled to 0 ºC, and then a solution
of the chlororhydrin (100 mg, 0.34 mmol) in THF 1 mL was added. The mixture was stirred at 0
ºC until the TLC showed completion.The reaction mixture was quenched with sat. NH4Cl. The
mixture was quenched with a CD3OD at −78 ºC and after 2 mins saturated solution of NH4Cl (5
mL) was added. The layers were separated and the aquous layer was extracted with EtOAc (3×7
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mL). The combined organic extracts were washed with brine (10 mL), dried (Na2SO4) and
concentrated in vacuo. The crude residue was further purified by column chromatography (SiO2,
eluting with 30% EtOAc in hexanes) affording cis isomer as colorless oil (28 mg, 0.11 mmol, 32
%) and trans isomer as colorless oil (20 mg, 0.07 mmol, 23%):
Data for 165t: IR (neat) 3056, 3034, 2922, 1703, 1596, 1492, 1449, 1396,
1084, 1049 cm–1; 1H NMR (400 MHz, CDCl3)  7.70 (2H, d, J = 8.2 Hz),
7.52-7.42 (5H, m), 7.40 (2H, d, J = 7.8 Hz), 4.5 (1H, s), 2.50 (3H, s) ppm;
C NMR (175 MHz, CDCl3)  142.8 (0), 137.4 (0), 131.9 (1), 130.1 (1), 129.8(1), 128.5 (1),

13

126.7 (1), 124.9 (1), 54.80 (2), 21.6 (3) ppm (CD peak not observed )MS (EI) m/z 260 (M+H)+ ,
HRMS(EI) 260.0856 ( calcd. C15H13DO2S: 259.08).
Data for 165c: IR (neat) 3374, 3041, 2924, 2850, 1596,1493, 1086, 1052,
810 cm–1; 1H NMR (700 MHz, CDCl3)  = 7.60 (2H, d, J = 8.2 Hz), 7.487.39 (5H, m), 7.37 (2H, d, J = 7.8 Hz), 4.37 (1H, s), 2.4 (3H, s) ppm; 13C
NMR (175 MHz, CDCl3)  = 142.4 (0), 131.9 (0), 130.3 (1), 129.2 (1), 128.7 (1), 128.0 (1),
126.9 (1), 124.7 (1), 59.9 (1), 21.7(3) ppm (CD peak not observed ); MS (EI) m/z 260 (M+H)+ ,
HRMS(EI) 260.0856 ( calcd. C15H13DO2S: 259.08).

Synthesis of the parent sulfinylepoxide and 2-substituted sulfinylepoxide
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(S)-2-chloro-2-((S)-p-tolylsulfinyl)propan-1-ol 170 : By a modification of the method of
Satoh.79 A solution of (+)-(SS,1S)-1-Chloroethyl (4-methylphenyl) sulfoxide (300 mg; 1.47
mmol) in 4 mL of dry THF was added dropwise to a solution of LDA (0.29 mL, 1.47 mmol) in 3
mL of THF at −65 ºC. The solution was stirred at −65 ºC for 10 min, and then methyl formate
(441 mg, d = 0.98, 0.45 mL; 7.35 mmol) was added. The reaction mixture was stirred for 10 min
and the reaction was quenched with satd aq NH4Cl. The whole was extracted with CH2Cl2 and
the organic layer was washed with satd aq. NH4Cl and dried over Na2SO4. The solvent was
evaporated to give a solid residue. A solution of NaBH4 (278 mg, 7.35 mmol) in 3 mL of ethanol
was added dropwise to a solution of the solid residue in 3 mL of ethanol at room temperature for
1h,then the reaction was quenched by adding NH4Cl. The residue was partitioned between
EtOAc (15 mL) and H2O (10 mL) and the aqueous phase extracted with EtOAc (3x15 mL). The
combined organic phases were washed with brine (15 mL), dried (Na2SO4), and concentrated in
vacuo. The residue was purified by column chromatography (SiO2, eluting with 40% EtOAc in
hexanes) to afford the desired product (328 mg, 1.4 mmol, 96%) as a colorless oil ; [α]D23 = +
129 (c = 0.25, CHCl3); IR (neat) 3356, 3060, 2866, 1596, 1493, 1446, 1377, 1178, 1082; 1042
cm–1; 1H NMR (700 MHz, CDCl3) δ = 7.65 (2H, d, J = 8.2 Hz),7.37 (2H, d, J = 8.33 Hz), 4.08
(1H, d, J = 12.39 Hz ), 3.75 (2H, d, J = 12.39 Hz), 2.44 (3H, s), 1.84 (3H, s) ppm; 13C NMR (175
MHz, CDCl3) δ = 143.3 (0), 134.6 (0), 129.6 (1), 127.0 (1), 83.3 (0), 67.8 (2), 21.8 (3) ppm. MS
(EI) m/z 255.0 (M+Na)+ , HRMS(EI) 255.0222 ( calcd. C10H13ClO2S: 232.72).
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(S)-2-methyl-2-((S)-p-tolylsulfinyl)oxirane (171):A stirred solution of chlorohydrins (150 mg,
0.64) This material was taken up in t-BuOH-THF (1:1, 10 mL) and cooled to 0 °C with stirring.
t-BuOK (455 mg, 4.06 mmol) was then added and the resulting mixture stirred for 2 h. After this
time, sat. aq. NH4Cl (10 mL) was added and a majority of the volatile organic solvent removed
in vacuo. The residue was partitioned between EtOAc (20 mL) and H2O (10 mL) and the
aqueous phase extracted with EtOAc (3x15 mL). The combined organic phases were washed
with brine (15 mL), dried (Na2SO4), and concentrated in vacuo. The residue was purified by
column chromatography (SiO2, eluting with 40% EtOAc in hexanes) to afford (88 mg, 0.45
mmol, 69%) as colorless oil; IR (neat) 2925, 1721, 1596, 1492, 1446, 1380, 1317, 1304, 1293,
1151; 1054 cm–1; 1H NMR (700 MHz, CDCl3) δ = 7.84 (2H, d, J = 8.27 Hz),7.40 (2H, d, J =
8.33 Hz), 4.09 (1H, d, J = 12.74 Hz ), 3.94 (2H, d, J = 12.74 Hz), 2.48 (3H, s), 1.88 (3H, s) ppm;
13

C NMR (175 MHz, CDCl3) δ = 146.3 (0), 131.1 (0), 130.6 (1), 130.3 (1), 83.4 (0), 66.6 (2),

21.9 (3) ppm. MS (EI) m/z 197.0 (M+H)+ , HRMS(EI) 197.0633 ( calcd. C10H12O2S: 196.26).

vinyl p-toylsulfoxide (172): A 50 ml flame dried RB-flask was charged with the corresponding
(Ss)-menthyl p-toluenesulfinate (2 g, 6.8 mmol) in diethylether (20 mL) at rt under Ar. Vinyl
magnesium bromide (11.2 mL, 8.20 mmol) was rapidly added and the reaction mixture stirred at
rt for 4 h. After that Sat. NH4Cl (15 mL) was added and extracted with CH2Cl2 (4 × 15 mL). The
combined organic phases were dried over (Na2SO4) then concentrated in vacuo. The residue was
purified by column chromatography (SiO2, eluting with 30% EtOAc in hexanes) to afford the
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desired product (892 mg, 5.37 mmol, 79%) as colorless oil. [α]D23 = + 378.3 (c = 1.00, CHCl3);
IR (neat) 3042, 2918-2863, 1602, 1497, 1369, 1046 cm-1. 1H NMR (400 MHz, CDCl3) δ = 7.54
(2H, d, J = 8.16 Hz), 7.34 (2H, d, J = 8.16 Hz), 6.58 (1H, dd, J = 9.60, 16.44 Hz), 6.21 (2H, d, J
= 16.49 Hz ), 5.57 (1H, d, J = 9.56 Hz), 2.4 (3H, s) ppm; 13C NMR (100 Hz, CDCl3) δ =
143.3(1), 142.0 (0), 140.3 (0), 130.3 (1), 125.0 (1), 120.5 (1), 21.5 (3) ppm.
1

H NMR data are in agreement with those previously reported by Marrot.122

2-Bromo-2-(p-tolylsulfinyl)ethanol (173): A stirred solution H2O-THF 13.2 mL (1:1.2) was
treated with vinyl-p-tolyl sulfoxide (500 mg, 3.0 mmol). NBS (906 mg, 5.12 mmol) was added
to the mixture and stirred at rt for 4 h untile TLC indicated completion of the reaction. The
reaction mixture diluted with CH2Cl2 and the layers were separated and the aqueous phase was
extracted with CH2Cl2 (2 × 10 mL). The combined organic extracts were washed with brine (20
mL), dried (Na2SO4) and concentrated in vacuo. The residue was further purified by column
chromatography (eluting with 40% EtOAc in hexanes) to yield the in order of elution, desired
product (650 mg, 82%) as colorless oil dr 9:1 syn/anti.
Data for 173a : IR (neat) 3365, 3065, 2929, 2863, 1781, 1711, 1498, 1493,
1365, 1182, 1049 cm-1.1H NMR (400 MHz, CDCl3) δ = 7.60 (2H, d, J = 8.14
Hz), 7.40 (2H, d, J = 7.97 Hz), 4.77 (1H, dd, J = 5.17, 7.74 Hz), 4.30 (1H, dd, J
= 7.82, 12.6 Hz), 4.05 (1H, dd, 5.0, 12.52 Hz), 2.77(1H, s), 2.44 (3H, s) ppm; 13C NMR (100 Hz,
CDCl3) δ 142.9 (0), 136.0 (0), 130.1 (1), 125.9 (1), 69.1 (1), 63.3 (2), 21.7 (3) ppm. MS (CI) m/z
(M[79Br]+ ) 261, ( M[81Br]+) 263, HRMS (CI) m/z (M[79Br]+ ) 260.9583, ( M[81Br]+) 262.9548 (
calcd. C9H11BrO2S = 263.15).
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Data for 173s: colorless oil;IR (neat) 3361, 3054, 2918, 2871, 1707, 1178, 1046
cm-1.1H NMR (400 MHz, CDCl3) δ = 7.60 (2H, d, J = 7.91 Hz), 7.40 (2H, d, J =
7.92 Hz), 4.78 (1H, dd, J = 6.6, 8.04 Hz), 4.15 (1H, dd, J = 8.08, 11.20 Hz),
3.62 (1H, dd, J = 6.60, 11.25 Hz), 2.46 (3H, s) ppm;

13

C NMR (100 Hz, CDCl3) δ = 143.0 (0),

136.4 (0), 130.1 (1), 125.3 (1), 68.9 (1), 29.8 (2), 21.7 (3) ppm. MS (CI) m/z (M[79Br]+ H)+ 263,
( M[81Br]+ H)+ 265, HRMS (CI) m/z (M[79Br]+ ) 262.9736( calcd. C9H11BrO2S = 263.15).

(SR)-1-((1-bromovinyl)sulfinyl)-4-methylbenzene (174): A 25 mL round bottom flask was
charged with stir bar and NaH (30 mg , 60 wt %, 0.8 mmol) then purged with Ar and the oil
removed by washing with hexanes (2 × 2 mL). The resulting fresh NaH blow with Ar stream
then dry THF (3 mL) added to flask under Ar. Suspension of NaH in THF then cooled in ice bath
and treated dropwise with bromohydrin (100 mg , 0.365 mmol). After, stirring for 30 min, sat.
aq. NH4Cl (20 mL) was added and the mixture partitioned between Et2O (7 mL) and H2O (7
mL). The layers were separated and the aqueous phase was extracted with Et2O (2 × 7 mL). The
combined organic extracts were washed with brine (10 mL), dried (Na2SO4) and concentrated in
vacuo. The residue was further purified by column chromatography (eluting with 5% EtOAc in
hexanes) to yield the product (85 mg) as colorless oil. IR (neat) 3096-2868, 1781, 1597, 1492,
1450, 1379, 1059 cm-1.1H NMR (700 MHz, CDCl3) δ = 7.60 (2H, d, J = 8.12 Hz), 7.36 (2H, d, J
= 8.12 Hz), 6.90 (1H, d, J = 3.02 Hz), 6.21 (1H, d, J = 3.08 Hz), 2.42 (3H, s) ppm; 13C NMR
(175 Hz, CDCl3) δ 143.0 (0), 138.5 (0), 136.3 (0), 130.1 (1), 126.1 (1), 122.0 (2), 21.5 (3) ppm.
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MS (ES) m/z (M[79Br]+ ) 245, ( M[81Br]+) 247, HRMS (ES) m/z (M[79Br]+ ) 244.9636, (
M[81Br]+) 246.9617 ( calcd. C9H9BrOS = 245.14).

2-(p-tolylthio)ethan-1-ol (176): To a solution of p-thiocresol (25 g, 18 mmol) and 2chloroethanol (23.8 ml, 35.5 mmol) in ethanol (200 ml) was added dropwise aqueous 10M
NaOH (19.7 ml, 17.8 mol) over 1 h. The reaction mixture was refluxed for 2 h, cooled and
concentrated in vacuo. The residue was diluted with AcOEt, washed with H2O and dried over
MgSO4. After filtration, the filtrate was evaporated in vacuo to give (32 g, 98%) as a colorless
oil. 1H NMR (400 MHz, CDCl3): d 2.32 (3H, s), 3.06 (2H, t, J = 5.9 Hz), 3.70 (2H, t, J = 5.9
Hz), 7.11 (2 H, d, J = 9.1Hz), 7.30 (2 H, d, J = 8.1 Hz). 1H NMR data are in agreement with
those previously reported by Chuanzheng.78
tert-butyldimethyl(2-(p-tolylthio)ethoxy)silane (177):To a solution of 2-(Ptolylthio)ethanol (2.0g, 11.9 mmol) and imidazole (890 mg, 13.1 mmol) in 30
ml CH2Cl2 was added TBSCl . The resulting mixture was stirred at rt for 2 h
until TLC indicated the reaction completion. The reaction mixture was quenched with H2O (15
ml) and extracted with CH2Cl2 (3 × 15 mL). The combined organic extracts were washed with
brine (20 mL), dried (Na2SO4) and concentrated in vacuo. The residue was further purified by
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column chromatography (eluting with 20% Et2O in hexanes) to yield the desired product (3.20 g,
98%) as colorless oil. IR (neat) 3073, 3020, 2955, 2885, 2860, 1499, 1493, 1473, 1255, 1090 cm11

