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Abbreviations

(+)-DIP-chloride  (+)-B-ChloroDilsoPinocampheylbosan

(v.) br.
Ac

Ar
ATR
Boc
BOM
DEAD
DIAD
DIBAH
DMSO

DTBAD

EDG
ESI
EWG
HMPA

HRMS

MOM
Ms
MS
NBS

NMR

(Very) Broad

Acetyl

any Aromatic substituent
Attenuated Total Reflectance
t-ButOxyCarbonyl
BenzylOxyMethyl

DiEthyl AzoDicarboxylate
Dilsopropyl AzoDicarboxylate
DilsoButylAluminum Hydride
DiMethyl SulfOxide
Di-Tert-Butyl AzoDicarboxylate
any Electrophile

Electron Donating Group
ElectroSpray lonization
Electron Withdrawing Group
N,N,N',N',N",N"-HexaMethylPhosphorAmide
High Resolution Mass Spectroscopy
Infrared Spectroscopy
MethOxyMethyl

MeSylate (Methanesulfonyl)
Mass Spectroscopy
N-BromoSuccinimide

Nuclear Magnetic Resonance



PMB

RT

SSIP

THF

THP

TLC

TMEDA

TMP

T™MS

-Abbreviations-

Para-MethoxyBenzyl

any organic substituent

Room Temperature

Solvent Separated lon Pair
TetraHydroFuran

TetraHydroPyran

Thin Layer Chromatography
N,N,N',N'-TetraMethylEthyleneDiAmine
2,2,6,6-TetraMethylPiperidine
TriMethyISilyl

any heteroatom






-Introduction-
1. Introduction

Ever since it was recognized that chiral reagemsluding enzymes, can differentiate
between enantiomers, the synthesis of chiral médscwas of great interest. In late 1960’s,
Arigoni and Luthy prepared both enantiomers of ahacetic acidX.1) which had a methyl
group chiral by virtue of all three isotopes of hygen; protium, deuterium and tritium
(Figure 1.1)

D

D
\\y \'///
H )\COZH HOZC/k H
T T

(R)-[D,,T]1.1 (S)-[D,,T]1.1
Figure 1.1.Chiral acetic acid

They were also the first ones who used the terrirdcimethyl group’. In my thesis | have
concentrated on the investigation of the configaratl stability of chiral bromo- and thio-

[Di]methyllithiums @.2, X = Br, S, Figure 1.2), as well as the optimiaatiof their

D D
wy 1/
H )\Li Li /k 'H
X X

(R)-[D;]1.2 ($)-[Dy]1.2

preparation.

X = heteroatom (X = O, N, halogen, S)

Figure 1.2.Chiral methyllithiums

1.1. Organolithiums
Organolithiums are compounds containing a carbomatirectly linked to a lithium atom -
the smallest metal atom with the atomic number Be Tarbon-lithium bond is highly

polarized due to the electropositive lithium, whiohreases the negative charge on the carbon
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atom. A nucleophilic species called carbanion renked. This term was first used in 1933 by
Wallis and Adams to distinguish it from the alreddywn species containing a positively
charged carbon atom called ‘carbonium’ fo@wing to the polar character of the carbon-
lithium bond and the proneness of organolithiumsfaion a variety of aggregates, their

structural chemistry and reactivity are extremalgnplex®

1.1.1. Classes of organolithiums
Two main classes can be distinguished between oligaoms; unfunctionalizedand o-
heteroatom-substitutednes. The latter group can be divided into twogsoips, thenon-

dipole anddipole-stabilizedrganolithiums.

Unfunctionalized organolithiums
They do not play a crucial role in organic synteemnd are mentioned only for the sake of
their historical significance. 2-Lithiooctane wdgetfirst chiral, nonracemic organolithium

prepared and reacted with carbon dioxide to yieldgtically active acid of low e&.
a-Heteroatom-substituted organolithiums

They are substituted with a heteroatom such asaxygitrogen, a halogen or sulfur. We
distinguishnon-dipoleand dipole-stabilizedorganolithiums depending on the way they are

stabilized®
a) Non-dipole stabilized organolithiums

The lithium-bearing carbon atom has a tetrahedrattire. Their configurational stability is
increased with substituents, especially oxygen amittogen. Additionally, these
organolithiums can be stabilized by chelation. Naliynthey react with electrophiles with

retention of configuration.
b) Dipole-stabilized organolithiums

If a heteroatom X forms a positively charged endhef dipole, the local inductive effect will
stabilize the carbanionic center. Interaction & tiegatively charged heteroatom Y with the
lithium cation gives an additional stabilizing effdy forming a five membered chelate ring
(Scheme 1.1%
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Scheme 1.1Dipole stabilization of organolithiums
1) a-Oxyalkyllithiums

Generating configurationally stabdealkoxy-substituted organolithiums by direct metiaka

is a difficult process. Electron pair repulsionvie¢n the lone pairs of oxygen and the C-Li
bond overcomes the favorable electron-withdrawirifpce of the oxygen atom itself,
prohibiting deprotonation. However, direct metalatican give stable, synthetically desired
synthons, if thea-alkoxyalkyllithium is stabilized by an adjacent ulbde bond. The

stabilization is obtained by delocalization of tfegative charg®.

a-Alkoxyorganolithiums captured the imagination dfhemists in 1980, when Still and
Sreekumar reported their first preparation in aathnonracemic forfi.They found that these
a-oxyorganolithiums with MOM- or BOM-protecting grpuwere configurationally stable up
to =30 °C (Scheme 1.2).

SnBu; 1. »-BuLi
_>
2.E
OMOM
1. Bu;SnLi
CHO 2. MOMCI
Ph
1.6 SnBu;s 1. p-BuLi
— —_—
",/ 2.E
pn 1 “OMOM
(1S,2R)-1.7 (1R,2R)-1.8

Scheme 1.2MOM-protectedu-oxyorganolithiums

Non-dipole-stabilized organolithiums are represeraso bya-silyloxyorganolithiums. They
undergoretro-Brook rearrangements with retention of configunatyielding enantiopure-
hydroxysilanes:*° All of them are broadly applied in organic synisgScheme 1.3).
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OTMS o €]
n-BuLi SiMe; Li*
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SnBU3 H
($)-1.9 (S)-1.10

W///H /\/\/kﬁ/ u

T™MS T™MS
(S)-1.11 (S)-1.12

Scheme 1.3Non-dipole stabilized-silyloxyorganolithiums

The dipole-stabilized organolithiums are the madable and most important ones. Hoppe et
al. converted primary alcohols to carbamates wiba Cby or Cbx protecting group at the

oxygen atom (Figure 1.3).

0 P 0
NS
(iPr),N )Ly?\} X N //éd\\)

Cb Cby Cbx

Figure 1.3.Alcohol protecting groups

The shielded carbonyl groups direct metalation wBulLi at —78 °C to thex-position of
oxygen. Alkyl-, heteroalkyl, allyl- or benzyl-sulisted organolithiums were found to be

configurationally stable (for a long time) in,Bxat =78 °C**

Moreover (-)-sparteine/BuLi mediated lithiation/substitution sequencedowaéd the
production of highly enantioenriched compoundstistarfrom achiral precursors (Scheme
1.4)12
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1. s-BuLi/Et,O *

AN O Osparte
-)-sparteine, OCb
Ph . ’ y
2. MeOH
H 78 °C to RT
113 5-exo-trig Ph 1.14

Scheme 1.4Synthesis of enantioenrich&dl4from an achiral precursor
2) a-Aminoalkyllithiums

a-Aminoalkyllithiums are presumed to be less confagwnally stable than the-oxy ones.
The proximal C-Li bond is destabilized by a coneaddly stronger antibonding interaction
than that of oxygen, due to the ability of the agien lone pair to coordinate to the lithium. To
enable direct deprotonation at thgosition in certain cases, a superbase reagentohias
used. If nitrogen’s lone pair is conjugated withcarbonyl group or delocalized into an
aromatic ring, then deprotonation is also faciitht The electron-rich oxygen atom of a
carbonyl group additionally stabilizes an orgarmmlim by formation of a five-membered
chelate ring?> Thereforea-aminoalkyllithiums demand lower temperatures abdeace of
chelating agents to obtain the same results asasdtikoxyorganolithiums? Preparation of
enantiopure non-dipole stabilized and acyclic ggean good yields is virtually impossible.
Therefore, they are synthetically unimportant. Untiw, the only exceptions are the stable
aminoorganolithiums prepared by Beak et°df They managed to generate lithiatiel
methyl pyrrolidine and piperidine configurationaliyable up to —40 °C (Figure 1.4). These
compounds retained or inverted their configuratainthe stereogenic center during the

reaction with an electrophile, depending on itsureat
NMe
NMe

SDBU3 S l"lBLl3

1.15 1.16

Figure 1.4.Precursors for lithiateM-methyl piperidine and pyrrolidine
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3) a-Thioalkyllithiums

Generally, only microscopic configurational stalilivas observed foo-lithiated sulfides
derived from primary substituents. Only tertiaryiothlkyllithiums such as the dipole-
stabilized onesl.17 and 1.18 displayed macroscopic configurational stability -at8 °C
(Figure 1.5 This group of alkyllithiums will be discussed ietdil in chapter 2.2.

Li

/

iPrN

- 0
\\\Ll/[z %
Ph S qu/}&<:// S sbLi
-
1.17 1.18
Figure 1.5. Dipole-stabilizedx-thioalkyllithiums

4) a-Selenoalkyllithiums

A variety of findings were acquired during theastigation of the configurational stability of
o-lithioselenides®* It was found that-(phenylselenyl)alkyllithiuntl.19is configurationally
stable at —105 °C in a mixture of THF and@&t1.20is labile at —65 °C in ED andl1.21is
unstable at —78 °C in THF (Figure 1.6). The reaistiof organolithiums can be modulated by

using ligands.

Li

Li Li
\/\)\ )\/k SePh
SePh SePh

1.19 1.20 1.21

Figure 1.6.Severali-(phenylselenyl)alkyllithiums
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5) Alkyllithiums with phosphorus at the-carbon atom

Mechanistic studies demonstrated that becauseedittium-oxygen affinity, most of the-
lithiophosphonates angHlithiophosphonamidates do not contain lithium iancontact with
carbon aton?’ There are only a few examples of phosphorus &aebibrganolithiums, where
a direct bond between carbon and lithium is obskf¥én that case carbanions have an
almost planar structure and 2sphybridization is assumed for the carbon af8ff.
Enantioenriched lithiated phosphane oxides werendoto be configurationally labile,
however, lithiated triphenylphospholarfeZ2 was found to be configurationally stable in the

presence of (-)-sparteine (Figure %).

“*”}O\
Ph P Ph

PAN

phr O
1.22

Li*= Lie(-)-sparteine
Figure 1.7.(-)-Sparteine stabilized lithiated triphenylphosiaime

6) a-Haloalkyllithiums

a-Haloorganolithiums are useful reagents for orgamiathesis even though they were found
to be extremely chemically unstaifeKobrich was one of the first who studied many
haloorganolithiums. He investigated the chemicalbisity and reactivity of chloro-substituted
methyllithiums and found that chloromethyllithius less stable than dichloromethyllithium,
which is at the same time more stable than tricitmthyllithium?>?° A detailed discussion

of a-bromoorganolithiums will follow in chapter 2.1.
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1.1.2. Preparation of alkyllithiums

RX

RH\ /

RLi —<—— RSAr

RTeAr

RCN

RSeAr

Figure 1.8.Preparation of organolithium compouhts

Organolithiums are used in all research laboragogither as bases or as nucleophiles. They
can be prepared by several synthetic methods ssclieprotonation, halogen-lithium

exchange, transmetalation and reductive lithiation.

Deprotonation is the method of choice for compouactsvated by an electron-withdrawing
substituent (C=0, CN, S8...). Homochiral lithium amides proved to be vergfus for that
purpose. The enantioselective metalation of carbesnandN-Boc-protected benzylamines
was achieved by usirgBuLi or n-BuLi in combination with (-)-sparteind 23 Figure 1.9).
These complexes were able to distinguish enanitgpotons resulting in highly

enantioenriched heteroatom-substituted alkyllitrsd

H

1.23

Figure 1.9.(-)-Sparteine



-Introduction-

Reductive lithiation is a reaction of lithium metaith organic halides, sulfides, selenides or
tellurides. Reductive decyanation can be used foe preparation of tertiarya-

aminoorganolithium$®

Transmetalation is a reaction in which substituanésexchanged between two metal centers.
Tin-lithium exchange is the most important transataion reaction, which allows
preparation of organolithiums from organostannangk n-BuLi. It was also a method of
choice in my work, hence it will be described moreletail.

Tin-lithium exchange

Tin-lithium exchange is very useful as it allows theneration of salt free alkyllithium%It
was described for the first time by Seyferth andn&ein the late 1950’s as a novel synthesis
of allyll- and methallyllithiums®3?This transmetalation is thermodynamically con&dland
proceeds rapidly and stereospecifically with retentof configuration at the tin-bearing

carbon atom (Scheme 153

®
SnR, Li © i Li
RLi SnR,
SRS G S S
Rl R2 R] RZ R] R2
1.24 1.25 1.26 1.27

Scheme 1.5Mechanism of tin-lithium exchange

Usually, B4SnR is reacted witn-BuLi at low temperature to yield B8n and RLi {.26).
The equilibrium is shifted to the right, when iR (much) less basic than Bédditionally, it

is a smooth process without the formation of sidelpcts except inert B8n®>* Halogen-
lithium exchange gives salt containing alkyllithium admixture possibly with Wurtz
coupling products. The reactivities of salt freed aalt containing organolithiums differ
considerably. The only challenge with tin-lithiunxckange is the preparation of the
respective enantiopure organostannanes. A widerspe®f solvents can be used, but the
most popular is THF at low temperatures. The measharof tin-lithium exchange can be
explained by formation of pentacoordinated ate-demf.25 Still proposed that the ate-
complex is more stable than alkyllithium and telglin themselves, what is the driving
force for the reactioi! The generated RLi is hardly isolated, but quencheth an

electrophile.
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1.1.3. Configurational stability

The methyl carbanion is isoelectronic to ammonihictv inverts its configuration with high
frequency. The phrase ‘configurational stabilitged in combination with a carbanion refers
to the stability of steric arrangement of its subsnts. It is used to describe wheather a
generated organolithium retains its configuratiamig the reaction. It has a meaning only
when related to a timescale and temperature. Thégewational stability of alkyllithiums

depends on temperature, solvent and the reacself. it

1.1.3.1. Mechanism of inversion of configuration (enantiomerization)

The barrier to enantiomerisation can be determimgdine shape analysis of appropriate

NMR signals’ Different mechansims were proposed for this preces

1. Dissociative mechanism

At first the lithium ion is separated from the &#tedral alkyllithiunt> A solvent separated
ion pair (SSIP) is formed and the carbanion enargiizes via a planar carbanion with &sp
hybridized carbon atom. Rotation of the carbaniod eecombination of the ions give the

alkyllithium with inverted configuration.
2. Conducted tour mechanism

This alternative mechanism was proposed by Cram Gosser® They proposed that the
lithium ion dissociates from the carbanionic centemks to coordination with a Lewis base
in the same molecule and is then delivered to gposite side of the carbanion. This theory is
supported by the crystal structure analysis-dithio-N,N-dimethylbenzylamine, in which a

C-Li-N bridge is observed.
3. Bond rotation

The last mechanism proposed by Gais et alaftiioorganolithiums was also found to apply
to compounds containing selenium asuasubstituent’ The rotational barrier for the C-S or

C-Se bond is increased by bulky substituents ¢stendrance).

