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Abstract

This thesis reports the investigation of an unuserrsal in the metalation selectivity
of alkyl aryl sulfones and sulfoxides and its apglion. Such compounds undergo initial
directed ortho-metalation at —78 °C despite having an aciditiyydrogen atom and the
resulting aryllithiums rearrange subsequently catgty to the initially expected
a-sulfonyllithiums on warming. The scope and the itations for this process were
identified. Both carbanion types of sulfones wengpleed in reactions with various
electrophilesa-Lithiated sulfones generated upon the transmébalairocess were used in
Julia olefinations.

A mechanistic study of the course of the transragtal reaction is presented. The
kinetics of the transmetalation were determinedestigations concerning the concentration
dependence, proton transfer equilibria between th#erent ortho-sulfonyllithium
intermediates and crossover experiments provided #vidence that a concerted
intermolecular pathway prevails.

On this basis a new integrated synthetic appréo@actaturally occurring iridoids was
developed. It is based on a tandem alkoxycarbdoyl@ixidative radical cyclization of the
olefins synthesized by the Julia reaction after theestigated transmetalatiof.otal

syntheses of dihydronepetalactone and dolicholactare accomplished.



Abstrakt

PredloZzena disertai prace je zagtena na studium neobvyklé metaia selektivity
alkyl aryl sulfori a sulfoxidi a jeji vyuziti. Tyto sloteniny, nehled na to, Ze maji kysely
a-vodikovy atom, podléhaji ipmé ortho-metalaci pi —=78 °C a vysledné aryllithné soli
nasledg pri zahati transmetaluji natwodre ocekavanéa-sulfonyllithné soli. Byl stanoven
rozsah a omezeni tohoto procesu. Sulfonylové kashanbyly vyuZzity v reakcich siznymi
elektrofily. a-Lithné soli sulfori generované transmetalaci byly upkayn v Juliow
olefinaci.

Déle jsou zde prezentovany vysledky mechanistickstaiii ptibéhu transmetalace.
Pomoci kinetickych rteni, zKiZzenych experimefnf meéfeni zavislosti této reakce na
koncentraci a studiarenosu protonu meziznymi ortho-sulfonyllithnymi intermediaty bylo
dokazano, Ze zdagvazuje sotinny intermolekularni gib¢h transmetalace.

Na zéklad ziskanych informaci byl vyvinut novykigtup k iridoichm vyskytujicim
se v ffirodk. Je zalozen na tandemové alkoxykarbonylaci/oxidatradikalové cyklizaci
olefini, které byly gipraveny Juliovou reakci s vyuzitim transmetaldzidydronepetalakton

a dolicholakton byly fipraveny s vyuZzitim vySe popsané metodiky.
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1. Introduction

1.1. Cyclopentanoid monoterpenes — iridoids

1.1.1. Iridoid structures and features

Cyclopentanoid monoterpenes (iridoids) have longnbeecognized as an important
class of plant secondary metabolites displayingidewange of biological activitid:.’]
Naturally occurring compounds of this type are mftetive ingredients of traditional folk
medicines used as sedatives, febrifuges, hypotesistough medicines and remedies for skin
disorders and wounds. Thanks to their anti-inflaama antioxidative, neuroprotective,
anticancer and antibacterial activity, the iridolisve attracted considerable attention. The
iridoid structures are often highly oxygenated ad characterized by a functionalized
cyclopentane ringeis-fused to a dihydropyramy-lactone oré-lactol. The iridoid carbon

skeleton consists usually of nine or ten carboigu(e il1).

i10
Dolicholactone Teucriumlactone Nepetalactol 8-Skytanthine Actinidine
O O O OH O OH
O CO,Me O "mCO,H O O
viH H H H H
s OH aan OH OH
HO HO
OH OH OH OH
i11 i12 i13 i14 i15
Mitsugashiwalactone Latifonin Citharone Longiflorone Norverbanol

Figure i1. Examples of cyclopentanoid monoterpenes.



Iridomyrmecinil and isoiridomyrmecin2 were discovered and isolated in 1950s as
the first examples of cyclopentanoid monoterpentgdoids are important insect
semiochemical¥ and can be potentially used as control agentpést specieS:!% The
name 'iridoid' has its origin in the isolation dags members from the secretion of ants
belonging to the gendsdomyrmex Apart from iridomyrmecinl and isoiridomyrmecin2,
dihydronepetalactone3 and isodihydronepetalactond, representing another type of
cyclopentanoid monoterpenes, were isolated fronvtthatile oils present in leaves and galls
of the cat-attracting plamtctinidia polygama'*! The iridoidsi1-4 were also isolated from the
oil of Nepeta cataria commonly known as catnip or catmint, accompanieih
nepetalactoné& as a major componeht! Catnip is famous for its irresistible action orisca
and has been recently used in medical preparatt@nsantidiaphoretic, antispasmodic,
stomachic and mild sedative. Nepetalactihenas been identified as an effective insect
repellent compoun@® Dolicholactonei6 and teucriumlacton& were first isolated from the
wild plant Teucrium marunwhich grows in the Mediterranean af&4.

There are many other iridoids found in nature sasmepetalactaB, 5-skytanthine
19, actinidineil0 and mitsugashiwalactongl. In some cases an absolute2¢13) or even a
relative configuration i{4-15 of stereocenters is not known as well as themogical
activities. Both of these features still remain lte explored for example for highly
oxygenated latifonirl-12 citharoneil3, longifloroneil4 or norverbanoll5. Thus finding
the approach to these compounds is highly desirable

1.1.2. Synthetic approaches to iridoid natural prodcts

The iridoid ring scaffold is biosynthesized fromo8ecitral by the enzyme irridoid
synthasé'® However, the isolation of iridoids from plants iafficient purity and amount is
often complicated. The stereochemistry at the famighboring asymmetric centers has drawn
the attention of synthetic chemists as being al@hging target. The first synthesis of
iridomyrmecinsil-2 and related compounds was reported independentli<dstd'® and
Robinson?™ The synthesis of (+)-nepetalactdbavas published one year later by Sakan and
colleague$'® followed by publication of the synthesis of fouf the possible eight
stereoisomers of dihydronepetalacta®é'® However, the majority of approaches for the
synthesis of dihydronepetalactoi@eprovided the desired iridoid in racemic fokh?t! Over
the decades, a huge progress in synthetic strateigidluding the approaches to optically

pure iridoid skeletons, was mad&3® However still a number of these syntheses are



multistep reactions which are not suitable for pragion of these compounds in larger
amounts. Therefore efficient total syntheses od¢hgroducts and their analogues are desired.

Overall, cyclopentanoid monoterpenes have beenhsgided applying various
synthetic strategies leading mostly to one or a fedoids. Recently a useful divergent
chemical synthesis that makes use of a commometdiate to access more target iridoids
was reported (Scheme i#):38 The highly diastereoselective synthesis of ami@blising an
intramolecular enamine/enal cycloaddition, firsisciébed by Schreibét’]l has long been
used as a valuable approach to the iridoid skel@&rf® Citronellol (-)i16 was used as a
starting material and was treated with catalyti©Send stoichiometric reoxidanBuOOH
giving a 1:2 mixture of dioll7 and aldehydé&l8. The mixture was subsequently submitted to
IBX oxidation to afford 1,8-enedi@l9. The treatment afLl9 with N-methylaniline allowed a
rapid approach to the iridoid carbon framework gatieg both stereochemically stable
positions (C4a and C7). Moreover, the dihydropyrpag of aminai20 can well serve for
chemical differentiation between the masked aldeHydctionalities.

Cyclopentanoid monoterpenes are small enough tedsdly synthesized and yet
structurally sufficiently complex. Thus enantio-dastereoselective total syntheses of these

physiologically active and structurally appealirmypounds still pose a challenge.

Se0; (cat.)
tBuOOH
% sallcyllc acid
OH DCM, rt
(-)-i16
85-90%
IBX, DMSO
@)
/ -
77" NHMeph MePhN'" - 16
—— H —> i8-10
=0 e in 3 up to 10 steps
i19 80-85% i20 84%

Scheme i1 Divergent diastereoselective synthesis of iridalds andi8-10.



1.1.3. Stereoselective synthetic approach to thedoid cyclopentane skeleton

A short racemic approach to iridoid monoterpeneasitsanalogs based on a tandem
alkoxycarbonylation/oxidative radical cyclizatiosing ferrocenium hexafluorophosphate as
a single electron transfer (SEF) oxidant was reported previously (Scheme4)Racemic
citronellate (£)i21 was used as a starting material in a one-pot ss¢igl®zonolysis/Wittig
reaction.  Phosphorane i24, generated from salt i23 using sequential
deprotonation/alkylation/deprotonation, was subeditto Wittig reaction with the crude
aldehyde(z)-i22 prepared by ozonolysis of alkene {2k Silyl citronellate (x)i25 was
obtainedas a 1:1E/Z mixture in unoptimized 30% yield. Silyl citronelé&af+)425 underwent
the anionic-radical-cationic tandem sequence cbingisof alkoxycarbonylation, SET
oxidation, radical %exo cyclization and oxidation/carbenium ion desilytatiproviding the
desired cyclopentanes (26 in excellent yield, however as an inseparable teahs/cis
diastereomeric  mixture.  The  synthesis was  completedy  performing
hydroboration/oxidation, lactonization and finalagcho dealkoxycarbonylation affording
(x)-dihydronepetalacton&.

The main drawback of the reported syntH&3iis the ineffective preparation of olefin
125 by a Wittig reaction. Another limitation of therghesis is the asymmetric nature of olefin
i25, in which the energies of the cyclization tramsitistate are not enough differentiated.
Modified cyclization precursor — bis(allylsilan&7 (Scheme i3)nay provide bettetrans

diastereoselectivity of the radicalexocyclization.

(2)-i21 (+)-i22 EtOOC

© 1.nBuli , Wittig reaction (+)-i25 30%
(D Br 2 ICH,SiMe, VS'M%
PPhs 3. nBuLi PPh; LITMP, CICOOE
i23 i24 Cp,Fe*PFg
EtOOC EtOOC \—
EtOOC + EtOOC "™}
(+)-i3 (+)-i26 93% d.r.2:1

Scheme i2Racemic approach to cyclopentanoid monoterpengithinepetalactonet-i3.



There are only a few approaches to bis(allylsilai8&sreported in the literatufé®*71
One of the approaches transforms aldehydes or é&t@8 to 1,1-dibromo-1-alkene29 by
reaction with carbon tetrabromide and triphenylpmse. Subsequent palladium-catalyzed
tandem Kumada-Tamao-Corriu cross-coupling reactioith the trimethysilylmethyl
Grignard reagent affords the desired bis(allyls)dB0 (Scheme i3¥*3l Because the majority
of known methods to access these compounds aigppbitable because of functional-group
tolerance issues or the ease of preparation olimers, the Julia reaction remains the most
promising approach enabling the preparation ofil&f7. It is based on the reaction of
a-deprotonated sulfones with aldehydes or ketond®wed by reductive elimination
(see Chapter 1.3).

SiMe; B SiMe;
. , 1
EtOOC _~_-SiMe; 5 R\I//O CBry4 R%Br Me3SiCH,MgCI RL%/\/SiMe?J
E R2 PPhs R2 Pd cat., PPh3 R2
i27 L 28 i29 i30

Scheme i3 Alternative cyclization precursa2?7 and preparation of bis(allylsilane8p.
1.2. General reactivity of sulfones and sulfoxidemwards bases

1.2.1.a-Deprotonation of sulfones and sulfoxides

Organolithium compounds represent one of the meative carbanion intermediates
in organic chemistri#®-54 As key intermediates, they are involved in a nundfebroadly
applied transformations, such as nucleophilic aoi®->° alkylation!®®6 cross-coupling
reactiond®2®3l carbolithiation reactio®f§%4%"1 and rearrangement reactid#fs’* as for
instance the [1,2>7% or [2,3]-Wittig rearrangement§’ -84

Generally, the stability and reactivity of carbarsois determined by several main
factors*®82-8%These include the stabilization of the negativargh by neighboring electron-
withdrawing activating functional groups by polandaresonance effectS.herefore the
selectivity and ease of carbanion generation styodgpend on the presence of electron-
accepting activating functional groups that delzealthe charge. Electron-withdrawing
substituents cause very large increases in thetyaofladjacenta-hydrogen atoms. Among
such functional groups that display a strong stabd effect on carbanions are carbonyl,

nitro, cyano, sulfonyl, sulfinyl and phosphoryl gps.



An eligible basis for comparing stabilizing ab#ii of these functional groups is the
pKa values of differently substituted methanes. Baitivand co-workers identified the
relative acidities of these substituted methaneth weference to aromatic hydrocarbon
indicators in dimethyl sulfoxide (Table if§-° The data showed clearly the extent of
contribution of the electron-accepting groups te #tabilization of carbanion, which is
evident from the Ka values for the proton next to these groups, bshéhg the order:
NO>>COPR-SOPH>CN>SOPKSPh. Additional alkyl substitution increases thi€, pfor
example the gavalues in PhS@Pr and PhSE@CH:tBu are 32.1 and 31.2 respectivEfy).

Table i1. Equilibrium acidities of substituted methanesimethyl sulfoxide.

Entry Compound pKa
1 CHNO:> 17.2
2 CHsCOPh 24.7
3 CHsSOG:Ph 29.0
4 CHCN 31.3
5 CHsSOPHh 33.0
6 CHsSPh 42.0

Sulfone-stabilized carbanio81a has two oxygen atoms and the anionic carbon atom
next to sulfur is considered to be planar having tlegative charge in a p orbital aligned
between the S=0O bond81b, Scheme i4). Enolati@2a, having the negative charge mainly
on the oxygen atom, is in contrast to sulfaB& planar and is greatly stabilized by

conjugation i32a,b).

o
ﬂ AN S 0 O
Y _ VAV, ! )J\@
Ph"" CH, T : Ph ~— > Ph CH,
i31a i31b 1322 132b

planar enolate

Scheme i4 Sulfone-stabilized anioi31 and the planar structure of enol&é2.

There is a controversy over the reason for thelstation of carbanions by sulfides,
sulfoxides and sulfones. Clearly, the oxygen at@mesimportant, as indicated by the best
stabilization of carbanion by sulfones followed &ylfoxides and sulfides. However, the

oxygen atoms cannot be the only reason for thelisyagince also the sulfide group acidifies



neighboring protons. The first theory proposes it stability is higher thanks to the
overlap of the unshared pair with an empty d otigjpa-drt bonding)®>°% therefore a thia
carbanion33a would have the structui83b and similarlya-sulfonyl carbanion34a would
have the structuré34b,c (Scheme i5). Although the resonance is allowed dnlythe
elements of ? row of periodic table, it was used here to defliet alternative structures. In
contrast,ab initio calculations support polarization and hyperconjiegaeffects causing the
stabilization®*-°¢! Calculations also showed that C-S boniBBa is longer than in CkSH,
however the delocalization would shorten the boné tb partial double-bond character.
Another theory states similarly that a carbanioja@eht to PhS substituent is stabilized by a
combination of inductive and polarizability effeat$ the PhS group anpr-drtrezonance

and negative hyperconjugation play a minor roleniy!®’!

3d 2p 5
A . . -<---> .S R e .

© © . RTY ROYT T RTY

HS-CH, =---> HS=CH, E R3 R3 R3

i33a i33b : i34a i34b i34c

Scheme i5Possible structures of stabilizaethia carbanion33 or a-sulfonyl carbanion34.

Although the reasons for stabilization of sulforghd sulfinyl carbanions are
disputable it can be assumed that the stabilizagoderived from polar and polarization
effects and that structure83a and i34a are more likely. To conclude, the sulfonyl and
sulfinyl groups display a strong acidifying effent adjacenti-hydrogen atoms similarly as
the carbonyl group. Therefoig5 can be easily deprotonated givii&h (Scheme i6)?8-104
The Julia olefination and its related variantstzaeed on that effe£f>110

©\ H Li
X/k\R2 i X/kR\1R2

R'" -RH
38 x=s0,s0, 136
Scheme i6.Generally observed metalation mode for alkyl phesufones and sulfoxides

bearinga-H.

The degree of covalency or oxophilicity of counteriwill influence the carbanion

structure as well. Here theelithium sulfone is depicted as a structure contajrthe lithium



atom bonded tai-carbon for clear specification of the regiosehatyiof metalation, despite
this representation is not entirely correct. Intfaclithiated sulfones have the lithium atom
typically bonded to oxygétt! leaving a bare or weakly coordinated carbaniobamain the
solid staté!*'112 Dipole stabilizeda-Li[R*(R)CSQR?, where R,R? = alkyl, aryl, H and
RS = alkyl, aryl, containing usually THE? coligands or chelating ligands like TMEBA-
118l or diglymeltt”-1*€lwere found to crystallize most typically as dimershe solid stat&1°
X-ray structures showed centrosymmetric dimers wadntral LpSO4 eight-membered
structural units (Figure i2). The two $Qroups bridge the two lithium atoms. The crystal
structures of37a-c prove the presence of strong Li-O bonds exclugiaeld no formation of
Li-C bonds. The tetrahedral donor set of lithiunc@npleted mostly by chelating ligands.
The electron lone pairs of the “free” carbanionsebt the O-S-O angle. However rare
examples can be fouttd®*?!! such as less solvataatlithiated ethyl phenyl sulfoné38
showing an unusual Li-C bonding additional to Li4édnding in its polymeric ladder
structure. This crystal structure was prepared é&yratonation of ethyl phenyl sulfone by
nBuLi in the absence of chelating ligands in hexane 8t°€7 The resulting precipitation of
solvate-free organolithium was isolated and dissdhn THF and precipitated with
hexane/pentane. Sulfonyl carbanion structures lutisa are less well-defined; they seem to
be minimally aggregated in THF forming mostly disiand monomef!?:122-1241

R2 \O Il
R1& 3 \ O\ i
s,'R i . Ph—§b7\L|\—thf
070 L= MeyN NMe, i37a : /(/)
L_LI_ Ll__L ] thf—l/_i §—Ph
II II MeO @) OMe i37b o, O |
O\\S//O Ph—S 77 Li—thf
R3 (thf), i37c O 0
RO R? thf—Li—~$—Ph

@) @)
i38 // \

Figure i2. Usual Li-O coordination modes i&7 vs.rare Li-C bonding in38.
1.2.2. Directedortho-metalation of sulfoxides and sulfones

Aryl sulfones, sulfonates, sulfonamides, sulfoxiesnsulfoxides, sulfides and related
compounds39 bearing noa-hydrogen atoms undergo directedho-metalations (DoM) at
the aryl unit according to the complex-induced oty effect (CIPE), a well-known

strategy for removing protons kinetically (Scherid@!4®1?5-121 The most widely accepted



mechanism for DoM involves the formation of a pretition complexi40i*3%-132 of the
alkyllithium coordinated to the directing group. el'lactivating group acts as a Lewis base
coordinating the counterion of the base, whichni€lose proximity to th@rtho-proton in
i41, and thus allows irreversible deprotonation in @ren distant position forming

ortho-lithiated compound42.

RCH,Li 7 - R E:
H / CHy
H H L Li.
R . ! R 1 . R!
X\FRQ RCHaLi X\FRQ . )I(\(R/Rg -RCH3 X\FRZ
R3 —RCH.Li R3 R3 R3
i39 B i40 ] B i41 | i42

X =38, SO, SO,, S(O)NR, SO;

Scheme i7 Directedortho-metalation for compounds bearing ménydrogen.

The rate and regioselectivitgf orthalithiation is controlled by two factors: the
strength of the coordination between organolithiama the heteroatom of activating group
and the acidity of thertho-proton. The sulfonamide, carboxamide and sulfanesttuents
are generally considered to be very strong actisato DoM!33%34 Under kinetically
controlled conditions, which are usually useddaho-lithiation reaction, it is rather difficult
to quantify the thermodynamic information acidiffevertheless, Fraser and colleagues
described a quantified scale of acidifying effemt dlifferently monosubstituted benzenes in
THF 123 However, the majority of substituents gave risedoy similar fKa values of ca 39
and reflect no correspondence between the ordactofating power of the various directing
groups and theka values. Therefore the correlation between theitgcad ortho-hydrogen

atoms and the deprotonation rate is relativelydoos
1.3. The Julia olefination: conditions and mechanis

The classical Julia reactid#f! was discovered by M. Julia in 1973 and enables the
synthesis of £)-alkenes (Scheme i8). This olefination reactiomsisis of a multi-step
sequence including nucleophilic attackoefetallated aromatic sulfone®4, generated from
aryl sulfonesi43a, to aldehydes giving alkoxide intermediaids. Its acylation by acetyl

chloride in situ afforded acetates46. Reductive elimination gives the target olefins
i47.1137.138]
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Scheme i8Classical two-step Julia reaction.

The crucial step of the Julia olefination, whichrésponsible forE)-selectivity, is the
reductive elimination of acetoxy derivatiA8 (Scheme i9). This step proceeds using sodium
amalgam as a reducing agent or alternatively sammarliiodide as a single electron
reductant, as Kende and co-workers demonstfsf&dThe mechanism of reductive
elimination depends on the type of reductant. Thgirally proposed mechanism for the
classical Julia reaction using sodium amalgam throet to be plausible for the reaction
using samarium iodide (Mechanism &¥! The first step is an electron transfer from the
reducing agent to the sulfonyl groupi#8 forming radicali49, which fragments to a radical
i50. The radicali50 is reduced via SET to carbanidsil, which affords E)-olefin i52 by

elimination of acetate.

Mechanism A, M = Sml,

Ph Ph
0=8; Or)m OF™OM  _pnso, S L, &) 2 -ACO )
RO T g R R R1/\(R TR jR RN
OAc OAc OAc OAc i52
i48 i49 i50 i51
Mechanism B, M = Na/Hg MeOH
Ph M+ MeOH Ph Ph
O:S:H/—M\Oltl o:é:o"\lv.I 038“OM _ppso; Q M_ QL g2
R1JQ\(R2 R1J\)\/R2 T Rt RZ——= RN T RN
i48 OAc i53 i54 i55 i56

Scheme i9Proposed mechanisms for reductive elimination.

The first step of classical reductive eliminatiothasodium amalgam would in contrast

rather be elimination leading to vinyl sulfori&3 (Mechanism B, Scheme 8§ Vinyl
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sulfone i53 would subsequently undergo a reductive singletrelectransfer followed by
cleavage ofi54. The resulting vinyl radical55 would be reduced by excess Na/Hg to
carbanion56, which is quenched by methanol giving alkés2 Both possible mechanisms
were supported by the fact, that the reaction satium amalgam in MeOD as a solvent led
to incorporation of deuterium into the product. §kas not observed in the case of using
samarium diiodide as reductant. The pathway ofsatakreductive elimination with sodium
amalgam might also proceeth different intermediates avoiding the formationuoistable
vinyl radicali55, however such an alternative mechanism is notrteghan the literature.

Bu
SO,R o ‘
N__SO,R N.__SO,R
y D
N-N N-N
i43a i43b (BT) i43¢ (PT) i43d (TBT)

N LDA \\/O \\ //
o, s IR |
s \Zgrt! R2CHO ‘2—R1

RZ
i57 L i58 - L i59 -
Smiles rearrangement _ l _
-
0) R
R N
-SO R
— 2 S 2—&/\ B
R2 ~BTO" R® 539
@)
i52 L i60 a

Scheme i10Modification of Julia olefination reaction.

One of the most fundamental change in the origleaign of Julia reaction was made
by Sylvestre Julia in 1991, who presented a dimgithesis of olefins from carbonyl
compounds and benzothiazol-2-yl sulfones (BA3b14% (Scheme i10). This reaction is
commonly known as the modified Julia reaction.rtigeeds via the addition of deprotonated
sulfonei57 to an aldehyde formin@-alkoxy sulfonei58, which subsequently undergoes a
Smiles rearrangemeht!! The alkoxide ion intramolecularly attacks the insigring C=N
group affording spirocyclic anion intermedia®®, which undergoes an S to O benzothiazole
transfer giving intermediat®0. The final step involves the extrusion of sulfuoxdde and

formation of benzothiazolone showing the preferefae forming E)-olefin i52. The
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modified Julia reaction was further investigated Kgcienski et al., who introduced
1-phenyl-H-tetrazol-5-yl (PT)i43d'*2 and 1tert-butyl-1H-tetrazol-5-yl (TBT) i43d143]

sulfones and reported procedures, which lea&)mlefins in one step.

1.4. Initial observation of an unusual metalation slectivity and subsequent

transmetalation

Generally, the two basic metalation modaslithiation and DoM), mediated using
strong bases such as, s-, or tBuLi as well as LDA, exclude each other becausehef
dominating acidity ofx-protons, thus the regioselectivity of the depraten process can be
easily predicted. If an alkyl group bearing hydmoggoms ina-position to the electron-
accepting group is present, deprotonation takesepda this position according to the rules
outlined above (Chapter 1.2.1, Scheme i6). DoMisstonly possible iti-hydrogen atoms
are absent (Chapter 1.2.2, Scheme i7). Initial expts treating sulfonél with nBulLi
and benzaldehyde at —78 °C under standard Jul@ioeaconditions provided thertho-
substituted sulfoné?2 instead of originally expected olefination prodgtheme 11§44
Using TMEDA as an additive led to the same resiich a DoM was never observed before
as the initial process for sulfones havindnydrogen atomB45146l The site of deprotonation
was determined by deprotonation/deuteration stu@esfonei6l initially undergoes DoM
with essentially complete regioselectivity, desphiaving an acidica-proton and the
generated aryllithiun63 rearranges subsequently completely to the sulédkllithium 164
on warming. It was demonstrated for a single exaengdl a branchedert-butyl phenyl

sulfone that DoM dominates as well.

Ph
©/ \(\TMS nBuLi then PhCHO N \(\TMS
T™S —78 °C, THF ™S
BuLi 02 H H 02 Li
e \KTMS \KTMS
_78 C THF TMS _40 tO 0 OC I64 TMS

Scheme i11Reversed metalation selectivity and transmetalatf@rtho-metalated sulfone
i63.
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So far only one way existed to reverse the selégtdf metalation, which consists of
generating a dianion by initiad-deprotonation and subsequent D8#1:15% Phenyl allyl
sulfone i65 was a-metalated using standard conditions giving metdlasulfone i66
(Scheme 12§48 The second lithiation proceeds in the positioiio to the sulfonyl group to
providei67 in a kinetically controlled reaction with high setivity. However, this procedure
is compromised by the low atom economy, since @uivalent of base is wasteldthiation
in thea-position proceeds as well forming dilithio sulfol8. The selectivity decreases with
increasing temperature. Complete transmetalatidghgéomodynamically more stable dilithio
sulfonei68 occurs on warming to 50 °C. The reaction of dgited sulfonda68 with various
alkyl halides regioselectively gavi€él at —-50 °C in THF. Surprisingly, nearly the same
results were obtained for the reactionooifio,a-dilithium i67 with alkyl halides. The initial
alkylation of i67 occurred at thex-position affordingi69 and was followed by complete

transmetalation ta-lithio derivativei70, which gave sulfon&1 upon a second alkylation.

o Li
S
1 equiv. RX /R><H
Li
(S)2 i69
Y
Li
. 0)
”BUV i67 s’
Z <
R Li\©
nBulLi SO,Ph .
_SOPh 5~ 2 i70
~ e~ T

. Li ﬁuu o, le
i65 i66 S

/Y 2 equiv.RX -~ SOzPh
_ . _ Li Li > /R><R
RX = alkyl halide, R = alkyl .

i68 i71
Scheme i12ortho—a-Transmetalation abrtho-lithiatedi69.

Gais and coworkers reported later that a numbecoofformationally constrained
sulfoximines also react by initial DoM followed kyansmetalation to the corresponding
o-carbanions74 (Scheme i13). Here an interesting temperatureiféenilar to the reported
transmetalation of,B-disilylated sulfoné*** was observed for sulfoximing2. Whereas
treatment of sulfoximing/2 with nBuLi at—78 °C afforded th@rho-lithiosulfoximine i73,

similar treatment at50°C to 20 °C provided the-lithiosulfoximinei74.'54 A conceptually

13



different y— a-transmetalation of two similarly acidic positiomstiated by deprotonation

with LDA was very recently observed in alkynyl bghgulfones!®?

O\\ ’[\l ; L O\\ /[\l O\\ /[\l
S nBulLi S _ S
3 78°C ; 50 o >;
H \—Ph H \—pp 90°Ct20°C ©/Li Ph
i73

i72

i74

Scheme i13ortho—a Transmetalation adrtho-lithiosulfoximinei73.
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2. Aims of the Work

In order to eliminate the drawbacks of the previpusported racemic synthesis of
iridoids and to develop a more efficient asymmeaipproach, a modified olefin structute
and its alternative preparation by a Julia reaasqgoroposed (Scheme 1). An additional bulky
silicon substituent is expected to improve thansdiastereoselectivity of the envisaged

tandem alkoxycarbonylation/oxidative radical cyatinn affording cyclopentan¥’ .

O,
EtOOC o) S R Julia
UJ’ ©/ \(\8;i/ olefination EtOOC
\\\\“ /SI \\\\‘
| n R \

Scheme 1.Second generation asymmetric total synthesis adinlitype compounds.

However, the initial experiment using [&p-disilylated sulfonell showed the
surprising reversal in the metalation selectivigyrpering its application in the Julia reaction

in the total syntheses.

nBuLi ©/ R2 nBuLn
m: 78 °c

Vil
H Li
X R1 g 2 X R1
©/ Y 60 to 0 °C i X =S50, SO,
vt v IX R', R2 = alkyl, Bn

Scheme Il. Metalation regioselectivity dependence of sulforaesl sulfoxides on their

structure.

Nothing was known about the scope and the limitatbthe reverse metalation for
alkyl aryl sulfones and sulfoxid&dl as well as about the subsequent transmetalatobthan

mechanism of this process (Scheme II). Therefbeefdllowing points must be addressed:
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Detailed investigation of the reactivity of differteally substituted alkyl aryl sulfones

and sulfoxided/Il towards bases.
Determination of the factors responsible for alitnetalation.

Selective application abrtho- and a-carbanions Il andIX), generated either by
initial metalation of alkyl aryl sulfones or by sdguent transmetalation, in reactions

with various electrophiles, especially in the Jaliefination.
Elucidation of the course of the transmetalaticactien.

Development of a new asymmetric integrated syraregiproach to iridoids, effective
preparation of modified olefihll by a Julia reaction and diastereoselective radical

cyclization of olefinlll giving cyclopentane iridoid building blodk .

Elaboration of stereoselective total syntheses ifyditonepetalactonevV and

dolicholactoneVI.
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3. Results and Discussion

3.1. Divergent reactivity of alkyl aryl sulfones anl sulfoxides with bases
3.1.1. Preparation of starting materials

Diverse [3,3-disilylated sulfones, intended to be applied ie tlotal synthesis of
iridoids using the Julia reaction, were preparea fbe study of their ability of
o-deprotonation and a series of differently branchigl aryl sulfones and sulfoxides was
synthesized for the investigation of their reatyitowards base$>® B,B-disilylated sulfones
1-2a-cwere synthesized by sequential alkylatioricfa with different (chloromethyl)silanes
in the presence of TMEDA in good yield by a one-patcedure (Table 1.1, entries 1-3).
Sulfone 1-2a can be alternatively prepared with more directragph using 2.6 equiv. of
LDA, and 2.7 equiv. of (trimethylsilyl)methyl chliole in one step at —78 °CQhe reaction
mixture was stirred overnight at room temperatuiferding sulfone1l-2a in 88% vyield,
which is comparable with that of sequential alkigiatpreparation (entry 1).

The symmetrically branched alkyl sulfonds2h,l,n-p and 1-2i (R> = R®) were
synthesized by sequential alkylationlefla and 1-1b, respectively, with the identical alkyl
iodide in the presence of TMEDA in good to excdllgmeld by a one-pot procedure
(entries 8,9,12,14-16). The more direct approadhgu®.6 equiv. of LDA and the alkyl
iodide furnished mixtures of the desired symmeligcdbranched productsl-2 and
monoalkylated sulfone%-3 in less satisfactory yields, because the readiops after some
time.

The syntheses of isopentyl phenyl sulfode3p), 1-(trimethylsilyl)eth-2-yl phenyl
sulfone (-3¢ and isobutyl phenyl sulfonel{3d) were performed starting from methyl
phenyl sulfone X-18 by deprotonation witmBuLi followed by alkylation with isobutyl
iodide, (chloromethyl)trimethylsilane or isopropgtide, respectively.

The monoalkylated sulfone$-3b-d, commercially available ethyl phenyl sulfone
(1-39 and sulfonel-3a prepared by Zn/Cul-mediated reductive couplinggcpdure
(Scheme 1.1), served as starting materials foiptieparation of unsymmetrically branched
sulfonesl-2d-g,j,k,m (entries 4-7,10,11,13) and symmetriéda®q (entry 17)by alkylations
in good to excellent yields. No overalkylation wasserved except fdr-2g and1-2q, where
36% and 10% of trialkylated sulfone was formed @taiwn).
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Table 1.1.Synthesis oti-substituted alkyl phenyl sulfonés2a-qvia alkylation reactions!

gi entries 1-3,8,9,12,14-16 nBuLi, TMEDA, THF, R?X
R1©/ then nBuLi, TMEDA, THF, R3X
1-1aR'=H 0,
bR =Me o TMEDA S _R? S o
' THF, =78 °C ©/ entries 4-7,10,11,13,17 ©/
1-3a R%= {Bu ) nBuli, TMEDA 1-2a-q
then /Bul, 130R=BU 78% N i e 18, 10-17
TMSCH,CI 1-3¢ R2= CHZTMS 79% R' = Me for entr3; 9
iPrl 1-3d R?= jPr 66%
1-3e R?= Me -
Entry 113 10 ' R3X Product R? R3 E((’/I;l[g
1 1-la  TMSCHCIH 1-2a CH,TMS CHTMS 89
2 1-la DMPSCHCICI  1-2p CH.DMPS  CHDMPS 58
3 1-la DMVSCHCI®®  1.2¢  CH.DMVS  CH.DMVS 61
""" 4 138"  E = 12d  CHtBu  Et 95
5  1-3d" Mel 1-2e CHatBu Me 94
6 1-3b TMSCH.CI 1-2f iBu CHTMS 65
7 1-3c Etl 1-2¢g CH;TMS Et 450!
8 1-1a iBull® 1-2h iBu iBu 81
g 1-1b iBull® 1-2i iBu iBu 79
10  1-3b Etl 1-2] iBu Et 89
11  1-3b Mel 1-2k iBu Me 85
12 1-1a iPric 1-2 iPr iPr 54
13 1-3d Etl 1-2m iPr Et 80
14 1-1a BnBrcl 1-2n Bn Bn 70
15 1-1a iPenti®l 1-20 iPent iPent 61
16 1-1a Etilc 1-2p Et Et 72
17  1-3d! Mel 1-2q Me Me 7

[a] General conditions: 10 mmol sulfone, 13 mmBuLi, 20 mmol TMEDA, —78 °C, 10 min, then 13 mmol
alkyl halide, —78 °C, 10 min, then warmed to dedine (see Chapter 5.2.1) until the reaction was detap
(entries 4-7,10,11,13,17). For symmetrically brathsulfones, the addition of reagents was repeated
(entries 1-3,8,9,12,14-16). [b] Isolated. [cPR= R3X. [d] DMPS = SiMePh. [e] DMVS = SiMeCH=CH,.

[f] For preparation see Scheme 1.1. [g] 36% oflBdet-(trimethylsilyl)but-2-yl phenyl sulfone. [HR! = Me.

[i] iPent = isopentyl. [j] Used from commercial suppli&t 10% oftert-butyl phenyl sulfone isolated.
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2,2,6,6-Tetramethylhept-4-yl phenyl sulforiedr) was prepared recently by standard
alkylation in insufficient 0.8% vyiel#*4 Radical addition conditions were much more
efficient to afford 1-2r (Scheme 1.1). Monoalkylated sulforie3a was synthesized by
Zn/Cul-mediated reductive coupling of commerciadlyailable phenyl vinyl sulfonel{4)
and tert-butyl iodide (-5) in formamide in good vyiel#> Alkylated sulfonel-3a was
deprotonated byBulLi in the presence of TMEDA. Subsequent nucleliplaiddition of the

resultinga-carbanion to Eschenmoser’s salt afforded artiién excellent yield.

Zn, cul, nBuLi, TMEDA, 82
gz HCONH, gz THF,-78°C__ Ph” j\/\'< Mel
ph S~ tBul (1) ph” MeOH

CH2=N+(CH3)2 I~

14  0°C-rt  13a85% 16 96% - Tt
gz O, Zn, Cul, gz
~
Ph” \(K DBU : Ph/SW HCONH,  Ph
" - toluene, 80 °C 1-5,0°C - r.t.
Me3
1-7 93% 1-8 94% 1-2r 68 %

Scheme 1.1Approach to 2,2,6,6-tetramethylhept-4-yl phenyiane (1-2r).

nding startingl-6 with methyl iodide in methanol was followed bydtement of the
corresponding quarternary ammonium dalt with DBU affording vinyl sulfonel-8. The
reductivetert-butyl radical addition was repeated providing kijdted sulfonel-2r in an
overall 49% vyield over five steps.

Sulfoxidesl-1laandl1-11brepresenting differently branched analogs of sidéi-2p
and 1-2h were prepared by similar alkylation reactions franethyl phenyl sulfoxide
(2-9) in two steps (Table 1.2pBuLi in the presence of TMEDA was not efficient egb for
the preparation of monoalkylated sulfoxides givamdy low yields around 40% (not shown),
therefore LDA was used as a baddonoalkylated sulfonesl-10a-c were isolated
(entries 1-4) and the second alkylation affordexldbsired sulfoxide$-11a-bin good yields
(entries 1-2).

However, the reaction df-10c did not afford3,3-disilylated sulfoxidel-11¢ which
would represent an analog pf3-disilylated sulfonel-2a giving an inseparable mixture of
side products and recovered startimgterial (entry 3-4). UsingBuLi or nBuLi in the
presence of HMPA did not lead to any improvemeritepts to perform the alkylation of

1-10c with isobutyl iodide did not afford the correspamgl sulfoxide as well (not shown).

19



Similar alkylation§%® of a-lithium sulfoxide, prepared by lithiation d-10cwith MeLi in
the absence of additives, were reported earligvadisas its reaction with various aldehydes,
ketones and epoxid€s® Even repeating the reported conditions did nad keathe desired
sulfoxide 1-11¢ giving 56% of recovered starting material and ardentified mixture of
side products (not shown). The correspondirgulfinylalkyllithium is probably not reactive
enough towards the silylated halides, thus comge#actions occur. The reason for that is
not clear, however the role of steric factors ifikaty considering the facile preparation of
1-11b.

Table 1.2.Preparation ofi-substituted phenyl sulfoxidds10a-cand1-11a-bby alkylation

reactiond®d
LDA, LDA, R
THF, -78 °C THF, -78 °

PhSOMe PhsO” R ,~78°C PhSO)\R

1-9 then RX 1-10a-c then RX 111a-c

Entry RX R Product Yield [%] Product Yield [%]

1 Etl Et 1-10a 67 1-11a 55
2 iBul iBu 1-10b 75 1-11b 82
3 TMSCHCI CH,TMS 1-10c 57 1-11c ot!
4 TMSCHI  CH,TMS 1-10c 79 1-11c ol

[a] General conditions: 14 mmol diisopropylamin&, himolnBuLi, —78 °C, 30 min, then 10 mmol sulfoxide,
—78 °C, 20 min, then 14 mmol RX, =78 °C, 15 mirgrttwarmed to —40 °C (entry 1) or 0 °C (entries 2u4fl
complete. [b] 68%4.-10crecovered. [c] 53%-10crecovered.

Another approach to sulfoxidellcvia reduction of sulfon&-2ato sulfidel-12and
subsequent oxidation was not successful (SchemeSuonel-2awas not reduced neither
by lithium alluminium hydride nor by DIBAL underatdard conditions even using large
excess of reducing agents. Addition of L@ LiAlH4 did not lead to the reduction but to a

partial decomposition of the starting material.

TMS T™S TMS
L LiAIH, or DIBAL L oxidation L
PhSO ™S PhS TMS PhSO ™S

2
1-2a 112 1-11c

Scheme 1.2Alternative attempts on synthesis of disilylatetfexide 1-11c
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3.1.2. Investigation of transmetalation at potentibprecursors for the Julia reactions

The initial deprotonation d8,3-disilylated sulfon€l-2a by nBuLi in the presence of
TMEDA at —78 °Cproceeded selectively at thetho-position and a transmetalation occurred
on warming to 0 °C (Table 1.3, entry¥ The regioselectivity of metalation and the fagilit
of transmetalation was investigated by deprotonafieuteration experiments. Sulfones
1-2b,cwith different substitution pattern were treatedhwiBuLi in the presence of different
additives at —78 °@r a constant time of 10 min (Table 1.3, entrieg)2

Table 1.3. Metalation selectivity of silylated sulfonesl-2a-c and subsequent

transmetalatiof!
Li o
SZ ‘ D gz
— \(\SIMGQR ©/ \CSiMegR
SiMe,R .
% 1013 ° D,0 after 145 SiMexR
©/ \CSiMezR 10 20) min at T
] — °C - _> and/or
SiMesR 60 °C - rt
1-2a R = Me gz Li (832 D
1-2b R= Ph ©/ \KSiMezR ©/ \KSiMezR
1-2¢ R = vinyl — _
SiMe,R SiMe,R
1-0-14 2 1-16
Entry 1-2 "BUY T Additive®  Solvent 1-15/1-16¢
[equiv.]
—78°C -60°C -40°C -20°C 0°C  rt.
1 1249 1.3 TMEDA THF  10:1 - 3:1 . 1:5  1:20

2 1-2b¢! 1.2 TMEDA THF 100:0 100:0 99:1 85:15 74:25 73:23
3 1-2b¢! 1.2 TMEDA DME 100:0 99:1 99:1 95:5 95:4 -
4

1-2b¢ 1.2 HMPA THF 80:20 50:50 40:60 40:60 39:61 -

5 12¢ 12 TMEDA THF 884 781 771 5223 157 -
6  1-2d" 1.2 TMEDA Et:O 73:26 - - - 0:81 0:66
7 1-2d" 15 TMEDAY  ELO  74:44" - - - 3:85 0:84

[a] Initial conditions: 0.5 mmol sulfone, excesBulLi, solvent, additive, —78 °Cjb] 1 mmol TMEDA or

3 mmol HMPA. [c] Ratioo-D/a-D determined by integration of thel NMR spectra, expressed in percent of
deuteration ofortho- and a-position, respectively, 1H = 100%. [d] From ref4f], 0.65 mmol TMEDA, the
investigation was performed in 30 min interval® thtio not expressed in percent of deuteratigrCfange of
temperature in 10 min intervals. [f] Initial deppotion at —78 °C, then change of temperature imi20
intervals to room temperature. [g] 0.75 mmol TMEOA] The total amount of deuterium content refegrio

more than 100% results from the exceBsLi.
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A defined amount of the reaction mixture was rengogeickly by a syringe and
added to a flame dried vial containing a small amoof deuterium oxide under inert
conditions. The productd-15 and/or 1-16 were isolated and analyzed B NMR
spectroscopy. The remaining reaction mixture wasned in intervals to room temperature
and aliquots were analyzed likewise. The mass balaf all investigated reactions was
guantitative and the observed ratio bfl¥1-16 accounts for the deprotonation and/or
transmetalation intermediates-0-13/1-a-14. However, taking the samples by syringe
involves a minor temperature error, which is inner® all entries. Nevertheless, the same
error applies to all entries as well as the intégnaerror of'H NMR spectroscopy, thus the
results as such are self-consistent.

Sulfone 1-2b was initially ortho-lithiated forming1-0-13b, however, the subsequent
transmetalation t@-a-14b did not occur to a significant extent in THF or BNentries 2,3).
Using HMPA as an additive led to a change in matalaselectivity andl-a-14b was
generated via partial transmetalatioriai-13b on warming (entry 4).

Sulfonel-2c was not deprotonated efficiently by 1.2 equivnBiiLi in the presence
of TMEDA in DME resulting in 60% ofl-0-13c Moreover, nearly no transmetalation
leading tol-a-14c occurred on warming to 0 °C (not shown). Repeatirggreaction under
the same conditions in THF afforded 88% aftho-metalated sulfonel-0-13¢ which
transmetalated td-a-14c on warming, however the overall degree of litatiof sulfone
1-2cdecreased from 92% at —78 °C to 58% at 0 °C (ebfryThe desired transmetalation
giving 1-a-14c occurred similarly on warming in dry diethyl ethbut the overall lithiation
of sulfonel-2c dropped from 99% at —78 °C to 81% at 0 °C and @6%®om temperature
(entry 6). Using 1.5 equiv. afBulLi in the presence of TMEDA led to high overathiation

even on warming to room temperature (entry 7).
3.1.3. Scope and the limitation of the transmetalain of alkyl aryl sulfones

The regioselectivity of lithiation of sulfonds2d-r and the facility of the subsequent
rearrangement was studied by treating sulfones wbLi or LDA in the presence of
different additives at —78 °(Table 1.4)2%% Aliquots of the reaction mixture were removed
in 10 min intervals at defined temperature, quedohigh deuterium oxide and the products
1-19and/or1-20 were isolated and analyzed ¥y NMR spectroscopy. The observed ratio of

1-191-20accounts for the deprotonation and/or transmebalatermediate4-0-17/1-a-18.
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Table 1.4.Metalation selectivity of sulfonel-2d-r and subsequent transmetalatfn.

gz\( R? gz\( R2
—>R1 R3 R1 R3
gz R2 1-0-17 D0 after 1-19
Y 60-0°c Jomnaly  igor
R’ 1-2d i Oz |j Q2p
-2d-r S\FRz S\(/RZ’
R' = H for entries 1-10, 12-20 —> R3 ©/ R3
= Me for entry 11 R’ 1-0-18 R 1-20
Entry 1-7 R? R3 Additive 1-19/1-2
—-78°C -60°C -40°C -20°C O0°C
1 1-2r CH.tBu CH.;tBu TMEDA 24:1 12:1 1:.1.4 1.6 1.9
2 1-2d CH.tBu Et TMEDA 8:1 71 2:1 0:100 0:100
3 1-2e CHtBu Me TMEDA 1.4:1 151 1.1.7 1.25 1.3
4 1-2e CH.tBu Me HMPAM 0:100 1.57 n.df) n.d. n.d.
5 1-2f  CH;TMS iBu TMEDA 32:1 19:1 1.1:1 1:49 1:49
6 1-2g CH.TMS Et TMEDA 1:1.4 1:1.7 1:13 1.65 1:.99
7 1-2h iBu iBu TMEDA 311 23:1 31 1:46 1:46
8§ 12h B Bu  VEDM 121 41 116 0000 01100
gel  1-2h iBu iBu - 17:1 2:1 1:2 1:6 1:75
10 1-2h iBu iBu HMPAY  0:100 0:100 n.&! n.d. n.d.
100 1-2i iBu iBu TMEDA 99:1 9:1 4:1 14 1:11
12 1-2j iBu Et TMEDA 1:1.3 1:4 1:35 1.68 0:100
13 1-2k iBu Me TMEDA 1:3 1:3 n.del n.d. n.d.
149 1-21 iPr iPr TMEDA 2:1 1:3 1:47 0:100  0:100
15  1-2| iPr iPr HMPAY 1:99 1:99 n.de n.d. n.d.
16 1-2m iPr Et TMEDA 1:4 1.7 0:100 0:100 0:100
17 1-2n Bn Bn TMEDA 1:13 1:10 1:24 1:31 1:10
18 1-20 iPent! iPent  TMEDA 1:30 1:75 n.de! n.d. n.d.
19 1-2p Et Et TMEDA 1:16 1:13 n.dsl n.d. n.d.
20 1-2¢q Me Me TMEDA 1.24 1.24 n.dsl n.d. n.d.

[a] Initial conditions: 0.5 mmol sulfone, 0.55 mmauLi, 1 mmol TMEDA, THF, —78 °C. [b] Ratio
1-19/1-20determined by integration of thel NMR spectra. [c] Reaction run multiple times witéry similar

result. [d] 3 mmol HMPA. [e] n.d. = not determinaithce immediaten-deprotonation. [f] 2 mmol LiCl.

[g] 0.55 mmol LDA as a base with no additives. A Me. [i] iPent = isopentyl.
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The 1-191-20ratios were determined by integration of the cqroeslingortho- and
a-H signals in théH NMR spectra (Chapter 5.4, Figure 5.1). The odgmh00 integral of the
two ortho-H in non deuterated sulforle2h was after the deprotonation/deuteration at low
temperature decreased to 1.15 showing &b8to-deuteration. The signals of tineeta-and
para-aromatic signals were taken as a reference. Ttegrim of thea-proton signal was
lowered from 1.00 to 0.86 indicating 14%-deuteration. Similarly, after warming the
reaction mixture, the 1.98rtho-proton integral indicates 2%rtho-deuteration and the 0.07
a-proton integral indicates 93%¢-deuteration (Chapter 5.4, Figure 5.2).

The deprotonation of symmetrically substituted sudfs1-2h,i,r and unsymmetrically
substituted sulfoné&-2f with y-branched alkyl groups in the presence of TMEDA- & °C
afforded ortho-carbanions with high selectivity (Table 1.4, esdri 1,5,7,11). The
transmetalation of the generatemtho-carbanions to the correspondinmcarbanions
1-a-18f,h,i,r proceeded on warming to 0 °C. Replacing one ofltteeiched groups by a
smaller linear alkyl chain as in unsymmetrical sn#s1-2d,e,g,jled to a decrease of the
initial metalation selectivity forming mixtures a@fo-17 and1-a-18 (entries 2,3 vs.1; entry 6
vs. Chapter 3.1.2, Table 1.3, entry 1; and entryd27). The bulkier thg-branching of one
alkyl chain is, the slower was the transmetalatibh-0-17 to 1-a-18 (entries 2,3 vs. 12).

Additives exhibited significant effects on the dtien of the metalation. HMPA
caused for all studied substrate®eh,| the reversal of the regioselectivity and thus fiogn
immediatelya-carbanionsl-a-18e,h,l (entries 4,10,15). N&-0-17 was observed even after
very short deprotonation times. Moreovérp-17h formed by metalation ofl-2h in the
presence of 2 equiv. TMEDA instantly transmetalai®d-a-18h at —78 °C when adding
6 equiv. of HMPA (not shown)Lithium chloride, which causes the modification of
aggregates of organolithium compounds and acts asatalyst in a number of
transformation$§:®>”*%8 did not influence the deprotonation regioselettiaif 1-2h to a large
extent, but accelerated the transmetalatiob-0f17h to 1-a-18h (entry 8). LDA can also be
used as a base with similar results (entry 9), edeiKHMDS was unreactive under the
conditions (not showrl}>%-162

Only a low deprotonation selectivity in favor of Mointermediatel-0-171 was
observed for sulfonel-2l bearing B-branched alkyl chains (entry 14). An experiment
performed at —100 °C led to a change of the inimatalation1-0-171/1-a-18l ratio to 6:1
(not shown). For the less branched substrat@& and 1-2m, the selectivity switched to

preferred formation ol-a-18k and1-a-18m (entries 13, 16). A two-dimensional branching
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as in the diarylated sulfon®-2n or a more distand-branching as inl-2o0 changed the
regioselectivity to complete initiabi-deprotonation formingl-a-18n,0 (entries 17,18).
Sulfones1-2p and 1-2q having chains without additional branching wersoatelectively
metalated at the-position (entries 19,20). Experiments run withfeués1-2p and1-2q at
—78 °C for shorter time (30 s, 1 min and 2 min)vebo that the deprotonation occurred
initially at the a-position and thud-a-18p and 1-a-18q, respectively, are not a result of

initial orho-deprotonation followed by rapid transmetalation.
3.1.4. Initial metalation and potential transmetaldion of alkyl aryl sulfoxides

The deprotonation selectivity of alkyl aryl sulfdgs and the potential transmetalation
was investigated by metalation followed by deutera{Table 1.5). Sulfoxid&-11abearing
small substituents underwent init@dlithiation immediately at —78 °C (entry 1). In ¢oarst,
sulfoxide 1-11b bearing bulkyy-branched alkyl chains underwent directetho-metalation
at —78 °C and generatddb-21b transmetalated tb-a-22b in the range of —40 °C to —20 °C
(entry 2). Deuterated sulfones-23b and 1-24b were accompanied with butyl phenyl
sulfoxide, generated via competing sulfoxide-lithivexchange, in up to 10% yield on

warming. Its structure was confirmed by MS analysis

Table 1.5. Metalation selectivity of sulfoxidesl-1la,b and subsequent carbanion
transmetalatiof!

L 8 R X (s) R

. [j N @( N

R R

8 R nBulLli, 1-0-21 D,0 after 1-23

10minatT

N _TMEDA | 40°C-0°C mmmameemmy  andlor

R THF, _ .
1-11a,b -78°C CS) LlR S\?R
— 1 R

1-0-22 1-24

Entry 1-11 R 1-23/1-24

-78°C -60°C —-40°C -20°C O0°C
1 1-11a Et 1:99 1:49 n.dd n.d. n.d.
2 1-11b iBu 100:0 99:1 3:1 1:3 1:99

[a] Initial conditions: 0.5 mmol sulfoxide, 0.55 mMnBuLi, 1 mmol TMEDA, THF, —78 °C. [b] Ratio
1-23/1-24 determined by integration of thBH NMR spectra. [c] n.d.= not determined since imiatx

a-deprotonation.
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3.1.5. Factors responsible for the initial metalatin selectivity

In contrast to other known alkyl aryl sulfonesy-branched sulfones
1-2h,i,r undergo initial DoM instead af-deprotonation formindg-o-17h,i,r, despite having
an a-hydrogen atom (Scheme 1.3). The generated mealalatgdfone 1-0-17h,i,r
transmetalates subsequently tea-18h,i,r. Sulfone 1-2p with no additional branching

undergo in contrast the originally expectedithiation forming1-a-18p.

S R nBuLi, TMEDA ( ZZ )
R 3 -78 °C
2 R2 For 1-2h,i,r
RZR o Ko
R2

1-2r R'=H, R2=R3= Me 1-25h,i,rR3 _
1-2h R'=H, R2=Me, R3=H -
1-2i R'=Me, R2=Me, R®=H l—BuH

1-2pR'=H,R*=R3=H

H O\\ //O Ll\c)\\ //O
nBuLi, TMEDA S RP S R?
-78°C Li oRT =-ieme H 2R
R 3 R1 3
For 1-2p 1

1-a-18h,i,p,r 1-0-17h,i,r

Scheme 1.3Mechanistic proposal for the initial lithiation s@ilfonesl-2h,i,p,r.

Sulfonesl-2h, 1-2I, and1-2p are examples of the most and least sterically metle
investigated derivatives. Their structures wereemheined by X-ray crystallography to
demonstrate possible correlation between their géoeal features and metalation selectivity
(Figures 1.1-1.3). Tha-hydrogen atom of-2his in an almost synclinal arrangement to the
methyl groups C10 and C14, respectively, which dedd significant steric shielding
(Figure 1.1). In contrast, the-hydrogen atom ofl-2| displays a close contact to only one
methyl group (Figure 1.2). Sulfonds2h and 1-2p have an almost staggered confomation
around the C7-S1 bond. Sulfohe?l deviates more strongly from a staggered confoonati
having torsion angles from O1 to C8, C11 and H(@7A83.0, 49.9 and 162.9°, respectively,
and from O2 to C8, C11 and H(C7) of 48.1, —179.8 af6.1°, respectively. The torsion
angles 0O1-S1-C1-C2 df-2h, 1-2| and 1-2p vary to some extent and amount to 12.2(1),
—8.3(2) and 11.1(3)°, respectively, while the O1E3EC6 torsion angle has a narrow range
of —40.3(1), 40.2(2) and —38.9(3)°, respectiveliie istances between O1 and H(C2) are
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similar around 2.5 A (2.53, 2.50, 2.52 A), whileet®1-H(C6) distance is around 2.77 A
(2.76, 2.79, 2.75 A). The distance of the gaucheated O2 to H(C7) is with 2.80-2.83 A
(2.82, 2.83, 2.80 A) relatively similar, but signéntly longer.

Figure 1.1. Crystal structure of 2,6-dimethylhept-4-yl phesylfone (-2h). Displacement

ellipsoids are drawn at 30% probability level.

Figure 1.2. X-Ray crystallographic view of 2,4-dimethylpentyBphenyl sulfone 1-2lI).

Displacement ellipsoids are drawn at 30% probatiivel.

Figure 1.3. X-Ray crystal structure of pent-3-yl phenyl sukorfl-2p). Displacement
ellipsoids are drawn at 30% probability level. (Thhelecule contains two independent units
in the elementary cell.)
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Steric hindrance seems to be the factor responsibléhe regioselectivity of the
metalation. In compoundk-2h,i,r the a-hydrogen atom is not well accessible for the base
(Figure 1.1).nBuLi precomplexes to a sulfonyl oxygen atoin26h,i,r) and thus the access
to the at besgaucheorienteda-hydrogen atom is blocked by?Rf the alkyl chain in the
transition state (Scheme 1.3). This allows to deprate the thermodynamically less acidic
ortho-position. Using HMPA as an additive causes theergal of the regioselectivity and
o-lithiation is favored for all investigated subsé® This feature can be explained by
coordination of the stronger Lewis base HMPA to litteum cation ofnBulLi, therefore the
base can access the more acedjposition directly without coordination at the sng.

When only one alkyl chain {branched as ifi-2d-g,j the regioselectivity in favor of
ortho-lithiation was decreased, since thehydrogen atom is more accessible and thus
a-lithiation competes (Chapter 3.1.3, Table 1.4)e Dhiginally expectedi-deprotonation in
the presence of TMEDA occurs either for substrat@p,q with no additional branching or
for sulfones1-2n and 1-20 with flat or more remote branching, respectivelhere the
a-hydrogen can be easily approached by the basmn®udl-2| in spite of closep-branching,
can occupy orientations in which only one face atbuhe a-proton is shielded by a
neighboring methyl groupcf. Figure 1.2). Thereforen-deprotonation competes with
moderately favored DoM.