. H NMR (700 MHz, CDCl3) δ = 7.30 (2H, d, J = 7.91 Hz), 7.13 (2H, d, J = 7.91 Hz), 3.79 (2H,

t, J = 7.21 Hz), 3.04 (2H, t, J = 7.21 Hz), 2.35 (3H, s), 0.91 (9H, s), 0.07 (6H, s) ppm; 13C NMR
(175 Hz, CDCl3) δ 136.3 (0), 132.4 (0), 130.1 (1), 129.8 (1), 62.6 (2), 36.5 (2), 26.06 (3), 21.1
(3), 18.5 (0), -5.2 (3)ppm.
(SR)-tert-butyldimethyl(2-(P-tolysulfinyl)ethoxy)silane (178): By a
modification of the method of Jackson.73 A mixture of (R)configuratedligand (75.00 mg, 0.16 mmol) and VO(acac)2 (28.16 mg, 0.10
mmol) in CHCl3 (60 mL) was stirred for 2 h at rt. After this time, methyl Ptolyl sulfide (3.0 g, 10.63 mmol) in CHCl3 (60 mL) was added to the resulting solution of aged
pre-catalyst complex. Following a further aging period of 30 min, the reaction mixture was
cooled to 0 °C and then treated with aq. H2O2 (5.91 mL, 8.8 M, 51 mmol). After stirring for 48 h
at 0 °C, the mixture was quenched with 10 wt% aq. Na2S2O3 (300 mL) and the layers well
shaken and then separated. The aqueous layers was extracted with CHCl3 (3x50 mL) and the
combined organic phases were dried (Na2SO4) and concentrated in vacuo. The residue was
purified by column chromatography (SiO2, eluting with 40% EtOAc in hexanes) to afford the
desired product as a colorless solid (2.26 g, 7.6 mmol, 73% ) as a yellow oil [α]D23 = + 101.3 (c =
1.0, CHCl3)]; IR (neat) 3358, 3021-2856, 1597, 1494, 1471, 1388, 1293, 1255, 1107 cm–1; 1H
NMR (700 MHz, CDCl3) δ 7.53 (2H, d, J = 8.0 Hz), 7.34 (2H, d, J = 7.97 Hz), 4.11 (1H, ddd, J
= 2.41, 2.59, 2.0 Hz), 3.86 (1H, m), 2.93(2H, m), 2.41(3H, s), 0.9 (9H, s), 0.10(6H, s) ppm; 13C
NMR (175 MHz, CDCl3) δ 141.3 (0), 141.1 (0), 130.3 (1), 124.2 (1), 61.5 (2), 56.6 (2), 25.8 (3C,
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3), 21.4 (3), 18.30 (0), -5.4 (2C, 3) ppm; MS (ES) m/z 299 (M+H)+ , HRMS(ES) 299.1500 (
calcd. C15H26O2SSi = 298.14).
tert-butyl[(R)-2-chloro-2-((R)-P-tolylsulfinyl)ethoxy)]dimethylsilane (179):By a modification
of the method of Satoh and Yamakawa.45 A stirred solution of the scalemic sulfoxide (2.00 g,
6.68 mmol) in anhydrous CH2Cl2 (40 mL) at rt was treated with solid K2CO3 (553 mg, 4.0 mmol)
and then N-chlorosuccinimide (NCS, 1.78 g, 13.3 mmol). The resulting suspension was stirred
vigorously at rt until TLC analysis revealed that a majority of the starting material had been
consumed (8 d). The reaction mixture was treated with 4 wt. % aq. NaI (20 mL) followed by 10
wt.% Na2S2O3 (30 mL) to reduce excess NCS. The layers were separated and the aqueous phase
was extracted with CH2Cl2 (2x20 mL). The combined organic phases were washed with brine
(20 mL), dried (Na2SO4), and then concentrated in vacuo to yield 1.85 g of yellow oil. The
residue was further purified by column chromatography (SiO2, eluting with 20% EtOAc in
hexanes) to afford in order of elution, anti-chlorosulfoxide (170 mg, 0.50 mmol, 7%) as yellow
solid and syn-chlorosulfoxide (1.68 g, 5.04 mmol, 75%) as a yellow oil.
Data for syn-chlorosulfoxide 179s: Yellow oil: [α]D23 = − 153.9 (c =
0.64, CHCl3); IR (neat) 3383, 3038-2861, 1600, 1464, 1262 cm-1.1H
NMR (400 MHz, CDCl3) δ = 7.50 (2H, d, J = 7.36 Hz), 7.34 (2H, d, J
= 7.51 Hz), 4.44 (1H, dd, J = 7.8, 5.85 Hz), 4.16 (1H, dd, J = 8.66, 10.76 Hz), 3.92 (1H, d, J =
5.35, 11.15 Hz), 2.4 (3H, s), 0.9 (9H, s), 0.1(6H, d) ppm; 13C NMR (100 Hz, CDCl3) δ = 142.2
(0), 137.1 (0), 129.9 (1), 125.0 (1), 78.6 (1), 62.9 (2), 25.9 (3), 21.6 (3) 18.4 (0), -5.3 (3) ppm.
MS (EI) m/z 335.1 (M[37Cl]+•, 333.1 (M[35Cl]+•, HRMS (EI) m/z 333.10 (calcd. for
C15H25O2ClSSi: 333).
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Data for 179a:[α]D23 = − 91.13; IR (neat) 3424 2958-2861, 1597, 1493,
1464, 1390, 1257, 1115 cm-1.1H NMR (400 MHz, CDCl3) δ = 7.50
(2H, d, J = 7.92 Hz), 7.34 (2H, d, J = 7.84 Hz), 4.46 (1H, dd, J = 4.06,
3.50), 4.33(1H, dd, J = 4.06, 11.76 Hz ), 3.97 (1H, dd, J = 3.50, 11.70 Hz), 2.4 (3H, s), 0.9 (9H,
s), 0.1(6H, d)ppm; 13C NMR (100 Hz, CDCl3) δ = 142.7 (0), 137.5 (0), 129.6 (1), 125.9 (1), 77.1
(1) 61.8 (2), 25.7 (3C, 3), 21.5 (3), 18.3 (0), -5.3 (2C, 3) ppm.

2-Chloro-2-(p-tolylsulfinyl)ethanol (180): A stirred solution of enantiopure chlorosulfoxide (40
mg, 0.12 mmol) in THF (0.5 mL) was treated with TBFA (1 M, 0.13 mmol, 0.13 mL) at rt. The
mixture was stirred until TLC indicated disappearance of starting material. The reaction mixture
was diluted with H2O (2 mL) and extracted with CH2Cl2 (3 × 15 mL). The combined organic
extracts were washed with brine (5 mL), dried (Na2SO4) and concentrated in vacuo. The crude
residue was further purified by column chromatography (eluting with 50% EtOAc in hexanes).to
afford the (24 mg, 0.11 mmol, 95%) as colorless oil. IR (neat) 3396, 2955, 2858, 1598, 1496,
1471, 1253, 1110 cm–1; 1H NMR (400 MHz, CDCl3) δ = 7.60 (2H, d, J = 8.2 Hz), 7.38 (2H, 8.10
Hz), 4.69 (1H, dd, J = 7.2, 5.2Hz), 4.19 (1H, ddbr, 11.36, 7.49 Hz), 3.95 (1H, m), 2.45 (3H, s)
ppm; 13C NMR (400 MHz, CDCl3) δ 142.8 (0), 135.1(0), 129.8(1) 125.4 (1), 75.0 (1), 62.8 (2),
21.4(3) ppm. 1H NMR spectral data in agreement with those previously reported by Satoh.123
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A stirred solution of chlorohydrins (100 mg, 0.46) This material was taken up in t-BuOH-THF
(1:1, 10 mL) and cooled to 0 °C with stirring. t-BuOK (100 mg, 0.9 mmol) was then added and
the resulting mixture stirred for 2 h. After this time, sat. aq. NH4Cl (10 mL) was added and a
majority of the volatile organic solvent removed in vacuo. The residue was partitioned between
EtOAc (15 mL) and H2O (10 mL) and the aqueous phase extracted with EtOAc (3x10 mL). The
combined organic phases were washed with brine (10 mL), dried (Na2SO4), and concentrated in
vacuo. The residue was purified by column chromatography (SiO2, eluting with 40% EtOAc in
hexanes) to afford the desired sulfinylepoxide (58 mg, 0.31 mmol, 63 %) as a colorless oil. IR
(neat) 2973, 2922, 2854, 1466, 1364, 1189, 1091, 1062 cm–1; 1H NMR (700 MHz, CDCl3) δ =
7.53 (2H, d, J = 8.19 Hz),7.35 (2H, d, J = 7.84 Hz), 4.46 (1H, dd, J = 4.57, 8.40 Hz ), 3.97 (1H,
dd, J = 8.48, 10.23 Hz), 3.70 (1H, dd, 5.4, 10.23 Hz), 2.43 (3H, s) ppm; 13C NMR (175 MHz,
CDCl3) δ = 142.2 (0), 137.0 (0), 129.9 (1), 125.1 (1), 75.11 (0), 61.88 (2), 21.7 (3) ppm. MS
(ES) m/z 183.1 ( calcd. C9H10O2S: 182.04).
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6.3 Experimental details for results presented in chapter 3
Synthesis of 2°/2° Vicinal Diol Monosilylethers and Related Compounds

(1R,2S)-1-(tert-Butyldimethylsilyloxy)-1,4-diphenylbutan-2-ol (191a): A stirred solution of
sulfinylepoxide 136c (40 mg, 0.155 mmol) and B-phenethyl pinacol boronate (1, R0 = CH2Bn,
30 mg, 0.129 mmol)2in anhydrous THF (1.2 mL) at –90 °C under Ar was treated with PhLi
(0.10 mL, 1.60 M in n-Bu2O, 0.16 mmol). The resulting mixture was stirred for 30 min at –90 °C
and then TBSOTf (0.040 mL, d = 1.151, 46 mg, 0.17 mmol) was added and stirring continued
for 2 h at –90 °C. After this time, the cooling bath was removed and the mixture allowed to
warm to rt and stirred for a further 2 h. The mixture was then cooled to 0 °C, treated with aq.
NaOH (1.0 mL, 2.0 M) followed by 30 wt.% aq. H2O2 (0.50 mL), and stirred for 2 h. The
mixture was partitioned between CH2Cl2 (5 mL) and H2O (3 mL) and the layers separated. The
aqueous phase was extracted with CH2Cl2 (3x5 mL) and the combined organic phases washed
with brine (5 mL), dried (Na2SO4), and concentrated in vacuo (note: 1H NMR spectral analysis
of the crude residue revealed the presence of the anti adduct 191a but showed no significant
trace of the syn adduct 191s). The residue was purified by column chromatography (SiO2, eluting
with 2-8% Et2O in hexanes) to afford the desired monosilylated anti-2°/2° vicinal diol 191a (9.2
mg, 0.026 mmol, 20%) as a colorless oil: []D23 = +4.6 (c = 0.15, CHCl3); IR (neat) 3394, 2952,
2927, 1455, 837, 777 cm–1; 1H NMR (400 MHz, CDCl3)  = 7.35-7.20 (10H, m), 4.61 (1H, d, J
= 5.0 Hz), 3.72 (1H, dtd, J = 9.6, 4.6, 3.1 Hz), 2.86 (1H, ddd, J = 13.8, 9.8, 4.8 Hz), 2.64 (1H,
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ddd, J = 13.8, 10.1, 6.9 Hz), 1.96 (1H, d, J = 4.8 Hz), 1.86-1.76 (1H, m), 1.63-1.55 (1H, m), 0.93
(9H, s), 0.06 (3H, s), –0.13 (3H, s) ppm; 13C NMR (175 MHz, CDCl3) = 142.3 (0), 141.0 (0),
128.5 (2C, 1), 128.3 (2C, 1), 128.1 (2C, 1), 127.6 (1), 127.1 (2C, 1), 125.7 (1), 78.2 (1), 75.4 (1),
33.5 (2), 32.2 (2), 25.8 (3C, 3), 18.2 (0), –4.6 (3), –5.1 (3) ppm; HRMS (ES+) m/z = 379.2074
(calcd. for C22H32NaO2Si: 379.2069).
Data for 190: (23 mg, 70%) as colorless oil. IR (neat) 3451, 3060, 2929, 2852,
1720, 1597, 1496, 1443, 1378, 1162, 1090, 1044 cm–1; 1H NMR (700 MHz,
CDCl3) δ 7.64 (2H, d, J = 8.20 Hz), 7.53 (2H, d, J = 8.20 Hz), 7.46-7.41 (5H, m),
3.37 (3H, s ) ppm; 13C NMR (175 MHz, CDCl3) δ 146.0(0), 142.6 (0), 141.8 (0), 131.0 (1), 130.
2 (1), 129.4 (1), 125.1 (1), 124.8 (1), 21.5 (3) ppm.
(1R,2S)-1-(tert-Butyldimethylsilyloxy)-1-phenylpent-4-en-2-ol (188a):
Prepared by analogy to 191a (see above) by the reaction of sulfinyl epoxide
136c (30 mg, 0.116 mmol) and B-allyl pinacol boronate (1, R0 =
CH2CH=CH2, 16 mg, 0.095 mmol) to yield the desired monosilylated anti-2°/2° vicinal diol
188a (3.0 mg, 0.0103 mmol, 11%) as a colorless oil: IR (neat) 3500, 2927, 1460, 1254, 1145,
837, 777 cm–1; 1H NMR (700 MHz, CDCl3)  7.37-7.25 (5H, m), 5.89 (1H, ddt, J = 17.2, 10.0,
7.1 Hz), 5.12 (1H, dq, J = 17.1, 1.8 Hz), 5.11 (1H, dm, J = 9.6 Hz), 4.64 (1H, d, J = 5.1 Hz), 3.77
(1H, dq, J = 8.7, 4.5 Hz), 2.31 (1H, dm, J = 14.6 Hz), 2.13 (1H, dm, J = 14.4 Hz), 1.95 (1H, d, J
= 4.5 Hz), 0.94 (9H, s), 0.08 (3H, s), –0.13 (3H, s) ppm. 1H NMR spectral data in agreement
with those previously reported by Batey et al.92
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(1S,2R)-2-(tert-Butyldimethylsilyloxy)-1-cyclohexyl-2-phenylethanol
(203a): Prepared by analogy to 191a (see above) by the reaction of
sulfinylepoxide 136c (40 mg, 0.155 mmol) and B-cyclohexyl pinacol
boronate (1, R0 = c-C6H11, 30 mg, 0.143 mmol)2 to yield the desired
monosilylated anti-2°/2° vicinal diol 203a (2.0 mg, 0.0060 mmol, 4%) as a colorless oil: []D23 =
+2.5 (c = 0.20, CHCl3); IR (neat) 3445, 2927, 2854, 1653, 1448, 1257, 1097, 776 cm–1; 1H NMR
(700 MHz, CDCl3)  = 7.37-7.29 (5H, m), 4.66 (1H, d, J = 6.0 Hz), 3.50 (1H, t, J = 5.7 Hz),
1.91-1.86 (1H, m), 1.78-1.74 (2H, m), 1.67 (2H, br t, J = 10.8 Hz), 1.49-1.43 (1H, m), 1.33-1.22
(3H, m), 1.21-1.12 (3H, m), 0.90 (9H, s), 0.06 (3H, s), –0.19 (3H, s) ppm; 13C NMR (175 MHz,
CDCl3) = 128.1 (4C, 1), 127.6 (1), 80.1 (1), 75.8 (1), 38.7 (1), 30.5 (2), 26.9 (2), 26.6 (2), 26.3
(2), 26.0 (2), 25.8 (3C, 3), 18.2 (0), –4.5 (3), –5.1 (3) ppm (one aromatic quaternary carbon not
identified); HRMS (ES+) m/z = 335.2395 (calcd. for C20H35O2Si: 335.2406).
(1S,2R)-2-(tert-Butyldimethylsilyloxy)-1,2-diphenylethanol (202a):
Prepared by analogy to 191a (see above) by the reaction of sulfinyl epoxide
136c (40 mg, 0.155 mmol) and B-phenyl pinacol boronate (1, R0 = Ph, 30
mg, 0.147 mmol) to yield the desired monosilylated anti-2°/2° vicinal diol 202a (2.0 mg, 0.0061
mmol, 4%) as a colorless oil: []D23 = –6.0 (c = 0.20, CHCl3); IR (neat) 3574, 2926, 2856, 1456,
1251, 1096, 836, 699 cm–1; 1H NMR (700 MHz, CDCl3)  = 7.40-7.24 (10H, m), 4.72 (1H, d, J
= 6.4 Hz), 4.69 (1H, d, J = 6.3 Hz), 0.80 (9H, s), –0.19 (3H, s), –0.25 (3H, s) ppm; 13C NMR
(175 MHz, CDCl3) = 141.0 (0), 140.7 (0), 127.9 (4C, 1), 127.8 (2C, 1), 127.7 (1), 127.6 (1),
127.3 (2C, 1), 79.4 (1), 78.9 (1), 25.7 (3C, 3), –4.9 (3), –5.5 (3) ppm. MS (ES+) m/z = 367
(M+K, 3%), 311 (M–OH, 26), 217 (100). 1H and 13C NMR spectral data do not agree with those
previously reported for the syn epimer of 202a (i.e., 202s) by Stoddart et al.124 in addition, 1H
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and 13C NMR spectral data for the diol resulting from TBAF mediated desilylation of 202a
agreed with those previously reported for meso-dihydrobenzoin by Tomkinson et al.96