10
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1132 Types of configurational stability
Macroscopic configurational stability

If an organolithium retains its configuration beeme generation and reaction with an
electrophile added after some time (aging), it nsidered to be macroscopically

configurationally stablé®* This term concerns a timescale of minutes or more.
Microscopic configurational stability

If an alkyllithium retains its configuration on terscale of an intramolecular reaction or the
addition to an electrophile already present in s@muwhen it is generated, it is said to be
microscopically configurationally stabt®® This term relates to a timescale of seconds or

less.

1.1.33. I nvestigation of configurational stability

Hoffman et al. developed an elegant method to tiy&te the configurational stability of an
organolithium based on kinetic resolution during @ddition to an electrophifeé®* Two

experiments have to be performed. The first onghes control reaction of a racemic
organolithium with a racemic electrophile. If theagstereomeric ratio of the products lies
between 1.5 and 3.0, then the electrophile is Iskeitéor the Hoffmann test. The second
experiment is the reaction of a racemic organalithiwith an enantiopure electrophile. If the
diastereomeric ratio is the same in both experiméhe organolithium is configurationally
labile. However, if the diastereomeric ratios difféhe organolithium is at least partially

configurationally stable.

There are four different energy diagrams possible the Hoffman test. In Figure 1.10.

diagrams for a configurationally labile organolithi are presented.

11
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Figure 1.10.Energy diagram for configurationally labile orgatitalims

Diagram a) displays the reaction of a configuraitynlabile organolithium with a racemic
electrophile. Four different pathways are possilibe the equilibrating enantiomeric
organolithiums. 1 and 2 are in enantiomeric refatm 3 and 4. The decisive factor for which
route the reaction will proceed is the transitidates energy differencdAG*, since the
transition state energies for the formation of bdiastereomers are much bigger than the

barrier to enantiomerisation of the organolithium.

Diagram b) shows the reaction of a configuratignibile organolithium with an enantiopure
(9-electrophile. Only two pathways (1 and 3), diesbeneric to each other, are available for
the equilibrating intermediate. The difference fe transition state energyAG* is still the

decisive factor.

In Figure 1.11. diagrams for a configurationallgide organolithium are presented.

Figure 1.11.Energy diagram for configurationally stable orgathalims

12
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Diagram c) represents the reaction of a configonatly stable organolithium with a racemic
electrophile. Again four different pathways are gbke for the racemic organolithium,
whereas 1 and 2 are available only for tRegnantiomer and 3 and 4 for tH8-e€nantiomer
of the organolithium. As before, 1 and 2 are inrdimaneric relation to 3 and 4 and the overall

diastereoselectivity depends on the transitiorestaergy differencAAG*.

Diagram d) shows the reaction of a configuratignaditable organolithium with an
enantiopure -electrophile. The only possible pathway for tHe)-€nantiomer of the
organolithium compound is 1 and for ti®-énantiomer 3. If the reaction goes to completion,
then the diastereomeric ratio of the final produt#pends only on the enantiomeric ratio of
the organolithiums in the ground state. Consequegtite diastereoselectivity ratio will be 1,

since the enantiomers of the racemic organolitrawenconfigurationally stable.

1.2. Methyllithiums

1.2.1. Known chiral [D ;Jmethyllithiums and their configurational stability

1211 Chiral oxy-[Di]methyllithiums

Chiral oxy-[Di]Jmethyllithiums have been extensively investigatedur group by Kapeller
since 2004 (Figure 1.13§:*°

13
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D H D H D H
DN 3 N
Me,PhSi N (iPr)5Si N Et;Ge N
o Li o Li o Li
(S)-[D;]1.28 (5)-[Dy]1.29 ($)-[D4]1.30
/E Dy (M D \\\H D \\\H
CuHs o L PMBO Li THPO Li
($)-[D]1.31 ($)-[Dy]1.32 ($)-[Dy]1.33
0 0] o)
D H D H
|| D \\\\H \\\\\ \\\\\
(iPrO)zP\ N
0] Li (iPr),N 0] Li  (iPr);H,Cq 0] Li
(S)-[D,]11.34 (S)-[D]1.35 (S)-[D;]1.36

Figure 1.12.Known chiral oxy-[Q]methyllithiums

All of them were found to be microscopically conifrgtionally stable and most of them even
macroscopically. Those with ax,N-diisopropylcarbamoyl protecting group (.35 are
macroscopically configurationally stable at —78 fo€ at least 10 minutes in 2/ TMEDA
and for about 3 hours in THF. However, their chexhstability decreases with increasing the
reaction temperature. They decompose rapidly at 263 The aroyloxy-substituted
analogues, the (2,4,6-triisopropylbenzoyl)oxymdithylms ([D1]1.36), are somewhat less
macroscopically configurationally stable, as they stable only for several minutes at -78 °C
(ee of 98%)? (Diisopropoxyphosphinyl)oxy-substituted methyllitms ([Di]1.34) were
found to be microscopically configurationally stahip to O °C relative to the phosphate-
phosphonate rearrangemé&ht! The configurational stability of chiral methyllitms
undergoing intramolecular rearrangements was aigbesl. Oxymethyllithiums generated as
intermediates of intramolecular isomerizations sugh [2,3]-Wittig and retro-Brook
rearrangements were tested for their configuratiosiability. Silyloxymethyllithiums
[D41]1.28 and [D]1.29 undergoretro-Brook rearrangements with retention of configunati
and exhibit complete microscopic configurationalbgity (ee 95-97%) at temperatures from
=78 °C up to 0 °C. In the case of germyloxymethiyilims [[y]1.30 a small amount of
enantiomerization interfered evidently (ee 90-92%he [2,3]-Wittig rearrangement of
microscopically configurationally stable chiral yédixymethyllithiums [D]1.31 proceeded

with inversion of configuration at -78 °C (ee 94%).Another group of chiral

14
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oxymethyllithiums were those with a PMB- or THP4&xting group ([R]1.32and [D]1.33.
They displayed macroscopic configurational stabilip to —35 °C, the temperature of
chemical decomposition. However, these oxymetiyliins were found to be
microscopically configurationally stable up to 0.°They are valuable synthons for the
synthesis of D-glucose stereospecifically deuterate C-6, which can be applied for the
elucidation of biosynthetic reaction mechanists.

1.21.2. Chiral amino-[D;]methyllithiums

Kapeller studied a variety of chiral aminomethtliitms with regard to their configurational
stability (Figure 1.13§?

0
D H D H

RN S [ N - >N
‘ (EO)P~ X ~ .

CN Li Bn,N Li N Li N Li

Boc Boc
(S)-[D]1.37 (S)-[Dy]1.38 (S)-[Dy]1.39 (S)-[D;]1.40

Figure 1.13.Known chiral amino-[@]methyllithiums

The phosphoramidate-aminophosphonate rearrangelfm@namolecular isomerization, a
[1,2]-Wittig rearrangement) was chosen to testiti@oscopic configurational stability of the
aminomethyllithiumsN-Boc-protected (diethoxyphosphinyl)aminomethyltims ([Dy]1.39
rearranged with retention of configuration and werieroscopically configurationally stable
from =78 °C up to 0 °CN-Boc andN-PMB-protected aminomethyllithiums (j1.39 and
[D41]1.40 were found to be macroscopically configurationédibile even at —95 °C (65% ee,
racemic at —78 °C). The best results concerning dbefigurational stability of chiral
aminomethyllithiums were obtained withN-dibenzylaminomethyllithiums ([§1.38. They
were found to be virtually macroscopically configtionally stable for 15 minutes at —95 °C.
The stability was strongly influenced by the tenspere and complete racemization was
already observed at —45 *€Finally, chiral isocyanomethyllithium ([P1.37) was prepared,
which completely enantiomerized, even when gendrate —-95 °C in the presence of

benzaldehyde as electrophile.
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1213 Chiral chloro-[D;]methyllithiums
In the late 1960’s Korbich and Fischer reportedt thhloromethyllithium {.41) was

chemically unstable (Figure 1.1%).

R! R2

1.41:R'=R?>=H
(R)-[D{]1.41: R' =D, R>=H
(S)-[D;]1.41: R' =H,R?>=D

Cl Li

Figure 1.14.Chiral chloro-[Q]methyllithiums

Despite that, Kapeller succeeded to prove theirasgopic and macroscopic configurational
stability (for [Dy]1.41), which means that they retain their configuratiomm generation to

decomposition. Chloro-substituted methyllithiums revetested for their microscopic
configurational stability at =78 °C, but for theiracroscopic configurational stability at —95
°C. Decomposition was rapid at =78 °C, as indicdigdhe very low yield of the isolated

chlorohydrine on the reaction with benzaldeh$de.

1214 Chiral fluoro-[D1]methyllithiums

It was stated in a review, that fluoromethyllithiuh.42 was extremely unstable and that it
could not be detected by NMR spectroscopy at —12@ohly ethene was detected) (Figure
1.15)%8

1.42:R'=R>=H
(R)-[D;]1.42:R' =D,R>=H
(S)-[D;]1.42: R' =H,R*>=D

Figure 1.15.Chiral fluoro-[D;Jmethyllithiums
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Although many theoretical calculations at variousvels have been performed for
fluoromethyllithium, it has not been prepared umnéitently. Kapeller and Hammerschmidt
found, that chiral fluoromethyllithiums generatedtim-lithium exchange are microscopically
configurationally stable, but extremely labifeMalova repeated the experiments with the
unlabeled fluoromethyllithium. She performed theansmetalations in the presence of
acetophenone instead of benzaldehyde as elecedptinder these conditions the yield of
formed fluoromethyllithium was higher, because Hige reaction, the addition of RLi to
acetophenone was reduced and transmetalation sected the same time. These results were
quite surprising, as only a small portion of theflomethyllithium decomposed and the major
one was added to acetophenone.

1.2.15. Chiral bromo-[D]methyllithiums

Tarhouni et al managed to generate unlabeled bratiyflithium (1.43 which was
stabilized by the presence of LiBr (Figure 1.16).

R! R?

1.43:R'=R?>=H
(R)-[D]1.43: R' =D,R?=H
(S)-[D;]1.43: R' =H,R?>=D

Br Li

Figure 1.16.Chiral bromo-[Q]methyllithiums

The best results were obtained while add#RuLi in pentane to a solution of B2H,, THF,

Et,O, pentane and LiBr at =110 °C. After addition ehbaldehyde, an oxirane was formed.

In 1991 Michnick reported successful synthesisrofbmethyllithium .43 in situ® It was
prepared by bromo-lithium exchange of dibromomeghanth n-BuLi and intercepted by a
carbonyl compound. The yields of the oxiranes weareal or better to those obtained with
chloromethyllithium (Scheme 1.6).
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-BuLi ) RC(O)R!
CH,Br, e lBrCH2L1 ] _RCOR_
-70 °C, THF
1.44 1.43
o @
R O Li RT R ><(l)
—
Rl
1.45 1.46

R=H,R'=n-C;Hys
R=Me, R! =Ph
R =Me, R! = C,H,CO,Et

Scheme 1.6Synthesis of oxiranedga bromomethyllithium formation

Diisopropyl bromomethylboronate was synthesizedvary good yields (86-89%) from
equimolar amounts of dibromomethane, triisopropyllbe anch-BuLi added dropwise to the

reaction mixture (Scheme 1.7).

. B(OiP = MeSO;H

lBrCHlel _BOPY: [ Brem,BOPr,| | MSGH L icH,B(OiPY),
1.43 1.47 1.48

Scheme 1.7Preparation of boronates from dibromomethane

Boronic esters were transformed into their homodsglery good yields were obtained only

for unfunctionalized substrates (Scheme 1.8).

0 R
lBrCHQLil A . Lo
.
\O/ \/@ »(R%)
1.43 1.49 150
RT
— R\/Boch”
1.51

Scheme 1.8Homologation of boronic esters

As far as | know the chiral bromomethyllithium (.43 has not been prepared until now.
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1.2.2. Carbenoids

A ‘carbenoid’ is defined as a chemical speciesibga halogen and a metal atom at the same
carbon atom. The stability of carbenoids dependsindtively on the metal; sodium and
potassium carbenoids are very unstable, wherebgriit carbenoids require very low
temperature to be prepared. However, much mordesspiecies, like tin carbenoids, can be
generated. Lithium carbenoids were first mentiongdloss and Moss in 1964 in a paper on
arylcyclopropanes prepared from oleffisHowever carbenoid formation, as a plausible
intermediate in the reaction of alkyllithiums witfolyhalogen compounds and olefins to

produce cyclopropanes, was already reported in b93@iller and Kim>?

Carbenoids containing a halogen are much moreivedar cyclopropanation than those with
an alkoxy group. Experimental data proved that LiXHwhere X = halogen) can
cyclopropanate olefins efficiently even at —78 Boche et al. calculated the influence of the
leaving group X (X = F, CI, Br, | and OH) on therlsanoid character of the LIGM.>* The
outcome was that activation energies for carbeneittsvarious halogens were almost equal,
whereas the activation energy for carbenoids witlo&l group was about 2.5 times higher. It
can be explained by the fact that the C-X bondeskened by the C-Li bond in the carbenoid
and complexes. The C-I bond was found to be Idsstafl than C-F bond. Formation of the
Li-X bond compensates for the cleavage of the C-0hdy) because of the strong
decomplexation of the LiX transition state. Wherbaggh C-OH bond energy is responsible
for the higher transition state energy in Li§H.>

The most intriguing property of carbenoids is trembiphilic character, what means that they
can react either as a nucleophile or an electrepdipending on the temperattité® This
property can be explained by the simultaneous poesef an electron withdrawing and an
electron donating substituent. At low temperatyedmut —110 °C) the bond between carbon
and metal has a covalent character and the cardberbives as a nucleophifdt reacts with

a variety of electrophiles undergoing reactionse li&cylation, alkylation etc. When the
temperature rises (about —80 °C), carbenoids aeteasrophiles by metal assisted ionization
(MAI). At higher temperatures-elimination takes place and the carbenoids areexted to

carbenes.

It is quite tough to distinguish between carbenadsl carbenes. Stereochemistry may be
helpful, owing to the fact that carbene intermezhatre achiral, whereas carbenoids can be
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chiral, only if they are stable. A chiral carbenaigdergoing a nucleophilic substitution gives
a chiral product, while-addition of a nucleophile to a carbene resulis iacemic product

Kobrich et al. examined the role of solvent in 8tabilization ofa-halocarbanions. They
suggested THF to be the most appropriate to stabdarbenoidsa-Elimination is slowed
down due to the activity of lithium cations as Levdcid and the reduced electrophilicity

caused by the solvation of the lithium cation byapd@ HF >’

A thorough knowledge of carbenoid character allohnesr application as enentioenriched

halocarbanions in the stereocontrolled synth&sis.