Sulfones1-2b,c with differentially substituted silyl groups readt by initial DoM
(Chapter 3.1.2, Table 1.3) as the earlier repatt@a!***! However, onlyl-o-13crearranged
completely tol-a-14c allowing the application in Julia reaction in theal synthesis of
iridoids. Steric factors do not enable complete transmetalaif sulfonel-o-13bto 1-a-14b
and thus further application of sulfode2b in the Julia olefination is not possible. Initial
ortho-metalation and subsequent transmetalation forcsigridemanding sulfoxidd-11b
was observed similarly as for corresponding sulfar2h, whereasl-11a underwent only
o-lithiation (Chapter 3.1.4, Table 1.5).

Regarding all the results from monitoring the gditdeprotonation and potential
transmetalation, the type of branching and itsagisé from the sulfonyl group are the main
factors determining the initial metalation regi@sgivity. The studies on model sulfoxides
with analogous structures to sulfones proved thaMOollowed by the transmetalation
represents a more general feature and revealetlgoapplications to sulfides or phosphine

oxides!!63]
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3.1.6. Initial metalation and potential transmetaldion of ortho-substituted alkyl aryl

sulfones

ortho-Substituted sulfonel-26 was prepared from sulfong-2h (Chapter 3.2.1,
Table 2.2). The investigation of initial metalatiofh 1-26 and subsequent transmetalation
showed that directedrtho-deprotonation occurred initially at —78 °C and shgenerated
metalated sulfonel-o-27 showed very similar transmetalation features dforsel 1-2h
forming 1-0-28 on warming, as was confirmed Y4 NMR analysis after deuteration
(Table 1.6 vs. Chapter 3.1.3, Table 1.4, entry 7).

Table 1.6.Initial metalation and subsequent transmetalaticsulfonel-26.

L0, D o,

S S

— X

0, 1.2 equiv. nBuLi, ™S D,O after ™S

S TMEDA, THF 1-0-27 tatT 1-29
Clp e qU
T™S % %
1-26 L > ©j Li ©j D
T™S T™MS

1-0-28 1-30

Entry TI[°C] t[min]®  1-291-30"

1 —78 10 99:1
2 —60 20 99:1
3 -40 30 11
4 -20 40 1:98
5 0 50 1:99

[a] Time refers to the start of the deprotonatibi Ratio 1-291-30determined byH NMR spectroscopy,

guantitative mass balance.

ortho,ortho*Bis(trimethylsilyl)phenyl sulfonel-31 was prepared from sulforle26
(Chapter 3.2.3, Table 2.7). lisdeprotonation byBulLi in the presence of TMEDA did not
afford 1-a-32 at all even after 30 min at40 °C, as indicated by the absence of deuterated
sulfonel-33 after quenching the reaction with©@ (Table 1.7, entry 1). Using HMPA as an
additive surprisingly also did not allow-metalation (entry 2). Application dBuLi as a

stronger base (entry 3) and raising the reactiompégature te-20 °C (entry 4) were also not
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successful, suggesting that sulfohe81 is too sterically hindered for deprotonation by

lithium bases.

Table 1.7.Initial deprotonation of sulfong-31

TMS 0, base, ™S o, D,0 after ™S o,

S additive, THF S tatT S
; ——
—40--20 °C Li D
TMS TMS TMS

1-31 1-0-32 1-33

Base e Tal] 5 - b 1-33

Entry [equiv] Base  Additive T [°C] t [min] [%6]
1 1.1 nBuLi TMEDA -40 30 0
2 1.1 nBuLi HMPA -40 30 0
3 2.2 tBulLi TMEDA -40 10 0
4 2.2 tBulLi TMEDA -20 20 0

[a] 2 equiv. TMEDA or 6 equiv. HMPA. [b] Time aftstart of the deprotonation. [c] Determined by gnégion

of the'H NMR spectra, quantitative mass balance.

Lithium-halogen exchange is typically an extrentalst reaction and is helpful for the
generation of organolithiums, which could be furthenctionalized by reaction with various
electrophiled?®164-166ITherefore the investigation of the initial metalatregioselectivity of
ortho-iodo derivativel-34 was mandatory in order to compare the reactiasrat DoM vs.
lithium-iodine exchange (Scheme 1.ditho-lodo derivativel-34 was prepared from sulfone
1-2h (Chapter 3.2.1, Table 2.2) and was treated withefjuiv. ofnBuLi in the presence of
TMEDA at -78 °C. Aliquots of the reaction mixtureeme quenched with IO after 5 and
30 min. The samples were analyzed'ByNMR spectroscopy and showed identical results.
The reaction afforded sulforie19h and a small amount of starting matedaB4in an 8:1
ratio. This ratio was determined from the 8:1 inédigpn ratio ofa-protons ofl-19hand1-34
assuming potentiak-deprotonation occurring only to a negligible extahlow temperature
(Chapter 3.1.3, Table 1.4rtho-Deuterated sulfon&-35was not formed as indicated by the
1:1 integration ratio of Hand H. Including experimental and inherent integratioroes of
'H NMR spectroscopy, the lithium-iodide exchangevpobto be at least twenty times faster

thanDoM when treating sulfong-34 with nBulLi.
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| 0 nBulLi,
82 TMEDA
O R G @
THF, -78 °C

1-34 1-19h L 1-35 0%
97%

Scheme 1.4Investigation of lithium-halogen exchange reactissra competition to

ortho-deprotonation.

ortho-(Hydroxybenzyl)phenyl alkyl sulfond-36 was prepared from sulfong-2h
(Chapter 3.2.1, Table 2.1). Because of the preseihadree hydroxy group, sulforie36 was
deprotonated with 2.2 equiv. oBuLi in the presence of TMEDA in THF at -78 °C
(Table 1.8, entries 1-3). Samples of the reactiaxture were quenched with,D after 10,
30 and 50 min at this temperature. The samples amatyzed byH NMR spectroscopy and
showed consistent results. Sulfdh@6 was deprotonated iortho-position only to an extent
of 23% even after longer reaction time as indicdigdhe formation of deuterated sulfone
1-37. The experiment was repeated in DME giving simitasults. Sulfonel-36 was

ortho-deprotonated to an extent of 33-35% (entries 4-5).

Table 1.8.Metalation selectivity of sulfong&-36.

Ph OH nBulLi, Ph OH
0O, TMEDA, 0O,
S solvent, —78 °C S
then D,O
1-36 1-36 1-37

Entry [gﬁb‘i'\'/i_] Solvent t[min]®  1-3§%]® 1-37[%]® 1-38[%]"
1 2.2 THF 10 77 23 0
2 2.2 THF 30 77 23 0
3 2.2 THF 50 77 23 0
_____ 4 22 DME 5 87 33 0
5 2.2 DME 50 65 35 0
_____ 6 3 THF 5 9 6 26
7 3 THF 50 8 68 24

[a] Time after start of the deprotonation. [b] Dettned by integration of théH NMR spectra, quantitative

mass balance.
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Therefore, three equivalents mBuLi were used for deprotonation of sulfofx36in
the presence of TMEDA in THF and samples of thetrea mixture were quenched with
D-0O after 5 and 50 min (entries 6,7). This approadvigded 65% ofortho-deuteratedL-37
after 5 min accompanied by 26% afdeuteratedl-38 and 9% of the recovered starting
material 1-36 (entry 6). The metalation ratio remained similalea#5 min giving sulfones
1-37and1-38in 2.8:1 ratio(entry 7).

The different behavior can be rationalized as fedo The hydroxybenzyl group in
1-36 is first deprotonated giving seven-membered chdldithium alkoxide 1-39 thus
limiting the conformational flexibility of the motelle (Scheme 1.5). The phenyl ring of the
ortho-hydroxybenzyl group and the alkyl group will ocgupseudo-equatorial positions in
the energetically favored extended chair-like comfation (1-408. This leads to pseudo-
axial orientation of the second oxygen atom of skfonyl group. ThereforenBuLi can
subsequently coordinate only to this oxygen atamnthis arrangement the base cannot reach

theortho-hydrogen efficiently.

Ph Ph/-
1 equiv. nBuLi, \” d equiv.
TMEDA nBuLI
THF, -78 °C

B R= CH(/Bu),
L 1-40a -

Scheme 1.5Deprotonation of generated lithium alkoxit9.

However monomeric forms afBuLi are not known. It forms chelated dimdrgild
whensolvated by TMEDA!%7-16% or a mixture of tetramet-41aand dimerl-41bin THF
(Scheme 1.6}.7% Seebach and coworkers showed that the additigiViEDA to nBuLi in
THF shifts the tetramer-dimer mixture toward dimdéf8 This shift has been deduced as
evidence that TMEDA and THF are both importantnBuLi/TMEDA/THF mixtures!!’?
Further investigation of the structure of thBuLi dimer in a mixture of THF and TMEDA
provided evidence that TMEDA serially displaces ThiFdimeric 1-41b forming 1-41d
probably via mixed-solvated dimet-41ci*’® Since open dimers have been frequently
proposed as intermediates for 1,2-addition of &tkyims to imined!”> 1" the
ortho-hydrogen might be thus reached by the seaawdLi unit in an open dimer-based

transition state similar té-40b (Scheme 1.6). However, tliehydrogen is accessible to the

32



base in this transition state as well resultinggood metalation yield, but lower DoM

selectivity.
S
\Li-/S-Bu Sy .S Me,N.  NMe, Me,N is\NM%
/ N N
1/2 BT/Bltlii—Lli _— nBqu_,nBu TMEDA nBuf “nBu TMEDA nBuf ,hBu
~ i i i,
P s st Me,N' " NMe,
S
1-41a S=THF 1-41b 1-41c 1-41d

H H B O/6
—
tBujgéclss R = iBu
l :

Li\ /Li\L L= MezN NM62

L~ Bu

or (THF),

Scheme 1.6.Structure ofnBuLi aggregatesl-41 in THF/TMEDA and open dimer-based

transition statd-40bfor deprotonation of lithium alkoxide-39.

To prevent chelation by the hydroxy group iR36 it was protected as a
tert-butyldimethylsilylether with TBSCI in the presenakimidazole in DMF (Scheme 1.7).
Protected alcohd-42 was deprotonated under standard conditions usihgduiv. oBuLi
and the reaction mixture was subsequently quenchi#d D.O after 10 min. The
deprotonation regioselectivity was lower giving theated sulfoneg-43 and1-44in a 3:1
ratio in 78% yield.

Ph._ OH
Oy
SYIBU
iBu
1-36
TBSCI, imidazole,
DMF, 50 °C
Ph._ _OTBS 1.1 equiv. nBuLi, Ph._OTBS Ph._ _OTBS Ph._ _OTBS
(S)2 iBu TMEDA, gz iBu gz D B (S)2 B
0 iBu iBu
W_/ THF, -78 °C Y . \(/ . Y
Bu then D,0 o Bu Bu Bu
1-42 87% 1-43 3:1 1-44 1-42 22%

78%

Scheme 1.7Metalation selectivity of protected sulfohet2

33



This ratio approximately corresponds to the 2.5:Atior obtained by
deprotonation/deuteration of unprotected alcohe36 with three equivalents of-BulLi
(Table 1.8, entry 6). The lower metalation selegtivis probably caused by bulky
(silyloxy)benzyl group. Even thoughg-metalation competes to a significant extent
(Table 1.8 and Scheme 1.7), this approach can Istillsuitable for the preparation of

ortho,orthd-disubstituted sulfones.
3.1.7. Twofold deprotonation of alkyl aryl sulfones

The sequential, twofold deprotonation of sulfahrh was investigated (Table 1.9),
because dilithio sulfones could be preparativeifuisn a variety of ways, as was observed
for dilithioallyl phenyl sulfone (see Chapter 1[4}!

Table 1.9.Two-fold deprotonation of sulforte-2h.

Li 02 D 02
S S
— 0 oY
D,0 after 1-19h

O, 2.2 equiv. nBuli, 1-0-17h
S TMEDA, THF l tatT
N — +
e 0
1-2h 32 S’
> Li D
1'0,(1.'45 1-46
T : Ratio T . Ratio
[c] [c]

Enty oy UIMINIE g on1agt B gy UMM g on1-ad
1 -78 5 78:22 6 -78 5 77:23
2 -60 15 46:54 7 -78 10 67:33
3 -40 25 14:86 8  —60 15 50:50
4 =20 35 6:94 9  -60 30 31:69
5 0 45 4:96 10  -60 40 20:80

[a] Initial conditions: 1 mmol sulfone, 2.2 mmaiBuLi, 5 mmol TMEDA, —78 °C. [b] Ratiol-19h/
1-46 determined by integration of tHel NMR spectra (quantitative mass balance). Commlettao-lithiation
observed during the reaction period (1ddtho-H integral). [c] Time after start of the deprottina.
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Deprotonation of sulfon&-2h with 2.2 equiv. ofnBuLi in the presence of TMEDA
followed by quenching with D showed that the initial deprotonation at —78 tGcpeded
quickly at theortho-position giving 1-19h and only somewhat slower at tleposition
resulting in1-46 (Table 1.9, entries 1,6). The second equiwiRiiLi is, however, consumed
much slower at thex-position generating dianioi-o,a-45 on warming (entries 2,3).
Dilithiated 1-0,a-45 was generated selectively at —20-0 °C (entry 4t%yas also shown that
the dianionl-0,a-45 is formed to a significant extent even at low tengpures after longer
reaction time (entry 7,8) and is generated as tédgminant intermediate after 30 min at —60
°C (entry 9,10). Another experiment proved the ele generation of dianion
1-0,a-45 at —40 °C after 30 min (not shown). The first compds of this typ@&*"-*%were in
contrast tol-0,a-45 generated in a reverse fashion by initalithiation and subsequent

ortho-lithiation (see Chapter 1.4).
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3.2. Preparative applications of selected sulfongiarbanions

3.2.1. Reactivity of initially generatedortho- and a-sulfonyl carbanions

The regioselective deprotonation of sulfoie2h forming carbanionl-o-17h is
synthetically valuabl&3 The aryllithium derived froml-2h, generated under standard
conditions at —78 °C after short deprotonation timederwent addition to aldehydes
providing secondary benzylic alcohdls36 and2-1a-cin good to excellent yield (Table 2.1,
entries 1-4). Moreover, nucleophilic additions tookzable and non-enolizable ketones

giving tertiary benzylic alcohols proceeded in vgopd yield as well (entries 5 and 6).

Table 2.1.Metalation ofl-2h and addition ofL.-0-17hto aldehydes and ketones.

1 R2
o, BuLi, TMEDA R OH02
S then R'COR S
©/ THF, =78 °C
1-2h 1-36, 2-1a-e
Entry Product R? R2  Yield [%]

1 1-36 Ph H 84
2 2-la iPr H 90
3 2-1b EtCH=CH H 79
4 2-1c  PhCHCH: H 93
5 2-1d -(CHy)s- 85
6 2-1e Ph Ph 94

Several other electrophiles are also applicabkhénDoM mode to selectively obtain
functionalized productsl-26 1-34 and 2-2a-b (Table 2.2). The aryllithiuml-0-17h,
generated under standard conditions7a °C after short deprotonation time, underwent the
reaction with electrophileEX at low temperature during two hours formihg6 1-34 and
2-2a-b in good yields (entries 1-4). It was found that Igpm identical conditions for
deprotonation ofl-2h, adding TMSCI at-78°C and subsequent warming of the reaction
mixture to 0 °C for 15 min led to the formation bf26 in 88% vyield (not shown). This

approach significantly shortened the reaction timthout any formation ofu-substituted
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derivative. Sulfone derivativels34 and2-2a-b represent interesting substrates, which can be

further used in various cross-coupling reactions.

Table 2.2.Scope of th@rtho-carbanion reaction with electrophiles.

0, nBuLi, TMEDA, E o,

s THF, -78 °C S
©/ then EX

1-2h 1-26, 1-34, 2-2a-b
Entry EX E Product  Yield [%]

1 TMSCI TMS 1-26 83
2 2 I 1-34 77
3 Br Br 2-2a 63
4 B(OMe) B(OH), 2-2b 83

[a] Not separable from the starting matefig2h (31%).
Table 2.3.Metalation ofl-2p and addition ofl.-a-18p to aldehydes and ketones.

0, HO

giﬁ BuLi, TMEDA %R;

THF, R'COR R
©/ —78°C-rt. ©/

1-2p 2-3a-g
Entry Product R? R? Yield [%]

1 2-3a Ph H 80

2 2-3b 4-Br-CsHas H 65

3 2-3c iPr H 70

4 2-3d EtCH=CH H 64

5 2-3e PhCH=CH H 71

6 2-3f -(CHy)s- 134

7 2-3g Ph Ph ol

[a] Product2-3f inseparable from 80% of recoverdd2p, structure confirmed by MS analysis.

[b] 97% 1-2p and 95% benzophenone recovered.

The a-carbanion generated from sulfoie2p added easily to aldehydes at —78 °C

affording a-(hydroxyalkyl)phenyl sulfone2-3a-ein good yield (Table 2.3, entries 1-5).
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However, its reaction with ketones either affordbd tertiary alcohoR-3f in poor yield
(entry 6) or did not furnish the desired tertialgotol 2-3gat all (entry 7).

3.2.2. Reactivity ofa-carbanions generated via transmetalation

The transmetalation of carbanioh®-17 to 1-a-18 is synthetically valuable as well.
For sulfones, such abk-2h, which are initiallyortho-metalated, conditions for a selective
reaction with aldehydes at tleeposition, the first step of the Julia olefinatidmd to be
optimized by varying the deprotonation conditiofglfle 2.4). Under conditions A the
starting sulfonel-2h was deprotonated yBuLi with TMEDA in THF at —78 °C and the
reaction mixture was warmed to 0 °C over one hdowing the transmetalation df-0-17h
to 1-a-18h to proceed. Subsequently, structurally differeliielydes were added giving
a-(hydroxyalkyl)phenyl sulfoneg-4a-g(entries 1-7)Starting sulfonel-2h was recovered in
26-64%. The reaction with ketones did not provitge desired products (not shown) similarly
to the reaction with deprotonat&elp (Chapter 3.2.1, Table 2.3).

Conditions B involved deprotonation of sulfode2h by nBulLi in the presence of
TMEDA at —20 °C for 10 min and subsequent additainthe aldehyde to the reaction
mixture at —78 °C. Under conditions C, the depratmm of1-2h by nBuLi and HMPA as an
additive was performed at —78 °C for 10 min foll@wvey addition of the aldehyde.
Benzaldehyde provided the hydroxy sulf@iédain good yield under all conditions (entry 1),
products2-4b-c resulting from reactions df-2h with bromobenzaldehydes were obtained in
moderate yield and were accompanied by partial vexgo of starting material and
unidentified byproducts (entries 2,3). Reactionhwaholizable hydrocinnamic aldehyde was
complicated by competing formation of the self-dldondensation produ@-5 (entry 4).
Conditions A proved to be the best, while HMPA gavlew yield of2-4d. Reactions with
a,B-unsaturated aldehydes afforded hydresulfones2-4e and 2-4f in good to excellent
yields (entries 5,6). Surprisingly, the reaction lefi-18h with isobutyraldehyde afforded
tertiary alcohoR-4gonly in poor yield (entry 7).
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Table 2.4.ortho-Metalation ofl-2h, transmetalation tt-a-18h and addition to aldehydes.

o, OH

o, e S T
o SSGRLne
then RCHO
-78°C 2-5
1-2h Conditions A-C 2-4a-g gniygﬂgzr:gé
. . . 0 : 0
Entry R SO COEEL?OI[’IQJ]A&I] co\r?cﬁlt(ijoLf]Bb] co\r?;lt(ijo[n/s()]@]
1 Ph 2-4a 78 82 s
2 4BrGHs  2-4b 424 - 497
3 3BiGHs  2-4c 4409 o 63"
4  PhCHCH,  2-ad 611l 53 254
5  EtCH=CH  2-de 50 1 61
6 PhCH=CH  2-4f 70 96 98
7 iPr 2-4g 170 16™ 44"

[a] Conditions A: Deprotonation at —78 °C in thegnce of 2 equiv. TMEDA, then warmed to 0 °C dyfirh,
addition of the aldehyde at —78 °C. [b] Conditiddis Deprotonation at —20 °C in the presence of 2ivequ
TMEDA for 10 min, addition of the aldehyde at —78. Ic] Conditions C: Deprotonation in the presente
6 equiv. HMPA at —78 °C for 10 min, addition of talehyde at —78 °C. [d] 45%2h recovered. [e] Not
performed. [f] 31%l-2hrecovered. [g] 33%-2hrecovered. [h] 18%-2h recovered. [i] Additionally, 2992-5
formed and 26%4-2h recovered. [j] Additionally, 3192-5 formed and 41%.-2h recovered. [K] Additionally,
63% 2-5 formed and 69%d.-2h recovered. [l] 64%l-2h recovered. [m] 57%-2h recovered. [n] 36%4-2h

recovered.

The Julia olefination is one of the crucial appiicas of a-sulfonyl carbanions,
therefore it was applied to substratep (Table 2.5, entries 1-6) ardd2h (entries 7-12). For
1-2p standard deprotonation conditiond. (Chapter 3.2.1, Table 2.3) worked well for the
reaction with diverse aldehydes (entries 1-6). Rbe reaction of aromatic and
a,B-unsaturated aldehydes witti2h, the deprotonation in the presence of HMPA as an
additive according to conditions C (Table 2.4) mod\o be optimal (entries 7-9). However,
the deprotonation ofl-2h with nBuLi in the presence of TMEDA followed by
transmetalation of-0-17hto 1-a-18h, similar to conditions Adf. Table 2.4), were the most
efficient conditions for aliphatic aldehydes to mlacompetitive deprotonation of the
aldehyde (entries 10-12).
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Table 2.5.Scope of the Julia reaction with2p and1-2h.

nBuLi, TMEDA,
0, THF 0, OCOPh
S then RCHO S R >R
-78 -0 °C, PhCOCI ©/

1-2 For 3-6a-c,g-i:

P 2-6a-f Smly, THF, DMPU 2-7af

i For 3-6d-f j-I:
nBuLi, THF,
0, (additives) 0, OCOPh Na/Hg, MeOH
S then RCHO S R - "R
©/ temp., PhCOCI ©/
1-2h 2-6g-1 2-7g-1
Entry R Product Yield [%0] Product Yield [%0]

1 Ph 2-6a 8g4 2-7a g2d]
2 4-BrGsHa 2-6b g7 2-7b 78
3 PhCH=CH 2-6¢ 8gal 2-7¢ 684
4 PhCHCH; 2-6d 910 2-7d 76
5 CsH11 2-6e 66 2-7e 64l
6 CiHa2s 2-6f 834 2-7f g2lel
7 Ph 2-6¢ 550 2-79 684l
8 4-BrGsHa 2-6h 61! 2-7h 720d]
9 PhCH=CH 2-6i 80! 2-7i g2l
10 PhCHCH: 2-6j 67° 2-7j 79¢l
11 GH11 2-6k 784 2-7k 89el
12 CiiH23 2-6l 58 2-7I 64l

[a] General conditions: 0.5 mmol sulfone, 0.6 mmBULi, 1 mmol TMEDA, —78 °C, 10 min, then 0.6 mmol
aldehyde, warmed to 0 °C until complete conversthan 0.65 mmol benzoyl chloride, —78 °C, 20 mhent
0.75 mmol 3-(dimethylamino)propan-1-ol. [b] Genernditions: 0.37 mmol sulfone, 0.43 mmieBuLi,
2.22 mmol HMPA, —78 °C, 10 min, then 0.47 mmol algte, —78 °C until complete conversion, then
0.49 mmol benzoyl chloride, 20 min, warmed to ttten 0.56 mmol 3-(dimethylamino)propan-1-ol. [@r&ral
conditions: 0.74 mmol sulfone, 0.86 mnm@uLi, 2 mmol TMEDA, —78 °C to —20 °C, 1 h, then 8.&nmol
aldehyde at —78 °C, then —20 °C until complete eosion, then 0.96 mmol benzoyl chloride, 20 minymed

to r.t., then 1.11 mmol 3-(dimethylamino)propanil{d] 0.16 mmol2-6, 6 mmol DMPU, 0.96 mmol Sm|l

0 °C, 2 h. [e] 0.13 mm&-6, 0.31 mmol Na/Hg, —20 °C, 3 h.
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All generated alkoxides weren situ acylated with benzoyl chloride providing
B-benzoyloxy sulfonef-6a-l in good yields (Table 2.5, entries 1-12). For teductive
elimination of 2-6a-c and 2-6g-i Smb in THF/DMPU was used at —78 B¢ giving the
corresponding olefin®-7a-cand2-7g-iin good yields (entries 1-3 and 7-9).

Saturate3-benzoyloxy sulfoneg-6d-f and2-6j-l resulting from aliphatic aldehydes
were inert to treatment with Sgndnd even after longer reaction time the startiragemal
was entirely recovered. Nevertheless, the classleakygenation by sodium amalgam in
methanol at —20 °C provided the desired olefin&d-f and2-7j-I in good to excellent yields
(entries 4-6 and 10-12). These results are in decame with recent results observed with
different substrates?”178]

Other electrophiles were also used in thedeprotonation mode to obtain
functionalizeda-substituted sulfoneg-8a-c (Table 2.6). Deprotonation df-2h at —78 °C
followed by transmetalation td-a-18h on warming to —20 °C during one hoand
subsequent reaction with electrophiX at —78 °Cafforded sulfone2-8a in poor yield
(entry 1). Derivatives 2-8b,c which allow potential further modification af-substituted

alkyl phenyl sulfones, were obtained in good yi@dtries 2-3).

Table 2.6.Range of the-carbanion reaction with electrophilés.

0, nBuLi, TMEDA, 0,
S THF, =78 °C, S E
rearrangement
©/ then EX ~ ©/
1-2h 2-8a-c
Entry EX E Product  Yield [%]
1 TMSCI T™MS 2-8a 10"
2 I2 I 2-8b 69
3 Br, Br 2-8c 86

[a] General conditions: 0.5 mmol sulfone, 0.6 mmBuLi, 1 mmol TMEDA, -78 °C, 10 min, warmed to
—20 °C during 1 h, =78 °C, then 0.6 mmol EX. [b]pApximate yield ofL-2hin a mixture.

3.2.3. Preparation ofortho,ortho-disubstituted alkyl phenyl sulfones

Sulfone1-26 was regioselectively deprotonated under standandlittons at —78 °C
generatingl-0-27 (Table 2.7).After short deprotonation time carbani@r-27 underwent

reaction with various electrophileds at —78 °C. The reaction with aldehydes provided
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secondary benzylic alcoho9a-ein good to excellent yield (entries5). However, in
contrast to unsubstituted-o-17h (Chapter 3.2.1, Table 2.1, entries 5,6), nucldaphi
additions ofl-0-27 to ketones giving tertiary benzylic alcoh@®f,g did not proceed in good
yields (entries 6,7). Reaction @fo-27 with TMSCI or iodine afforded sulfonek-31 and
2-9h, respectively (entries 8-9).

Table 2.7.Metalation ofl-26 and reaction of-0-27 with electrophiles?

0, R o,
S nBuLi, TMEDA S
then E
CLL 2 Oy
1-26 1-31, 2-9a-h
Entry Product E R Yield [%)]
1 2-9a PhCHO CH(OH)Ph 82
2 2-9b 4-BrCsH4CHO  CH(OH)GH4-4-Br 88
3 2-9c IPrCHO CH(OHjPr 81
4 2-9d EtCH=CHCHO CH(OH)CH=CHEt 80
5 2-9e PhCHCH,CHO CH(OH)CHCH2Ph 74
6 2-9f PhCO C(OH)Ph 32
7 2-9g CeH100! C(OH)GsH1o 20
""" 8 131  T™Mscl  TMs 87

9 2-9h 2 I 68

[a] General conditions: 1 mmol sulfone, 1.2 mmBULi, 2 mmol TMEDA, —-78 °C, 10 min, then 1.3 mma| E
—78 °C, 2 h. [b] €H100 = cyclohexanone.

Di-ortho-substituted sulfones were also prepared by a oheppocedure as an
alternative and more facile approach (Table 2.8)fo8e 1-2h was deprotonated byBuLi in
the presence of TMEDA in TH&t —78 °C, TMSCI was added and the reaction mixtvas
warmed to 0 °C for 15 min formingrtho-silylated sulfonel-26. The deprotonation bryBulLi
at —78 °C was repeated and structurally differégdtteophilesE were added and the reaction
mixture was kept at this temperature for 2 h. Tapmproach afforded sulfonels31 and
2-9a,c-e,hin better yields compared to the stepwise approabkre sulfonel-26 was
isolated ¢f. Table 2.7).
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Table 2.8.Generation olL-0-27 in situ from 1-2h and subsequent reaction with electrophiles.

R
gi’ 1. nBuLi, TMEDA gi’
©/ then TMSCI
2. nBuLi, TMEDA
then E T™S
THF, -78 -0 °C
1-2h 1-31, 2-9a,c-e,h
Entry Product E R Yield [%]®  Yield [%]®
1 29a PhCHO CH(OH)Ph 89 72
2 2-9¢c iPrCHO CH(OHjPr 74 71
3  2:9d E{CH=CHCHO CH(OH)CH=CHEt 72 70
4 2-9e  PhCHCHCHO CH(OH)CHCH2Ph 73 65
5 1-31 TMSCI TMS 86 76
6 2-9h P | 81 60

[a] Conditions: 1 mmol sulfone, 1.2 mmoBuLi, 2 mmol TMEDA, —78 °C, 10 min, then 1.3 mmoMBCl,
—78 °C, 10 min, then warmed to 0 °C, 15 min, thepnled to —78 °C, 1.2 mmoaiBuLi, 2 mmol TMEDA,
10 min, 1.3 mmol E, —78 °C, 2 h. [b] Calculatedi¢itor the two-step procedure, sulfohe?6 prepared in 88%
yield, then reaction of-26 with electrophiles (Table 2.7).

Such ortho,ortho'disubstituted alkyl aryl sulfones can be potengiafurther
transformed to theiortho,ortho*disubstituted phenyl sulfinic acid analogs by mde
cleavage. This approach would afford differentlysubstituted benzene derivatives.
Reductive desulfonylation is typically accomplisheith active metals or salts (Na/Hg, Mg,

Smlz)_[179—181]
3.2.4 ortho- vs.a-Carbanions in reaction with structurally different aldehydes

In order to compare the reactivity afrtho- vs. a-carbanions, the dilithiated
intermediatel-o,a-45 was generated using 2.2 equivn@ulLi in the presence of TMEDA at
—40 °C (see Chapter 3.1.7) and submitted to thetimawith 1.1 equiv. of structurally
different aldehydes at —78 °C (Table 2.9). The tteacafforded alcohol$A\ andB as an
inseparable mixture and dio®-10 in different ratios depending on the structuretlod
aldehyde (entries 1-4). THgB product ratio was determined Hy NMR analysis.

Reaction of dianiorl-0,a-45 with benzaldehydegave alcoholsl-36, 2-4a and diol
2-10ain a 3:1:1.3 ratio (entry 1). Alcohokslaand2-4g and diol2-10b were obtained from
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the reaction ofL-o,a-45 with isobutyraldehyde in a 4:1.7:1 ratio (entry 2)Jcohols 2-1b,
2-4¢ 2-10cand2-1¢ 2-4d, 2-10d were formed by reaction with sterically less dediag
aldehydes ina 1.7:1.3:1 and 2.3:2.5:1 ratio, retppady (entries 3-4).

Table 2.9.Generation of-0,a-45 and reaction with 1.1 equiv. of aldehyd@s,

Li
gz’ 2.2 equiv. nBuLi, THF, ‘832
©/ TMEDA, —40 °C .
Li
1

-2h 1-0,0-45
then 1.1 equiv. RCHO| =78 °C

! } !

R OH R OH R OH

0, 0, OH 0, OH 0, OH

S + ©/S - /Si,i\(R + /SiQR

A B 2-10a-d
Product Product A+B Product 2-10
S A B Yield[%] 2-10 Yieldpe] ~/B/2-10

1 Ph 1-36 2-4a 46"] 2-10a 14 3:1:1.3
2 iPr 2-1a 2-49 54l 2-10b 9 4:1.7:1
3 EtCH=CH 2-1b 2-4e 42] 2-10c 14 1.7:1.3:1
4  PhCHCH. 2-1c 2-4d 43¢l 2-10d ~gfl 2.3:2.5:1

[a] Initial conditions: 1 mmol sulfone, 2.2 mmoBuLi, 5 mmol TMEDA, THF, —40 °C, 30 min, then
—78 °C, 1.1 mmol aldehyde, —78 °C, 3 h. [b] 24%2h recovered. [c] 24%-2h recovered. [d] 27%d-2h
recovered. [e] 28%l-2h recovered. [f] max. approximate yield @10d in an inseparable mixture of

unidentified side products, structure2.0d determined by HRMS analysis.

The resulting 3:1 ratio of alcohols36 and 2-4asuggests that steric factors play role in
theortho- vs. a-regioselectivity of the reaction with bulky bendahyde (entry 1). Therefore,
the substitution in thertho-position is favoredReaction with sterically less demanding
aldehydes afforded alcohodsandB in an approximate 1:1 ratio (entries 3,4). TheRratio
of alcohols2-1laand2-4greflects the previously observed difficult fornmatiof a-substituted
sulfone2-4g (Chapter 3.2.2, Table 2.4) comparedottho-substituted2-1a (Chapter 3.2.1,
Table 2.1).

Surprisingly, one diastereomer @10a was isolated predominantly (d.r. 10:1,

entry 1) in the reaction df-0,a-45 with benzaldehyde. However, the exact stereochemist
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of diol 2-10acould not be determined by NMR analydisthe addition ofL.-0,a-45 to other
aldehydes the stereoselectivity was not controltid|s 2-10b-d were isolated as a 1:1

diastereomeric mixture (entries 2-4)

A first example of such dilithiated speciesortho,a-dilithioallyl phenyl sulfone,
which was generated by successive metalation ofxithend ortho-positions, was initially
alkylated at thex-position, when subjected to the reaction with eqaivalent of alkyl halide
(Chapter 1.4, Scheme 1248 Compared to the previously reported reactivitydiithiated
species with alkyl halides, the reaction of dibiteid specie$-o,a-45 with the aldehydes does
not lead to the regioselective formation atho- or a-substituted alkyl phenyl sulfones.
However, this can be caused by the fact, that tdbtian of carbanions to aldehydes is

generally faster than the alkylation and thus s&edsctive.
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3.3. Elucidation of the mechanism of thertho - a transmetalation

3.3.1. Potential pathways of the transmetalation @ction

Nothing was known about the mechanisnodho- a transmetalation of alkyl aryl
sulfones, but three possible pathways of the trateliation of branched aryllithium to
a-sulfonylalkyllithium intermediates can be propo$éd.The transmetalation of aryllithium
1-0-17h, generated by deprotonation b2h, to a-sulfonylalkyllithium 1-a-18h may on one
hand occur intramolecularly in a concerted procgéasa four-membered transition statel
(Scheme 3.1).

0\\ Y nBuLi, o) o
TMEDA S d
_—— \\ S
G T o
—78°C .-~ Li Li H
1-2h 1-0-17h i T 1-0-17h

¥ "
NN
R/
H @//OR 0 )
oS \}Q\H_; v %5 @[ N
L O
R
31 32 : 1-2h 1-0,0-45
intramolecular‘\‘ R =/Bu intermolecular ’
pathway Y pathways
\ //O
Li
H
1-a-18h

Scheme 3.1.Potential pathways of the transmetalation artho-sulfonylphenyllithium

1-0-17hto a-sulfonylalkyllithium 1-a-18h.

On the other hand, two intermolecular pathways rHaviee considered as well. The
first potential intermolecular pathway is based arconcerted proton transfer from an
aggregaté®® or two monomeric ortho-sulfonylphenyllithium units 1-0-17h via a
symmetrical transition stat&-2. Alternatively, ortho,a-dilithium intermediatel-o,a-45 and
sulfone 1-2h can be formed by an initial intermolecular protwansfer, which can be
successively followed by a second proton transféorming two wunits of

a-sulfonylalkyllithium 1-a-18h. Dilithiated intermediates, similar tdl-o,a-45 were
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previously individually generated by Gais and caflees by an inverse strategy of inital
and subsequentrtho-metalation (see Chapter 1 [y ~151.184.185]

To get more information about the reaction mechmanlgnetic studies are often used.
Such studies can generally distinguish between meso bimolecular pathways, which
correspond t@-1 vs. 3-2 and 1-2h/1-0,a-45 intermediates in this particular case. However,
this method cannot specifically determine the tgpatermolecular pathway, since the same
rate law can apply to both. Another convenient weagletermine, whether the transmetalation
occurs intra- or intermolecularly, are crossovegpagiments. It can be assumed that variously
deuterated sulfones would be appropriate reactwnponents, because it can be expected
that the reaction rates differ, but the generalr@®wshould not change. The advantage of
using such deuterated sulfones is that the prodwactde directly detected and identified by
'H NMR spectroscopy and mass spectrometry technighesvever, this requires the
determination of deuterium kinetic isotope effedt$IE)[*8-1971 pefore the crossover
experiments are designed, because particularlynglumetalation, large deuterium KIEs,
which influence the reaction rate and selectivitgy be observeld>’:198-203]

3.3.2. Preparation of starting materials

The deuterated sulfones intended for the deteriomadf KIEs and crossover
experiments were synthesized by deprotonatiorl-@h with nBuLi in the presence of
TMEDA and subsequent deuteration (Scheme 3#&ho,ortho-Dideuterated sulfon&-3
was prepared from sulforie2h via ortho-deuterated.-19h by two successive deprotonations
followed by addition of deuterium oxide in 98% yleds a 92:8 mixture of dideuterat@eB
and monodeuterated derivati¥el9h However, it was not possible to completely deatter
both ortho-positions without further undesirextdeuteration. Deprotonation of sulfoBe3
under similar conditions with a small excessBiiLi at —20 °Cand subsequent addition of
D20 afforded trideuterated sulfor$e4 in very good yield and with completedeuteration.
a-Deuterated sulfone$-20pand 1-20i were obtained by deprotonation/deuteratiorl-¢fp

andl1-2i, respectively, with complete-deuteration.
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D
gz nBuLi, THF, identical gz
TM EDA repetltlon
-78 °C
D

then D,O

1-2h 1-19h 98%, (96% D) 3-3 98%
3-3/1-19h 92:8

2 H 2
R 02 nBuLi, THF, TMEDA, R? o,
Y T, then Dzo S\'<R3
D
R’ R2 R? R’ R2 R?

33 R'=H, R?2=D, R3=/Bu T=-20°C 34 90%
1-2p R'=H, R?®=H, R3=Et T=-78°C 1-20p 99%
1-2i R'=Me,R2=H, R3®=Bu T=-20°C 1-20i 99%

Scheme 3.2Preparation of deuterated alkyl aryl sulfones.
3.3.3. Kinetic investigation of the course of the@ansmetalation

Sulfone 1-2h served as the substrate for the Kkinetic investgatof the
transmetalation (Scheme 3.3). It was deprotonatitldl nBuLi in THF in the presence of
TMEDA at -50 °C, -45 °C, -40 °C, -35 °C and -30 (Figure 3.1, Chapter 5.2.3,
Tables 5.3-5.7). Using TMEDA proved to be beneficitor obtaining optimal

ortho/a-selectivity!*44!

i o,
fjs
—>
0, nBuli, 1-0-17h

S TMEDA., . 1 -19h
__THF | 2 and/or
T
1-2h : 0, Q2
s s °
----- - (T Y
1-0-18h 1-20h

Scheme 3.3Kinetic investigation of transmetalation bb-17hto 1-a-18h.

After given times, aliquots of the reaction mixtuvere taken, quenched by® and

analyzed by'H NMR spectroscopy. Their mass balance was deteanand proved to be
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guantitative. The ratio of deuterated compourdd$9h and 1-20h reflects the ratio of

organolithium intermediateso-17h and1-a-18h.
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Figure 3.1.Kinetic trace of the transmetalation bb-17h to 1-a-18h (For the raw data see
Chapter 5.2.3, Tables 5.3-5.7).

The experimentally found values fit better to ficster kinetics (Figure 3.2) than to
second-order kinetics (Figure 3.3). The first-ord®e constants of the transmetalation were
calculated to k = 2.6700“% st at -50 °C, k = 3.8610* st at —45 °C, k = 4.8610* s* at
—40 °C, k = 1.02103 st at —35 °C and k = 2.2803 s at =30 °C. An application of
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2"9order kinetics led to a more considerable dewmtimm linearity (Figure 3.3). The
integral method for determining the reaction ondes also used®! however, the calculated

values of the rate constants differ significantly.
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Figure 3.2. First-order plot for the transmetalation of moneoimeortho-sulfonylphenyl

lithium 1-0-17hto 1-a-18h.
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Figure 3.3.Second-order rate profile of the transmetalatibartho-sulfonylphenyllithium
1-0-17h.

Sulfonyl lithium intermediatesl-0-17h or 1-a-18h can form aggregates in
solution[®4111-115,119-124,183,205-20therefore the kinetics were also calculated foneats or

tetramers of these intermediates, however, unaatmfy results were obtained as well.
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Regarding these results, the transmetalation ceumr @ither intramolecularly via-1 or as an
aggregate through a transition state simileé8-&(cf. Scheme 3.1).

In order to get more information about the mechanithe kinetics of the
transmetalation ofl-0-17h to 1-a-18h were determined at —40 °C at three different
concentrations (Figure 3.4, Chapter 5.2.3, TabB). Srigure 3.4 shows the decreasing
amount ofortho-deuterium incorporation which reflects the deceea$ ortho-metalation
with time. The results clearly showed that the bigime concentration of the reaction mixture

is, the higher becomes the rate of the transmatalathis contradicts first-order kinetics and
rather corresponds with second-order kinetics.

100 4,

¢c=0.031 mol/l
A c=0.083 mal/l
Hc=0.125 mol/l

deuteration (%)

30 -

20 A

)y

10 4

0 250 500 750 1000 1250 1500 1750
t(s)

Figure 3.4. Dependence of the transmetalation rate on theetwration at —40 °C. The

values of trace at ¢ = 0.083 mol/l were taken fthmkinetic trace in Figure 3.1.

3.3.4. Kinetic isotope effects

Variously deuterated sulfones were planned to leel uis a crossover investigation
(see Chapter 3.3.7). Therefore, it had to be cwmwiit that deuterium kinetic isotope effect
(KIE) values are high enough to avoid undesiredho- a deuterium transfer and
competitive dedeuteration byBuLi. Whereas KIEs for DoM exhibit typical values

exceeding 19:57:202203IK|Es for sulfones have not been determined soMNaatalation and
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transmetalation investigation with differentiallguterated sulfones had to be performed first.
The intramolecular kinetic isotope effect for treho-lithiation of sulfonel-19hwith
96% ortho-D was determined by deprotonatiamth 0.9 equiv. oBuLi in the presence of
TMEDA at —78 °C for 5 min (Scheme 3.4). Two aligaiof the reaction mixture were taken
at the same time, separately quenched with wateérDa@®, respectively, and analyzed by
'H NMR spectroscopy. The intramolecular KIE was el from the ratio of productis19h
and 1-2h after quenching with water. The integral increagethe ortho-H resonance
amounted to a maximum of 2%. The sample of theti@aaenixture quenched by X
showed that lithiation proceeded to an extent éb&dot shown). This leads to artho-D/H
ratio of 82:2, from which an intramolecular KIE kf/kp = 41 for theorthoAithiation of
1-19h can be calculated. However, the error of the KeéEedmination is considered relatively
large because of the small extentantho-H incorporatioff%? and the inherent integration

error of*H NMR spectroscopy.

D o, 0.9 equiv. nBuLi, D o, H o,
S TMEDA, THF, S . S
~78°C,
H H H
h

then H,O
1-19h, 96% D knlkp > 41 1-19h 1-2

Scheme 3.4Determination of the intramolecular KIE fortho-metalation ofL-19h

Treating trideuterated sulfori&4 with nBuLi should in principle lead to a similar
ortho- a metalation selectivity as that d2h, therefore the ease of the subsequoetfio - o
transmetalation can be derived. Sulf@é was deprotonated under standard conditions and
guenched by water at —78 °C affording a 90:9 métoir sulfonesl-46 and3-3 (Table 3.1,
entry 1). Theortho-metalation selectivity 08-4 was thus slightly lower than that @f2h,
which amounted to 31:1 under identical conditio@bdpter 3.1.3, Table 1.4, entry 7). The
ortho- a transmetalation did not occur below —40 °C asdatdid by the almost constant
hydrogen content ilortho- and a-positions ofl1-46 and 3-3, respectively (entries 2,3). The
transmetalation started to take place at —40 © (ehtries 4,5), which means at significantly
higher temperature compared 1e2h (-50 °C, Chapter 3.3.3, Figure 3.1). Because the
temperature obrtho- a transmetalation of metalated sulfoBet is not similar to that of
1-2h, an exact value of kinetic isotope effect for trého- a transmetalation could not be

determined, but it is considered to be large.
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Table 3.1.DoM and transmetalation of trideuterated sulf@rg

nBuLi, TMEDA,
THF, T, t
then H,O
-46

96% ortho- D 100% a-D

Entry TI[°C] t[min]& 1-46/3-3 [%)] !
1 -78 10 90:9
2 —-60 20 92
3 —40 30 93:7
4 -20 40 87:12
5 0 50 30:63

[a] Time refers to the start of the deprotonatiim).Determined by'H NMR spectroscopy. [c] Reaction run in

duplicate with similar results.

ortho,ortho“Dideuterated sulfone3-3 (3-3/1-19h 92:8 mixture based on 184%
ortho-D, 16% residuabrtho-H signal by integration of thtH NMR spectrum) was used to
study the metalation regioselectivity (Table 3. Phe metalation experiment was performed
with the 3-3/1-19h mixture under standard conditions at —78 °C. Adiguwvere subsequently
guenched with BD at given temperatures and times to determine rtetalation
regioselectivity forming3-0-5 and/or3-a-6 and the other aliquots were quenched with water
at the same time to confirm that DoM ®o0-5 proceeded. Quenching the generated
organolithium intermediates at —78 °C after 1 anit reaction time by BD and analyzing
the mixture by'"H NMR spectroscopy showed an essentially unchaogégwd-H integral of
15% corresponding to 185% D compared to the starmixture. Simultaneously, the initial
100% a-H integral decreased to 54% and 50% as a resul6® and 50%-deuteration,
respectively (entries 1,2). This indicates the fation of an approximately 1.1 mixture,
containing recovere®-3 on one hand and trideuterated prod8et on the other hand.
Trideuterated sulfone-4 is therefore a result of competitive initialdeprotonation of
dideuterated sulfon8-3 to 3-0-6 at —78 °C, because the transmetalatio3-0f5 to 3-a-7
does not proceed at this temperature as it is abvioom the transmetalation studies of
1-0-17hto 1-a-18h (Chapter 3.1.3, Table 1.4).
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Table 3.2.Metalation selectivity and transmetalation of dideated sulfon8-4.1

@i \f 1.1 equiv. Q @i \E
nBuli,
3-3, 928 _TMEDA 1 0_5 _a_., DO 3.4 (rom 3-3)
, THF
D gz Pro Tt o, IPr D 02 iPr
S S
H iPr iPr iPr
1-19h L 3-a-6 — -46
H20 (from 3-3 and 1-19h)
1-19h
(from 3-3 and 1-19h) (from 3- 3 and 1-19h)
Quench by: D20 H20
Entry T t % ortho-D®! % a-D % ortho-HL % a-H
Y Iec]  [min]®) (3-4+ 1-46+ 3-3 (3-4+ 1-46) (1-19h) (3-3+ 1-19h)
1 -78 1 185 46 63 97
2 78 5 188 50 69 96
3 =20 15 141 90 64 93

[a] Reaction run in duplicate with very similar wéts. [b] Time refers to the start of the deprotona
[c] Deuterium content irortho{osition determined by integration of the residogtho-H resonance in the
H NMR spectrum. Theoretically-3 has twoortho-D = 200%. [d]ortho-H Content determined by integration
of the'H NMR spectrum; 100% = oratho-H.

The reaction mixture was warmed to —20 °C duringtib and quenched by2D.
H NMR analysis revealed an increase of tntho-H integral to 59%, corresponding to a
decreasedortho-deuterium content of 141% at th@tho-position and an almost equal
decrease of the 1H integral at thgoosition to 10% (90% deuteration) (entry 3). Tlere,
the transmetalation @-0-5 to 3-a-7 proceeded on warming similarly as thatled-17h to
1-a-18hin the non-deuterated series (Chapter 3.1.3, Thidle

The samples of the reaction mixture quenched bemat —78 °C after 1 or 5 min
confirmed that metalation of th&3/1-19h mixture was complete and it complements the
results of RO quenching. Thertho-H content is expected to be 100% if only DoM3sc8

followed by protonation by water took place. Sirtbe experimentally obtainedrtho-H
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contentamounted to 63% and 69%, respectively, it indicaked a little more than 50% of
ortho-metalation to 3-0-5 occurred (entries 1,2). The observed higher valteslts
predominantly from the presence of monodeuteratéfdre 1-19hin the starting material.
No change oforthoH content was observed on warming, because then@talation of
3-0-5 to 3-a-7 involves exchange of the-hydrogen atom formind-19h after quenching by
water (entry 3). The proton content in thigosition remained, as expected, close to 100%,
indicating that no transmetalation involving excharmf a deuterium atom took place.

These results indicated that dedeuteration abttie®-position of3-3 leading to3-0-5
was significantly retarded compared to deprotomatiof 1-2h leading to 1-0-17h
(Chapter 3.1.3, Table 1.4). Therefore, the inti@brotonation at the-position giving3-a-6

competed with approximately similar reaction rate.

Table 3.3.Metalation selectivity ofi-deuterated sulfon&-20p.

L o, D o,
S S
o ° g
2 nBuLi, TMEDA,
S THF, —78°C 3o D0
D
[} ﬁ o ﬁ

-oc18p ] 1-20p
1-20p 1-2p

Quench by: D20 H20

Entry  t[min]® 3-9 [%)]®! 1-20p [%6]] 1-20p [%6]] 1-2p [%6]®]

1 1 29 71 31 69

2 5 29 71 31 69

3 10 31 69 30 70

[a] Time refers to the start of the deprotonatibih Determined byH NMR spectroscopy.

Another potential substrate for crossover experisiemas a-deuterated sulfone

1-20p. This substrate should be in principle recovemechanged after the normally observed
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a-lithiation to 1-a-18p and subsequent quenching with deuterium oxide,shatld afford
1-2p by quenching with water, under the condition thatsignificant kinetic isotope effect is
involved. However, lithiation ol-20p at —78 °C followed by quenching with,O afforded
ortho,a-dideuterated derivativ8-9 together with1-20p in 3:7 ratio, which did not change
significantly over 10 min at —78 °C (Table 3.3,rezg 1-3). Protonation gave sulforie0p
and 1-2p in a 3:7 ratio. This clearly shows that dedeuterabf 1-20p at the a-position
generatingl-a-18p was retarded compared to tbiedeprotonation ofl-2p (Chapter 3.1.3,
Table 1.4). Therefore, DoM resulting in the formatiof 3-0-8 competed to a significant
extent. The 3:7 ratio &-0-8/1-a-18p did not change during 10 min at —78 °C, indicatimaf
theortho- a transmetalation d3-0-8 does not proceed at this temperature.

Overall, deuterated sulfon8s3, 3-4, and1-20p provided valuable information about
the metalation selectivity. When hydrogen atomsoitho- as well as ina-position are
substituted by deuterium, the selectivity changes tsignificant extent. Although some
kinetic isotope effects could not be exactly detegd because of the change of metalation
selectivity, they can be considered large. Theatufes did not allow the application &3,
3-4 and 1-20p in the crossover experiments, because their ratemetalation and/or

subsequent transmetalation are not compatibletivitbe ofl-2h.
3.3.5. Investigation of potential precursors for cossover experiments

The ortho- a transmetalation of sulfon8-4 displays a large kinetic isotope effect
and thus make the transmetalation remarkably sloi@rapter 3.3.4, Table 3.1). This
suggests that an-deuterated substrate, similar Xe2h, but bearing a remote substituent at
the aromatic ring, can be suitable for the apghbeain the crossover investigation. Therefore,
the metalation and transmetalation behaviop-0dlyl sulfone 1-2i was investigated under
identical conditions as those for sulfode2h (Chapter 3.1.3, Table 1.4Yhe initially
generatedortho-sulfonylphenyllithium 1-0-17i transmetalated td-a-18i, as indicated by
isolation of the deuterated compourid49i and/or1-20i, but slightly slower than observed
for 1-2h (Table 1.4, entry 7).

Regarding these resultg;deuteratedp-tolyl sulfone 1-20i can serve as one of the
components in the crossover reaction, becausatii®-hydrogen atoms are distinguishable
from those ofl-2h (Scheme 3.5). However, its metalation and translaggbn behavior had
to be studied first. Initiabrtho-metalation of sulfoné-20i at —78 °C, warming to O °C over

50 min and quenching with2D furnishedortho,a-dideuterated sulfon®-10 as the exclusive
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product in 92% vyield. This result confirmed theiliac of DoM. However, it did not prove

that undesirable transmetalation did not occuptoes extent.

fopd

1-20i P

nBuLi,TMEDA, THF | conditions, see text
Dzol HZO
D N iPr

S

: 0

iPr
3-10 92% 1-20i 95% 1-19i 5%

Scheme 3.5Time- and temperature-dependent metalatiofi-20i followed by deuteration

or protonation.

Therefore, a sample of the reaction mixture washgled by water at —20 °C after
30 min, which afforded 95% df-20i and maximally 5% obrtho-deuterated produdt-19i as
was determined by integration of thel NMR spectra. These results clearly show that
deprotonation ofL-20i followed by deuteration or protonation occurreaho-position and
that the ortho- a transmetalation proceeded only to a very smalkreéxtThis can be
explained by the significant kinetic isotope effetthe transmetalatiorcf, Table 3.1). These

facts allow the application df-20iin the crossover investigation.

3.3.6. Proton transfer equilibria betweerortho-lithiated sulfones and their neutral

precursors

Neutral non-deprotonated sulfones, for whicproton pks values of 29-31 in DMSO
were determined, should be acidic enough to sesv@raton donors towards thetho-
sulfonylphenyllithium intermediatd -0-17h2® Such behavior can thus contribute to the
transmetalation process. Therefore2h was orthodithiated by nBuLi under standard
conditions at —78 °C generatidgp-17h, which was confirmed by deuteration formihg.9h
(Table 3.4, entry 1). Subsequently, the free, ingdft unhindered sulfon&-2p was added and
samples of reaction mixture were taken at defiredperatures after defined times and
guenched by BD (entries 2-4). A basically complete, fast proti@msfer proceeded givirlg
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2h and deuterated sulforie20p after deuterium oxide quench (entry 2). Th&h1-20p
ratio did not change even after longer reactioresinfentries 3,4). This result demonstrates
the thermodynamic basicity difference betweetho- anda-lithiated sulfones and indicates
that intermolecular proton transfer from free unlered sulfones td-o-17h is possible at

low temperature.

Table 3.4.Intermolecular proton transfer betwekn-17h and freel-2p.

nBuLi, TMEDA,

0, P H o O,
S 78 °C N S2 S
02 + D
S
1-2h then ©/ then D,O 1-2h 1-20p
1

Entry t[min]® T[°C] 1-19h[%]®  1-2h[%]  1-20p[%]©

-2p

1 5 -78 gl 11 -

2 15¢l -78 N.d 100 80
3 25 —60 N.d. 100 80
4 35 ~40 N.d. 100 81

[a] Time refers to the start of the deprotonatidj.Quenched by BD before addition ol-2p. [c] Determined

by 'H NMR spectroscopy. [d] Additionally, 4% of-deuterated compound was detected. The remaindéeof
mass balance was undeprotonatezh. [e] CompoundL-2p was added after 5 min, the sample was taken after
10 min (15 min total). [f] Not detected.

Deuterium transfer from neutratdeuterated sulfong-20p to 1-0-17h generated by
standard deprotonation df-2h also proceeded easily (Table 3.5). TheODquench of
individually deprotonated sulfonk-2h afforded almost exclusivelgrtho-deuteratedL-19h
(entry 1). Subsequent addition of deuterated selfie20p to the reaction mixture followed
by deuterium oxide quench after 10 min gal*d9h and 1-20p with good deuterium
incorporation (entry 2). Their ratio did not changignificantly on warming to —60 °C
(entry 3). More importantly, hydrolysis under idieat conditions and analysis of products by
H NMR spectroscopy indicated the formationlef 9hand1-2p to a good extent (75%) and
thus confirmed the deuterium transfer frd#20p to intermediatel-o-17h. The extent of
o-dedeuteration corresponds with the results of lagba of sulfonel-20p (Chapter 3.3.4,
Table 3.3).
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Table 3.5.Intermolecular deuterium transfer from deuterdte&20p to ortho-lithiated 1-2h.

oo o e O

o, Pr nBuLi, TMEDA,
s THF, T.t 1-19h 1-20h 1-20p
©/ then 02
1-2h
H,O
-20p
149n T 1-2p
Quench by: DO H20
. % ortho-D % a-D %a-D | %ortho-D % a-H
[a] o
Entry —t[minf= TLFCH "9 90 (120 (209 | (1-19H  (1-2p)
1 5 -78 84 1 - - -
2 150! -78 87 2 97 74 744
3 25 -60 o1 4 98 ba) 764

[a] Time refers to the start of the deprotonatidn). Compoundl-20p was added after 5 min, the sample was
taken after 10 min (15 min total). [c] The remaindéthe mass balance was ca 25%.¢fh. [d] The remainder

of the mass balance was ca 25% -&f0p.