(3R,4S)-2,2-Dimethyl-6-phenylhexa-3,4-diol (195a): (via 'reverse' addition) A stirred solution
of t-BuLi (0.060 mL, 1.57 M in pentane, 0.094 mmol) in anhydrous THF (1.0 mL) at –100 °C
under Ar was treated with a mixture of sulfinylepoxide 139c (40 mg, 0.096 mmol) and Bphenethyl pinacol boronate (1, R0 = CH2Bn, 19 mg, 0.082 mmol)2 in anhydrous THF (0.5 mL).
The resulting mixture was stirred for 30 min at –100 °C, then allowed to warm to rt during 2 h
and stirred for a further 2 h at rt. The mixture was then cooled to 0 °C, treated with aq. NaOH
(1.0 mL, 2.0 M) followed by 30 wt.% aq. H2O2 (0.50 mL), and stirred for 2 h. The mixture was
partitioned between CH2Cl2 (5 mL) and H2O (3 mL) and the layers separated. The aqueous phase
was extracted with CH2Cl2 (3x5 mL) and the combined organic phases washed with brine (5
mL), dried (Na2SO4), and concentrated in vacuo (note: 1H NMR spectral analysis of the crude
residue revealed the presence of the anti adduct 195a but showed no significant trace of the syn
adduct 195s). The residue was purified by column chromatography (SiO2, eluting with 20%
EtOAc in hexanes) to afford the desired anti 2°/2° vicinal diol 195a (1.5 mg, 0.0067 mmol, 8%)
as a colorless oil: []D23 = –7.5 (c = 0.20, CHCl3); IR (neat) 3426, 2955, 2923, 1458, 1364, 1042,
1014, 701 cm–1; 1H NMR (700 MHz, CDCl3)  = 7.30-7.17 (5H, m), 3.73 (1H, ddd, J = 10.0,
3.9, 2.8 Hz), 3.38 (1H, d, J = 4.0 Hz), 2.91 (1H, ddd, J = 14.3, 9.7, 5.2 Hz), 2.69 (1H, ddd, J =
13.9, 9.3, 7.2 Hz), 1.96 (1H, dddd, J = 14.1, 9.7, 7.1, 2.5 Hz), 1.83 (1H, dtd, J = 14.4, 9.8, 5.1
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Hz), 1.75 (1H, br s), 1.61 (1H, br s), 0.95 (9H, s) ppm; 13C NMR (175 MHz, CDCl3) = 142.3
(0), 128.50 (2C, 1), 128.45 (2C, 1), 125.9 (1), 82.8 (1), 72.2 (1), 34.3 (0), 34.0 (2), 32.2 (2), 26.8
(3C, 3) ppm. 1H and 13C NMR spectral data in agreement with those previously reported by
O'Brien et al.60
Data for 84: (27mg, 88%) as colorless oil, IR (neat) 3442, 3035, 2959, 2924,
2864, 1458, 1363, 1171, 1082, 1042, 814 cm–1; 1H NMR (400 MHz, CDCl3) δ
7.50 (2H, d, J = 8.20 Hz), 7.31 (2H, d, J = 8.40 Hz), 2.44 (3H, s ), 1.19 (3H, s)
ppm;

13

C NMR (100 MHz, CDCl3) δ 141.5(0), 136.6 (0), 129.1 (1), 126.3 (1), 55.6 (0), 22.7

(3), 21.45(3) ppm.

(3R,4S)-1-phenylheptane-3,4-diol: Prepared by analogy to 195a (see above) by the reaction of
sulfinyl epoxide 145c (20 mg, 0.084 mmol) and B-phenethyl pinacol boronate (1, R0 = BnCH2,
16 mg, 0.069 mmol) initiated with t-BuLi (0.060 mL, 1.57 M in pentane, 0.094 mmol) to yield
the desired syn-2°/2° vicinal diol 200a (2 mg, 0.0090 mmol, 11%) as a colorless oil, []D23 =
+6.5 (c = 0.20, CHCl3);. IR (neat) 3416, 3027, 2958, 2925, 2866, 1493, 1456, 1363, 1172, 1083,
1042, 812 cm–1; 1H NMR (700 MHz, CDCl3) δ = 7.30-7.18 (5H, m), 3.65 (2H, m), 2.92 (1H, m),
2.70 (1H, m), 1.80 (2H, m), 1.48-1.35 (4H, m), 0.96 (3H, t, J = 7.16 Hz ) ppm; 13C NMR (175
MHz, CDCl3) δ = 142.1(0), 136.90 (0), 128.4 (1), 125.4 (1), 74.6 (1), 74.1 (1), 33.6(2), 33.0(2),
32.4 (2), 22.9 (3), 19.3 (2), 14.2 (3) ppm. 1H and 13C NMR spectral data in agreement with those
previously reported by O'Brien et al.60
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(3R,4S)-4-(tert-butyldimethylsilyloxy)-1-phenylpentan-3-ol: Prepared by analogy to 191a (see
above) by the reaction of sulfinylepoxide 144c (20 mg, 0.084 mmol) and B-phenethyl pinacol
boronate (1, R0 = BnCH2, 16 mg, 0.069 mmol) initiated with PhLi (0.05 mL, 1.69 M in n-Bu2O,
0.085 mmol) to yield the desired syn-2°/2° vicinal diol 199a (2 mg, 0.0090 mmol, 10%) as a
colorless oil, []D23 = +5.5 (c = 0.20, CHCl3); IR (neat) 3437, 2954, 2927, 2855, 1731, 1644,
1463, 1377, 1256 cm–1; 1H NMR (400 MHz, CDCl3) δ 7.32-7.19 (5H, m), 3.80 (1H, m ), 3.58
(dt, d, J = 8.8, 3.8 Hz ), 2.90 (1H, m), 2.68 (1H, m), 1.70 (2H, m), 1.09 (3H, d, J = 6.2 Hz), 0.9
(9H, s), 0.1 (6H, s) ppm; 13C NMR (100 MHz, CDCl3) δ 142.4 (0), 128.6 (1), 128.5 (1), 125.9
(1), 74.5 (1), 71.1 (1), 33.6 (2), 32.6 (2), 26.1 (2), 18.0 (0), 17.0, −4.4 (3) ppm. . MS (EI) m/z
317.1 (M + Na)+, HRMS (EI) m/z 317.1903 (M + Na)+, (calcd. for C17H30O2Si: 294.20).

(1S,2S)-1,4-Diphenylbuta-1,2-diol (196): A stirred solution of sulfinyl epoxide 136t (30 mg,
0

0.116 mmol) and B-phenethyl pinacol boronate (1, R = CH2Bn, 16 mg, 0.069 mmol) in
anhydrous THF (1.0 mL) at –90 °C under Ar was treated with PhLi (0.07 mL, 1.66 M in n-Bu2O,
0.116 mmol). The resulting mixture was stirred for 30 min at –90 °C, allowed to warm to rt
during 2 h, and then stirred for a further 2 h at rt. The mixture was then cooled to 0 °C, treated
with aq. NaOH (1.0 mL, 2.0 M) followed by 30 wt.% aq. H2O2 (0.50 mL), and stirred for 2 h at 0
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°C. The mixture was partitioned between CH2Cl2 (5 mL) and H2O (3 mL) and the layers
separated. The aqueous phase was extracted with CH2Cl2 (3x5 mL) and the combined organic
1

phases washed with brine (5 mL), dried (Na2SO4), and concentrated in vacuo (note: H NMR
spectral analysis of the crude residue revealed the presence of the syn adduct 196 but showed no
significant trace of the corresponding anti isomer). The residue was purified by column
chromatography (SiO2, eluting with 5% Et2O in hexanes) to afford the desired syn-2°/2° vicinal
diol 196 (4.2 mg, 0.017 mmol, 25%) as a colorless oil: []D

23

= –10.0 (c = 0.20, CHCl3); IR

–1 1

(neat) 3395, 2924, 1453, 1262, 1034, 700 cm ; H NMR (700 MHz, CDCl3)  = 7.35 (2H, tm, J
= 8.4 Hz), 7.32-7.29 (3H, m), 7.24 (2H, tm, J = 7.6 Hz), 7.16 (1H, tt, J = 7.4, 1.2 Hz), 7.11 (2H,
dm, J = 6.9 Hz), 4.49 (1H, dd, J = 6.8, 3.6 Hz), 3.73 (1H, ddt, J = 9.3, 6.7, 3.4 Hz), 2.84 (1H,
ddd, J = 14.3, 10.2, 5.3 Hz), 2.60 (1H, ddd, J = 13.9, 10.0, 6.7 Hz), 2.52 (1H, d, J = 3.8 Hz), 2.43
(1H, d, J = 3.4 Hz), 1.73 (1H, dtd, J = 14.3, 9.7, 5.3 Hz), 1.64 (1H, dddd, J = 13.7, 10.2, 6.9, 3.3
Hz) ppm;

13

C NMR (175 MHz, CDCl3) = 141.9 (0), 141.1 (0), 128.8 (2C, 1), 128.58 (2C, 1),

128.55 (2C, 1), 128.4 (1), 127.0 (2C, 1), 126.0 (1), 78.2 (1), 75.6 (1), 34.5 (2), 32.1 (2) ppm; MS
(EI+) m/z = 242 (M+•, 3%), 163 (6), 149 (7), 108 (100), 91 (56); HRMS (EI+) m/z = 242.13059
1

(calcd. for C16H18O2: 242.13068). H spectral data in agreement with those previously reported
by Hirao et al.94
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(1S,2S)-1-(tert-Butyldimethylsilyloxy)-1-phenylpent-4-en-2-ol (188s): Prepared by analogy to
191a (see above) by the reaction of sulfinylepoxide 136t (30 mg, 0.116 mmol) and B-allyl
0

pinacol boronate (1, R = CH2CH=CH2, 16 mg, 0.095 mmol) to yield a mixture of the
monosilylated syn-2°/2° vicinal diol 81 and inseparable sulfoxide derived by-products (10 mg;
1

n.b., the H NMR spectral signature seen within this mixture agreed with literature data for 188s
reported by Batey et al.92). To facilitate isolation and unambiguous identification, the impure
silyl ether was desilylated by dissolution in THF (1 mL) followed by treatment with
tetrabutylammonium fluoride hydrate (TBAF, 0.20 mL, 1.0 M in THF containing ca. 5% H2O,
0.20 mmol). After stirring for 5 h at rt, the reaction mixture was partitioned between Et2O (6 mL)
and H2O (4 mL) and the layers separated. The aqueous phase was extracted with Et2O (2x5 mL)
and the combined organic phases washed with brine (5 mL), then dried (Na2SO4) and
concentrated in vacuo. The residue was purified by column chromatography (SiO2, eluting with
30% EtOAc in hexanes) to afford (1S,2S)-1-phenylpent-4-en-1,2-diol (5.5 mg, 0.031 mmol, 32%
from B-allyl pinacol boronate) as a colorless oil: IR (neat) 3389, 2922, 1494, 1454, 1241, 1025,
–1 1

701 cm ; H NMR (700 MHz, CDCl3)  = 7.38-7.30 (5H, m), 5.82 (1H, dddd, J = 16.8, 10.3,
7.8, 6.4 Hz), 5.13 (1H, dm, J = 10.2 Hz), 5.12 (1H, dq, J = 17.2, 1.4 Hz), 4.52 (1H, dd, J = 6.8,
3.6 Hz), 3.80-3.76 (1H, m), 2.65 (1H, d, J = 3.6 Hz), 2.32 (1H, d, J = 3.5 Hz), 2.21 (1H, dm, J =
14.3 Hz), 2.13 (1H, dtm, J = 14.4, 8.1 Hz) ppm;

13

C NMR (175 MHz, CDCl3) = 141.0 (0),
1

134.4 (1), 128.8 (2C, 1), 128.4 (1), 127.1 (2C, 1), 118.5 (2), 77.5 (1), 75.1 (1), 37.5 (2) ppm. H
and

13

C NMR spectral data in agreement with those previously reported by Yudin et al.97a and

Yamamoto et al.97b
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(3S,4S)-2,2-Dimethyl-6-phenylhexa-3,4-diol (195s): Prepared by analogy to 195a (see above)
by the reaction of sulfinylepoxide 139t (20 mg, 0.084 mmol) and B-phenethyl pinacol boronate
0

(1, R = BnCH2, 16 mg, 0.069 mmol) initiated with PhLi (0.05 mL, 1.69 M in n-Bu2O, 0.085
mmol) to yield the desired syn-2°/2° vicinal diol 195s (6.3 mg, 32 wt.% pure with remainder copolar unreacted sulfinylepoxide 139t, effectively 2.0 mg 195s, 0.0090 mmol, 13%) as a colorless
–1 1

oil: IR (neat) 3427, 2959, 1480, 1366, 1089, 1050, 812 cm ; H NMR (400 MHz, CDCl3)  =
7.30-7.18 (5H, m), 3.82 (1H, apparent q, J = 7.4 Hz), 3.10 (1H, d, J = 6.6 Hz), 2.79 (1H, ddd, J =
14.0, 9.7, 5.8 Hz), 2.69 (1H, ddd, J = 14.0, 9.5, 6.6 Hz), 2.22 (1H, d, J = 7.1 Hz), 1.98-1.87 (1H,
m), 1.85 (1H, d, J = 6.8 Hz), 1.84-1.74 (1H, m), 0.94 (9H, s) ppm;

13

C NMR (100 MHz, CDCl3)

= 142.1 (0), 128.62 (2C, 1), 128.59 (2C, 1), 126.1 (1), 80.1 (1), 69.1 (1), 38.7 (2), 35.2 (0), 32.3
1

(2), 26.4 (3C, 3) ppm. H and

13

C NMR spectral data in agreement with those reported by

O'Brien et al.60

(3R,4R)-1-phenylheptane-3,4-diol: Prepared by analogy to 191a (see above) by the reaction of
0

sulfinylepoxide 145t (20 mg, 0.089 mmol) and B-phenethyl pinacol boronate (1, R = BnCH2,
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17.2 mg, 0.074 mmol) initiated with PhLi (0.052 mL, 1.69 M in n-Bu2O, 0.089 mmol) to yield
the desired syn-2°/2° vicinal diol 200s (3 mg, 0.014 mmol, 16%) as colorless oil, []D

23

= –12.0

(c = 0.20, CHCl3);. IR (neat) 3404, 3030, 2960, 2924, 2853, 1716, 1458, 1377, 1031, 699 cm–1;
1

H NMR (700 MHz, CDCl3) δ = 7.30-7.18 (5H, m), 3.45 (2H, m ), 2.85 (1H, m), 2.70 (1H, m),

1.80 (2H, m), 1.48-1.35 (4H, m), 0.9 (3H, t, J = 6.68 Hz ) ppm; 13C NMR (175 MHz, CDCl3) δ
= 142(2C, 0), 128.4 (1), 125.8 (1), 74.3 (1), 73.86 (1), 35.7(2), 35.3(2), 31.9 (2), 29.71(2), 18.8
(2), 14.04 (3) ppm. 1H and 13C NMR spectral data in agreement with those reported by O'Brien et
al.60