1.2.1. Configurational stability of Carbenoids

Because of their applicability in the synthesismewoous experiments were performed to
synthesizer-haloalkyllithiums?* The syntheses of trihalo- and dihaloalkyllithiuesswell as
o-functionalized a-haloalkyllithiums were successfully completed saletimes. The
synthesis of non-functionalized monoalkyllithiumsused some troubles. Bromo- and
chlorocarbenoids decomposed immediately after g¢ioar what implies high chemical
instability, which is attributed to the easy elimiion of LiX. Increasing of the chemical shift
with the rise of the polarization of the haloger>(Br > Cl) for the functional carbon in the
NMR spectrum implies that the carbon atom is etectleficient® This is corroborated by
the studies of Castro and Villieras who explaindte telectrophilic behavior and

decomposition of carbenoids by intramolecular cowion between halogen and méefai*

Therefore to increase the stability of a carbenthid,coordination between the metal ion and
the halogen has to be minimized. It explains whey ttthalo- and dihalocarbenoids are quite
stable in the presence of basic solvents like THHBIPA, since their nucleophilicity is
enhanced. In the case @imonohaloalkyllithium in the presence of HMPé&glimination is
favored and the stabilization can be increaseddoltian for example of a lithium salt which

acts as an electron accepftor.

Boche et al. performed ab initio theoretical stadand calculated the energy difference
between the planar and the more stable tetrahedrdigurations, reflecting the barrier to
enantiomeriztiorf? The outcome of these calculations is presentdaite 1.

20



-Introduction-

X AE
kJ/mol
H 12.6
SiH; 3.4
SH 12.7
OH 46.1
NH, 46.1
F 56.9

Table 1. Relative energy barriers to inversion of configimatof heteroatom-substituted

methyllithiums

The calculations are qualitatively in agreementhwiite experimental findings. Alkoxy-,
amino- and fluoro-substituted organolithiums haighibarriers to inversion of configuration.
On the other hand, sulfur- and silicon-substitudeganolithiums have low energy barriers to
inversion of configuration, what explains their pomonfigurational stability. The much
higher configurational stability of amino-, alkoxgnd fluoro-substituted organolithiums is a
consequence of stabilization of the tetrahedralfigoration by the more electronegative
substituents. Moreover the planar configurationdestabilized owing to the repulsive
interaction of the lone pairs at O, N and F andelleetron pair at the carbanionic carbon atom

in that configuratior??

Hoffman was the first one who investigated the mpmhtional stability of a-
bromoalkyllithium compound®®° Lithium carbenoids were prepared starting fronmisémes
(ee> 97%) and then quenched with a carbonyl compourahasectrophile. The intermediate
lithium salt of halohydrine was transformed into epoxide (ee 99%) on warming up. An
experiment in which acetone was added 10 minutes #fe addition of the RLi at -110 °C
revealed, that thex-bromoalkyllithium was macroscopically configuratally stable®
Moreover it was shown that in the presence of theocho compound as carbenoid precursor,
their equilibration occurred within 20-30 minutest a110 °C. Otherwise a-
bromoalkyllithiums are configurationally statife. Hoffmann demonstrated that the
diastereoselectivity depended on the sequence iohwhe reactants were combined even
more than on the temperat(fd=our methods can be applied.

* In situ method; carbenoids are generated in theepiee of an electrophile

* Reverse in situ method; mixture of substrate aadtedphile is added to theBulLi.
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» Successive method; electrophile is added 10 miraftes generation of carbenoid.

* Reverse successive method; substrate is added etan-BuLi followed by an

electrophile after 10 minut&&®°

1.2.3. Chiral thio-[D {]Jmethyllithiums

1.2.3.1. Sigmatropic rearrangements

A sigmatropic rearrangement involves the shift eflaond across a conjugateeystem. It is
characterized as [n,m] shift, where n is the nundfetoms in one system and m the number
of atoms in the second across which #hlbond migrates. Sigmatropic rearrangement can
proceed suprafacially or antarafacially. In theeca$ a suprafacial migration, the group
migrates across the same face, whereas in theafat& migration the group moves from

one face of the conjugated system to the other.
Wittig rearrangements

These rearrangements are dealt with extensively, because part of my PhD thesis focuses
on the [2,3]-thia-Wittig rearrangement of chiral lydhio- and arylmethylthio-
[D1]Jmethyllithiums.

Georg Wittig is primarily famous for the discovesfalkene synthesis from an aldehyde or a
ketone and a phosphonium ylide in 1954, known ae/fttig reaction (Scheme 1.9).

® 1 R3
R| Ph;P R
>: o + €] R3 —_— R2 R*
R? R? O— PPh,
1.52 1.53 1.54
R! R3
—_— >_<— + PhyP=—=0O
R? R*
1.55 1.56

Scheme 1.9Wittig reaction
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He was awarded the Nobel Prize in Chemistry in 18i@ till now chemists in research
institutions and industry benefit from his discouewittig is also well known for the [1,2]-

and [2,3]-Wittig rearrangements.
[1,2]-Wittig rearrangement

Wittig explored the [1,2]-rearrangement of certathers to isomeric alcohols induced by

alkyllithiums even before the discovery of the \igitteaction (Scheme 1.165.

; |
/\ n-BuLi/THF L 1.[1,2] N
R OR! 78 °C—> RT 2.H'
R OR! R OH
1.57 1.58 1.59

Scheme 1.10[1,2]-Wittig rearrangement

The mechanism of this reaction has been studieddlbly. It was found to follow a radical
dissociation-recombination mechaniéhT.he migrating carbon atom retains its configuratio
whereas inversion of configuration is observedtfar lithium-bearing terminu®. The [1,2]-
Wittig rearrangement is less interesting for resiears than the [2,3] one, because of the
limited substrate choice and restrained yields.rAppate substrates for [1,2]-rearrangements
contain substituents which stabilize either an mmipa radical. The migratory aptitude of R
increases with the stability of the correspondimgical Re (prim < sec < tert-alkyl <
benzyl)’® The vyields are higher for stabilized carbanionsctvican be generated by direct
deprotonation. In summary, the [1,2]-Wittig reagament is nowadays viewed as a special

class of intramolecular radical processes.
[2,3]-Wittig rearrangement

The first time the [2,3]-Wittig rearrangement wdsserved was quite accidental. It happened
during the investigation of the mechanism of th@]Jftearrangement in 1960. When allyl

fluorenyl ethersl.60 were treated witm-BuONa, two different products were obtained,
indicating a [1,2]- and a [2,3]-rearrangement (Scbd.11)"*
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R 1 R2 Rl R2
\(\/ R! ~ /
0 H n-BuONa HO R HO
—_—
[2,3]-product [1,2]-product
1.60 1.61 1.62

Scheme 1.11Rearrangements of allyl fluorenyl ethers

The [2,3]-Wittig rearrangement is presented in Suhd.12.

2' 2'
I \ 3 I' 3
—_—
X—Y X—Y
1 2 1 2
1.63 1.64

Scheme 1.12]2,3]-Wittig rearrangement

It can be described as a thermal isomerization phateeds through a six-electron, five-
membered cyclic transition stateAs an electron pair is shifted from Y to X, thetlatom
should be a heteroatom able to accommodate theasiag electron density. Hence it will
provide, at least partially, the driving force foe rearrangemenit.Y is usually a heteroatom

with non-bonding electron pairs and X an anionroylade.

The rate of rearrangement depends notably on teeygrgap between HOMO (carbanion)
and LUMO (allyl). The smaller the energy gap, andsequently the less stable the carbanion
is, the faster the rearrangemé&nt? Carbanions may be generated either via directlatita
(deprotonation) or transmetalation (i.e. Sn-Li exupe)’?

After formation of the carbanion, the rearrangemgrttceeds fast and selectively at low
temperatures. The [1,2]-rearrangement becomes ddivpeabove —60 °C and the reaction
may result in a mixture of productdConsequently, the range of suitable substratef2f8}-
rearrangements is limited only by the possibilitycarbanion formation at low temperatures

to prevent [1,2]-rearrangement.
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Suprafacial migration through a six electron peasicy 5-membered envelope transition state
is allowed. Several different models (A-C) were pmsed for the ‘folded envelope’
conformation of the transition state (Figure 1.%°7f Finally the ‘Rautenstrauch model’ (A)

was found to be the most compatible wath initio calculations and experimental results as

LN Lo Nwr g\o

A B C

well.”®

Figure 1.17.Models of transition state for the [2,3]-Wittig reengement

A [2,3]-sigmatropic rearrangement proceeds with emsion of configuration at the
carbanionic center. It has been assumed that tlantieselectivity is predominantly
determined by the lithiation stép.

This kind of rearrangement has been widely appiredhe synthesis of natural products
(Scheme 1.13°%3

lV
» on
PN /\/ n-BuLi/THF O/W 2 H+
— = —_—
R 0 78 °C J 3 AN
~r R

1.65 1.66 1.67

Scheme 1.13Mechanism of the [2,3]-Wittig rearrangement

[2,3]- Thia-Wittig Rearrangement

The sulfur version of the Wittig rearrangement fisisomerization in which an-metalated
sulfide rearranges to give a metal thiolate, ugualllithium thiolate, and a thiol as final
product after acidic work-up (Scheme 1.14).
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2'

R LN R}
S
2\
Rl

n-BuLi

1.68 1.69 1.70

Scheme 1.14]2,3]-Thia-Wittig rearrangement

The metal thiolatd.69 may also be quenched with other reagents (i.e) Malive a sulfide.
Deprotonation with an alkyllithium or a lithium ada& is the most common method to
produce aru-thio carbanior* Moreover, tin-lithium exchange is an elegant waynduce a
[2,3]-thia-Wittig rearrangement with very good reieselectivity”* The general scheme of
this reaction is presented above.

The presence of an electron withdrawing group (E®/@h, -CN or SCH* -CO,CHz>®) at

the R position acidifies the neighboringhydrogens and facilitates metalation in preference
to the allylico’-hydrogens. Tin-lithium exchange extends the scopéhe [2,3]-thia-Wittig
rearrangement to substrates without an activatiwgsegroup.

For the first time the [2,3]-thia-Wittig rearrangemt was mentioned in 1971 by
Rautenstrauch’ He converted a series of allyl alkyl sulfides hiots and methyl sulfides
(Scheme 1.15).

SR!
R/\S/\)\ R)><\

1.71 1.72

R/\S></ R
1.73

R = Ph, CHC(CH;),
R'=H, CH;

SR!

Scheme 1.15First [2,3]-thia-Wittig rearrangements reportedRgutenstrauch
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The experiments were performed in THF at tempegatuanging from —30 °C up to +45 °C.
The substrates were lithiated withBuLi for several hours (1-5), followed by hydrolyor
methylation of the lithium thiolates. The carbarsoformed by lithiation at the benzyl
position rearranged very fast, therefore the raterining step was the reaction with
BuLi. Only the products formed by the [2,3]-reagament were observed, without any trace
of product formed by the competitive [1,2]-rearrangent. Rautenstrauch supposed that it
may be the effect of an unstable radical interntedmhich would have to be formed before

the [1,2]-rearrangement.

1232 Configurational stability of intermediate a-thioalkyllithiums

The configurational stability o#i-thioalkyllithiums on the timescale of a [2,3]-tHdittig
rearrangement as well as relative to the internutéecaddition of different electrophiles has
already been investigat&® Ritter and Cohen studied the stabilityosfithiosulfides (.75
Figure 1.18) on the timescale of the intramolecalddition to the carbonyl group. They

found that the loss of stereochemistry at the cadvéc center was slower than ring clostite.

(@) Li
SMe

SPh Ph Li

Ph

1.75 1.76
Figure 1.18.a-Thioalkyllithiums undergoing intramolecular reacts

Other examples of carbanions microscopically camfgionally stable on the timescale of
reaction with an electrophile are equatoriallyiéited sulfides prepared by Reich and Bowe
1.76 (Figure 1.18). They found that-thio- and a-selenocyclohexyllithiums demonstrate
strong stereoelectronic preference for the axiglyated species. Therefore, the equatorially
lithiated species isomerized quickly to the morelix stable form, which was trapped with

electrophiles (MgSiCl, EtCQH, PhSe, MeSQ;).%8

Hoffmann et al. investigated the configurationabdity of sulfur and selenium-substituted
benzyllithiums 1.77. They enantiomerized faster than they added toethetrophile’ -
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Thiocyclohexyllithiums1.78 studied by Reich did not demonstrate configuraticstability
either (Figure 1.19%°

SR
Li
- ph  Ph Li
e Sx
Ph
1.77 1.78
X =8, Se R =Me, p-Tolyl

Figure 1.19.Sulfur and selenium-substituted organolithiums

The configurational stability of some lithiated fadés reported by Reich and Ritter
encouraged Brickmann to investigate their stabitythe timescale of their rearrangement,
not on the timescale of their addition of an elgghile. He proved that thelithiosulfides
1.80 are configurationally stable for their short lifere until they rearrange. The [2,3]-thia-
Wittig rearrangement induced by destannylativeidiibn was stereospecific and proceeded
with inversion of configuration at the carbaniomenter. The [2,3]-thia-rearrangement was
found to be identical to the [2,3]-oxa-rearrangetres far as geometry of the carbanion is
concerned! The competitive [1,2]-rearrangement did not oc&nickmanm performed the
test with two pairs of isomeric compounds, the t@igomersanti andsyn1.79 andanti and
syn1.82 The first onesg-lithiosulfides anti- and syn1.80, were generated by tin-lithium
exchange with retention of configuration. They umdmnt [2,3]-rearrangements, which were
stereospecific and followed an invertive coursehat carbanionic center. Therefore, the
allylthioalkyllithiums were microscopically configationally stable relative to the [2,3]-thia-

Wittig rearrangement (Scheme 1.16).
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BnO S /\‘ BnO S /\‘
/K/‘ "y, M
Ph SnBuj Ph SnBuy

anti-1.79 syn-1.79

n-BuLi n-BuLi

BnO S /w -18°C BnO S/W
i )\)\
Ph)\) @ Ph Li

anti-1.80 N 7 syn-1.80
inv | [2.3] / 23] | inv

4 A
BnO SH ‘ BnO SH )‘
Ph Ph)\) "y
syn-1.81 anti-1.81

Scheme 1.16Allyl-substituteda-lithiosulfides investigated by Briickner and Bricknm

More surprising results were obtained for théenzylthio)alkyllithiumsanti- andsyn1.83
which were also generated by tin-lithium exchange @earranged to thiolatds85 (Scheme
1.17). This time the rearrangements were not steesmfic and furnished two mixtures of
diastereomers (71:29 fanti-1.85 28:71 forsyn1.85. This result can be explained by the
increased activation barrier for dearomatizatiothef phenyl ring during the [2,3]-thia-Wittig
rearrangement. The rate of rearrangement was skaneethe lithiosulfideanti- andsyn1.83
had enough time to partly epimerize. Without doulris product indicative of a [1,2]-
rearrangement was found. During the [2,3]-rearreregeé of benzyl derivatives, the
aromaticity of the ring is lost temporarily. Thisropess is unfavorable from the
thermodynamic point of view and therefore couldofathe [1,2]-rearrangement. The lack of

the [1,2]-shift can be explained by a kinetic bemri Analogous to the [1,2]-oxa
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rearrangement, the rate determining step wouldhbedtssociation of the lithiosulfide to a
radicals, what evidently does not occur easily.