Overall, these results document that proton as aglleuterium can easily transfer

from the a-position of neutral unhindered sulfone$-2p or 1-20p to ortho
sulfonylphenyllithiuml1-o-17h even at low temperature. Therefore, the deproimmahould

be complete when using unhindered sulfones to mbtechanistically meaningful results.
This is however not true when neutral branchedosel$ are used as a proton source. When
sulfone1-2h was deprotonated using only 0.5 equiv.nBuLi in the presence of TMEDA
(cf. Figure 1), the level of deprotonation formidgo-17h was naturally only 50%. The
remainingsulfone 1-2h can in principle serve as anproton donor and thus mediate the
transmetalation reaction.

However, this hypothesis was not confirmed (Table6).3 The ortho-
sulfonylphenyllithiuml1-o-17h remains stable at —78 - —60 °C (entries 1,2) eanbinetalates
basically identically as under the previously réedrstoichiometric lithiation conditions
(entries 3-5 vs. Chapter 3.1.3, Table 1.4, entryDBspite the metalation df-2h was not

complete, remainind-2h neither initiate the transmetalation at low tenapare (entry 1 vs.
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1-2p, Table 3.4) nor influence the rate of the transtaéion on warming. Thu&-2h and,

presumably, related sulforde2i as well do not serve as proton donors towlacel7h.

Table 3.6.Deprotonation of sulfong-2h by 0.5 equiv. ohBuLi and its transmetalation.

Entry T[°C] t[min] 1-19h/1-20t  1-19h/1-20H!

1 —78 16! 42:1 31:1

2 —-60 20 19:1 22:1
3 —40 30 2.3:1 2.7:1
4 20 40 1:34 1:46
5 0 50 1:.37 1:46

[a] Determined byH NMR spectroscopy. [b] Values from Chapter 3.T.8ble 1.4, entry 7. [c] Time after start

of the deprotonation.
3.3.7. Crossover experiments

Based on the results of the investigation abovessover experiments were
performed by subjecting a 2:1 mixture of sulforie2h and 1-20i to DoM under standard
deprotonation conditionélable 3.7). Samples of the reaction mixture waken at defined
temperatures and times and quenched #y Or water separately at the same time. The ratio
of compoundd4.-19h, 1-20h, 3-10 and1-20i generated by deuteration revealed that the initial
deprotonation occurred at thertho-positions of both1-2h and 1-20i forming both
1-0-17h and3-0-11 (entry 1). The determination of metalation regiesgVity was based on
the formation of1-19h and 3-10 as the dominating products in a 2:1 ratio. Thectiea
mixture was warmed to —30 °C and another aliquengbed by BO after 10 min showed
that 1-0-17h transmetalated td-a-18h resulting in 50% of1-19h and 37% of1-20h
(entry 2).Moreover 5% ofl1-20i was detected, whereas the amoun8-df0 was reduced to
45%. After further 30 min at —30 °C and deuteriuaech, the content df-19h dropped,
whereas the amount 4f20h with the deuterium atom at tleeposition was almost 100%,
thus indicating almost completertho- a transmetalation (entry 3). Simultaneously, the
amount ofa-deuterated, bubrtho-protonatedl1-20i increased to 18% going along with a
parallel decrease of amount®f1L0from 45% to 32%. This results can be only expldibg
a partial intermolecular proton transfer from theosition ofl-o-17hto 3-0-11.

The product ratio ofl-2h/1-20i/1-19i after quenching aliquots with water was

basically identical and not dependent on the readime. The deuterium atom remained in
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the a-position in 1-20i. This revealed that a potential lithium-deuterismansmetalation,
which would be proved by an increase of tindd content in1-20i, did not occur to a
significant extent. An identical experiment usirguignolar amounts of-2h and1-20i gave

very similar results.

Table 3.7.Product distribution of the crossover experimegtiveenl-2h and1-20..

iPr Li P 0,
0, o, IFr S
s S U5
Br nBuLi, HPr 1-2h PT
1-2h TJQ"E%A; . 1-0-17h Tt + o, P
N 21 , + then H,O S
. D
iPr Lo, fPr :
g% S 1-20i /Pr
Ol SR *
D
Pr Pr D 02 iPr
1-20i 3-0-11 S
— — H
| oo
D N iPr 5 iPr D 0, iPr O, iPr
S S S
H + D + D+ /©/ D
iPr iPr iPr . IPr
1-19h 1-20h 3-10 1-20i
Quench by: D20 H20
t T .
Entry  mim@ gy | 1-190/1-200/3-10/1 261 | 1-2h/1-20i/1-19P
1 10 —78 >05:<5:>45:<5 >05:>45:<5
2 20 -30 50:37:45:5 >05:>45:<5
3 50 -30 <5:95:32:18 >05:>45:<5

[a] Time refers to the start of the deprotonatjtw.Starting ratiol-2hW1-20i 2:1; compound ratio determined by
integration of théH NMR spectra.

All samples from the crossover experiment quenchedD.O were analyzed by
the GC/+CI-MS and showed a strongly predominank mée.-19h and 1-20h at m/z= 270.
The 32:18 ratio 08-10'1-20i was also confirmed by a 2:1 ratio of peaksn& 285 and 284
in the spectra. In the GC/+CI-MS spectra of the @angquenched by water after 50 min, a

peak atm/z 283 indicating the presence of non-deutergieolyl sulfone1-2i was detected
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with only 4% intensity confirming that metalatioh the deuteratedi-position of 1-20i or

transmetalation 03-0-11 to the deuterated-position took place only to a negligible extent.
3.3.8. Proton transfer equilibria among lithiated silfones

The intermolecular pathway of the transmetalati@uld proceed either concerted or
stepwise involvingortho,a-dilithio sulfone 1-0,a-45 (cf. Scheme 3.1). In the successive
process the aryllithium-o-17h acts as the base to theproton of another moleculkeo-17h
leading to neutral sulfonel-2h and dilithium intermediatel-o,a-45 in equilibrium

(Scheme 3.6), which undergo subsequently a secbadnbdynamically favored proton

H gZH 5 Hi gz Li o
\(/I u \(// u
©/ iBu ©/ Bu

nBulLi, W0, 1-2h 1-a-18h

O,
S iBu S iBu
, ©/ ﬁ; TMEDA, __ v - +

o THF.-50°C Bu - O 1 Ho o,
- 1-0-17h N S_ L Bu
©/ Bu ©/ \[(;u

1-0,0-45 1--18h
lDZO |p,0

D o H 0,
2 .
S\(D/iBu S\(/'Bu
iBu iBu

1-46 m/z = 271 1-20h m/z = 270

transfer to form two molecules tbfa-18h.

Scheme 3.6. The potential involvement of dilithiated species-0,a-45 during

transmetalation.

To determine, whether a dilithium intermediateo,a-45 can mediate the
transmetalation, six of the twelve samples quendhedeuterium oxide during the kinetic
study at =50 °C (Chapter 3.3.3, Figure 3.1) wer@yaied by the GC/+CI-MS technique. If
such an intermediate would be present in the @actiixture, a significant concentration of
dideuterated sulfon&-46 resulting from deuteration df-o0,a-45 should lead to a significant
increase of the peak at/z= 271 [M(1-46)+H"] and atm/z= 269 [M(-2h)+H"]. However,
the peak atm/z = 270, which represents the sum of singly deuterat19h and 1-20h
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[M(1-19h/1-20h+H"], was strongly predominant in all samples. Thernsity of the peak at
m/z = 271, representing the sum of th€ isotope peak ol-19h/1-20hand a potential
dideuterated sulfong-46, corresponded only to the intensity of i€ isotope peak and no
further increase of its intensity was observedsThdicates, that if an intermedidte,a-45
was present under the transmetalation conditiorngas present only to a very small extent.
The intensity of the peak of neutrkl2h at m/z= 269 was also very small, confirming the
results above. Similarly, no evidence for the pmeseof a dideuterated sulforie46 was
found analyzing the products obtained in the cresisexperiment (Chapter 3.3.7, Table 3.7).
For the deprotonation of sulfonesBulLi was used in a slight excess (1.05-
1.15 equiv.) in order to deprotonate them to tlghést possible extent. Assuming that up to
10% of 1-0,a-45 can be also generated during deprotonation usihgquiv. ofnBulLi, it

can, in principle, act as a catalyst for the tragistation reaction (Scheme 3.7).

1.1 equiv. iPr
" hBuLi, TMEDA, (S)z
THF, -78 °C
Li
H iPr
1-2h 1-0-17h (~ 90%) 1-0-18h
\\
+
02 iPr
S
BERO Y
Pr Li iPr
-o oc-45 (max 10% 1-0,0-45
H /Pr L| P
1-a-18h 1-0-17h

Scheme 3.7Potential action of-0,a-45 as a catalyst during transmetalation.

Intermediatel-o,a-45 can initiate a proton transfer from theposition of 1-0-17h,
thus regenerating the catalylsb,a-45 and generating unreactiviea-18h. This cycle could
be repeated until all-o-17h transmetalated td-a-18h. In order to obtain information about
the feasibility of such a proposed mechanism (SehénT), the dilithium intermediate
1-0,a-45 was individually generated (Table 3.8, entry 14 asubsequently added to a
threefold excess df-0-17i generated from tolylsulforie-2i (entry 2).
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Table 3.8. Transmetalation o1-0-17i to 1-a-18i in the presence of dilithium intermediate
1-0,a-45.

02 D 02
SYIBU S Bu
©/ iBu nBuLi, Li o, /BLIJ3
1-2h < _TMEDAI®! S iBu D,0O _» 1-46
_ /BLIII
BuLi L o, 1-0,0.-45 gz Li Bu
jBu nbuLl, S iBu
Y TMEDA & hd O, /© t
Bu -78-0°C Bu
1-2i 1-0-17i 1-0-18i
D,0 after
10minatT
] gz B gz DB
|=]V] DU
h Y
iBu iBu
1-19i 1-20i
T t % ortho-D % a-D . . % ortho-D % a-D
ENY o) [min]  @-19)  (-20) TI200 0 g4 (1-4
1 -40 3¢ - - - o1 96
2 -78 %! 91 1 91:1 - -
3 -78 1t 89 1 89:1 93 gd
4 -60 20 87 5 17:1 91 o6
5 40 30 77 17 4.5:1 89 d6
6 —20 40 12 85 1:7 93 o6
7 0 50 9 89 1:10 87 o6

[a] Separate deprotonation bf2h with 2 equiv.nBulLi. [b] Separate deprotonation df2i with 1 equiv.nBuLi.
[c] Time O refers to mixing ofl-0,0-45 with 1-0-17i at —78 °C. [d]a-H signals of1-19i and 1-46 are not
distinguishable byH NMR spectroscopy. It is assumed that the residuabntent ofl-46is negligible and the

decrease of the proton content is due to the tratedation.

The mixture of1-0,a-45 and 1-0-17i remained stable at —78 °C for 10 minutes as
proven by quenching samples of the reaction mixaye>O and isolation ofl-19i and
1-46, resulting from deuteration dfo-17i and1-0,a-45, respectively (entry 3). The reaction
mixture was warmed subsequently using the samestiared temperatures (Table 3.8,
entries 4-7) as the individual transmetalatioi-@F17i to 1-a-18i (Chapter 3.1.3, Table 1.4,
entry 11). The transmetalation was not accelerbiedddedl-o,a-45, even though it was

present in a very high concentration. The diariema-45 remained unchanged during the
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whole transmetalation process, because the dentearantent ofl-46 decreased only to a
small extent over the reaction time. The reverggegment, in which the dianion generated
from 1-2i was added to a solution dfo-17h generated froni-2h, gave very similar results
(not shown). The small excessrBuLi with respect to the starting sulfone can ber¢ifiore
considered to have no influence on the courseefrinsmetalation.

An experiment, concerning the ease of intermolecyleton transfer between
dilithiated intermediatel-o,a-45 and neutral sulfones was performed (Table 3.9utfdé
sulfonel-2i was added to a solution tfo,a-45, generated by dilithiation at —78 °@nd the

reaction was monitored 34 NMR spectroscopy after quenching witbd

Table 3.9. Transmetalation reaction of the dilithium interriad derived froml-2h with

neutrall-2i.
1-2h
nBuLi, THF, 0
TMEDA, -78 °C S’
; D
I Q2 i /©/ /Bu iBu
SKIBU 1-2i D,O w< .
L L|+12|—’ + 1-2i
BU 78 --60 °C BY
1-0,a-45 1-0,0-45 1-46
-40-0 °C
D,O
O,
/Bu /Bu KIBU SYIBU
/BU /Bu IBU /©/ iBu
-20h 1-46 1-20I 1-2i

Entry T [°C] t[min]  %ortho-D® (1-46) % a-D*Y (1-20j)

1 -40 3¢ 90 -
2 -78 16" 87 1
3 —-60 20 85

4 -40 30 75

5 —-20 40 53 26
6 0 50 20 69

[a] Determined by integration of tHel NMR spectra. [b] The-D signals of1-46, 1-20h and1-20i cannot be
distinguished. Because tleD contents ofl-20h and1-46 do not change, the decrease of the intensity ef th
o-H resonance oi-2i corresponds to the increase of thé content of1-20i. [c] Separate deprotonation of

sulfonel-2h with 2.2 equiv. ohBuLi. [d] Time O refers to mixing of-o,a-45 with 1-2i at —78 °C.

65



Dilithium intermediatel-o,a-45 was stable up to —60 °C and no proton transfer g,
which would lead to the formatiasf 1-20hand 1-20i, was observed. Sulfonds46 and1-2i
were the observed products (entries 1-3). On wagnard °C,1-0,a-45 deprotonated neutral
1-2i in a-position giving 1-20h and 1-20i via 1-a-18h and 1-a-18i, respectively. The
ortho-position of 1-2i was not deprotonated during the reaction time.s&heesults
demonstrate that the rate of proton transfer fiegh to the dilithium intermediaté-o,a-45
was somewhat slower than the transmetalationlar17i to 1-a-18i at a similar

concentration (Chapter 3.1.3, Table 1.4, entry 11).
3.3.9. Determination of the mechanism adrtho - a transmetalation

The mechanism of thertho- a transmetalation adrtho-sulfonylphenyllithium to the
thermodynamically more stable-sulfonyl carbanion was deeply investigated perfagnm
differently aimed experiments. Significant kinegotope effects were observed for the initial
deprotonation and thertho- a transmetalation as well. The intramolecular KIBueaof
monodeuterated sulfon&-19h was determined to be 41 (Chapter 3.3.4, Scheme 3.4)
however, the exact determination was not possibtetlie corresponding metalation of
deuterated sulfones, because reaction rate of we@mtion and dedeuteration differs
significantly causing undesired competitizedeprotonation or DoM, respectivel@-8 and
1-20p, recpectively).

A kinetic study of the transmetalation process wadormed. It was found that the
rates of theortho- a transmetalation better fit to first order kinetibsit in contrast display a
clear concentration dependence. These resultsatedithat the transmetalation does not
proceed intramolecularly via-1, but that rather an intermolecular pathway viareggtes or
by two-step proton transfer is followed (Chapt&}. B, Scheme 3.1).

Suitable substrates for crossover experiments welected. Crossover experiments
provided evidence that tleetho— a transmetalation follows the intermolecular pathwHye
two remaining possibilities of such an intermolecyprocess were studied. The first option
for an intermolecular process is a pathway based aoncerted proton transfer of two
monomeric aryllithium units via an organized trdiosi state similar t@-2, or from a dimeric
aggregate (Scheme 3.8). Both pathways show a ctvatien dependence.

A two-step process mediated through dilithiateénmediatel-o,a-45 (Chapter 3.3.8,
Scheme 3.6) represent the second option for ammotecular process. However, the

transmetalation proceeds even if an excess of $tdone, which does not allow the
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formation of1-0,a-45, is present in the reaction mixture. Moreover, dideated compounds
were not detected by GC/+@S monitoring. Another potential action dfo,a-45 as a
catalyst was, however, not supported by the re¢Glspter 3.3.8, Scheme 3.7, Table 3.8).
The participation of dilithium intermediates in ttiansmetalation can be thus excluded.

_ =2 _
RIVAL L0 %
“LRA ST
/@ //O R2 O/ Ll
//S A\ H- \ TAV
O" Y--- Li R1
=H 1-0-17h L R? ] =H 1-a-18h
R1 = Me 1-0-17i R'=H R2= /By 3-2 R1 Me 1-a-18i

R'=Me, R2=Bu 3-12

Scheme 3.8Mechanistic proposal for tretho- a-transmetalation of lithiatedl-2h,i.

Regarding all the evidence, it is most likely thhe ortho- a transmetalation of
a,y-branched sulfones such &s2h,i occurs via an intermolecular concerted process via

transition stat&-2 or 3-12or from a similar dimeric aggregate (Scheme 3.8).
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3.4. Application of the transmetalation in total sytheses

3.4.1. Retrosynthetic analysis of approach to cyghentanoid monoterpenes

On the basis of the previously reported total sgsth of racemic
dihydronepetalactond-1a (see Chapter 1.118J a similar retrosynthetic disconnection was
proposed (Scheme 4.1). It is based on a threetsdegformation of dicarboxylaté-2 to
dihydronepetalactonet-1la via hydroboration/oxidation followed by lactonizati and

dealkoxycarbonylation.

EtOOC EtOOC

o

4-1a 4-4a
O,
o) S
U + Ph SiMe,
SiMes
4-6 4-5 1-2a

Scheme 4.1Retrosynthesis of dihydronepetalact@dnga

In the new approach, dicarboxylate2 should be provided by protodesilylationf
allylsilane 4-3a Olefin 4-4a should serve as the precursor for the construatibrihe
cyclopentane skeletod-3a in a tandem alkoxycarbonylation/oxidative radicgtlization
reaction. In comparison with the recent approaehatiditional bulky silicon substituent in
the key olefin should strenghten thhans-diastereoselectivity of the radicalexocyclization
by favoring a chair-like transtition state, leadingto the  desired
trans-2-alkenylcyclopentanecarboxylate3a The Julia reaction is expected to result in a
significant improvement of the efficiency of thenslyesis. Moreover, the symmetric nature of
sulfone1-2a will prevent the formation oE/Z diastereomeric mixtures. For that purpose, it
was necessary to prepafep-disilylated sulfonel-2a and aldehyde4-5 starting from
optically pure §-citronellol @4-6).

The approach to other naturally occurring irido&tidatives, such as dolicholactone
4-7involves the dealkoxycarbonylation of intermedit® (Scheme 4.2). Lactore8 should

be provided by lactonization of allylic alcoh&t9. Modified silyl groups should allow the
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direct transformation of silanes3b,cto alcohol4-9 by using Tamao-Fleming oxidatiéii®!
Precursorgl-3b,cshould be prepared similarly 4s3a (cf. Scheme 4.1) from olefing-4b,q
which should be synthesized by Julia reaction fribv@ corresponding starting sulfones
1-2b,cand aldehydd-5 (Scheme 4.2).

|
HO R-Si
O EtOOC EtOOC
EtOOC! g EtOOC! i 1 n
. m— . —> EooC 'H
4-9 4-3b R = Ph
4-3c R = vinyl
0O, R
EtOOCUo . ph/SIAs'r
W | c:I

Si,

45 12bc R

Scheme 4.2Retrosynthetic analysis of approach to dolicholaets 7.
3.4.2. Preparation of starting materials

Aldehyde 4-5 was synthesized from commercially available oplycapure
(9-citronellol @-6) in 3 steps (Scheme 4.3). Citronellol was oxidizaeg pyridinium
dichromate (PDC) in dry DMF. The reaction of remgtcitronellic acid 4-10) with sodium
hydride and ethyl bromide afforded ethyl estedl in very good yield. Subsequent
ozonolysis o#4-11 provided the desired aldehydeb.

1. O3
2. Me,s E10OC

_ /O
DCM U

4-10 75% 4-11 91% 4-5 85%

NaH
EtBr

Scheme 4.3Three-step reaction sequence of the synthesisleliyde4-5.
Symmetric[3,3-disilylated sulfoned-2a-cwere preparedby sequential alkylation of

methyl phenyl sulfonelf1a) with diverse (chloromethyl)silanes in the pregent TMEDA
in good yield by a one-pot procedure (Chapter 3.able 1.1).
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3.4.3. Optimization of the Julia reaction

Investigation of ortho—a transmetalation of differentially silylated poteaiti
precursors for Julia reactions showed that omitho-metalated sulfoned-2a and 1-2c
transmetalate completely to requirgex-14a,G which allow their application in the Julia
reaction in the total synthesis (Chapter 3.1.2,I8db3). Theortho—a transmetalation of
ortho-metalated sulfoné-2b generatedy nBuLi in the presence oFMEDA occurred only
to a small extent. HMPA supported the transmetaato a-position. However, as was
reported* this additive also supports the Brook rearrangegréan alkoxide formed by a
reaction ofa-carbanion with an aldehyde. Sulforde2b is thus not suitable for further
application in the Julia reaction.

The optimal conditions A and B, leading to tleemetalation of sulfones

1-2aand1-2¢ respectively, formind-a-14a,cwere applied (Scheme 4.4). The aldehgde
was added to the reaction mixture and resultingxatles4-12a,cwere acylatedn situ with
benzoyl chloride affording3-benzoyloxy sulfones4-13a,c in good yields. The desired
products4-13a,cwere accompanied by small amounts of compodntiéa,cresulting from a
Brook rearrangement. Silyl ethérl4awas isolated and characterizdd]l4cwas present in
trace amountB-Benzoyloxy sulfoneg-13a,care unstable on silica gel and undergo carbon-
silicon and carbon-sulfur bond cleavage, thus 2%iethylamine was added to the eluents
used for chromatographic purification. The prodo€tdecomposition of sulfond-133
alkene4-15 was isolated and characterized.

In contrast to the reported Julia reaction with ikim substrate8*4 the Julia
olefination of4-13ausing Smd did not afford the desired olefi-4a However, classical
deoxygenation by sodium amalgam in dry ethanol idex the corresponding olefids4a,c
in good vyield. Dry ethanol was used instead of et to prevent the formation of the
corresponding methyl esters by transesterification.

Allylsilanes 4-4a,care not stable on silica gel as well, thus 2%riethtylamine was
added to the eluents used for chromatographic ipatidn. Compound-16, formed by
undesired protodesilylati&f® of 4-4a was not fully characterized, because it could et
separated from the desired product. It was ideatifoy *H NMR spectroscopy showing
significant signals of two hydrogen atoms of a didubstituted double bond. The structure

was moreover confirmed by HRMS analysis.
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O, .0 conditions Oy O

X ot N7 EtOOC o)
Ph \(\SiMezR A orB®  pp \ﬁ\SiMGZR U
SiMe,R SiMe,R 45
1-2aR = Me 1-o-14ac |
1-2¢ R = vinyl '
v
4-12a,c SMeR |
|Phcoci A .
COOEL COOEt COOEt
,, OCOPh OCOPh OSIMezR
I SiMe,R
PhO,S 2
MesSi SiMe,;R MesSi
415 4-13aR = Me 87% 4-14a 13%

4-13¢c R = vinyl 55% 4-14c trace

lNa/Hg, EtOH
SiMe,R

EtOOC SiMe,R  EtOOC SiMe;,

[c]

et -
N\

4-4a R = Me 86% 4-16
4-4c R = vinyl 76%

w!

Scheme 4.4Preparation of-4a,cvia 3-benzoyloxy sulfoned-13a,c

[a] Deprotonation conditions A (fat-2@): ref. [144] 1 mmol sulfone, 1.2 mmaoBuLi, 1.2 mmol TMEDA,
DME, -78°C, 10 min, then warmed to r.t. during 2 dddition of 1.1 mmol aldehyde at —-78 °C.
[b] Deprotonation conditions B (fdr-20): 1 mmol sulfone, 1.5 mmaiBuLi, 1.5 mmol TMEDA, diethyl ether,
—78 °C, 10 min, then warmed to 0 °C for 30 min, iidd of 1.1 mmol aldehyde at —7&C. [c] Undesired

product formation during purification on silica geithout triethylamine in eluent.
3.4.4. Tandem alkoxycarbonylation/SET/radical cyclation

Cyclization precursors 4-4a,c  were subjected to the tandem
alkoxycarbonylation/oxidative radical cyclizatioeaction by deprotonating with 2.6 equiv.
of LITMP, adding 1.2 equiv. of ethyl chloroformdialowed by 2.3 equiv. of SET oxidant
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ferrocenium hexafluorophosphatd-17) according to the optimized reported procedure
(Scheme 4.5%2

SiMe,R _ SiMe,R SiMe,R
1.LITMP
EtOOC SiMe,R _2.CICOOEt | g50¢ +  Et0OC ¢
3. D EtOOCH" EtOOC—
A Fe+ PFG_ o N
4-4aR =Me = trans 4-3a83% d.r. 10:1 Cis
4-4c R = vinyl 417 4-3¢ 79% d.r. 20:1
DME
SiMe,R
SiMezR
4-18a 6%
4-18¢c 9%

Scheme 4.5Tandem alkoxycarbonylation/oxidative radical cyation of4-4a,c

The desiredrans-diastereomers of cyclopentangé8a,cwere obtained in very good
yield and significantly improved 10:1 and 2Qrans/cisselectivity, respectively, compared
to the 2:1 selectivity in the cyclization of mongkited olefin ()24 (Chapter 1.1.3,
Scheme i21*? The diastereomeric mixtures wans- andcis-cyclopentaned-3a,ccould not
be separated at that stage. Side proddei8a,c generated from the uncyclized reaction
intermediategl-19a,c(Scheme 4.6) were isolated in small amounts. bmaylate4-18awas

fully characterized to confirm its structure.

1.LITMP Fe' PFg . SiMe,R
4-4a,c 2CICOOE ﬁ/)/\/SMeZR
417 E
E = COOEt
/ 4-20a,c
_ — _ — +
SiMe,R SiMe;R
. SiMe,R _ SiMegR H j./E
EtOOC A7 ElgggC @V
(ID t (11D )
EtOOC:! . RMe, ST SiMe,R
i 4-23a,c | i 4-22ac | | 4-21a,c
4-3a,c

Scheme 4.6 Mechanism and diastereoselectivity of tandem alkarbonylation/oxidative

radical cyclization o#i-4a,c
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The cyclization of4-4a,c proceeds via enolate$19a,¢ which undergo selective
electron transfer mediated by ferrocenium hexafipbosphatet-17 (Scheme 4.6). Thus
generated radicas-20a,ccyclize to radicalgl-22a,c A high trans-diastereoselectivity of the
radical 5exocyclization is secured biavoring energetically more stable chair-like tiéina
state4-20a,c In contrast, boat-like transition state?1a,cis disfavored because of the bulky
silyl group, which causes allylic strdf® Subsequently, carbocatiods23a,care generated
by a second SET oxidation. Their desilylation at®predominantlyranscyclopentaneg-

3a,c
3.4.5. Synthesis of dihydronepetalactone

Protodesilylation of the diastereomeric mixtdr8aby BR-OE® at —20 °C afforded a
diastereomeric mixture dfans andcis-cyclopentanedicarboxylatels2 in very good vyield
(Scheme 4.7). The reaction with TBAF gave in casiten inseparable mixture of undesired
products and 50% of recovered starting materia¢ inBeparable diastereomeric mixtdr2
was carried through the hydroboration/oxidatiorctiea sequence performed by 9-BBN and
NaOH/HO, providing the separable alcohdi5.

SIMeg 9] o OEt H
OEt H OFt
EtOOC EtOOC N o \ @
EtOQCm BF3[(DE'[2 EtOOC 9-BBN v B
-3 — J-\OE . O\ .
= -20 °C O H. 1
4-33la 4-201 90 trans cis
B 4-2401 _
l NaOH, H,0,
HO HO
p'TSOH EtOOC EtOOC ol
[ + EtOQOC! H
coCl, EtOOC \
w w
4-26 96% trans 4-25 83% d.r.10:1 Cis

Scheme 4.7Protodesilylation ofi-3a hydroboration/oxidation and lactonizatior426.

[a] trangcis Diastereomers in 10:1 ratifb] Favored conformation avoiding allylic 1,3-stra

The rationale for the observed high diastereoselgcbf the hydroboration reaction
is the strongly preferred low energy conformatidrthe isopropenyl group id-24 dictated
by allylic 1,3strain?'% In this conformation the two esters groups effetii shield one face,

thus the borane exclusively attacks the double liword the opposite face. The separation of
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the cis-diastereomer of alcohdl-25 was not necessary, because onlytthasdiastereomer
underwent selective and quantitative lactonizatma-26 induced by a catalytic amount of
p-toluenesulfonic acid in chloroform at room temperat

However, the last step of the synthesis, Krapchalkd&ycarbonylation in
DMF/water in the presence of LiCl, did not providibydronepetalactoné-1a as selectively
as was reported performing the reaction with racdagtone4-26[4? A significant amount
of alcohol 4-27 was formed (Scheme 4.8). Using the previously mepo conditions
(2.7 equiv. of LiCl, 3.3 equiv. of water in dry DNI& 160 °C for 3 h) afforded 49% of
desired4-1a (69% based on recovered starting material (brsg29% of starting material
4-26 and 11% (15% brsm) of alcoh#t27. The other problematic aspect of the reaction is
that the desired produdtlacould not be separated from the starting lact2€, thus the
lactone had to be fully converted into productobeichromatographic separation. Moreover,
as the impossibility of chromatographic separatindicated, the reaction could not be
monitored by TLC, therefore the GC analysis of teaction mixture was necessary. Such
monitored reaction was not completed even aftetitgean DMSO for 36 h.

Various conditions were examined to reproduce #@ponted experiment. Repetition
of reaction in the presence of 50 equiv. of wataregan increased 59% yield of alcoAe27

and only 26% of desire#t1ain a significantly shorter time of 5h.

Licl, pmso  ©
H,0, 180 °C

4-26 3.3 equiv. H,O  4-1a69% (brsm) 4-27 15% (brsm)

50 equiv. H,0 | 26% 59%
' MeONa TsOH, CDCls, 40 °C
reflux

then H*

4-1b 56%

Scheme 4.8Krapcho dealkoxycarbonylation of lactohe6.

To confirm the structure of alcoho#i-27 and the stereochemistry at the
a-carbon of the ester function, it wasbmitted to lactonization in the presence of gttal

p-TsOH. Alcohol4-27 lactonized in 56% yield affording dihydroepinepatione4-1b after
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warming to 40 °C for five days (Scheme 4.8). Thé#idlilty of lactonization of 4-27
compared to that dfans-diastereome#-25 (Scheme 4.7) suggests stereochemistry of ester
4-27to have §) configuration at the ring carbon. Comparison hé tH NMR spectrum of
lactone 4-1b with the data reported in the literatgt€ confirmed the assumed
stereochemistry. The conversion of dihydroepindpetane 4-1b into desired
dihydronepetalactoné-1ais possible according to the literatl#&! Refluxing with sodium
methoxide in methanol or potassium carbonate ieng/land subsequent acidifying with
diluted hydrochloric acid would afford-1a Under these conditions enolate28 would be
generated and thermodynamic proddtdtawould be formed selectively.

To explain the formation of4-la and alcohol 4-27 in the Krapcho
dealkoxycarbonylation, the possible mechanism ofe theaction was proposed
(Scheme 4.95 The routes of Krapcho reaction depend on the matlsstructure and type
of nucleophile. Normally, in the case af,a-disubstituted malonates, AB2 cleavage
dominates and the anion of LiCl attacks the alkygug of the ester unit in an3 fashion
affording intermediate4-29 which undergoes decarboxylation forming enoldte8
Although the chirality ofa-carbon is thus lost, the protonation of the emolat water leads
to selective formation of the thermodynamic proddeia This is explained by an
equilibration of the protonated product with theoaic intermediate at high temperatures and
long reaction times, thus the major product is ni@st stable diastereomer. This fact is in

agreement with the conversion®flb to 4-1areported in the literaturef Scheme 4.872

180 °C

Scheme 4.9.Presumable mechanism of dihydronepetalactone tomdy the Krapcho

reaction.

Alternatively, chloride anion can also attack thékyl group of the lactone
(pathway A, Scheme 4.10). However, the product wéhsreaction would be chloride
derivative4-30 in contrast to the isolated alcoh®R7. However, if the dicarboxylate is not
sterically hindered a &2 reaction may compete, thus chloride attacks dabwhe carbonyl

group to form tetrahedral intermediate81 (pathway B), which would collapse to carbanion
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intermediate4-32 Carbanior-32 would be protonated by water and hydrolysed piiagd

alcohol4-27 and carbon dioxide.

ClI"(OH C)

B

cr
B

LiCl, DMSO
180 °C

K
S

%,

4-33
pathway C: 2 H,O <= OH" + H;O"

Scheme 4.10Proposed mechanism for the formation of undesatewhol 4-27 by the

Krapcho reaction.

In the absence of LiCl, or with a large excess atan, the Krapcho reaction can
proceed via nucleophilic attack of hydroxide anasrwater at the unhindered ester carbonyl
in a Bac2 fashion, similarly to the neutral water-mediatadrolysis of other acyl activated
esterg?!¥ Thus, tetrahedral intermediate33 and anionic intermediatéds34 and4-35can be
formed successively (pathway C). Eventhough LiCkwweesent in the performed Krapcho
reaction, the predominant formation of alcoe27 when using 50 equiv. of water supports
pathway C occuring competitively (see Scheme 4.8).

Based on these results, alternatives for the lsegp ®f the total synthesis to
dihydronepetalactoné-1a were explored. Hydrolysis ofi-25 to carboxylic acid4-36
followed by thermal decarboxylation should be ady@adternative to the Krapcho reaction
(Table 4.1). Mild reaction conditions using fourueglents of lithium or potassium
hydroxide in a mixture of methanol and water afemtcbnly the lactonization produdt26
It was formed from starting-25 under the acidic work-up, because the lactone veds n
detected by TLC during the reaction (entries 1,Perefore, an excess of potassium
hydroxide was used and the reaction mixture waseteto reflux for 72 h giving a 1:1
mixture of carboxylic acid-36and lactonel-26 (entry 3). Prolongation of the reaction time
to 7 days under the same conditions provided tsgate carboxylic acid-36in 93% vyield

without any side products (entry 4). In order tduee the reaction time, alcohndl25 was
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subjected to 10 equiv. of potassium hydroxide mierowave reactor. The reaction afforded
lactone4-26 at 105 °C after two hours (entry 5). However, wargnihe reaction to 120 °C
afforded a mixture of significant amount df26 and the desired carboxylic acil36
accompanied with dihydronepetalactofida and undesired carboxylic acid37 (entry 6).
The presence of the acid37 was confirmed by observation of the t\H] peak at m/z 185

in the ESt spectrum.

Table 4.1.Alternative approach to dihydronepetalactdnta

trans-4-25
lConditions, then HCI

iy 1+ EtOOCH"

i 4-36 | 4-26

___________________ 4-37
Entry Conditions  Solvent T[°C] Time [h] Product rati&
4-36 4-26  4-la 4-37
1 LIOH®!  MeOH/H:0 r.t. 16 [c] quantl - -
2 KOHP!  MeOH/HO 60 4 - quant. - -
3 KOHE®  MeOH/HO  reflux 72 1 1 - -
4 KOHEl  MeOH/H,O  reflux 168  quant!’ - - -
5 KOHY  MeOH/HO 105 2 - quant. - -
6 KOHY  MeOH/H0 120 2 1 6 1.4 1
7 MesSiOK THF r.t. 6 - guant. - -
8  MesSiOK THF reflux 48 1 - 1 -

[a] Determined from théH NMR spectra of the crude reaction mixtures. [l§quiv. [c] Product not observed.
[d] quant. = no other product observed. [e] 100hegKkOH. [f] 93% isolated yield. [g] 10 equiv. KOlh
microwave reactor. [h] 96% total isolated yiefd36 + 4-13).

Hydrolysis performed by 10 equiv. of potassium #thylsilanolat&'®21 in THF
under inert conditions at room temperature afforidetbne4-26 (entry 7). An approximately
1:1 mixture of carboxylic acid-36 and dihydronepetalactorela (96%, 4-36+4-13 was
formedby heating the reaction mixture to reflux for 2 dégntry 8). This approach affords
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4-36 in shorter reaction time compared to hydrolysishwiotassium hydroxide (entry 4).
Crude carboxylic acidl-36 was carried through the following decarboxylatisithout any
purification. Hydrolysis of4-25 can be performed as well with diastereomeric rmextof
trandcis alcohols affording desired carboxylic acdt36 in a crude mixture. The
correspondingis-diastereomers, which do not undergo lactonizatebnScheme 4.7), were
separated by column chromatography from the finatlpct4-1aafter performing following
final decarboxylation.

In order to explain the formation of all productbtained by hydrolysis oft-25
plausible mechanism is proposed (Scheme 4.11). WUtide conditions using potassium
hydroxide both ester groups are slowly hydrolyzed as standard &2 tetrahedral reaction
pathway giving dicarboxylatd-38 which forms the desired carboxylic ac#d36 after
lactonization on acidification (Table 4.1, entry #owever, if the reaction temperature was
higher, the thermal decarboxylation took place & and two different monocarboxylate
intermediategl-39 and4-40, respectivelywere formed. They afford carboxylic adld37 and
dihydronepetalactond-1a respectively, during acidic work-up. Compou#é7 does not
lactonize at room temperature similarly4®7 (Scheme 4.8).

0
Me,SiOK O
Ve3SiOK | O
reflux N /‘7

Lo
MesSio /
4-26

4-37 4-1a

Scheme 4.11Proposed mechanism for hydrolysisie?5.
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The facts, that the reaction using potassium thgisilanolate in THF proceeds faster
than the hydrolysis by potassium hydroxide and thefproduct of further decarboxylation is
only dihydronepetalactonel-1la suggests that the reaction proceeds by a differen
mechanism. The selective formation dfla by decarboxylation indicates that the
decarboxylation cannot occur from symmetrical imediate4-38. Most likely, lactone4-26
was formed spontaneously under the reaction camditiSubsequently, saponification of the
ester unit of lactond-26 would proceed via a B2 reaction mechanism by nucleophilic
attack of trimethylsilanolate anion at the alkybgp with the carboxylate anion as the leaving
group!?%®! The resulting carboxylaté-41 gives the desired carboxylic acld36 after acidic
work-up or dihydronepetalactodelavia subsequent decarboxylation.

The final step of the total synthesis, the thernetarboxylation of carboxylic acid
4-36, was performed in DMSO at 130 °C for 5 h (Schemi)} starting either from crude
carboxylic acid4-36 generated by the saponification with KOH (Tablg, &ntry 4), or the
1:1 mixture of4-36 and4-1a generated by the reaction with potassium trimsilayiolate in
THF (Table 4.1, entry 8). The reaction proceededntjtatively as revealed by the crude
H NMR spectrum and dihydronepetalact@h&a was isolated in 85% yield. To summarize,
dihydronepetalactord-1awas synthesized in 10 steps in 18% overall yielden optimized

conditions.

W

4-1a 85%

Scheme 4.12Final decarboxylation of carboxylic acld36.
3.4.6. Completion of the synthesis of dolicholacten

Cyclopentane4-3¢ bearing the dimethyl(vinyl)silyl group as a magkkydroxy
group, was designed as a suitable substrate foaddfteming oxidative desilylation to form
allyl alcohol 4-9 (Scheme 4.13). Compound-3c was submitted to the reaction with
potassium hydrogen fluoride in excess of trifluaetac acid according to the known
proceduré?*”l However, the annulated butyrolactohd5 was formed instead of the desired

silyl fluoride 4-42, which could be directly oxidized to alcohbb.
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H:\jSi/\ KHF,, Si— O OH
CF3COOH 22
EtOOC . EtOOC KF, KHCO;  EtOOC
EtOOC! NP >< Etoocty— T > EtooCH
Fy, 4-4 4-9
Si
) b% g
EtOOC + EtOOC EtOOC
EtOOC!™ —» EtOOC")— —» EtOOC"" —» EtOOC"

\\

4-43 4-44 4-45 73%

Scheme 4.13Attempt on Tamao-Fleming oxidative desilylatiordeB8c

The incompatibility of the allylsilane functionglitwith the reaction conditions is a
consequence of the strong acidic conditions ned¢detemove the vinyl grou® The
allylsilane double bond is more reactive towardscebphiles then the corresponding vinyl
group because of the stabilization of carbocatiotermediate4-43 via the [(-silicon
effect?'® |sopropenylcyclopentane4-2, which is formed via protodesilylation, is
subsequently again protonated and the resultingngrcarbenium iom-44 transforms into
butyrolactonet-45.

An alternative way for the preparation of alcolde® or its lactone4-8 consist of
epoxidation of the allylic double bond #3a with mCPBA in the presence of NaHGO
followed by desilylation and opening of the epoxide46 under acidic conditions
(Scheme 4.145°1 However, allylic alcohol-9 was isolated from the complex reaction

mixture only in 5% yield anthctonized product-8 was not observed at all.

SiMe, MonSi
mCPBA. €39l OH 0
EtOOC NaHCO, EtOOC o)
1 —_— 1Y > 1
EtOOC:! | Do EtooC! EtOOC:!
4-3a 4-46 4-8

Scheme 4.14Alternative attempt for oxidative desilylation 443a

Allylsilane 4-3a was more successfully subjected to dihydroxyl&hn and
subsequent Peterson olefination to overcome th&dbsof oxidative desilylation and to
obtain the lactond-8 (Scheme 4.15). Osmylation tthns-olefin 4-3a gave a diastereomeric

mixture of lactoneg-51a,bin different ratios in poor to good yield deperglon the reaction
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conditions. The reaction products @-diastereome#-3a were not isolated. Conditions A
and B using 2 mol.% of OsOor KOs in the presence of citric acid and
N-methylmorpholineN-oxide (NMO) as a cooxidant in different solvenst®ms afforded
lactones4-51 in low yield. Conditions C, using 4 mol.% of osmmuetroxide 4-47), NMO
and catalytic amount of pyridine as an acceleratiiggnd to Os@??Y in a 1:1:1
tBuOH/acetone/water solvent system, proved to bemaptfor the synthesis of 6:1
diastereomeric mixture of diok-50, which lactonized to lactone&51 Pyridine acts as a

ligand to OsQ@ (4-47) forming4-48and thus accelerates the reaction.

O 7]
] N
SiMe; [j . Q - 0sO4(Py)
E1O0C Conditions o) OEt
APl Bl orcldl NMO
EtOOC™ 0 2~ \OEtSiMe,
. o) / O H
D Os=0 =P 5L Oo
4-3a 0s-0 =— 445 L - P .
o 0 ) F|>yo 4-49a y 4-49b i
4-47 4-48 OH l OH
for conditions C OH OH
EtOOC - ., [EtOOC
EtOOC! ‘i SiMe; EtOOC!)F—H SiMe;
major 4-50a minor 4-50b
SiMes OH
o) | | o
o 00O SiMes
BF;-OEt,
EtOOC!" - " "
) DCM EtOOC"
4-8 86% 4-51a 4-51b

Conditions A 31% 7:1, B 45% 4:1, C 84% 6:1

Scheme 4.15Successful approach to lactoh@.

[a] trandcis Diastereomers in 10:1 ratio. [b] 0.02 equiv. @sD5 equiv. NMO, acetone/® 9:1, r.t.,
20 h. [c] 0.02 equiv. BOsQ, 1.1 equiv. NMO, 0.75 equiv. citric acitBuOH/acetone/kD 1:1:1, r.t., 20 h. [d]
0.04 equiv. Os@ 3 equiv. NMO, cat. pyridinaBuOH/acetone/bD 1:1:1, r.t., 16 h.

The preferred low energy conformatidm9ais, similarly as in the hydroboration of
4-2, dictated by allylic 1,3-strain. The osmylatioropeeds via concerted [3+2] mechanism
and osmium tetroxide approaches the olefin unitepably from the less hindered front face,
similarly as in the transition statd-24, forming predominantly diol4-50g which

spontaneously lactonizes4e51a However, with the additional silyl group conformed9b
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is also populated giving diastereomdr51b after dihydroxylation and lactonization.
Nevertheless, both diastereomér$l were converted into optically pure compou#eB
under the Peterson olefination conditions using-BEt as a reagernt??

Ethyl ester4-8 was saponified by potassium hydroxide in a mixfrenethanol and
water (Scheme 4.16). The alternative hydrolysidypibtassium trimethylsilanolate did not
provide the desired carboxylic acid but an inseparanixture of other products. The crude
carboxylic acid4-52 was submitted to final thermal decarboxylatiordimethyl sulfoxide at
100 °C affording dolicholactoné-7 in 91% vyield. It was thus prepared in 10 steps0P02

overall yield.

o)
KOH, 0 DMSO
MeOH/H,0 _ Hooc 100 °C
reflux o
4-52 96% L 47 91%

Scheme 4.16Final steps to dolicholactode?.
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4. Summary

A reversal from the typicabi-metalation selectivity of alkyl aryl sulfones and
sulfoxides has been discovered. Scope and limitstifor initial ortho-metalation were
investigated for differently branched alkyl arylifemes and sulfoxides. Steric hindrance is
considered to be the major factor responsible Herretalation regioselectivity. If the alkyl
units arey-branched, the initial deprotonation occurs at ttermodynamically less acidic
ortho-position. The originally expected-deprotonation proceeds if the substrate has no
additional or more remote branching.

The ortho-carbanions transmetalate to the thermodynamidallpred a-carbanions
on warming. The degree of branching determines#ggnning of the transmetalation. The
same initial metalation and transmetalation waseotesl for both sulfones and sulfoxides
indicating that DoM followed by transmetalation fisore general and reveals possible
application to sulfides or phosphine oxides.

Both ortho- anda-carbanion types were applied as nucleophiles.féitmer afforded
ortho-substituted aryl sulfones, whereas the latter wased in Julia olefination after
completion of the transmetalation process. Théaintkeprotonation obrtho-substituted aryl
sulfones was studiedrtho-Deprotonateartho-trimethylsilyl aryl sulfone was applied in the
preparation obrtho,orthd-disubstituted alkyl aryl sulfones.

ortho,a-Dilithiated sulfonyl species were generated by cessive ortho- and
a-lithiation by two equivalents ohBuLi. However the reaction of dianionic intermediat
with one equivalent of aldehyde showed no seldagtiaffording mixtures of differentially
substituted sulfones.

The mechanism of thertho- a transmetalation adrtho-sulfonylphenyllithium to the
thermodynamically more stable-sulfonyl carbanion was investigated. Significaimekic
isotope effects were observed for the initial degmation as well as for thertho- a
transmetalation. Although not studied in detailehateuterated sulfones may be applied to
steer the metalation selectivity.

The kinetic study of the transmetalation showed tih@ rates of theortho-a
transmetalation fit better to first order kinetitait in contrast display a clear concentration
dependence. Moreover, crossover experiments prdvide evidence that thertho- a
transmetalation follows an intermolecular pathway. two-step process mediated by

dilithiated intermediates was discarded based quemxental results in the presence of
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individually generated dilithiated species. Basedtloe evidence, it is most likely that the
ortho- a transmetalation afi,y-branched sulfones occurs via an intermoleculacedad or
aggregate-based process.

A significantly improved second generation totattkyesis of iridoid type compounds
was developed. The modified key olefin bearing dditeonal bulky silicon substituent was
effectively prepared from the corresponding sulfobg a Julia reaction after the
transmetalationThe desired silylatedrans-cyclopentyl dicarboxylate was obtained by a
tandem alkoxycarbonylation/oxidative radical cyation with much better 10:1
diastereoselectivity compared to the reported zgtibbn of monosilylated olefin (d.r. 2:1).
The main drawbacks of the recently published tsyaithesis of dihydronepetalactone were
thus eliminated. Silylatettans-cyclopentyl dicarboxylate serves as a unique iatagpoint
for general syntheses of iridoids.

The final steps of the synthesis of dihydronepetalze, which enabled selective
dealkoxycarbonylation, were optimized. An efficiapproach to dolicholactone, based on
the dihydroxylation otrans-cyclopentyl dicarboxylate followed by Petersonfiolation was
elaborated. The dihydronepetalactone total syrdh@as accomplished in 10 steps and 18%
overall yield, whereas dolicholactone was prepanelD steps and 20% overall yield.

Potential modification of the approach may enablke preparation of other iridoid
natural products. A similar strategy thus may bgliad to accomplish the total syntheses of
d-skytanthine or related monoterpene alkaloids dsageother cyclopentanoid monoterpenes
including these, whose configuration and biologiaeltivities are not yet known. Because
synthetic analogs of natural products play a grgwisle in the field of chemistry, biology

and medicine, synthetic approaches to these conggaane highly valuable.
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5. Experimental Part

5.1. General experimental conditions

Solvents and additives were dried prior to use m@tog to standard procedures. TLC
analyses were conducted on TLC-PET foils SIL GgkiVplates (Fluka Analytical).
Chromatographic separations were performed onasdiel 60 (Fluka, 230-400 mesh). IR
spectra were taken on a Bruker ALPHA FT-IR specet@nusing an ATR devicéH and

13C NMR spectra were recorded on Bruker Avance 500 400 spectrometers working at
500.0 and 400.1 MHz fotH NMR or 125.7 and 100.6 MHz fdC NMR. Spectra are
referenced to TMS or to solvent residual peak (GPQlhe connectivity was determined by
H-'H COSY experiments andC NMR assignments were obtained from HSQC and HMBC
measurements. The numbering of atoms for NMR assgh is not the officially used
systematic numbering. Thatho-carbons bearing hydrogens are numbered;asr €' and

the numbering of other atoms is derived from trestiss Mass spectra were recorded on LCQ
Fleet (Thermo Fisher Scientific) and on QTof Midq\Waters) spectrometers. Compounds
containing sulfur and silicon showed their inherésatopic distribution in MS spectra
(S [M+2] (4%); Si[M+1] (5%), [M+2] (5%)). These pks are not stated in the MS
assignments. HRMS spectra were measured on a Wagr@-Tof micro spectrometer,
resolution: 100000. Combustion analyses were paedrat the microanalytical department

of IOCB AS CR Prague. Melting points are uncorrédcte
5.2. Procedures and analytical data

5.2.1 Divergent reactivity of alkyl aryl sulfones ad sulfoxides with bases
Sequential dialkylation of sulfones 1-1a,b (Generglrocedure):

nBuLi (8.13 mL, 13 mmol, 1M in hexane) was added dropwise to a stirred saiubib
sulfonel-1 (10 mmol) and TMEDA (3 mL, 19.5 mmol) in dry THFQ®nL) at —78 °C under
a nitrogen atmosphere. After stirring for 15 mime tcorresponding alkyl halide (13 mmol)
was added dropwise at —78 °C. After stirring formid, the reaction mixture was warmed to
temperaturel'1s and stirred for time (Table 5.1). The reaction mixture was cooled t8 2,
TMEDA (3 mL, 19.5 mmol) andBuLi (8.13 mL, 13 mmol, 18 in hexane) were added

dropwise. After 10 min, the corresponding alkyliti@l (13 mmol) was added, the solution
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was stirred at —78 °C for 5 min, warmed to tempeeal 2 and stirred until complete as
indicated by TLC. The reaction mixture was quenciwth saturated NkCI solution. The
layers were separated and the aqueous was extradtedliethyl ether (850 mL). The
combined organic extracts were washed with brineedd over MgSQ, filtered and
evaporated. Purification by column chromatograpByO@c/hexane 1:40, gradient to 1:10)
gave differentially alkylated sulfonds2a-c,h,i,l,n-p

Table 5.1.Reaction temperatures and times for the preparafid-2a-c,h,i,l,n-p

Entry Startingl-1 Halide Product Ti[°C] t[h] T2[°C]
1 1-1a TMSCH.CI 1-2a r.t. 2 r.t.
2 1-1a DMPSCHCI®  1-2b r.t. 2 r.t.
3 1-1a DMVSCH.CIP!  1-2¢ r.t. 0.5 r.t.
4 1-1a iBul 1-2h r.t. 1 r.t.
5 1-1b iBul 1-2i 0 1 0
6 1-1a iPrl 1-21 —-60 4 r.t
7 1-1a BnBr 1-2n r.t. 1 —78
8 1-la iPentl! 1-20 -78 2 -78
9 1-1a Etl 1-2p 0 1 r.t.

[a] DMPS = dimethylphenylsilyl. [b] DMVS = dimethyihylsilyl. [c] iPent = isopentyl.

1,3-Bis(trimethylsilyl)prop-2-yl phenyl sulfone (12a):*44
O,

O/ S\Csnvlee,
SiMe;,

Yield 2.92 g (89%) as colorless crystals, m.p. @6 The spectral data are in agreement with

those in the cited literatuf&?!

1,3-Bis[dimethyl(phenyl)silyl]prop-2-yl phenyl sulfone (1-2b):

0O, |
@stli
3 1 o
5 /SI

Yield 2.63 g (58%) as colorless crystals, m.p. 87¢€. R (EtOAc/hexane 1.5) = 0.52;
IR vmax 3069, 2954, 1427, 1304, 1251, 1143, 1113, 840, 76Q, 647cm*; MS (ESI+)m/z
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(%) 475 (100) [M+N&]; Anal. calcd for GsH320,SSh (452.76): C 66.32, H 7.12, S 7.08;
found: C 66.12, H 7.15, S 7.2 NMR (400 MHz, CDCY) 5 0.24 (s, 12H, Si(83),), 0.92
(A part of ABM system, = 7.1, 15.3 Hz, 2H, BHSI), 1.19 (B part of ABM systend,= 6.3,
15.3 Hz, 2H, CHHSI), 3.10 (m, 1H, SECH), 7.31 (M, 10HHa), 7.45 (M, 2HH>), 7.62 (m,
3H, Hi, Ha); 13C NMR (100 MHz, CDGJ) & —2.4 (g, SiCH3)2), —1.8 (q, SiCHa)2), 18.7 (t,
CH:Si), 59.3 (d, S@CH), 128.0 (d,Cortho), 129.0 (d,C1), 129.28 (d,C2 0r Cmetg, 129.30 (d,
C20r Cetg, 133.4 (dCsor Cpara), 133.9 (dCs0r Cpara), 137.1 (SCa), 138.1 (SCipso)-

1,3-Bis[dimethyl(vinyl)silyl]prop-2-yl phenyl sulfone (1-2c):

N
ook
3 1 S|/
2 / N—

2.15 g (61%) as a colorless oils EEtOAc/hexane 1:5) = 0.61; IRnax 3051, 3090, 2957,
2928, 2899, 2855, 2801, 1592, 1465, 1406, 13053,12643, 1008, 958, 846, 830, 709tm
MS (ESI+)m/z(%) 727 (15) [2M+N4], 375 (100) [M+N3]; HRMS (El) m/z[M+Na*] calcd
for Ci17H280,SSkNa™: 375.1241; found: 375.1243H NMR (400 MHz, CDCJ) & 0.13 (s,
12H, Si(tHs)2), 0.83 (dd,J = 7.3, 15.1 Hz, 2H, BHSI), 1.10 (dd,J = 6.3, 15.1 Hz, 2H,
CHHSI), 3.23 (ttJ = 6.3, 7.3 Hz, 1H, BSO,), 5.66 (ddJ = 3.8, 20.1 Hz, 2H, SiICH=aH),
5.98 (dd,J = 3.8, 14.7 Hz, 2H, SiICH=CH)), 6.14 (ddJ = 14.7, 20.1 Hz, 2H, Si@=CHy),
7.56 (M, 2HH2), 7.63 (m, 1HH3), 7.85 (M, 2HH1); 3C NMR (100 MHz, CDCJ) 5-2.8 (q,
Si(CH3)2), —2.4 (q, SiCH3)2), 18.1 (t,CH2Si), 59.4 (d,CHS(O), 128.9 (d,Cy), 129.4 (d,Cy),
132.4 (t, SICHEH), 133.3 (dCs3), 136.9 (SCa), 138.5 (d, SEH=CHy).

2,6-Dimethylhept-4-yl phenyl sulfong1-2h):

O,
o
Yield 2.17 g (81%) as colorless crystals, m.p. 872€. R (EtOAc/hexane 1:5) = 0.45;
IR Vmax 3067, 2960, 2871, 1586, 1468, 1447, 1385, 13702,18213, 1144, 1086, 99865,
735 cmil; MS (ESI+) m/z (%) 291 (100) [M+N&]; Anal. calcd for GsH240:S (268.41):
C 67.12, H 9.01, S 11.95; found: C 67.36, H 9.00199;'H NMR (400 MHz, CDCJ)

50.78 (d,J = 6.2 Hz, 6H, CH(El3)z), 0.87 (d,J = 6.2 Hz, 6H, CH(El3)2), 1.28 (m, 2H,
CHHiPr), 1.68 (m, 4H, B(CHs)2, CHHiPr),3.00 (it,J = 7.2, 4.7 Hz, 1H, SEH), 7.54 (m,
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2H, Hmetg, 7.63 (M, 1HHpara), 7.86 (M, 2HHortho); *C NMR (100 MHz, CDGJ) & 22.1 (q,
CH(CHs)2), 23.1 (q, CHCHs)2), 25.8 (d,CH(CHs)2), 38.8 (t,CH2iPr), 61.1 (d, SECH),
129.1 (d,Cortho), 129.2 (d,Cmetg, 133.7 (d,Cpara), 138.1 (s,Cipso). The spectral data are in
agreement with those in the cited literatdfé.

2,6-Dimethylhept-4-yl 4-methylphenyl sulfong1-2i):

O,
o
Yield 2.23 g (79%) as colorless solid, m.p. 78-©9 R (EtOAc/hexane 1:5) = 0.78; IRnax
2958, 2919, 2867, 1594, 1493, 1466, 1386, 13700,13@87, 1187, 1140, 1120, 818,
704 cmt; MS (ESI+) m/z (%) 587 (10) [2M+N3&], 305 (100) [M+N4]; Anal. calcd for
Ci6H2602S (282.44): C 68.04, H 9.28, S 11.35; found: C 48935, S 11.33'H NMR
(400 MHz, CDCY): & 0.78 (d,J = 6.2 Hz, 6H, CH(El3)), 0.86 (d,J = 6.3 Hz, 6H,
CH(CH3)2), 1.25 (m, 2H, EHiPr), 1.68 (m, 4H, 6(CHs)2, CHHIiPr), 2.43 (s, 3H,
CH3CeHa4), 2.98 (m, 1H, SeCH), 7.32 (d,J = 8.0 Hz, 2H,Hmety, 7.72 (d,J = 8.0 Hz, 2H,
Hortho); *C NMR (100 MHz, CDGJ): 521.8 (q, CH3CsHe), 22.1 (g, CHCH3)2), 23.0 (q,
CH(CHz3)2), 25.7 (d,CH(CHa)2), 38.8 (t,CH2iPr), 61.1 (d, SE&CH), 129.1 (dCortho), 129.8 (d,
Crmetg, 135.1 (SCipsg), 144.5 (sCpara). The spectral data are in agreement with thogben

cited literaturg?2®!