(3R,4R)-4-(tert-butyldimethylsilyloxy)-1-phenylpentan-3-ol: Prepared by analogy to 191a
(see above) by the reaction of sulfinylepoxide 144t (20 mg, 0.086 mmol) and B-phenethyl
pinacol boronate (1, R0 = BnCH2, 16.6 mg, 0.071 mmol) initiated with PhLi (0.05 mL, 1.69 M in
n-Bu2O, 0.086 mmol) to yield the desired syn-2°/2° vicinal diol 199s (2 mg, 0.009 mmol, 10%)
as colorless oil; []D

23

= –4.0 (c = 0.20, CHCl3);. IR (neat) 3435, 2928, 2856, 1643, 1462, 1252,

1070, 834 cm–1; 1H NMR (400 MHz, CDCl3) δ 7.30-7.19 (5H, m), 3.67 (1H, quintet, J = 6.0 Hz
), 3.33 (1H, m ), 2.88 (1H, m), 2.72 (1H, m), 1.74 (2H, m), 1.16 (3H, d, J = 6.16 ), 0.9 (9H, s),
0.1 (6H, s) ppm; 13C NMR (100 MHz, CDCl3) δ 142.4(0), 128.6 (1), 128.5 (1), 125.9 (1), 75.2
(1), 71.9 (1), 35.5 (2), 32.28 (2), 29.0 (2), 26.1 (3), 20.4 (3), 18.2 (0), −3.96 (3), −4.82 (3)ppm.
MS (EI) m/z 317.1 (M + Na)+, HRMS (EI) m/z 317.2057 (M + Na)+, (calcd. for C17H30O2Si:
294.20).
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Synthesis of 2°/3° Vicinal Diol Monosilylethers and
Related Compounds

(1R,2S)-1-(tert-Butyldimethylsilyloxy)-1,4-diphenyl-2-methylbutan-2-ol (215a): (via 'reverse'
addition) A stirred solution of t-BuLi (0.045 mL, 1.56 M in pentane, 0.070 mmol) in anhydrous
THF (1.0 mL) at –100 °C under Ar was treated with a mixture of sulfinylepoxide 167t´ (20 mg,
0

0.073 mmol) and B-phenethyl pinacol boronate (1, R = BnCH2, 14 mg, 0.060 mmol) in
anhydrous THF (0.6 mL). The resulting mixture was stirred for 20 min at –100 °C, then treated
with TBSOTf (0.017 mL, d = 1.151, 19 mg, 0.072 mmol), allowed to warm to rt during 2 h and
stirred for a further 2 h at rt. The mixture was then cooled to 0 °C, treated with aq. NaOH (1.0
mL, 2.0 M) followed by 30 wt.% aq. H2O2 (0.50 mL), and stirred for 2 h at 0 °C. The mixture
was partitioned between CH2Cl2 (5 mL) and H2O (3 mL) and the layers separated. The aqueous
phase was extracted with CH2Cl2 (3x5 mL) and the combined organic phases washed with brine
(5 mL), dried (Na2SO4), and concentrated in vacuo. The residue was purified by column
chromatography (SiO2, eluting with 5% Et2O in hexanes) to afford the title anti-like 2°/3° diol
monosilylether 215a (12 mg, 0.032, 54%) as a colorless oil: IR (neat) 2954, 2929, 2857, 1453,
–1 1

1252, 1088, 1065, 866, 837, 777, 700 cm ; H NMR (700 MHz, CDCl3)  = 7.33 (2H, dm, J =
8.3 Hz), 7.29 (2H, tm, J = 7.6 Hz), 7.27-7.23 (3H, m), 7.15 (1H, tm, J = 7.4 Hz), 7.18 (2H, dm, J
= 8.1 Hz), 4.52 (1H, s), 2.77 (1H, td, J = 13.2, 4.7 Hz), 2.62 (1H, td, J = 13.0, 5.0 Hz), ~2.20
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(OH, br s), 1.79 (1H, td, J = 13.4, 4.7 Hz), 1.57 (1H, ddd, J = 13.7, 12.6, 5.0 Hz), 1.22 (3H, s),
0.91 (9H, s), 0.05 (3H, s), –0.27 (3H, s) ppm;

13

C NMR (175 MHz, CDCl3) = 143.0 (0), 140.6

(0), 128.4 (4C, 1), 127.7 (2C, 1), 127.6 (3C, 1), 125.6 (1), 82.0 (1), 74.8 (0), 38.4 (2), 29.8 (2),
+

25.9 (3C, 3), 23.2 (3), 18.2 (0), –4.5 (3), –5.2 (3) ppm; MS (EI+) m/z = 353 [(M–OH) , 5%], 313
(45), 222 (100).

2-[(1S,2R)-1-(tert-Butyldimethylsilyloxy)-1,4-diphenyl-2-methylbut-2-yl]-4,4,5,5tetramethyl-1,3,2-dioxaborolane (210a): (via 'reverse' addition) A stirred solution of t-BuLi
(0.10 mL, 1.50 M in pentane, 0.150 mmol) in anhydrous THF (1.0 mL) at –100 °C under Ar was
treated with a mixture of sulfinylepoxide 167t´ (40 mg, 0.148 mmol) and B-phenethyl pinacol
0

boronate (1, R = BnCH2, 29 mg, 0.125 mmol)119 in anhydrous THF (1.0 mL). The resulting
mixture was stirred for 20 min at –100 °C, then treated with TBSOTf (0.035 mL, d = 1.151, 40
mg, 0.152 mmol), allowed to warm to rt during 2 h and stirred for a further 2 h at rt. The mixture
was partitioned between CH2Cl2 (5 mL) and H2O (3 mL) and the layers separated. The aqueous
phase was extracted with CH2Cl2 (3x5 mL) and the combined organic phases washed with brine
(5 mL), dried (Na2SO4), and concentrated in vacuo. The residue was purified by column
chromatography (SiO2, eluting with 2-6% Et2O in hexanes) to afford the title anti-like 2°/3° silyloxyboronate 210a (40 mg, 0.083, 66%) as a colorless oil: IR (neat) 2953, 2929, 2860, 1463,
–1 1

1379, 1312, 1144, 1056, 836, 775, 699 cm ; H NMR (700 MHz, CDCl3)  = 7.37 (2H, dm, J =
134

8.3 Hz), 7.27 (2H, tm, J = 7.5 Hz), 7.23 (2H, tm, J = 7.6 Hz), 7.19-7.15 (4H, m), 4.75 (1H, s),
2.70 (1H, td, J = 13.2, 4.9 Hz), 2.58 (1H, td, J = 13.4, 4.7 Hz), 1.82 (1H, td, J = 13.1, 4.7 Hz),
1.74 (1H, td, J = 13.2, 5.0 Hz), 1.23 (6H, s), 1.11 (6H, s), 1.03 (3H, s), 0.87 (9H, s), 0.00 (3H, s),
–0.39 (3H, s) ppm;

13

C NMR (175 MHz, CDCl3) = 143.7 (0), 143.6 (0), 128.3 (6C, 1), 127.2

(2C, 1), 126.8 (1), 125.5 (1), 83.2 (2C, 0), 80.0 (1), 39.4 (2), 33.0 (2), 26.0 (3C, 3), 25.4 (2C, 3),
24.9 (2C, 3), 18.2 (0), 15.6 (3), –4.4 (3), –5.0 (3) ppm (MeRR'CBpin not observed); MS (ES+)
+

m/z = 503 (M[10B]+Na) ; HRMS (ES+) m/z = 503.3153 (calcd. for C29H4510BNaO3Si: 503.3129).

(1R,2S)-1-(tert-Butyldimethylsilyloxy)-2-methyl-1-phenylpent-4-en-2-ol
(217a): Prepared by analogy to 215a (see above) by the reaction of
sulfinylepoxide 167t´ (30 mg, 0.110 mmol) and B-allyl pinacol boronate (1, R

0

= CH2CH=CH2, 15.4 mg, 0.092 mmol) initiated with t-BuLi (0.070 mL, 1.52 M in pentane,
0.106 mmol) to yield the desired anti-like 2°/3° diol monosilylether 217a (11 mg, 0.036, 39%) as
a colorless oil: IR (neat) 3569, 3469, 2955, 2930, 2858, 1472, 1253, 1089, 1066, 865, 838, 777,
–1 1

703 cm ; H NMR (700 MHz, CDCl3)  = 7.33 (2H, dm, J = 8.5 Hz), 7.30 (2H, tm, J = 7.7 Hz),
7.26 (1H, tt, J = 7.1. 1.5 Hz), 5.92 (1H, dddd, J = 16.9, 10.2, 8.1, 6.4 Hz), 5.08 (1H, ddt, J =
10.2, 2.2, 1.1 Hz), 5.02 (1H, ddt, J = 17.1, 2.0, 1.5 Hz), 4.48 (1H, s), 2.29 (1H, ddm, J = 14.0, 6.4
Hz), 2.20 (OH, br s), 2.01 (1H, ddt, J = 14.0, 8.1, 1.2 Hz), 1.11 (3H, s), 0.91 (9H, s), 0.04 (3H,
s), –0.27 (3H s) ppm;

13

C NMR (175 MHz, CDCl3) = 140.7 (0), 134.4 (1), 128.1 (2C, 1), 127.7

(3C, 1), 117.9 (2), 81.7 (1), 74.6 (0), 41.6 (2), 25.9 (3C, 3), 23.2 (3), 18.2 (0), –4.5 (3), –5.2 (3)
+

ppm; MS (EI+) m/z = 291 [(M–CH3) , 3%], 265 (8), 249 (42), 222 (100), 199 (20), 181 (11).
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2-[(1S,2S)-1-(tert-Butyldimethylsilyloxy)-2-methyl-1-phenylpent-4-en-2yl]-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (216a): Prepared by analogy to
210a (see above) by the reaction of sulfinylepoxide 167t´ (30 mg, 0.110 mmol)
0

and B-allyl pinacol boronate (1, R = CH2CH=CH2, 15.4 mg, 0.092 mmol)
initiated with t-BuLi (0.070 mL, 1.52 M in pentane, 0.106 mmol) to yield the desired anti-like
2°/3° -silyloxyboronate 216a(19 mg, 0.046, 50%) as a colorless oil: []D

23

= –2.5 (c = 0.40,
–1 1

CHCl3); IR (neat) 2979, 2929, 1462, 1378, 1315, 1257, 1143, 1055, 913, 837, 775, 700 cm ; H
NMR (400 MHz, CDCl3)  = 7.35 (2H, dm, J = 8.4 Hz), 7.23 (2H, tm, J = 7.5 Hz), 7.17 (1H, tt,
J = 7.1, 1.3 Hz), 5.85 (1H, ddt, J = 17.1, 9.9, 7.4 Hz), 5.04 (1H, ddd, J = 16.9, 2.2, 1.2 Hz), 4.98
(1H, ddd, J = 10.1, 2.3, 1.3 Hz), 4.70 (1H, s), 2.30 (1H, dd, J = 13.5, 7.3 Hz), 2.21 (1H, dd, J =
13.3, 7.4 Hz), 1.18 (6H, s), 1.05 (6H, s), 0.95 (3H, s), 0.88 (9H, s), 0.02 (3H, s), –0.38 (3H, s)
ppm;

13

C NMR (175 MHz, CDCl3) = 143.6 (0), 137.1 (1), 128.2 (2C, 1), 127.2 (2C, 1), 126.8

(1), 116.3 (2), 83.2 (2C, 0), 79.9 (1), 42.4 (2), 26.0 (3C, 3), 25.4 (2C, 3), 24.9 (2C, 3), 18.3 (0),
14.8 (3), –4.4 (3), –5.0 (3) ppm (MeRR'CBpin not observed); HRMS (ES+) m/z = 439.2838
(calcd. for C24H4110BNaO3Si: 439.2816).
2-[(3S,4R)-3-(tert-Butyldimethylsilyloxy)-6-phenyl-2,2,4-trimethylhex-4yl]-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (213a): Prepared by analogy to
210 (see above) by the reaction of sulfinylepoxide 168c (30 mg, 0.119 mmol)
0

and B-phenethyl pinacol boronate (1, R = BnCH2, 23 mg, 0.099 mmol)
initiated with t-BuLi (0.080 mL, 1.50 M in pentane, 0.120 mmol) to yield the anti-like 2°/3° silyloxyboronate 213a (17 mg, 0.037 mmol, 37%) as a colorless oil. Assessment of
1

stereochemical purity prior to chromatographic purification by H NMR spectral analysis
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showed anti:syn = 65:35 (afterward anti:syn = 59:41; this was the sample characterized): IR
–1 1

(neat) 2955, 2929, 2857, 1472, 1372, 1308, 1256, 1143, 1057, 833, 743 cm ; H NMR (400
MHz, CDCl3) attempted signal deconvolution from mixture, for major isomer 213a:  = 7.287.14 (5H, m), 3.61 (1H, s), 2.63 (1H, td, J = 14.1, 5.3 Hz), 2.46 (1H, td, J = 13.4, 4.6 Hz), 1.80
(1H, td, J = 13.2, 4.7 Hz), 1.55 (1H, td, J = 12.9, 4.7 Hz), 1.31 (6H, s), 1.30 (6H, s), 1.04 (3H, s),
0.99 (9H, s), 0.97 (9H, s), 0.06 (3H, s), –0.12 (3H, s) ppm, for minor isomer 213s:  = 7.28-7.14
(5H, m), 3.65 (1H, s), 2.75 (1H, td, J = 13.2, 4.3 Hz), 2.63 (1H, td, J = 14.1, 5.3 Hz), 1.93 (1H,
td, J = 13.2, 5.2 Hz), 1.74 (1H, td, J = 13.4, 4.2 Hz), 1.24 (6H, s), 1.21 (6H, s), 1.07 (3H, s), 0.98
(9H, s), 0.88 (9H, s), 0.13 (3H, s), 0.11 (3H, s) ppm;

13

C NMR (175 MHz, CDCl3) attempted

signal deconvolution from mixture, for major isomer 213a: = 143.4 (0), 128.3 (4C, 1), 125.4
(1), 85.2 (1), 83.3 (2C, 0), 42.3 (2), 37.2 (0), 32.1 (2), 28.9 (3C, 3), 26.8 (3C, 3), 26.1 (2C, 3),
25.0 (2C, 3), 19.4 (0), 14.7 (3), –2.5 (3), –2.8 (3) ppm (MeRR'CBpin not observed), for minor
isomer 213s:  = 145.0 (0), 128.5 (4C, 1), 125.2 (1), 86.1 (1), 82.8 (2C, 0), 37.2 (0), 34.1 (2),
32.3 (2), 28.8 (3C, 3), 26.8 (3C, 3), 25.6 (2C, 3), 24.7 (2C, 3), 22.9 (3), 19.3 (0), –2.2 (3), –2.5
(3) ppm (MeRR'CBpin not observed); HRMS (ES+) m/z = 483.3420 (calcd. for
C27H4910BNaO3Si: 483.3442).
2-[(1S,2R)-1-(tert-Butyldimethylsilyloxy)-2-cyclohexyl-1-phenylprop-2yl]-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (211a): Prepared by analogy
to 210a (see above) by the reaction of sulfinylepoxide 167c (27 mg, 0.099
0

mmol) and B-cyclohexyl pinacol boronate (1, R = c-C6H11, 17.4 mg, 0.083
mmol) initiated with t-BuLi (0.060 mL, 1.60 M in pentane, 0.096 mmol) to yield the expected
anti-like 2°/3° -silyloxyboronate 211a (8.0 mg, 0.017 mmol, 21%) as a colorless solid ( H
1