BnO S /\© BnO S
’// M
Ph)\) /$nBu, Ph SnBus

anti-1.82 syn-1.82

n-BuLi n-BuLi

-78 °C
BnO S BnO S

)\/‘ M
e

‘" partial

Ph " Ph Li

epimerization

anti-1.83 syn-1.83
[2.,3] [2.3]
@ (©]
BnO OLi BnO LLi
Ph Ph)\) K7
syn-1.84 syn-1.84
H* H*
BnO SH BnO SH
Ph Ph)\) K2
syn-1.85 syn-1.85

Scheme 1.17Benzyl-substituted-lithiosulfides investigated by Briickner and Bricinm
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There are several studies known concerning the]-{Bi&Wittig rearrangement of

metalloalkyl benzyl sulfides (Figure 1.20).

Li

Li

1.89 1.90

Figure 1.20.Several known metalloalkyl benzyl sulfides

In some cases the rate of the competitive [1,2HdViearrangement was higher than that of
the [2,3]-rearrangement. Hauser et al. reportetl litdated disulfidel.86 underwent either
only a [2,3]-sigmatropic rearrangement or a comtmmaof [2,3]- and [1,2]-rearrangement
depending on the reaction conditichg® Biellmann found that lithiosulfidé.87, rearranged
mainly in a [2,3] fashion, with no traces of protlirom the [1,2]-route, however some [4,5]-
shift was observedf:** Lithiosulfides 1.88% 1.89" and1.90” yielded products exclusively

formed by the [2,3]-rearrangement.

1.2.33. Phosphate-phosphonate rearrangement

Sturtz coined the term the phosphate-phosphoeateangement, which is an isomerization
reactior’®® - an intramolecular [1,2]-migration of a phospHagyoup. Deprotonation of the

phosphate with a strong base (neéBuLi, s-BuLi, LDA), generated a short-lived intermediate
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— a dipole stabilized carbanion. To facilitate teenoval of a proton, at least one substituent
(R! or R) should be an electron withdrawing group suchrasg % an alkinyt® or a
vinyl group®? Hammerschmidt proved the microscopic configuratiostability of the
intermediate  phosphinyloxy-substituted benzyllith&f®® It was reasoned that the
intramolecular phosphorylation takes place via aaphosphirand.93 giving a lithiatedo-

hydroxyphosphonatd..94 Acidic work-up yieldeda-hydroxyphosphonatd .95 (Scheme
1.18)%04

H O Lie—-O

” base ”
P(OR —_— P(OR —_—
Rl O/ ( )2 78 °C Rl O/ ( )2
R? R?
(*)-1.91 (1)-1.92
Li
Li HO 0]
N, G T I
P(OR), R2
R2 >< — P(OR), R2 R!
O Rl
(+)-1.93 (+)-1.94 (*)-1.95

Scheme 1.18Phosphate-phosphonate rearrangement

The conversion ofa-hydroxyphosphonates to phosphates, the phosphphatphate
rearrangement, was also studied thoroudfiyt proceeds by the reverse mechanism of the
phosphate-phosphonate rearrangement. It is assiinaiethe isomerizations with heteroatoms
such as sulfur or NBoc instead of oxygen proceedogously.

It is well known, that breaking up the oligomerdances the reactivity of alkyllithiums. The
lithium cation coordinates to the oxygen atom oé& tR=0O group, which induces the
deaggregation of the alkyllithium base and increabe acidity of the hydrogensto the
oxygen atoms of the phosphate.Application of tin-lithium exchange may solve the
regioselectivity of deprotonatiofi? It is a smooth reaction which gives the desireztipct in
high yield.

Configurational stability of (dialkoxyphosphinyloxy)alkyllithiums

Hammerschmidt et al. investigated the configuratiatability of dipole stabilized carbanions
1.96—1.102(Figure 1.21)1100:103.107
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Liwe——o Liw——o ———
4\ P(OiPr), J\ P(OMe), 4\ P(OEY), 4\ P(OEt),
H O
H
1.96 1.9 1.9

L1<—O Li«——O
Li<€—O P(OEt)2 P(OEt),
|1|>(0E ) o
19}
Me O/
R
1.100: R = 2-Naphthyl 1.101 1.102

Figure 1.21.Several (dialkoxyphosphinyloxy)alkyllithiums

They found that they are microscopically configimadlly stable on the timescale of the
phosphate-phosphonate rearrangement, which proed@dusetention of configuration. The
absolute configuration of the-hydroxyphosphonate derived froin100 was based on a

single crystal X-ray structure analy3fs.
Thiophosphate-mercaptophosphonate rearrangement

If the phosphate is replaced by &ralkyl thiophosphate, metalation occurdo the sulfur
atom analogously to the phosphate. A short-liveldogphinylthio)alkyllithium is formed,
which isomerizes to ana-mercaptophosphonate (thiophosphate-mercaptophoago

rearrangement).

a-Mercaptophosphonates are of great interest inhsyict chemistry’® They are potential
precursors for biologically active compounds, forample the substituted phosphonates
which are glutamine synthetase inhibittfs.Several methods for the preparation of
mercaptophosphonates were already reported: phespinaercaptophosphonat® [2,3]-
sigmatropic rearrangeméht**?and finally phosphate-mercaptophosphonate rearrangement
(Scheme 1.19).
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I =
P(OiPr), n-BuLi )\ P(OiPr),
(iPrO)zll)l/\S/ 35 °C ’ (iPrO)21|)| s
0 1.103 0 1.104
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RX
—_—
(lPrO)ZP P(OIPF)Q
I |
o) o)
1.105

Scheme 1.19Preparation ofi-mercaptophosphonates via phosphataercaptophosphonate
rearrangement

Hammerschmidt and Philippitsch studied the scopk siareoschemistry of thiophosphate-
mercaptophosphonate rearrangen&htSurprisingly, S-alkyl O,0-dialkyl thiophosphates
(1.106 were metalated by trityllithium and lithium amgjedepending on the substituent R
(Scheme 1.20).

0
O Lie«e—O
LV O R b oo
P(OR}) P(OR})
R/\S/ 2 R S/ 2
SLi
1.106 1.107 1.108
I
H* R P(OR'),
\r
SH
1.109

Scheme 1.20Rearrangement &-alkyl thiophosphates

The generated-(dialkoxyphosphinylthio)alkyllithiums are suspett® be short-lived. It was

proven that these thioalkyllithiums are microscaflicconfigurationally stable up to 0 °C.
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2. Results and Discussion

2.1. Chiral bromo-[D jJmethyllithium

Hoffmann et af® were the first to investigate the configurationatability of

bromoalkyllithiums later followed by Kapellét;*” who studied the micro- and macroscopic
configurational stability of chloro- and fluoromstlithiums. | decided to expand these
investigations to bromomethyllithiums, althoughytheere expected to be chemically more

labile than the chloro analogues.

All compounds were first synthesized in the unlebddiorm to find the appropriate synthesis
and optimize the reaction conditions and yields-lithium exchange was considered to be
the method of choice for the generation of bromdwylkthiums, as it proceeds quantitatively

and with retention of configuration. Because of{tihe starting materials for all examined
methyllithiums were prepared from the unlabeled keled tributylstannylmethanols. The

procedure for preparation of the unlabeled speatéssribed in the literature and already used
before in our group was also used by ¥h&.Hexabutylditin 2.1) was reacted witm-BulLi

and the tributylstannyllithium formed was quenchedth paraformaldehyde to give

tributylstannylmethanol?.2) in yields up to 70% (Scheme 2.1).

1. n-BuLi
(Bu;Sn S — N
3Sn), 2. (CH0), Bu;Sn OH
2.1 22

Scheme 2.1Preparation of nondeuterated tributylstannylmethano

This alcohol was converted to the bromitid in very good yield (up to 90%), using a known
procedure with P#P/NBS*****(Scheme 2.2).

Ph;P/NBS
S EE—
/\ CHzCIZ /\
BusSn OH 78°C'to RT BusSn Br
2.2 2.3

Scheme 2.2Synthesis of (bromomethyl)tributylstannane
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The ease of transmetalation of (bromomethyl)trilstisynnane was experimentally tested
(Scheme 2.3).

THF/MeLi
Bu3Sn/\ Br I Bu;SnMe + Li S Br
-78 °C
2.3 2.4 1.43

Scheme 2.3Determination of ease of transmetalation

(Bromomethyl)tributylstannane was transmetalated7&t °C and the reaction was quenched
with trifluoroacetic acid 30 seconds after the &ddi of the 1 M MeLi. The'H NMR
spectrum of the crude product revealed, that it wastually homogenous
tributylmethylstannane containing no recovered tistgr material. This experiment
demonstrated that the bromomethyltributylstannanan cbe easily transmetalated

guantitatively within 30 seconds or even less.

| planned to intercept the bromomethyllithiums witenzaldehyde. Therefore, | decided to
prepare racemic and chiral, nonracemic bromohydrsneeference compounds. The reduction
of w-bromoacetophenone with various reagents gave facamwell as optically active
bromohydrines (Scheme 2.4).

0] OH
g
Ph Ph
2.5 2.6

Scheme 2.4Preparation of bromohydrine

The racemic product was obtained either using*BHF or DIBAH as a reductant, the latter
giving a better vyield (59%)° To obtain the optically active bromohydrine-
bromoacetophenone was enantioselectively reducd(w-DIP chloride. The yield was low
(26%) and the ee as determined’ByNMR spectroscopy of the correspondi®)-Mosher

ester was 94%, whereas ee based on the optictibrofeom literature was 9293

As | wanted to isolate the bromohydrine from theactn of methyllithium with
benzaldehyde, | tested its stability towards foromatof oxirane, a well-known reaction
(Scheme 2.5).
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OH

)\/ MeLi /A 0
Br o /<I
Ph -78 °C Ph

2.6 2.7

Scheme 2.5Test of stability of lithium alkoxide

The bromohydrine is more polar than the phenylmdravhich facilitates isolation without
losses. Furthermore, the ee of the bromohydrine lmandetermined easily by simple
derivatization with MTPACI/pyridine and recording an *H NMR spectrum. Thus, (+)-2-
bromo-1-phenylethanol was converted to the lithiallkoxide with 1 M MeLi at —78 °C in
dry THF. Trifluoroacetic acid was added after 5 mt@s and the reaction mixture was worked
up. The crude bromohydrine did not contain pheriyéme as demonstrated by thi¢ NMR
spectroscopy after spiking the probe with authemnmercially available phenyloxirane.
Consequently, the lithium 2-bromoalkoxide is cheatlic stable at —78 °C for at least 5
minutes and does not give phenyloxirane, which dautierfere with the yield of the desired
bromohydrine. It is known from the literature, tloirane formation is usually brought about

by allowing the reaction mixture to warm up to rotemperature.

Before | started the experiments with chiral brometimllithiums, | wanted to test their
chemical stability with the unlabeled species. Tieroscopic configurational stability was
evaluated when the electrophile was present ontiaddof the alkyllithium used for the
transmetalation. Benzaldehyde was chosen as gdadip because it reacts smoothly with
organolithiums and gives products which can beatsol conveniently. An additional benefit
of this choice is the fact that Kapeller also udseenzaldehyde in her studies on
halomethyllithiums, which allows an easy comparisérihe different halomethyllithiums.
THF was used as a solvent because it was repartadcelerate transmetalation, particularly
at low temperature¥. Transmetalation was performed with 1 M MeLi (4 iequelative to
stannane), which was added dropwise to a solutibnbmmomethylstannane and
benzaldehyde (4 equiv. relative to stannane) inTdti# at —78 °C. The reaction mixture was
stirred for 5 minutes and then quenched with toifbacetic acid. The experiment was
repeated, except that the reaction mixture waeedtifor 15 minutes before quenching. The
yields (19%) were identical for both experimentssgd on théH NMR spectrum of the
crude product, 25% of the starting material wasdmaetalated, of which 80% formed the
bromohydrine and the missing 20% of the bromométhigm evidently decomposed. 1-

Phenylethanol was formed as a side product tathiuin exchange in considerable amounts.
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This finding proved that the addition of MeLi torzaldehyde was faster than tin-lithium
exchange with the stannane. To change the relatites, | replaced benzaldehyde by less
reactive aldehydes such as 4-methoxy- or 4-methyldldehyde and even a ketone such as
acetophenone. Unfortunately none of these eledlespbave better yields than benzaldehyde
(Table 2).

Entry Electrophile Yield (%)
1 Benzaldehyde 18
2 4-Methoxybenzaldehyde 0
3 4-Methylbenzaldehyde 0
4 Acetophenone 13

All entries performed in THF at —78 °C
Table 2. Testing the reactivity of electrophiles

Surprisingly, no bromohydrines were isolated inecad the substituted benzaldehydes.
Although acetophenone gave a bromohydrine, it tsr@ary alcohol which cannot be easily
derivatized with Mosher chloride. The reaction manethad to be stirred at 50 °C for 12 hours
in dioxane compared to secondary alcohols in,@at room temperature to enforce
esterification. Even then the yield of the estesWav. Consequently, benzaldehyde was the

preferred electrophile, although in some casepbenone was used as an alternative.

The synthesis of the chirally deuterated stannytem@bls was previously elaborated and
described by Kapelléf. In short, two diastereomeric boronates were pegpdrom a
stannylmethyl carbamate by borylation and separbyetlash column chromatography. The
desired alcohols were obtained by reduction witlBHitD and then oxidation of the
stannylmethylboronates with hydrogen peroxide ihighasic system of THF and sodium
hydroxide (3.44 M). The configurations of the chyadeuterated tributylstannylmethanols
were deduced from the configuration of the corresipry boronates. It was assumed that
reductive removal of the carbamoyloxy group proeeedith inversion and the oxidative
cleavage of the B-C bond with retention of confagion. Thus R)- and §-boronate gave
(R)- and ©-tributylstannyl-[DJmethanol, respectively. | optimized the reacti@nditions
for the oxidation step by reducing the amount d¥esat from 15 ml to 5 ml for 1 mmol of
substrate. Additionally the flash column chromasgiry of the crude alcohols was performed

with cold (3 °C) eluent, which increased the yield.
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With good vyields in hand for the conversion of thelabeled stannylmethanol to the
corresponding bromide, | repeated the experimetit deuterated stannylmethanol. Although
the yield was very good, the ee of the (bromométiiylitylstannane was unfortunately

unknown.