2,4-Dimethylpent-3-yl phenyl sulfone (1-2l):

o

Yield 1.23 g (54%) as colorless crystals, m.p. 872€. R (EtOAc/hexane 1:5) = 0.52;
IR vmax 3073, 3004, 2971, 2934, 2910, 2882, 1583, 14648,14393, 1375, 1336, 1298,
1287, 1259, 1243, 1140, 1082, 1070, 1025, 815, 749, 694, 624 crj MS (ESI+)m/z(%)
263 (100) [M+Na4]; Anal. calcd for GsH2002S (240.36): C 64.96, H 8.39, S 13.34; found:
C 64.82, H 8.37, S 13.3%1 NMR (400 MHz, CDCY) 5 1.11 (d,J = 7.0 Hz, 6H, CH(El3)>),
1.19 (d,J = 7.0 Hz, 6H, CH(El3)2), 2.19 (dsept) = 1.9, 7.0 Hz, 2H, B(CHza)2), 2.84 (t,J =
1.9 Hz, 1H, SGCH), 7.53 (M, 2HHmet9, 7.60 (M, IHHpara), 7.88 (M, 2HHortno); 23C NMR
(100 MHz, CDC}) 8 21.3 (g, CHCHa3)2), 21.5 (g, CHCHa)2), 27.3 (d,CH(CHa)2), 74.2 (d,
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SOZCH), 128.5 (d,Cortho), 129.2 (d,Cmeta), 133.3 (d,Cpara), 141.0 (S,Cipso). The Spectral data

are in agreement with those in the cited literal#fé

1,3-Diphenylprop-2-yl phenyl sulfone (1-2n):

0, Ph

s
©/ Ph
Yield 2.36 g (70%) as colorless crystals, m.p. 103-°C. R (EtOAc/hexane 1:5) = 0.40;
MS (ESI+) m/z (%) 359 (100) [M+N4&]; Anal. calcd for GiH200:S (336.45): C 74.97,
H 5.99, S 9.53; found: C 74.95, 6.02, S 936NMR (400 MHz, CDCJ) 6 2.82 (ddJ = 7.8,
14.5 Hz, 2H, EIHPh), 3.27 (ddJ = 5.2, 14.5 Hz, 2H, CHPh),3.59 (tt,J = 7.8, 5.2 Hz, 1H,
SQ,CH), 6.87 (M, 4HHar), 7.09 (M, 6HHa), 7.44 (M, 2HHme, 7.55 (M, 1HHpara), 7.82
(m, 2H,Hortho). The spectral data are in agreement with thosleeicited literaturé&24

2,8-Dimethylnon-5-yl phenyl sulfone (1-20):

O,
Oy

Yield 1.81 g (61%) as a colorless oils @tOAc/hexane 1:5) = 0.45; I[Rnax 2955, 2870,
1467, 1447, 1302, 1141, 1084, 757, 726, 691:cMS (ESI+)m/z (%) 615 (10) [2M+N4,
319 (100) [M+Na]; Anal. calcd for G7H280.S (296.47): C 68.87, H 9.52, S 10.82; found:
C 68.81, H 9.55, S 10.7#H NMR (400 MHz, CDC)) & 0.77 (2xd,J = 6.7 Hz, 12H,
CH(CHa)2), 1.13 (m, 2H, EIHiPr), 1.24 (m, 2H, CHiPr), 1.47 (m, 2H, 6(CHs)), 1.52 (m,
2H, SQCH(CHH),), 1.79 (m, 2H, SECH(CHH)2), 2.86 (m, 1H, SE@H), 7.49 (m, 2H,
Hmetd, 7.59 (M, 1HHpars), 7.82 (M, 2H,Horno); *C NMR (100 MHz, CDG) & 22.3 (g,
CH(CHg3)2), 22.6 (g, CHCHz)2), 25.6 (t, CH2CH(CHs)2), 28.0 (d, CH(CHs)2), 35.9 (t,
SOQ:CH(CH2)2), 65.1 (d, S@CH), 128.9 (dCortho), 129.2 (d Cretg, 133.6 (d,Cpara), 138.5 (s,
Cipso)-
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Pent-3-yl phenyl sulfone (1-2p):

O,
o
Yield 1.53 g (72%) as colorless crystals, m.p. 98°€. R (EtOAc/hexane 1:5) = 0.59;
IR Vmax 2972, 2939, 1590, 1302, 1289, 1143, 1085, 107@, 786, 613 cm; MS (ESI+)m/z
(%) 235 (100) [M+N&]; Anal. calcd for GiH160.S (212.31): C 62.23, H 7.60, S 15.10;
found: C 62.42, H 7.75, S 15.014 NMR (400 MHz, CDCJ) & 0.98 (t,J = 7.5 Hz, 6H,
CH3), 1.66 (m, 2H, E2CHs), 1.85 (m, 2H, ECHs), 2.78 (m, 1H, SECH), 7.54 (m, 2H,
Hmetd, 7.62 (M, 1HHpara), 7.87 (M, 2H,Horno); *C NMR (100 MHz, CDG) & 11.3 (q,
CHa), 20.4 (t,CH2CHz), 67.2 (d, S@CH), 128.9 (d,Cortho), 129.2 (d,Cimetd, 133.6 (d,Cpara),

138.9 (sCipso). The spectral data are in agreement with thosleditited literatur&?*

Monoalkylation of methyl phenyl sulfone 1-1a (Geneaal procedure):

nBulLi (8.13 mL, 13 mmol, 118 in hexane) was added dropwise to a stirred solufd-1a
(2.56 g, 10 mmol) and TMEDA (3 mL, 19.5 mmol) inydfHF (50 mL) under a nitrogen
atmosphere at —78 °C. After stirring for 15 mine ttorresponding alkyl halide (13 mmol)
was added dropwise at —78 °C. The reaction mixtuas stirred at this temperature for
10 min and at —60 °C until complete as indicated TiyC. The reaction mixture was
guenched with saturated MEl solution. The layers were separated and the aguaas
extracted with diethyl ether X830 mL). The combined organic extracts were washid w
brine, dried over MgS#) filtered and evaporated. Purification by colunfwmaenatography
(EtOAc/hexane 1:20, gradient to 1:10) gave sulfdn8b-d.

Isopentyl phenyl sulfone (1-3b):

o/~
o

Yield 1.65 g (78%) as colorless crystals, m.p. 46°€. R (EtOAc/hexane 1:5) = 0.27,
IR vmax 3066, 2959, 1586, 1468, 1450, 1385, 1371, 13023,12144, 1083, 998, 766,
735 cmt; MS (ESI+) m/z (%) 447 (20) [2M+N&], 235 (100) [M+N4]; Anal. calcd for
C11H1602S (212.31): C 62.23, H 7.60, S 15.10; found: C 8212 7.61, S 14.99'H NMR
(400 MHz, CDCH#) & 0.86 (d,J = 6.4 Hz, 6H, CH(El3)2), 1.59 (m, 3H, El2iPr, CH(CHa)2),
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3.06 (M, 2H, S@CH>), 7.55 (M, 2H,Hmew, 7.64 (M, 1H,Hpare), 7.89 (M, 2H,Hortno);
13C NMR (100 MHz, CDGCJ) & 22.2 (g, CHCH3)2), 27.4 (d,CH(CHa)2), 31.2 (t,CH2iPr),
54.9 (t, SGCH2), 128.2 (d,Cortno), 129.4 (d,Cmety, 133.8 (d,Cpara), 139.5 (S,Cipso). The

spectral data are in agreement with those in tieel titeraturd??°!

1-(Trimethylsilyl)eth-2-yl phenyl sulfone (1-3c):
O,

o

Yield 1.91 g (79%) as colorless crystals, m.p. 82°€. R (EtOAc/hexane 1:5) = 0.53;
MS (ESI+) m/z (%) 265 (100) [M+N&]; *H NMR (400 MHz, CDCJ) & -0.02 (s, 9H,
Si(CHa)3), 0.91 (m, 2H, ©2Si), 2.98 (M, 2H, SECH,), 7.55 (M, 2HHmewd), 7.64 (M, 1H,
Hpara), 7.88 (M, 2HHortho); *3C NMR (100 MHz, CDGJ) 8 -1.2 (g, SiCH3)3), 9.4 (t,CH:SI),
52.9 (t, SGCH>), 128.5 (d,Cortho), 129.4 (d,Cmetg, 133.6 (d,Cpara), 139.1 (S,Cips). The

spectral data are in agreement with those in tieel titeraturd?2°!

Isobutyl phenyl sulfone (1-3d):

0 )~
o

1.31 g (66%) as a colorless oils EEtOAc/hexane 1:5) = 0.36; IRnax 3072, 3002, 2973,
2935, 2882, 1583, 1467, 1448, 1393, 1298, 12875,1PP40, 1140, 1083, 1070, 1025, 769,
740, 694 crit; MS (ESI+)m/z (%) 221 (100) [M+N&]; Anal. calcd for GoH140.S (198.28):

C 60.57, H7.12, S 16.17; found: C 60.47, H 7.14,6331;'H NMR (400 MHz, CDGJ)
51.01 (d,d = 6.7 Hz, 6H, CH(El3)2), 2.18 (m, 1H, E(CHa)z), 2.95 (d,J = 6.6 Hz, 2H,
SO;CHy), 7.52 (M, 2HHmetd), 7.60 (M, 1HHpara), 7.86 (M, 2HHortho); 3C NMR (100 MHz,
CDCl) & 22.8 (g, CHCHa)2), 24.2 (d,CH(CHs)2), 64.1 (t, SGCH2), 127.9 (d Cortno), 129.4

(d, Cietg, 133.7 (d,Cpara), 140.3 (sCipsg). The spectral data are in agreement with those in

the cited literatur&?”

Alkylation of sulfones 1-3a-e (General procedure):

nBuLi (1.31 mL, 2.1 mmol, 1/ in hexane) was added dropwise to a stirred saiubio
sulfonesl-3a-e (2 mmol) and TMEDA (0.6 mL, 4 mmol) in dry THF (I8L) at —78 °C
under a nitrogen atmosphere. After stirring for bin, the corresponding alkyl halide
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(2.2 mmol) was added dropwise at —78 °C. After 10, ihe reaction mixture was stirred at
temperature T until complete as indicated by TL@K[E 5.2). The reaction mixture was
guenched with saturated MEl solution, the layers were separated and the ague&vas
extracted with diethyl ether 20 mL). The combined organic extracts were washid w
brine, dried over MgS#) filtered and evaporated. Purification by coluniwmaenatography
(EtOAc/hexane 1:20) gave sulfoned-g,j,k,m,q.

Table 5.2.Alkylation of sulfonesl-3a-e

Entry Starting Halide Product T[°C]
sulfonel-3

1 1-3a Etl 1-2d —-60
2 1-3a Mel 1-2e —-60
3 1-3b TMSCH.CI  1-2f 0
4 1-3c Etl 1-2¢g =20
5 1-3b Etl 1-2j 40
6 1-3b Mel 1-2k -40
7 1-3d Etl 1-2m —78
8 1-3e Mel 1-2q L@l

[a] Quenched directly after 10 min of deprotonation

2,2-Dimethylhex-4-yl phenyl sulfone (1-2d):

2a
o
Yield 483 mg (95%) as colorless crystals, m.p. 21°€. R (EtOAc/hexane 1:5) = 0.46;
IR Umax 2957, 2868, 1474, 1447, 1303, 1086, 727, 692;ddS (ESI+)m/z (%) 277 (100)
[M+Na™], 239 (20), 185 (20); Anal. calcd forifE220.S (254.39): C 66.10, H 8.72, S 12.60;
found: C 66.25, H 8.75, S 12.494 NMR (400 MHz, CDCJ) & 0.81 (s, 9H, C(El3)s), 1.04
(t, J= 7.0 Hz, 3H, CHCHg), 1.39 (dd,J = 7.0, 14.8 Hz, 1H, BHC(CHg)3), 1.72 (m, 1H,
CHHCHs), 1.92 (m, 2H, CHICHz, CHHC(CHg)s), 2.89 (m, 1H, €ISy, 7.56 (m, 2H,
Hmety, 7.64 (M, 1HHpara), 7.90 (M, 2H,Horno); 3C NMR (100 MHz, CDG) & 11.7 (q,
CH2CHzs), 24.2 (t,CH2CHs), 29.3 (q, CCH3)3), 30.8 (sC(CHzg)3), 40.6 (t,CH2C(CHg)s), 62.9

(d, CHSO), 129.0 (d,Cortho OF Cietg, 129.1 (d,Cortho O Crmetd, 133.6 (d,Cpara), 138.4 (s,
Cipso)-
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2,2-Dimethylpent-4-yl phenyl sulfone (1-2e):

o, (é
o
Yield 452 mg (94%) as colorless crystals, m.p. 36°6. R (EtOAc/hexane 1:5) = 0.32;
IR Vinax 2956, 2868, 1477, 1447, 1303, 1146, 1087, 754,888 MS (ESI+)m/z (%) 263
(100) [M+N&], 239 (20), 185 (20); Anal. calcd fori12002S (240.36): C 64.96, H 8.39,
S 13.34; found: C 65.10, H 8.43, S 13.2H, NMR (400 MHz, CDCJ) & 0.85 (s, 9H,
C(CHa)3), 1.23 (dd,J = 8.1, 14.3 Hz, 1H, BHC(CHb)s), 1.36 (d,J = 6.9 Hz, 3H, CHEl3),
2.06 (broad dJ = 14.3 Hz, 1H, CHIC(CH)s), 3.04 (m, 1H, EISQy), 7.55 (M, 2H Hmet),
7.65 (M, 1H,Hpara), 7.89 (M, 2HHortho); *C NMR (100 MHz, CDG) & 16.3 (q, CHCH3),
29.3 (q, CCHs3)3), 30.8 (s,C(CHz)3), 42.3 (t,CH2C(CHs)3), 57.2 (d,CHSO), 129.0 (d Cortho

Or Cmetg, 129.1 (d,Cortho OF Cretg, 133.4 (d,Cpara), 137.4 (SCipsg). The spectral data are in

agreement with those in the cited literatdré.

4-Methyl-1-(trimethylsilyl)pent-2-yl phenyl sulfone (1-2f):

0, /—SiMes
S

Yield 275 mg (65%) as a colorless oik (EtOAc/hexane 1:2.5) = 0.49; 1Rmax 2963, 1446,
1305, 1145, 734, 691 clMS (ESI+)m/z(%) 321 (100) [M+N4&], 165 (20) [PhSeH+Na'];
Anal. calcd for GsH260.SSi (298.52): C 60.35, H 8.78, S 10.74, Si 9.41ntb C 60.26,
H 8.92, S 10.55, Si 9.38H NMR (400 MHz, CDCJ) 8 0.04 (s, 9H, Si(813)3), 0.63 (m, 1H,
CHHSI), 0.75 (dJ = 6.5 Hz, 3H, CH(®s).), 0.87 (d,J = 6.5 Hz, 3H, CH(E3)2), 1.23 (m,
2H, CHHSi, CHHiPr), 1.64 (m, 1H, CHiPr), 1.78 (m, 1H, E6(CHa)2), 3.08 (m, 1H,
SQ:CH), 7.54 (M, 2HHmetd, 7.62 (M, 1HHpara), 7.84 (M, 2HHorno); 3C NMR (100 MHz,
CDCl) & —0.6 (q,Si(CHs)3), 17.5 (t,CH2Si), 22.5 (g, CHCHa)2), 22.8 (g, CHCH3)2), 25.9
(d, CH(CH)2), 40.6 (t,CH2iPr),60.6 (d, SGCH), 129.1 (dCortho), 129.4 (d Crmety, 133.6 (d,
Cpara), 137.9 (SCipso)-

93



1-(Trimethylsilyl)but-2-yl phenyl sulfone (1-29):

0, /—SiMes
o

Yield 243 mg (45%) as a colorless oik [EtOAc/hexane 1:2.5) = 0.48; MS (ESIm)z (%)
293 (100) [M+N4]; *H NMR (400 MHz, CDCJ) 8 0.02 (s, 9H, Si(€l3)s), 0.84 (A part of
ABM system,J=11.2, 14.7 Hz, 1H, BHSI), 0.97 (tJ = 7.3 Hz, 3H, CHCH3), 1.17 (B part
of ABM system,J = 3.0, 14.7 Hz, 1H, CHSI), 1.63 (m, 1H, EHCHzs), 1.75 (m, 1H,
CHHCHs), 2.96 (m, 1H, SECH), 7.54 (m, 2HHmet9, 7.62 (M, 1H Hpara), 7.86 (M, 2H,

Hortho). The spectral data are in agreement with thoseeimitied literaturd?®!

2-Methylhex-4-yl phenyl sulfone (1-2j):

26
Cr
Yield 428 mg (89%) as a colorless oik tOAc/hexane 1:5) = 0.33; IRnax 2958, 2871,
1465, 1447, 1301, 1140, 1084, 762, 728, 692;dS (ESI+)m/z (%) 263 (100) [M+N4];
Anal. calcd for GsH2002S (240.36): C 64.96, H 8.39, S 13.34; found: C 85H 8.45,
S 13.47;*H NMR (400 MHz, CDC)) & 0.78 (d,J = 6.2 Hz, 3H, CH(El3),), 0.88 (d,J =
6.4 Hz, 3H, CH(E13)2), 0.98 (t,J = 7.5 Hz, 3H, CHCH3), 1.43 (m, 1H, GIHCHz), 1.50-1.72
(m, 3H, CHHCHjz, CHHiPr, CH(CHa)2), 1.85 (m, 1H, CHIiPr), 2.89 (m, 1H, S&CH), 7.54
(M, 2H,Hmetd, 7.63 (M, 1HHpara), 7.86 (M, 2HHoriho); *C NMR (100 MHz, CDGJ) 5 11.4
(g, CH2CH3), 21.95 (q, CHCHs),), 22.02 (t, CH2CHgs), 23.1 (q, CHCH3)2), 26.0 (d,

CH(CHg)2), 36.7 (t,CHiPr), 64.0 (d, S@CH), 129.1 (d,Cortho), 129.3 (d,Crmetg, 133.7 (d,
Cpara), 138.5 (SCipso).

4-Methylpent-2-yl phenyl sulfone (1-2k):
O,
o

Yield 385 mg (85%) as a colorless solid, m.p. 39240 R (EtOAc/hexane 1:5) = 0.30;
IR Vmax 2958, 2874, 1468, 1447, 1303, 1290, 1141, 1085, 782, 692 cm; MS (ESI+)m/z
(%) 249 (100) [M+N&]; Anal. calcd for GoH10,S (226.34): C 63.68, H 8.02, S 14.17;
found: C 63.91, H 8.00, S 14.494 NMR (400 MHz, CDCJ) 6 0.75 (d,J = 6.4 Hz, 3H,

94



CH(CH3)2), 0.86 (d,J = 6.4 Hz, 3H, CH(El3)2), 1.22 (d,J = 6.9 Hz, 3H, S@CHCHS3), 1.35
(m, 1H, GH(CHs)2), 1.68 (m, 2H, EhiPr), 3.02 (m, 1H, SETH), 7.51 (M, 2HHmetd, 7.59
(m, 1H, Hpara), 7.82 (M, 2HHortho); *C NMR (100 MHz, CDGJ) & 13.6 (g,SO.CHCH3),
21.1 (g, CHCHa)2), 23.8 (g, CHCHa)2), 25.3 (d,CH(CHa)2), 38.0 (t, CHaiPr), 58.7 (d,
SO,CH), 129.24 (dCortho OF Cmetg), 129.27 (dCorthoOF Cimetg, 133.7 (d Cpara), 137.6 (SCipso)-

2-Methylpent-3-yl phenyl sulfone (1-2m):

ozi
o
Yield 362 mg (80%) as colorless crystals, m.p. 54°6. R (EtOAc/hexane 1:5) = 0.27,;
IR vmax 3065, 2966, 2938, 2879, 1585, 1467, 1447, 13923,18288, 1178, 1142, 1080, 999
cml; MS (ESI+)m/z (%) 249 (100) [M+N3&]; Anal. calcd for GoH1802S (226.34): C 63.68,
H 8.02, S 14.17; found: C 63.46, H 8.25, S 14PBNMR (400 MHz, CDCJ) 30.91 (t,J =
7.6 Hz, 3H, CHCHs), 1.00 (d,J = 6.5 Hz, 3H, CH(El3)2), 1.01 (d,J = 7.0 Hz, 3H,
CH(CH3)2), 1.69 (m, 1H, €IHCHs), 1.88 (m, 1H, CHICH3), 2.36 (m, 1H, EI(CHs)2), 2.78
(td, J = 2.4, 5.8 Hz, 1H, SO, 7.54 (M, 2HHmet9, 7.62 (M, 1HHpara), 7.87 (M, 2H,
Hortho); *C NMR (100 MHz, CDGJ) & 13.8 (g, CHCHa), 17.2 (q, CHCHa)2), 17.4 (t,

CH2CHs), 21.8 (g, CHCHa)2), 27.0 (d,CH(CHa)2), 71.4 (d,CHSQ,), 128.4 (d Cortno), 129.1
(d, Cmeta), 133.4 (d,c:para), 139.5 (SCipso).

Isopropy! phenyl sulfone (1-2q):

o8

Yield 291 mg (79%) as a colorless oil EtOAc/hexane 1:2) = 0.38; IRnax 3066, 2938,
1447, 1305, 1144, 867 ¢ MS (ESI+) m/z (%) 207 (100) [M+N&); Anal. calcd for
CoH120:S (184.26): C 58.67, H 6.56, S 17.40; found: C 38K 6.79, S 17.68'H NMR

(400 MHz, CDC4) & 1.27 (d,J = 6.9 Hz, 6H, Els), 3.17 (sept) = 6.8 Hz, 1H, @), 7.55 (m,
2H, Hmetd, 7.65 (M, 1HHpara), 7.87 (M, 2HHorno); 2°C NMR (100 MHz, CDGJ) 3 15.9 (g,
CH3), 55.4 (d,CHSO,), 129.30 (dCortho OF Cmetg, 129.31 (dCortho OF Cinetg), 133.7 (d.Cpara),

137.3 (sCipso). The spectral data are in agreement with thoslesiited literatur&?°)
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3,3-Dimethylbutyl phenyl sulfone (1-3a)*%4

o/
o
A mixture of zinc dust (131 mg, 2 mmol) and Cul (@5, 0.5 mmol) in formamide (3 mL)
was stirred at 0-10 °C for 15 min. Phenyl vinylfeak 1-4 (202 mg, 1.2 mmol) was added
followed by tert-butyl iodide (120 pL, 1 mmol). The mixture was dgat 0 °C for 1 h,
warmed to room temperature and kept at this tenyoerdor 4 h. Ethyl acetate (10 mL) was
added and the precipitate was filtered off andedhwith ethyl acetate. Heptane (10 mL) and
HCI (1M, 10 mL) were added to the filtrate. The layerseveeparated arttie organic was
dried over MgSQ filtered and evaporated. Purification by columhromnatography
(EtOAc/hexane 1:10) gave 192 mg (85%) of sulftri@a as a colorless solidp.p. 58-59 °C.
CAUTION: The Zn/Cul residue should not be dried pbetely as it may self-ignite in air,
particularly on larger scale. It should be covebgdwater after filtration and rinsing with
ethyl acetate. R([EtOAc/hexane 1:5) = 0.30R vmax 2956, 2868, 1447, 1319, 1299, 1147,
1124, 1087, 738, 689 chm MS (ESI+) m/z(%) 249 (100) [M+N&; Anal. calcd for
Ci12H10,S (226.34): C 63.68, H 8.02; found: C 63.83, H 728V NMR (400 MHz, CDGY)
0 0.88 (s, 9H, C(63)3), 1.58 (m, 2HCHtBu), 3.04 (m, 2H, SECH>), 7.56 (M, 2HHmety),
7.65 (M, 1HHpara), 7.89 (M, 2H Horho); °C NMR (100 MHz, CDGJ) 8 29.2 (q,C(CH3)3),
30.3 (s,C(CHzg)3), 36.0 (t,CH2tBuU), 53.2 (t, S@CH2), 128.4 (d Cortho), 129.6 (d Cmety, 133.8
(d, Cpara), 139.4 (sCipso). The spectral data are in agreement with thosleatited literature.

N,N,4,4-Tetramethyl-2-(phenylsulfonyl)pentylamine (1-&

O,
S
©/ NMe2

nBuLi (0.316 mL, 0.51 mmol, 1M in hexaneWwas added dropwise to a stirred solution of
sulfone1-3a (100 mg, 0.44 mmol) and TMEDA (0.15 mL, 0.98 mmiol)dry THF (3 mL)
under a nitrogen atmosphere at —78 °C. After stirfior 15 min, Eschenmoser’s salt (244
mg, 1.32 mmol) was added as a solid at —78 °C.r&hetion mixture was warmed to room
temperature and stirred for 30 min until completeiradicated by TLC. The mixture was
guenched with water, acidified with HCINY) and the ammonium salt was extracted with

water (220ml). The aqueous layer was treated with sodiudrdxyde until the solution had
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pH 8-9. The desired product was extracted withhgieether (%20 mL). The combined
organic extracts were washed with brine, dried oMgSQ,, filtered and evaporated.
Purification by column chromatography (EtOAc/hexdn20) gave 120 mg (96%) of amine
1-6 as colorless crystals, m.p. 89-91 °G.(RtOAc/hexane 1:5) = 0.28; IRnax 2952, 2867,
2770, 1467, 1449, 1368, 1287, 1262, 1139, 1084, 832 cm'; MS (ESI+)m/z (%) 284
(100) [M+H']; Anal. calcd for GsH2sNO.S (283.43): C 63.56, H 8.89, N 4.94, S 11.31;
found: C 63.53, H 8.87, N 4.84, S 11.03§ NMR (400 MHz, CDCJ) & 0.85 (s, 9H,
C(CHa)3), 1.16 (ddJ = 6.3, 14.7 Hz, 1H, BHtBu), 1.90 (s, 6H, N(83),), 2.12 (dd,J = 2.6,
14.7 Hz, 1H, CHitBu), 2.28 (ddJ = 4.6, 13.6 Hz, 1H, BHN(CHs)2), 2.72 (dd,J = 8.9,
13.6 Hz, 1H, CHIN(CHz)2), 3.07 (m, 1H, SE€CH), 7.44 (m, 2HHmety, 7.53 (M, 1HHpara),
7.84 (m, 2H,Hortho); *C NMR (100 MHz, CDGJ) 829.5 (g, CCHa)3), 31.0 (5,C(CHs)s3),
39.8 (t,CH2tBu), 44.9 (g, NCH3)2), 60.1 (d, S@CH), 61.5 (t,CH2N(CHz)2), 128.6 (d,Cortho),
128.9 (d,Crmety, 133.1 (dCpara), 140.5 (SCipso).

N,N,N,4,4-Pentamethyl-2-(phenylsulfonyl)pent-1-ylammonim iodide (1-7):

O,
S +
©/ NMe3

-
lodomethane (185 ul, 3 mmallas added to a solution of amihes (100 mg, 0.35 mmol) in
methanol (3 mL) at room temperature. After standmghe dark for 48 h, the mixture was
concentrated and the residue was diluted with diedtier, filtered and washed with diethyl
ether, giving 138 mg (93%) of ammonium ski7 as a pale yellow solid, m.p. 147-149 °C.
IR vmax 3001, 2954, 1477, 1447, 1303, 1237, 1147, 1088, 988, 727, 693, 599 cin
MS (ESI+)m/z (%) 298 (100) [M-1], 156 (20) [M—PhSeH-I"]; HRMS (ESI+)m/z [M-IT]
calcd for GeH2sNO,S": 298.1835; found: 298.183%4 NMR (400 MHz, CDCJ) 8 0.71 (s,
9H, C(MH3)3), 1.51 (dd,J = 6.7, 15.7 Hz, 1H, BHtBu), 1.66 (ddJ = 2.1, 15.7 Hz, 1H,
CHHtBU), 3.74 (s, 9H, N(83)3), 3.90 (m, 1H, SECH), 3.97 (dd,J = 2.5, 15.4 Hz, 1H,
CHHN(CHa)3), 4.20 (ddJ = 8.1, 15.4 Hz, 1H, CHN(CHjy)3), 7.62 (m, 2HHmet), 7.70 (m,
1H, Hpara), 7.82 (M, 2HHoriho); 3C NMR (100 MHz, CDGJ) & 29.6 (g, CCH3)s), 31.6 (s,
C(CHs3)3), 43.7 (t,CH2tBu), 56.6 (q, NCH3)3), 57.8 (d, S@CH), 68.1 (t,CH2N(CHz)s), 129.8
(d, Cortho), 130.4 (dCrmety, 135.1 (dCpara), 135.8 (SCipso).
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4,4-Dimethyl-2-(phenylsulfonyl)-1-pentene (1-8):

o, {é
o
Ammonium saltl-7 (688 mg, 1.62 mmol) and DBU (0.48 ml, 3.23 mmoérevstirred in dry
toluene (50 mL) at 80 °C for 5 h. The reaction mmgtwas washed with HCI 4, 50 mL),
water (50 mL), brine (50 mL) and dried over MgS@tfter filtration and evaporation, the
product was purified by column chromatography (Etvexane 1:20) giving 360 mg (94%)
of 1-8 as a colorless oil. REtOAc/hexane 1:5) = 0.47; IRmax 2957, 2908, 2869, 1447,
1305, 1150, 1083, 956, 749, 690 tmMS (ESI+) m/z (%) 261 (100) [M+N&];
HRMS (ESI+) m/z [M+H*] calcd for GsH190.S *: 239.1100; found: 239.1106H NMR
(400 MHz, CDC4) 6 0.88 (s, 9H, C(E3)3), 2.18 (s, 2H, ExtBu), 5.86 (s, 1H, =8H), 6.45
(s, 1H, =CHH), 7.50 (M, 2H,Hmet), 7.58 (M, 1H,Hpara), 7.82 (M, 2HHortno); 3C NMR
(100 MHz, CDC4) & 29.9 (g, CCHa3)3), 32.0 (s,C(CHs)3), 41.8 (t,CH2tBu), 126.8 (t, €H>),

128.7 (d,Cortno), 129.5 (d,Crmetd, 133.7 (d.Cpare), 139.7 (SCipso), 149.1 (s, SEC=CHy). The
spectral data are in agreement with those in tieel diteraturd?>°

Phenyl 2,2,6,6-tetramethylhept-4-yl sulfone (1-2r):

O,
o
A mixture of zinc dust (153 mg, 2.52 mmol) and GL11l mg, 0.56 mmol) in formamide
(10 mL) was stirred at 0-10 °C for 15 min. Vinylifeme 1-8 (340 mg, 1.4 mmol) was added
followed by tert-butyl iodide (140 pl, 1.15 mmol). The mixture waged at O °C for 1 h,
warmed to room temperature and kept at this tenyoerdor 5 h.Ethyl acetate (50 mL) was
added, the precipitate was filtered off and ringeth ethyl acetate. Heptane (50 mL) and
HCI (1M, 30 mL) were added to the filtrate. The layersensgparated, the organic was dried
over MgSQ, filtered and evaporated. Purification by columrhraznatography
(EtOAc/hexane 1:10) gav224 mg (68%) of sulfond-2r as colorless crystals, m.p. 98-
99 °C. CAUTION: The Zn/Cul residue should not beedrcompletely as it may self-ignite in
air, particularly on larger scale. It should be @®d by water after filtration and rinsing with
ethyl acetate. R([EtOAc/hexane 1:5) = 0.68; IRnax 2956, 2927, 2868, 1458, 1365, 1147,
744, 723, 693 cti MS (ESI+) m/z (%) 319 (100) [M+N&]; Anal. calcd for G7H2s0,S
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(296.47): C 68.87, H 9.52, S 10.82; found: C 681819.44, S 10.63'H NMR (400 MHz,
CDCl) 5 0.88 (s, 18H, C(H3)s), 1.42 (dd,J = 5.0, 15.5 Hz, 2H, BHtBu), 1.99 (dd,J = 5.1,
15.5 Hz, 2H, CHitBu), 3.15 (m, 1H, BSOy), 7.54 (M, 2HHmer, 7.60 (M, 1HHpara), 7.87
(M, 2H, Hortho); **°C NMR (100 MHz, CDG) & 30.4 (g, CCHa)3), 30.6 (s,C(CHa)3), 45.0 (t,
CH2tBU), 59.4 (dCHSO), 129.1 (dCortho), 129.4 (d Crmets), 133.6 (d Cpara), 139.0 (SCipso).-
The spectral data are in agreement with thoseciited literaturé:**

Monoalkylation of methyl phenyl sulfoxide 1-9 (Gengal procedure):

nBuLi (2.4 mL, 3.9 mmol, 18 in hexane) was added dropwise to a stirred saiubdib
diisopropylamine (0.5 mL, 4.2 mmol) in dry THF (bfL) under a nitrogen atmosphere at
—78 °C. After stirring for 30 min, methyl phenyllgxide 1-9 (420 mg, 3 mmol) was added.
Subsequently, the corresponding alkyl halide (4r2ath was added dropwise at —78 °C after
20 min. The reaction mixture was stirred at thisigerature for 10 min and warmed to
—40 °C or 0 °C, respectively (entry 1 or 2-4, respely) for 1 h. The reaction mixture was
guenched with saturated MEl solution. The layers were separated and the aguaas
extracted with diethyl ether ¥30 mL). The combined organic extracts were washied w
brine, dried over MgS#) filtered and evaporated. Purification by coluniwmaenatography
(EtOAc/hexane 1:10, gradient to 1:5) gave sulfogitid 0a-c

Propyl phenyl sulfoxide (1-10a):

©/(S)\/\

Yield 336 mg (67%) as colorless oil; FEtOAc/hexane 1:1) = 0.36H NMR (400 MHz,
CDCls) 6 1.05 (t,Jd = 7.4 Hz, 3H, E3), 1.68 (m, 1H, EIHCHz3), 1.80 (m, 1H, CHICHg),
2.72-2.83 (m, 2H, SETH2), 7.51 (M, 3HHmeta Hpara), 7.62 (M, 2HHortho). The spectral data

are in agreement with those in the cited literaltité

Isopentyl phenyl sulfoxide (1-10b):
O

©/S\/\(
Yield 441 mg (75%) as colorless oil; EEtOAc/hexane 1:2.5) = 0.3%4 NMR (400 MHz,
CDCl) 6 0.86 (d,J = 6.3 Hz, 6H, CH(El3)2), 1.39-1.66 (m, 3H, B2iPr, CH(CH3)2), 2.76
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(m, 2H, SO®,), 7.48 (M, 3HHmeta Hpara), 7.59 (M, 2HHortho). The spectral data are in

agreement with those in the cited literatGfé.

2-(Trimethylsilyl)ethyl phenyl sulfoxide (1-10c)!5!
0]

SR

Yield 537 mg (79%) as colorless oil; EEtOAc/hexane 1:2.5) = 0.56; MS (ESIryz (%)
249 (100) [M+N4&]; 'H NMR (400 MHz, CDCJ) & —0.01 (s, 9H, Si(83)3), 0.81 (m, 2H,
CHZSi), 2.69 (m, 1H, SOBH), 2.82 (m, 1H, SOCH), 7.51 (m, 3H,Hmeta Hpara), 7.60 (m,

2H, Hortho). The spectral data are in agreement with thosleacited literature.
Alkylation of sulfoxides 1-10a-c (General procedure

nBuLi (1.2 mL, 1.95 mmol, 1/ in hexane) was added dropwise to a stirred saiubio
diisopropylamine (0.25 mL, 2.1 mmol) in dry THF 1§8L) under a nitrogen atmosphere at
—78 °C. After stirring for 30 min, sulfoxide-10a-c(1.5 mmol) was added. Subsequently, the
corresponding alkyl halide (2.1 mmol) was addedpdise at —78 °C after 20 min. The
reaction mixture was stirred at this temperaturelf® min and warmed to —40 °C or 0 °C
(entry 1 or 2-4, respectively), for 2 h. The reastimixture was quenched with saturated
NH4CI solution. The layers were separated and theamueas extracted with diethyl ether
(3x20 mL). The combined organic extracts were washéld trine, dried over MgS§)
fillered and evaporated. Purification by column athatography (EtOAc/hexane 1:10,
gradient to 1:5) gave sulfoxidéslla,h

Pent-3-yl phenyl sulfoxide (1-11a):

e

Yield 162 mg (55%) as colorless oils FEEtOAc/hexane 1:1) = 0.42; IRmax 2954, 2924,
1459, 1087, 1035, 748, 569 ¢mMS (ESI+) m/z (%) 415 (30) [2M+N&], 219 (100)
[M+Na']; HRMS (ESI+)m/z [M+Na'] calcd for GiH1sOSNa: 219.0814; found: 219.0814;
'H NMR (400 MHz, CDCJ) 4 0.91 (t,J = 7.5 Hz, 3H, Els), 1.02 (t,J = 7.5 Hz, 3H, El3),
1.46 (m, 1H, GHCHs), 1.62 (m, 2H, ©2CHs), 1.73 (m, 1H, CHICHs), 2.40 (m, 1H,
SOQH), 7.48 (M, 3HHmeta Hpara), 7.58 (M, 2HHortho); 3C NMR (100 MHz, CDGJ) 5 11.1
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(g, CHs), 11.5 (q,CHa), 18.7 (t, CH2CHs), 20.3 (t, CH2CHs), 67.9 (d, SGH), 125.0 (d,
Cortho), 1289 (d,Cmeta), 1308 (d,Cpara), 1357 (Spipso).

2,6-Dimethylhept-4-yl phenyl sulfoxide (1-11b):

o

Yield 310 mg (82%) as colorless crystals, m.p. B6*6. R (EtOAc/hexane 1:2.5) = 0.80;
IR Vmax 2952, 2924, 1468, 1443, 1086, 1043, 7481cmIS (ESI+) m/z (%) 527 (20)
[2M+Na*], 275 (100) [M+N4]; Anal. calcd for GsH240:S (252.42): C 71.37, H 9.58,
S 12.70; found: C 71.06, H 9.57, S 12.88;NMR (400 MHz, CDCJ) & 0.56 (d,J = 6.6 Hz,
3H, CH(CH3)2), 0.77 (d,J = 6.6 Hz, 3H, CH(El3)2), 0.88 (d,J = 6.6 Hz, 3H, CH(El3)y),
0.90 (d,J = 6.6 Hz, 3H, CH(El3)2), 1.20 (m, 3H, El2iPr), 1.43 (m, 1H, B(CHa),), 1.76 (m,
1H, CHHiPr), 1.88 (m, 1H, ®(CHa)2), 2.55 (tt,J = 5.6, 7.9 Hz, 1H, SOE), 7.45 (m, 5H,
Har); ¥3C NMR (100 MHz, CDGJ) & 22.0 (g, CHCHa)2), 22.5 (q, CHCH3)2), 23.1 (g,
CH(CH3)2), 23.2 (q, CHCHS3)2), 25.6 (d,CH(CHza)2), 25.7 (d,CH(CHz3)2), 35.3 (t,CH:iPr),
38.1 (t,CH2iPr), 60.6 (d, SGH), 125.0 (d.Cortho), 129.1 (dCrmetd, 130.8 (dCpara), 142.2 (s,
Cipso)-

)
S

ortho- to a-Rearrangement of sulfones 1-2a-r and 1-26 and soKides 1-1la,b

(Table 1.3-1.6, General procedure):

The respective additive (TMEDA, HMPA; 1 mmol, 3 minand base (0.55 mmol) were
added to a stirred solution of sulfote?a-r, 1-26 or sulfoxide 1-11a,b(0.5 mmol) in the
respective solvent (5 mL) at —78 °C. After 10 min-@8 °C 1 mL of the solution was taken
by a syringe and added to a dry capped vial conigiD.O. The product was extracted with
diethyl ether (2 mL). The organic extract was diogdr MgSQ, filtered and evaporated. The
remaining reaction mixture was placed in a batk-6 °C and kept for 10 min. Another
sample (1 mL) was removed and deuterated as dedcaibove. The procedure was repeated
at defined temperatures —40 °C, —20 °C, 0 °C and/letalation ofl-2c was monitored also

at different temperature intervals (Table 1.3, iest6-7). The mass balance was determined
to be quantitative for each mixture and the prosiwatre analyzed bjH NMR.
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Initial deprotonation and potential transmetalation of sulfones 1-31, 1-34, 1-36, 1-42 and
two-fold deprotonation of sulfone 1-2h(Tables 1.7-1.9, Schemes 1.4, 1.7, General

procedure):

The additive (TMEDA or HMPA, see Tables 1.7-1.9h&wes 1.4, 1.7) anBuLi (1.6M in
hexane, see Tables 1.7-1.9) were added to a stioleton of sulfonel-31, 1-34, 1-36, 1-42

or 1-2h (0.5 mmol) in dry solvent (3-5 mL) at —78 °C. Aftine given time (Tables 1.7-1.9,
Schemes 1.4, 1.7) an aliquot of the solution wasoked by a syringe and added to a capped
vial containing a few drops of 0. The volume of the sample corresponded to tha tot
volume divided by the number of samples taken. proEluct was extracted with diethyl
ether (2 mL). The organic extract was dried ovelSK@yg filtered, evaporated and the residue
was analyzed byH NMR spectroscopy. The procedure was repeatedfated! temperatures
as described in the Tables and Schemes.

2,6-Dimethylhept-4-yl 2-(1tert-butyldimethylsilyloxybenzyl)phenyl sulfone (1-42):

tert-Butyldimethylsilyl chloride (84 mg, 0.56 mmol) wasdded to a stirred solution of
sulfone1-36 (105 mg, 0.28 mmol) and imidazole (57 mg, 0.84 Wyrimodry DMF (5 mL)
under a nitrogen atmosphere at room temperature.r@&ction mixture was stirred at this
temperature for 24 h and water (5 ml) was added.|ayers were separated and the aqueous
was extracted with diethyl etherx3 mL). The combined organic extracts were washed
with brine, dried over MgS£ filtered and evaporated. Purification by column
chromatography (EtOAc/hexane 1:20) gave 119 mg §83Psulfonel-42 as colorless oil.

Rr (EtOAc/hexane 1:5) = 0.67; IRmax 2966, 2941, 2905, 2866, 1474, 1315, 1304, 1255,
1145, 1124, 1072, 870, 855, 840, 780, 759 ckiS (ESI+)m/z(%) 999 (10) [2M+N4], 511
(100) [M+Na]; HRMS (ESI+) m/z [M+Na'] calcd for GgHa4O3SSiNa: 511.2673; found:
511.2672;*H NMR (400 MHz, CDCJ) 8 —0.01 (s, 3H, Si(83)2), 0.02 (s, 3H, Si(83)2),
0.38 (d,J = 6.6 Hz, 3H, CH(®3)2), 0.62 (d,J = 6.6 Hz, 3H, CH(El3)2), 0.77 (d,J = 6.5 Hz,

3H, CH(CHa3)2), 0.83 (d,J = 6.5 Hz, 3H, CH(El3)2), 0.88 (s, 9H, C(B3)3), 1.13 (m, 1H,
CH(CHs)2), 1.21-1.45 (m, 3H, B2iPr), 1.67 (m, 1H, 6(CHz3)2), 1.80 (m, 1H, CHIiPr), 2.59
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(tt, J= 7.3, 5.0 Hz, 1H, SECH), 7.09 (s, 1H, EOSI), 7.27 (m, 1HH3), 7.29 (M, 2HH>),

7.38 (M, 2HH1"), 7.45 (m, 1HH>), 7.72 (m, 1HHs), 7.93 (dd,J = 8.0, 1.4 Hz, 1HH,), 8.23
(dd, J = 8.0, 1.3 Hz, 1HH,); *3C NMR (100 MHz, CDGJ) & —4.6 (q, SiCHs)2), 18.2 (s,
C(CHs)s), 21.7 (g, CHCHz3)2), 22.4 (g, CHCH3)2), 23.1 (g, CHCH3)2), 23.2 (g, CHCHa)2),

25.3 (d,CH(CHs)2), 25.7 (d,CH(CHs)2), 25.9 (g, CCH3)3), 36.9 (t,CH2iPr), 38.8 (tCH2iPr),

61.3 (d, SGCH), 70.6 (d,CHOSI), 127.3 (dCzor Cg), 127.7 (d,Czor C3), 128.3 (d,Cy or

C2), 128.6 (d,C1 or Cz), 129.5 (d,Cs), 131.5 (d,C1), 133.6 (d,Cs), 134.5 (sCs), 143.5 (s,
Cs), 145.5 (sCs).
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5.2.2. Preparative applications of selected sulfohgarbanions

ortho-Substituted phenyl sulfones 1-26, 1-34, 1-36, 2-1a-e, 2-2a,laple 2.1-2.2 General

procedure):

nBuLi (0.72 mL, 1.15 mmol, 1M in hexane) was added dropwise to a stirred saiubio
sulfone1-2h (268 mg, 1 mmol) and TMEDA (0.3 mL, 1.95 mmol)dny THF (5 mL) at
—78 °C under a nitrogen atmosphere. After stirforgl5 min, aldehyde, ketone, TMSCY, |
Br> or B(OCH)z (1.2 mmol) in THF (2.5 mL) was added dropwise @8 <C. The reaction
mixture was stirred for 3 h until complete as irdex] by TLC, quenched with water and
warmed to room temperature. The layers were seggheatd the aqueous was extracted with
diethyl ether (8320 mL). The combined organic extracts were washid bvine, dried over
MgSQ;, filtered and evaporated. Purification by colummarnatography (EtOAc/hexane
1:20) gave sulfones-26, 1-34, 1-36, 2-1a-@&d2-2a,h

2,6-Dimethylhept-4-yl 2-(1-hydroxybenzyl)phenyl suibne (1-36):

Yield 315 mg (84%) as colorless crystals, m.p. 80-1C. R (EtOAc/hexane 1:5) = 0.45;
IR vmax 3435, 2950, 1468, 1441, 1388, 1371, 1296, 1278111114, 954, 765 ch
MS (ESI+) m/z (%) 771 (40) [2M+Ng], 397 (25) [M+N4d], 392 (100) [M+H20]; Anal.
calcd for G2H3003S (374.54): C 70.55, H 8.07, S 8.56; found: C 70193.10, S 8.69;
'H NMR (400 MHz, CDC)) & 0.70 (d,J = 6.5 Hz, 3H, CH(El3),), 0.78 (d,J = 6.5 Hz, 3H,
CH(CHs)2), 0.83 (d,J = 6.5 Hz, 3H, CH(E3)2), 0.87 (d,J = 6.5 Hz, 3H, CH(E3)2), 1.41
(m, 2H, GHHIPr), 1.54 (m, 1H, G(CHz3)2), 1.69 (m, 2H, CHiPr, GH(CHz)2), 1.82 (m, 1H,
CHHiPr), 3.21 (ttJ = 7.1, 5.1 Hz, 1H, S&CH), 3.35 (d,J = 4.6 Hz, 1H, ®1), 6.71 (d,J =
4.6 Hz, 1H, G1OH), 7.35 (m, 7HH2, Hs, H1", H2;, Hg?), 7.53 (dd,J = 7.6, 1.4 Hz, 1HH,),
8.00 (dd,J = 7.9, 1.4 Hz, 1HH1); 3C NMR (100 MHz, CDG)) & 22.1 (g, CHCH3)2), 22.3
(g, CHCHz3)2), 23.12 (q, CHCH3)2), 23.14 (q, CHCH3)2), 25.8 (d,CH(CHa)2), 25.9 (d,
CH(CHzg)2), 38.1 (t,CHaiPr), 38.8 (t,CH.iPr), 61.8 (d, S&CH), 71.1 (d,CHOH), 127.5 (d,
Cs), 128.3 (d,C2), 128.4 (d,Cr), 129.2 (d,Cy), 131.2 (d,C2), 132.2 (d,Cs), 134.9 (d,C3),
137.1 (sCs), 142.4 (sCs), 144.9 (SCs).
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2,6-Dimethylhept-4-yl 2-(1-hydroxyisobutyl)phenyl silfone (2-1a):

Yield 306 mg (90%) as colorless crystals, m.p. 84°€. R (EtOAc/hexane 1:5) = 0.44;
IR Vmax 3495, 2960, 1468, 1336, 1295, 1143, 1131, 1024, 723 cmt; MS (ESI+)m/z(%)
363 (100) [M+N4]; Anal. calcd for GgHz20sS (340.52): C 67.02, H 9.47, S 9.42; found:
C 67.27, H 9.43, S9.54H NMR (400 MHz, CDG) & 0.71 (d,J = 6.3 Hz, 3H,
CH2CH(CHs3)2), 0.77 (m, 6H, HOCHCH(83s)2, CH.CH(CH3)2), 0.85 (2xd,J = 6.3 Hz, 6H,
CH.CH(CH3)2), 1.11 (d,J = 6.5 Hz, 3H, HOCHCH(83)2), 1.39 (m, 4H, CKCH(CHa)2,
CHHiIPr), 1.68 (m, 2H, CHiPr), 2.22 (m, 1H, HOCHB(CHz3)2), 2.66 (d,J = 4.9 Hz, 1H,
OH), 3.16 (tt,J = 7.3, 4.9 Hz, 1H, S§CH), 5.01 (ddJ = 4.9, 8.4 Hz, 1H, EOH), 7.45 (m,
1H, Hy), 7.63 (m, 2H,Hs, Ha), 7.95 (dd,J = 8.0, 1.0 Hz, 1HH1); 3C NMR (100 MHz,
CDCls) 6 19.0 (g, HOCHCHCH3)2), 20.1 (g, HOCHCHCH3)2), 22.1 (q, CHCH(CHa)2),
22.2 (q, CHCH(CHz3)2), 23.0 (q, CHCH(CHa3)2), 23.1 (g, CHCH(CHs)2), 25.8 (d,
CH2CH(CHa)2), 25.9 (d, CHCH(CHz3)2), 33.8 (d, HOCKH(CHs)2), 38.3 (t,CH.iPr), 38.7 (t,
CH2iPr), 61.7 (d, S&CH), 75.2 (d,CHOH), 127.8 (d, @), 128.7 (dC1), 131.4 (dCs), 134.0
(d, Ca), 136.7 (sCs), 144.3 (SCs).

(E)-2,6-Dimethylhept-4-yl 2-(1-hydroxypent-2-enyl)phayl sulfone (2-1b):

Yield 279 mg (79%) as a colorless oil tOAc/hexane 1:5) = 0.25; I[Rnax 3496, 2957,
2931, 1468, 1379, 1289, 1136, 1113, 998, 762;dvS (ESI+)m/z(%) 375 (100) [M+N4];
Anal. calcd for GoH3203S (352.53): C 68.14, H 9.15, S 9.10; found: C 6,/t98.29, S 9.07,
IH NMR (400 MHz, CDCY) 8 0.66 (d,J = 6.5 Hz, 3H, CH(El3)2), 0.77 (d,J = 6.5 Hz, 3H,
CH(CHa)2), 0.81 (d,J = 6.5 Hz, 3H, CH(®3)2), 0.86 (d,J = 6.5 Hz, 3H, CH(El3)2), 0.97 (t,
J=7.5Hz, 3H, CHCH3), 1.37 (m, 2H, EHiPr), 1.50 (m, 1H, 6(CHz3)2), 1.56-1.84 (m, 3H,
CHHiPr, (H(CHs)2), 2.07(m, 2H, tH>CHs), 2.95 (broad s, 1H, i@, 3.21 (m, 1H, SECH),
5.70 (dd,J = 5.9, 15.4 Hz, 1H, CK¥CH=CH), 5.88 (dt,J = 6.2, 15.4 Hz, 1H, CK¥CH=CH),
6.00 (m, 1H, GIOH), 7.41 (m, 1HH,), 7.59 (m, 1HH3), 7.67 (M, 1HHJ), 7.91 (m, 1H,
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Hi); C NMR (100 MHz, CDGJ) & 13.7 (g, CHCHs), 22.0 (g, CHCHs)2), 22.2 (q,
CH(CH3)2), 23.0 (g, CHCH3)2), 23.1 (g, CHCH3)2), 25.4 (t,CH2CHg), 25.78 (dCH(CHa)2),
25.81 (d,CH(CHs)2), 38.2 (t,CH2iPr), 38.7 (t,CH2iPr), 61.6 (d, S@CH), 69.7 (d,CHOH),
127.9 (d,C2), 128.3 (d,C1), 129.8 (d, CHCH=CH), 131.3 (d,Cs), 134.1 (d,C3), 134.9 (d,
CH>CH=CH), 135.9 (sC¢), 144.1 (sCs).

2,6-Dimethylhept-4-yl 2-(1-hydroxy-3-phenylpropyl)fhenyl sulfone (2-1c):

Yield 374 mg (93%) as a colorless oil tOAc/hexane 1:5) = 0.35; I[Rnax 3498, 2957,
1468, 1454, 1331, 1295, 1140, 1115, 1058, 747,ct@% MS (ESI+)m/z (%) 425 (100)
[M+Na™]; Anal. calcd for G4H3403S (402.59): C 71.60, H 8.51, S 7.96; found: C 71.43
H 8.55, S 7.77*H NMR (400 MHz, CDCJ) 8 0.73 (d,J = 6.4 Hz, 3H, CH(El3)2), 0.82 (d,
J= 6.4 Hz, 3H, CH(®3)2), 0.87 (d,J = 6.4 Hz, 3H, CH(Els)), 0.92 (d,J = 6.4 Hz, 3H,
CH(CH3)2), 1.41 (m, 2H, EHiPr), 1.57 (m, 1H, 6(CHz)2), 1.62-1.86 (m, 3H, CHiPr,
CH(CHs)2), 2.13 (m, 1H, BIHCHOH), 2.27 (m, 1H, CHCHOH), 2.75 (m, 1H, Ph&H),
3.00 (m, 2H, PhCH, OH), 3.15 (m, 1H, SECH), 5.46 (m, 1H, €IOH), 7.25 (m, 5HH1,
Hz, Hz), 7.47 (m, 1HH>), 7.65 (m, 1HH3), 7.75 (m, 1HH4), 7.99 (m, 1HH,); 13C NMR
(100 MHz, CDC4) 6 21.9 (g, CHCHz3)2), 22.1 (g, CHCH3)2), 22.8 (q, CHCH3)2), 22.9 (q,
CH(CHa)2), 25.5 (d,CH(CHs)2), 25.6 (d,CH(CHza)2), 32.8 (t, PIKH2), 38.2 (t,CH:iPr), 38.5
(t, CH2iPr), 39.4 (t, PhCECH>), 61.5 (d, S@CH), 69.2 (d,CHOH), 126.0 (dCs), 128.1 (d,
Co), 128.5 (dCy), 128.7 (dCr, C2), 131.2 (dCa), 133.4 (dCs), 135.7 (sCe), 141.5 (sCys),
144.9 (sCs).

2,6-Dimethylhept-4-yl 2-(1-hydroxycyclohexyl)phenybkulfone (2-1d):

Yield 312 mg (85%) as a colorless oik EtOAc/hexane 1:5) = 0.44; IRnax 3495, 2955,
2930, 1468, 1386, 1288, 1267, 1133, 1112, 994, 748.cm'; MS (ESI+)m/z(%) 389 (30)

106



[M+Na*], 349 (100) [M—OH], 223 (20) [M+H—OH-CH{BuU):]; Anal. calcd for GiHz40sS
(366.56): C 68.81, H 9.35, S 8.75; found: C 681879.23, S 8.97'H NMR (400 MHz,
CDCl) 8 0.70 (d,J = 6.2 Hz, 6H, CH(El3)), 0.78 (d,J = 6.2 Hz, 6H, CH(El3)2), 1.32 (m,
2H, CHHiPr), 1.54 (m, 4H, BI(CHs)2, CH,), 1.65-1.89 (m, 10H, CHiPr, CHy), 4.21 (m,
1H, SQCH), 4.53 (s, 1H, ®), 7.30 (dddJ = 8.1, 6.7, 1.8 Hz, 1H), 7.48 (m, 2HHs3, Ha),
8.07 (dd,J= 8.1, 1.2 Hz, 1HH1); 3C NMR (100 MHz, CDGJ) & 21.9 (t,CH2CH2CH,COH),
22.3 (g, CHCHa3)2), 23.0 (g, CHCHa)2), 25.7 (t,CH2CHCOH), 25.9 (d, 2€H(CHs)), 38.8
(t, 2xCHaiPr), 40.1 (t,CH,COH), 61.9 (d, S@CH), 75.3 (s,COH), 126.7 (d,C2), 129.2 (d,
C1), 133.1 (dCa), 133.2 (dCs), 136.7 (sCs), 152.2 (SCs).