137

NMR spectral analysis prior to chromatographic purification revealed dr = 82:18). Major
diastereomer identical to that obtained from 167t´ (see below for characterization data).
2-[(1S,2R)-1-(tert-Butyldimethylsilyloxy)-2-cyclohexyl-1-phenylprop-2yl]-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (211a): Prepared by analogy to
210a (see above) by the reaction of sulfinylepoxide 167t´ (30 mg, 0.110
0

mmol) and B-cyclohexyl pinacol boronate (1, R = c-C6H11, 19 mg, 0.090
mmol) initiated with t-BuLi (0.072 mL, 1.52 M in pentane, 0.109 mmol) to yield the unexpected
anti-like 2°/3° -silyloxyboronate 211a (18 mg, 0.039 mmol, 43%) as a colorless solid ( H NMR
1

spectral analysis prior to chromatographic purification revealed dr = 88:12): mp 139-141 °C
(EtOH); []D

23

= –9.6 (c = 0.55, CHCl3); IR (neat) 2928, 2854, 1379, 1143, 1055, 867, 836, 774

–1 1

cm ; H NMR (700 MHz, CDCl3)  = 7.40 (2H, dm, J = 8.4 Hz), 7.20 (2H, tm, J = 7.6 Hz),
7.15 (1H, tt, J = 7.3, 1.3 Hz), 5.00 (1H, s), 1.95 (2H, br t, J = 13.2 Hz), 1.77-1.72 (2H, m), 1.65
(1H, br d, J = 12.5 Hz), 1.48 (1H, tt, J = 12.0, 3.0 Hz), 1.30-1.23 (2H, m), 1.20-1.08 (3H, m),
1.17 (6H, s), 1.01 (3H, s), 1.01 (6H, s), 0.88 (9H, s), –0.01 (3H, s), –0.46 (3H, s) ppm;

13

C NMR

(175 MHz, CDCl3) = 143.9 (0), 129.1 (2C, 1), 126.9 (2C, 1), 126.7 (1), 82.9 (2C, 0), 76.8 (1),
43.0 (1), 30.0 (2), 29.4 (2), 27.4 (2), 27.1 (2), 27.0 (2), 26.0 (3C, 3), 25.6 (2C, 3), 24.7 (2C, 3),
18.3 (0), 13.7 (3), –4.1 (3), –5.1 (3) ppm (MeRR'CBpin not observed); MS (EI+) m/z = 443 [(M–
+

CH3) , 5%], 401 (30), 327 (4), 221 (100), 199 (26). A single-crystal X-ray diffraction analysis
was used to establish the relative and absolute stereochemistry for this compound (Figure 8).
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Crystallographic data for (–)-(1S,2R)-211a (pb46): C27H47BO3Si, M = 458.55, 0.24 x 0.19 x 0.14
mm, T = 200(2) K, Orthorhombic, space group P212121, a = 11.1218(4) Å, b = 11.5455(4) Å, c
= 22.1539(8) Å, V = 2844.71(18) Å3, Z = 4, Dc = 1.071 Mg/m3, μ = 0.897 mm-1, F(000) = 1008,
2θmax = 136.32°, 30343 reflections, 5175 independent reflections [Rint = 0.0627], R1 = 0.0414,
wR2 = 0.1018 and GOF = 1.032 for 5175 reflections (325 parameters) with I>2(I), R1 =
0.0452, wR2 = 0.1049 and GOF = 1.134 for all reflections, the Flack = 0.01(3), max/min residual
electron density +0.192/-0.266 eÅ-3. The ORTEP diagram for 211a appeared in Figure 8.
2-[(1S,2R)-1-(tert-Butyldimethylsilyloxy)-1,2-phenylprop-2-yl]-4,4,5,5tetramethyl-1,3,2-dioxaborolane (212a): Prepared by analogy to 210a
(see above) by the reaction of sulfinylepoxide 167t´ (30 mg, 0.110 mmol)
0

and B-phenyl pinacol boronate (1, R = Ph, 19 mg, 0.093 mmol) initiated
with t-BuLi (0.070 mL, 1.60 M in pentane, 0.112 mmol) to yield the unexpected anti-like 2°/3°

-silyloxyboronate 212a (16 mg, 0.0354 mmol, 38%) as a colorless solid ( H NMR spectral
1

analysis prior to chromatographic purification revealed dr = 85:15): []D = –1.6 (c = 0.50,
23

CHCl3); IR (neat) 2977, 2929, 2856, 1471, 1372, 1311, 1255, 1147, 1085, 1060, 837, 775, 703
–1 1

cm ; H NMR (700 MHz, CDCl3)  = 7.45 (2H, d, J = 7.3 Hz), 7.28-7.24 (4H, m), 7.20-7.14
(4H, m), 5.12 (1H, s), 1.29 (3H, s), 1.15 (6H, s), 1.09 (6H, s), 0.69 (9H, s), –0.41 (3H, s), –0.54
(3H, s) ppm;

13

C NMR (175 MHz, CDCl3) = 143.8 (0), 143.2 (0), 128.9 (2C, 1), 128.7 (2C, 1),

127.5 (2C, 1), 126.9 (2C, 1), 125.7 (1), 125.6 (1), 83.6 (2C, 0), 80.2 (1), 25.9 (3C, 3), 24.8 (2C,
3), 24.7 (2C, 3), 18.2 (0), 14.8 (3), –4.7 (3), –5.6 (3) ppm (MeRR'CBpin not observed); MS
+

+

(ES+) m/z = 476 (M[11B]+Na) , 475 (M[10B]+Na) ; HRMS (ES+) m/z = 475.2797 (calcd. for
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C27H4110BNaO3Si: 475.2816). A single-crystal X-ray diffraction analysis of the racemate was
used to establish the relative stereochemistry for this compound (Figure 8).
Crystallographic data for (±)-(1S,2R)-212a (pb49): C27H41BO3Si, M = 452.50, 0.15 x 0.03 x 0.03
mm, T = 200(2) K, Monoclinic, space group P21/c, a = 24.6135(8) Å, b = 11.3300(4) Å, c =
21.6839(7) Å,  = 116.068(2), V = 5431.9(3) Å3, Z = 8, Dc = 1.107 Mg/m3, μ = 0.939 mm-1,
F(000) = 1968, 2θmax = 109.98°, 54097 reflections, 6536 independent reflections [Rint = 0.0515],
R1 = 0.0885, wR2 = 0.2065 and GOF = 1.189 for 6536 reflections (577 parameters) with
I>2(I), R1 = 0.0961, wR2 = 0.2097 and GOF = 1.189 for all reflections, max/min residual
electron density +0.424/-0.305 eÅ-3. The ORTEP diagram for 167t´ appeared in figure 8.
(1R,2S)-1-(tert-Butyldimethylsilyloxy)-1,2-diphenylpropan-2-ol (218a):
Prepared by analogy to 215a (see above) by the reaction of sulfinylepoxide
167t´ (30 mg, 0.110 mmol) and B-allyl pinacol boronate (1, R0 = Ph, 19 mg,
0.09 mmol) initiated with t-BuLi (0.070 mL, 1.52 M in pentane, 0.106 mmol) to yield the desired
anti-like 2°/3° diol monosilylether 218a (12 mg, 0.036, 38%) as a colorless oil: IR (neat) 3464,
3473, 3087, 3062, 3030, 2954, 2856, 1252, 1090, 1070 cm–1; 1H NMR (700 MHz, CDCl3) δ
7.30-7.05 (10H, m), 4.68 (1H, s ), 1.63 (3H, s), 0.9 (9H, s), −0.12 (3H, s), −0.32 (3H, s) ppm; 13C
NMR (175 MHz, CDCl3) δ 144.4 (0), 140.2 (0), 128.0 (1), 127.43 (1), 127.34 (1), 127.19 (1),
126.6 (1), 126.1(1), 82.0 (1), 76.7 (1), 25.8 (3), 25.3 (3), 18.1 (0), −4.8 (3), −5.6 (3) ppm. MS
(EI) m/z (M + H)+ 221 ion fragments and 121 confirm the mass (calcd. for C21H30O2Si: 342)
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Synthesis of 3°/3° Vicinal Diols and Related Compounds 225-230

(1R,2S)-1,2-dimethyl-1,4-diphenylbutan-1,2-diol (225a): (via 'reverse' addition) A stirred
solution of t-BuLi (0.072 mL, 1.52 M in pentane, 0.109 mmol) in anhydrous THF (1.0 mL) at –
100 °C under Ar was treated with a mixture of sulfinylepoxide 169c (30 mg, 0.105 mmol) and
0

B-phenethyl pinacol boronate (1, R = BnCH2, 19 mg, 0.082 mmol)2in anhydrous THF (1.0 mL).
The resulting mixture was stirred for 20 min at –100 °C, then treated with TBSOTf (0.020 mL, d
= 1.151, 23 mg, 0.087 mmol), allowed to warm to rt during 2 h and stirred for a further 2 h at rt.
The mixture was then cooled to 0 °C, treated with aq. NaOH (1.0 mL, 2.0 M) followed by 30
wt.% aq. H2O2 (0.50 mL), and stirred for 2 h at 0 °C. The mixture was partitioned between
CH2Cl2 (5 mL) and H2O (3 mL) and the layers separated. The aqueous phase was extracted with
CH2Cl2 (3x5 mL) and the combined organic phases washed with brine (5 mL), dried (Na2SO4),
and concentrated in vacuo. The residue was purified by column chromatography (SiO2, eluting
with 30% Et2O in hexanes) to afford the desired anti-like 3°/3° diol 225a (13 mg, 0.048, 59%) as
a colorless oil: IR (neat) 3440, 3063, 3028, 2983, 2930, 1604, 1496, 1447, 1375, 1058, 1029,
–1 1

760, 702 cm ; H NMR (400 MHz, CDCl3)  = 7.49 (2H, dm, J = 7.3 Hz), 7.33 (2H, tm, J = 8.0
Hz), 7.29-7.22 (3H, m), 7.15 (1H, tm, J = 7.3 Hz), 7.10 (2H, dm, J = 7.1 Hz), 2.72 (1H, td, J =
13.4, 4.7 Hz), 2.54 (1H, td, J = 12.5, 5.2 Hz), 2.42 (1H, s), 1.97 (1H, s), 1.84 (1H, td, J = 13.7,
4.9 Hz), 1.68 (3H, s), 1.50 (1H, ddd, J = 13.9, 12.3, 5.3 Hz), 1.33 (3H, s) ppm;
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13

C NMR (175

MHz, CDCl3) = 144.4 (0), 142.8 (0), 128.4 (2C, 1), 128.3 (2C, 1), 127.8 (2C, 1), 127.0 (1),
126.7 (2C, 1), 125.7 (1), 79.2 (0), 38.2 (2), 30.1 (2), 24.8 (3), 21.1 (3) ppm (one RR'MeCOH
+

signal likely obscured by CDCl3); MS (ES+) m/z = 293 (M+Na) ; HRMS (ES+) m/z = 293.1531
(calcd. for C18H22NaO2: 293.1517).
(1S,2S)-1,2-dimethyl-1,4-diphenylbutan-1,2-diol (225s): Prepared by
analogy to 225a (see above) by the reaction of sulfinylepoxide 169t (30 mg,
0

0.105 mmol) and B-phenethyl pinacol boronate (1, R = BnCH2, 19 mg,
0.082 mmol)2 initiated with t-BuLi (0.072 mL, 1.52 M in pentane, 0.109 mmol) to yield the
desired syn-like 3°/3° diol 225s (14 mg, 0.052 mmol, 63%) as a colorless oil: IR (neat) 3460,
–1 1

3026, 2983, 2872, 1603, 1496, 1447, 1373, 1065, 912, 761, 702 cm ; H NMR (700 MHz,
CDCl3)  = 7.50 (2H, dm, J = 8.0 Hz), 7.33 (2H, tm, J = 7.3 Hz), 7.30-7.25 (3H, m), 7.20-7.17
(3H, m), 2.80 (1H, td, J = 13.0, 4.6 Hz), 2.63 (1H, td, J = 12.8, 5.2 Hz), 2.50 (1H, s), 2.01 (1H,
td, J = 13.2, 4.6 Hz), 1.92 (1H, s), 1.80 (1H, ddd, J = 13.6, 12.4, 5.2 Hz), 1.65 (3H, s), 1.13 (3H,
s) ppm;

13

C NMR (175 MHz, CDCl3) = 144.6 (0), 142.8 (0), 128.5 (2C, 1), 128.4 (2C, 1),

127.7 (2C, 1), 127.0 (1), 126.9 (2C, 1), 125.8 (1), 79.0 (0), 38.2 (2), 30.3 (2), 24.3 (3), 21.4 (3)
+

(one RR'MeCOH likely signal obscured by CDCl3); MS (ES+) m/z = 293 (M+Na) ; HRMS
(ES+) m/z = 293.1528 (calcd. for C18H22NaO2: 293.1517).
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2-[(2S,3R)-2,5-Diphenyl-2-hydroxy-3-methylpentan-3-yl]-4,4,5,5-tetramethyl-1,3,2dioxaborolane (228a), 2-[(2S,3R)-2-(tert-Butyldimethylsilyloxy)-2,5-diphenyl-3methylpentan-3-yl]-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (229a), and (Z)-2,5-diphenyl-3methylpentene [(Z)-230] (Equation 3): (via 'reverse' addition) A stirred solution of t-BuLi
(0.070 mL, 1.50 M in pentane, 0.105 mmol) in anhydrous THF (1.0 mL) at –100 °C under Ar
was treated with a mixture of sulfinylepoxide 169c (30 mg, 0.105 mmol) and B-phenethyl
0

pinacol boronate (1, R = BnCH2, 20 mg, 0.086 mmol)119 in anhydrous THF (1.0 mL). The
resulting mixture was stirred for 20 min at –100 °C, then treated with TBSOTf (0.020 mL, d =
1.151, 23 mg, 0.087 mmol), allowed to warm to rt during 2 h and stirred for a further 2 h at rt.
The mixture was partitioned between CH2Cl2 (5 mL) and H2O (3 mL) and the layers separated.
The aqueous phase was extracted with CH2Cl2 (3x5 mL) and the combined organic phases
washed with brine (5 mL), dried (Na2SO4), and concentrated in vacuo. The residue was purified
by column chromatography (SiO2, eluting with 2-6% Et2O in hexanes) to yield in order of
elution: the (Z)-configured alkene (Z)-230 (5.0 mg, 0.021 mmol, 25%), the anti-like 3°/3° silyloxyboronate 229a (2.0 mg, 0.004 mmol, 5%), and the anti-like 3°/3° -hydroxyboronate
228a (20 mg, 0.053 mmol, 61%) all as colorless oils and essentially single diastereoisomers (as
1

ajudged by H and

13

Data for 228a: []D

C NMR spectral analysis).