This deuteratedR)-bromomethylstannane was transmetalated in THR WieLi (1 M in

cumene/THF) in the presence of benzaldehyde at&{8cheme 2.6).

S OH OMPTA-(R)
;<H PhCHO )>/Br (S)-MPTACI )>/Br
BusSn Br MelLi Ph %, Ph ',,,/
p H p H
(R)-[D,]2.3 (28)-[2-D,]2.6 (25)-[2-D,]2.6- MPTA~(R)

Scheme 2.6Microscopic configurational stability test of broAiD;]methyllithium

The bromohydrine @-[2-D4]2.3was obtained in poor yield (11%) with an ee of 551%&-2,
determined by'H NMR spectroscopy of the correspondin&)-Mosher ester.For
convenience, only the ee for the deuterium-bearingarbon atom is given here and
throughout the PhD thesis, although the deuteratetbromohydrine has two stereogenic
centers. That at C-1 is racemic, as the addition of chibabmomethyllithium is not
diastereoselective. Evidently, the intermediate rathibromomethyllithium was not
microscopically configurationally stable, but enamterized partly. The low yield was
attributed to the chemical lability of bromomethtylium and incomplete transmetalation.
Bromomethylstannane could be detected in the cpudéuct, indicating that the addition of
MeLi to benzaldehyde was faster than transmetalafibe identical enantiomeric excess (57
and 56%) of the both diastereomeric Mosher estaenme very suspicious. Alternatively, it
was possible that the starting deuterated bromoyistimnane was not enantiomerically pure
as initially assumed. It could easily have had aroeabout 60%, which would result in the
same ee at C-2 of the bromohydrine if the chiranomethyllithium is microscopically

configurationally stable.

Before conducting further experiments addressing ¢bnfigurational stability of chiral
bromomethyllithium, the enantiopurity of chiral ¢{onomethyl)tributylstannane was
examined by the method used for the chloromethytetae®® When the chiral chloro
analogue was prepared, its ee was determined indepdy by derivatization with a
homochiral thiol and investigating the formed sigfiby'H NMR spectroscopy. The lithium
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salt of homochiral thiolR)-2.8 was reacted with the bromo-{[inethylstannane to very likely
diastereomeric sulfides (Scheme 2.7).

H
X 1. n-BuLi, 0 °C 5 SnBu
(R)-2.8 (1S,2R)-2.9

Scheme 2.7Investigation of the enantiopurity dR)}-[D1]2.3

As their ratio was found to be 80:20 (Hyf NMR spectroscopy), the ee of the underlying
bromo-[DyJmethylstannane was 60%, assuming no deteriorafi@e during the &-reaction
with the thiol. But bromide ions liberated by sutgion are unlikely to be good competing
nucleophiles compared to thiolate, which would gpartial racemization of the starting
bromide. Therefore, the low ee of chiral bromomkttannane in the experiment with
NBS/PhP can be explained by the fact that bromide ioesgmt in the reaction mixture may
react with the already generated bromomethylstamnriBims unfavorable reaction proceeds by
an $2 mechanism, causing inversion of configurationséatisfied with this result, |1 had to
look for a better method of replacing the hydrogybup of deuterated stannylmethanol

stereospecifically.

Several methods and various reaction condition® wardied to find the best way to obtain
enantiomerically pure bromo-f[nethylstannane. For convenience, the procedure was

optimized with 2-naphthylmethanol instead of trigstannylmethanol (Scheme 2.8).

—_—

2.10 2.11

Scheme 2.80ptimization of bromide synthesis from primary dob

Apart from the entry with NBS, the approaches weased on modified Mitsunobu reactions
(Table 3). The reaction with NBS was performed @aweha reference reaction and to obtain a

reference sample of bromi@ell
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Entry Reagent Solvent Temp. (°C) | RBr/ROH? | Yield (%)
1 NBS/PhsP CH,Cl, -78 - 99
2 C,HsBr/PhsP/DIAD Toluene -20 -0 1.68 63
3 C,HsBr/PhsP/DIAD CH,Cl, -50 — RT 0.31 24
4 | CHsBr/Phop/DIAD | TOMENS/CHC 50 T - 0
5 C,HsBr/PhsP/DIAD THF -20 0.15 13
6 C,HsBr/PhsP/DTBAD Toluene 0 - RT 1.86 65
7 Phs;PHBr/Phs;P/DIAD Toluene® 0 1.79 53
8 Phs;PHBr/Phs;P/DIAD Toluene® 0 - RT 4.73 83

@ molecular ratio based dhl NMR
b5 ml of solvent for 1 mmol of substrate

©4 ml of solvent for 1 mmol of substrate
Table 3.Preparation of bromomethylnapthaline: conditiond eesults

When GHsBr was used as bromide source, it was assumedthehanolate io2.13would be
alkylated at nitrogen with release of bromide i@ml give2.14 This could react with the

alcohol in the known way to give alkyl bromide awabthyl hydrazo ester (Scheme 2.9).

0 0
)k 1% R )J\ _N R EtBr
R N~ - R N Y —
I
®PPh; O ®PPh;  Og
2.12 2.13
0 Et 0 Et

)J\ | 1 )J\ | o
RIOH B

N R N R ® r

R N7 \”/ > R * PhP—OR!

B> ®PPh; O o)
2.14

2.16

2.15 l

R'Br + PhyPO

R =iPrO, OrBu

2.17 2.18

Scheme 2.9Mechanism of the Mitsunobu reaction withHgBr (entries 2-6, Table 3)

41



-Results and Discussion-

Unexpectedly, the yield was good only in tolueng, ¢ould not be improved. Finally, solid
and commercially available gP*HBr was selected as bromide ion source for thisiMobu
reaction in combination with toluene as solventtrijea 7 and 8). The best yield for 2-
naphthylmethanol was 83%. With tributylstannylmetblaas a substrate, the best obtained
yield was only 49% (Scheme 2.10).

R, R PhyPHBI/Ph;P/DIAD R2/}<R1
2 - “
BusSn OH Toluene, 0 °C to RT Bu;Sn Br
49%
2.2:R'=R’=H 2.3:R'=R’=H
(S)-[Dy]2.2: R'=H,R?>=D (R)-[Dy]2.3: R'=H,R?>=D
(R-[D;2.2:R'=D,R>=H (S)-[Dy]2.3: R'=D,R>=H

Scheme 2.10Preparation of chiral (boromomethyl)tributylstannane

Again the experiment with the unlabeled tributytstdmethanol did not cause any problems,
but the ee of deuterated product was still too (62£6). The first experiment was performed
at 0 °C with the reaction time of 90 minutes, agalssly to the one with the unlabeled
compound (entry 1). Lowering the temperature f@ téaction itself, applying the reaction
mixture to silica gel column without prior work-ugmd also lowering the temperature of the
eluent to 3 °C increased the ee of the bromomedthysine. Therefore, the final experiments
(entries 3-5, Table 4) were carried out in the ¢oloim (3 °C) using a precooled eluent (3 °C).
When the reaction was performed at —25 °C andlésé icolumn chromatography in the cold
room, the ee of the bromide reached a value9®6 (entry 5, Table 4). Unfortunately, the
yield was only 35% but tolerated, as the high edtered more.
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Entry S::’:;Lacttea/ Temp. (°C) | Yield (%) | ee (%)
(S)-2.2/(R)-2.3 0 77 62
2 (S)-2.2/(R)-2.3 0 62 77
3° (R)-2.2/(5)-2.3 0 48 74
4° (R)-2.2/(5)-2.3 -10 45 94
5P (R)-2.2/(5)-2.3 -25 35 >99

& Substrate and product are labeled

P Experiments performed in cold room (3 °C)

Table 4.Optimization of chiral (bromo-[EJmethyl)tributylstannane synthesis: conditions and

results

In the first experiment to test the microscopic fgurational stability of chiral bromo-
[Di]methyllithium, MeLi was added to the stirred sadat of benzaldehyde and
bromomethylstannane at —78 °C at once and no brgdniole was formed. | suppose that
addition of 1 ml of warm (RT) MeLi increased thenjgerature of the small reaction volume
and induced complete decomposition of the genetatachomethyllithium. Therefore, in the
following approaches MeLi was added drop by droprew seconds. Moreover, because the
1 M solution of MeLi in cumene/THF used for thesfirtwo experiments was not
commercially available any more, the 3 M solutiondimethoxymethane was bought and
diluted with THF to obtain a 1 M solution. Experintg, in which the 3 M solution of MeLi

was used for tin-lithium exchange yielded no orydrdces of product.

After having optimized all procedures, | could star test the microscopic configurational
stability of chiral bromo-[Blmethyllithium. Several experiments were conduaed78 and —
95 °C, with benzaldehyde and acetophenone as @péddies and bromo-[Bmethylstannanes

prepared using different procedures (Table 5).
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Entry| Electrophile | Temp: | Yield | Configuration/ec [zf:.‘g;ii.e
Benzaldehyde -78 11 (R)/60 57

2 Benzaldehyde -78 18 (R)/77 76
Acetophenone -78 12 (R)/77 75

42 Benzaldehyde -95 (S)/74 -
Benzaldehyde -78 9 (5)/94 93
Acetophenone -95 31 (5)/94 93
Benzaldehyde -78 14 (5)/=99 =99

 Transmetalation performed with undiluted 3 M MéaLdimethoxymethane

Table 5. Transmetalation/trapping experiments with |23

The segments ofH NMR spectra of [2-5]2.6-(R)-MTPA for entries 1, 2, 5 and 7 are
presented below. Spectrum A was recorded for theemolar diastereomeric Mosher ester

obtained by preparative TLC, spectra B-D of thetomes of the diastereomeric esters. The

configurations were assigned on the basis of tReMosher ester of §)-2-bromo-1-

phenylethanol (ee 94%) prepared by enantioseleotigection with (+)-DIP-chloride. It was
assumed that the addition of bromodethyllithium to benzaldehyde follows a retentive

course in analogy to chloromethyllithiuth.
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B
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A ee 57%, (8 29-[1-D1]2.6-(R)-MTPA
B ee 76%, (§ 29-[2-D4]- and (R, 29-[2-D4] 2.6-(R)-MTPA
C ee 93%, (8 2R)-[2-D4]- and (R, 2R)-[2-D4] 2.6(R)-MTPA
D ee 99%, (§, 2R)-[2-D4]- and (R, 2R)-[2-D1] 2.6-(R)-MTPA
Figure 2.1.Relevant parts oiH NMR spectra (400 MHz) of [2-02.6-(R)-MTPA

The results in the Table 5 show that the ee of braethyllithium is always somewhat lower
than that of the starting bromide irrespective lod electrophile used. However, the ee as
determined byH NMR spectroscopy could be a little too high, hessathe relevant signals
were in a region where overlapping signals of intmg could have interfered. Surprisingly,
the yield was highest for acetophenone. The firstxgeriments confirmed my assumption
that the ee of the deuterated bromohydrine at @xded solely on the ee of the bromo-
[Di]Jmethylstannane. Therefore, a lot of attention dagoted to the investigation of a suitable
method for the conversion of the stannykidethanol of 99% ee to bromo-

[Di]Jmethylstannane of the same ee. Eventually | mahagerepare enantiopure bromide,

45



-Results and Discussion-

which was converted to labeled bromohydrine of th@me ee. Therefore, chiral
bromomethyllithium is microscopically configuratialty stable at —78 °C on the timescale of
the addition to benzaldehyde or acetophenone. timfately it is chemically too labile to
address its macroscopic configurational stabilithe low yield for this reaction can be
explained by careful inspection of thid NMR spectrum of the crude product. For entry 7
with a yield of only 14%, | found the following ratof products: starting material : PhCHO :
bromohydrine ([R]2.6) : BusSnCH; (2.4) : PhCH(OH)CH (2.19 =2.0: 1.62 : 0.10: 0.35:
4.18 (Scheme 2.11).

R! 2 1 2
Z R MeLi R, MR
. ————» Bu;SnMe + /<
Bu;Sn Br THF/-78 °C Li Br
(S)-[D]12.3: R'=H,R>=D 2.4 (R)-[D;]1.43: R' =H,R>=D
1. PhC(O)R
2. CF;CO,H
OH
OH
Br +
Ph :
Rl //RZ Ph Me
(R)-[2-D;12.6: R' =H,R*=D 2.19

Scheme 2.11Transmetalation/trapping experiment wig)-[D1]2.3

The ratio of B4SnCH; to bromohydrine of 0.35 : 0.10 indicates that oohe third of the
bromomethyllithium formed by transmetalation addsbenzaldehyde and evidently two
thirds decompose (possibly to LiBr and carbene). ths additionof methyllithium to
benzaldehyde was faster than transmetalation, oaly small amount of the
(bromomethyltributylstannanes was consumed byittindm exchange, what explains the

low yields. The major portion of the starting méikwas recovered.
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2.2. Chiral thio-[D jJmethyllithiums

2.2.1. Chiral

mercaptophosphonate rearrangement

(diisopropoxyphosphinylthio)-[D ;Jmethyllithium -  thiophosphate-

The studies on the configurational stability obthniethyllithiums started with the synthesis of
adequate stannanes as in the case of the bromdhtiethhms. The starting material for the

preparation of unlabeled stannane was the alreadgwhk and easily available

bromomethylstannan@.3. It reacted smoothly with the triethylammoniumtsaf O,O-

diisopropyl thiophosphoric acid to form ti®tributylstannylmethyl thiophosphat2.20 in

92% vyield (Scheme 2.12).

0]
(iPrO)P_ S@HTG\BIE 0
PN 43
Bu3 Sn Br 929%, > (IPFO)ZP\ /\
S SnBu3
2.3 2.20

Scheme 2.12Preparation of nondeuterated stannane precursor

The stananne was transmetalated with MeLi, gemgrdphosphinylthio)methyllithiun2.21,

which underwent a thiophosphate-mercaptophosphaeareangement characterized by the

migration of the phosphinyl group from the sulfarthe carbon atom (Scheme 2.13).

0
RQ % MeLi/THF

(iPrO),P
~ S SnBu 3

2.20:R'=R?>=H
(R-[D;]2.20:R'=D,R?>=H
(S)-[D;12.20: R' =H,R?>=D

o

NS .
S P(0iPr), CH,;CO,H

By 2
Lis” 2 R
Rl

222:R'=R?>=H
(S)-[Dy]2.22: R'=D,R?>=H
(R)-[Dy]2.22: R'=H,R>=D

| O
J— R?
(z'PrO)ZP\S 2 rearrangement
R

221:R'=R?>=H
(S)-[Dy]2.21: R'=D,R?>=H
(R)»-[D]2.21: R' =H,R>=D

o

I
(iPrO),P

Rl

SH

223:R'=R?>=H
(S)»-[Dy]2.23: R'=D,R?>=H
(R)-[D]2.23: R' =H,R>=D

Scheme 2.13Thiophosphate-mercaptophosphonate rearrangemeri2 @f
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Two minutes after the addition of MeLi, acetic avids added. Extractive work-up and flash
column chromatography gave mercaptomethylphospkho2a23 in 60% vyield. Two
experiments were performed; one at —78 °C addiegMBLi at a rate of one drop every 3
seconds and the second one at 0 °C adding MeLilgyajvop every second. Even though the
yield at 0 °C was only half of that at —78 °C, iasvsufficient for the evaluation of the
configurational stability of the intermediate thiethyllithium (Table 6).