2,6-Dimethylhept-4-yl 2-(1-hydroxy-1-phenylbenzyl)penyl sulfone (2-1e):

Ph___Pnh
HO O,
6
3 1
2

Yield 424 mg (94%) as colorless crystals, m.p. 113-°C. R (EtOAc/hexane 1:5) = 0.59;
IR vmax 3403, 2955, 1467, 1441, 1383, 1291, 1167, 11132,10043, 956, 765, 748 cm
MS (ESI+) m/z (%) 473 (100) [M+Na], 329 (40) [M+Nd-OH-CH(Bu);], 307 (30)
[M+H*—OH-CH({Bu),]; HRMS (ESI+) m/z [M+Na'] calcd for GsHz403SNa': 473.2121;
found: 473.2120'"H NMR (400 MHz, CDC4) § 0.74 (d,J = 6.6 Hz, 6H, CH(El3),), 0.87 (d,
J = 6.6 Hz, 6H, CH(El3)2), 1.35 (m, 2H, ElHiPr), 1.52 (m, 2H, 6(CHs)2), 1.74 (m, 2H,
CHHiPr), 3.75 (m, 1H, S&CH), 6.30 (s, 1H, @), 6.88 (ddJ = 7.9, 1.3 Hz, 1HH.), 7.08
(m, 4H,Har), 7.23 (m, 6HHa), 7.35 (td,J = 7.9, 1.5 Hz, 1HHa), 7.41 (td,J = 7.9, 1.3 Hz,
1H, Hz), 8.14 (dd,J = 7.9, 1.5 Hz, 1HH1); **C NMR (100 MHz, CDGQ) & 22.3 (q,
CH(CHa)2), 23.1 (g, CHCHs3)2), 25.8 (d, 2€H(CHs)2), 38.4 (t,CH2iPr), 38.5 (t,CH2iPr),
62.6 (d, SQCH), 83.4 (s,COH), 127.6 (dCp), 127.7 (dCar), 128.1 (d,Car), 128.2 (d,Car),
132.4 (d,Cs), 133.7 (dCa), 134.0 (dC1), 137.2 (SCs), 147.4 (sCs), 148.2 (SCipso).

107



2,6-Dimethylhept-4-yl 2-(trimethylsilyl)phenyl sulfone (1-26):

™S o,

4 S
6

3 1

Yield 282 mg (83%) as colorless crystals, m.p. 82°6. R (EtOAc/hexane 1:5) = 0.79;
IR Vmax 2980, 2898, 1312, 1248, 1147, 1112, 844, 746;0M6 (ESI+)m/z (%) 363 (100)
[M+Na*]; Anal. calcd for GgH3:0sSSi (340.60): C 63.47, H 9.47, S 9.41, Si 8.25ntbu
C 63.54, H 9.48, S 9.18, Si 8.54) NMR (400 MHz, CDCJ) 8 0.42 (s, 9H, Si(63)3), 0.70
(d, J = 6.5 Hz, 6H, CH(Ei3)2), 0.85 (d,J = 6.6 Hz, 6H, CH(El3)2), 1.29-1.58 (m, 4H,
CHHiPr, CGH(CHs)2), 1.72 (m, 2H, CHiiPr), 3.06 (m, 1H, SECH), 7.55 (M, 2H,H2, Ha),
7.80 (m, 1HHaJ), 7.95 (m, 1HH1); 13C NMR (100 MHz, CDGJ) 5 1.5 (g, SiCH3)z), 21.8 (q,
CH(CH3)2), 23.0 (q, CHCH3)2), 25.6 (d,CH(CHs)2), 38.1 (t,CH.iPr), 60.7 (d, SECH),
129.3 (d,C2), 130.8 (dC1), 132.3 (dCs), 136.8 (dC4), 141.2 (sCs), 143.6 (SCe).

2,6-Dimethylhept-4-yl 2-iodophenyl sulfone (1-34):

|
O,
4@8
6
3 1
2

Yield 304 mg (77%) as colorless crystals, m.p. 8728. R (EtOAc/hexane 1:5) = 0.45;
IR Vmax 2960, 1559, 1541, 1508, 1472, 1457, 1315, 1146, G&8, 597 cm; MS (ESI+)m/z
(%) 417 (100) [M+Na], 269 (30) [L-2h+H']; HRMS (ESI+) m/z [M+Na'] calcd for
CisH2310,S+Nd: 417.0356; found: 417.0353H NMR (400 MHz, CDCY) & 0.74 (d,J =
6.2 Hz, 6H, CH(®l3)2), 0.85 (d,J = 6.2 Hz, 6H, CH(El3)2), 1.33 (m, 2H, EHiPr), 1.64 (m,
4H, CH(CHa)2, CHHiPr), 3.76 (itJ = 6.9, 4.7 Hz, 1H, SETH), 7.19 (m, 1HHa3), 7.48 (m,
1H, Hp), 8.04 (dd,J = 7.9, 1.1 Hz, 1HH,), 8.08 (dd,J = 7.9, 1.7 Hz, 1HH1); *C NMR
(100 MHz, CDC}¥) & 22.1 (q, CHCHz3)2), 23.0 (g, CHCHa)2), 25.6 (d,CH(CHs)2), 38.3 {t,
CHaiPr), 56.9 (d, S@H), 93.1 (s,Cs), 128.5 (d,Co), 132.4 (d,Cy), 134.2 (d,C3), 142.8 (d,
Ca), 143.1 (sCe).
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2-Bromophenyl 2,6-dimethylhept-4-yl sulfone (2-2a):

Br
O,
g S
6
3 1
2

Yield (63%) as a colorless oil, not separable ftbizh (31%). R (EtOAc/hexane 1:5) = 0.40;
MS (ESI+) m/z (%): 371/369 (80/80) [M+N73, 291 (100) L-2h+Na’]; HRMS (ESI+)m/z
[M+Na'] calcd for GsH23BrO.S+Na: 369.0494; found: 369.0495H NMR (400 MHz,
CDClz) 6 0.76 (d,J = 6.2 Hz, 6H, CH(El3)2), 0.85 (d,J = 6.3 Hz, 6H, CH(E3)2), 1.37 (m,
2H, CHHIiPr), 1.67 (m, 4H, €6(CHzg)2, CHHIiPr), 3.76 (m, 1H, S&CH), 7.45 (m, 1HHa),
7.55 (m, 1H,Hy), 7.72 (dd,J = 7.7, 1.4 Hz, 1HH.), 8.09 (dd,J = 7.7, 1.8 Hz, 1HH);
13C NMR (100 MHz, CDG) & 22.2 (g, CHCH3)2), 23.0 (g, CHCHz)2), 25.7 (d,CH(CHs)2),
38.5 (t,CHiPr), 57.9 (d, SECH), 121.0 (sCs), 127.9 (d,C2), 132.7 (d,C1), 134.6 (d,C3),
135.6 (d,Cs), 138.0 (sCe).

(2-((2,6-Dimethylhept-4-yl)sulfonyl)phenyl)boronicacid (2-2b):

Yield 258 mg (83%) as a colorless solid, m.p. 91°02R (CHsCOOH/EtOAc/hexane 1:1:5)
= 0.30; IR vmax 3438, 3282, 3063, 2958, 2929, 2869, 1605, 1598215470, 1387, 1290,
1278, 1141, 1031, 1021, 837, 692tnMS (ESI-) m/z (%): 311/310 (100/25) [M-H;
HRMS (ESI-)m/z [M—H*] calcd for GsH24BO4S™: 311.1494; found: 311.1494H NMR
(400 MHz, CDC4) 50.73 (d,J = 6.4 Hz, 6H, CH(El3)2), 0.83 (d,J = 6.4 Hz, 6H,
CH(CHa)2), 1.35 (m, 2H, €IHiPr), 1.62 (m, 4H, 6(CHs)2, CHHiPr), 3.31 (m, 1H, SECH),
6.57 (broad s, 2H, B(B),), 7.44-7.73 (m, 2HH2, Hs), 7.99 (dd,J = 1.3, 7.7 Hz, 1HHa),
8.04 (dd,J = 1.6, 7.3 Hz, 1HH1); 13C NMR (100 MHz, CDGJ) & 22.0 (g, CHCH3)2), 22.9
(9, CH(CHa)2), 25.7 (d,CH(CHa)2), 38.4 (t,CH2iPr), 59.9 (d, SECH), 129.9 (d,C1), 130.4
(d, Czor Cy), 132.9 (dCszor Cy), 137.1 (dCa), 140.5 (SCs), 141.6 (SCs).
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(2-Hydroxyalkyl) phenyl sulfones 2-3a-f(General procedure):

nBuLi (0.41 mL, 0.65 mmol, 1M in hexane) was added dropwise to a stirred solutio
1-2p (106 mg, 0.5 mmol) and TMEDA (0.15 mL, 0.98 mmiol)dry THF (4 mL) at —78 °C
under a nitrogen atmosphere. After stirring for hth, the aldehyde (0.7 mmol) in THF
(2 mL) was added dropwise at —78 °C. The reactiotiure was warmed to O °C, stirred at
this temperature for 1 h until complete as indidatg TLC and quenched with water. The
layers were separated and the aqueous was extratttedliethyl ether (3x20 mL). The
combined organic extracts were washed with brineedd over MgSQ@, filtered and
evaporated. Purification by column chromatograpByO@Ac/hexane 1:50) gave sulfones
2-3a-f.

2-Ethyl-1-phenyl-2-(phenylsulfonyl)butan-1-ol (2-3&:

3 2

Yield 127 mg (80%) as colorless crystals, m.p. 122-°C. R (EtOAc/hexane 1:5) = 0.30;
IR Umax 3488, 2975, 2943, 1447, 1281, 1143, 1073, 722, &8% MS (ESI+) m/z (%)
341 (100) [M+N4], 199 (20) [M+Na—PhSQH], 165 (20) [PhSeH+Na']; Anal. calcd for
Ci18H220sS (318.43): C 67.89, H 6.96, S 10.07; found: C 6719 7.11, S 9.89'"H NMR
(400 MHz, CDC}) 5 0.58 (t,J = 7.4 Hz, 3H, Ei3), 1.12 (t,J = 7.5 Hz, 3H, ©3), 1.47 (dq,
J=7.5,15.0 Hz, 1H, BHCH3), 1.72 (dg,J = 7.4, 15.0 Hz, 1H, CHCH?3), 1.96 (dqJ = 7.5,
15.1 Hz, 1H, GIHCHa3), 2.21 (dgJ = 7.5, 15.1 Hz, 1H, CHCH?3), 4.19 (d,J = 2.5 Hz, 1H,
OH), 4.92 (dJ = 2.5 Hz, 1H, G®IOH), 7.22 (m, 5HHar), 7.54 (M, 2HHz), 7.65 (m, 1HHs3),
7.90 (m, 2H,H:); 3C NMR (100 MHz, CDGJ) 3 8.5 (q, CHs), 9.4 (g, CHs), 19.5 (t,
CH2CHs), 24.0 (t,CH2CHs), 74.1 (d,CHOH), 76.1 (s, SEC), 128.1 (dCs), 128.38 (dCy),
128.41 (dC»), 129.0 (dC2), 130.2 (dC1), 133.9 (dCs), 137.5 (sCx), 139.1 (sCa).
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1-(4-Bromophenyl)-2-ethyl-2-(phenylsulfonyl)butan-1ol (2-3b):

Yield 129 mg (65%) as colorless crystals, m.p. 122-°C. R (EtOAc/hexane 1:5) = 0.22;
IR Vmax 3487, 2981, 2940, 1485, 1446, 1281, 1144, 10780,1025, 690 cmy MS (ESI+)
m/z (%) 419/417 (100/100) [M+N% 165 (40) [PhSeH+Na']; Anal. calcd for GgH21BrOsS
(396.33): C54.41, H 5.33, S 8.07, Br 20.11; foud54.41, H 5.33, S 7.98, Br 20.21;
'H NMR (400 MHz, CDCJ) 8 0.67 (t,J = 7.4 Hz, 3H, ©3), 1.10 (t,J = 7.5 Hz, 3H, Ei3),
1.53 (dg,J = 7.4, 14.8 Hz, 1H, BHCHz), 1.69 (dg,J = 7.4, 14.8 Hz, 1H, BHCHz), 1.92
(dg,J = 7.5, 15.0 Hz, 1H, CHCHa), 2.16 (dgJ = 7.5, 15.0 Hz, 1H, CHCH3), 4.32 (d,J =
2.5 Hz, 1H, ®), 4.90 (d,J = 2.5 Hz, 1H, ®IOH), 7.15 (m, 2HH1"), 7.39 (M, 2HH>), 7.56
(m, 2H,H2), 7.67 (m, 1HHs3), 7.90 (m, 2HH2); *3C NMR (100 MHz, CDG) 6 8.7 (9,CHa),
9.5 (q,CHs), 19.8 (t,CH2CHs), 24.1 (t,CH2CHa), 73.9 (d,CHOH), 75.8 (s, S€r), 122.0 (s,
Cs), 129.1 (d,C2), 130.2 (d,Cr), 130.3 (d,C1), 131.3 (d,Cz), 134.1 (d,C3), 137.4 (SCys),
138.3 (s Ca).

4-Ethyl-2-methyl-4-(phenylsulfonyl)hexan-3-ol (2-3k
HO

40

1 2

Yield 100 mg (70%) as colorless crystals, m.p. 20°€@. R (EtOAc/hexane 1:5) = 0.29;
IR Vmax 3515, 2966, 2886, 1446, 1278, 1120, 1073, 1018, 751, 690 cm; MS (ESI+)m/z
(%) 307 (100) [M+N&], 165 (40) [PhSEH+Na']; Anal. calcd for GsH240sS (284.41):
C 63.34, H 8.51, S 11.27; found: C 63.53, H 8.48,15;'H NMR (400 MHz, CDCJ)
50.91 (2xt,J = 7.5 Hz, 6H, CHCH3), 1.04 (2xd,J = 6.6 Hz, 6H, CH(El3)2), 1.54 (dg,J =
7.5, 14.8 Hz, 1H, BHCHj3), 1.83 (dg,J = 7.5, 15.1 Hz, 1H, BHCHz), 2.03 (dg,J = 7.5,
14.8 Hz, 2H, GIHCHa), 2.21 (m, 1H, €(CHs)2), 3.19 (dJ = 7.8 Hz, 1H, ®1), 3.80 (ddJ =
3.0, 7.8 Hz, 1H, EB0OH), 7.51 (m, 2HH>), 7.61 (M, 1HH3), 7.87 (m, 2HH1); 1°C NMR
(100 MHz, CDC}) & 8.9 (g, CHCHs), 9.1 (q, CHCHs), 17.6 (g, CHCHa)2), 23.3 (t,
CH2CHs), 24.3 (g, CHCHa)2), 24.9 (t,CH2CHs), 29.5 (d,CH(CHs)2), 74.4 (s, SEC), 77.8
(d, CHOH), 128.9 (d(>), 130.2 (dC1), 133.8 (dC3), 138.8 (sCa).
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(E)-3-Ethyl-3-(phenylsulfonyl)oct-5-en-4-ol (2-3d):

Yield 96 mg (64%) as colorless crystals, m.p. 65266 R (EtOAc/hexane 1:5) = 0.32;
IR Vmax 3493, 2969, 2939, 1446, 1281, 1131, 1075, 971, 21, 604 crit; MS (ESI+)m/z
(%) 319 (100) [M+N3], 165 (30) [PhSeH+Na']; Anal. calcd for GeH240sS (296.42):
C 64.83, H 8.16, S 10.82; found: C 64.94, H 8.24,0%52;'H NMR (400 MHz, CDCJ)
00.96 (m, 9H, Ei3), 1.61 (dgJ = 7.4, 14.8 Hz, 1H, CEHCH3), 1.80 (dqJ = 7.5, 15.1 Hz,
1H, CCHHCHa), 1.94 (m, 4H, CCHCHs, =CHCH2CH), 3.47 (d,J = 6.1 Hz, 1H, ®), 4.34
(t, J= 6.1 Hz, 1H, GIOH), 5.55 (ddtJ = 1.4, 6.2, 15.2 Hz, 1H, GBH=CH), 5.71 (dtdJ =
0.8, 7.1, 15.2 Hz, 1H, G&H=CH), 7.50 (m, 2HH>), 7.60 (m, 1HH3), 7.86 (m, 2HH1);
13C NMR (100 MHz, CDGJ) 6 8.5 (g, CCHCHz), 8.8 (g, CCHCHz), 13.3 (g, CHCHCH3),
22.0 (t, GCH2CHa), 23.6 (t, CH2CHs), 25.5 (t, =CHCH2CHs), 73.4 (s, SEC), 74.8 (d,
CHOH), 126.7 (d, CKCH=CH), 128.8 (d,C), 130.4 (d,Cs), 133.8 (d,Cs), 136.9 (d,
CH2CH=CH), 138.3 (sCa).

(E)-4-Ethyl-1-phenyl-4-(phenylsulfonyl)hex-1-en-3-0(2-3e):

Yield 122 mg (71%) as colorless crystals, m.p. 8528. R (EtOAc/hexane 1:5) = 0.20;
IR vmax 3491, 2974, 2943, 2886, 1446, 1361, 1279, 11383,1969, 755, 721, 690, 604 ¢m
MS (ESI+) m/z (%) 367 (100) [M+N3], 327 (10) [M—OH]; Anal. calcd for GoH240sS
(344.15): C 69.73, H7.02, S 9.31; found: C 69/476.89, S 9.13!H NMR (400 MHz,
CDCls) 6 1.05 (m, 6H, El3), 1.77 (dg,J = 7.4, 15.0 Hz, 1H, BHCH3), 1.88 (dg,J = 7.6,
15.1 Hz, 1H, GIHCHg), 2.04 (m, 2H, CHICHa), 3.69 (d,J = 6.6 Hz, 1H, ®), 4.56 (td,J =
1.3, 6.6 Hz, 1H, EOH), 6.28 (dd,J = 6.6, 15.8 Hz, 1H, PhCH=#), 6.64 (dd,J = 1.3,
15.8 Hz, 1H, PhB=CH), 7.27 (m, 5HHar), 7.48 (m, 2HH2), 7.61 (m, 1HH3), 7.89 (m,
2H, H1); 13C NMR (100 MHz, CDGJ) 4 8.5 (q,CHs), 8.7 (q,CH3), 22.2 (t,CH2CHs), 23.2 (t,
CH2CHs), 73.6 (s, S@C), 74.6 (d,CHOH), 126.7 (d,Ca), 127.1 (d,PhCH=CH), 127.9 (d,
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Cs), 128.6 (d.Car), 128.7 (d.Cz), 130.3 (d.C1), 132.9 (d, PEBH=CH), 133.7 (dCs), 136.4 (s,
Cs), 138.0 (sCa).

2-Hydroxyalkyl phenyl sulfones 2-4a-g General procedure):

Conditions A: nBuLi (0.27 mL, 0.43 mmol, 1M in hexane) was added dropwise to a stirred
solution of sulfonel-2h (100 mg, 0.37 mmol) and TMEDA (0.1 mL, 0.65 mmal)dry THF

(4 mL) at —78 °C under a nitrogen atmosphere. Adteering for 10 min, the reaction mixture
was warmed to 0 °C during 1 h, followed by dropwasklition of the aldehyde (0.44 mmol)
in THF (2 mL) at —78 °C. The reaction mixture wasrmed to —20 °C, stirred at this
temperature until complete as indicated by TLC,nghed with water and warmed to room
temperature. The layers were separated and theoasjweas extracted with diethyl ether
(3x20 mL). The combined organic extracts were wdsiéh brine, dried over MgSQ
filtered and evaporated. Purification by columnaorhatography (EtOAc/hexane 1:20) gave
sulfones2-4a-g

Conditions B: nBuLi (0.27 mL, 0.43 mmol, 1M in hexane) was added dropwise to a stirred
solution of sulfonel-2h (100 mg, 0.37 mmol) and TMEDA (0.1 mL, 0.65 mmialdry THF

(4 mL) at —20 °C under a nitrogen atmosphere. Aftiaring for 10 min, the aldehyde
(0.44 mmol) in THF (2 mL) was added dropwise at 28 The reaction mixture was
warmed to —20 °C, stirred at this temperature warhplete as indicated by TLC, quenched
with water and warmed to room temperature. Thertayere separated and the agueous was
extracted with diethyl ether (3x20 mL). The combir@ganic extracts were washed with
brine, dried over MgS#) filtered and evaporated. Purification by colunfimarnatography
(EtOAc/hexane 1:20) gave sulforizgla,d,f,g

Conditions C: nBuLi (0.27 mL, 0.43 mmol, 1M in hexane) was added dropwise to a stirred
solution of sulfonel-2h (100 mg, 0.37 mmol) and HMPA (0.4 mL, 2.22 mmal)dry THF

(4 mL) at —78 °C under a nitrogen atmosphere. A#tiaring for 10 min, the aldehyde
(0.44 mmol) in THF (2 mL) was added dropwise at 2Z8The reaction mixture was stirred
at this temperature until complete as indicated b, quenched with water and warmed to
room temperature. The layers were separated anddgheous was extracted with diethyl
ether (3x20 mL). The combined organic extracts weashed with brine, dried over Mgg0
filtered and evaporated. Purification by columnachatography (EtOAc/hexane 1:20) gave
sulfones2-4a-g
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2-1sobutyl-4-methyl-1-phenyl-2-(phenylsulfonyl)penan-1-ol (2-4a):

Yield 104 mg (75%, conditions C) as a colorless Ril(EtOAc/hexane 1:5) = 0.37; [Rnax

3476, 2961, 2870, 1470, 1446, 1389, 1280, 112351791, 723, 690, 631 clmMS (ESI+)
m/z (%) 397 (100) [M+N&], 256 (60) [M—PhS@Na'], 165 (20) [PhSeH+Na']; Anal.

calcd for G2H3003S (374.54): C 70.55, H 8.07, S 8.56; found: C 701268.03, S 8.39;
'H NMR (400 MHz, CDC4) 5 0.78 (d,J = 6.6 Hz, 3H, CH(Els)2), 0.83 (d,J = 6.5 Hz, 3H,
CH(CHa)2), 1.06 (2xdJ = 6.5 Hz, 6H, CH(El3)2), 1.37 (ddJ = 4.2, 15.0 Hz, 1H, BHiPr),

1.52 (ddJ = 6.0, 15.0 Hz, 1H, CHiPr), 1.71 (m, 1H, 8(CHs),), 1.88 (dd, = 5.4, 15.4 Hz,
1H, CHHiPr), 1.96 (ddJ = 4.6, 15.4 Hz, 1H, CHiPr), 2.43 (m, 1H, 6(CHs),), 4.00 (d,J =

3.3 Hz, 1H, ®), 5.16 (d,J = 3.3 Hz, 1H, GIOH), 7.31 (m, 3HHz, Hz), 7.36 (M, 2HH>),

7.49 (t,J = 7.8 Hz, 2H,H), 7.62 (m, 1H,H3), 7.83 (m, 2H,H1); *C NMR (100 MHz,
CDCl) & 23.60 (d, CH(CHa)2), 23.63 (d, CH(CHs)2), 25.5 (g, CHCHs)2), 25.9 (q,
CH(CH3)), 26.1 (g, CHCHz3)2), 26.1 (g, CHCHa)2), 38.7 (t,CH2iPr), 41.8 (t.CH2iPr), 76.2
(s, SQC), 76.8 (d,CHOH), 128.2 (dCy'), 128.6 (d,Cs), 128.7 (d,C2), 129.2 (dC>), 130.5
(d, C1), 133.7 (dCs), 138.7 (sCx), 139.4 (sCa).

1-(4-Bromophenyl)-2-isobutyl-4-methyl-2-(phenylsulbnyl)pentan-1-ol (2-4b):

Yield 80 mg (48%, conditions C) as a colorlessdsatn.p. 109-110 °C. REtOAc/hexane
1:5) = 0.30; IRvmax 3478, 2961, 2931, 2870, 1488, 1472, 1446, 12825,11075, 1011, 759,
730, 690 crit; MS (ESI+) m/z (%) 931/929/927 (15/30/15) [2M+Rfp 477/475 (95/100)
[M+Na*], 165 (40) [PhSeH+Na']; Anal. calcd for GoH29BrOsS (452.43): C 58.27, H 6.45,
S 7.07, Br 17.62; found: C 58.56, H 6.39, S 7.32,1B.84;'H NMR (400 MHz, CDCJ)
50.81 (d,J = 6.6 Hz, 3H, CH(Els)2), 0.87 (d,J = 6.5 Hz, 3H, CH(El3),), 1.05 (d,J =
6.5 Hz, 6H, CH(El3)2), 1.36 (dd,J = 4.1, 15.0 Hz, 1H, BHiPr), 1.51 (dd,) = 6.1, 15.0 Hz,
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1H, CHHiPr), 1.67 (m, 1H, 6(CHa)), 1.83 (dd,J = 5.4, 15.4 Hz, 1H, BHiPr), 1.91 (dd,
J= 4.6, 15.4 Hz, 1H, CHiPr), 2.39 (m, 1H, B(CHs)2), 4.14 (d,J = 3.3 Hz, 1H, ®l), 5.09
(d, J = 3.3 Hz, 1H, GIOH), 7.24 (m, 2HH1), 7.46 (m, 2HH2), 7.54 (m, 2HH>), 7.66 (m,
1H, H3), 7.85 (m, 2H,H1); 13C NMR (100 MHz, CDG) & 23.8 (d,CH(CHa)2), 24.0 (d,
CH(CHa)2), 25.5 (g, CHCHa)2), 25.9 (g, CHCHa)2), 26.1 (g, CHCHa)2), 26.2 (q,
CH(CH?3)2), 38.9 (t,CH2iPr), 41.8 (tCH.iPr), 75.9 (s, SEL), 76.5 (d.CHOH), 122.7 (sCz),

128.9 (d,C2), 129.1 (d,C1), 130.5 (d,Cy), 131.0 (d,C2), 133.9 (d,C3), 138.5 (sCa Or Ca),

138.6 (s,Ca or Cy).

1-(3-Bromophenyl)-2-isobutyl-4-methyl-2-(phenylsulbnyl)pentan-1-ol (2-4c):

Yield 106 mg (63%, conditions C) as a colorlesgdsoh.p. 81-82 °C. R(EtOAc/hexane 1:5)
= 0.39; IRvnax 3488, 2961, 2871, 1668, 1473, 1457, 1447, 13832,1P129, 1075, 759, 728,
690 cmt; MS (ESI+) m/z (%) 477/475 (100/98) [M+N3, 165 (40) [PhS@H+Na']; Anal.
calcd for GoH20BrOsS (452.43): C 58.27, H 6.45, S 7.07, Br 17.62; tbud 58.44, H 6.47,
S 6.96, Br 17.94*H NMR (400 MHz, CDCJ) 6 0.85 (2xd,J = 6.6 Hz, 6H, CH(El3)2), 1.07
(2xd,J = 6.6 Hz, 6H, CH(El3),), 1.39 (dd,J = 4.6, 15.0 Hz, 1H, BHiPr), 1.47 (dd,) = 5.6,
15.0 Hz, 1H, CHiiPr), 1.66 (m, 1H, B(CHs),), 1.85 (ddJ = 5.4, 15.4 Hz, 1H, BHiPr),
1.92 (dd,J = 4.6, 15.4 Hz, 1H, CHiPr), 2.41 (m, 1H, 6(CHs)2), 4.20 (d,J = 3.0 Hz, 1H,
OH), 5.08 (d,J = 3.0 Hz, 1H, GIOH), 7.19 (tJ = 7.8 Hz, 1HH4), 7.33 (d,J = 7.9 Hz, 1H,
Hs), 7.44 (m, 1HHs), 7.51 (t,J = 1.7 Hz, 1HH1"), 7.56 (t,J = 7.7 Hz, 2HH>), 7.67 (m,
1H, H3), 7.89 (m, 2H,H1); ¥¥C NMR (100 MHz, CDGJ) & 23.5 (d,CH(CHs)2), 23.8 (d,
CH(CHg)2), 25.3 (g, CHCHs)2), 25.6 (q, CHCHz)2), 25.9 (g, CHCHa)2), 26.0 (q,
CH(CH3)2), 38.5 (t,CH2iPr), 41.7 (tCH.iPr), 75.5 (s, SEL), 76.3 (d,CHOH), 122.7 (sC>),
127.6 (d,Cs), 128.7 (dC»), 129.5 (dCs), 130.3 (d,C1), 131.5 (dCyr), 132.1 (dC5), 133.8
(d, Ca), 138.2 (sC4), 141.5 (SCs).
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4-1sobutyl-6-methyl-1-phenyl-4-(phenylsulfonyl)hepan-3-ol (2-4d):

Yield 123 mg (61%, conditions A) as a colorless Bjl (EtOAc/hexane 1:5) = 0.46; |Rnax
3509, 3085, 2960, 2925, 1603, 1584, 1496, 14696,14388, 1279, 1123, 1075, 1000, 931,
755 cmt; MS (ESI+) m/z (%) 425 (95) [M+N&], 283 (100) [M+N&-PhSQH];
HRMS (ESI+)m/z[M+Na'] calcd for GaH340sSNa': 425.2121; found: 425.21281 NMR
(400 MHz, CDC#) 50.75 (d,J = 6.6 Hz, 3H, CH(El)2), 0.87 (d,J = 6.5 Hz, 3H,
CH(CHz3)2), 0.88 (d,J = 6.4 Hz, 3H, CH(El3)2), 0.99 (d,J = 6.4 Hz, 3H, CH(Els)2), 1.35
(dd,J = 5.6, 15.2 Hz, 1H, BHiPr), 1.60 (dd,) = 6.1, 15.3 Hz, 1H, CHiPr), 1.70 (dd, =
3.9, 15.3 Hz, 1H, CHiPr), 1.86 (m, 1H, B(CHa)2), 1.89-2.09 (m, 4H, B.CHOH, CHHiPr,
CH(CHs)2), 2.62 (m, 1H, €HPh), 2.97 (m, 1H, CHPh), 3.20 (dJ = 6.6 Hz, 1H, ®l), 4.19
(m, 1H, GHOH), 7.17 (m, 3HHz, Hg), 7.25 (m, 2HH2), 7.49 (t,J = 7.7 Hz, 2HH>), 7.58
(m, 1H,Hs), 7.89 (m, 2HH,); 3C NMR (100 MHz, CDGJ) & 23.5 (d,CH(CHa)2), 24.0 (d,
CH(CHs)2), 25.3 (g, CHCH2)2), 25.46 (g, CHCHs)2), 25.50 (g, CHCHs)2), 25.7 (q,
CH(CHs3)2), 33.3 (t,CH2Ph), 35.1 (tCH2CHOH), 39.4 (tCH.iPr), 41.2 (t,CH2iPr), 72.7 (d,
CHOH), 77.4 (s, Ser), 126.0 (d,Cs), 128.5 (d,C>), 128.6 (d,Cy or C), 128.7 (d,Cy or
C2), 130.2 (dC1), 133.5 (d,Cs), 139.2 (sCa), 141.7 (SCx).

(E)-4-Isobutyl-2-methyl-4-(phenylsulfonyl)non-6-en-5el (2-4e):

Yield 80 mg (61%, conditions C) as a colorless Ril(EtOAc/hexane 1:5) = 0.30; IRnax
3489, 2960, 2928, 2871, 1447, 1335, 1284, 112771972, 758, 724, 690 cmMS (ESI+)
m/z (%) 375 (100) [M+N3], 233 (30) [M—PhSeH+Na'], 165 (30) [PhSeH+Na']; HRMS
(ESI+) m/z [M+Na'] calcd for GoHs:03SNa: 375.1964; found: 375.1964H NMR
(400 MHz, CDC#) 3 0.88 (3xd+t,J = 6.5 Hz, 12H, CH(813)2, CH,CHs), 0.94 (d,J = 6.6 Hz,
3H, CH(CH3)2), 1.45 (dd,J = 4.5, 15.0 Hz, 1H, CHiPr), 1.60 (ddJ = 5.6, 15.3 Hz, 1H,
CHHiPr), 1.72 (ddJ = 4.5, 15.3 Hz, 1H, CHiPr), 1.79 (dd,) = 5.7, 15.0 Hz, 1H, BHiPr),
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2.00 (m, 4H, ®1,CHs, CH(CHz)2), 2.90 (d,J = 5.0 Hz, 1H, ®l), 4.51 (t,J = 4.9 Hz, 1H,
CHOH), 5.56 (dd,J = 5.3, 15.3 Hz, 1H, =BCHOH), 5.72 (dt,J = 6.8, 15.3 Hz, 1H,
CH,CH=), 7.44 (m, 2H,Hy), 7.54 (m, 1H,H3), 7.84 (m, 2H,H1); *C NMR (100 MHz,
CDCl) & 13.4 (g, CHCH3), 23.7 (d,CH(CHz)2), 23.9 (d,CH(CHs)2), 25.4 (g, CHCH3)2),

25.6 (t, CH.CH=), 25.7 (g, CHCHs)2), 25.9 (g, CHCHa)2), 26.0 (g, CHCHz)2), 39.1 (t,
CH2iPr), 40.9 (t,CH.iPr), 74.7 (dCHOH), 75.9 (s, S€C), 127.0 (d, =EICHOH), 128.7 (d,
C2), 130.7 (dC1), 133.6 (dCs), 137.4 (d, CHCH=), 139.3 (sCa).

(E)-4-Isobutyl-6-methyl-1-phenyl-4-(phenylsulfonyl)hgt-1-en-3-ol (2-4f):

Yield 145 mg (98%, conditions C) as a colorless Ril(EtOAc/hexane 1:5) = 0.32; [Rnax
3479, 2960, 2870, 1447, 1281, 1124, 1075, 972, 732, 691 crit; MS (ESI+)m/z(%) 824
(20), 423 (100) [M+N8§, 281 (40) [M—PhSgH+Na'], 165 (10) [PhSeH+Na']; Anal. calcd
for Ca4H3203S (400.57): C 71.96, H 8.05, S 8.00; found: C 71H4.77, S 8.27*H NMR

(400 MHz, CDC#) & 0.88 (2xd,J = 6.6 Hz, 6H, CH(E3)2), 0.92 (d,J = 6.7 Hz, 3H,
CH(CHa)2), 0.99 (d,J = 6.6 Hz, 3H, CH(El3)2), 1.58 (dd,J = 4.6, 15.0 Hz, 1H, CHiPr),

1.65 (dd,J = 5.6, 15.3 Hz, 1H, BHiPr), 1.78 (ddJ = 4.5, 15.3 Hz, 1H, CHiPr), 1.92 (dd,
J= 5.7, 15.0 Hz, 1H, BHiPr), 2.05 (m, 2H, B(CHa)2), 3.18 (s, 1H, @), 4.76 (d,J =

6.0 Hz, 1H, G1OH), 6.28 (dd,J = 6.3, 15.7 Hz, 1H, =BCHOH), 6.63 (dd,) = 1.3, 15.7 Hz,
1H, PhGH=), 7.15-7.28 (m, 5HHar), 7.40 (t,J = 7.8 Hz, 2HH>), 7.53 (m, 1HH3), 7.85 (m,
2H, H1); 3C NMR (100 MHz, CDGJ) & 23.6 (d,CH(CHs)2), 23.9 (d,CH(CHs)2), 25.3 (q,
CH(CH3)2), 25.5 (q, CHCH3)2), 25.7 (g, CHCHz3)2), 25.9 (g, CHCH3)2), 39.2 (t,CH2iPr),

40.6 (t, CHiPr), 74.2 (d,CHOH), 76.1 (s, S€L), 126.7 (d,Ca), 127.3 (d, =EICHOH),

128.0 (d,Cpara), 128.5 (dCar), 128.6 (d,C2), 130.6 (d,C1), 133.4 (dPhCH=), 133.5 (d,Cy),

136.5 (sCipso), 139.0 (SCs).
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4-1sobutyl-2,6-dimethyl-1-phenyl-4-(phenylsulfonylheptan-3-ol (2-49):

HO

SO

Yield 55 mg (44%, conditions C) as a colorless Ril(EtOAc/hexane 1:5) = 0.46; IRnax
3515, 2960, 2931, 2871, 1470, 1446, 1388, 1277211275, 1017, 757, 722, 691, 629tm
MS (ESI+) m/z (%) 363 (100) [M+N3g, 221 (30) [M-PhSgH+Na’], 165 (20)
[PhSQH+Na']; HRMS (ESI+) m/z [M+Na'] calcd for GoH3z:0sSNa: 363.1964; found:
363.1964;'"H NMR (400 MHz, CDCJ) 50.81 (d,J = 6.6 Hz, 3H, CHCH(CHs)2), 0.93 (d,
J=6.5 Hz, 3H, CHCH(CH3)2), 0.95 (d,J = 6.5 Hz, 3H, CHCH(CH3)2), 1.02 (d,J = 6.6 Hz,
3H, OHCHCH(MH3)2), 1.07 (2xd,J = 6.6 Hz, 6H, OHCHCH(B3)2, CH.CH(CH3)2), 1.45
(m, 1H, GHHIiPr), 1.63 (dd) = 6.4, 15.6 Hz, 1H, CHiPr), 1.83 (dd,) = 3.7, 15.6 Hz, 1H,
CHHIiPr),2.03 (m, 3H, CHliPr, CHCH(CHs)2), 2.15 (m, 1H, OHCHE(CHz3)2), 2.93 (dJ =
6.8 Hz, 1H, ®), 4.11 (dd,J = 1.8, 6.8 Hz, 1H, BOH), 7.52 (M, 2HHmetd, 7.61 (M, 1H,
Hpara), 7.95 (M, 2HHortno); 3C NMR (100 MHz, CDGJ) 6 17.2 (q, OHCHCHCHa)), 23.7
(d, CHCH(CHs)2), 24.1 (d, CHCH(CHs)2), 24.2 (9, OHCHCHCHas)2), 25.5 (q,
CH2CH(CHs3)), 25.9 (g, CHCH(CH3)2), 26.07 (g, CHCH(CH3)2), 26.10 (q, CHCH(CHs3)>),
29.5 (d, OHCHCH(CHz3)2), 39.4 (t, CHiPr), 41.6 (t,CH2iPr), 76.9 (d,CHOH), 78.5 (s,
SG,C), 128.8 (d Cmetg, 130.4 (d Cortho), 133.6 (d Cpara), 140.0 (S Cipso).

(E)-2-Benzyl-5-phenyl-2-pentenal 2-5:

For yields see Table 2.4, colorless oil.(BtOAc/hexane 1:5) = 0.54; IRnax 3085, 3062,
3027, 1685, 1638, 1602, 1584, 1495, 1453, 1289),10302, 698 cri MS (ESI+)m/z (%)

525 (25), 273 (100) [M+N% HRMS (ESI+)m/z[M+Na*] calcd for GgH1sONa'": 273.1250;
found: 273.1251H NMR (400 MHz, CDCJ) §2.70 (m, 4H, E.CH:Ph), 3.54 (s, 2H,
CCH2Ph),6.59 (m, 1H, =@l), 7.10 (m, 5HHar), 7.18 (M, 3HHa), 7.26 (M, 2HHar), 9.40
(s, 1H, GHO); 1*C NMR (100 MHz, CDGJ) 8 30.1 (t, GCH2Ph), 31.2 (tCH2CHyPh), 34.4 (t,
CH2CH2Ph), 126.3 (dCpars), 126.6 (d,Cpara), 128.52 (dCar), 128.55 (dCar), 128.7 (dCar),
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128.8 (d,Car), 139.3 (S,Cipso), 140.1 (S,Cips), 143.1 (s,C=), 154.8 (d,CH=), 194.8 (d,
CHO).

2-Benzoyloxy sulfones 2-6a{iGeneral Procedure):

nBuLi (0.37 mL, 0.6 mmol, 1/@ in hexane) was added dropwise to a stirred salutio
sulfonel-2p (106 mg, 0.5 mmol) and TMEDA (0.15 mL, 0.98 mmal)dry THF (5 mL) at
—78 °C under a nitrogen atmosphere. After stirfimgl0 min, the aldehyde (0.6 mmol) in
THF (2 mL) was added dropwise at —78 °C. The reaatixture was slowly warmed to 0 °C
and stirred until complete as indicated by TLC. Bg chloride (75 pL, 0.65 mmol) was
added at —78 °C. After 20 min, 3-(dimethylaminopgan-1-ol (88 pL, 0.75 mmol) was
added. After 10 min, the reaction was quenched widker. The layers were separated and
the aqueous was extracted with diethyl ether (32l The combined organic extracts were
washed successively withMLHCI, 5% NaHCQ and brine solutions, dried over Mg{O
filtered and evaporated. Purification by columnachatography (EtOAc/hexane 1:20) gave

benzoyloxy sulfone2-6a-f.

2-Ethyl-1-phenyl-2-(phenylsulfonyl)but-1-yl benzoaé (2-6a):

Yield 186 mg (88%) as a colorless solid, m.p. 12@-1C. R (EtOAc/hexane 1:5) = 0.21;
IR Vmax 2981, 2946, 1724, 1450, 1294, 1264, 1145, 11089,10073, 759, 715 c
MS (ESI) m/z (%) 445 (100) [M+Na], 303 (70) [M-PhSeH+Na']; HRMS (ESI+) m/z
[M+Na'] calcd for GsH2604sSNa': 445.1444; found: 445.14434 NMR (400 MHz, CDCJ)
00.92 (t,J=7.5Hz, 3H, Ei3), 1.26 (t,J = 7.5 Hz, 3H, Ei3), 1.95 (dgJ = 7.5, 15.1 Hz, 1H,
CHHCHa), 1.98 (dg,J = 7.5, 15.1 Hz, 1H, BHCHs), 2.16 (dg,J = 7.5, 15.2 Hz, 1H,
CHHCH), 2.38 (dg,J = 7.4, 15.2 Hz, 1H, CHCH), 6.51 (s, 1H, €OCOPh), 7.26 (m, 2H,
Hmetg, 7.27-7.30 (m, 3HH2, Hz), 7.34 (m, 3HHpara, H2), 7.38 (m, 2HHz1’), 7.53 (m, 1H,
Hs), 7.73 (M, 2HHortho), 7.77 (M, 2HH1); 13C NMR (100 MHz, CDGJ) 5 8.8 (q,CHs), 9.0
(g, CHs), 22.4 (t,CH.CHa), 23.1 (t,CH>CHs), 74.2 (s, S€C), 76.8 (d,CHOCOPh), 128.17
(d, Cr), 128.24 (dCmety, 128.3 (dC2), 128.6 (d,Cz, C3’), 129.58 (dCortho), 129.63 (dCy),
129.72 (SCipso), 133.0 (sCpara), 133.1 (d.Cs), 136.8 (SCs'), 138.8 (sC4), 164.4 (SC=0).
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1-(4-Bromophenyl)-2-ethyl-2-(phenylsulfonyl)butyl kenzoate (2-6b):

Yield 218 mg (87%) as colorless crystals, m.p. 15Q-°C. R (EtOAc/hexane 1:5) = 0.44;
IR Vmax 2981, 1725, 1299, 1265, 1146, 1095, 723, 71#;dwS (ESI) m/z (%) 638 (40),
525/523 (100/100) [M+N3, 383/381 (40/40) [M-PhSfI+Na'l; Anal. calcd for
CosH2sBrO4S (500.44): C 59.88, H 5.03, S 6.39, Br 15.94; tbu@ 60.06, H 5.11, S 6.22,
Br 15.92;'H NMR (400 MHz, CDCJ)  0.92 (t,J = 7.5 Hz, 3H, ©3), 1.17 (t,J = 7.5 Hz,
3H, CH3), 1.93 (m, 3H, EG.CHz3), 2.28 (dg,d = 7.5, 15.0 Hz, 1H, BHCH3), 6.42 (s, 1H,
CHOCOPh), 7.21 (m, 4HHar), 7.29 (m, 3HHar), 7.36 (M, 2HHar), 7.47 (m, 1HH3 or
Hpara), 7.65 (M, 2HHortho), 7.68 (M, 2HH1); **C NMR (100 MHz, CDGJ) 8 9.07 (q,CHa),
9.12 (q,CHs), 21.9 (t,CH2CHg), 23.4 (t,CH2CHz), 74.1 (s, SeC), 76.3 (d,CHOCOPh),
123.0 (s,Csz), 128.5 (d,Car), 128.9 (d,Car), 129.6 (S,Cipso), 129.7 (d,Car), 129.8 (d,Car),
130.1 (d,Cy), 131.6 (d,C2), 133.4 (d,Csor Cpara), 133.5 (d,Cs0r Cpara), 136.1 (SCs’), 138.8
(s,Ca), 164.5 (sC=0).

(E)-4-Ethyl-1-phenyl-4-(phenylsulfonyl)hex-1-en-3-ybenzoate (2-6¢):

Yield 198 mg (88%) as colorless crystals, m.p. 140-°C. R (EtOAc/hexane 1:5) = 0.26;
IR vmax 2980, 2888, 1720, 1449, 1299, 1286, 1263, 1148510070, 1025, 965, 756, 713,
691, 603 crt; MS (ESI+)m/z (%) 471 (100) [M+Ng], 185 (30) [M—PhSeH-PhCOQ];
Anal. calcd for G7H2804S (448.58): C 72.29, H 6.29, S 7.15; found: C 72t58.39, S 7.34;
IH NMR (400 MHz, CDC{) 8 1.26 (2xtJ = 7.5 Hz, 6H, Ei3), 2.14 (m, 3H, E.CHs), 2.34
(dg,J = 7.5, 15.0 Hz, 1H, CHCH), 6.23 (d,J = 7.9 Hz, 1H, ®IOCOPh), 6.42 (dd] = 7.9,
15.7 Hz, 1H, PhCH=8), 6.81 (d,J = 15.7 Hz, 1H, PhB=CH), 7.22-7.45 (m, 9Ha,), 7.52
(M, 2H,Ha, Hpara), 7.62 (M, 2HHortho), 7.94 (M, 2HH1); 3C NMR (100 MHz, CDGJ) 5 8.6
(q, CHs3), 8.8 (g, CHs), 22.9 (t, CH2CHs), 23.5 (t, CH:CHs), 73.4 (s, S@C), 75.6 (d,
CHOCOPh), 122.8 (d, PhCHZH), 126.9 (d,Car), 128.1 (d,Cz), 128.3 (d,Car), 128.6 (d,
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Car), 128.8 (d,Car), 129.57 (dCortno), 129.64 (S, Gso), 130.2 (d,C1), 133.1 (d,Cs Or Cpara),
133.2 (d,C30r Cpara), 135.9 (sCx), 136.1 (d, PBH=), 139.2 (sCs), 164.9 (sC=0).

4-Ethyl-1-phenyl-4-(phenylsulfonyl)hex-3-yl benzoat (2-6d):

Yield 205 mg (91%) as a colorless solid, m.p. 128-2C. R (EtOAc/hexane 1:5) = 0.36;
IR vmax 2980, 2871, 1719, 1451, 1387, 1302, 1268, 1174311105, 1077, 1026, 758, 712,
693 cm!; MS (ESI+)m/z (%) 473 (100) [M+N3], 331 (60) [M—PhS@H+Na']; Anal. calcd
for Co7H3004S (450.59): C 71.97, H 6.71, S 7.12; found: C 7119%.92, S 6.83'H NMR
(400 MHz, CDC4) 6 1.08 (t,J = 7.5 Hz, 3H, Ei3), 1.14 (t,J = 7.5 Hz, 3H, Ei3), 1.87 (dq,
J=17.5,15.0 Hz, 1H, CHCHj3), 2.10 (m, 3H, G>CHs), 2.32 (m, 1H, PhCKCHH), 2.53 (m,
1H, PhCHCHH), 2.68 (m, 1H, PhBHCH;,), 2.72 (m, 1H, PhACHCH,), 5.72 (dd,J = 1.7,
10.5 Hz, 1H, G®IOCOPh), 7.23 (m, 3H1, Hs), 7.32 (m, 2HH2), 7.39 (t,J = 7.8 Hz, 2H,
Hmetd, 7.56 (M, 3H,Hz, Hpaa), 7.66 (M, 3H,Hortno, H3), 7.88 (M, 2H,H1); °C NMR
(100 MHz, CDC%) 6 8.3 (g, CHCH?3), 8.6 (g, CHCH3), 22.3 (t,CH2CHz3), 23.4 (t,CH2CHz),
32.9 (t, PIKH2CH), 33.4 (t, PhCHCH>), 73.4 (s, S@C), 74.4 (d,CHOCOPh), 126.1 (dZ3),
128.4 (d,Car), 128.6 (d, 2€ar), 128.7 (dCar), 129.4 (SCipso), 129.7 (d Cortho), 130.4 (d,Ca),
133.2 (d,C3), 133.4 (dCpara), 138.9 (sCs), 141.1 (sCs), 166.0 (sC=0).

3-Ethyl-3-(phenylsulfonyl)non-4-yl benzoate (2-6e):

PhOCO

> ; 4
C5H11 OzS@ 3

1 2

Yield 138 mg (66%) as a colorless oil EtOAc/hexane 1:5) = 0.30; IRnax 2956, 2932,
2859, 1720, 1449, 1301, 1268, 1145, 1105, 10776,10%7, 712, 692 cth MS (ESI+)m/z
(%) 855 (10) [2M+N&], 439 (100) [M+N4]; Anal. calcd for GsHz,04S (416.57): C 69.20,
H 7.74, S 7.70; found: C 69.47, H 7.71, S 8 89;NMR (400 MHz, CDCJ) 5 0.82 (t,J =
6.8 Hz, 3H, CHCH.CH3), 1.10 (2xtJ = 7.5 Hz, 6H, CCECH3), 1.16-1.35 (m, 6H, (B2)3),
1.87 (m, 2H, GI2CHOCOPh), 2.01 (m, 3H, G£:CHz), 2.13 (m, 1H, CCHCHs), 5.60 (dd,
J=1.9, 10.6 Hz, 1H, BOCOPh), 7.30 (tJ = 7.5 Hz, 2HHmet), 7.49 (M, 3HHz2, Hpara),
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7.54 (m, 2H,Hortho), 7.60 (t,J = 7.5 Hz, 1H,H3), 7.89 (m, 2HH1); 3C NMR (100 MHz,
CDCls) & 8.6 (g, CCHCHs3), 8.7 (g, CCHCH3), 14.2 (g, CHCH,CHz), 22.7 (t, CH2CHs),
22.8 (t, CCH2CHg), 22.9 (t, CHCH>), 26.7 (t,CH>), 31.6 (t,CH>.CH>CHs or CH,CHOCOPH),
31.8 (t, CH,CH.CHs or CH,CHOCOPh), 73.8 (s, SO), 75.1 (d,CHOCOPh), 128.4 (d,
Cmetd, 129.1 (dC2), 129.76 (SCipso), 129.82 (dCorto), 130.3 (dC1), 133.2 (dCs), 133.5 (d,
Cpara), 139.4 (sCs), 166.1 (sC=0).

3-Ethyl-3-(phenylsulfonyl)pentadec-4-yl benzoate €Bf):

PhOCO

4
C11Hz3 023© 3

1 2

Yield 208 mg (83%) as a colorless oil EtOAc/hexane 1:5) = 0.40; IRnax 2925, 2854,
1720, 1449, 1302, 1267, 1146, 1077, 1070, 1026, 757, 691 cm; MS (ESI+) m/z (%)
523 (100) [M+N4], 359 (20) [M—PhSQ]; Anal. calcd for GoH04S (500.73): C 71.96,
H 8.86, S 6.40; found: C 71.82, H 8.68, S 6.85NMR (400 MHz, CDCJ) & 0.84 (t,J =
6.8 Hz, 3H, CHCH.CHs), 1.10 (2xt,J = 7.5 Hz, 6H, CChCHs3), 1.15-1.34 (m, 18H,
(CH2)g), 1.87 (m, 2H, EI.CHOCOPh), 2.01 (m, 3H, G&CHz), 2.13 (m, 1H, CCHCHj),
5.61 (dd,J = 1.9, 10.6 Hz, 1H, BOCOPh), 7.30 (tJ = 7.5 Hz, 2HHmety, 7.48 (M, 3HH,
Hpara), 7.54 (M, 2H,Hortho), 7.59 (t,J = 7.5 Hz, 1H,Hs), 7.90 (m, 2H,H1); *C NMR
(100 MHz, CDC4) 6 8.66 (q, CCHCH3), 8.72 (q, CCHCH3), 14.3 (q, CHCH.CH3), 22.78
(t, CCH2CHa), 22.82 (t, @H2CHg), 22.9 (t, CHCH>), 26.9 (t,CH>), 29.4 (t,CH>), 29.49 (t,
CH,), 29.53 (t,CH2), 29.6 (t, CH2), 29.7 (t, 2xH,), 31.5 (t, CH.CH.CHzs), 32.0 (t,
CH2CHOCOPNh), 73.6 (s, SO), 74.9 (d,CHOCOPh), 128.3 (0Cimetd, 129.0 (d,C2), 129.7
(s, Cipso), 129.8 (dCortho), 130.2 (dC1), 133.1 (d Cpara), 133.4 (dC3), 139.3 (sCas), 165.9 (s,
C=0).

2-Benzoyloxy sulfones 2-6g-i (General Procedure):

nBuLi (0.27 mL, 0.43 mmol, 1M in hexane) was added dropwise to a stirred saiutio
sulfone1-2h (100 mg, 0.37 mmol) and HMPA (0.4 mL, 2.22 mmol)diry THF (4 mL) at
—78 °C under a nitrogen atmosphere. After stirfmgl0 min, the aldehyde (0.47 mmol) in
THF (1.5 mL) was added dropwise at —78 °C. The tr@acmixture was stirred at this
temperature until complete as indicated by TLC. Z8sh chloride (57 pL, 0.49 mmol) was
added. After 20 min, the reaction mixture was walte room temperature during 20 min
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and 3-(dimethylamino)propan-1-ol (65 pL, 0.56 mmeds added. After 10 min, the reaction
was quenched with water. The layers were sepamatddthe aqueous was extracted with
diethyl ether (3x20 mL). The combined organic estsavere washed successively wil 1
HCIl, 5% NaHCQ@ and brine solutions, dried over Mgg{Ofiltered and evaporated.
Purification by column chromatography (EtOAc/hexar20) gave compounds6g-i.

2-1sobutyl-4-methyl-1-phenyl-2-(phenylsulfonyl)penyl benzoate (2-69):

Yield 97 mg (55%) as colorless crystals, m.p. 178-1C. R (EtOAc/hexane 1:5) = 0.38;
IR Vmax 2963, 2871, 1725, 1449, 1314, 1298, 1142, 112@85,11094, 1077, 1069, 1002, 754,
724, 713, 692 cri MS (ESI+)m/z (%) 501 (100) [M+N3], 359 (50) [M—PhS@H+Na';
Anal. calcd for GoH3404S (478.64): C 72.77, H 7.16, S 6.70; found: C 72t98.85, S 6.42,;
'H NMR (400 MHz, CDCJ) 8 0.83 (d,J = 6.7 Hz, 3H, CH(El3)2), 1.03 (d,J = 6.7 Hz, 3H,
CH(CH3s)2), 1.10 (d,J = 6.6 Hz, 3H, CH(Ei3)2), 1.12 (d,J = 6.5 Hz, 3H, CH(E3)2), 1.59
(dd, J = 3.4, 15.2 Hz, 1H, BHiPr), 2.03 (dd,) = 6.4, 15.2 Hz, 1H, CHiPr), 2.18 (dJ =
5.0 Hz, 2H, CHiPr), 2.30 (m, 1H, 6(CHzs)2), 2.45 (m, 1H, E(CHz)2), 6.71 (s, 1H,
CHOCOPNh), 7.18 (tJ = 7.8 Hz, 2H,Hmetd, 7.32 (m, 6HH2, Har), 7.51 (m, 3HHar), 7.57
(dd, J = 1.2, 8.3 Hz, 2HHortho), 7.69 (dd,J = 1.1, 8.4 Hz, 2HH1); 3C NMR (100 MHz,
CDCl) 6 23.7 (d,CH(CHza)2), 23.8 (d,CH(CHs)2), 25.7 (q, CHCH3)2), 25.9 (g, CHCH3)2),
26.1 (g, CHCHz3)2), 26.3 (q, CHCHs3)2), 40.3 (t,CH2iPr), 41.5 (t,CH2iPr), 76.6 (s, SEL),
77.4 (d,CHOCOPNh), 128.3 (dCar), 128.46 (dCar), 128.52 (dCar), 128.9 (dCs), 129.6 (d,
Cortho), 129.9 (d,Car), 130.1 (S,Cipso), 130.2 (d,Cy), 133.0 (d, @or Cpara), 133.5 (d, Gor
Chara), 136.8 (sCx), 139.5 (sCs), 164.7 (sC=0).
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1-(4-Bromophenyl)-2-isobutyl-4-methyl-2-(phenylsulbnyl)pentyl benzoate (2-6h):

Yield 126 mg (61%) as colorless crystals, m.p. 2@0-°C. R (EtOAc/hexane 1:5) = 0.50;
IR vmax 2964, 2872, 1726, 1451, 1389, 1301, 1264, 11426,11093, 1076, 756, 713, 691
cm; MS (ESI+) m/z (%) 581/579 (60/60) [M+N%, 439/437 (100/95) [M—PhSBI+Na'],
295/293 (50/50) [M—PhS$HI-PhCOQ], 214 (40) [M—PhS@H—PhCOO-Br]; Anal. calcd
for CogH33BrO4S (557.54): C 62.47, H5.97, S 5.75, Br 14.33; tbun 62.18, H 5.59, S 5.92,
Br 14.41;"H NMR (400 MHz, CDCJ) 8 0.87 (d,J = 6.6 Hz, 3H, CH(El3)2), 1.01 (d,J =
6.6 Hz, 3H, CH(El3)2), 1.07 (d,J = 6.6 Hz, 3H, CH(El)2), 1.12 (d,J = 6.4 Hz, 3H,
CH(CHs3)2), 1.58 (dd,J = 3.7, 15.2 Hz, 1H, BHiPr), 2.02 (dd,J = 6.3, 15.2 Hz, 1H,
CHHiPr), 2.08 (dd)) = 4.5, 15.2 Hz, 1H, CHiPr), 2.16 (dd, = 5.3, 15.2 Hz, 1H, CHiPr),
2.30 (M, 1H, EI(CHs)2), 2.43 (m, 1H, EI(CHs)2), 6.63 (s, 1H, EIOCOAr), 7.24 (m, 2H,
Hmetg, 7.36 (M, 4HH1, H2), 7.43 (m, 3HH2, Hpara), 7.53 (m, 1HHS3), 7.58 (M, 2HHortho),
7.69 (m, 2HH1); 3C NMR (100 MHz, CDGCJ) & 23.75 (d,CH(CHs)2), 23.84 (d CH(CHa)2),
25.7 (q, CHCHa)2), 25.8 (g, CHCH3)2), 26.1 (q, CHCHz3)2), 26.3 (g, CHCHa)2), 40.4 (t,
CH.iPr), 41.5 (tCH2iPr), 76.4 (s, S&L), 76.8 (d,CHOCOAr), 123.2 (sCs’), 128.58 (dC»),
128.64 (d.Cmeta C1:), 129.6 (dCortho), 129.8 (SCipso), 130.1 (d,C1), 131.5 (d,C2), 133.3 (d,
CparaOr C3), 133.5 (dCpara0r Ca), 135.9 (sCs'), 139.3 (sC4), 164.7 (sC=0).