23

= –1.8 (c = 0.60, CHCl3); IR (neat) 2978, 2930, 2865,
–1 1

1495, 1446, 1373, 1353, 1304, 1142, 1058, 853, 700 cm ; H NMR (700
MHz, CDCl3)  = 7.42 (2H, dm, J = 7.4 Hz), 7.27 (2H, tm, J = 7.6 Hz), 7.23
(2H, tm, J = 7.6 Hz), 7.20 (1H, tm, J = 7.3 Hz), 7.14 (1H, tm, J = 7.4 Hz), 7.09 (2H, dm, J = 7.4
Hz), 2.47-2.39 (2H, m), 2.19 (1H, td, J = 13.0, 5.0 Hz), 1.65 (3H, s), 1.36 (6H, s), 1.35 (6H, s),
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1.00 (1H, td, J = 12.4, 6.9 Hz), 1.00 (3H, s) ppm;

13

C NMR (175 MHz, CDCl3) = 144.0 (0),

143.4 (0), 128.5 (2C, 1), 128.4 (2C, 1), 127.4 (2C, 1), 127.2 (2C, 1), 126.4 (1), 125.7 (1), 84.3
(2C, 0), 78.1 (0), 36.4 (2), 33.4 (2), 28.5 (3), 25.4 (2C, 3), 25.3 (2C, 3), 18.4 (3) ppm
+

(MeRR'CBpin not observed); MS (ES+) m/z = 403 (M+Na) ; HRMS (ES+) m/z = 403.2409
(calcd. for C24H3310BNaO3: 403.2420).
Data for 229a: IR (neat) 2957, 2929, 2856, 1472, 1372, 1347, 1306, 1257,
–1 1

1144, 1072, 984, 834, 773, 700 cm ; H NMR (700 MHz, CDCl3)  = 7.41
(2H, dm, J = 8.0 Hz), 7.27 (2H, tm, J = 7.6 Hz), 7.22 (2H, tm, J = 7.3 Hz),
7.18-7.15 (4H, m), 2.54 (1H, td, J = 13.1, 5.5 Hz), 2.42 (1H, td, J = 13.3, 3.9
Hz), 2.14 (1H, td, J = 12.8, 3.9 Hz), 1.79 (3H, s), 1.57 (1H, td, J = 13.1, 5.4 Hz), 1.27 (6H, s),
1.21 (6H, s), 1.00 (9H, s), 0.91 (3H, s), 0.06 (3H, s), –0.29 (3H, s) ppm;

13

C NMR (175 MHz,

CDCl3) = 147.2 (0), 144.1 (0), 128.4 (2C, 1), 128.2 (2C, 1), 127.3 (2C, 1), 126.7 (2C, 1), 126.1
(1), 125.4 (1), 83.1 (2C, 0), 80.9 (0), 36.4 (2), 33.3 (2), 26.7 (3), 26.4 (3C, 3), 25.6 (2C, 3), 25.1
(2C, 3), 19.1 (0), 16.9 (3), –1.1 (3), –2.6 (3) ppm (MeRR'CBpin not observed).
Data for (Z)-230: IR (neat) 3025, 2825, 2857, 1600, 1491, 1453, 1071,
–1 1

1027, 911, 765 cm ; H NMR (700 MHz, CDCl3)  = 7.27 (2H, tm, J =
7.4 Hz), 7.20 (2H, tm, J = 7.4 Hz), 7.20-7.17 (1H, m), 7.14 (1H, tm, J =
7.4 Hz), 7.00-6.98 (4H, m), 2.64 (2H, AA´BB´ system), 2.18 (2H,
AA´BB´ system), 1.94 (3H, apparent q, J = 0.9 Hz), 1.86 (3H, apparent q, J = 1.0 Hz) ppm;

13

C

NMR (175 MHz, CDCl3) = 145.2 (0), 142.4 (0), 131.8 (0), 130.3 (0), 128.3 (2C, 1), 128.2 (2C,
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1), 128.1 (2C, 1), 128.0 (2C, 1), 125.9 (1), 125.6 (1), 37.6 (2), 35.0 (2), 21.3 (3), 18.0 (3) ppm;
HRMS (ES+) m/z = 259.1436 (calcd. for C18H20Na: 259.1463).

2-[(2R,3R)-2,5-Diphenyl-2-hydroxy-3-methylpentan-3-yl]-4,4,5,5-tetramethyl-1,3,2dioxaborolane (228s) and (Z)-2,5-diphenyl-3-methylpentene [(E)-230] : (via 'reverse'
addition) A stirred solution of t-BuLi (0.070 mL, 1.50 M in pentane, 0.105 mmol) in anhydrous
THF (1.0 mL) at –100 °C under Ar was treated with a mixture of sulfinylepoxide 169t (30 mg,
0

0.105 mmol) and B-phenethyl pinacol boronate (1, R = BnCH2, 20 mg, 0.086 mmol) in
anhydrous THF (1.0 mL). The resulting mixture was stirred for 20 min at –100 °C, then treated
with TBSOTf (0.020 mL, d = 1.151, 23 mg, 0.087 mmol), allowed to warm to rt during 2 h and
stirred for a further 2 h at rt. The mixture was partitioned between CH2Cl2 (5 mL) and H2O (3
mL) and the layers separated. The aqueous phase was extracted with CH2Cl2 (3x5 mL) and the
combined organic phases washed with brine (5 mL), dried (Na2SO4), and concentrated in vacuo.
The residue was purified by column chromatography (SiO2, eluting with 2-20% Et2O in hexanes)
to yield in order of elution: the (E)-configured alkene (E)-230 (~ 3.0 mg, 0.013 mmol, dr ~ 92:8,
≤ 15%, impure) and the syn-like 3°/3° -hydroxy-boronate 228s (22.4 mg, 0.059 mmol, 68%, dr
≥ 95:5) all as colorless oils.
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Data for 228s: IR (neat) 3541, 2978, 2930, 1495, 1446, 1373, 1353, 1305,
–1 1

1144, 1066, 854, 763, 700 cm ; H NMR (400 MHz, CDCl3)  = 7.43 (2H,
dm, J = 7.9 Hz), 7.32-7.16 (8H, m), 2.55-2.47 (2H, m), 2.14 (1H, td, J =
12.6, 6.4 Hz), 1.61 (3H, s), 1.43 (1H, td, J = 12.7, 6.0 Hz), 1.31 (6H, s), 1.27
(6H, s), 0.93 (3H, s) ppm;

13

C NMR (175 MHz, CDCl3) = 146.1 (0), 143.5 (0), 128.4 (4C, 1),

127.2 (2C, 1), 126.9 (2C, 1), 126.3 (1), 125.7 (1), 83.8 (2C, 0), 78.7 (0), 37.2 (2), 33.4 (2), 25.6
(3), 25.3 (2C, 3), 24.9 (2C, 3), 17.7 (3) ppm (MeRR'CBpin not observed); MS (ES+) m/z = 403
+

(M+Na) ; HRMS (ES+) m/z = 403.2403 (calcd. for C24H3310BNaO3: 403.2420).

Data for (E)-230: IR (neat) 2927, 1719, 1600, 1492, 1453, 1371, 1257, 1146,
–1 1

1071, 1028, 913, 835 cm ; H NMR (400 MHz, CDCl3)  = 7.32-7.20 (8H,
m), 7.09 (2H, dm, J = 8.2 Hz), 2.78 (2H, t, J = 7.6 Hz), 2.48 (2H, t, J = 8.1
Hz), 1.82 (3H, qm, J = 1.5 Hz), 1.59 (3H, qm, J = 1.5 Hz) ppm;

13

C NMR (175 MHz, CDCl3)

= 145.4 (0), 142.3 (0), 128.6-125.8 (aryl and alkenyl signals), 36.5 (2), 34.4 (2), 20.4 (3), 20.0
+

(3) ppm; MS (ES+) m/z = 259 (M+Na ); HRMS (ES+) m/z = 259.1438 (calcd. for C18H20Na:
259.1463).

Synthesis of Acetonides and Stereochemical Determinations
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Representative procedure. Acetonide derived from 215a (221): A solution of silyl ether 215a
(12 mg, 0.032 mmol; derived from 167t´) in THF (1.0 mL) was treated with tetra-nbutylammonium fluoride hydrate (0.20 mL, 1.0 M in THF, 0.20 mmol) and stirred at rt for 6 h.
The reaction mixture was then partitioned between Et2O (6 mL) and H2O (4 mL) and the layers
separated. The aqueous phase was extracted with Et2O (2x5 mL) and the combined organic
extracts were washed with brine (5 mL), dried (Na2SO4), and concentrated in vacuo. The residue
was purified by column chromatography (SiO2, eluting with 30% EtOAc in hexanes) to yield the
corresponding diol (8.0 mg, 0.031 mmol, 98%) as a colorless oil. The diol was dissolved in
CH2Cl2 (1.0 mL), treated with 2,2-dimethoxy-propane (0.040 mL, d = 0.847, 34 mg, 0.326
mmol) and camphor sulfonic acid (0.7 mg, 0.003 mmol), then stirred for 12 h at rt. After this
time, the reaction mixture was concentrated in vacuo and the residue purified by column
chromatography (SiO2, eluting with 10% EtOAc in hexanes) to afford the acetonide 221 (6.0 mg,
–1 1

0.020 mmol, 63%) as a colorless oil: IR (neat) 2919, 2851, 1732, 1461, 1378, 744 cm ; H
NMR (700 MHz, CDCl3)  = 7.38 (2H, dm, J = 8.0 Hz), 7.33 (2H, tm, J = 7.2 Hz), 7.28 (1H, tt, J
= 7.3, 1.3 Hz), 7.20 (2H, tm, J = 7.6 Hz), 7.12 (1H, tm, J = 7.4 Hz), 7.00 (2H, dm, J = 6.9 Hz),
4.93 (1H, s), 2.68 (1H, td, J = 13.2, 4.2 Hz), 2.31 (1H, td, J = 13.2, 5.1 Hz), 1.70 (1H, td, J =
13.4, 4.3 Hz), 1.62 (3H, s), 1.51 (3H, s), 1.48 (3H, s), 1.03 (1H, ddd, J = 13.7, 12.8, 5.1 Hz) ppm;
13

C NMR (175 MHz, CDCl3) = 142.9 (0), 136.1 (0), 128.51 (4C, 1), 128.46 (2C, 1), 128.0 (1),

126.2 (2C, 1), 125.8 (1), 107.4 (0), 85.9 (1), 83.0 (0), 38.1 (2), 30.0 (2), 28.6 (3), 27.3 (3), 23.5
(3) ppm. HMBC and nOe analysis was used to assign stereochemistry to this adduct and its
epimer 221 (derived from the minor diastereoisomeric StReCH adduct generated using 167t´) as
shown in Figure 9.
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Other acetonides were prepared via analogous procedures. Where boronates were the source
material these were first oxidized with aq. NaOOH prior to desilylation and acetonide formation.
Data for 222 (derived from the minor diastereoisomeric StReCH adduct formed
using 210s): colorless oil; IR (neat) 2956, 2926, 2854, 1729, 1452, 1377, 1245,
1212, 1057, 699 cm–1; 1H NMR (700 MHz, CDCl3)  = 7.37 (2H, dm, J = 8.0
Hz), 7.35 (2H, tm, J = 7.8 Hz), 7.32-7.27 (3H, m), 7.27-7.23 (2H), 7.21 (1H, tm, J = 7.3 Hz),
4.97 (1H, s), 2.88 (1H, ddd, J = 13.7, 10.5, 6.8 Hz), 2.81 (1H, ddd, J = 13.3, 10.5, 6.8 Hz), 1.981.92 (2H, m), 1.62 (3H, s), 1.50 (3H, s), 0.87 (3H, s) ppm; 13C NMR (175 MHz, CDCl3) =
142.6 (0), 136.9 (0), 128.7 (2C, 1), 128.6 (4C, 1), 128.4 (2C, 1), 128.0 (1), 126.4 (1), 107.4 (0),
83.6 (1), 83.3 (0), 41.5 (2), 30.5 (2), 28.8 (3), 27.2 (3), 22.6 (3) ppm. Relative stereochemistry
assigned by HMBC and nOe analysis (see Figure 9).
Data for 223 (derived from 167t´): colorless oil; IR (neat) 2926, 2854, 1729,
1499, 1452, 1378, 1248, 1212, 1057, 750, 699 cm–1; 1H NMR (700 MHz,
CDCl3)  = 7.39 (2H, dm, J = 7.6 Hz), 7.36 (2H, tm, J = 7.5 Hz), 7.31 (1H, tt, J
= 7.1, 1.3 Hz), 5.67 (1H, dddd, J = 17.2, 10.2, 8.2, 6.2 Hz), 5.00 (1H, dm, J = 10.2 Hz), 4.93
(1H, s), 4.88 (1H, dm, J = 17.2 Hz), 2.24 (1H, dd, J = 14.0, 6.2 Hz), 1.60 (3H, s), 1.48 (3H, s),
1.36 (3H, s), 1.34 (1H, ddm, J = 14.0, 8.2 Hz) ppm; 13C NMR (175 MHz, CDCl3) = 136.4 (0),
134.2 (1), 128.4 (2C, 1), 128.1 (1), 126.2 (2C, 1), 118.1 (2), 107.4 (0), 85.6 (1), 82.9 (0), 40.8
(2), 28.6 (3), 27.2 (3), 23.4 (3) ppm. Relative stereochemistry assigned by HMBC and nOe
analysis (see Figure 10).
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Data for 224: colorless oil; IR (neat) 2919, 2850, 1463, 1279, 1262, 750 cm–1;
1

H NMR (700 MHz, CDCl3)  = 7.28 (2H, tm, J = 7.3 Hz), 7.20-7.16 (3H, m),

3.42 (3H, s), 2.87 (1H, td, J = 13.3, 4.0 Hz), 2.64 (1H, td, J = 13.2, 5.0 Hz),
2.02 (1H, td, J = 13.4, 4.5 Hz), 1.64 (1H, td, J = 13.0, 5.1 Hz), 1.48 (3H, s), 1.37 (3H, s), 1.35
(3H, s), 1.01 (9H, s) ppm; 13C NMR (175 MHz, CDCl3) = 143.3 (0), 128.6 (2C, 1), 128.5 (2C,
1), 125.8 (1), 105.2 (0), 91.2 (1), 82.9 (0), 38.3 (2), 32.5 (0), 30.1 (2), 28.6 (3), 27.8 (3C, 3), 27.0
(3), 24.4 (3) ppm. Stereochemistry assigned by nOe analysis (see Figure 10).
Data for 226: colorless oil; IR (neat) 2957, 2929, 1729, 1494, 1456, 1376,
1237, 1061 cm–1; 1H NMR (700 MHz, CDCl3)  = 7.42 (2H, dm, J = 7.4 Hz),
7.29 (2H, tm, J = 7.3 Hz), 7.21 (1H, tm, J = 7.4 Hz), 7.17 (2H, tm, J = 7.7
Hz), 7.10 (1H, tt, J = 7.4, 1.9 Hz), 6.97 (2H, dm, J = 8.2 Hz), 2.73 (1H, td, J = 13.6, 4.3 Hz),
2.46 (1H, td, J = 13.3, 5.0 Hz), 1.63 (3H, s), 1.60 (3H, s), 1.51 (3H, s), 1.48 (3H, s), 1.41 (1H,
ddd, J = 13.9, 7.4, 6.3 Hz), 0.99 (1H, ddd, J = 14.2, 12.6, 5.0 Hz) ppm; 13C NMR (175 MHz,
CDCl3) = 143.1 (0), 142.6 (0), 128.1 (5C, 1), 126.8 (2C, 1), 125.6 (1), 125.0 (2C, 1), 107.0 (0),
87.1 (0), 85.0 (0), 39.7 (2), 30.16 (2), 30.11 (3), 29.6 (3), 26.7 (3), 20.6 (3) ppm. Relateive
stereochemistry assigned by HMBC and nOe analysis (see Figure 11).
Data for 227: colorless oil; IR (neat) 2984, 2935, 1727, 1496, 1454, 1371,
1237, 1208, 1121, 1069, 764, 701 cm–1; 1H NMR (700 MHz, CDCl3)  =
7.45 (2H, dm, J = 8.2 Hz), 7.34-7.30 (4H, m), 7.28-7.26 (2H, m), 7.24 (1H,
tt, J = 7.4, 1.9 Hz), 7.22 (1H, tt, J = 7.3, 1.3 Hz), 2.85 (1H, td, J = 13.2, 4.1 Hz), 2.74 (1H, td, J =
13.0, 4.9 Hz), 2.20 (1H, td, J = 13.1, 4.2 Hz), 1.86 (1H, td, J = 13.0, 5.0 Hz), 1.57 (6H, br s),
1.53 (3H, s), 0.91 (3H, s) ppm; 13C NMR (175 MHz, CDCl3) = 144.0 (0), 142.9 (0), 128.6 (4C,
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1), 128.2 (2C, 1), 126.9 (1), 126.0 (1), 125.1 (2C, 1), 107.3 (0), 87.3 (0), 85.1 (0), 40.0 (2), 31.2
(2), 30.4 (2C, 3), 26.1 (3), 24.2 (3) ppm. Stereochemistry assigned by HMBC and nOe analysis
(see Figure 11).