Entry | Temp. (°C) | Time (min) | Yield (%)

1 -78 2 60
2 0 1 33

Table 6. Transmetalation/trapping with nondeuterated series

Finally, an appropriate homochiral derivatizing miglor mercaptomethylphosphonate, which
would give an AB system in th#d NMR spectrum for the SGIR group and which would
thus allow ee determination in the labeled seras$ to be found. The thiol was reacted with
(R)-phenyloxirane and gave two diastereomers, whishidc be easily separated by flash
column chromatography (Scheme 2.14). Luckily, tHeNMR spectra of both derivatives
displayed nice ABX systems (X = P) for the S@Hjroup.

0
0 OH e}
I —_— I . + S P(OiPr),
(PrOyP~__SH Sw_-POPr),  HO =~
R]\\ R2 RZ\ R! Ph
223:R'=R?>=H 224:R'=R?>=H 225:R'=R?>=H
(R)-[Dy]2.23:R'=D,R?>=H (R)-[Dy]2.24:R'=D,R?>=H (R)-[Dy]2.25:R'=D,R?>=H
(S)-[D{]12.23: R' =H,R*=D (S)-[D{]2.24: R'=H,R*=D (S)-[D]2.25:R' =H,R*=D

Scheme 2.14Derivatization of2.23with (R)-phenyloxirane

Since the studies on the thiomethyllithiums werenduwted in parallel to the
bromomethyllithiums and at that time | still didtrnieave developed the appropriate method
for the synthesis of enantiopure bromomethylstaenaamother route to thiophosphate
[D1]2.20had to be elaborated. Tributylstannylmethyl mesy{a.26) previously prepared and
used in our group seemed to be the best precursoraf variety of substituted

thiomethylstannanes. The alcohol can be easily Iaesl/with very good yield, allowing the
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synthesis of nondeuterated and deuterated trillabigimethyl thiophosphates (Scheme
2.15).

1. THF, TMP, -78 °C

L 2. n-BuLi L
’, - ’,

Bu;Sn OH 3. MsCl Bu;Sn OMs
22:R'=R?=H 2.26:R'=R*=H
(S)-[Dy]2.2: R'=H,R?>=D (S)-[Dy]2.26: R! = H,R>=D
(R-[D;]2.2:R'=D,R>=H (R-[D;12.26:R'=D,R>=H

0
(iPrO)P_0© @ e) ) |
S HNEt, I R \\\\R
> (iPrO),P X
79% s SnBu,
for 2 steps

2.20:R'=R>=H
(R)-[D{12.20: R' =H,R>=D
(S)-[D;]2.20: R' =D, R?>=H
Scheme 2.15Preparation of thiophosphat220

Now, the microscopic configurational stability oficst-lived thiomethyllithiums [R]2.21

could be addressed under various reaction condi{ibable 7).
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ey Substote/ | Temp | Time | pu | soven| Yl | o
1 (S)-2.20/(R)-2.23 0 0.25 | Meli THF 41 23
2 (S)-2.20/(R)-2.23 -78 1 MelLi THF 60 62
3 (R)-2.20/(S)-2.23 -95 3 MelLi THF 25 61
4 (R)-2.20/(S)-2.23 ~95 20 MeLi® | THF 36 52
5 (R)-2.20/(S)-2.23 ~95 3 n-Buli | THF 68 52
6 (R)-2.20/(S)-2.23 | -110 15 MeLic | Trapp® 0 -
7 (S)-2.20/(R)-2.23 ~95 1 MeLi® | Et,0 22 77
8 (S)-2.20/(R)-2.23 0 1 MelLi Et,0 56 0

& Substrate and product are labeled.
Retention of configuration for the rearrangemerassumed
3 M MeLi in dimethoxymethane
€1.6 M MeLi in EtO
YTHF: EtO:pentane = 4:1:1
€1.05 Equiv. MeLi

Table 7. Transmetalation and rearrangement of] Z2Q conditions and results

Unfortunately, no conditions could be found undéick phosphinylthiomethyllithiums were
configurationally stable. One can see that sim@aantiomeric excesses were obtained
independent of reaction time and the alkyllithiused for transmetalation at temperatures
below —78 °C. The experiment performed inEgave the highest ee, but in low yield (22%,
entry 7). The (phosphinylthio)methyllithium racemizcompletely at 0 °C in &, while it
showed some modest ee in THF. In the hope to iserdee ee the temperature was lowered
to —110 °C, but then no product was detected. Alghothe Trapp mixture was used as
solvent, the reaction mixture solidified hinderitig stirring and stopping of the reactidf.
This experiment was repeated several times, byt @amte traces of product were obtained.
Because of the small amount of product, derivatratvas not possible and the ee could not
be determined. On the other ha&deuteromethyl thiophosphaPe27 was isolated as a side

product, proving that transmetalation had occurbed nhot the rearrangement (

Figure2.2).
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0
(iPrO),P
2 \S/\D

2.27

Figure 2.2.S-Deuteromethyl thiophosphate

To determine the ee, the method already tested@runlabeled series with phenyloxirane,
was tried. To my surprise, no deuterium was foumthe products! To find out at which stage
the deuterium exchange took place, some additexariments were performed. To exclude
exchange in the derivatives, their unlabeled fonwese stirred with base in deuterated

isopropanol for several hours. Deuterium was nabiporated into the two derivatives
(Scheme 2.16).

OH (|)|
S P(OiPr
Ph/'\/ ~_ PO,

2.24 K,COj;

I
S -
HO /Y \/P(OzPr)2
Ph
2.25

. > No exchange of H for D!!!
iPrOD

Scheme 2.16lnvestigation of the deuterium exchange in prod@c24 and2.25

Thus the deuterium exchange had to occur before, after derivatization. Therefore,

unlabeled2.23was derivatized in [Bisopropanol with KCO; and pyridine as bases (Scheme
2.17).

0
0 . OH 0 |
| I iPrOD < | ' * o S P(OiPr),
(PrO}P __SH  Base o \2/ P(OiPr), \{
Ph R!
Rl
2.23 224:R'=HorD 225:R'=HorD

Base: K,CO3:82% D in 2.24 and 2.25
pyridine : 9% D in 2.24 and 2.25

Scheme 2.17. Investigation of deuterium exchange during derkatton of
mercaptomethylphosphon&e23

51



-Results and Discussion-
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Figure 2.3. Segment ofH NMR spectrum (400 MHz) of the produ2t25 obtained in the
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Figure 2.4.Segment ofH NMR spectrum (400 MHz) of the produ2t25 obtained in the

experiment with pyridine
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The'H NMR spectra of the isolated derivatives enabledntjfication of H/D exchange. For
the experiment performed with,&O; as a base, the integration for the SEgroup was
0.35 instead of 2.0 (Figure 2.3). It means thatetkehange of protium for deuterium was high
(82%). However, the H/D exchange with pyridine asdy although less basic thapCs;,
was significantly lowered, but still too high (9%) be negligible. The integration for the
SCHP group was 1.83 instead of 2.0 (Figure 2.4). Theeggeriments revealed that the
deuterium exchange occurred before derivatizatmhdeecreased by going from®0; to the
very weak base pyridine. It is unclear how a baseldc affect exchange of H for D in
mercaptomethylphosphonate, but not in the deriea®24 and2.25 With these findings in
hand, this method for the determination of ee lwaldet abandoned. Popular Mosher chloride
did not give a product in the reaction with mercapethylphosphonate for unknown reasons.
Finally | tried R)-(+)-1-phenylethyl and R)-(—-)-1-(1-naphthyl)ethyl isocyanates as chiral
reagents to convert mercaptomethylphosphonateidoatbamates (Scheme 2.18). The latter
reagent was more advantageous, as the resonandés @&BX system in théH NMR

spectrum were better separated.

\

(S}-MTPACY Phy OMe (|)|

Pyridine Y . S S P(OiPr),
¢} R?>" "R!

| ©
(:PrO)zP\< SH [D,]2.23- MPTA~(R)
R]\\\‘ R2 NCO (0]
(R) H I

223:R'=R2=H R _ N S\< P(OiPr),
(R-[D,]2.23:R' =D, R2=H N,
R o & R

(S)-[D;12.23:R' =H,R?’=D
(R)»-2.28 or2.29: R' =R2=H
RR)-[D;]2.28 0r2.29: R' =D, R?>=H
(R,R)-[Dy]
S,R)-[D;]2.28 or2.29: R' =H,R?>=D
( |

2.28: R = Phenyl
2.29: R = 1-Naphthyl

Scheme 2.18Derivatization of mercaptomethylphosphonai23
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2.2.2. Chiral allylthio-[D 1Jmethyllithium - [2,3]-Wittig rearrangement
Allyl- and (arylmethylthio)methyllithiums were ingégated for their configurational stability
relative to the [2,3]-Wittig rearrangement. Theethrrequired stannanes were prepared by

alkylation of sodium thiolates with stannylmethyégylates (Scheme 2.19).

| 2
1. THF/+-BuONa, -30 °C R &8
2.2.26 >\
RSH > RS SnBu,

2.30,2.31,2.32: R'=R?>=H
(R)-[D;]2.30,2.31,2.32: R =D, R>=H
(S)-[D;]2.30,2.31,2.32: R' =H,R?>=D

24 g

R= /\/‘?‘L/ OO

2.30 2.31 2.32
Scheme 2.19Preparation of unlabeled thiomethylstannanes

The yields for the compounds30Q 2.31 2.32 with a particular substituent are given in the
Table 8.

Entry Product Yield (%)

1 2.30 84
2 2.31 92
3 2.32 82

Table 8.Preparation of the stannane precursors: results

At first the nondeuterated allylthiomethyllithiumaw prepared. The stannafe30 was
transmetalated with excessBuLi to induce a [2,3]-sigmatropic rearrangemeémtperiments

in the unlabeled series revealed that transmetalatias complete. No starting material was
detected after work-up. The crude product was imately derivatized without purification
because of its volatility. To determine the eeiédr(R)-(+)-1-phenylethyl andR)-(-)-1-(1-
naphthyl)ethyl isocyanate as chiral derivatizingeratg. This time the former proved to be

better, because the naphthyl-substituted isocyahdteot give a carbamate (Scheme 2.20).
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RS SnB RY Li
| Y 1B n-Buli -BuLi Y ! [2 3]
K/ S K//»

2.30: R'=R>=H 2.33:R'=R*=H 2.34:R'=R>=H
(R)-[D;]2.30: R' =D, R?>=H (S)-[D;12.33:R'=D,R>=H (R)-[D]2.34:R'=D,R>=H
(S)-[Dy]2.30: R' =H,R>=D (R-[D;12.33: R'=H,R*>=D (S)-[Dy]2.34:R' =H,R?>=D

1 H' \( \”/ Yv
~
5 NCO 4
(R)
R

2.35:R'=R*=H
R = Phenyl (R,R)-[D]2.35:R' =D,R?>=H
R = 1-Naphthyl (R.S)}-[D]2.35: R' =H, R?=D

Scheme 2.20.Rearrangement and derivatization of (allylthiodidethyl)tributylstannane
2.30

Chiral allylthio-[Di]Jmethyllithium was prepared from stannaBe0 by transmetalation to
induce a [2,3]-sigmatropic rearrangement. The teswith the deuterated precursors are

compiled in Table M-BuLi (1.2 eqiv.) was used for transmetalationlircases.

Entry | Substrate/ Product?® T(eonc1|): ) ;rn':‘ne) Solvent Y(if/:c)lb (s/‘:)
1 (S)-2.30/(S)-2.35 -95 10 THF 83 >95
2 (5)-2.30/(S)-2.35 -78 10 THF 95 91
3 (5)-2.30/(S)-2.35 -40 10 THF 99 83
4 (5)-2.30/(S)-2.35 0 3 THF 72 71
5 (R)-2.30/(R)-2.35 -78 10 Et,0 62 50
6 (R)-2.30/(R)-2.35 0 3 Et,0 45 20

& Substrate and product are labeled

® Yield given for 2 steps

Table 9. Transmetalation and rearrangemen? &0 conditions and results
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| assumed that the rearrangement proceeds withsioveof configuration at the carbanionic
center as found for secondary allylthioalkyllithismby BriickneP* The experiments
performed in THF and BED demonstrate that chiral allylthiomethyllithiumsrea
configurationally labile and that their configuial stability increased with decreasing
temperature. They were more stable in THF tha@ &t the same temperature (entries 4 and
6, entries 2 and 5) However, they enantiomerizdg wary slowly at —95 °C (entry 1). In
summary the chiral allylthio[Bmethyllithiums are microscopically configuratiolyaktable

below —95 °C relative to the [2,3]-rearrangement.

Interestingly, a crystalline side product was addways isolated when the carbamate was
purified by flash column chromatography. It tookmso time to solve the riddle which
compound it was, since tHel NMR spectrum exhibited the resonances of a 1-yleéyl
group. After employing all analytical techniquekniow, it turned out to be a compouR®B6
with a threefold axes of symmetry (Figure 2.5)wis formed from three molecules of

isocyanate.

2920. 89
2914. 65

L5914
2807

_-715.20
=~708.12

2406. 78
L2399 74
N-2392-61

2385.53

Figure 2.5.Side produc®.36and its'H NMR spectrum

After the success with chiral allylthio-substitutd®,]methyllithiums, | expanded the
investigations to benzylthiomethyllithiums and theonfigurational stability. Again the
microscopic configurational stability relative twet[2,3]-rearrangement was investigated. The
unlabeled (benzylthiomethyl)tributylstannane wamnsmetalated and the thiomethyllithium
2.37formed at —30 °C underwent a [2,3]-rearrangemBme. dearomatized intermedi2e38
was generated, which isomerized by a formal [1,3kit to the lithium 2-methylphenyl-

methanethiolate (Scheme 2.21). The low boiling pofrthis thiol forced me to not isolate it
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by flash chromatography, but instead to derivatiz@ith (R)-(+)-1-phenylethyl isocyanate

immediately without purification.