(E)-4-Isobutyl-6-methyl-1-phenyl-4-(phenylsulfonyl)hgt-1-en-3-yl benzoate (2-6i):

Yield 149 mg (80%) as colorless crystals, m.p. 852€. R (EtOAc/hexane 1:5) = 0.36;
IR vmax 3028, 2870, 1721, 1448, 1298, 1262, 1141, 109481852, 727, 712, 691 cn
MS (ESI+)m/z(%) 527 (100) [M+N4], 385 (30) [M-PhSeH+Na'], 241 (30) [M—PhSeH-
PhCOQO], 185 (40) [M-PhS@H-PhCOO-CH,=C(CHk)z]; Anal. calcd for GiHze0sS
(504.68): C 73.78, H 7.19, S 6.35; found: 73.80.1B, S 6.27*H NMR (400 MHz, CDCJ)
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5 0.97 (m, 12H, CH(E)2), 1.83-2.03 (m, 3H, BaiPr), 2.09 (ddJ = 4.9, 15.1 Hz, 1H,
CHHiPr), 2.20 (m, 2H, B(CHs)2), 6.15 (m, 2H, PhCH=B, CHOCOPh), 6.71 (dJ =
14.8 Hz, 1H, PhB=CH), 7.06-7.33 (m, 10HHa), 7.38 (M, 3HHa), 7.76 (M, 2H,Ha);
13C NMR (100 MHz, CDGJ) & 23.8 (d,CH(CHz)2), 24.0 (d,CH(CHa)2), 25.5 (q, CHCHa)2),
25.7 (0, CHCH3)2), 25.8 (g, CHCH3)2), 25.9 (g, CHCH3)2), 40.1 (t, CHaiPr), 40.6 (t,
CH4iPr), 75.5 (s, SEL), 76.2 (d,CHOCOPh), 122.8 (d, PhCHEH), 127.1 (dCar), 128.4 (d,
Car), 128.6 (dCar), 128.75 (dCar), 128.81 (dCar), 129.6 (d Cortho), 130.0 (SCipsd), 130.6 (d,
C1), 133.1 (d,Cs or Cparg), 133.2 (d,Cs 0r Cpara), 136.1 (sCs), 137.5 (d, PBH=), 140.0 (s,
Ca), 164.9 (sC=0).

2-Benzoyloxy sulfones 2-6j-1 (General Procedure):

nBuLi (0.54 mL, 0.86 mmol, 1M in hexane) was added dropwise to a stirred saiubio
sulfone1-2h (200 mg, 0.74 mmol) and TMEDA (0.3 mL, 2 mmol) inydTHF (6 mL) at
—78 °C under a nitrogen atmosphere. The reactiotunei was warmed to —20 °C during 1h
and the aldehyde (0.93 mmol) in THF (2 mL) was addi@pwise. The reaction mixture was
stirred at this temperature until complete as iatdid by TLC. Benzoyl chloride (114 pL,
0.96 mmol) was added and the reaction mixture wasned to room temperature after
20 min. 3-(Dimethylamino)propan-1-ol (130 uL, 1rhinol) was added and the reaction was
guenched with water after 10 min. The layers wepagted and the agueous was extracted
with diethyl ether (3x20 mL). The combined orgaextracts were washed successively with
IM HCI, 5% NaHCQ@ and brine solutions, dried over Mg&{diltered and evaporated.
Purification by column chromatography (EtOAc/hexar0) provided compounds6j-I.

4-1sobutyl-6-methyl-1-phenyl-4-(phenylsulfonyl)hept3-yl benzoate (2-6j):

Yield 251 mg (67%) as colorless crystals, m.p. 98:C. R (EtOAc/hexane 1:5) = 0.39;
IR vmax 2961, 2870, 1720, 1602, 1470, 1266, 1230, 1140511070, 1026, 755, 711, 693
cml; MS (ESI+) m/z (%) 1035 (10) [2M+N#, 529 (100) [M+N4&], 387 (30) [M-
PhSQH+Na']; Anal. calcd for GiH3g04S (506.70): C 73.48, H 7.56, S 6.33; found: C 73.45
H 7.69, S 6.44*H NMR (400 MHz, CDC}) 8 0.96 (2xdJ = 6.5 Hz, 6H, CH(El3)2), 1.02
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(2xd,J = 6.5 Hz, 6H, CH(Els)2), 1.84 (ddJ = 4.3, 15.2 Hz, 1H, CHiPr), 1.87 (dd,) = 4.3,
15.2 Hz, 1H, CHiiPr), 1.91-2.06 (m, 3H, EHCHOCOPh, GiPr), 2.11 (m, 1H,
CH(CHs)2), 2.23 (m, 2H, CHICHOCOPh, EI(CHs),), 2.57 (m, 1H, PhBHCH,), 2.66 (m,
1H, PhCHHCHy), 5.89 (ddJ = 2.0, 9.9 Hz, 1H, BOCOPh),7.09 (m, 2HH1"), 7.12 (m, 1H,
Hz), 7.21 (m, 2HH2), 7.29 (M, 4HH2, Hmet), 7.41 (t,J = 7.8 Hz, 1HHpara), 7.48 (M, 1H,
Hs), 7.53 (M, 2H,Hortho), 7.79 (M, 2H,H1); *C NMR (100 MHz, CDGJ) & 23.9 (d,
CH(CHa)2), 24.0 (d,CH(CHs)2), 25.7 (g, CHCH3)2), 26.1 (g, CHCH3)2), 33.5 (t,CH2Ph),

34.9 (t,CH2CHPh), 39.6 (tCH2iPr), 40.4 (tCH.iPr), 75.3 (dCHOCOPh), 76.1 (s, SQ),

126.1 (d,Cz), 128.45 (dCar), 128.54 (dCar), 128.7 (dCar), 128.9 (d.Car), 129.7 (d Cortho),

129.8 (SCipso), 130.4 (d,C1), 133.2 (d,Cs0r Cpara), 133.3 (d,C30r Cpara), 139.9 (sCs), 141.3
(s,Cs), 166.0 (sC=0).

4-1sobutyl-2-methyl-4-(phenylsulfonyl)dec-5-yl benaate (2-6Kk):

PhOCO

4

1 2

Yield 273 mg (78%) as a colorless oil tOAc/hexane 1:5) = 0.38; I[Rnax 3063, 2959,
2929, 2870, 1722, 1602, 1585, 1492, 1450, 14466,12679, 1069, 935, 758, 726 ¢m
MS (ESI+) m/z (%) 495 (60) [M+N@], 353 (100) [M—PhSeH+Na']; Anal. calcd for
C2sH2004S (472.68): C 71.15, H 8.53, S 6.78; found: 71.B88.53, S 6.65'H NMR
(400 MHz, CDC#%) 8 0.79 (t, J = 6.9 Hz, 3H, CHCH3), 0.97 (d,J = 6.6 Hz, 3H, CH(El3)2),
1.00 (d,J = 6.6 Hz,3H, CH(Hs),), 1.03 (d,J = 6.6 Hz, 3H, CH(El3),), 1.05 (d,J = 6.5 Hz,
3H, CH(CH3)2), 1.10-1.37 (m, 6H, (82)3), 1.68 (m, 1H, GHCHOCOPh), 1.82-1.99 (m,
4H, CHHCHOCOPh, ,iPr), 2.04 (dd,J = 4.1, 15.1 Hz, 1H, CHiPr), 2.14 (m, 1H,
CH(CHa)2), 2.22 (m, 1H, EI(CHs)2), 5.78 (ddJ = 2.0, 10.1 Hz, 1H, BOCOPh), 7.27 (t) =
8.0 Hz, 2HHmety, 7.32 (t,J = 8.0 Hz, 2HH>), 7.43 (M, 1HHpars), 7.46 (M, 1HH3), 7.50
(M, 2H, Hortho), 7.81 (m, 2HH1); 3C NMR (100 MHz, CDG) 8 14.2 (g, CHCH3), 22.6 (t,
CHsCHz), 23.8 (d, CH(CHa)2), 24.0 (d, CH(CHa)2), 25.7 (g, 2xCHCHs),), 25.8 (q,
CH(CH3)2), 26.1 (q, CHCH3)2), 26.8 (t,CH>), 32.1 (t,CH>), 32.6 (t, CH.CHOCOPh), 39.6
(t, CH2iPr), 40.4 (tCH2iPr), 75.6 (dCHOCOPh), 76.6 (s, SQ), 128.4 (d,Cmety, 128.9 (d,
C2), 129.7 (d,Cortho), 130.1 (sCipsq), 130.4 (d,C1), 133.1 (d,Cs, Cpara), 140.1 (s,Cs), 165.9
(s,C=0).
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4-1sobutyl-2-methyl-4-(phenylsulfonyl)hexadec-5-ybenzoate (2-6l):

PhOCO

C11H23 OQS@ 3

1 2

Yield 239 mg (58%) as a colorless oil tOAc/hexane 1:5) = 0.49; I[Rnax 2931, 2923,
2854, 1721, 1450, 1302, 1268, 1175, 1078, 1026, 756, 691 cm; MS (ESI+) m/z (%)

579 (100) [M+N4&], 437 (40) [M-PhSeH+Na']; Anal. calcd for GaHs204S (556.84):
C 73.34, H 9.41, S5.76; found: C 73.47, H 9.476.84; '"H NMR (400 MHz, CDCJ)

00.80 (t, J = 6.9 Hz, 3H, CHCH3), 0.96 (2xd,J = 6.5 Hz, 6H, CH(El3)2), 1.02 (2xd,J =

6.5 Hz, 6H, CH(El3)2), 1.06-1.33 (m, 18H, (82)s), 1.66 (m, 1H, IHCHOCOPh), 1.88 (m,
4H, CHHCHOCOPhH, El.iPr), 2.02 (dd,J = 4.1, 15.1 Hz, 1H, CHiPr), 2.10 (m, 1H,
CH(CHa)2), 2.19 (m, 1H, €I(CHa)2), 5.74 (ddJ = 2.0, 10.1 Hz, 1H, BOCOPh), 7.21-7.32
(M, 4H, Hy, Hmetd, 7.36-7.51 (m, 4HHs, Hpara, Hortho), 7.79 (m, 2H,Hi1); ¥C NMR

(100 MHz, CDC#) 6 14.1 (g, CHCHa3), 22.6 (t, CHCH2), 23.6 (d,CH(CHs).), 23.8 (d,
CH(CHs)2), 25.5 (q, 2xCHCH3)2), 25.6 (q, CHCH3)2), 25.9 (g, CHCHa)2), 26.9 (t,CH>),

29.30 (t, CH2), 29.33 (t,CHy), 29.5 (t, CHy), 29.6 (t, 2XHz), 29.7 (t, CHy), 31.9 (t,

CH2CHOCOPh), 32.5 (tCH2), 39.4 (t,CH.iPr), 40.2 (tCH2iPr), 75.4 (dCHOCOPh), 76.4
(s, SQC), 128.1 (d,Cmety, 128.6 (d,C2), 129.5 (d,Cortno), 129.9 (s,Cipsg), 130.2 (d,Cy),

132.9 (d,C3, Cpara), 140.0 (sCs), 165.6 (sC=0).

Julia olefination with samarium diiodide (General procedure):

Benzoylated compoung&-6a-c,g-i(0.16 mmol) was dissolved in THF (1.5 mL) and DMPU
(0.73 mL, 6 mmol). After degassing the mixture biet freeze-pump-thaw cycles, a solution
of Smb (9.6 mL, 0.96 mmol) was added at 0 °C. After 2 lhoam temperature, the reaction
mixture was diluted with diethyl ether (2 mL) anelcdnted from samarium salts, which were
washed thoroughly with diethyl ether. The combirmdanic layers were washed with
saturated NELCI solution and the aqueous was extracted withhglietgther (3x20 mL). The
combined organic extracts were dried over MgSiiliered and evaporated. Purification by
column chromatography (EtOAc/hexane 1:10) afforolefins 2-7a-c,g-i.
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(2-Ethylbut-1-en-1-yl)benzeng2-7a):

Yield 21 mg (82%) as a colorless oili @EtOAc/hexane 1:10) = 0.964 NMR (400 MHz,
CDCl) 8 1.10 (t,J= 7.4 Hz, 3H, Els), 1.14 (t,J= 7.5 Hz, 3H, El3), 2.22 (q,J = 7.5 Hz, 2H,
CH2CHs), 2.28 (q,J = 7.4 Hz, 2H, ®&2CHs), 6.25 (s, 1H, PhB), 7.23 (M, 3HHmeta Hpara),
7.32 (m, 2HHorho). The spectral data are in agreement with thoseeited literatur&3!

4-Bromo(2-ethylbut-1-en-1-yl)benzene (2-7b):

Br
Yield 30 mg (78%) as a colorless oil; tOAc/hexane 1:10) = 0.934 NMR (400 MHz,

CDCls) & 1.04 (t,J = 7.5 Hz, 3H, Els), 1.09 (tJ = 7.5 Hz, 3H, ©l3), 2.18 (M, 4H, E:CHs),
6.13 (s, 1H, Ar®l), 7.06 (d,J = 8.3 Hz, 2H,Har), 7.40 (d, 2HJ = 8.3 Hz, 2H,Ha). The

spectral data are in agreement with those in tieel titeraturd?3*!

(E)-(4-Ethylhexa-1,3-dien-1-yl)benzene (2-7c):

Yield 20 mg (68%) as a colorless oilf @EtOAc/hexane 1:10) = 0.96; IRnax 3030, 2967,
2936, 2878, 1682, 1495, 1452, 1399, 1029, 962, 948, 695 crit; MS (El) m/z (%) 186
(100) [M?], 157 (40), 145 (50); Anal. calcd fori£E1s (186.30): C 90.26, H 9.74; found:
C 89.91, H 9.77*H NMR (400 MHz, CDCJ) 8 0.98 (2xt,J = 7.5 Hz, 6H, Els), 2.08 (q,J =
7.5 Hz, 2H, ®2CHa), 2.22 (q,J = 7.5 Hz, 2H, E&12CHs), 5.90 (d,J = 11.0 Hz, 1HH.), 6.39
(d,J = 15.5 Hz, 1HH,), 6.96 (ddJ = 11.0, 15.5 Hz, 1Hy), 7.11 (m, 1HH3), 7.23 (m, 2H,
H), 7.33 (m, 2HH1); 13C NMR (100 MHz, CDG)) 8 12.7 (q,CHa), 13.7 (q,CHs), 24.2 (t,
CH2CHs), 29.7 (t,CH2CHs), 123.2 (d,Co), 125.5 (d,Cp), 126.1 (d,C1), 126.9 (d,Ca), 128.5
(d, C2), 130.0 (dCa), 138.2 (s, €(CH2)2), 148.1 (SCa).
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(2-1sobutyl-4-methylpent-1-en-1-yl)benzene (2-79):

Yield 26 mg (68%) as a colorless oils @tOAc/hexane 1:10) = 0.85; IRnax 2980, 2956,
2926, 2868, 1462, 1383, 1365, 1164, 1076, 953, 898, 669 crit; MS (El) m/z (%)
216 (100) [M], 173 (50); HRMS (El)m/z [M*] calcd for GeH24" 216.1878; found:
216.1876;'H NMR (400 MHz, CDG) 8 0.79 (d,J = 6.6 Hz, 6H, CH(El3)2), 0.92 (d,J =
6.6 Hz, 6H, CH(El3)2), 1.81 (m, 2H, EI(CHs)2), 1.99 (d,J = 7.4 Hz, 2H, E2iPr), 2.09 (d,
J=7.4 Hz, 2H, ©i2iPr), 6.30 (s, 1H, B=C), 7.16 (M, 3HHortho, Hpara), 7.27 (M, 2HHmet);
13C NMR (100 MHz, CDGJ) 522.77 (q, CHCHs)2), 22.80 (q, CHCHz)2), 26.6 (d,
CH(CHa)2), 26.7 (d,CH(CHa)2), 39.1 (t,CH2iPr), 47.1 (tCH-iPr), 125.9 (dCpara), 127.5 (d,
CH=C), 128.1 (dCortho), 129.2 (dCmetg, 139.1 (S, €(CH)2), 141.7 (SCipso)-

4-Bromo-1-(2-isobutyl-4-methylpent-1-en-1-yl)benzesn (2-7h):

3 2
Br

Yield 33 mg (71%) as a colorless oilf @tOAc/hexane 1:10) = 0.89; IRnax 2980, 2955,
2926, 2868, 1486, 1463, 1384, 1366, 1260, 11647,10072, 1011, 953, 824, 669 ¢ém
MS (El) m/z(%) 296/294 (30/30) [M, 172 (90) [M—Br—iPr], 129 (100) [M—Br—2xPr];

HRMS (El)m/z[M*] calcd for GeH23"Br*: 294.0983; found: 294.098&1 NMR (400 MHz,
CDCls) 4 0.80 (d,J = 6.6 Hz, 6H, CH(El3)2), 0.92 (d,J = 6.6 Hz, 6H, CH(E3)2), 1.81 (m,
2H, CH(CHs)2), 2.00 (d,J = 7.1 Hz, 2H, ®iPr), 2.07 (dJ = 7.1 Hz, 2H, EliPr), 6.23 (s,
1H, CH=C), 7.04 (dJ = 8.4 Hz, 2HH1), 7.40 (d,J = 8.4 Hz, 2HH>); 3C NMR (100 MHz,
CDCl) & 22.75 (q, CHCHa)2), 22.78 (q, CHCHa)2), 26.61 (d, CH(CHa)2), 26.63 (d,
CH(CHa)2), 39.1 (t,CH2iPr), 47.1 (tCH.iPr), 119.7 (sCs), 126.3 (d,CH=C), 130.9 (dC>),

131.2 (d,C1), 138.0 (s, €(CHy)2), 142.7 (SCa).
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(E)-1-(4-1sobutyl-6-methyl-1-phenyl)hepta-1,3-heptadine (2-7i):

Yield 32 mg (82%) as a colorless oils @tOAc/hexane 1:10) = 0.89; IRnax 2954, 2925,
2868, 1595, 1497, 1383, 1366, 962, 746, 691;0wiS (EI) m/z(%) 242 (50) [M], 199 (30)
[M*=iPr], 143 (100) [M-iPr—CH=C(CHs)z]; Anal. calcd for GgHzs (242.40): C 89.19,
H 10.81; found: C 89.16, H 10.884 NMR (400 MHz, CDCJ) & 0.85 (d,J = 6.5 Hz, 6H,
CH(CHa)2), 0.88 (d,J = 6.5 Hz, 6H, CH(EGl3)2), 1.77 (m, 2H, EI(CHz)2), 1.93 (d,J =

7.3 Hz, 2H, ®&iPr), 2.08 (d,J = 7.3 Hz, 2H, EiPr), 6.01 (dJ = 11.0 Hz, 1HH.), 6.41 (d,
J = 15.5 Hz, 1HHa), 6.99 (ddJ = 11.0, 15.5 Hz, 1HH), 7.13 (m, 1HHs), 7.27 (m, 2H,
Haz), 7.31 (m, 2H,H1); ¥C NMR (100 MHz, CDGJ) & 22.9 (g, CHCHa)2), 23.0 (q,
CH(CHs3)2), 27.0 (d,CH(CHg)2), 27.7 (d,CH(CHz3)2), 40.1 (t,CH.iPr), 47.6 (tCH2iPr), 126.0
(d, G), 126.3 (d, @, 127.1 (d,Cs), 127.7 (d,Co), 128.8 (d,Cz), 130.1 (d, @), 138.2 (s,
=C(CH2)2), 143.4 (SCa).

Julia olefination with sodium amalgam(General procedure):

Compound-6d-f,j-I (0.134 mmol) was dissolved in THF (1 mL) and methd@ mL) under

a nitrogen atmosphere. Sodium amalgam (67 mg,fAr8dl) was added at —20 °C. After 3 h
at this temperature, the reaction mixture was eduvith diethyl ether and decanted from
mercury. The organic layer was washed with bring #we aqueous layer was extracted with
diethyl ether (3x25 mL). The combined organic estsavere dried over MgSQfiltered and
evaporated. Purification by column chromatograpByO@c/hexane 1:30) afforded olefins
2-7d-fj-l.

(4-Ethylhex-3-en-1-yl)benzene (2-7d):

Yield 19 mg (76%) as a colorless oils @tOAc/hexane 1:10) = 0.91; IRnax 2964, 2929,
2874, 2856, 1496, 1456, 1261, 1082, 1029, 802, 3a8,cm'; MS (El) m/z (%) 188 (20)
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[M*], 97 (60), 91 (40), 55 (100); HRMS (EM)/z[M*] calcd for GaHag*: 188.1565; found:
188.15601H NMR (400 MHz, CDC4) 5 0.82 (t,J = 7.5 Hz, 3H, El3), 0.89 (t,J = 7.5 Hz,
3H, CHa), 1.91 (2xq,d = 7.5 Hz, 4H, ®;CHs), 2.23 (m, 2H, E,CH=), 2.55 (m, 2H,
CHaPh), 5.04 (tJ = 7.1 Hz, 1H, ®=), 7.09 (M, 3HHorho, Hpare), 7.18 (M, 2H,Hmetd;

13C NMR (100 MHz, CDGJ) & 13.1 (q,CHs), 13.4 (q,CHa), 23.4 (t,CH.CHg), 29.4 (t,
CH2CHs), 29.9 (t,CH2CH=), 36.8 (t,CH2Ph), 122.0 (dCH=), 125.9 (d,Cpars), 128.4 (d,
Cortho), 128.7 (dCimetd, 142.5 (SCips), 144.0 (s, €(CHy)2).

3-Ethylnon-3-ene (2-7e):

11

Yield 13 mg (64%) as a colorless volatile liquid. (EtOAc/hexane 1:10) = 0.91; IRnax
2964, 2929, 2874, 2856, 1456, 1261 'crMS (El) m/z (%) 154 (40) [M], 125 (20), 111
(20), 97 (30), 83 (40), 55 (100), 41 (40); Anallcdafor Ci1H22 (154.29): C 85.63, H 14.37;
found: C 85.80, H14.16!H NMR (400 MHz, CDCJ) & 0.82 (t,J = 6.9 Hz, 3H,
CH2CH2CH3), 0.88 (t,J = 7.4 Hz, 3H, CCHCH3), 0.91 (t,J = 7.4 Hz, 3H, CCHCHg), 1.21
(m, 6H, ((H2)3), 1.83-2.02 (m, 6H, B,CH=, CCH2CHs), 5.00 (t,J = 7.1 Hz, 1H, Ei=);
13C NMR (100 MHz, CDGJ)) & 13.2 (g, CCHCH3), 13.5 (g, CCHCH3), 14.3 (q,
CH2CH2CHz), 22.9 (t, CHCH?>), 23.3 (t, CH,CHs), 27.7 (t,CH.CH=), 29.5 (tCH>), 30.1 (t,
CCH2CHs), 31.9 (t,CH2), 123.2 (dCH=), 142.8 (s, €(CHy)2).

3-Ethylpentadec-3-ene (2-7f):

C11H/_<:

23

Yield 29 mg (92%) as a colorless liquid. BtOAc/hexane 1:10) = 0.95; IRnax 2963, 2925,
2873, 2854, 1664, 1464, 1378 ¢nMS (Cl+) m/z(%) 239 (100) [M+H], 125 (20), 111 (20),
97 (40); HRMS (Cl+)m/z [M+H*] calcd for G7/Hss™ 239.2739; found: 239.27381 NMR

(400 MHz, CDC#) & 0.84 (t,J = 6.8 Hz, 3H, CHCH.CHa3), 0.91 (t,J = 7.6 Hz, 3H,
CCH,CH3), 0.94 (t,J = 7.4 Hz, 3H, CCHCH3), 1.22 (m, 18H, (El)s), 1.97 (m, 6H,
CCH2CHs, CH2CH=), 5.03 (tJ = 7.0 Hz, 1H, &=); 3C NMR (100 MHz, CDGJ) 5 13.2 (q,
CCHCH3), 13.5 (q, CCHCH3), 14.3 (q, CHCH:CHs3), 22.9 (t, CHCH), 23.4 (t,
CCH2CHg), 27.8 (t,CH2CH=), 29.4 (t,CH2), 29.6 (t,CHy), 29.7 (t,CH2), 29.86 (t,CHy>),

29.90 (t, 2H), 29.93 (t,CHy), 30.5 (t,CH2), 32.2 (t,CH>), 123.2 (d,CH=), 142.8 (s,
=C(CHy>)>).
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(4-1sobutyl-6-methylhept-3-en-1-yl)benzene (2-7)):

Yield 44 mg (79%) as a colorless liquid. [EtOAc/hexane 1:10) = 0.93; IRnax 2953, 2926,
2868, 1496, 1462, 1383, 1365, 909, 735, 698;awS (EI) m/z(%) 244 (10{M*], 97 (100),
91 (40), 55 (90); HRMS (EIm/z [M*] calcd for GeH2s": 244.2191; found: 244.2192;
IH NMR (400 MHz, CDCY) & 0.76 (d,J = 6.5 Hz, 6H, CH(El3)2), 0.79 (d,J = 6.5 Hz, 6H,
CH(CHa)2), 1.63 (m, 2H, EI(CHa)2), 1.75 (d,J = 7.2 Hz, 2H, EhLiPr), 1.79 (dJ = 7.3 Hz,
2H, CHiPr), 2.27 (m, 2H, B2CH=), 2.57 (m, 2H, €2Ph), 5.13 (tJ = 7.1 Hz, 1H, =),
7.12 (M, 3H,Hortho, Hpara), 7.21 (M, 2H,Hmed; 3C NMR (100 MHz, CDGJ) & 22.8 (q,
CH(CHs3)2), 22.9 (g, CHCHs3)2), 26.4 (d,CH(CHz3)2), 30.2 (t,CH.CH=), 36.8 (tCH2Ph), 39.1
(t, CH2iPr), 47.1 (t,CH2iPr), 125.9 (d,Cpara), 126.6 (d,CH=), 128.4 (d,Cortho), 128.8 (d,
Crnets), 138.2 (s, €(CHo)2), 142.8 (SCipso).

4-1sobutyl-2-methyldec-4-ene (2-7Kk):

CsH14

Yield 25 mg (89%) as a colorless liquid. BtOAc/hexane 1:10) = 0.96; |Rnax 2954, 2926,
2868, 1465, 1366, 1166, 1135 ¢mMS (El) m/z (%) 210 (50) [M], 154 (30), 153 (30),
111 (40), 97 (100), 83 (95), 69 (90), 55 (60), 88)( 41 (30); HRMS (Eln/z[M*] calcd for
CisHso™ 210.2348; found: 210.234%H NMR (400 MHz, CDCJ) & 0.82 (m, 15H, El3),

1.18 (m, 6H, (€i2)3), 1.67 (m, 2H, G(CHa)2), 1.77 (dJ = 7.1 Hz, 2H, El2iPr), 1.82 (dJ =

7.1 Hz, 2H, ®2iPr), 1.95 (m, 2H, 62CH=), 5.10 (t,J = 7.2 Hz, 1H, Ei=); *C NMR

(100 MHz, CDC}$) & 14.3 (g, CHCH3), 22.8 (q, CHCHs3)2), 22.86 (t, CHCH>), 22.89 (q,
CH(CH3)2), 26.4 (d,CH(CHz)2), 27.0 (d,CH(CHa)2), 28.1 (t,CH.CH=), 30.1 (t,CH>), 31.9
(t, CHa), 39.1 (t,CH2iPr), 47.1 (tCH.iPr), 127.6 (dCH=), 137.3 (s, €(CHo)2).
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4-1sobutyl-2-methylhexadec-4-ene (2-71):

Cq1H23

Yield 25 mg (64%) as a colorless liquid. [EtOAc/hexane 1:10) = 0.94; IRnax 2953, 2923,
2854, 1464, 1382, 1365 cinMS (EI) m/z(%) 294 (40) [M], 238 (40), 125 (80), 111 (40),
97 (100), 83 (95), 69 (90), 55 (80), 43 (40), 4Q)(HRMS (El)m/z[M™] calcd for GiHa42™
294.3287; found: 294.3286H NMR (400 MHz, CDCJ) & 0.78 (m, 15H, El3), 1.18 (m,
18H, ((H2)9), 1.63 (M, 2H, E(CHs)2), 1.73 (d,J = 7.2 Hz, 2H, El.iPr), 1.78 (dJ = 7.2 Hz,
2H, CH2iPr), 1.90 (m, 2H, 62CH=), 5.06 (t,J = 7.2 Hz, 1H, E&=); 3C NMR (100 MHz,
CDCls) 614.2 (g, CHCHa), 22.7 (g, CHCHs)2), 22.78 (q, CHCHz3)2), 22.82 (t, CHCH>),
26.3 (d,CH(CHa)2), 26.9 (d,CH(CHsa)2), 28.0 (t,CH2CH=), 29.49 (t,CH2), 29.51 (t,CH2),
29.7 (t,CH>), 29.79 (t, 2€H>), 29.80 (t,CH>), 30.3 (t,CH2), 32.1 (t,CH>), 38.9 (t,CH.iPr),
46.9 (t,CH.iPr), 127.5 (dCH=), 137.1 (s, €(CHo)2).

a-Substituted phenyl sulfones 2-8a-¢General procedure):

nBuLi (0.34 mL, 0.55 mmol, 1M in hexane) was added dropwise to a stirred saiubio
sulfonel-2h (135 mg, 0.5 mmol) and TMEDA (0.14 mL, 0.88 mmai)dry THF (5 mL) at
—78 °C under a nitrogen atmosphere. After stirdiog 10 min, the reaction mixture was
warmed to 0 °C during 1 h, followed by dropwise ifidd of trimethylsilyl chloride, iodine

or bromine (0.60 mmol) in THF (2 mL) at —78 °C. Treaction mixture was warmed to
—20 °C, stirred at this temperature until compktandicated by TLC, quenched with water
and warmed to room temperature. The layers weraraggul and the aqueous was extracted
with diethyl ether (3x20 mL). The combined orgaeitracts were washed with brine, dried
over MgSQ, filtered and evaporated. Purification by columrhraznatography
(EtOAc/hexane 1:20) gave sulforiz8a-c
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2,6-Dimethyl-4-(trimethylsilyl)hept-4-yl phenyl sulfone (2-8a):

Me3Si
0

Yield 15 mg (ca 10% in a mixture) as a colorless Bi (EtOAc/hexane 1:5) = 0.55;
MS (ESI+) m/z (%): 363 (100) [M+Na; HRMS (ESI) m/z [M+Na'] calcd for
C18H320,SSiNd: 363.1785; found: 363.1784.

4-lodo-2,6-dimethylhept-4-yl phenyl sulfone (2-8b):

Yield 136 mg (69%) as a colorless oil tOAc/hexane 1:5) = 0.51; IRnax 3061, 2960,
2930, 2870, 1617, 1584, 1467, 1446, 1307, 1147),10824, 754 cniy MS (ESI+)m/z (%)

417 (100) [M+N4], 289 (30) [M-HI+Nd], 165 (30) [PhSeH+Na']; Anal. calcd for
CisH23102S (394.31): C 45.69, H 5.88, S 8.13; found: C 4518%.81, S 8.43'H NMR

(400 MHz, CDC)) & 0.99 (d,J = 6.7 Hz, 6H, CH(El)2), 1.01 (d,J = 6.6 Hz, 6H,
CH(CHa)2), 1.95 (d,J = 4.6 Hz, 4H, ©2iPr), 2.03 (m, 2H, B(CHs)2), 7.52 (M, 2HHmetd,

7.78 (m, 1HHpara), 7.93 (M, 2HHortho); *C NMR (100 MHz, CDGJ) 6 24.6 (q, CHCHz3)2),

24.7 (g, CHCH3)2), 28.3 (d,CH(CHa)2), 47.8 (t,CH2iPr), 70.9 (s, SEL), 128.5 (d,Cmetd,

132.0 (d,Cortho), 134.1 (dCpara), 135.1 (SCipso)-

4-Bromo-2,6-dimethylhept-4-yl phenyl sulfone (2-8c)

Br
)

Yield 149 mg (86%) as a colorless oil EtOAc/hexane 1:5) = 0.50; IRnax 3065, 2960,
2928, 2870, 1585, 1468, 1447, 1388, 1320, 1309,1,11981, 1025, 870, 731 cin
MS (ESI+) m/z (%) 371/369 (100/100) [M+N§ 289 (50) [M-HBr+N&], 165 (100)
[PhSQH+Na']; Anal. calcd forCisH23B/0.S (347.31): C 51.87, H 6.67, S 9.23, Br 23.01;
found: C 51.80, H 6.71, S 9.32, Br 23.38;NMR (400 MHz, CDCJ) 5 0.98 (d,J = 6.4 Hz,
6H, CH(H3)2), 1.01 (d,J = 6.4 Hz, 6H, CH(E3),), 2.01 (dd,J = 4.7, 14.2 Hz, 2H,
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CHHiPr), 2.08 (m, 2H, B(CHa)), 2.14 (ddJ = 4.5, 14.2 Hz, 2H, CHiPr), 7.54 (m, 2H,
Hmety, 7.65 (M, 1H,Hpara), 7.98 (M, 2H,Hortho); *C NMR (100 MHz, CDG) & 24.8 (q,
CH(CH3)2), 25.2 (g, CHCH3)2), 26.4 (d,CH(CHs)2), 46.0 (t,CH-iPr), 85.4 (s, SET), 128.8
(d, Cmetd, 132.0 (dCortho), 134.4 (dCpara), 135.5 (SCipso).

ortho,ortho'-Disubstituted phenyl sulfones 2-9a-h and 1-3(General procedure):

Table 2.7 nBuLi (0.21 mL, 0.34 mmol, 1M in hexane) was added dropwise to a stirred
solution of sulfonel-26 (100 mg, 0.29 mmol) and TMEDA (0.1 mL, 0.67 mmaldry THF
(3mL) at —78 °C under a nitrogen atmosphere. Aftiring for 10 min, the aldehyde,
ketone, trimethylsilyl chloride or iodine (0.38 mim THF (2.5 mL) was added dropwise at
—78 °C. The reaction mixture was stirred until céetg as indicated by TLC, quenched with
water and warmed to room temperature. The layere weparated and the aqueous was
extracted with diethyl ether X35 mL). The combined organic extracts were washgd w
brine, dried over MgS#) filtered and evaporated. Purification by colunfimarnatography
(EtOAc/hexane 1:40) gave sulforiz®a-h 1-31

Table 2.8 nBuLi (0.75 mL, 1.2 mmol, 1/ in hexane) was added dropwise to a stirred
solution of sulfonel-2h (268 mg, 1 mmol) and TMEDA (0.3 mL, 1.95 mmol)dry THF
(5mL) at —78 °C under a nitrogen atmosphere. Afiring for 10 min, trimethylsilyl
chloride (1.3 mmol) in THF (2.5 mL) was added dragmvat —78 °C. The reaction mixture
was stirred for 10 min and warmed to 0 °C for 1%.mBuLi (0.75 mL, 1.2 mmol, 1M in
hexane) and TMEDA (0.3 mL, 1.95 mmol) was addegwaise at —78 °C. After stirring for
10 min, the aldehyde, trimethylsilyl chloride odine (1.3 mmol) was added at —78 °C. The
reaction mixture was stirred at this temperature2fdn until complete as indicated by TLC,
guenched with water and warmed to room temperafiie.layers were separated and the
aqueous was extracted with diethyl ethex2(3 mL). The combined organic extracts were
washed with brine, dried over Mg®Cfiltered and evaporated. Purification by column
chromatography (EtOAc/hexane 1:20) gave sulfoR&s,c-e,hand 1-31 (for yields see
Table 2.8).
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(2-((2,6-Dimethylhept-4-yl)sulfonyl)-3-(trimethylsiyl)phenyl)(phenyl)methanol (2-9a):
3

> /Si—

Yield 106 mg \(82%, Table 2.7) as colorless crystalp. 138-139 °C. R(EtOAc/hexane
1:10) = 0.24; IRvmax 3479, 2958, 2900, 2870, 1468, 1450, 1295, 12499,11134, 1039,
1024, 876, 844, 758, 702 &mMS (ESI+)m/z (%) 469 (100) [M+N3], 303 (40) [M+H—
OH-CH(Bu)2]; Anal. calcd for GsH3s0sSSi (446.72): C 67.22, H 8.57, S 7.18; found:
C 67.03, H 8.77, S 6.97H NMR (400 MHz, DMSO, 80 °C} 0.38 (s, 9H, Si(63)3), 0.62
(d, J = 6.3 Hz, 3H, CH(El3)2), 0.74 (d,J = 6.3 Hz, 3H, CH(El3)2), 0.91 (d,J = 6.5 Hz, 3H,
CH(CHa)2), 0.98 (d,J = 6.5 Hz, 3H, CH(E3)2), 1.30 (m, 3H, EHiPr, CH(CHz)2), 1.45 (m,
1H, CHHIPr), 1.90 (m, 1H, €(CHz3)2), 1.98 (m, 1H, CHiiPr), 3.54 (m, 1H, S@CH), 5.83
(d, J = 5.6 Hz, 1H, ®), 6.85 (d,J = 5.6 Hz, 1H, EIOH), 7.19 (m, 1H,Hz), 7.30 (m, 2H,
Hz), 7.41 (m, 2HHy), 7.59 (t,d = 7.4 Hz, 1HHa), 7.67 (ddJ = 1.4, 7.4 Hz, 1HH.), 7.73
(dd,J = 1.4, 7.4 Hz, 1HH>); **C NMR (100 MHz, DMSO, 80 °C) 2.43 (q, SiCH3)3), 21.1
(g, CH(CHs)2), 21.8 (q, CHCHz3)2), 22.1 (g, CHCHs)2), 22.3 (q, CHCH3)2), 24.2 (d,
CH(CHa)2), 25.1 (d,CH(CHs)2), 36.5 (t,CHiPr), 39.3 (tCH.iPr), 61.3 (d, S&CH), 68.8 (d,
CHOH), 125.6 (dC1), 126.1 (d,Cz), 127.4 (d,Cy), 131.6 (d,C3), 131.8 (d,Cs), 134.9 (d,
C), 139.7 (sCs), 140.9 (sC1), 144.7 (SCx), 145.2 (sCs).

(4-Bromophenyl)(2-((2,6-dimethylhept-4-yl)sulfonyl}3-(trimethylsilyl)phenyl)methanol

Yield 134 mg (88%, Table 2.7) as colorless crystaigp. 138-139 °C. R(EtOAc/hexane
1:10) = 0.42; IRvmax 3464, 2958, 2870, 1487, 1468, 1388, 1294, 1248811134, 1101,
1038, 1010, 875, 844, 803, 759, 676%¢cNIS (ESI+)m/z(%) 544/542 (100/100) [KH2O],
509/507 (40/40) [M—EO+H"]; Anal. calcd for GsHs7BrOsSSi (525.61): C 57.13, H 7.10,
S 6.10, Si 5.34, Br 15.20; found: C 57.26, H 7.$66.16, Si 5.64, Br 14.98H NMR
(400 MHz, DMSO, 80 °C 0.32 (s, 9H, Si(B3)3), 0.55 (d,J = 6.2 Hz, 3H, CH(El3)2), 0.67
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(d, J = 6.2 Hz, 3H, CH(El3)2), 0.86 (d,J = 6.3 Hz, 3H, CH(El3)2), 0.93 (d,J = 6.3 Hz, 3H,
CH(CHs)2), 1.16 (m, 1H, E@HiPr), 1.25 (m, 2H, CHiPr, CH(CHs)2), 1.41 (m, 1H,
CHHiPr), 1.85 (m, 1H, 6(CHs)z), 1.93 (m, 1H, CHiPr), 3.45 (m, 1H, SECH), 5.98
(broad s, 1H, @), 6.75 (s, 1H, €OH), 7.30 (dJ = 8.2 Hz, 2HH1), 7.42 (d,J = 8.2 Hz,
2H, Hz), 7.55 (m, 1HH3), 7.58 (m, 1HHaJ), 7.68 (M, 1HH2); 3C NMR (100 MHz, DMSO,
80 °C)3 2.6 (q, SiCH3)3), 21.3 (g, CHCH3)2), 22.0 (g, CHCHa)2), 22.3 (g, CHCHa)2), 22.5
(g, CHCHa)2), 24.4 (d,CH(CHs)2), 25.3 (d,CH(CHs)2), 36.7 (t,CH2iPr), 39.5 (t,CHiPr),
61.6 (d, SQCH), 68.6 (d,CHOH), 119.6 (sC3), 128.0 (dCr), 130.1 (dCz), 131.8 (dCsor
Cs), 132.0 (dCsor Cs), 135.3 (dC2), 139.8 (sCs), 141.3 (sC1), 144.4 (SCx), 144.8 (SCs).

1-(2-((2,6-Dimethylhept-4-yl)sulfonyl)-3-(trimethylsilyl)phenyl)-2-methylpropan-1-ol
(2-9¢):

Yield 97 mg (81%, Table 2.7) as a colorless saticy. 133-135 °C. REtOAc/hexane 1:10)
= 0.31; IRvmax 3487, 2595, 2870, 1469, 1388, 1307, 1249, 11586,11100, 1034, 940, 873,
844, 761, 677, 605 ct MS (ESI+)m/z (%) 847 (10) [2M+N4], 435 (100) [M+N4], 395
(90) [M=H20O+H']; Anal. calcd for GoH400sSSi (412.70): C 64.03, H 9.77, S 7.77; found:
C 64.15, H 9.64, S 7.55H NMR (400 MHz, DMSO, 80 °C$0.31 (s, 9H, Si(Els)3), 0.50
(d,J = 6.4 Hz, 3H, CHCH(CH3)2), 0.63 (d,J = 6.5 Hz, 3H, OHCHCH(83)2), 0.65 (d,J =
6.5 Hz, 3H, CHCH(CH3)2), 0.89 (dJ = 6.4 Hz, 3H, CHCH(CH3)2), 0.94 (d,J = 6.5 Hz, 6H,
OHCHCH(M3)2, CH.CH(CH3)2), 1.07 (m, 1H, EHiPr), 1.18 (m, 2H, &HiPr,
CH2CH(CHs)2), 1.31 (m, 1H, @&HiPr), 1.90 (m, 3H, CHiPr, CHCH(CHs),,
OHCHCH(CHs),), 3.34 (m, 1H, SECH), 4.88 (d,J = 7.1 Hz, 1H, ®), 5.16 (t,J = 7.1 Hz,
1H, CHOH), 7.60 (tJ = 7.5 Hz, 1HH3), 7.68 (ddJ = 1.4, 7.5 Hz, 1HH,), 7.80 (dd,J = 1.4,
7.5 Hz, 1H,Hs); ¥C NMR (100 MHz, DMSO, 80 °CY 2.4 (q, SiCH3)s3), 17.7 (q,
OHCHCH(CHg)2), 18.8 (q, OHCHCHCHs)2), 21.1 (g, CHCH(CHs)2), 21.88 (q,
CH2CH(CHa3)2), 21.93 (q, CHCH(CHs3)2), 22.3 (g, CHCH(CHz3)2), 24.1 (d, CHCH(CHz)z2),
25.2 (d, CHCH(CHa)2), 35.3 (d, OHCKH(CHz3)2), 36.5 (t,CH-iPr), 39.7 (t,CH.iPr), 60.8
(d, SQCH), 73.1 (d,CHOH), 126.9 (dC4), 131.3 (d,Cs), 134.5 (d,C2), 139.9 (sCs), 141.0
(s,C1), 145.8 (SCs).
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(E)-1-(2-((2,6-Dimethylhept-4-yl)sulfonyl)-3-(trimethylsilyl)phenyl)pent-2-en-1-ol
(2-9d):

Yield 98 mg (80%, Table 2.7) as a colorless oil([ROAc/hexane 1:5) = 0.82; IRnax 3487,
2960, 2871, 1467, 1326, 1295, 1248, 1137, 1101, 862, 844, 760, 673, 558 ¢m
MS (ESI+)m/z (%) 447 (100) [M+Na], 303 (40) [M+Na—OH-CH{Bu)2]; Anal. calcd for
C23H4003SSi (424.72): C 65.04, H 9.49, S 7.55; found: C265H 9.55, S 7.24*H NMR
(400 MHz, DMSO, 80 °C) 0.31 (s, 9H, Si(E3)3), 0.58 (dJ = 6.3 Hz, 3H, CH(Els).), 0.71
(d,J = 6.3 Hz, 3H, CH(El3)2), 0.81 (d,J = 6.3 Hz, 3H, CH(El3)2), 0.89 (d,J = 6.3 Hz, 3H,
CH(CH3)2), 0.91 (t,J = 6.3 Hz, 3H, CHCH?3), 1.25 (m, 2H, €HiPr), 1.34 (m, 2H, CHiPr,
CH(CHa)2), 1.75 (m, 2H, EHiPr, CH(CHs)2), 1.98 (m, 2H, EG2CHjs), 3.36 (m, 1H, SECH),
5.20 (broad s, 1H, B), 5.62 (dd,J = 5.3, 15.4 Hz, 1H, C#£H=CH), 5.73 (dt,J = 6.2,
15.4 Hz, 1H, CHCH=CH), 6.05 (d,J = 5.1 Hz, 1H, ®OH), 7.60 (t,J = 7.6 Hz, 1HHa),
7.69 (dd,J = 1.4, 7.6 Hz, 1HH>), 7.77 (dd,J = 1.4, 7.6 Hz, 1HH4); *3C NMR (100 MHz,
DMSO, 80 °C)d 2.6 (q, SiCHs)3), 12.7 (q, CHCHs), 21.4 (q, CHCHs3)2), 21.9 (q,
CH(CHa)2), 22.3 (g, CHCH3)2), 22.4 (q, CHCHa)2), 24.1 (t, G12CHzg), 24.5 (d,CH(CHs)2),
25.1 (d,CH(CHz)2), 37.2 (t,CH2iPr), 39.0 (t,CH.iPr), 61.2 (d, SGCH), 68.1 (d,CHOH),
131.1 (d,Cs), 131.6 (d, CHCH=CH), 131.8 (d,Cs), 132.3 (d, CHCH=CH), 135.0 (d,C>),
139.5 (sCs), 141.0 (sCy), 145.5 (sCs).

1-(2-((2,6-Dimethylhept-4-yl)sulfonyl)-3-(trimethylsilyl)phenyl)-3-phenylpropan-1-ol
(2-9e):

2 g \
Yield 102 mg (74%, Table 2.7) as a colorless satigh. 117-118 °C. REtOAc/hexane 1:5)

= 0.15; IR vmax 3489, 2981, 2904, 2887, 1542, 1523, 1396, 1388113150, 954,
669 cmt; MS (ESI+) m/z (%) 497 (100) [M+N4], 331 (30) [M+H—OH-CH(Bu).]; Anal.

calcd for GrHa0sSSi (474.77): C 68.30, H 8.92, S 6.75; found: C987H 8.80, S 6.93;
IH NMR (400 MHz, DMSO, 80 °Cp 0.32 (s, 9H, Si(€ls)3), 0.52 (d,J = 6.2 Hz, 3H,
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CH(CHz3)2), 0.66 (d,J = 6.2 Hz, 3H, CH(Els)2), 0.85 (d,J = 6.4 Hz, 3H, CH(El3)2), 0.91 (d,
J = 6.4 Hz, 3H, CH(El3)2), 1.20 (m, 3H, EIHiPr, GH(CHs)2), 1.32 (m, 1H, CHiiPr), 1.81
(m, 2H, CHHiPr, GH(CHs)2), 1.90 (m, 2H, €&2CHzPh), 2.51 (m, 1H, BHPh), 2.83 (m, 1H,
CHHPh), 3.30 (m, 1H, S£TH), 5.19 (dJ = 5.4 Hz, 1H, ®), 5.49 (m, 1H, EIOH), 7.09 (m,
3H, Hortho, Hpara), 7.18 (M, 2HHmety, 7.61 (t,J = 7.6 Hz, 1HHz3), 7.69 (m, 1HH>), 7.89 (m,
1H, Hs); ¥3C NMR (100 MHz, DMSO, 80 °C) 3.1 (g, SiCH3)3), 21.8 (g, CHCHa)2), 22.5
(@, CH(CH3)2), 22.7 (q, CHCH3)2), 22.9 (q, CHCHs)2), 24.9 (d, CH(CHs)2), 25.7 (d,
CH(CHs)2), 32.3 (t,CH2CH.Ph), 37.3 (tCH.iPr), 39.8 (tCH-iPr), 42.0 (tCH2Ph), 61.4 (d,
SOCH), 68.9 (d,CHOH), 125.7 (d,Cpara), 128.3 (d,Cortho, Cmetg, 130.2 (d,Ca), 132.4 (d,
Cs), 135.5 (dC2), 139.7 (sCs), 141.7 (sC1), 142.0 (SCipso), 147.5 (SCs).

(2-((2,6-Dimethylhept-4-yl)sulfonyl)-3(trimethylsilyl)phenyl) diphenylmethanol (2-9f):

Yield 63 mg (32%, Table 2.7) as a colorless oil([ROAc/hexane 1:5) = 0.73; IRnax 3405,
2957, 2932, 2871, 1447, 1289, 1247, 1128, 1115, B8, 759, 700, 668 cln MS (ESI+)
m/z (%) 545 (100) [M+N&]; Anal. calcd for GiH420sSSi (522.81): C 71.22, H 8.10, S 6.13;
found: C 71.14, H8.35, S 5.7HRMS (ESI+) m/z [M+Na'] calcd for GiH420sSSiN4d:
545.2516; found: 545.2515H NMR (400 MHz, CDCJ) & 0.39 (s, 9H, Si(El3)3), 0.54 (d,
J= 6.2 Hz, 3H, CH(El3)2), 0.75 (d,J = 6.2 Hz, 3H, CH(Es).), 0.85 (d,J = 6.5 Hz, 3H,
CH(CHz3)2), 0.88 (d,J = 6.5 Hz, 3H, CH(El3)2), 1.07 (m, 2H, EHiPr, CH(CHzy)2), 1.18 (m,
1H, CHHIPr), 1.29 (m, 1H, BHiPr), 1.76 (m, 1H, B(CHs),), 1.89 (m, 1H, CHiPr), 3.96
(m, 1H, SQCH), 6.44 (s, 1H, @), 6.80 (m, 2HHa), 6.86 (M, 1HH4), 7.11 (M, 2HHa),
7.15-7.32 (m, 7HH3, Har), 7.80 (dd,J = 1.2, 7.5 Hz, 1HH>); *3C NMR (100 MHz, CDGJ)
04.1 (q, SiCH3)3), 21.9 (q, CHCHS3)2), 22.7 (q, CHCH3)2), 23.17 (q, CHCHSa)2), 23.23 (q,
CH(CHz3)2), 25.5 (d,CH(CHz3)2), 26.1 (d,CH(CHg)2), 37.5 (t,CH2iPr), 39.8 (t,CH2iPr), 64.1
(d, SQCH), 84.2 (s,COH), 127.6 (d, 2€ar), 127.7 (dCar), 128.1 (dCar), 128.7 (d, 2Ka),
130.7 (d,C3), 135.5 (d,Cs), 136.6 (d,Co), 140.7 (sCs), 147.4 (sCipso), 147.8 (sC1), 148.0
(s, Cipso), 149.1 (SCs).
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1-(2-((2,6-Dimethylhept-4-yl)sulfonyl)-3-(trimethylsilyl)phenyl)cyclohexanol (2-99):

2 g \
Yield 24 mg (20%, Table 2.7) as colorless crystalg. 125-126 °C. REtOAc/hexane 1:5)

= 0.91; IR vmax 3478, 2980, 2971, 1463, 1295, 1249, 1140, 11356,10024, 873, 844,
756 cm!; MS (ESI+)m/z (%) 461 (100) [M+N3g], 421 (30) [M—HO+H"]; Anal. calcd for
C24H420sSSi (438.74): C 65.70, H 9.65, S 7.31; found: C585H 9.65, S 7.02H NMR
(400 MHz, CDCJ) 8 0.37 (s, 9H, Si(€l3)3), 0.54 (d,J = 6.2 Hz, 3H, CH(El3),), 0.68 (d,J =
6.2 Hz, 3H, CH(G®l3)2), 0.96 (d,J = 6.5 Hz, 3H, CH(El3)2), 0.99 (d,J = 6.5 Hz, 3H,
CH(CHa3)2), 1.05-1.30(m, 4H, QHz, CHHiPr, CH(CHa)2), 1.36 (m, 1H, EHiPr), 1.57 (m,
3H, CHy), 1.76 (m, 2H, @2, CHHiPr), 1.95 (m, 5H, 6(CHs)2, CH.COH), 2.13 (m, 1H,
CHHiPr), 4.41 (m, 1H, SECH), 4.66 (s, 1H, @), 7.47 (m, 1HH3), 7.58 (m, 1HH.), 7.77
(m, 1H,H2); C NMR (100 MHz, CDQ) & 4.4 (g, SiCHs)3), 21.9 (g, CHCHa)2), 22.0 (t,
CH2CHy), 22.1 (t,CH2CH2), 22.8 (q, CHCH3)2), 23.0 (q, CHCH3)2), 23.2 (g, CHCH3)y),
25.5 (d,CH(CHs)2), 25.7 (t,CH2CHy), 26.2 (d,CH(CHs)2), 37.6 (t,CH2iPr), 38.5 (tCH.iPr),
40.3 (t, COKCHy), 43.0 (t, COKCHY), 63.6 (d, S@CH), 76.1 (s, COH), 130.8 (€4), 131.5
(d, Cs), 135.7 (dC2), 140.7 (sCs), 146.1 (SC1), 151.7 (sCx).