6.4- Experimental details for results presented in chapter 4

Tributhylvinylstannane (251): Vinyl magnesium bromide (18.4 mL, 1.0 M in hexane, 18.43
mmol) was transferred under Ar to 3-necked flame-dried RB-flask equipped with reflux
condenser and a magnetic stirring bar. A solution of tributyltin chloride (2.48 mL, d = 1.21, 3.00
g, 9.21 mmol) in anhydrous THF (15 mL) was then added via syringe-pump during 20 min.
After the addition was completed, the reaction mixture heated under reflux for 19 h and then
allowed to cool to rt. Sat. aq. NH4Cl(100 mL) was added to quench the reaction mixture and the
layers separated. The aqueous phase was extracted with Et2O (3×20 mL) and the organic layer
combined concentrated in vacuo. The residue was further prurified fractional distillation at
reduced pressure (0.2 mmHg, bp. 128 ˚C) to afford tributylvinylstannane (1.59 g, 6.4 mmol,
84.09 %) as colorless oil. IR (neat) 2957, 2914, 2852, 1466, 1401, 1369, 1320, 1112.8 cm-1;1H
NMR (400 MHz, CDCl3) δ 6.48 (1H, dd, J = 20.7, 14.0 Hz), 6.15(1H, dd, J = 14.0, 3.6 Hz ),
5.66 (1H, dd, 3.6, 20.8 Hz ), 1.51 (8H), 1.35 (6H, m, sextet), 0.9 (12H, t, J = 7.32 Hz) ppm; 13C
NMR(400 Hz, CDCl3) δ 139.3 (1), 133.6 (2), 29.0 (2), 27.2 (2), 13.6 (3), 9.3 (2) ppm. 1H NMR
data are in agreement with those previously reported bySeyferth.102a
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Tributhylstannane oxirane (252): To a solution of tributylvinylstannane (3.00 g, 9.46 mmol) in
CHCl3 (40 mL) at rt was treated mCPBA (2.83 g, 12.3 mmol, 75 % wt). The reaction mixture
was stirred at rt until TLC indicate complete of the reaction. The reaction mixture was washed
with Sat. aq. Na2S2O3, and Sat. aqu. NaHCO3 then extracted with CH2Cl2 (4×15 mL). The
combined organic phase washed with NaCl , NaHCO3 and dired over Na2SO4, concentrated in
vacuo.The residue purified by column chromatography (SiO2, eluting with 2% Et2O in hexanes,
Et3N was used to neutralize the silica) to yield the tributhylstannane oxirane (2.8 g, 8.5 mmol,
90%) as colorless oil. IR (neat) 2956, 2926, 2853,1727, 1463,1376, 1279, 1251, 1072 cm-1. 1H
NMR (400 MHz, CDCl3) δ = 2.99 (1H, t, J = 6.16 Hz), 2.65 (H, dd, J = 5.04, 4.7 Hz), 2.60(1H,
dd, J = 5.6, 4.4), 1.52(6H, m), 1.31 (9H, sextet, J = 7.4 Hz), 0.91 (12H, m) ppm; 13C NMR (100
Hz, CDCl3) δ = 45.1 (1), 44.6 (2), 29.0 (2), 27.2 (2), 13.6 (1), 8.6 (2) ppm.
1

H NMR data are in agreement with those previously reported by Chong.102b

A 10 mL flask equipped with a stir bar was charged with (R,R)-salenCoП (88 mg, 0.14 mol, 0.02
equiv). The catalyst was dissolved in 0.8 mL PhMe and treated with AcOH (8.3 μL, 0.14 mmol).
The solution was allowed to stir at rt open to air for 30 min over which time the color changed
from orange-red to a dark brown. The solution was concentrated in vacuo to leave a crude brown
solid. The resulting catalyst residue was added to Tributhylstannane oxirane (1.3 g, 7.3 mmol) at
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rt, the solution was cooled to 0 °C, and H2O (72 μL, 4 mmol, 0.55 equiv) was added dropwise
over 5 min. The reaction was allowed to warm to rt and stir 24 h at which time TLC showed
reasonable completion. The reaction mixture was concentrated in vacuo. The crude residue was
furthure purified by column chromatography (eluting with 20% EtOAc in Hexane) to yield (−)Tributhylstannane oxirane as colorless oil. [α]D = ‒18 (c = 0.63, CHCl3).

Synthesis of 1°/2° vicinal diol monosilylethers and related
compounds 21-25)

Tert-butyldimethyl(4-phenyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)butoxy)silane
(256): A stirred solution of tributylstannane oxirane (100 mg, 0.3 mmol), B-phenethyl
pincollboronate (1, R0 = CH2Bn, 46.4 mg, 0.2 mmol) and TMEDA (0.09 mL, d = 0.78, 69.70
mg, 1.44 mmol) in anhydrous THF (2.0 mL) at ‒90 ˚C under Ar was treated dropwise with nbutyllithium (0.21 mL, 1.42 M in hexanes, 0.3 mmol). The reaction mixture was stirred for 30
min at ‒90 ˚C and then TBSOTf (0.07 mL, d = 1.151, 79.2 mg, 0.3 mmol ) was added and
stirring continued for 1h in which it warm to rt.. After this time, the cooling bath was removed
and the mixture allowed to warm to rt and stirred for 2h. The mixture was partitioned between
CH2Cl2 (5 mL) and H2O (3 mL) and the layers separated. The aqueous phase was extracted with
CH2Cl2 (3x5 mL) and the combined organic phases washed with brine (5 mL), dried (Na2SO4),
and concentrated in vacuo. The residue was purified by column chromatography (SiO2, eluting
with 2% Et2O in hexanes) to yield the desired product (64 mg, 0.16 mmol, 81%) as colorless oil.
IR (neat) 3027, 2964, 2921, 2851, 1470, 1365, 1322, 1256, 1143, 1100 cm-1. 1H NMR (400
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MHz, CDCl3) δ = 7.28-7.13(5H, m), 3.71(2H, d, J = 6.7 Hz), 2.65(1H, m), 1.75(3H, m), 1.27
(12H, s), 0.9 (9H, s), 0.03 (6H, S) ppm; 13C NMR (100 Hz, CDCl3) δ 143.2 (0), 128.6 (1), 128.4
(1), 125.7 (1), 83.2 (0), 64.5 (2), 35.5 (2), 29.7 (2), 26.1 (3C, 3), 25.1 (2C, 3), 25.0 (2C, 3), 18.5
(0), -5.37 (2C, 3) ppm. MS (CI) m/z 391 (M+H)+; HRMS (ES) m/z 391.284 (M+H)+ ( calcd.
C22H39BO3Si = 390.45).
(1-dimethyl t-buthyl siloxy)penthyl4-en-4,4,5,5-tetramethyl-1,3,2dioxaborolane (257): Prepared by analogy to xv (see above) by the reaction
of tributylstannane oxirane xb (200 mg, 0.60 mmol) and B-allyl pinacol
boronate (1, R0 = CH2CH=CH2, 84.0 mg, 0.50 mmol) initiated with n-BuLi (0.33 mL, 1.80 M in
pentane, 0.60 mmol) to yield the desired -silyloxyboronate xvz (133 mg, 0.41 mmol, 82%) as
colorless oil. IR (neat) 3065, 2968, 2921, 2844, 1637, 1470, 1392, 1376 cm-1. 1H NMR (400
MHz, CDCl3) δ = 5.89 (1H, ddt, J = 6.88, 10.0, 17.0 Hz), 4.97(2H, ddd, J = 1.0, 10.0, 11.2 Hz),
3.67 (2H, d, J = 6.68 Hz), 2.22 (2H, t, J = 7.0 Hz), 1.35 (1H, m), 1.25 (12H, s), 0.90 (9H, s), 0.0
(6H, s) ppm; 13C NMR (100 Hz, CDCl3) δ = 138.5 (1), 115.1 (2), 83.2 (0), 63.9 (2), 31.8 (2),
26.13 (3C,3), 25.07 (2C, 3), 25.00 (2C, 3), 18.4 (0), 0.18 (3), -5.38 (3) ppm; MS (CI) m/z 327
(M+H)+; HRMS (ES) m/z 327.2512 (M+H)+ ( calcd. C17H35BO3Si = 326.24).

1-(tert-butyldimethylsilyoxy)-4-phenylbutan-2-ol (258): A stirred solution of tributylstannane
oxirane (100 mg, 0.3 mmol), B-phenethyl pincollboronate (1, R0 = CH2Bn, 46.4 mg, 0.2 mmol)
and TMEDA (0.09 mL, d = 0.78, 69.70 mg, 1.44 mmol) in anhydrous THF (2.0 mL) at ‒90 ˚C
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under Ar was treated dropwise with n-butyllithium (0.21 mL, 1.42 M in hexanes, 0.3 mmol). The
reaction mixture was stirred for 30 min at ‒90 ˚C and then TBSOTf (0.07 mL, d = 1.151, 79.2
mg, 0.3 mmol ) was added and stirring continued for 1h in which it warm to rt.. After this time,
the cooling bath was removed and the mixture allowed to warm to rt and stirred for 2h. The
mixture was then cooled to 0 ºC, trated woth aq. NaOH (1.0 mL, 2.0 M) followed by 30 wt.% aq.
H2O2 (0.50 mL), and stirred for 2 h. The mixture was partitioned between CH2Cl2 (5 mL) and
H2O (3 mL) and the layers separated. The aqueous phase was extracted with CH2Cl2 (3x5 mL)
and the combined organic phases washed with brine (5 mL), dried (Na2SO4), and concentrated in
vacuo.The residue was purified by column chromatography (SiO2, eluting with 50% EtOAc in
hexanes) to yield the 1º/2º diol monosilyether (45 mg, 0.16 mmol, 80%) as colorless oil. IR
(neat) 3591, 3447, 3023, 2956, 2925, 2855, 1606, 1466, 1264, 1116, 1077 cm-1. 1H NMR (400
MHz, CDCl3) δ = 7.31-7.16 (5H, m), 3.64 (2H, m), 3.42 (1H, dd, J = 10, 7 Hz), 2.83 (1H, m),
2.69 (1H, m) 1.75 (2H, m), 0.9 (9H, s). 0.07 (6H, S) ppm; 13C NMR (100 Hz, CDCl3) δ = 142.3
(0), 128.6 (1), 128.5 (1), 126.0 (1), 71.2 (1), 67.3 (2), 34.7 (2), 32.0 (2), 26.0 (3C, 3), 18.30(0), 5.34(3), -5.39(3) ppm. MS (CI) m/z 281 (M+H)+; HRMS (ES) m/z 281.1937 (M+H)+ ( calcd.
C16H28O2Si = 280. 48 ).
HPLC analysis of (±)-mixture, prepared by with similar way, performed witha Daicel Chiralcel®
IC column (4.6 mm ID x 250 mm), eluting with 3% i-PrOH in hexanes at 1.0 mL min–1 and
monitored by UV at 210 nm, showed resolved peaks: tret. [(+)-isomer] = 7.159 min, tret. [(–)isomer] = 11.196 min. Analysis of the optically active material prepared as described above
revealed an enantiomeric excess of <2 %. (Figure 25)
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Figure 25: HPLC analysis of 258 with Daicel Chiralcel® IC column: right trace racemic
standard, left trace obtained from optically (−)-252 of with % ee = <2%.
1-(tert-butyldimethylsilyloxy)pent-4-en-2-ol (255b): Prepared by analogy to
255a (see above) by the reaction of tributylstannane oxirane 252 (100 mg, 0.30
mmol) and B-allyl pinacol boronate (1, R0 = CH2CH=CH2, 42.0 mg, 0.25 mmol)
initiated with n-BuLi (0.16 mL, 1.80 M in pentane, 0.3 mmol) to yield 1º/2º diol monosilyether
(26 mg, 0.12 mmol, 78%) as colorless oil. IR (neat) 3385, 2962-2849, 1647, 1263, 1087, 1023
cm-1. 1H NMR (400 MHz, CDCl3) δ 5.85 (1H, ddt, J = 7.0, 10.12, 17.12 Hz), 5.10(2H, m), 3.70
(1H, m ), 3.63 (1H, dd, J = 6.3, 3.72 Hz), 3.46 (1H, dd, J = 6.97, 9.93 Hz), 2.24 (1H, t, J = 6.69
Hz), 0.90 (9H, s), 0.1(3H, s) ppm; 13C NMR (100 Hz, CDCl3) δ 134.6 (1), 117.5 (2), 71.3 (1),
66.7 (2), 37.7 (2), 26.0(3C, 3), 18.4 (0), 1.2 (3), -5.38 (3) ppm

4-phenylbutane-1,2-diol (255c): A stirred solution of tributylstannane oxirane (20 mg, 0.06
mmol), B-phenethyl pincollboronate (1, R0 = CH2Bn, 46.4 mg, 0.2 mmol) in anhydrous THF
(1.0 mL) at ‒78 ˚C under Ar was treated dropwise with n-butyllithium (0.03 mL, 2.23 M in
hexanes, 0.06 mmol). The reaction mixture was stirred for 30 min at ‒78 ˚C and stirring
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continued for 1h in which it warm to rt. After this time, the cooling bath was removed and the
mixture allowed to warm to rt and stirred for 2h. The mixture was then cooled to 0 ºC, trated
woth aq. NaOH (1.0 mL, 2.0 M) followed by 30 wt.% aq. H2O2 (0.50 mL), and stirred for 2 h.
The mixture was partitioned between CH2Cl2 (5 mL) and H2O (3 mL) and the layers separated.
The aqueous phase was extracted with CH2Cl2 (3x5 mL) and the combined organic phases
washed with brine (5 mL), dried (Na2SO4), and concentrated in vacuo The residue was purified
by column chromatography (SiO2, eluting with 50% EtOAc in hexanes) to yield the desired diol
(8 mg, 0.23 mmol, 55%) as colorless oil: IR (neat) 3354, 3026, 2927, 1717, 1602, 1496, 1456,
1039 cm-1. 1H NMR (400 MHz, CDCl3) δ = 7.35-7.21 (5H, m), 3.78 (1H, m), 3.71 (1H, m), 3.51
(1H, dd, J = 7.8, 10.53 Hz), 2.85 (1H, m), 2.75 (1H, m) 2.3 (1H, s), 2.06 (1H, s). 1.81 (1H, m)
ppm; 13C NMR (100 Hz, CDCl3) δ = 141.8 (0), 128.6 (1), 128.5 (1), 126.1 (1), 71.7 (1), 67.0 (2),
34.8 (2), 31.9 (2) ppm. 1H NMR data are in agreement with those previously reported by
Uenishi. 125

2-(p-tolylthio)-2-(tributylstannyl)ethanol (259): A stirred solution of
tributylstannylethyleneoxide (50 mg, 0.15 mmol) in anhydrous THF (1.0 mL) at ‒78 ˚C under Ar
was treated dropwise with Lithium P-tolylsulfide (18.6 mg, 0.15 mmol) [ prepared from pthiocresol (0.1 mL, 1 mmol) and n-butyllithium (0.08 mL, 2.0 M in hexanes, 0.15 mmol) in THF
(1 mL) at ‒78 ˚C under Ar for 10 min]. The resulting mixture was allowed to warm up to rt and
stirred for 1 h Then it was quenched with sat.NH4Cl (5 mL) and extracted with diethyl ether (3 ×
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5 mL). The combined organic phases were dried (Na2SO4) then concentrated in vacuo. The
residue was purified by column chromatography (SiO2, eluting with 10 % EtOAc in hexanes) to
yield the desired diol (60 mg, 0.13 mmol, 88%) as colorless oil, []D