S SnBu; S Li R o
: A4 Y R
1 n-BuLi 1 2.3 : @
R > ‘) R’ 23] > S@Li
231:R'=R*>=H 2.37:R!'=R*=H 2.38:R'=R’=H
(R)-[D;12.31: R'=H,R*>=D (S)-[D4]2.37:R' =H,R?>=D (R-[D;12.38: R'=H,R?>=D
R2 Rl R2 Rl
S S
rearomatization O H N
> s @ —> SH
Li
2.39:R'=R>=H 240:R'=R>’=H
(R)-[D]2.39:R'=H,R>=D (R)-[D,]2.40: R' =H,R>=D
NCO R! R? 0 Ph
(R) 2
Ph y
- > S N
H

2.41:R'=R>=H
(R,R)-[D]2.41: R' =H,R>=D

Scheme 2.21]2,3]-Rearrangement of (benzylthiomethyl)tributyleane 2.31)

The experiments in the deuterated series were mpeefd in THF, usingn-BuLi for
transmetalation (Table 10).
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Substrate/ Temp. Time Yield® o
Entry Product® (°C) (min) (%) | €& (%)
(R)-2.31/(R)-2.41 _30 30 43 0
2 | (R)-2.31/(R)-2.41 _50 25 59 0
(R)-2.31/(R)-2.41 _78 10 - no [2,3] !

& Substrate and product are labeled

® Yield given for 2 steps

Table 10.Transmetalation and rearrangemen2 &1 conditions and results

Surprisingly, benzylthio-[EJmethyllithium rearranged down to -50 °C and gaveéhml
racemic at the deuterium atom bearing carbon atdinen the reaction temperature was
lowered to —78 °C, transmetalation occurred, b [B,3]-rearrangement did not. The
reaction was quenched with trifluoroacetic acidhwito further work-up. The intermediate
thiomethyllithium2.37 was protonated and gave benzylmethylsulfidZ Figure 2.6). The
high activation energy needed to overcome the srsmnenergy of benzene (36- kral™)
blocked the [2,3]-rerrangement at —78 °C.

2.42

Figure 2.6.Benzylmethylsulfide

Inspired by these findings, | decided to study thieroscopic configurational stability of
Unlabeled
(benzylthiomethyDtributylstannane was transmetaladt —78 °C for 10 minutes and after that
time benzaldehyde was added (Scheme 2.22). Thaal2at3 was obtained in good vyield

and it was converted to th&®)¢Mosher ester for the determination of the eehatlabeled

benzylthiomethyllithiums relative to the additiono tan electrophile.

carbon atom byH NMR spectroscopy.
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1 1
R R 1. MeLi/PhCHO R R
\\\\ 2.H+ \\\\
. ) . Ph
S SnBu, - S
=78 °C
OH
231:R'=R*>=H 2.43:R'=R’=H
(R)»-[D]12.31: R'=D,R>=H (S)-[D;12.43: R'=D,R>=H
Rl
(S)-MTPACY/ NS
Pyridine N Ph
> S
94%
OMTPA-(R)

2.43-MTPA-(R):R'=R>=H
(S)-[D]2.43-MTPA-(R): R' =D, R>=H

Scheme 2.22Configurational stability test witR.31

Four experiments were performed with chirally deatisd (benzylthiomethyl)stannanes and
one of them addressed the macroscopic configuedtistability of thiomethyllithium. All
experiments were carried out in THF using MeLi i@nsmetalation, because benzaldehyde

was used as electrophile. The results are sumndanzgable 11.

Substrate/ Temp Yield o .
Entry Product® (°C) (%) ee (%) | Timescale
1 (R)-2.31/(R)-2.43 -78 72 0 macro 1 min
2 (R)-2.31/(R)-2.43 -78 24" 16 micro
3 (R)-2.31/(R)-2.43 -95 4> 21 micro
4° | (R)-2.31/(R)-2.43 -95 gP 26 micro

& Substrate and product are labeled
® Only small amount of stannane transmetalated

¢ Experiment performed with 2 equiv. of 12-crown-4
Table 11.Configurational stability test &.31 conditions and results

As one can see, benzylthiomethyllithiums are mioopsgcally configurationally unstable even
at —95 °C (entries 3 and 4) and configurationaligtable on the macroscopic timescale (entry
1).
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As the dearomatization of one ring of naphthalenenuch more favorable than that of the
benzene ring, | decided to investigate the naprairsiem as well. The protocol was similar to
the previous studies on the configurational stgbibf benzylthiomethyllithium on the
timescale of the [2,3]-rearrangement. In a prelamyjn experiment  (1-
naphthylmethylthiomethyl)tributylstannane was traptalated at —78 °C for 10 minutes
before quenching with trifluoroacetic acid. Therrangement took place and the product was
isolated in moderate yield (45%). Repetition of &x@eriment at —95 °C gave a similar result
(Scheme 2.23).

rearomatization

—_—
OO i
2.32:R'=R?>=H 244:R'=R?>=H
(R)-[D]2.32: R' =H,R>=D (R)-[D]2.44:R' =H,R>=D
R? i NCO JRE0 oh
(R Z,
Ph
77%
245:R'=R?’=H 246:R'=R?>=H
(R)-[D]2.45:R' =H,R>=D (R.R)-[D{]2.46:R' =H,R’>=D

Scheme 2.23/2,3]-Rearrangement of (1-naphthylmethylthiomettnutylstannane

For the estimation of the ee at the stereogenitecethiol 2.45 was transformed into the
thiocarbamate.46 with (R)-(+)-1-phenylethyl isocyanate. The € group displayed an AB

system in théH NMR spectrum, which allowed the determinatioreefin the labeled series.

The [2,3]-rearrangement was assumed to follow amrtive course as for secondaty
thioalkyllithiums, based on the findings of Briickii€The results for the deuterated series are

presented below in Table 12.
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Substrate/ Temp Yield o

Entry Product? (°C) (%) | &%)
1° (R)-2.32/(R)-2.45 -50 28°¢ 60
2 (R)-2.32/(R)-2.45 -50 7¢ 67
(R)-2.32/(R)-2.45 -95 60 72

#Substrat and product are labeled
b3 M MeLi in dimethoxymethane used for transmetatat
¢ no starting material recovered

4 16% of starting material recovered
Table 12.Transmetalation and rearrangemen2 &2 conditions and results

As expected 1-naphthylmethylthio-{[bnethyllithium was found to be configurationallybite
relative to the [2,3]-rearrangement. From the itssitilis obvious, that it is configurationally
more stable than benzylthio-[[Pnethyllithium. The difference in results betweesnbyl and
naphthyl-substituted species is probably causedhleyvarious dearomatization energies.
Rearomatization is highly exothermic and represanttrong driving force for the formal
[1,3]-H-shift. The resonance stabilization energy fhaphthalene is 61 kcal-mol, which is
lower by 11 kcal-mé! than that for two benzene rings (2 x 36 kcal‘hi6t° The energy of
dearomatization of one ring of naphthalene willab®ut 25 kcal-mot (61 kcal-mot* - 36
kcal-mor?), 11 kcal-mol* lower than for benzene with 36 keabl™. Therefore the activation
energy for the rearrangement of the naphthylmetigitethyllithium is lower than that for
the phenyl analogue and it still proceeded at -®@5whereas the latter even did not rearrange
at-78 °C.
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2.3. Mechanism for formation of arylmethyllithium compounds as

intermediates in [2,3]-rearrangement

When the [2,3]-rearrangements were performed, temasting observation was made. During
transmetalation of (benzylthiomethyl)tributylstaneahe reaction mixture changed the color
from colorless to intensive yellow. In the case of (1-
naphthylmethylthiomethyl)tributylstannane the coldranged to intensive red. A possible
explanation for this was the formation of a conpegaorganolithium, so | decided to study
the mechanism of the [2,3]-thia-rearrangement in ptlde  Firstly,
(benzylthiomethyl)tributylstannane was forced tademgo isomerization with excess of
BuLi (1.5 equiv.). But this time the reaction waseqched with C§O,D instead of
CRCO.H. The reaction product, 2-methylphenylmethylthmdntained a partially deuterated
methyl group (67% E) as found byH NMR spectroscopy (Scheme 2.24).

1. CF3C02D
rearomatlsatlon
2o H,0

2.40 (33%)

Ll CH2 CH,D

®
S Li
n-BuLi/-50 °C
10 min CF3C02D

[D;]2.40 (67%)
Scheme 2.24Investigation of [2,3]-thia-rearrangement mechanism

The'H NMR spectrum displayed a singlet and a triple2.88 and 2.37 ppm, respectively.
The CH group gave a singlet, whereas the,DHyjroup, which was shifted to higher field,
gave a triplet because of the small additional l8Dpting (Figure 2.7).
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Figure 2.7.Segment ofH NMR spectrum (400 MHz) demonstrating content editérium in
2.40

The integrations of the two well separated resoesuf0.94 : 1.27) allowed evaluation of the

ratio of the two isotopomers.

The deuterated compound could have been formeddiglation at the methyl group after
rearomatization. To test this assumption, 2-metigthylmethanethiol was stirred under the
same conditions which were used for transmetaldfidtt-, —-50 °C, 1.5 equiv. af-BuLi, 10
min, then quenching with GEO.,D) (Scheme 2.25). Surprisingly, the recovered isigrt

material did not contain any deuterium.

1. n-BuLi/-50 °C/

SH 10 min SH

2. CF5CO,D

Y

2.40 2.40

no deuterium ! !'!
Scheme 2.25Investigation of deuterium exchange2d0

These findings can be explained in the followingywthe species formed by the [2,3]-

120

rearrangement is the (6-methylene-2,4-cyclohexgtimethanethiolate2.38™“" which can

either rearomatize to furnish 2-methylphenylmethemate 2.39 or be deprotonated at the
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doubly allylic position by the excess eBuLi to produce benzyllithiun2.47 (Scheme 2.24
and Figure 2.8).

2.38

Figure 2.8.Intermediate?.38

Quenching with CECO,D deuterated the metalated species. The ratio loéldd and
unlabeled 2-methylphenylmethanethiol reflects tteorof 2.39 and2.47, which on the other

side reflects the ratio of the two rates of themfation.

Analogous  experiments were carried out for the nféthylnaphth-2-

yl)methylthiomethyl)tributylstannane 2(32. It was transmetalated and the generated

intermediate2.44 was allowed to rearrange. §&FO,D was added after 10 minutes (Scheme

2.26). The deuterium contents of the isolated (1hgie2-naphthyl)methanethiol2(45
depended on the baseBuLi or MeLi) and its excess. When 1.2 equiv. of lMjea weaker
base thann-BuLi, were used, only transmetalation and reararatibn occurred. NoO

deuterium was incorporated into the product andtading material was recovereéti(NMR

spectra of crude product). This means that tindithexchange had to proceed faster than the

deprotonation so that no base was left to perftvamtetalation.
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S SnBu, S 0 ®
~ CH, Li
RLi
—_—
2.32
[2,3]
0®
S Li
“H)
2.44
1.2 equiv.[ -50 °C/ 2.0 equiv.| -78°C/ 1.2 equiv. | -78 °C/
MelLi 10 min MeLi 10 min n-BuLi 10 min
Y
rearomatisation
CE.COD ® 0o oo ® o oo
3L0, LiCH, S 1 LicH, SLi
SH “)
2.48 red 248 red
2.45
CF;CO,D CF;CO,D
no deuterium !
CH,D SH CH,D SH
[D,]2.45 46%D [D]2.45 81%D

Scheme 2.26Study of mechanism of [2,3]-thia-rearrangement
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When 2.0 equiv. of MeLi were used-at8 °C, 46% of the molecules contained deuterium,
indicating that a large excess of MeLi can indeedatate?.44 When MeLi was replaced by
1.2 equiv. ofn-BuLi under the same conditions, the deuterium eotst of the product
increased to 81%, indicating that metalation atathgic position was faster than tin-lithium
exchange. In the experiments with 1.2 equmiBuLi and 2.0 equiv. MeLi about 30% of

starting material were recovered.

2.3.1. Formation and reactivity of (2-thiomethylaryl)methyllithiums

Inspired by this outcome, | reasoned that thehiliih compounds2(47and2.48 should also
react with benzaldehyde and chlorotrimethylsilang electrophiles beside protons.
(Benzylthiomethyl)tributylstannane2.81) was transmetalated (2.5 equinBulLi) for 5
minutes at -50 °C and afterwards TMSCI was ad(f&cheme 2.27). Similarly, the
experiment was repeated except that benzaldehydgcesl TMSCI (2.5 equiva-BuLi). In
both cases the desired produ2t49 and (+)2.51 were isolated in good yields along with

products2.50and (+)2.43derived from the unrearranged intermediate.

1. n-BuLi, 50 °C é/\
S SmBus 2 TMscl

2.49 69% 2.50 9%
OH OH
s
+
1. n-BuLi, -50 °C
2. Benzaldehyde SH
(+)-2.51 71% (+)-2.43 28%

Scheme 2.27Products formed by transmetalation2081 and reactions of intermediates with

electrophiles

The experiment was repeated with (1-naphthylmettigiinethyltributylstannane2(32. The
tin-lithium exchange was performed at —50 °C amdlectrophile was added after some time
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(5 minutes for TMSCI, 3 minutes for benzaldehydgsgheme 2.28). For this substrate the
TMS-substituted product was obtained in low yidtthwever, the alcohol (-53 derived
from benzaldehyde was isolated in good yield (77%)oth cases no unrearranged products

were observed.

T™S

7

SH
1. n-BuLi, -78 °C
S SnBu3 2. TMSCI

2.52 33%

OO §
2.32
1. n-BuLi, -78 °C SH
2. Benzaldehyde

(£)-2.53 77%

Scheme 2.28Products formed by transmetalation2082 and reactions of intermediates with

electrophiles

2.3.2. Formation and reactivity of (2-aminomethylaryl)methyllithiums

Inspired by the results with phenylmethyl- and (maglmethylthio)methyllithiums, | wanted
to expand this methodology to the oxygen- and gémesubstituted analogues. It would be
interesting to generate arylmethyllithiums by tl#&3]-rearrangement of arylmethylthio-,
arylmethoxy- and (arylmethylamino)methyllithiumgléaved by metalation, and quench them

with various electrophiles.