2,6-Dimethylhept-4-yl 2,6-bis(trimethylsilyl)phenyl sulfone (1-31):

Yield 104 mg (87%, Table 2.7) as a colorless oil (ROAc/hexane 1:10) = 0.82; IRnax
2958, 2900, 1469, 1310, 1247, 1155, 1129, 844, @B cmt; MS (ESI+)m/z(%) 435 (100)
[M+Na™]; Anal. calcd for GiH400.SSk (412.78): C 61.10, H 9.77, S 7.77; found: C 60.79,
H9.95, S 7.57'H NMR (400 MHz, CDC)) & 0.42 (s, 18H, Si(H3)3), 0.59 (d,J = 6.5 Hz,
6H, CH(CH3)2), 0.80 (d,J = 6.5 Hz, 6H, CH(El3)2), 1.21 (m, 2H, EHiPr), 1.50 (m, 2H,
CH(CHa)2), 1.58 (m, 2H, CHIiPr), 2.95 (m, 1H, SECH), 7.52 (t,J = 7.5 Hz, 1H,H3), 7.88
(d,J = 7.5 Hz, 2HH>); *3C NMR (100 MHz, CDGCJ) & 2.9 (q, SiCH3)3), 22.0 (g, CHCH3)2),
23.3 (g, CHCH3)2), 25.5 (d,CH(CHs)2), 38.1 (t,CH.iPr), 61.6 (d, SECH), 131.0 (d,Cs),
138.0 (d,C2), 143.2 (SC1, Ca).
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2,6-Dimethylhept-4-yl 2-iodo-6-(trimethylsilyl)phenyl sulfone (2-9h):

I 0,

4©6i3
3 g
2 s \
Yield 92 mg (68%, Table 2.7) as colorless crystalgy. 99-100 °C. REtOAc/hexane 1.5) =
0.70; IR Vmax 2980, 2960, 2905, 1541, 1508, 1457, 1314, 1158, B30 cmt; MS (ESI+)m/z
(%) 484 (100) [M+H20]; Anal. calcd for GeHz110.SSi (466.49): C 46.34, H 6.70, S 6.87,
| 27.20; found: C 46.56, H 6.64, S 6.59, | 26.99NMR (400 MHz, DMSO, 80 °C3 —-0.16
(s, 9H, Si(®3)3), 0.27 (broad s, 6H, CH{&)2), 0.35 (broad s, 6H, CH€3)2), 0.83 (m, 4H,
CH2iPr), 1.11 (broad s, 2H,H{CHz)2), 3.58 (m, 1H, SECH), 6.79 (t,J = 7.6 Hz, 1HH3),
7.36 (dd,J = 7.6, 1.2 Hz, 1HH4), 7.77 (ddJ = 7.9, 1.2 Hz, 1HH,); 3C NMR (100 MHz,
DMSO, 80 °C)& 2.4 (q, SiCHa)s), 21.5 (g, CHCHa)2), 22.2 (g, CHCHa)2), 24.6 (d,
CH(CHa)2), ~39.1 (t,CH2iPr, overlap with DMSO), 56.8 (d, SCH), 96.2 (s,Cs), 132.6 (d,
Cs), 136.1 (dCa), 144.0 (sCs), 144.3 (dC2), 144.9 (sCa).

ortho,a-Bis(1-hydroxyalkyl)-2,6-dimethylhept-4-yl phenyl silfones 2-10a-d (General

procedure):

nBuLi (0.34 mL, 0.55 mmol, 1M in hexane) was added dropwise to a stirred solutio
sulfonel-2h (67 mg, 0.25 mmol) and TMEDA (0.15 mL, 0.98 mmai)dry THF (2 mL) at
—40 °C under a nitrogen atmosphere. After stirforg30 min, the aldehyde (0.28 mmol) was
added in THF (0.5 mL) at —78 °C. The reaction omigtwas stirred at this temperature for
3 h, quenched with water and warmed to room tenwperaThe layers were separated and
the aqueous was extracted with diethyl ether (3R The combined organic extracts were
washed with brine, dried over Mg®Cfiltered and evaporated. Purification by column
chromatography (EtOAc/hexane 1:20 gradient to d&be sulfone2-10a-d
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4-(1-Hydroxybenzyl)-2,6-dimethylhept-4-yl 2-(1-hydoxybenzyl)phenyl sulfone (2-10a):

Yield 16 mg (14%) as a 10:1 mixture of unassigneastdreomers as a colorless oil.
Rf (EtOAc/hexane 1:5) = 0.26; IRmax 3511, 2972, 2935, 2879, 1451, 1395, 1285, 1194,
1139, 1112, 1064, 1022, 912, 853, 821, 769, 736, crd'; MS (ESI+)m/z (%) 503 (80)
[M+Na'], 271 (100) [PhCH(OH)gH4sSO:H+Na']; HRMS (ESI+) m/z [M+Na'] calcd for
C2oH3604SNa': 503.2227; found: 503.222%4 NMR (400 MHz, CDCJ) major diastereomer:
6 0.81 (d,J = 6.5 Hz, 3H, CH(®l3)2), 0.82 (d,J = 6.6 Hz, 3H, CH(El3)2), 1.01 (ddJ = 6.6,
14.4 Hz, 1H, EiHiPr), 1.06 (ddJ = 6.5, 14.4 Hz, 1H, CHiPr), 1.11 (dJ = 6.6 Hz, 3H,
CH(CHg3)2), 1.18 (d,J = 6.5 Hz, 3H, CH(El3)2), 1.48 (m, 1H, E(CHz)2), 2.02 (dd,J = 5.5,
15.6 Hz, 1H, @HiPr), 2.15 (dd,) = 4.4, 15.6 Hz, 1H, CHiPr), 2.51 (m, 1H, 6(CHz)>),
3.46 (broad s, 1H, #£10H), 3.78 (broad s, 1H,4E1OH), 5.41 (s, 1H, €sOH), 7.01 (s, 1H,
CH7OH), 7.16-7.52 (m, 12H4), 7.56 (m, 1HH.), 8.00 (m, 1HH); detectable signals of
minor diastereome® 5.63 (s, 1H, @HOH), 8.04 (m, 1HH:); ¥*C NMR (100 MHz, CDGJ)
major diastereome 23.7 (d,CH(CHz)2), 24.1 (d,CH(CHs)2), 25.5 (q, CHCH3)2), 26.0 (q,
CH(CHz3)2), 26.17 (g, CHCHz3)2), 26.19 (g, CHCHa)2), 38.0 (t,CH.2iPr), 42.0 (t,CH2iPr),
70.4 (d,CH;OH), 77.1 (d,CgHOH), 78.0 (s, S€L), 126.5 (d,Car), 127.4 (d,Car), 127.9 (d,
Car), 128.43 (dCar), 128.44 (dCar), 128.9 (d,Car), 129.0 (d,Car), 131.4 (d,Car), 132.8 (d,
C1), 134.3 (d,C4), 137.2 (s,Cs), 139.3 (S,Cipsg), 142.5 (S,Cipso), 146.6 (S,Cs); detectable
signals of minor diastereomed 23.1 (d, CH(CHz)2), 23.8 (d, CH(CHg)2), 25.4 (q,
CH(CH3)2), 25.7 (q, CHCH3)2), 25.8 (q, CHCHz3)2), 26.4 (g, CHCH3)2), 38.1 (t,CH2iPr),
41.5 (t,CHziPr), 70.1 (dCH7OH), 76.5 (d CsHOH), 78.7 (s, S€C), 126.2 (dCar), 126.8 (d,
Car), 127.3 (d,Car), 127.44 (dCar), 128.5 (d,Car), 128.76 (dCar), 128.79 (dCar), 131.2 (d,
Car), 132.3 (dC1), 134.1 (dCa),
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4-(1-Hydroxyisobutyl)-2,6-dimethylhept-4-yl 2-(1-hyroxyisobutyl)phenyl sulfone
(2-10Db):

Yield 9 mg (9%) as a 1:1 mixture of unassigned tdi@®mers as a colorless oil.
Rt (EtOAc/hexane 1:5) = 0.28; IRmax 3513, 2971, 2937, 2880, 1473, 1395, 1290, 1250,
1194, 1122, 1019, 936, 770, 718 EnMS (ESI+) m/z (%) 435 (70) [M+N4], 237 (100)
[(CH3),CHCH(OH)GHsSO:H+Na']; HRMS (ESI+)m/z[M+Na'] calcd for GsHaoOsSNa':
435.2540; found: 435.2540H NMR (400 MHz, CDCY) & 0.70 (d,J = 6.9 Hz, 3H,
OHCHCH(CH3),), 0.75 (d,J = 6.8 Hz, 3H, OHCHCH(E3),), 0.80-1.15 (m, 36H,
CH(CH3)2) 1.18 (d, J = 6.6 Hz, 3H, CHCH(CH3)2), 1.19 (d,J = 6.4 Hz, 3H,
OHCHCH(CH3),), 1.46 (m, 2H, ELiPr), 1.51-1.63 (m, 3H, I&:iPr), 1.77 (ddJ = 6.0,
15.7 Hz, 1H, ®HiPr), 1.89 (dd,J = 4.9, 15.6 Hz, 1H, CHiPr), 1.93-2.05 (m, 4H,
CH2CH(CHa)2), 2.07-2.19 (m, 4H, HOCHE(CHa)2), 2.35 (dd,J = 5.9, 15.3 Hz, 1H,
CHHiPr), 2.45 (dJ= 9.5 Hz, 1H, CHOH), 2.97 (m, 2H, CHOH), 3.53 (d,J = 7.5 Hz, 1H,
CHsOH), 3.99 (dd,J = 2.0, 7.5 Hz, 1H, 8sOH), 4.59 (ddJ = 1.9, 9.4 Hz, 1H, Bg0H),
5.16 (ddJ = 5.1, 7.9 Hz, 1H, B;0H), 5.51 (dd, = 2.8, 9.0 Hz, 1H, 8,0H), 7.37 (dddJ =
1.4, 7.2, 8.1 Hz, 1H{), 7.43 (ddd,J = 1.9, 6.8, 8.1 Hz, 1H2), 7.57-7.73 (m, 4HH3, Ha),
7.89 (dd,J = 1.4, 8.0 Hz, 1HH;), 7.93 (dd,J = 1.3, 8.0 Hz, 1HH;); 3C NMR (100 MHz,
CDCl) 6 16.3 (g, HOCHCHCHa3)2), 17.2 (q, HOCHCHCHS3)2), 19.1 (q, HOCHCHCH3)2),
19.3 (q, HOCHCHCH3)2), 19.7 (g, HOCHCHTHa)2), 19.9 (g, HOCHCHTH:)2), 23.4 (q,
CH2CH(CHs3)), 23.6 (g, CHCH(CH3)2), 23.81 (q, CHCH(CH3)2), 23.84 (q, CHCH(CHs3)2),
24.0 (q, HOCHCHCH3),), 24.4 (g, HOCHCHCHS3)2), 25.5 (2xd, CHCH(CHs)2), 25.8 (2xd,
CH2CH(CHa)2), 26.0 (g, CHCH(CH3)2), 26.1 (q, CHCH(CHs)2), 26.3 (g, CHCH(CH3)2),
26.4 (g, CHCH(CHa)2), 29.5 (d, HOCKCH(CHa)2), 30.0 (d, HOCKEH(CHs)2), 35.7 (d,
HOCHCH(CHs)2), 35.8 (d, HOCKLH(CHs)2), 38.4 (t, CH2iPr), 39.7 (t,CH:iPr), 40.7 (t,
CH2iPr), 41.3 (t,CH.iPr), 74.3 (d,C;HOH), 76.4 (d,C;HOH), 77.0 (d,CsHOH), 77.1 (d,
CgHOH), 79.1 (s, Ser), 79.7 (s, SEC), 126.6 (d,Cy), 127.4 (d,C>), 128.9 (d,Cz or Cy),
129.4 (d,Cz or Cy), 132.2 (dC1), 132.8 (dCy), 133.7 (dCz or Cy4), 133.8 (dCz or Cy), 136.9
(s,Cs), 137.9 (sCe), 145.6 (sCs), 147.5 (SCs).
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(E,E)-4-(1-Hydroxypent-2-enyl)-2,6-dimethylhept-4-yl 2€1-hydroxypent-2-enyl)phenyl
sulfone (2-10c):

Yield 15 mg (14%) as a 1:1 mixture of unassignedsidireomers as a colorless oil.
Rt (EtOAc/hexane 1:5) = 0.26; IRmax 3534, 3510, 2972, 2937, 2881, 1470, 1443, 1392,
1287, 1139, 1112, 1063, 1019, 974, 770, 71%dwS (ESI+)m/z(%) 895 (100) [2M+N4,
459 (100) [M+N4&]; HRMS (ESI+)m/z[M+Na*] calcd for GsHa00sSNa": 459.2540; found:
459.2540:'H NMR (400 MHz, CDCJ) 6 0.95 (d,J = 6.6 Hz, 3H, CH(El3)2), 0.98-1.08 (m,
30H, CHCHs, CH(CH3)2), 1.12 (d,J = 6.5 Hz, 3H, CH(El3)2), 1.60 (ddJ = 5.8, 15.1 Hz,
2H, CHHiPr), 1.65-1.81 (m, 4H, 18,iPr), 1.88 (dd,J = 4.6, 15.2 Hz, 1H, BHiPr), 1.96 (dd,
J=5.6, 14.8 Hz, 1H, CHiPr), 2.05-2.26(m, 12H, GH(CHs)2, CH2CHs), 2.53 (d,J = 6.4 Hz,
1H, CHOH), 2.64 (d,J = 5.0 Hz, 1H, CHOH), 2.86 (broad s, 1H, C#H), 2.95 (d,J =
4.0 Hz, 1H, CHOH), 4.70 (t,J = 5.2 Hz, 1H, ®sOH), 5.00 (t,J = 6.4 Hz, 1H, EisOH),
5.72 (m, 3H, CHCH=CH, CH,CH=CH), 5.83 (m, 3H, CkCH=CH, CHCH=CH), 5.97 (m,
2H, CHCH=CH), 6.24 (m, 1H, B;0H), 6.43 (d,J = 5.1 Hz, 1H, ®&-OH), 7.42 (m, 2H,
H2), 7.62 (m, 2HH3), 7.71 (m, 2HH4), 7.90 (dd,J = 1.3, 8.1 Hz, 1HH,), 7.93 (ddJ = 1.4,
8.1 Hz, 1H,H1); 3C NMR (100 MHz, CDGJ) & 13.3 (2xq, CHCHs), 13.47 (g, CHCH3),
13.53 (g, CHCH3), 23.68 (d,CH(CHs3)2), 23.73 (d,CH(CHz)2), 23.8 (d,CH(CHs)2), 23.9 (d,
CH(CHs)2), 25.3 (q, CHCH3)2), 25.4 (g, CHCH3)2), 25.46 (t,CH2CHs), 25.50 (t,CH>CHz),
25.57 (t,CH2CHs), 25.61 (t,CH2CHs), 25.73 (g, CHCHa)2), 25.74 (g, CHCHa)2), 25.9 (g,
CH(CHa)2), 26.01 (g, CHCH3)2), 26.02 (q, CHCHs)2), 26.03 (g, CHCH3)2), 39.0 (t,
CH2iPr), 39.3 (t,CHaiPr), 40.7 (t,CHiPr), 40.8 (t,CH.iPr), 69.2 (d,C;HOH), 69.7 (d,
C;HOH), 74.2 (d,CeHOH), 74.6 (d,CeHOH), 77.6 (s, S€C), 77.8 (s, S&C), 127.0 (d,
CH2CH=CH or Cy), 127.07 (d, CHCH=CH or C,), 127.11 (d, CHICH=CH or Cy), 127.5 (d,
CH2CH=CH or ), 129.8 (d, CHCH=CH or Cy), 129.88 (d, CHHCH=CH or C,), 129.92 (d,
CH2CH=CH or Cy), 130.18 (d, CHCH=CH or Cy), 132.3 (d,Ca), 132.8 (d,Ca), 133.6 (d,
CH2CH=CH or C3), 133.8 (d, CHCH=CH or C3), 133.9 (d, CHCH=CH or Cz), 134.0 (d,
CH2CH=CH or Cs), 137.5 (s,Cs), 137.56 (s,Cs), 137.62 (d, CHCH=CH), 137.8 (d,
CH.CH=CH), 145.7 (sCs), 146.3 (SCs).
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4-(1-Hydroxy-3-phenylpropyl)-2,6-dimethylhept-4-yl 2-(1-hydroxy-3-phenylpropyl)

phenyl sulfone (2-10d):

Yield 12 mg (max. 9%, in a mixture with inseparaliepurities) as a 1.1 mixture of
unassigned diastereomers a as a colorless pilE®Ac/hexane 1:5) = 0.25; MS (ESI+)
m/z(%) 559 (100) [M+N@], 299 (20) [PhCHCH2CH(OH)CH4SO:H+Na']; HRMS (ESI+)
m/z [M+Na"] calcd for GsH4O4SNa': 559.2852; found: 559.2853H NMR (400 MHz,
CDCls) assignable signal®4.11 (m, 1H, GIOH), 4.42 (m, 1H, @GOH), 5.52 (m, 1H,
CHOH), 5.77 (m, 1H, EOH); 3C NMR (100 MHz, CDGJ) & 69.0 (d,CHOH), 70.5 (d,
CHOH), 73.1 (d,CHOH), 72.8 (d,CHOH), 77.3 (s, S€L), 77.8 (s, SEC), 146.7 (s,Cs),
147.4 (sCs).
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5.2.3 Elucidation of the mechanism of thertho - a transmetalation
Ortho-deuteration of sulfones 1-2h and 1-19h (General pcedure):

nBuLi (0.75 mL, 1.15 mmol, 1M in hexane) was added dropwise to a stirred solutio
sulfone1-2h or 1-19h (1 mmol) and TMEDA (0.3 mL, 1.95 mmol) in dry TH5 mL) at
—78 °C under a nitrogen atmosphere. After stirforglO min, DO (0.5 mL) was added. The
reaction mixture was warmed to room temperatureddiaded with water (2 mL). The layers
were separated and the aqueous was extracted wmtttyldether (310 mL). The combined
organic extracts were washed with brine, dried oMgSQ,, filtered and evaporated.
Purification by column chromatography (EtOAc/hexar20) gave deuterated sulforie$9h
or 3-3.

2,6-Dimethylhept-4-yl 2-deuterophenyl sulfone (1-19):
D 0,
o
Yield 266 mg (98%; 96%rtho-D) as colorless crystals, m.p. 48-49 °G.(RtOAc/hexane
1:5) = 0.47; IRvmax 2968, 2933, 2879, 1472, 1444, 1439, 1374, 13160,13054, 1128,
1085, 914, 784, 760, 733 ¢mMS (ESI+)m/z (%) 270 (100) [M+H], 144 [ArSQH+H"];
HRMS (CI+) m/z [M+H"] calcd for GsH24D20,S": 270.1638; found: 270.1632H NMR
(400 MHz, CDC4) 60.73 (d,J = 6.2 Hz, 6H, CH(El3)), 0.82 (d,J = 6.2 Hz, 6H,
CH(CHa)2), 1.24 (m, 2H, €IHiPr), 1.64 (m, 4H, €(CHz)2, CHHIiPr),2.96 (m, 1H, SECH),
7.50 (M, 2HHmetd, 7.58 (M, 1HHpara), 7.81 (M, 1HHortho); *3C NMR (100 MHz, CDGJ)

522.0 (q, CHCHa)2), 23.0 (q, CHCHa)2), 25.7 (d,CH(CHa)2), 38.7 (t,CH2iPr), 61.1 (d,
SO:CH), 129.0 (dCortho), 129.1 (dCrmetd, 133.6 (d Cpara), 138.0 (SCipso).

2,6-Dimethylhept-4-yl 2,6-dideuterophenyl sulfone3-3):

D o,
L
D

Yield 265 mg (98%; 92%rtho-D) as colorless crystals, m.p. 48-49 °G.(RtOAc/hexane

1:5) = 0.46; IRvmax 3063, 2958, 2935, 1573, 1432, 1387, 1369, 13146,1P213, 1152, 771
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cml; MS (ESI+) m/z (%) 563 (20) [2M+N&], 293 (100) [M+N4&]; HRMS (ESI+) m/z
[M+H™] calcd for GsH23D20,S": 271.1695; found: 271.1697H NMR (400 MHz, CDC))
50.72 (d,J = 6.1 Hz, 6H, CH(El3)2), 0.81 (d,J = 6.2 Hz, 6H, CH(El3)2), 1.21 (m, 2H,
CHHiPr), 1.60 (m, 4H, E/(CHs)2, CHHiPr),2.93 (m, 1H, S@CH), 7.48 (M, 2HHmety, 7.58
(m, 1H,Hpara), 7.80 (M, 8% HHorno); 3C NMR (100 MHz, CDGJ) 21.9 (g, CHCH3)2),
22.9 (g, CHCHz)2), 25.6 (d,CH(CHs)2), 38.6 (t,CH2iPr), 61.0 (d, SECH), 128.9 (d.Cmet,
133.5 (d,Cpara), 137.9 (SCipso)-

(4-Deutero-2,6-dimethylhept-4-yl) 2,6-dideuteropheyl sulfone (3-4):

D 0,
S

D
D

nBuLi (2.7 mL, 4.3 mmol, 18 in hexane) was added dropwise to a stirred saiubdib
sulfone3-3 (992 mg, 3.7 mmol) and TMEDA (1 mL, 6.5 mmol) iryd HF (4 mL) at —20 °C
under a nitrogen atmosphere. After stirring formit, D,O (0.5 mL) was added at —78 °C.
The reaction mixture was warmed to room temperafline layers were separated and the
agueous was extracted with diethyl ether (3x20 nilbe combined organic extracts were
washed with brine, dried over Mg®Qiltered and evaporated. Purification by shofuom
chromatography (EtOAc/hexane 1:20) gave 901 mg [B%(96% ortho-D, 100%a-D) as
colorless crystals, m.p. 48-49 °C:. tOAc/hexane 1:5) = 0.48; IRnax 2967, 2941, 2879,
1473, 1437, 1312, 1299, 1154, 1114, 838, 760, #84; MS (ESI+) m/z (%) 565 (20)
[2M+Na'], 294 (100) [M+Na&]; HRMS (ESI+) m/z [M+Na'] calcd for GsH2:D30-,SNa'’:
294.1578; found: 294.1579H NMR (400 MHz, CDCJ) & 0.76 (d,J = 6.1 Hz, 6H,
CH(CHz3)2), 0.85 (d,J = 6.3 Hz, 6H, CH(El3)2), 1.26 (m, 2H, EHiPr), 1.66 (m, 4H,
CH(CHa)2, CHHIPr), 7.53 (m, 2H,Hmetd, 7.61 (M, 1H,Hpara), 7.85 (M, 4% H,Hortho);
13C NMR (100 MHz, CDGJ) & 22.1 (g, CHCH3)2), 23.0 (g, CHCH3)2), 25.7 (d,CH(CH3)2),
38.7 (t,CH2iPr), 129.0 (dCrmety), 133.6 (d Cpara), 138.1 (SCipso).

3-Deuteropent-3-yl phenyl sulfone (1-20p):

O,
o
nBuLi (0.41 mL, 0.65 mmol, 1M in hexane) was added dropwise to a stirred saiubio

sulfonel-2p (106 mg, 0.5 mmol) and TMEDA (0.15 mL, 0.98 mmiol)dry THF (4 mL) at
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—78 °C under a nitrogen atmosphere. After stirforglO min, DO (0.5 mL) was added. The
reaction mixture was warmed to room temperatureddiaded with water (3 mL). The layers
were separated and the aqueous was extracted mtttyldether (3x15 mL). The combined
organic extracts were washed with brine, dried ovMgSQs, filtered and evaporated.
Purification by short column chromatography (EtC#eane 1:20) gave 105 mg (99%)
1-20p (100% D) as colorless crystals, m.p. 47-48 °C(HROAc/hexane 1:5) = 0.57; 1Rnax
2980, 2949, 2890, 1467, 1451, 1305, 1158, 11404,1086, 726, 694, 612 clnMS (ESI+)
m/z (%) 236 (100) [M+N&; HRMS (ESI+) m/z [M+Na'] calcd for GiH1sDO>SNa':
236.0826; found: 236.082%H NMR (400 MHz, CDCJ) & 1.00 (t,J = 7.5 Hz, 6H, El3),
1.69 (dq,d = 7.5, 15.1 Hz, 2H, BHCHs), 1.87 (dg,J = 7.5, 15.1 Hz, 2H, CHCHs), 7.26
(M, 2H,Hmet, 7.62 (M, 1HHpara), 7.89 (M, 2HHortho); *3C NMR (100 MHz, CDGJ) 5 11.3
(g, CH3), 20.4 (t,CH2CHs), 66.8 (s (dJ = 20.7 Hz) SGCD), 128.9 (d,Cortno), 129.3 (d,
Cmetd, 133.6 (dCpara), 138.6 (SCipso)-

(4-Deutero-2,6-dimethylhept-4-yl) 4-methylphenyl slione (1-20i):

O,

S
e
nBuLi (2.7 mL, 4.3 mmol, 1.8 in hexane) was added dropwise to a stirred salutib
sulfonel-2i (1.04 g, 3.7 mmol) and TMEDA (1 mL, 6.5 mmol) iryd’HF (4 mL) at —20 °C
under a nitrogen atmosphere. After stirring for bth, DO (0.5 mL) was added. The
reaction mixture was warmed to room temperaturee Tdyers were separated and the
agueous was extracted with diethyl ether (3x20 nilbe combined organic extracts were
washed with brine, dried over Mg%Qiltered and evaporated. Purification by shortuom
chromatography (EtOAc/hexane 1:20) gave 1.04 g {99920i (100% D) as colorless
crystals, m.p. 77-78 °C.{REtOAc/hexane 1:5) = 0.76; IRmax 2967, 2939, 2878, 1600,
1472, 1391, 1374, 1315, 1303, 1291, 1144, 11359,1882, 731, 722, 696 cmMS (Cl+)
m/iz (%) 284 (80) [M+H], 185 (40) [M-HC=C(CH)—iPr+H", 157 (100)
[CH3CsHaSOH2']; HRMS (El) m/z [M*] caled for GeH2sDO.S™: 283.1716; found:
283.1715;'H NMR (400 MHz, CDC4) 60.74 (d,J = 6.2 Hz, 6H, CH(Els)2), 0.82 (d,J =
6.3 Hz, 6H, CH(®s)2), 1.22 (m, 2H, EHiPr), 1.64 (m, 4H, 6(CHs)2, CHHIiPr), 2.39 (s,
3H, CH3CsHa), 7.25 (d,J = 8.0 Hz, 2H,Hmet), 7.68 (d,J = 8.0 Hz, 2H,Hortho); °C NMR
(100 MHz, CDC%) & 21.6 (q,CHsCsHa), 22.0 (q, CHCH3)2), 22.9 (q, CHCHS3)2), 25.6 (d,

148



CH(CHa)2), 38.6 (t,CHaiPr), 129.0 (d,Cortno), 129.6 (d,Cmetd, 135.0 (S,Cips), 144.3 (s,
Cpara)-

Experimental data of kinetic studies and cross-oveexperiments
Kinetic study of the transmetalation of 1-2h:

TMEDA (0.3 mL, 2 mmol) anchBuLi (0.72 mL, 1.15 mmol, 1M in hexane) were added to
a stirred solution of sulfoné-2h (268 mg, 1 mmol) in dry THF (12 mL) at the given
temperature (Tables 5.3-5.7). After the given tamealiquot of the solution was removed by
a syringe and added to a capped dry vial contaiaifew drops of BO. The volume of the
sample corresponded to the total volume dividedth®y number of taken samples. The
product was extracted with ether (2 mL). The orgaitract was dried over MgQJiltered,
evaporated and the residue was analyzedtbyNMR spectroscopy. The procedure was
repeated. The raw data are listed in Tables 5-350f generation of Figure 3.1, the
individual data points were transformed from reaigentage of deuteratdd19h1-20h to
ideal 100% deuteration degree; e.g. isolatetBh/1-20h with a 95% deuteration degree,
ratio 9.6:1, which corresponds to 86%19h and 9%1-20h was transformed to 100% D
content at a 9.6:1 ratio = 90.5%19h and 9.5%1-20h The values in the tables are the

average values calculated from at least threeikingtasurements at every temperature.
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Table 5.3.Kinetic trace at —30 °C. Table 5.4 Kinetic trace at —35 °C.

Entry Time[min] 1-19h 1-20h Entry Time [min] 1-19h 1-20h

[%0] [%0] [%0] [%0]
1 0.5 86.1 13.9 1 0.5 87.2 12.8
2 1 78.7 21.3 2 1 80.0 20.0
3 2 72.5 27.5 3 2 75.8 24.2
4 3 66.1 33.9 4 4 70.4 29.6
5 4 55.8 44.2 5 6 60.1 39.9
6 5 47.4 52.6 6 8 49.0 51.0
7 6 41.4 58.6 7 11 39.1 60.9
8 8 30.8 69.2 8 15 25.9 74.1
9 11 23.8 76.2 9 20 18.7 81.3
10 15 14.9 85.1 10 27 15.1 84.9
11 20 3.9 96.1 11 35 11.1 88.9
12 26 3.3 96.7 12 45 5.7 94.3

Table 5.5.Kinetic trace at —40 °C. Table 5.6.Kinetic trace at —45 °C.
Entry Time [min] 1-19h 1-20h Entry Time[min] 1-19h 1-20h
[%0] [%0] [%] [%]

1 89.0 11.0 1 1 93.5 6.5

2 2 86.3 13.7 2 2.5 90.8 9.2
3 3.5 82.2 17.8 3 5 87.4 12.6
4 6 75.7 24.3 4 79.1 20.9
5 9 68.9 31.1 5 14 64.2 35.8
6 14 53.1 46.9 6 20 58.7 41.3
7 21 38.9 61.1 7 29 49.6 50.4
8 30 22.7 77.3 8 40 38.8 61.2
9 45 13.8 86.2 9 56 29.6 70.4
10 65 8.3 91.7 10 75 11.5 88.5
11 90 57 94.3 11 108 6.1 93.9
12 120 3.6 96.4 12 145 4.4 95.6
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Table 5.7.Kinetic trace at —50 °C.
Entry Time [min] 1-19h 1-20h

[%] [%]
1 91.8 8.2
2 3 91.4 8.6
3 88.1 11.9
4 10 85.3 14.7
5 15 80.0 20.0
6 21 75.5 24.5
7 32 64.4 35.6
8 46 51.1 48.9
9 68 27.4 72.6
10 98 20.8 79.2
11 135 9.7 90.3
12 180 6.3 93.7

Table 5.8.Concentration dependence of the transmetalatidroef 7h at —40 °C.

Entry T [°C] T [min] Ratio1-19h/1-2Ch at Ratio1-19h/1-2Ch at
0.125 mol/L THF 0.031 mol/L THF
1 -40 1 88:10 86:12
2 -40 5 82:17 86:13
3 -40 15 50:48 66:30
4 -40 30 16:75 39:57

Determination of the intramolecular kinetic isotopeeffect (Scheme 3.4):

nBuLi (62 pL, 0.1 mmol, 1.8 in hexane) was added dropwise to a stirred salufsulfone
1-19h (30 mg, 0.11 mmol) and TMEDA (0.03 mL, 0.2 mmol)dry THF (1 mL) at —78 °C
under a nitrogen atmosphere. After stirring for B,na sample removed by a syringe was
guenched with water and a second sample with .5 mL). The products were extracted
with diethyl ether (2 mL). The organic extracts everied over MgS@ filtered, evaporated
and the residue was analyzed'ByNMR spectroscopy.
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Transmetalation of deuterated compounds 3-3, 3-4,-20p and 1-20i(Tables 3.1-3.3,

Scheme 3.5, General procedure):

TMEDA (0.15 mL, 1 mmol) anaBulLi (0.344 mL, 0.55 mmol, 1M in hexane) were added
to a stirred solution of sulforn@3, 3-4, 1-20pand 1-20i (0.5 mmol) in dry THF (3-5 mL) at
—78 °C. After the given time (Tables 3.1-3.3, Sche®®b) an aliquot of the solution was
removed by a syringe and added to a capped viadhicwmg a few drops of D or HO. The
volume of the sample corresponded to the totalmelulivided by the number of samples
taken. The product was extracted with diethyl eff2emL). The organic extract was dried
over MgSQ, filtered, evaporated and the residue was analygetH NMR spectroscopy.

The procedure was repeated as described in thedabtd Schemes.

Proton or deuterium transfer from 1-2p or 1-20p to1-0-17h (Tables 3.4-3.5, General

procedure):

TMEDA (0.15 mL, 1 mmol) andBuLi (0.344 mL, 0.55 mmol, 1M in hexane) were added
to a stirred solution of sulfore-2h (134 mg, 0.5 mmol) in dry THF (3-4 mL) at —78 °The
second componerit-2p or 1-20p was added after 5 min. After the given time (TalBe4-
3.5) an aliquot of the solution was removed byrngg and added to a vial containing a few
drops of RO or HO. The volume of the sample corresponded to tla woiume divided by
number of taken samples. The product was extragiéddiethyl ether (2 mL). The organic
extract was dried over MgS(filtered, evaporated and the residue was analgyeti NMR

spectroscopy. The procedure was repeated as desanithe Tables.

ortho- to a-Transmetalation of 1-2h using 0.5 equivalents of dse and deuteration
(Table 3.6):

TMEDA (0.07 mL, 0.5 mmol) andBuLi (156 pL, 0.25 mmol, 1.8 in hexane) were added
to a stirred solution of sulfong-2h (134 mg, 0.5 mmol) in THF (5 mL) at —78 °C. After
10 min at —78 °C a sample of the solution (1 mL¥ywaken by a syringe and added to a dry
capped vial containing a few drops of The product was extracted with diethyl ether
(2 mL). The organic extract was dried over MgSfitered and evaporated. The remaining
reaction mixture was placed in a bath at —60 °Claapd for 10 min. Another sample (1 mL)
was removed and deuterated as described aboveprboedure was repeated at —40 °C,
—20 °C and 0 °C. The mass balance was determinbd tpuantitative for each mixture and
the product mixtures df-19hand/or1-20hwere analyzed b¥H NMR spectroscopy.
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Crossover reaction between 1-2h and 1-20i (Table73:

TMEDA (0.15 mL, 1 mmol) andBuLi (0.363 mL, 0.58 mmol, 1M in hexane) were added
to a stirred solution of sulfont-2h (86 mg, 0.33 mmol) andl-20i (45 mg, 0.165 mmol) in
dry THF (3 mL) at —78 °C. After 10 min an aliqudttbe solution was removed by a syringe
and added to a capped vial containing a few drdpB.® or HO. The sample volume
corresponded to the total volume divided by the Ineinof samples taken. The product was
extracted with diethyl ether (2 mL). The organidragt was dried over MgSQfiltered,

evaporated and the residue was analyzetHdyMR spectroscopy.

ortho- to a-Transmetalation of 1-0-17i in presence of 16,a-45 (Table 3.8):

The two deprotonations were performed in separéiestts. nBuLi (0.164 mL, 0.26 mmol,
1.6M in hexane) was added dropwise to a stirred solufesulfonel-2h (34 mg, 0.13 mmol)
and TMEDA (0.1 mL, 0.65 mmoljn dry THF (1 mL) at —40 °C under a nitrogen
atmosphere. The reaction mixture was stirred fom0 at this temperature and cooled to
—78 °C. In the meantimaBuLi (0.247 mL, 0.39 mmol, 1M in hexane) was added dropwise
to a stirred solution of sulfonke-2i (106 mg, 0.38 mmol) and TMEDA (0.1 mL, 0.65 mmol)
in dry THF (3 mL) at —78 °C under a nitrogen atnfeme in another flask. The reaction
mixture containingl-o,a-45 was added by cannula to the flask witttho-deprotonated
sulfone 1-2i at —78 °C. After 10 min at this temperature, a @anfl mL) was taken by a
syringe and added to a dry capped vial containifgwadrops of RO. The product was
extracted with diethyl ether (2 mL). The organidragt was dried over MgSQfiltered and
evaporated. The remaining reaction mixture waseglao a bath at —60 °C and kept for
10 min. Another sample (1 mL) was removed and deted as described above. The
procedure was repeated at —40 °C, —20 °C and UHR€ mass balance was determined to be

quantitative for each mixture and the products veeralyzed byH NMR spectroscopy.

Proton transfer from 1-o0,a-45to 1-2i (Table 3.9):

TMEDA (0.15 mL, 1 mmol) andBuLi (275 ul, 0.44 mmol, 1.M in hexane) were added to a
stirred solution of sulfoné-2h (54 mg, 0.2 mmol) in THF (3 mL) at —40 °C. After &tn
0.5 mL of the solution was taken by a syringe added to a dry capped vial containing a
few drops of BO. The product was extracted with diethyl ethem(?). The organic extract
was dried over MgS#) filtered and evaporated. The reaction mixture s@sled to —78 °C
and sulfonel-2i (47 mg, 0.17 mmol) was added. After stirring fér rhinutes 0.5 mL of the
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solution was removed by a syringe and added t @ajpped vial containing a few drops of
D20. The product was extracted with diethyl ethem{R). The organic extract was dried
over MgSQ, filtered and evaporated. The remaining reactiaxture was placed in a bath at
—60 °C and kept for 10 min. Another sample (0.5 mMgs removed and deuterated as
described above. The procedure was repeated &ftG;420 °C and 0 °C. The mass balance
was determined to be quantitative for each mixtaure the product mixtures were analyzed

by 'H NMR spectroscopy.
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5.2.4 Application of the transmetalation in total gntheses
(S)-(-)-Citronellic acid (4-10):

HOOC _

W

Pyridinium dichromate (PDC, 13.6 g, 36 mmol) wasletito a stirred solution ¢B)-(-)-
citronellol 4-6 (3.12 g, 20 mmol) in dry DMF (60 mL) under a ngem atmosphere at 0 °C.
After stirring at room temperature for 24 h, theatton mixture was quenched wittM1
aqueous HCI and extracted with diethyl ether (3x@fl). The combined organic extracts
were washed with brine (5x100 mL), dried over MgSitered and evaporated. Purification
by column (EtOAc/hexane 1:10, gradient to 1:2) g&®85 g (75%) of acidt-10 as a
colorless liquid. R(EtOAc/hexane 1:5) = 0.440]p?% —8.3 (c 4.384 g/100 mL}H NMR
(400 MHz, CDC#) 60.97 (d,J = 6.3 Hz, 3H, CHEl3), 1.30 (m, 2H, CHCHCH>CHy), 1.60
(s, 3H, CH=C®i3), 1.68 (d,J = 1.2 Hz, 3H, CH=C#3), 1.98 (m, 3H, CHCHCH,CH>), 2.14
(dd,J = 8.1, 14.7 Hz, 1H, BHC=0), 2.36 (ddJ = 5.7, 14.7 Hz, 1H, CHC=0), 5.07 (m,
1H, CH=C(CHk)2); The data are in agreement with those in thealiteel?3°!

Ethyl (S)-(-)-citronellate (4-11):

EtOOC _

e
Sodium hydride (310 mg, 7.8 mmol, 60% in minerd) wias added to dry DMF (25 mL) at
0 °C under nitrogen atmospher8&)-(-)-Citronellic acid4-10 (1.01 g, 5.9 mmol) was added
to the solution, stirring was continued for 10 mamd ethyl bromide (1.13 mL, 14.75 mmol)
was added. The reaction mixture was stirred at reemperature for 24 h, quenched with
water and extracted with diethyl ether (3x50 mLheTcombined organic extracts were
washed with water and brine, dried over MgS@ltered and concentrated under reduced
pressure. Purification by column chromatography@&t/hexane 1:20) gave 1.07 g (91%) of
ester 4-11 as a colorless liquid. {REtOAc/hexane 1:10) = 0.72;ap*" -4.8

(c 1.720 g/100 mL)*H NMR (400 MHz, CDC4) 6 0.91 (d,J = 6.5 Hz, 3H, CHEls), 1.22 (t,
J=7.1 Hz, 3H, OCKCHj3), 1.33 (m, 2H, CECHCH2CHy), 1.57 (s, 3H, =CH3), 1.65 (dJ =

1.2 Hz, 3H, =CE3), 1.97 (m, 3H, CHCHCH.CH»), 2.08 (dd,J = 8.2, 14.6 Hz, 1H,
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CHHC=0), 2.28 (ddJ = 5.9, 14.6 Hz, 1H, CHCO=0), 4.11 (g = 7.1 Hz, 2H, OE1:CHs),
5.07 (m, 1H, GI=C(CH)2). The data are in agreement with those in thel diteraturel23°!

Ethyl (S)-3-Methyl-6-oxohexanoate (4-5):
EtOOC

UO
\\‘\\‘

Ozone was bubbled through a mixture of ethyl ceft@te4-11 (103 mg, 0.52 mmol) in dry
DCM (3 mL) at —78 °C until a light blue colour pested. Nitrogen was bubbled through the
solution for 20 min to remove excess ozone and thyhesulfide (0.1 mL) was added. After
30 min, the mixture was warmed to room temperatdilge volatile components were
evaporated and the residue was partioned betwetr W@mmL) and diethyl ether (5 mL).
The aqueous layer was extracted with diethyl e{320 mL). The combined organic
extracts were dried over Mg3Cfiltered and the solvent was evaporated. Putiboaby
column chromatography (EtOAc/hexane 1:20) gave %p (B5%) of aldehydel-5 as a
colorless liquid. R(EtOAc/hexane 1:2.5) = 0.400]p?% —6.6 (¢ 1.459 g/100 mL}H NMR
(400 MHz, CDC}) 6 0.96 (d,J = 6.6 Hz, 3H, CHEl3), 1.25 (t,J = 7.2 Hz, 3H, OCHKCH3),
1.52 (m, 1H, CHCHCHHCH?), 1.69 (m, 1H, CECHCHHCH,), 1.96 (m, 1H, GICH3), 2.15
(dd,J = 7.5, 15.0 Hz, 1H, BHC=0), 2.27 (ddJ = 6.3, 15.0 Hz, 1H, CHC=0), 2.44 (m,
2H, CH2CHO), 4.11 (qJ = 7.2 Hz, 2H, OE@:CHs), 9.75 (s, 1H, E€O). The data are in
agreement with those in the literatdf&!

Preparation of 2-benzoyloxy sulfones 4-13a,c (GerarProcedure):

n-BuLi (1.4 mL, 2.23 mmol or 1.6 mL, 2.57 mmol, M6n hexane) was added dropwise to a
stirred solution of sulfone$-2a or 1-2¢(1.88 mmol) and TMEDA (0.35 mL, 2.23 mmol or
0.4 mL, 2.57 mmol) in dry DME (12 mL) fo#4-13aor diethyl ether (12 mL) fod-13¢g
respectively, at —78 °C under a nitrogen atmosphEne reaction mixture was warmed to
room temperature during 2 h féfl3aor to 0 °C for 30 min ford-13cand the aldehydé-5
(357 mg, 2.07 mmol) in DME (1.5 mL) or diethyl eth@.5 mL), respectively, was added
dropwise at —78 °C. The reaction mixture was dtira¢ this temperature for 15 min until
complete as indicated by TLC. Benzoyl chloride (288 2.26 mmol) was added and the
reaction mixture was warmed to room temperaturer &0 min. 3-(Dimethylamino)propan-
1-ol (292 pL, 2.5 mmol) was added and the reacttas quenched with water after 10 min.

The layers were separated and the aqueous wastegtraith diethyl ether (3x40 mL). The
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combined organic extracts were washed with brineedd over MgSQ@, filtered and
evaporated. Purification by column chromatograpByO@Ac/hexane/BN 1:20:0.05) gave
benzoyloxy sulfoned-13a,c Side productt-14awas isolated followed by side produetl5,
formed in case of decomposition on silicagel.

Ethyl (3S)-6-benzoyloxy-3-methyl-7-(phenylsulfonyl)-7-(trimehylsilylmethyl)-8-

(trimethylsilyl)octanoate (4-13a):
COOEt

Yield 989 mg (87%) as an inseparable 1:1 mixturediaistereomers as a colorless oil.
Rr (EtOAc/hexane 1:5) = 0.31; IRmax 3091, 3072, 3065, 2957, 2932, 2907, 2875, 1719,
1602, 1585, 1452, 1447, 1393, 1373, 1315, 12961 ,1P265, 1251, 1177, 1162, 1134, 1106,
1095, 1080, 1070, 1026, 843, 711, 690%; MS (ESI+)m/z(%) 627 (5) [M+N4], 485 (100)
[M—PhSQH+Na'], 269 (20) [M—PhSG-PhCQ-TMS]; Anal. calcd for GiHgOeSSi
(604.95): C 61.55, H 8.00, S 5.30; found: C 61.828.14, S 5.39'H NMR (400 MHz,
CDCls) 50.20 (s, 36H, Si(B3)s), 0.82 (d,J = 6.6 Hz, 3H, CHE&l3), 0.87 (d,J = 6.7 Hz, 3H,
CHCH3), 1.11 (t,J = 7.1 Hz, 3H, OCHKCHa), 1.18 (t,J = 7.1 Hz, 3H, OCHKCHs), 1.19-1.37
(m, 10H, GH>CH.CHO, (H2Si(CHg)s, CH2CHO), 1.45 (A part of AB systend,= 14.6 Hz,
1H, CHHSI(CHs)3), 1.47 (A part of AB system] = 14.6 Hz, 1H, CHISI(CH)3), 1.63 (m,
3H, CHHCHO, CH,Si(CHk)3), 1.86 (m, 3HCHCHz, CHHCHO), 1.98 (dd,) = 5.7, 14.7 Hz,
1H, CHHC=0), 2.02 (ddJ = 8.2, 14.7 Hz, 1H, BHC=0), 2.15 (ddJ = 7.3, 14.7 Hz, 1H,
CHHC=0), 2.17 (ddJ = 6.0, 14.7 Hz, 1H, CHC=0), 3.98 (m, 2H, OB,CHs), 4.05 (q,J =

7.2 Hz, 2H, O®>CHs), 5.43 (dd,J = 2.9, 10.2 Hz, 2H, BOCOPh), 7.23 (m, 4Hdmet),
7.32 (m, 10HH2, Hpara, Hortho), 7.44 (M, 2HH3), 7.85 (m, 4H,H1); *C NMR (100 MHz,
CDCls) & 1.6 (q, SiCH3)3), 1.7 (q, SiCH3)3), 14.3 (q, OCHCHs3), 14.4 (q, OCHCHg), 19.7
(g, CHCHg), 19.8 (g, CHCHg), 20.56 (t, CH2Si(CHs)s), 20.60 (t,CH2SI(CHg)s), 21.57 (t,
CH2Si(CHs)s), 21.61 (t, CH2Si(CHg)z), 29.6 (t, CH.CHO), 29.7 (t,CH.CHO), 30.6 (d,
CHCHs), 30.7 (d, CHCHa), 33.7 (t, CH.CH.CHO), 33.8 (t, CH.CH.CHO), 41.78 (t,
CH2C=0), 41.81 (tCH2C=0), 60.30 (t, @H>CHs), 60.34 (t, @H>CHs), 76.78 (s, SEL),
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76.81 (s, SEC), 77.1 (d, 2€HOCO), 128.19 (dCmet), 128.20 (dCrmets, 128.95 (d CorthoOF
C2), 128.96 (d Cortho OF C2), 129.4 (SCipse), 129.5 (SCipso), 129.52 (d Cortho OF C2), 129.54
(d, CortnoOF C2), 130.3 (d,2xC1), 132.9 (d,2%Cs), 133.1 (d.2XCpars), 139.3 (5,C4), 139.4 (s,
Cs), 165.8 (s, @OPh), 165.9 (s, OOPh), 172.89 (SCOOEY), 172.92 (SCOOEY).

Ethyl (3S)-6-benzoyloxy-3-methyl-7-(phenylsulfonyl)-7-(dimédtyl(vinyl)silylmethyl)-8-

(dimethyl(vinyl)silyl)octanoate (4-13c):
COOEt

Yield 650 mg (55%) as an inseparable 1:1 mixturediaistereomers as a colorless oil.
Rr (EtOAc/hexane 1:5) = 0.40; IRmax 3059, 2965, 2937, 2865, 1728, 1453, 1409, 1377,
1303, 1270, 1255, 1180, 1139, 1098, 1084, 1073),10313, 957, 832, 760, 713, 663,
MS (ESI+) m/z (%) 651 (30) [M+Na], 509 (100) [M—PhSgH+Na']; HRMS (ESI) m/z
[M+Na*] calcd for GsH4s0sSSbNa™: 651.2602; found: 651.2604H NMR (400 MHz,
CDCl) 8 0.27 (s, 6 H, Si(63)2), 0.29 (s, 6H, Si(83)2), 0.30 (s, 6 H, Si(83)2), 0.31 (s, 6H,
Si(CHa)2), 0.85 (d,J = 6.6 Hz, 3H, CHEls), 0.89 (d,J = 6.6 Hz, 3H, CHEl3), 1.13 (t,J =
7.0Hz, 3H, OCHCH3), 1.21 (t,J = 7.1 Hz, 3H, OCHCH3), 1.19-1.34 (m, 8H,
CH2CH,CHO, H.Si, CHCHO), 1.45 (m, 2H, 6.Si), 1.57 (A part of AB system] =
14.6 Hz, 1H, E>Si), 1.59 (A part of AB system] = 14.7 Hz, 1H, E.Si), 1.72 (m, 3H,
CHzSi, CHHCHO), 1.87 (m, 3H, CHCHO, (HCHgs), 2.00 (dd,J = 4.1, 8.2 Hz, 1H,
CHHC=0), 2.04 (dd,J = 4.2, 8.2 Hz, 1H, BHC=0), 2.17 (dd,J = 6.0, 8.8 Hz, 1H,
CHHC=0), 2.22 (m, 1H, CHC=0), 4.01 (m, 2H, OB.CHs), 4.08 (q,J = 7.1 Hz, 2H,
OCH2CHjz), 5.45 (m, 2H, BOCOPh), 5.76 (dd] = 3.7, 20.2 Hz, 2H, SiCH=dH), 5.78 (dd,

J = 3.6, 20.5 Hz, 2H, SiCH=@H), 6.02 (m, 2H, SICH=CH), 6.28 (ddJ = 14.4, 20.2 Hz,
1H, SitH=CHH),6.30 (dd,J = 14.5, 20.3 Hz, 1H, Sig=CHH),6.42 (dd,J = 14.3, 20.3 Hz,
1H, SiCH=CHH),6.44 (ddJ = 14.4, 20.2 Hz, 1H, Si@=CHH),7.26 (M, 4HHmety, 7.34 (m,
10H, Hz, Hpara, Hortho), 7.47 (M, 2HH3), 7.89 (m, 4H,H1); 3C NMR (100 MHz, CDGJ)
5-0.64 (g, SiCH3)2), —0.62 (g, SICHa)2), —0.55 (q, SiCH3)2), —0.54 (g, SICHa3)2), —0.27 (q,
Si(CHz3)2), —0.26 (g, SICH3)2), —0.25 (g, SICH=3)2), —0.24 (q, SICH3)2), 14.3 (g, OCHCH3),
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14.4 (g, OCHCH3), 19.7 (g, CKCHa), 19.8 (g, CKCHs), 19.96 (t,CH,Si), 19.97 (t,CH.S),
21.1 (t,CH2Si), 21.2 (tCH:Si), 29.5 (tCH2CHO), 29.7 (tCH2CHO), 30.6 (dCHCHs), 30.8
(d, CHCHs), 33.5 (t, CH2CH,CHO), 33.6 (t,CH2CH.CHO), 41.8 (t,CH,COO0), 41.9 (t,
CH2C00),60.29 (t, @H2CHs), 60.33 (t, @H2CHs), 76.51 (s, SEC), 76.54 (s, SEC), 77.1
(d, CHOCOPh), 77.4 (dCHOCOPh), 128.17 (0Gmet, 128.19 (dCretd, 128.96 (d Cortho OF
C2), 128.97 (dCortho OF C2), 129.42 (SCipso), 129.45 (SCipso), 129.5 (d,Cortno OF C2), 129.6
(d, CornoOF C2), 130.4 (d2xCy), 132.0 (t, 2xSICHEH), 133.0 (d,2XCpara), 133.1 (d2xCs),
139.2 (s,Ca), 139.3 (s,Cs), 140.32 (d, STH=CHp), 140.33 (d, SEH=CHy), 165.8 (s,
OCOPh), 165.9 (s, OOPh), 172.9 (SCOOE), 173.0 (SCOOEY).

Ethyl (3S)-3-methyl-7-(trimethylsilylmethyl)-6-((trimethylsi lyl)oxy)oct-7-enoate (4-14a):
COOEt

OSiMe3

Me;Si
Yield 88 mg (13%) as an inseparable 1:1 mixturerwdssigned diastereomers as a colorless
oil. Rr (EtOAc/hexane 1:5) = 0.83; IRnax 3094, 3076, 2984, 2958, 2932, 2906, 2874, 2857,
1726, 1636, 1478, 1462, 1447, 1416, 1393, 1382,18B761, 1251, 1113, 1090, 1047, 1031,
890, 842, 698m™*; MS (ESI+)m/z(%) 381 (100) [M+N4], 359 (30) [M+H], 269 (10) [M—
OTMS]; HRMS (ESI) m/z [M+H*] calcd for GgHz903Si™: 359.2432; found: 359.2433;
H NMR (400 MHz, CDC4) 5 0.03 (s, 18H, Si(B3)3), 0.09 (s, 18H, OSi(83)3), 0.92 (dJ =
6.6 Hz, 3H, CHEl3), 0.93 (d,J = 6.7 Hz, 3H, CHEl3), 1.21-1.63 (m, 8H, B>CH>), 1.25
(2xt,J = 7.1 Hz, 6H, OCHKCHs3), 1.35 (2xdJ = 14.5 Hz, 2H, GHSIi(CH)3), 1.53 (2xdJ =
14.5 Hz, 2H, CHiSi(CHs)3), 1.94 (m, 2H, EGCHs), 2.09 (2xdd,J = 8.4, 14.5 Hz, 2H,
CHHC=0), 2.29 (2xddJ = 5.8, 14.5 Hz, 2H, CHC=0), 3.90 (2xt,J = 6.0 Hz, 2H,
CHOSI(CHg)3), 4.12 (2xqJ = 7.1 Hz, 4H, OEI.CHs), 4.62 (2xs, 2H, GH=), 4.87 (2xs, 2H,
CHH=); ¥%C NMR (100 MHz, CDG)) 8-0.7 (g, SiCHs)s), 0.4 (g, SiCHg)s), 14.4 (q,
OCH:CH3), 19.8 (q, CKCH3), 20.0 (q, CHCH3), 21.35 (t,CH2SI), 21.44 (tCH2Si), 30.57 (d,
CHCHs), 30.59 (d,CHCHz), 32.8 (t,CH.CH.CHOSI), 32.9 (t,CH.CH.CHOS:i), 33.55 {t,
CH2CH>CHOSI), 33.64 (t, CECH.CHOSI), 42.0 (t,CH>C=0), 42.2 (t,CH2C=0), 60.2 (t,
OCH2CHz3), 76.7 (d,CHOSI), 76.8 (dCHOSI), 108.3 (tCH>=), 108.4 (t,CH>=), 148.89 (s,
=C), 148.94 (s, €), 173.4 (sC=0).
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Ethyl (3S)-6-benzoyloxy-3-methyl-7-(trimethylsilylmethyl)oct 7-enoate (4-15):
COOEt

/1,

OCOPh

Me;Si
Formed by decomposition on silica gel as an insdparl:1 mixture of diastereomers as a
colorless oil. R(EtOAc/hexane 1:5) = 0.58; IRnax 3092, 3073, 2986, 2958, 2931, 2875,
2857, 1725, 1717, 1638, 1602, 1585, 1492, 147& 144651, 1419, 1393, 1382, 1373, 1315,
1275, 1265, 1251, 1177, 1114, 1097, 1070, 10367,1929, 888, 853, 845, 712, 6801%;
MS (ESI+)m/z (%) 413 (100) [M+Na], 269 (5) [M—PhCOd; HRMS (ESI)m/z[M+Na']
calcd for GoH3404SiNa'": 413.2119; found: 413.21234 NMR (400 MHz, CDCY) §0.03 (s,
9H, Si(CH3)3), 0.09 (s, 9H, Si(B3)3), 0.95 (d,J = 6.6 Hz, 3H, CHEl3), 0.97 (d,J= 6.6 Hz,
3H, CHMHs), 1.22 (2xt,J = 7.1 Hz, 6H, OCHCH3), 1.24-1.43 (m, 4H, C{CH2CHCH),
1.47 (d,J = 14.0 Hz, 2HCH:Si(CHg)3), 1.61 (d,J = 13.9 Hz, 2H, EI2Si(CHg)s), 1.69-1.87
(m, 4H, H2CH.CHCHs), 1.98 (m, 2H, EICHs), 2.12 (2xdd,J = 8.3, 14.5 Hz, 2H,
CHHC=0), 2.29 (2xddJ = 5.7, 14.5 Hz, 2H, CHC=0), 4.09 (2xq,J = 7.1 Hz, 4H,
OCH2CHg), 4.72 (2xs, 2H, BH=), 4.95 (2xs, 2H, CH=), 5.33 (m, 2H, EIOCOPh), 7.44
(M, 4H, Hmetd, 7.55 (t,J= 7.4 Hz, 2H,Hpar), 8.07 (M, 4HHorno); 1C NMR (100 MHz,
CDCls) 6-1.0 (g, SiCH3)3), 14.4 (q, OCHCHa), 19.7 (g, CKCH3), 19.9 (q, CKCH3), 22.96
(t, CH2Si(CHg)3), 23.02 (t, CH2Si(CH3)3), 30.4 (d, CHCHz), 30.5 (d, CHCHs), 30.8 (t,
2xCH>CH.CHOCOPh), 32.39 (t, C4&&H.CHOCOPh), 32.44 (t, C#£H.CHOCOPh), 41.9
(t, CH2C=0), 42.0 (t,CH2C=0), 60.3 (t, @H2CHs), 77.4 (d, CHOCOPh), 77.6 (d,
CHOCOPNh), 108.9 (tCH2=), 109.0 (t,CH2=), 128.5(d, Cmetg, 129.7(d, Cortho), 130.8(s,
Cipso), 133.0(d, Cpara), 145.2 (s, €), 145.30 (s, €), 165.81 (s, @OPh), 165.83 (s, COPh),
173.1 (sC=0), 173.2 (sC=0).

Julia olefination with sodium amalgam(General procedure):

Benzoyloxy sulfonest-13a,c (0.739 mmol) were dissolved in dry THF (5 mL) add/
ethanol (10 mL) under a nitrogen atmosphere. Sodinmalgam (369 mg, 1.7 mmol) was
added at —20 °C. After 3 h at this temperature réaetion mixture was diluted with diethyl
ether (15 mL) and decanted from mercury. The ogkayier was washed with brine and the

agueous layer was extracted with diethyl ether (3#). The combined organic extracts
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were dried over N&Qy, filtered and evaporated. Purification by coluniwmaenatography
(EtOAc/hexane 1:50) afforded olefids4a,c

Ethyl (S)-3-methyl-8-(trimethylsilyl)-7-((trimethylsilyl)me thyl)oct-6-enoate (4-4a):

EtOOC

Yield 218 mg (86%) as a colorless oil; FEtOAc/hexane 1:5) = 0.89;,0[p*% -1.1
(c 1.116 g/100 mL); IRvnax 2986, 2957, 2927, 2876, 2854, 1726, 1645, 147682,14447,
1415, 1394, 1382, 1371, 1352, 1259, 1248, 1115%,10882, 855, 840, 699n*; MS (ESI+)
m/z(%) 365 (100) [M+Ng&]; HRMS (ESI)m/z[M+Na'] calcd for GeHzsO-SiNa": 365.2303;
found: 365.2303H NMR (400 MHz, CDCJ) §-0.01 (s, 9H, Si(Ba)3), 0.02 (s, 9H,
Si(CH3)3), 0.94 (d,J = 6.6 Hz, 3H, CHEl3), 1.18-1.34 (m, 2H, B.CH,CH=C), 1.25 (tJ =
7.1 Hz, 3H, OCHCHa), 1.38 (s, 2H, E,Si(CHs)3), 1.44 (AB system,) = 13.5 Hz, 2H,
CH.Si(CHe)s), 1.81-2.02 (m, 3H, BCHs, CH,CH=C), 2.09 (dd,J = 8.6, 14.4 Hz, 1H,
CHHC=0), 2.30 (dd,) = 5.8, 14.4 Hz, 1H, CHC=0), 4.12 (g,J = 7.2 Hz, 2H, O@>CHs),
4.75 (t,J = 7.0 Hz, 1H, G=C); 3C NMR (100 MHz, CDGJ) 5-1.0 (g, SiCH3)3), —0.5 (q,
Si(CHa)s), 14.5 (g, OCHCH3), 19.8 (q, CKCH3), 23.9 (t,CH2Si(CHa)s), 26.3 (t,CH.CH=C)
29.5 (t,CH2Si(CH3)3), 30.3 (d,CHCHz), 37.5 (t,CH2CH.CH=C), 42.1 (tCH2C=0), 60.2 (t,
OCHCHs), 119.4 (dCH=C), 134.4 (s, CHE), 173.4 (sC=0).