23

= – 4 (c = 0.25, CHCl3);

IR (neat) 3451, 3019-2851, 1493, 1462, 1380, 1182, 1038, cm-1. 1H NMR (400 MHz, CDCl3) δ
= 7.28 (2H, d, J = 8.08 Hz), 7.09 (2H, d, J = 7.92 Hz), 3.86 (1H, dt, J = 3.6, 11.2 Hz), 3.10 (3H,
dd, J = 3.45, 4.53 Hz), 2.31(3H, s), 2.22 (1H, dd, J = 4.36, 8.28 Hz), 1.55 (6H, m). 1.35 (6H,
sextet, 7.28 Hz), 1.1(6H, m), 0.91 (9H, t, J = 7.8Hz) ppm; 13C NMR (100 Hz, CDCl3) δ = 136.5
(0), 133.9 (0), 130.3 (1), 129.8 (1), 64.1 (2), 34.9 (1), 29.2 (2), 27.5 (2), 21.1 (2), 13.8 (3), 10.1
(2) ppm. 1H NMR data are in agreement with those previously reported by Purificacion.126
HPLC analysis of (±)-mixture, prepared by with similar way, performed witha Daicel Chiralcel®
IC column (4.6 mm ID x 250 mm), eluting with 0.5% i-PrOH in hexanes at 0.5 mL min–1 and
monitored by UV at 210 nm, showed resolved peaks: tret. [(+)-isomer] = 9.556 min, tret. [(–)isomer] = 10.219 min. Analysis of the optically active material prepared as described above
revealed an enantiomeric excess of <5 %. (Figure 26)

Figure 26: HPLC analysis of 259 with Daicel Chiralcel® IC column: right trace racemic
standard, left trace obtained from optically (−)-252 of with % ee = <5%.
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[(3-buten-1-yloxy)methyl]Benzene (265): A 250 mL round bottom flask was charged with stir
bar and NaH (1.46g, 60 wt %, 38.8 mmol) then purged with Ar and the oil removed by washing
with hexanes (2 × 5 mL). The resulting fresh NaH blow with Ar stream then dry THF (60 mL)
added to flask under Ar. Suspension of NaH in THF then cooled in ice bath and treated dropwise
with 3-buten-1-ol (2.62 mL, d = 0.838, 2.19 g, 30.5 mmol) during 5 min. After, stirring for 30
min benzyl bromide added dropwise. After stirring the reaction mixture for 2 h, sat. aq. NH4Cl
(20 mL) was added and the mixture partitioned between EtOAc (50 mL) and H2O (50 mL). The
layers were separated and the aqueous phase was extracted with EtOAc (2 × 20 mL). The
combined organic extracts were washed with brine (20 mL), dried (Na2SO4) and concentrated in
vacuo. The residue was further purified by column chromatography (eluting with 5% EtOAc in
hexanes) to yield the desired product (4.775 g, 97%) as colorless oil. IR 3069, 3034, 2925,
2851,1717, 1641, 1446, 1369, 1100; 917 1H NMR (400 MHz, CDCl3) δ 7.4-7.20 (5H, m), 5.85
(1H, ddt, J = ), 5.11 (1H, dq, J = 1.61, 3.29 Hz), 5.06 (1H, dq, J = 1.27, 3.16 Hz) 4.45 (2H, s),
3.50 (2H, t, J = ), 2.39 (2H, tq, J = 1.4, 6.72 Hz )ppm; 13C NMR (400 MHz, CDCl3) δ 138.7 (0),
135.4 (1), 128.5 (1), 127.8 (1), 127.7 (1), 116.5 (2) , 73.0 (2), 69.8 (2) , 34.2 (2) ppm.

4-benzyloxybutyl epoxide ((±)-267): A stirred suspension of 3-butenyl benzyl ether (2.00 g,
12.3 mmol) in CH2Cl2 (30 mL) at 0 ˚C was treated portion-wise with mCPBA (4.24, 70% wt
H2O, 24.6 mmol) during 6 min. The reaction mixture allowed to warm to rt and stirred until TLC
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indicate complete reaction (3- 5 h). Reaction mixture was quenched by adding Sat. aq. NaS2O3
(20 mL) and it stirred vigorously for 5 min. Then, it partitioned between CH2Cl2 (10 mL) and
H2O (20 mL) then milky mixture was formed. The two layers separated and the aqueous phase
was extracted with CH2Cl2 (2 × 10 mL). The combined organic phases were washed with Sat. aq.
NaHCO3 (20 mL) and brine (20 mL) then dried (Na2SO4) and concentrated in vacuo. The residue
was further purified by column chromatography (SiO2, eluting with 7% Et2O in hexanes) to
afford (1.86 g, 10.5 mmol, 85 %) as colorless oil. IR 3031, 2995, 2922, 2859, 1717, 1495, 1454,
1411, 1362, 1259, 1215, 1104, 1027 cm-1.1H NMR (700 MHz, CDCl3) δ = 7.36-7.26 (5H, m),
4.54 (2H, d, J = 2.1 Hz), 3.63 (2H, m,), 3.08 (1H, m), 2.80 (1H, dd, J = 4.2, 4.9 Hz), 2.53 (1H,
dd, J = 5, 2.7 Hz ), 1.92 (1H, m), 1.79 (1H, m) ppm; 13C NMR (175 Hz, CDCl3) δ = 138.4 (0),
128.6 (1), 127.8 (2c,1), 73.3 (2), 67.1 (2), 50.1 (1), 47.1 (2), 33.2 (2) ppm.

A 10 mL flask equipped with a stir bar was charged with (R,R)-salenCoП (36 mg, 0.11 mol, 0.02
equiv). The catalyst was dissolved in 0.8 mL PhMe and treated with AcOH (8.3 μL, 0.14 mmol).
The solution was allowed to stir at rt open to air for 30 min over which time the color changed
from orange-red to a dark brown. The solution was concentrated in vacuo to leave a crude brown
solid. The resulting catalyst residue was added to 4-benzyloxybutyl epoxide (1.0 g, 7.3 mmol) at
rt, the solution was cooled to 0 °C, and H2O (57 μL, 1.65 mmol, 0.55 equiv) was added dropwise
over 5 min. The reaction was allowed to warm to rt and stir 16 h at which time TLC showed
reasonable completion. The reaction mixture was concentrated in vacuo. The crude residue was
furthure purified by column chromatography (eluting with 20% EtOAc in Hexane) to yield (+)159

4-benzyloxybutyl epoxide as colorless oil (417 mg, [α]D = +14 (c = 0.63, CHCl3).1H NMR data
are in agreement with those previously reported by Subhas.109

To a solution of TBSCl (6.89 mL, 45.8 mmol, 1.1 eq) and imizazole (3.11 g, 45.8 mmol) in
CH2Cl2 (100 mL) was added 3-butene-1-ole (3.50 mL, 41.6 mmol). The solution was stirred for
3 hours at ambient temperature and Et2O (30 mL) and water (30 mL) were added. The aqueous
layer was extracted with Et2O (3 x 20 mL). The combined organic layers were washed with H2O
(25 mL), aqueous HCl (25 mL), brine (25 mL), dried over Na2SO4. The residue was further
purified by column chromatography (SiO2, eluting with 5% Et2O in hexanes) to afford (7.42 g,
39.86 mmol, 96 %) as colorless oil. IR (neat) 3078, 2955, 2933-2858, 1472, 1385, 1255, 1100,
910, 775 cm-1. 1H NMR (700 MHz, CDCl3) δ = 5.84 (1H, ddt, J = 6.86, 10.29, 17.2 Hz) 5.10
(1H, dq, J = 1.54, 3.5Hz), 5.05 (1H, dtm, ), 3.67 (2H, t, J = 6.79 Hz), 2.30 (2H, qt, 1.69, 5.46),
0.92 (9H, s), 0.08 (6H, s); 13C NMR (175 Hz, CDCl3) δ 135.6 (1), 116.4 (2), 63.0 (2), 37.6 (2),
26.1 (3C, 3), 18.5 (0), ‒ 5.2(2C, 3) ppm

4-tert-butyldimethylsiloxybutyl epoxide (270): A stirred suspension of tertbutyldimethylsilyoxy-3-butene (2.00 g, 10.74 mmol) in CH2Cl2 (40 mL) at 0 ˚C was treated
portion-wise with m-CPBA (5.47, 70% wt H2O, 16.12 mmol) during 6 min. The reaction mixture
allowed to warm to rt and stirred until TLC indicate complete reaction (3-4 h). Reaction mixture
was quenched by adding Sat. aq. NaS2O3 (20 mL) and it stirred vigorously for 5 min. Then, it
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partitioned between CH2Cl2 (15 mL) and H2O (10 mL). The two layers separated and the
aqueous phase was extracted with CH2Cl2 (2 × 10 mL). The combined organic phases were
washed with Sat. aq. NaHCO3 (20 mL) and brine (20 mL) then dried (Na2SO4) and concentrated
in vacuo. The residue was further purified by column chromatography (SiO2, eluting with 5%
Et2O in hexanes) to afford (2.817 g, 13.0 mmol, 86 %) as colorless oil. IR (neat) 3045, 2954,
2929, 2858, 2890, 1472, 1361, 1255, 1102, 835 cm-1.1H NMR (700 MHz, CDCl3) δ 3.77 (2H, t, J
= 5.6 Hz), 3.05 (1H, m), 2.78 (1H, t, J = 4.4 Hz), 2.51 (1H, dd, J = 5.0 , 2.7 Hz ), 1.81 (1H, m),
1.70 (1H, m), 0.9 (9H, s), 0.07 (3H, s), 0.06 (3H, s) ppm; 13C NMR (175 Hz, CDCl3) δ 60.2 (2),
50.2 (1), 47.3 (2), 36.0 (2), 26.0 (3), 18.4 (0), ‒ 5.3 (3) ppm.

A 10 mL flask equipped with a stir bar was charged with (R,R)-salenCoП (15 mg, 0.024 mol,
0.02 equiv). The catalyst was dissolved in 0.8 mL PhMe and treated with AcOH (8.0 μL, 0.14
mmol). The solution was allowed to stir at rt open to air for 30 min over which time the color
changed from orange-red to a dark brown. The solution was concentrated in vacuo to leave a
crude brown solid. The resulting catalyst residue was added to 4-tert-butyldimethylsiloxybutyl
epoxide (1.5 g, 7.4 mmol) at rt, the solution was cooled to 0 °C, and H2O (70 μL, 4.08 mmol,
0.55 equiv) was added dropwise over 5 min. The reaction was allowed to warm to rt and stir18 h
at which time TLC showed reasonable completion. The reaction mixture was concentrated in
vacuo. The crude residue was furthure purified by column chromatography (eluting with 10%
EtOAc in Hexane) to yield (630 mg, 3.11 mmol, 42%) (+)-4-tert-butyldimethylsiloxybutyl
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epoxide as colorless oil [α]D24 = +12.0 (c = 0.6, CHCl3) and (618 mg, 41% diol) 1H NMR data are
in agreement with those previously reported by Wang. 111

By a modification of the method of Hodgson. A stirred solution of the corresponding epoxide (50
mg, 0.15 mmol) and β-siloxy boronates 271 (40 mg, .0.22 mmol) in anhydrous THF (1mL). The
resulting solution was thereafter cooled to -30 °C under Ar was treated with a freshly prepared
lithium 2,2,6,6-tetramethylpiperidide (0.32 mmol). The reaction mixture was stirred at -30 °C for
2h then warm up to room temperature and stirred for further 2 h. The reaction mixture was then
cooled to 0 ºC, treated with aq. NaOH (1.0 mL, 2.0 M) and followed by 30 wt. % aq H2O2 (0.50
mL,), and stirred for 2h.The reaction mixture was partitioned between CH2Cl2 (7 ml) and H2O (
5 mL) and the layerd separated . The combined organic layer was washed with brine (7 mL),
dried Na2SO4. The residue was further purified by column chromatography (SiO2, eluting with
20% EtOAc in hexanes) to afford inseparable mixture dr cis/tran 4.2:1 (24 mg, 0.65 mmol, 63 %)
as colorless oil. IR (neat) 3396, 3032, 2954, 2921, 2854, 1723, 1454, 1274, 1053 cm-1.1H NMR
(400 MHz, CDCl3) δ 7.36-7.20 (5, m), 4.60 (1H, d, J = 6.72 Hz), 4.10 (1H, dd, J = 6.6, 7.49 Hz),
3.3 (2H, mbr), 2.35 (1H, sextet, 2 Hz), 2.20 (1H, m), 1.88 (1H, m) ppm; 13C NMR (100 Hz,
CDCl3) δ 142.6 (0), 128.4 (1), 127.4 (1), 125.9 (1), 83.1 (1), 68.0 (2), 63.0 (2), 50.2 (2), 29.58
(2), 25.8 (3) ppm. . MS (EI) m/z 179.1 (M+H)+ ( calcd. C11H14O2: 178.23).
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By a modification of the method of Hodgson. A stirred solution of the corresponding epoxide (50
mg, 0.15 mmol) and β-siloxy boronates 256 (40 mg, .0.2 mmol) in anhydrous THF (1mL). The
resulting solution was thereafter cooled to -30 °C under Ar was treated with a freshly prepared
lithium 2,2,6,6-tetramethylpiperidide (0.32 mmol). The reaction mixture was stirred at -30 °C for
2h then warm up to room temperature and stirred for further 2 h. TBSOTf was added (52.5 mg, d
= 1.15, 0.045 mL, 0.199 mmol ) and stirred for additional 1h. The reaction mixture was then
cooled to 0 ºC, treated with aq. NaOH (1.0 mL, 2.0 M) and followed by 30 wt. % aq H2O2 (0.50
mL,), and stirred for 2h.The reaction mixture was partitioned between CH2Cl2 (7 ml) and H2O (
5 mL) and the layerd separated . The combined organic layer was washed with brine (7 mL),
dried Na2SO4. The residue was further purified by column chromatography (SiO2, eluting with
5% Et2O in hexanes) to afford desired product (8 mg, 0.65 mmol, 16 %) as colorless oil. IR
(neat) 3452, 3062, 3028, 2953, 2928, 2857, 1720, 1678, 1596, 1448, 1269, 1220, 1096 cm-1.1H
NMR (400 MHz, CDCl3) δ 5.85 (1H, ddt, J = 7.08, 10.17, 17.10 Hz), 5.10 (1H, m), 3.82 (1H,
m), 3.71 (1H, m), .3.63 (1H, dd, J = 3.68, 9.92 Hz), 3.59 (1H, dd, J = 4.97, 10.09 Hz), 3.51 (1H,
dd, J = 6.56, 9.96 Hz), 3.46 (1H, dd, J = 6.97, 9.97 Hz), 3.2 (1H, br), 2.24 (2H, t, J = 6.72 Hz),
1.70 (2H, m), 0.93 (27 H, s), 0.10 (18H, s) ppm; 13C NMR (100 Hz, CDCl3) δ 134.4(0), 117.3
(1), 70.9 (1), 70.8 (1), 67.1 (2), 66.5 (2), 61.3 (2), 37.6 (0), 35.4 (2), 25.9 (3), 18.3 (0), 0.0 (3),
−5.35 (3) ppm
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Appendix: 1H & 13C NMR Spectra
1

H and 13C NMR spectra were recorded in Fourier transform mode at the field strength

specified using standard 5 mm diameter tubes. Chemical shift in ppm is quoted relative to
residual solvent signals calibrated as follows:
CDCl3 δH (CHCl3) = 7.26 ppm, δC (CDCl3) = 77.2 ppm; d6-DMSO δH (CHD2SOCD3) =
2.50 ppm, δC [(CD3)2SO] = 39.50 ppm
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