Ethyl (S)-8-(dimethyl(vinyl)silyl)-7-((dimethyl(vinyl)silyl )methyl)-3-methyloct-6-enoate
(4-4c):

EtOOC

Yield 201 mg (76%) as a colorless oils FEtOAc/hexane 1:5) = 0.77;,0[p%% -3.2
(c 0.437 g/100 mL)JR vmax 3058, 2967, 2936, 2864, 1743, 1467, 1409, 1378112252,
1194, 1159, 1100, 1071, 1038, 1012, 953, 835, §59cm; MS (ESI+)m/z(%) 389 (100)
[M+Na']; HRMS (ESI)m/z[M+Na'] calcd for GoHzsO-SizNa": 389.2303; found: 389.2303;
IH NMR (400 MHz, CDCY) 50.06 (s, 6H, Si(E)2), 0.09 (s, 6H, Si(B3)2), 0.93 (d,J =
6.5 Hz, 3H, CHE&l3), 1.16-1.34 (m, 2H, B:CH,CH=C),1.25 (t,J = 7.1 Hz, 3H, OCHCHs3),
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1.44 (s, 2H, EG2Si(CHs)z), 1.50 (AB systemJ = 13.6 Hz, 2H, El:Si(CHs)2), 1.81-2.02 (m,
3H, CHCHs, CH.CH=C), 2.10 (ddJ = 8.4, 14.5 Hz, 1H, BHC=0), 2.30 (ddJ = 5.7,

14.6 Hz, 1H, CHIC=0), 4.12 (q,J = 7.1 Hz, 2H, OE>CHs), 4.80 (t,J = 7.0 Hz, 1H,
CH=CCHSI), 5.65 (ddJ = 3.9, 20.3 Hz, 1H, SICHHdH), 5.67 (ddJ = 3.9, 20.2 Hz, 1H,
SICH=CHH), 5.92 (dd,J = 3.8, 14.6 Hz, 1H, SICH=CH), 5.94 (dd,J = 3.8, 14.7 Hz, 1H,
SICH=CHH), 6.13 (ddJ = 14.8, 20.4 Hz, 1H, Si@=CHH), 6.17 (ddJ = 14.7, 20.2 Hz, 1H,
SiICH=CHH): 1*C NMR (100 MHz, CDGJ) 5—2.9 (q, SiCHs)2), —2.5 (g, SiCH3)2), 14.5 (q,
OCH,CH3), 19.8 (g, CKCHa), 22.8 (t, CHSi(CHs)2), 26.3 (t, CH2CH=C) 28.3 (t,

CH.Si(CHs)z), 30.2 (d, CHCHs), 37.4 (t, CH.CH:CH=C), 42.1 (t,CH.C=0), 60.2 (t,
OCHCHs), 120.4 (dCH=C), 131.5 (t, SICHEH,), 133.5 (s, CHE), 139.6 (d, SEH=CHy),

173.4 (sC=0).

Ethyl (S)-3-methyl-7-((trimethylsilyl)methyl)oct-7-enoate @-16):

EtOOC SiMe;

Compound 4-16 was confirmed by significant signals of two hydeag atoms of
1,1-disubstituted double bond in NMR and HRMS: HRNESI) m/z [M+Na'] calcd for
Ci1sH3002SiNa": 293.1907; found: 293.1908H NMR (400 MHz, CDC) 64.57 (m, 1H,

C=CHH), 4.50 (m, 1H, C=CH);

Alkoxycarbonylation/oxidative radical cyclization/carbocation desilylation (General

procedure):

nBuLi (1.14 mL, 1.82 mmol, 1M in hexane) was added dropwise to a stirred solutio
2,2,6,6-tetramethylpiperiding®.31 mL, 1.82 mmol) in dry DME (20 mL) at —78 °@der a
nitrogen atmosphere. After stirring for 30 min, fole 4-4a or 4-4c (0.70 mmol) in DME
(0.5 mL) were added dropwise at —78 °C. After stgrfor 30 min, ethyl chloroformate
(0.08 mL, 0.84 mmol) was added. After completion tbé carboxylation, ferrocenium
hexafluorophosphate (534 mg, 1.61 mmol) was addgbitions at O °C until a blue color of
the mixture persisted. The reaction mixture wasgestifor aditional 30 min and quenched
with a few drops of saturated NEI solution. The mixture was diluted with diethyther
(25 mL) and filtered through a pad of silica geheTsolvent was evaporated and purification
of the residue by column chromatography (EtOAc/nexd:200) afforded cyclopentanes

4-3a,c Compoundi-18agenerated by incomplete reaction was isolated.
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Diethyl (2S,55)-2-methyl-5-(3-(trimethylsilyl)prop-1-en-2-yl)cyclopentane-1,1-
dicarboxylate, diethyl (2S,5R)-2-methyl-5-(3-(trimethylsilyl)prop-1-en-2-
yl)cyclopentane-1,1-dicarboxylatg4-3a):

SiMe; SiMej;
EtOOC EtOOC S
EtOOC EtOOCH—
major - frans minor - cis

Yield 198 mg (83%) as an inseparable 10:1 mixtureliastereomers as a colorless oil.
Rf (EtOAc/hexane 1:5) = 0.56; IRmax 3083, 2982, 2958, 2931, 2906, 2875, 2856, 1741,
1716, 1629, 1475, 1463, 1447, 1420, 1390, 13808,1B%68, 1249, 1115, 1095, 1044, 1023,
880, 857, 841, 696m™; MS (Cl+) m/z(%) 341 (95) [M+H], 325 (100) [M—CH], 295 (30)
[M*—OE(t]; Anal. calcd for @H3204Si (340.54): C 63.49, H 9.47; found: C 63.80, H59.7
'H NMR (400 MHz, CDC4) major diastereometrans): & 0.01 (s, 9H, Si(Chs), 0.95 (d,
J= 7.0 Hz, 3H, CHE3), 1.20 (t, J = 7.2 Hz, 3H, OCHKCH3), 1.23 (m, 1H,
CH3;CHCHHCHy), 1.25 (t,J = 7.2 Hz, 3H, OCHKECH3), 1.51 (dd,J = 13.3, 0.9 Hz, 1H,
CHHSIi(CHs)3), 1.61 (dd, J = 13.3, 1.0 Hz, 1H, CHSI(CHg)3), 1.67 (m, 1H,
CH3CHCH.CHH), 1.94 (m, 2H, CECHCHHCHH), 2.91 (m, 1H, GCHs), 3.29 (ddJ = 7.5,
9.6 Hz, 1H, CH=CCHCH,), 3.93 (dqJ = 10.8, 7.2 Hz, 1H, OB,CHs), 4.12 (dg,J = 10.8,
7.1 Hz, 1H, O®2CHs), 4.13 (dg,J = 10.8, 7.1 Hz, 1H, OB>CHs), 4.23 (dg,J = 10.7, 7.1
Hz, 1H, OGH,CHs), 4.57 (g, = 1.1 Hz, 1H, C=E>), 4.60 (t,J = 1.0 Hz, 1H, C=El);
minor diastereomerc(s), detectable signal®: 2.29 (m, 1H, GCHs), 3.20 (dd,J = 10.6,
8.8 Hz, 1H, CH=CCHCH,), 4.61 (s, C=El,), 4.71 (d,J = 1.1 Hz, 1H, C=E); °*C NMR
(100 MHz, CDC#%) major diastereomettrans): 6—1.3 (g, SiCHzs)3), 14.1 (q, OCHCHs3),
14.3 (g, OCHCHz3), 17.1 (q, CHCH3), 29.1 (t,CH2Si(CHz3)3), 31.3 (t,CH.CHC=CH), 33.1

(t, CH2CH2CHC=CHh), 41.2 (d,CHCHz3), 52.2 (d, CH=CCH), 60.7 (t, GCH2CHs3), 60.9 (t,
OCH2CHs), 68.1 (s,CC=0), 108.3 (t, CEH), 148.9 (sC=CHy), 171.1 (s,C=0), 172.0 (s,
C=0); minor diastereomercif): 6— 2.3 (q, SiCH3)3), 14.20 (g, OCHKCH3), 14.25 (q,
OCH:CH3), 15.6 (g, CHCH3), 27.6 (t, CH2Si(CHz3)3), 29.8 (t, CH.CHC=CH), 31.5 (t,
CH2CH.CHC=CH), 45.1 (d,CHCHg), 53.0 (d, CH=CCH), 60.3 (t, @H>CHs), 61.1 (t,
OCH2CHzs), 67.8 (s,CC=0), 108.7 (t, CEH2), 146.6 (sC=CHy), 169.3 (sC=0), 172.6 (s,
C=0).
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Diethyl (2S,55)-2-methyl-5-(3-(dimethyl(vinyl)silyl)prop-1-en-2-yl)cyclopentane-1,1-
dicarboxylate, diethyl (2S,5R)-2-methyl-5-(3-(dimethyl(vinyl)silyl)prop-1-en-2-
yl)cyclopentane-1,1-dicarboxylate (4-3c):

\ — \ —
Si— Si—
EtOOC EtOOC s
EtOOC! EtOOC!}—
major - frans minor - cis

Yield 194 mg (79%) as a an inseparable 20:1 mixtfreliastereomers as colorless oil.
Rf (EtOAc/hexane 1:5) = 0.63; IRmax 2967, 2939, 2883, 1728, 1636, 1467, 1409, 1299,
1252, 1212, 1184, 1118, 1099, 1075, 1048, 1013, 883 837, 76@m™*; MS (Cl+) m/z (%)
353 (100) [M+H], 337 (50) [M'—CHg], 325 (40) [M—CH=CH], 307 (40) [M—OEt], 279
(30) [M*—COOE(t]; HRMS (Cl)m/z [M+H"] calcd for GoHs304Si": 353.2148; found:
353.2136;'H NMR (400 MHz, CDC§) major diastereomertrans): & = 0.09 (s, 3H,
Si(CH3)2), 0.10 (s, 3H, Si(B3)2), 0.95 (d,J = 7.0 Hz, 3H, CHE&l3), 1.20 (t,J = 7.2 Hz, 3H,
OCH:CHg), 1.22 (m, 1H, CHCHCHHCHy), 1.25 (t,J= 7.2 Hz, 3H, OCECHg), 1.61 (dJ =
13.3 Hz, 1H, GHSI(CHs)2), 1.64 (m, 1H, CECHCHCHH), 1.68 (d,J = 13.3 Hz, 1H,
CHHSI(CHs)2), 1.92 (m, 2H, CHCHCHHCHH), 2.91 (dquint,J = 10.8, 6.9 Hz, 1H,
CHCHs), 3.29 (dd,J = 7.4, 9.7 Hz, 1H, CH#CCHCH,), 3.94 (dq,J = 10.8, 7.1 Hz, 1H,
OCH2CHs), 4.12 (dg,J = 10.8, 7.0 Hz, 1H, Od.CHs), 4.13 (dqg,J = 10.8, 7.0 Hz, 1H,
OCH2CHs), 4.23 (dg,J = 10.7, 7.1 Hz, 1H, Od>CHs), 4.60 (d,J = 1.1 Hz, 1H, C=EH),
4.62 (d,J = 0.9 Hz, 1H, C=CH), 5.67 (ddJ= 3.9, 20.3 Hz, 1H, CH=EH), 5.95 (ddJ =
3.9, 14.6 Hz, 1H, CH=CH), 6.17 (dd,J = 14.6, 20.3 Hz, 1H, B=CHH); minor
diastereomerdjs), detectable signal® = 1.05 (d,J = 6.9 Hz, 3H, CHEl3), 2.28 (t,J =
9.1 Hz, 1H, GICHa), 3.29 (ddJ = 10.6, 8.8 Hz, 1H, =CECH>), 4.64 (s, C=El2), 4.74 (d,J
= 1.1 Hz, 1H, C=Ely); ¥*C NMR (100 MHz, CDGJ) major diastereometrans): —-3.4 (q,
Si(CH3)2), —3.2 (q, SiCH3)2), 14.0 (q, OCHCHzs), 14.2 (q, OCHCHs), 17.0 (q, CHCH3),
27.8 (t, CHzSI(CHg)2), 31.1 (t, CH.CHC=CH), 32.9 (t, CH.CH.CHC=CH), 41.1 (d,
CHCHg), 52.0 (d, =CH), 60.6 (t, @H2CHs), 60.8 (t, @H2CHz), 67.9 (s,CCO,), 108.8 (1,
C=CH), 131.73 (t, CH=El2), 138.8 (d,CH=CH>), 148.4 (s,C=CH), 171.0 (s,C=0), 171.8
(s, C=0); minor diastereomercif): d—2.5 (q, SiCHs)2), —2.3 (q, SiCHs)2), 14.08 (q,
OCHCH3), 14.14 (q, OCHKCHa3), 15.5 (g, CHCH3), 26.3 (t, CH:Si(CHg)z), 28.6 (t,
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CH2CHC=CH), 31.5 (t,CH2CH,CHC=CHb), 44.9 (d,CHCH;), 52.8 (d, CH=CCH), 60.2 (t,
OCH3CHs), 61.0 (t, @H2CHs), 67.6 (5,CCO2), 109.1 (t, CEH,), 131.65 (t, CH=El),
138.9 (d,CH=CH), 146.0 (sC=CHy), 169.1 (sC=0), 172.5 (SC=0).

Diethyl (S)-2-(7-(trimethylsilyl)-6-((trimethylsilyl)methyl)h ept-5-en-2-yl)malonate
(4-18a):

Yield 17 mg (6%) as a colorless oil.t REtOAc/hexane 1:5) = 0.49;0[p*% +7.0
(c 0.358 g/100 ML); IRVmax 2964, 2938, 2839, 1740, 1469, 1373, 1251, 11561,11071,
1039, 855, 771, 70@m*; MS (ESI+) m/z (%) 437 (100) [M+N3&; HRMS (ESI) m/z
[M+Na*] calcd for GiH4204SizNa*: 437.2514; found: 437.251%4 NMR (400 MHz, CDCY)
5-0.02 (s, 9H, Si(B3)s), 0.01 (s, 9H, Si(B3)s), 0.98 (d,J = 6.7 Hz, 3H, CHEl3), 1.15-1.31
(m, 2H, AHHCH.CH=C, (H:Si(CHy)3), 1.24 (t,J = 7.1 Hz, 6H, OCKCH3), 1.33-1.47 (m,
4H, CHHCH.CH=C, (H:Si(CHy)3), 1.88 (m, 1H, BIHCH=C), 1.95 (m, 1H, CHCH=C),
2.26 (m, 1H, ©ICHs), 3.23 (d,J = 7.9 Hz, 1H, GIC=0), 4.18 (q,J = 7.1 Hz, 4H,
OCH2CHs), 4.73 (t,J = 6.9 Hz, 1H, E=C); *C NMR (100 MHz, CDCJ) 5-0.7 (q,
Si(CHs)s), 0.2 (g, SiCH3)s), 14.57 (q, OCHCH3), 14.59 (g, OCHCHs), 17.3 (q, CHCHa),
24.1 (t,CH2Si(CHs)3), 26.5 (t,CH2CH=C), 29.8 (t,CH2Si(CHs)3), 33.6 (d,CHCHz), 35.3 (t,
CH2CH.CH=C), 58.2 (d,CHC=0), 61.47 (t, @H>CH3), 61.54 (t, @H-CHz), 119.3 (d,
CH=C), 135.1 (s, CHE), 169.3 (sC=0), 169.5 (sC=0).

Diethyl (2S,5R)-2-methyl-5-(prop-1-en-2-yl)cyclopentane-1,1-dicdroxylate and diethyl
(2S,59)-2-methyl-5-(prop-1-en-2-yl)cyclopentane-1,1-dicdroxylate (4-2):

EtOOC EtOOC B\_
EtOOC! EtOOC!HY—
major - frans minor - cis

BFs-OE® (130 pL, 1.03 mmol) was added dropwise to silylated edt&a (320 mg, 0.94
mmol) in dry DCM (19 mL) at —20 °C under a nitrogatmosphere. The reaction mixture
was stirred at this temperature overnight. Thetr@aavas quenched by adding a few drops

of saturated NaHC®solution and diluted with water. The aqueous layas extracted three
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times with diethyl ether. The combined organic actis were dried over MgSQiltered and
evaporad. Purification by column chromatographyO@t/hexane 1:100) afforded 227 mg
(90%) of 4-2 as an inseparable 10:1 mixture of diastereomersa asolorless oil.
Rr (EtOAc/hexane 1:5) = 0.41; IRmax 2982, 2928, 2959, 2873, 2855, 1717, 1646, 1636,
1465, 1457, 1448, 1437, 1419, 1394, 1374, 13692,12313, 1094, 1032, 894, 849,
840 cm'; MS (ESI+) m/z (%) 291 (100) [M+N&]; Anal. calcd for GsH2404 (268.35):
C 67.14, H 9.01; found: C 67.39, H 9.26{ NMR (400 MHz, CDCJ) major diastereomer
(trang): 6 0.90 (d,J = 7.0 Hz, 3H, CHEl3), 1.13 (t,J = 7.2 Hz, 3H, OCKCH3), 1.19 (t,J =
7.1 Hz, 3H, OCHCHj3), 1.22 (m, 1H, CECHCHHCH), 1.62 (m, 1H, CECHCH.CHH),
1.65 (d,J = 0.7 Hz, 3H, Ck=CCH3), 1.81-1.99 (m, 2H, Cs€HCHHCHH), 2.85 (dquint,J =
10.3, 7.0 Hz, 1H, BCHs), 3.33 (ddJ = 8.7, 8.1 Hz, 1H, Ch#+CCHCHy), 3.93 (dgJ = 10.7,
7.1 Hz, 1H, OEl,CHs), 4.07 (dg,J = 10.8, 7.1 Hz, 1H, OB,CHs), 4.08 (dg,J = 10.8,
7.1 Hz, 1H, OGi>CHz), 4.18 (dg,d = 10.7, 7.1 Hz, 1H, OG>:CHz), 4.67 (s, 1H, C=8)),
4.70 (s, 1H, C=6>2); minor diastereomeris), detectable signal& 1.09 (d,J = 6.9 Hz, 3H,
CHCH3), 1.16 (t,J = 7.1 Hz, 3H, OCbkICH3), 1.20 (t,J = 7.1 Hz, 3H, OCHECH3), 1.67 (m,
1H, CHkCHCHHCH?), 1.69 (s, 3H, CECCHa), 1.80 (m, 1H, CECHCH.CHH), 1.87 (m,
1H, CHCHCHHCH), 1.95 (m, 1H, CHCHCHCHH), 2.30 (m, 1H, GCHs), 3.17 (ddJ =
10.7, 8.7 Hz, 1H, CH#CCHCH,), 3.98-4.22 (m, 4H, OB2CHs), 4.73 (s, C=El2), 4.74 (s,
C=CH>); 3*C NMR (100 MHz, CDGJ) major diastereomettrans): & 14.0 (q, OCHCHs),
14.24 (g, OCHCH?3), 17.3 (q, CKCH3), 23.1 (q, CH=CCHj3), 29.9 (t,CH.CHC=CH), 32.9
(t, CH2CH.CHC=CH), 40.9 (d,CHCHj3), 52.2 (d, CH=CCH), 60.8 (t, @CH2CHz3), 60.9 (t,
OCH2CHs), 67.6 (s,CCQOy), 112.5 (t,CH2=C), 146.2 (s, Ck-C), 171.1 (sC=0), 171.5 (s,
C=0); minor diastereomerci§): 614.1 (q, OCHCH3), 14.16 (g, OCHCH3), 15.5 (q,
CHCH?3), 23.3 (g, CH=CCH3), 27.9 (t,CH.CHC=CH), 30.9 (t,CH2CH.CHC=CHh), 44.7 (d,
CHCHg), 53.5 (d, CH=CCH), 60.3 (t, @H2CHz), 61.0 (t, @CH2CHgz), 66.9 (sCCOy), 112.4
(t, CH2>=C), 144.8 (s, Ck=C), 169.3 (sC=0), 172.2 (sC=0).
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Diethyl (2R,59)-2-((S)-1-hydroxypropan-2-yl)-5-methylcyclopentane-1,1-diarboxylate
and diethyl (2S,55)-2-((R)-1-hydroxyprop-2-yl)-5-methylcyclopentane-1,1-diceboxylate
(4-25):

HO
EtOOC EtOOC i
EtOOC EtOOC!" H
maijor - trans minor - cis

9-BBN (2.26 mL, 1.13 mmol, OM in THF) was added dropwise to a mixture of olefi@
(127 mg, 0.47 mmol) in dry THF (0.25 mL) at O °Cden a nitrogen atmosphere. After
stirring the mixture at room temperature for 15the starting material was consumed as
indicated by TLC. 10% NaOH solution (1.5 mL) wasled slowly at 0 °C. After stirring for
15 min, 30% HO. solution (1.5 mL) was added dropwise to the reactnixture. The
mixture was stirred for 50 min and saturatedsSH(10 mL) was added, the aqueous layer
was extracted with ethyl acetate and the combingdmic layers were washed with 10%
NaS0z3 solution (3 mL). The organic layer was dried ow#®SQ:, the solvent was
evaporated and purification by column chromatogyaffetOAc/hexane 1:30, gradient to
1:10) gave 111 mg (83%) of alcohdi25 as an in principle separable 10:1 mixture of
diastereomers as a colorless oil.(RtROAc/hexane 1:5) = 0.39; IRmax 3440, 2972, 2944,
2885, 1723, 1467, 1372, 1302, 1254, 1188, 11179,1a971, 1037, 865, 763 cin
MS (ESI+)m/z (%) 309 (100) [M+N4a]; HRMS (ESI)m/z[M+Na'] calcd for GsH260sNa'
309.1673; found: 309.16734 NMR (400 MHz, CDC4) major diastereometrans): & 0.85
(d,J = 7.2 Hz, 3H, E:CHC), 0.99 (dJ = 6.8 Hz, 3H, E3CHCHO), 1.10-1.32 (m, 7H,
CH3CH20, CHkCHCHHCH_), 1.36 (m, 1H, CECHCH,CHH), 1.63 (m, 1H, CEBCHCH:0),
1.86 (m, 1H, CBCHCHCHH), 2.09 (m, 1H, CECHCHHCH), 2.65 (dt,J = 7.3, 11.7 Hz,
1H, CHbCHCHCHg), 2.77 (sext]) = 7.2 Hz, 1H, CHCHC), 3.36 (ddJ = 6.8, 10.8 Hz, 1H,
CHHOH), 3.54 (ddJ = 4.4, 10.8 Hz, 1H, CHOH), 4.08 (m, 2H, CkCH20), 4.20 (m, 2H,
CH3CH20); minor diastereomercig), detectable signalsd 0.97 (d,J = 7.0 Hz, 3H,
CH3CHC), 1.08 (dJ = 6.8 Hz, 3H, GIsCHCH0), 2.27 (m, 1H, CkCHC), 2.57 (m, 1H,
CH;CHCHCHg), 3.37 (m, 1H, GHOH), 3.56 (m, 1H, CHOH); *C NMR (100 MHz,
CDCls) major diastereomeittrans): 6 14.1 (q,CH3CH20), 14.23 (q,CH3CH20), 16.8 (q,
CH3CHCH0), 18.8 (q,CH3CHC), 27.5 (t, CBCHCH:CH), 32.5 (t, CHCHCH2CH), 37.6

(d, CHCH:0), 41.1 (d,CH3CHC), 47.7 (d, CHCHCHCHg), 61.07 (t, CHCH20), 61.09 (t,
CH3:CH20), 66.5 (t, CH20OH), 66.7 (s,CCOy), 171.7 (s,C=0), 172.0 (s,C=0); minor
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diastereomerdfs): 6 14.15 (q,CHzCH20), 14.20 (qCH3CH-0), 15.3 (qCH3sCHCH:0), 16.6
(9, CHsCHC), 27.8 (t, CHCHCH,CH?>), 31.0 (t, CHCHCH2CH), 38.6 (d,CHCH.0), 45.3
(d, CHsCHC), 50.2 (d, CHCHCHCHg), 60.5 (t, CHCH20), 61.10 (t, CHCH,0), 65.9 (t,
CH20H), 66.9 (sCCO), 169.9 (sC=0), 172.6 (sC=0).

Ethyl (4S,4aR,7S,7aR)-4,7-dimethyl-1-oxohexahydrocyclopenta[c]pyran-7&(H)-
carboxylate (4-26):
O

O
EtOOC

p-TsOH (6 mg, 0.030 mmol) was added to a diastereomaxture of alcohok-25 (29 mg,
0.1 mmol) and CDGI(0.5 mL). The reaction mixture was directly mong&drin the NMR
tube. The reaction was completed after 1 h andnadi®ps of saturated N&Os solution
were added. The solvent was evaporated under réquessure and the crude product was
purified by column chromatography (diethyl ethenfame 1:30, gradient to 1:10) giving
23 mg (96%) of lactond-26 as a colorless oil. (REtOAc/hexane 1:5) = 0.31a]p?% +23.3
(c 0.300 g/100 mL); IRvmnax 2966, 2933, 2863, 1749, 1732, 1467, 1382, 12537,12208,
1176, 1126, 1043, 1017 cdnMS (ESI+) m/z (%) 263 (100) [M+N&]; HRMS (ESI) m/z
[M+Na"] calcd for GsHz004Na": 263.1254; found: 263.12544 NMR (400 MHz, CDGJ)
00.92 (d,J = 7.1 Hz, 3H, EGCHCHO), 1.12 (d,J = 7.0 Hz, 3H, EIsCHC), 1.25 (t,J =
7.1 Hz, 3H, GsCH20), 1.40 (m, 1H, CBCHCHHCH,), 1.47 (m, 1H, CECHCH,CHH),
1.78 (m, 2H, CHCHCHHCHH), 2.32 (m, 1H, CECHCH:0), 2.47 (m, 1H, CBCHC), 2.96
(dt, J= 7.2, 10.9 Hz, 1H, CKEHCHCHg), 4.08 (d,J = 5.1 Hz, 2H, CHEl;,0), 4.17 (dq) =
7.1, 10.9 Hz, 1H, CECHHO), 4.19 (dg,J = 7.0, 10.9 Hz, 1H, C¥HHO); *C NMR
(100 MHz, CDC$) 6 13.9 (gq,CH3CHCH0), 14.3 (q,CH3CH20), 15.7 (qCH3CHC), 26.5 (t,
CH3CHCH:CHy), 29.7 (d,CHCH:0), 33.4 (t, CHCHCH2CHz), 44.2 (d,CHsCHC), 47.3 (d,
CH.CHCHCHg), 61.5 (s,CC=0), 61.8 (t, CHCH20), 72.0 (t, CKLH20), 171.1 (s,C=0),
172.0 (sC=0).
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Dihydronepetalactone, (&,4aR,7S,7aR)-4,7-dimethylhexahydrocyclopenta[c]pyran-
1(3H)-one (4-1a):

Scheme 4.8 A carefully nitrogen-flushed mixture of lactore26 (5 mg, 0.02 mmol),
anhydrous LIiCl (1.5 mg, 0.036 mmol), water (1}25 0.069 mmol) and DMSO (0.2 mL)
was heated to 160 °C for 3 h. After cooling to rommperature, saturated NaHEQ@ mL)
and water (2 mL) were added. The aqueous layerewtaacted with diethyl ether (3x2 mL),
and the organic extract was washed with brine amed dvith NaSQu. The solvent was
evaporated under reduced pressure. The crude prodas purified by column
chromatography (diethyl ether/pentane 1:30, gradienl:1) affording 2.7 mg (49%) of
dihydronepetalactoné-1a which was inseparable from starting lact@h26, as a colorless
oil, and alcoho#-27.

Scheme 4.12 A carefully nitrogen-flushed mixture of carboxyliacid 4-36 (15 mg,
0.07 mmol) and DMSO (0.2 mL) was heated to 130 6C5f hours. After cooling to room
temperature, water (3 mL) was added. The aqueoes l@as extracted with diethyl ether
(3x3 mL) and the organic extract was washed witheband dried with N&Qs. The solvent
was evaporated under reduced pressure. The cruoldugdr was purified by column
chromatography (diethyl ether/pentane 1:30, gradienl:1) affording 10 mg (85%) of
dihydronepetalactond-la as a colorless oil. (REtOAc/hexane 1:5) = 0.3(0p]p?% +66.9
(c 0.121 g/100 mL); IRVmax 2966, 2935, 2864, 2363, 2348, 1742, 1467, 13831,12209,
1175, 1122, 1085, 1062, 968, 851, 830, 807, 670;dmS (ESI+) m/z (%) 191 (100)
[M+Na*]; HRMS (EI) m/z[M*] calcd for GoH1602": 168.1150; found: 168.1153 NMR
(400 MHz, CDC}) o6 0.90 (d,J = 7.1 Hz, 3H, G:CHCHO), 1.14-1.25 (m, 1H,
CH3;CHCHHCHz), 120 (d, J = 6.4 Hz, 3H, CEICHCHC=0), 1.43 (m, 1H,
CH3CHCH.CHH), 1.75 (m, 1H, CHCHCHCHH), 1.93 (m, 1H, CECHCHHCH,), 2.00 (m,
1H, CHCHCHC=0),2.23 (m, 1H, CBCHCH:0), 2.43 (ddJ = 9.3, 10.8 Hz, 1H, BC=0),
2.52 (m, 1H, CHCHCHCHs), 4.02 (dddJ = 1.6, 3.9, 11.1 Hz, 1H, HHO), 4.08 (ddJ =
10.4, 11.0 Hz, 1H, CHO); *3C NMR (100 MHz, CDGJ) 4 13.3 (q,CHsCHCH0), 19.5 (q,
CH3CHCHC=0), 26.5 (t, CECHCH.CH>), 31.2 (d,CHCH:0), 35.2 (t, CHCHCH.CH,),
40.6 (d, CHCHCHCH), 41.7 (d,CH3CHCHC=0), 50.7 (dCHC=0), 70.1 (tCH20), 174.5
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(s, C=0). The data are in agreement with those in thedciiterature for racemic

dihydronepetalactorié?!

Ethyl (1S,2R,55)-2-((S)-1-hydroxyprop-2-yl)-5-methylcyclopentane-1-carboylate
(4-27):
HO

EtOOC! —""H

Yield 0.5 mg (11%) as a colorless oili EtOAc/hexane 1:5) = 0.15; IRnax 3525, 3498,
3420, 3371, 2967, 2935, 2864, 1738, 1466, 13821,12489, 1158, 1039 citn MS (ESI+)
m/z (%) 237 (100) [M+Na&]; HRMS (ESI)m/z[M+Na'] calcd for GoH2203Na": 237.1461;
found: 237.1461*H NMR (400 MHz, CDCY) & 0.87 (d,J = 6.8 Hz, 3H, HOCKHCHCHS3),

0.93 (d,J = 7.0 Hz, 3H, E1:CHCH.CH>), 1.30 (t,J = 7.1 Hz, 3H, OCKCH3), 1.33-1.47 (m,
2H, CHCHCHHCHH), 1.73 (m, 2H, HOCBKCHCH3, OH), 1.79 (m, 1H, CECHCHHCHy),

1.94 (m, 1H, CHCHCH.CHH), 2.35 (m, 1H, CHCHCH,CHz), 2.55 (m, 1H,
CHsCHCH,CH.CH), 2.64 (t,J = 8.8 Hz, 1H, BIC=0), 3.44 (AB part of ABX systend, =

6.5, 6.7, 11.4 Hz, 2H, I@0H), 4.17 (qJ = 7.2 Hz, 2H, O€:CHs); 13C NMR (100 MHz,
CDCl) 5 13.5 (g, HOCHCHCH?3), 14.5 (g, OCHCHz3), 16.4 (q,CHsCHCH.CHy), 29.9 (t,
CHsCHCHCHy), 34.6 (t, CHCHCH:CH), 38.0 (d, CHCHCH:CH), 39.8 (d,
HOCH.CHCHg), 42.5 (d, CHCHCHCH.CH), 50.0 (d,CHC=0), 60.5 (t,CH-0OH), 66.9 (t,
OCH2CHs), 176.3 (sC=0).

(4S,48R,7S,7aS)-4,7-Dimethylhexahydrocyclopenta[c]pyran-1(31)-one (4-1b):

Prepared in analogy to the lactonizatioe#5in presence of a catalytic amountpei sOH.
The reaction mixture o4-27 (2 mg, 0.009 mmol) was warmed to 40 °C for 4 dafysrding
after evaporation of the solvent 0.8 mg (56%) oftdae 4-1b as a colorless oil.

Rt (EtOAc/hexane 1:5) = 0.32; IRmax 2965, 2933, 2863, 1742, 1467, 1457, 1383, 1251,
1165, 1086, 826, 806, 671 &mMS (ESI+)m/z (%) 191 (100) [M+N&]; HRMS (ESI)m/z
[M+Na'] calcd for GoH1602Na": 169.1223; found: 169.12234 NMR (400 MHz, CDCJ)
00.94 (d,J = 6.7 Hz, 3H, GIsCHCH0), 0.97 (dJ = 7.1 Hz, 3H, EI:CHCHC=0), 1.26 (m,
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1H, CHkCHCHHCH), 1.34 (m, 1H, CHCHCH.CHH), 1.68 (m, 1H, CHCHCH,CHH), 1.94
(m, 1H, CHBCHCHHCH), 2.21 (m, 1H, CHCHCHCHg), 2.26 (m, 1H, EICH0), 2.32 (m,
1H, CHC=0), 2.45 (m, 1H, CBCHCHC=0),3.96 (dd,J = 3.7, 11.4 Hz, 1H, BHO), 4.31
(dd, J = 4.8, 11.4 Hz, 1H, CHO). The data are in agreement with those in thedcit

literaturel?11l

(4S,4a8R,7S,7aR)-4,7-Dimethyl-1-oxohexahydrocyclopenta[c]pyran-7a{H)-carboxylic
acid (4-36):

Table 4.1, entry 8:Potassium trimethylsilanolate (200 mg, 1.5 mmolswadded to alcohol
4-25 (45 mg, 0.15 mmoland dry THF (5 mL) under an argon atmosphere. Hagtion
mixture was refluxed for 1 day and a few drops @il KiLM) were added after cooling. The
mixture was diluted with water, the layers wereasafed and the aqueous was extracted with
DCM (3x5 mL). The organic extracts were washed with brideed over MgS® and
filtered. The solvent was evaporated under reduymredsure affording 96% of crude 1:1
mixture of 16 mg of acid-36and 12 mg of dihydronepetalactohda

Table 4.1, entry 4: Potassium hydroxid€b00 mg, 8.9 mmol) was dissolved in water (5 mL)
and was added to a mixture of alcoidl (40 mg, 0.14 mmol) and methanol (5 mL). The
reaction mixture was heated to reflux for a weekedcompletion, it was acidified by HCI
(AIM) to pH = 1. Methanol was evaporated under redpcedsure and DCM was added. The
layers were separated and the aqueous was extraitte@®CM (3x10 mL). The combined
organic extracts were washed with brine, dried dMg6Q: and filtered. Evaporation gave
28 mg (93%) of crude acid-36 as a colorless oil. MS (ESI+)/z (%) 235 (40) [M+Na];
HRMS (ESI) m/z [M+Na'] calcd for GiHi6OsNa': 235.0941; found: 235.0941H NMR
(400 MHz, CDC%) 60.95 (d,J = 7.0 Hz, 3H, EGCHCH0), 1.15 (d,J = 6.9 Hz, 3H,
CHsCHC), 1.56 (m, 1H, CECHCH.CHH), 1.69 (m, 1H, CECHCHHCH), 1.85 (m, 1H,
CH3CHCHHCH), 1.94 (m, 1H, CBCHCH,CHH), 2.21 (m, 1H, CECHC), 2.25 (m, 1H,
CHsCHCH.0), 3.33 (m, 1H, CLCHCHCH), 4.20 (dddJ = 1.9, 4.2, 11.2 Hz, 1H,KHO),
4.27 (dd,J = 11.2, 11.3 Hz, 1H, CHO), 12.04 (broad s, 1H, CQQ; 13C NMR (100 MHz,
CDClz) 6 13.0 (g,CH3CHCHO), 15.2 (q,CH3CHC), 25.4 (t, CHCHCHCH), 31.2 (d,
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CHsCHCH,0), 32.8 (t, CHCHCH.CH), 44.6 (d, CHCHCHCHs), 48.7 (d,CHsCHC), 60.9
(s,CC=0), 71.4 (tCH0), 170.8 (SCOOH), 177.5 (SCOOCHY).

Ethyl (3aR,4S,6a5)-1,1,4-trimethyl-3-oxotetrahydro-1H-cyclopenta[c]uran-3a(3H)-
carboxylate (4-45):

To a solution of allylsilané-3c (5 mg, 0.014 mmol) in a mixture of DCM (0.4 mL)dan
trifluoroacetic acid (0.1 mL), KHF(2.2 mg, 0.028 mmol) was added. The reaction maxtu
was refluxed for 3 h, cooled to room temperaturé poured into ice-water. After extraction
with diethyl ether, the combined organic layers avevashed with saturated NaH&O
solution, dried over MgS£and evaporated. Purification by column chromatolgya(diethyl
ether/pentane 1:30, gradient to 1:1) gave 2.5 n3§of70f lactone4-45 as a colorless oil.
Rt (EtOAc/hexane 1:5) = 0.42; IRmax 2966, 2934, 2864, 1782, 1734, 1467, 1381, 1275,
1247, 1167, 1130, 1099, 1085, 1028, 963, 917, 826,cm*; MS (ESI+)m/z (%) 263 (100)
[M+Na*]; HRMS (ESI) m/z [M+Na'] calcd for GsH200sNa": 263.1254; found: 263.1254;
'H NMR (400 MHz, CDCJ) 81.01 (d,J = 7.0 Hz, 3H, CHEls), 1.28 (t,J= 7.1 Hz, 3H,
OCH:CHg), 1.31 (s, 3H, C(B3)2), 1.35 (s, 3H, C(H3)2), 1.43 (m, 1H, CHCHCHHCH?),
1.63 (m, 1H, CHCHCHCHH), 1.81-1.93 (m, 2H, C¥CHCHHCHH), 2.57 (m, 1H,
CHCHCHs), 3.04 (t,J = 8.3 Hz, 1H, GIC(CHg)2), 4.20 (m, 2H, OE.CHs); *C NMR
(100 MHz, CDC%) & 14.4 (q, OCHCHa), 16.2 (q, CKCH3s), 24.1 (q, CCHs)2), 27.8 (t,
CH3CHCH:.CH2), 29.8 (q, CCHa)2), 35.5 (t, CHCHCH2CH,), 44.4 (d,CHCHz3), 54.5 (d,
CHC(CHg)2), 62.1 (t, @H.CHz), 63.5 (s, CC=0), 83.7 (s, C(CHs)2), 169.9 (s,
COOCHCHa), 175.5 (sCOOC(CH)2).
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Diethyl (2R,5S9)-2-(hydroxyprop-2-en-2-yl)-5-methylcyclopentane-1L-dicarboxylate
(4-9):
OH

EtOOC
EtOOC!

mCPBA (6.7 mg, 0.039 mmol) and NaHg(.4 mg, 0.053 mmol) were added to a mixture
of olefin 4-3a(9 mg, 0.026 mmol) and DCM (2 mL). The reactiorximie was stirred for 2 h
and aqueous sulfuric acid in THF (0.14 mL in 0.4b WHF) was added. After 1 h, water
(2 mL) was added. The mixture was extracted witivD@e combined organic layers were
washed with brine, dried over Mg®Oand evaporated. Purification by column
chromatography (diethyl ether/pentane 1:30, gradierl:10) gave 0.4 mg (5%) of allylic
alcohol4-9 as a colorless oil. (REtOAc/hexane 1:5) = 0.15; IRnax 3501, 3419, 3371, 2965,
2934, 2863, 1729, 1467, 1454, 1372, 1257, 11972,11499, 1075, 1029, 843 c&m
MS (ESI+)m/z (%) 307 (100) [M+N4a]; HRMS (ESI)m/z[M+Na'] calcd for GsH240sNa":
307.1516; found: 307.151%4 NMR (400 MHz, CDC}) 5 0.92 (d,J = 7.0 Hz, 3H, CHEls),
1.15 (t,J = 7.2 Hz, 3H, OCHCH3), 1.54 (broad s, 1H, OH), 1.75 (m, 1HHE), 1.84 (m, 1H,
CHz), 2.06 (m, 2H, E>), 2.94 (m, 1H, EICHs), 3.41 (dd,J = 6.9, 11.4 Hz, 1H,
CH;=CCHCH_), 3.95 (m, 2H, OE>CHz, CHHOH), 4.10 (m, 3H, O82CH3 CHHOH), 4.24
(m, 1H, OCH2CHz), 4.82 (s, 1H, C=8H), 5.01 (s, 1H, C=CH).

Ethyl (1R,3aR,4S,6aS)-1-(hydroxymethyl)-4-methyl-3-oxo-1-
((trimethylsilyl)methyl)tetrahydro-1H-cyclopenta[c] furan-3a(3H)-carboxylate (4-51a),
ethyl (1S,3aR,4S,6aS)-1-(hydroxymethyl)-4-methyl-3-oxo-1-
((trimethylsilyl)methyl)tetrahydro-1H-cyclopenta[c] furan-3a(3H)-carboxylate (4-51b):
SiMe;
0-_9 OH

+

major 4-51a minor 4-51b

Conditions C: Nmethylmorpholine N-oxide (155 mg, 1.32 mmol), 0s0(225 pL,
0.018 mmol, 2.5 wt% ilBuOH) and pyridine (1 drop) were added subsequeatiy/solution
of silylated olefin4-3a (150 mg, 0.44 mmol) in acetone/watditanol mixture 1:1:1 (3 mL)
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at room temperature. The reaction mixture wasestifor 16 h, concentrated and diluted with
water. The mixture was extracted with DCM, the corall organic extracts were dried over
MgSQs and evaporated under reduced pressure. The crodagb was purified by column
chromatography (EtOAc/hexane 1:30, gradient to5):@iving 121 mg (84%) of alcohdt51
as a 6:1 in principle separable mixture of diagterers as a colorless oils EEtOAc/hexane
1:5) = 0.34 (major diastereomer), 0.30 (minor diesimer); IRvmax 3523, 3489, 2964, 2934,
2863, 1776, 1734, 1466, 1373, 1303, 1253, 1189M,11@82, 1033, 996, 919, 846, 695tm
MS (ESI+) m/z (%) 679 (20) [2M+Ng], 351 (100) [M+N4]; Anal. calcd for GeH2g0sSi
(328.48): C 58.50, H 8.59; found: C58.71, H 8.89; NMR (400 MHz, CDCJ) major
diastereomerd 0.11 (s, 9H, Si(B3)3), 0.98 (d,J = 14.8 Hz, 1H, EIHSI(CHg)3), 1.08 (d,J =
7.0 Hz, 3H, ®Gi3CH), 1.23 (d,J = 14.9 Hz, 1H, CHISI(CHs)3), 1.30 (t,J = 7.1 Hz, 3H,
OCH,CH3), 1.48 (m, 1H, CECHCHHCH), 1.59 (broad s, 1H, &), 1.72 (m, 1H,
CH3;CHCH.CHH), 1.82 (m, 1H, CECHCHHCH?), 1.94 (m, 1H, CECHCH.CHH), 2.52 (m,
1H, CHCH), 3.26 (t,J = 8.5 Hz, 1H, GICCHp), 3.53 (dJ = 11.9 Hz, 1H, EHOH), 3.62 (d,
J=11.9 Hz, 1H, CHOH), 4.23 (9qJ = 7.1 Hz, 2H, O@>CH3); minor diastereome 0.09
(s, 9H, Si(®3)3), 1.05 (dJ = 14.7 Hz, 1H, GHSI(CHg)3), 1.06 (dJ = 7.1 Hz, 3H, EI:CH),
1.25 (d,J = 14.7 Hz, 1H, CHISi(CHg)3), 1.33 (t,J = 7.1 Hz, 3H, OCECH3), 1.48 (m, 1H,
CH3CHCHHCH?y), 1.59 (broad s, 1H, ), 1.72 (m, 1H, CECHCHCHH), 1.82 (m, 1H,
CH3CHCHHCH), 1.94 (m, 1H, CECHCH.CHH), 2.65 (m, 1H, CBCH), 3.23 (t,J =
7.9 Hz, 1H, GICCHp), 3.60 (d,J = 12.0 Hz, 1H, EIHOH), 3.80 (d,J = 12.0 Hz, 1H,
CHHOH), 4.24 (q,J = 7.1 Hz, 2H, OE.CHs); °C NMR (100 MHz, CDGJ)) major
diastereomer:d 0.4 (g, SiCHs)3), 14.36 (g, OCHCHs3), 16.1 (g, CHsCH), 21.7 (t,
CH2Si(CHs)3), 29.0 (t, CHCHCH,CHy>), 35.0 (t, CHCHCH2CH), 45.6 (d,CHCHs), 51.9 (d,
CHCCH), 61.8 (t, @CH.CHz), 66.8 (s,CC=0), 70.1 (tCH20OH), 88.73 (sCCH.), 170.0 (s,
C=0), 175.6 (sC=0); detectable signals of minor diastereonde@.1 (g, SiCH3)s), 14.38
(g, OCHCHgs), 15.9 (9,CH3CH), 26.4 (t,CH2Si(CHg)3), 28.5 (t, CHCHCH.CH>), 35.6 (t,
CH3CHCH2CH?), 44.0 (d,CHCHg), 53.6 (d,CHCCH), 62.2 (t, @H2CHj3), 66.1 (t,CH2.OH),
88.75 (sCCHy).
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Ethyl (4aR,7S,7aR)-7-methyl-4-methylene-1-oxohexahydrocyclopenta[cjpan-7a(1H)-
carboxylate (4-8):

BFs-OEb (9.3 pL, 0.074 mmol) was added dropwise4éb1 (20 mg, 0.062 mmol) in dry
DCM (1 mL) at 0 °C under a nitrogen atmosphere. fdaetion mixture was stirred at room
temperature for 2 h. The reaction was quenchedibing a few drops of saturated NaHE£O
solution and diluted with water. The aqueous layes extracted three times with diethyl
ether and the organic extract was dried over Mg®Qrification by column chromatography
(diethyl ether/pentane 1:5, gradient to 1:1) gaBenig (86%) of lactone estel-8 as a
colorless oil. R(EtOAc/hexane 1:5) = 0.35¢[p?% —15.9 (¢ 0.270 g/100 mL); IRmax 2967,
2933, 2863, 1734, 1467, 1456, 1383, 1250, 1166,067% MS (ESI+)m/z (%) 261 (100)
[M+Na™]; Anal. calcd for G3sH1804 (238.28): C 65.53, H 7.61; found: C 65.69, H 7.69;
IH NMR (400 MHz, CDG}) & 1.00 (d,J = 7.1 Hz, 3H, EsCH), 1.23 (t,J = 7.1 Hz, 3H,
OCHCH3), 1.38 (m, 2H, CHKCHCHHCH,;, CHCHCHCHH), 1.85 (m, 1H,
CH3CHCHHCH), 2.14 (m, 1H, CECHCH.CHH), 2.84 (m, 1H, CKECH), 3.62 (m, 1H,
CHC=CH), 4.18 (dg,J = 7.1, 10.7 Hz, 1H, C#CHHO), 4.20 (dgJ = 7.2, 10.7 Hz, 1H,
CHsCHHO), 4.45 (dtJ = 0.7, 12.2 Hz, 1H, OBHC=CH,), 4.47 (dtdJ = 0.5, 1.3, 12.3 Hz,
1H, OCHHC=CH,), 4.98 (d,J = 2.6 Hz, 1H, GH=C), 5.08 (m, 1H, CH=C); ¥*C NMR
(100 MHz, CDC%) 6 14.3 (g, OCHCHBg), 16.5 (q,CH3CH), 31.2 (t, CHCHCH:CH>), 33.5 (t,
CH3CHCH2CHy), 42.6 (d,CHCHs), 47.4 (d, CHC=CH,), 62.3 (t, CCH2CHs), 63.2 (s,
CC=0), 71.8 (t, @HC=CH), 113.7 (t,CH2=C), 141.6 (s, Ck=C), 170.5 (s,C=0), 171.5
(s,C=0).

(4aR,7S,7aR)-7-Methyl-4-methylene-1-oxohexahydrocyclopenta[clpran-7a(1H)-
carboxylic acid (4-52):

Potassium hydroxidél g, 17.8 mmol) was dissolved in water (2 mL) added to a mixture
of lactone ested-8 (40 mg, 0.17 mmol) and methanol (2 mL). The resrctnixture was

heated to reflux for 48 h. After completion, it wasidified by hydrochloric acid ) to
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pH = 1. Methanol was evaporated under reduced ymessnd DCM was added. The layers
were separated and the aqueous was extracted @With (3x10 mL). The combined organic
extracts were washed with brine, dried over Mg®@d filtered. Evaporation gave 34 mg
(96%) of crude acid-52 as a colorless oil. (REtOAc/hexane 1:5) = 0.00; MS (E1)/z (%)
211 (10) [M+H], 192 (50) [M-H20], 165 (100) [M—COOH], 121 (50) [M—-COOH-COO],
82 (30) [M'—COOCHC=CH,—COOH], 67 (50) [M—COOCHC=CH,—-Me—COOH]; HRMS
(El) m/z [M+H"] calcd for GiH1s04™: 211.0970; found: 211.097tH NMR (400 MHz,
CDCls) 6 1.09 (d,J = 6.9 Hz, 3H, Ei:CH), 1.54 (m, 2H, CECHCHHCHH), 1.86 (m, 1H,
CHsCHCHHCH_y), 2.23 (m, 1H, CHCHCHCHH), 2.58 (m, 1H, CHCH), 3.67 (t,J =
8.3 Hz, 1H, GIC=CHp), 4.59 (dd,J = 1.0, 12.3 Hz, 1H, BHO), 4.74 (dJ = 12.3 Hz, 1H,
CHHO), 5.05 (m, 1H, GH=C), 5.09 (d,J = 0.8 Hz, 1H, CH=C); 13C NMR (100 MHz,
CDCl) 6 15.7 (q,CH3CH), 32.1 (t, CHCHCHCH>), 33.2 (t, CHCHCH>CH>), 45.9 (d,
CHzCH), 47.1 (d,CHC=CH), 71.6 (t,CH20), 115.0 (t,CH2>=C), 140.3 (s, CkC), 172.4 (s,
COOH), 174.1 (sCOOCHp).

Dolicholactone, (4aS,7S,7aR)-7-methyl-4-methylenetehydrocyclopenta[c]pyran-
1(3H)-one (4-7):

A carefully nitrogen-flushed mixture of carboxyhkcid4-52 (11 mg, 0.02 mmol) and DMSO
(0.2 mL) was heated to 110 °C for 4 h. After coglto room temperature, water (2 mL) was
added. The aqueous layer was extracted with dietitndr (3x3 mL) and the organic extract
was washed with brine and dried withS&y. The solvent was evaporated under reduced
pressure. The crude product was purified by colwmmomatography (EtOAc/hexane 1:30,
gradient to 10:1) affording 7.9 mg (91%) of dolitdcione 4-7 as a colorless oil.
Rt (EtOAc/hexane 1:5) = 0.29a]p%% +44.0 (c 0.270 g/100 mL); IRmax 2969, 2934, 2862,
1738, 1466, 1382, 1297, 1268, 1188, 1024, 972,680% MS (El) m/z(%) 166 (10) [M],
138 (20) [M—COQ], 121 (20) [M—COOH], 82 (70) [M—COOCHC=CH,], 67 (10) [M—
COOCHC=CH—Me]; HRMS (El) m/z [M*] calcd for GoH14O2": 166.0993; found:
166.0994;'H NMR (400 MHz, CDCJ) & 1.13 (d,J = 6.6 Hz, 3H, E3CH), 1.16 (m, 1H,
CH3CHCHHCHy), 1.45 (m, 1H, CECHCHCHH), 1.89 (m, 1H, CHCBECHHCH), 2.05 (m,
1H, CHkCHCH,CHH), 2.29 (m, 1H, CBCH), 2.45 (ddJ = 8.5, 10.7 Hz, 1H, BC=0), 3.05
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(M, 1H, GHC=CHp), 4.53 (dd,J = 1.0, 12.0 Hz, 1H, BHO), 4.61 (ddJ = 0.6, 12.0 Hz, 1H,
CHHO), 4.97 (m, 1H, &H=C), 5.04 (m, 1H, CH=C); 13C NMR (100 MHz, CDGJ) § 20.1
(q, CHsCH), 32.5 (t, CHCHCH:CHy), 34.7 (t, CHCHCHzCH), 39.4 (d, CHCH), 42.1 (d,
CHC=CHp), 51.2 (d,CHC=0), 71.0 (tCH20), 113.5 (tCH.=C), 142.3 (s, Ck:C), 174.0 (s,
C=0). The data are in agreement with those in the citegature!>®!
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5.3. Crystallographic data

Single-crystal X-ray diffraction data fdr-2h, 1-2] and 1-2p were obtained using a
Nonius KappaCCD diffractometer equipped with a BmukApexll-CCD detector by
monochromatized Mot radiation { = 0.71073 A) at 150(2) K. The structures were sdlv
by direct methods and refined by full-matrix leasuares based on? RSHELXS;
SHELXL972%7), The hydrogen atoms were fixed into idealizeditpmss (riding model) and
assigned temperature factorsoft) = 1.2 Upivot atom). The crystallographic data are
summarized in Table S3. Crystallographic data (ekolg structure factors) for the structures
1-2p, 1-2h and1-2l have been deposited at the Cambridge Crystallogrdpata Centre with
CCDC number€CDC 915126 915127and915128 respectively. Copies of the data can be
obtained, free of charge by application to the Qadigie Crystallographic Data Centre, 12
Union Road, Cambridge CB2 1EZ, UK, (fax: +44-(0)32Z86033 or e-mail:

deposit@ccdc.cam.ac.uk
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Table 5.9.Crystal data, data collection and refinement pataradorl-2p, 1-2h and1-2l.

1-2p 1-2h 1-2|
Compound
(CCDC 915126) (CCDC 915127) (CCDC 915128)
Empirical formula G1H 15028 C15H24028 C13H20028
M 212.30 268.40 240.35
Crystal habit colorless, prism colorless, prism odelss, plate
Crystal size [mm] 0.53x0.41x0.11 0.55 x 0.48.44 0.50 x 0.16 x 0.07
Crystal system Monoclinic Monoclinic orthorhombic
Space group Pna(No. 7) P2, (No. 4) Pna2 (No. 33)
5.6949 (2) 6.0029 (2) 15.1216 (13)
14.2806 (5) 14.7139 (5) 6.1361 (5)
Unit cell dimensions 14.0984 (5) 8.8744 (3) 14.0327 (10)

Volume [A]
Z

Dx [Mg m ]
w [mm]
Omax [°]

Reflections measured

Unique reflections/observed

reflections

Rinta

Parameters refined
R (F)", [F*> 26(F?)]

WR (F?)°

s

Apmax, Apmin [€ A_3]

89.9970 (10)

1146.57 (7)
4
1.230
0.26
27.5
7345

3713/3651 [> 25(1)]

0.015

258
0.028
0.072
0.96
0.38; -0.18

107.3670 (10)

748.11 (4)
2
1.192
0.21
27.5

5140

3367/3259 [ > 20(I)]

0.013

167
0.025
0.066
1.01
0.25; -0.18

1302.06 (18)
4
1.226
0.23
26.0
10310

2537/2073 [ > 25(1)]

0.050
149
0.039
0.077
1.04
0.22;-0.35

2 Rjnt = ‘z F02 - I:O,meanz

1Y R PR(F) = >Rl =IFel/ IR,

SWR(F?) =

vl - £ s wlei ], weighting schemew = [0%(Fi?) + (sP)? + weP], where
P= _[maxFoz, 0) + 2302]/3, ds= [Z(W(Foz— Fcz)z)/(Ndiffrs 'Nparam;] vz
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5.4. Copies ofH and 3C NMR spectra

Examples of'H NMR spectra of the transmetalation reactions

e - | s
D O2 02

S S
> J T

1-19h

85% ortho-D

&

.

T T
6.5 6.0

14.09 {
215
i 18{

T T T T
5.5 5.0 4.5 3.5

W g6

o

4.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

Figure 5.1.Example offH NMR spectra of initial deprotonation df2hat—78 °C.

0.0

D ' g2 02
' S
C (T
1-19h 1-20h
2% ortho-D 93% a-D
e T ™ 7T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 f (pp::‘.)O 35 3.0 2.5 2.0 1.5 1.0

Figure 5.2.Example ofH NMR spectra after the trasmetalatioriles-17h at—20 °C.
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6. Abbreviations

Bac2
BaL2
9-BBN
brsm
cat.

Cl
DBU
DCM
DIBAL
DoM
DME
DMF
DMPS
DMSO
DMVS
El
equiv.
ESI
GC
HMPA
HRMS
IBX

KHMDS
KIE
LDA
LITMP
mCPBA
m.p.

MS

MW

basic acyl cleavage

basic alkyl cleavage
9-borabicyclo[3.3.1]nonane

based on recovered starting material
catalytic amount

chemical ionization
1,8-diazabicyclo[5.4.0]Jundec-7-ene
dichloromethane

diisobutylaluminium hydride

directedortho-metalation
1,2-dimethoxyethane
dimethylformamide
dimethylphenyilsilyl
dimethyl sulfoxide
dimethylvinylsilyl
electron ionization
equivalent(s)
electrospray ionization
gas chromatography
hexamethylphosphoramide

high resolution mass spectrometry

2-iodoxybenzoic acid

infrared spectrum
potassium hexamethyldisilazide
kinetic isotope effect

lithium diisopropylamide

lithium 2,2,6,6-tetramethylpiperidide
metachloroperoxybenzoic acid
melting point

mass spectrometry

microwave
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nBulLi n-butyllithium

NMO N-methylmorpholineN-oxide
NMR nuclear magnetic resonance
PDC pyridinium dichromate

pKa log(Ka), where kK is acid dissociation constant
pTsOH para-toluenesulfonic acid

Py pyridine

R¢ retention factor

r.t. room temperature

SET single electron transfer
TBAF tetrabutylammonium fluoride
TBS tert-butyldimethyilsilyl

tBuLi tert-butyllithium

THF tetrahydrofuran

TLC thin layer chromatography

TMEDA N,N,N',N‘tetramethyl-1,2-ethylendiamine
TMS trimethylsilyl
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