The preparation di-benzyl- andN-naphthyl carbamatea56 and2.57 was quite simple and
included protection of the arylmethylamine with BOc(Scheme 2.29). The Boc-protected
amines were alkylated with tributylstannylmethylsylate to yield the desired stanna@es3
and2.59respectively.
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Boc,0, 0 °C 1. +-BuONa, THF o~
CH,Cl, Boc 2.2.26, -30 °C R N SnBu
R PN NH, R /\N P -~ | 5
Boc
2.54: R = Phenyl 2.56: R = Phenyl, 80% 2.58: R = Phenyl, 53%
2.55: R = 1-Naphthyl 2.57: R = 1-Naphthyl, 77% 2.59: R = 1-Naphthyl, 68%

Scheme 2.29Preparation of stannane precursors

Two experiments were performed with carbanfatf In the first one, transmetalation was
carried out at —50 °C for 3 minutes and in the sdcone it was done at —78 °C for 10
minutes. After aging for the times given, benzaidlshwas added. In none of the experiments
the desired product (#:63 was obtained. Only the addition product of tRerotected
aminomethyllithium to benzaldehyde was found aredaiminoalkohols (£}.62were isolated

in good yields (52 and 59% respectively, Schem@)2.3
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]|300 ]|30c

N\/SnBu3 -50 °C, 3 min N\CHe ®
-78 °C, 10 min 2 Li
—_—

3.5 equiv.
n-BuLi

2.59 2.60

[2,3] WHO
]IBOC OH
N \)\
Ph

®
NeLi
|
Boc
2.61 (£)-2.62
n-BuLi
PhCHO
OH
Ph
N _ Boc
(£)-2.63

Scheme 2.30Products formed by transmetalation2069 and reactions of intermediates with

electrophiles

The N-benzyl-aminomethylstannane behaved similarly. A0 —-°C the intermediate
aminomethyllithium 2.64 did not rearrange and was added to benzaldehydgivi®
aminoalkohol (£)2.66 in 55% vyield. When tin-lithium exchange occurred Ga°C and
benzaldehyde was added after 5 minutes, a smallignod the cyclic carbamate (2)68was
isolated. Its structure was assigned tentativelytten basis of thé’C NMR spectrum, 2D
NMR spectra and HRMS. The mechanism for its foramats unclear, but it is derived from

the rearranged intermediate by addition of 2 mdescaf benzaldehyde (Scheme 2.31).
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]|30c ]|300
N SnBu N e)
N 3 3.5 equiv. \CH2 ®
n-BuLi Li
_ =
2.58

THF, 0 °C, 5 min THF, -50 °C, 10 min
[2.3] PhCHO

o ®
N Li
|
Boc

2.65 (+)-2.66
n-BuLi
PhCHO
OH OH
Ph Ph
H 0
N Boc \K
H o)
Ph
(£)-2.67 (£)-2.68

Scheme 2.31Products formed by transmetalation2d68 and reactions of intermediates with

electrophiles

| tried to optimize the temperature for the reattio generate the desired product 247 in
a good vyield, but either the rearrangement didtaiot place or the side product @B8was
obtained.
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2.3.3. Formation and reactivity of (2-oxymethylaryl)methyllithiums

Finally, (arylmethoxy)methyllithiums were generatmad investigated for their propensity to
undergo a [2,3]-rearrangement. The starting trilstapnylmethyl ether2.71 and2.72 were
prepared by alkylation of phenyl- and 1-naphthylmaebl with tributylstannylmethyl
mesylate 2.26) in the presence dfFBuONa as base in yields of 79 and 73%, respegtivel
(Scheme 2.32).

1. --BuONa, THF

2.2.26,-30 °C
R/\OH - R/\O/\ SrBu,
2.69: R = Phenyl 2.71: R = Phenyl, 79%
2.70: R = 1-Naphthyl 2.72: R = 1-Naphthyl, 73%

Scheme 2.32Synthesis oR.71and2.72

(Benzyloxymethyhtributylstannan.(/1) was transmetalated with 3.5 equiv.reBuLi at (—

50 °C) for 3 minutes and then the intermediateméat were quenched with benzaldehyde.
Two main products derived from the addition of tlherearranged and rearranged
intermediates to benzaldehyde were obtained inlyief 55% and 28%, respectively (Scheme
2.33).
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SnBuj, o. 0.9

(0]
~ h
\/ CH2 Li
THF, -50 °C
—>
n-BuLi
2.71

[2;3]/ w:no
OH

2.74 (*)-2.75 55%
n—BuLil
OH
CH2L1
_PhCHO Ph
OH
2.76 (£)-2.77 28%

Scheme 2.33Products formed by transmetalation20f 1 and reactions of intermediates with

electrophiles

When the experiment was repeated, with the diffexethat benzaldehyde was added 10
minutes after the addition of-BuLi for transmetalation, the yield of (2-77 was similar
(27%) to that in the previous experiment but theldjiof (x)2.75 was lower (32%).
Interestingly, the combined yields were lower ie thtter case, possibly indicating chemical

instability of the benzyllithium intermediag73

Two experiments were also conducted with (naphtkegtmxymethyl)tributylstannan.(72).
The first one was performed at —50 °C with 2.5 egqmiBuLi used for transmetalation. At
this temperature the rearrangemen a2 was finished after 3 minutes because of the lower

activation energy compared to that for the phenyhalegue. The (1-
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naphthylmethoxy)methyllithium was added to benzajde to give diol (x)2.82 (27%).
When the temperature was lowered to —78 °C, the&]-fRarrangement did not take place,
although 3.5 equiv. af-BuLi were used. Instead of the diol only alcohg)l2.80was formed
(74%, Scheme 2.34).

0] SnBu, O O ®
~ CH, Li
THF, n-BuLi
2.72 2.78
-50 °C, 3 min 78 °C, 10 min

2.5 equiv. n-BuLi 3.5 equiv. n-BuLi

[2.3]

© e
O‘ h OO

2.79 (£)-2.80 74%

ln—BuLi

OH

o

CH, ® Ph
o @ _PhCHO
CO - OO N

2.81 (£)-2.82 27%

Scheme 2.34Products formed by transmetalation20f2 and reactions of intermediates with

electrophiles

Tin-lithium exchange with stannar®72 gave oxymethyllithiun.78 which can undergo a
variety of reactions and therefore a mixture ofdocds was obtained at —50 °C after addition
of benzaldehyde (Scheme 2.35).
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SnBu3

O\/
OH
O\)\
Ph OH

n -BuLi

2.83

(i)-2.80 1. n-BuLi
Vz\PhCHO CH2 [1,2] 0.14
H+
dm

O [2 3 OH

o& .y o

2.85

cu®
2.86

1.6 l PhCHO

OH
Ph
OH

(£)-2.82
1.0
Scheme 2.35Products formed by transmetalation20f2 and reactions of intermediates with

electrophiles
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The molar ratio of the products in the crude produ@s determined byH NMR
spectroscopy. Beside the already known compound2.80 and (+)2.82 some others were
formed as well. 2-(1-Naphthyl)ethanoR.83 was formed by the classic [1,2]-Wittig
rearrangement of the oxymethyllithiurd.78 methyl 1-naphthylmethyl ether2.84 by
protonation of2.78 1-naphthylmethanol2(85 by decomposition o2.78 and 1-methyl-2-
naphthylmethanol2.86 in large amounts (50%) by a formal [1,3]-H-shiift2.79 Excess-
BuLi gave 1-phenylpentanol. Some benzaldehyde wesvered as 3.0 equiv. were used in

the reaction.

In summary, phenyl- and naphthylmethoxymethyllithaiunderwent a [2,3]-rearrangement at
-50 °C, the latter also at —78 °C and even at -®5The intermediate cyclohexadienyl
systems with an exo-methylene group either reanaethor were deprotonated by excess
BuLi at the doubly allylic position and gave arylimdlithiums, which could be quenched
with benzaldehyde or TMSCI. The nitrogen analoguese transmetalated smoothly, but did
not give the desired products. It follows that teasibility of the [2,3]-rearrangement for the
three heteroatom-substituted methyllithiums is giby the following sequence: S > O >>>
N.
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3. Experimental Part

3.1. General

All glassware was dried for several hours at 100pfior to use. For reactions at —78 °C
acetone/dry ice bath was used, also with additfdigoid nitrogen to achieve —95 °C. Small
guantities of reagents (ul) were measured out usimgytical syringes from Hamilton.
Normally, the reaction protocols for non-deuteraaed deuterated compounds were identical
and given for the former. The yields were averaged.

NMR spectroscopy

'H, 3C (3 modulated) and'P NMR spectra were measured on Bruker Avance DRX(440:
400.13 MHz,**C: 100.61 MHz*'P: 161.98 MHz), AV 400'H: 400.27 MHz,*C: 100.65
MHz, 3'P: 162.03 MHz) and DRX 600'H: 600.13 MHz,**C: 150.92 MHz,'P: 242.94
MHz). 2D spectra were measured on DRX 400. The tepsmopic experiments were
performed at 300K, unless otherwise specified. Gbainshifts were referenced either to
residual CHQ (0 = 7.24)/toluenegl (CHD,: oy = 2.09)/DMSO-d (CDs: oy = 2.50) or
CDCl3 (oc = 77.00)/toluene-d8 (CHDoc = 21.04). All chemical shiftsdf are given in ppm
andJ values in Hz. Following abbreviations are useddscribe spin multiplicity: s = singlet,
d = doublet, t = triplet, g = quartet, sept = septe= multiplet, dd = doublet of doublets, dt =
doublet of triplets, dsept = doublet of septets etc

Infrared spectroscopy

IR spectra were run on a Perkin-Elmer 1600 FT-IR@00 FT-IR spectrometer or by using
ATR on a Bruker VERTEX 70 IR spectrometer. Samplese measured as a film (usually
obtained by applying several drops from NMR sangplé evaporation of CDg)lon a silicon
disc, or if the substance was crystalline, it wppliad directly at the ATR. IR spectra are

reported in wave numbers (€
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Mass Spectroscopy

Mass spectra were recorded on spectrometers froeroMMass (Fissions Instrument,
Trio2000) in EI mode (70 eV). HRMS were measured Fonnigan MAT 8230 with a
resolution of 10000.

Chromatography

Flash column chromatography

Preparative flash column chromatography was peddrwith Merck silica gel (230-400
mesh).
Thin layer chromatography

All reactions were monitored using coated glasseplaTLC was carried out on 0.25 mm
thick silica gel 60, k54 Merck plates. Detection of the spots was done bydnd/or by
dipping the plate into a Molybdate reagent (a sotubf 23.0 g of (NH)sM07,0,44 H,O and
1.0 g of Ce(S@)2+4 H,O in 500 ml of 10% aqueous,80Oy). Afterwards, the plate was heated

with the heat gun. The reactions progress was altedrin the same way.

Polarimetry

Optical rotations were measured on a Perkin-Elnddr golarimeter. The length of the cell
was 1 dm and the solution was kept at 20 °C. Theaprotations was measured with
monochromatic sodium light (D-line, 598 nm). If thpecific rotation was very low, it was

also measured at 365 nm.

Melting points
Melting points were measured with a Reichert Themnéanstrument and were uncorrected.

Solvents
The solvents were purified and dried prior to @ ording to the procedures as follows.
e CHCl,was dried by passing through aluminum oxide 90vactieutral (0.063-0.200
mm, activity |) and stored over molecular sieved|3
« Et,0 was refluxed over LiAlhand distilled prior to use.
* HexaneandEtOAc used for chromatography were purified by disiitiat
» THF was refluxed over potassium and freshly distifpedr to use.
« TMEDA andpyridine were refluxed over Calidistilled and stored over molecular
sieves (4 A).
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* Toluene was refluxed over sodium/benzophenone, then lddtiand stored over
molecular sieves (4 A).

All other solvents were purified and dried by startimethods.

Chemicals
All commercially available reagents were supplieshf Aldrich, Fluka, Merck or Acros in

the best available quality and used without furgnnification.

(R)-Mosher ester — General Procedure A

A solution of alcohol (0.10 mmol), dry pyridine 28. ml) and §-MTPACI (0.3 ml, 0.15
mmol, 0.5 M in dry CHCl,) was dissolved in dry Cil, (2 ml) and stirred at room
temperature (for bromohydrines only 4 hours, féroéther alcohols 4-18 hours). Afterwards
CH.Cl> (10 ml) and HCI (10 ml, 1 M) were added. The orggrtiase was separated, washed
with a saturated aqueous solution of NaHC@ied (MgSQ) and concentrated under reduced
pressure. The crude product was purified by fldsbrmmatography.
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3.2. Experimental procedures and compounds characterizatn

3.2.1. Chapter 2.1

(¥)-2-Bromo-1-phenylethanol [(£)-2.6]

0] OH
e
P P
Ph Ph
2.5 (£)-2.6

a) Reduction ofw-bromoacetophenone with borane

A solution of BH-THF (1.03 g, 1.1 ml, 12 mmol) was added«#tdromoacetophenone (1.99
g, 10 mmol) in dry THF (20 ml) under argon at O e reaction mixture was stirred for 2
hours at room temperature and 4 hours at 50 °Cet(2b6 ml) was added and the solution
was stirred for another 30 minutes at room tempegafl he organic phase was separated and
the aqueous one was extracted with,CH (4 x 20 ml). The combined organic layers were
washed with water, dried (Ma0O;) and concentrated under reduced pressure. Thueegias
purified by flash chromatography [hexane/EtOAc {5R: = 0.36] to yield (*)-2-bromo-1-
phenylethanol [(x)2.6] as a colorless oil (145 mg, 14%).

'H NMR (400.13 MHz, CDG)): ¢ = 7.39-7.29 (m, 5H, Kon), 4.92 (dd, X-part of an ABX-
sys.,J = 9.1, 3.5 Hz, 1H, CHO), 3.58 (AB-part of an ABXss, Jag = 10.4 Hz,J = 9.1, 3.5
Hz, 2H, CHBr), 2.59 (br. s, 1H, OH).

a) Reduction of» -bromoacetophenone with DIBAH

A solution of DIBAH (3.98 ml, 5.97 mmol, 1.5 M iroluene) was added dropwise do
bromoacetophenone (995 mg, 5.0 mmol) dissolvedyregO (25 ml) at —78 °C under argon.
The reaction mixture was stirred for 2 hours at 2Z&nd then 1 hour at -50 °C. The reaction
was quenched with MeOH (0.5 ml) and water (2.5 anijl stirred for another 30 minutes at
room temperature. A solution of HCI (12 ml, 2 M)svadded at O °C. The organic phase was
separated and the aqueous one was extracted with(&tx 10 ml). The combined organic
layers were washed with water (15 ml) and a sadratjueous solution of NaHG(Q@5 ml),

dried (MgSQ) and concentrated under reduced pressure. The gnadiuct was purified by
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flash chromatography [hexane/EtOAc (7:R)~= 0.43] to yield (z)-2-bromo-1-phenylethanol
[(x)-2.6] as a colorless oil (591 mg, 59%).

b) Reduction ofw-bromoacetophenone with (+)-DIP-chloride

A solution of (+)-DIP-chloride (1.8 g, 5.61 mmoly idry THF (5 ml) was added to-
bromoacetophenone (744 mg, 3.74 mmol) dissolvedtynTHF (5 ml) under argon at 0 °C.
The solution was stirred over night at room tempeea At 0 °C water (1 ml), pentaerythritol
(916 mg, 6.73 mmol) and again water (15 ml) werdeddand the mixture was stirred for
another 30 minutes at room temperature. The orgaimise was separated and the agueous
one was extracted with 2 (3 x 15 ml). The combined organic layers were hgdswith
water (2 x 10 ml), dried (MgSf) concentrated under reduced pressure and pubfidthsh
chromatography [hexane/EtOAc (10:1)]. The still umg product was again dissolved in dry
THF (10 ml) and pentaerythritol (680 mg, 5 mmoBsatilved in water (5 ml) was added. The
solution was stirred overnight at room temperatiifee organic phase was separated and the
agueous one was extracted with@{(3 x 15 ml). The combined organic layers wereheds
with water (2 x 10 ml), dried (MgSfpand concentrated under reduced pressure. Tes dfop
dry pyridine were added and the crude product wasfigd by flash chromatography
[hexane/EtOAc (7:1)] to yieldSj-(+)-2-bromo-1-phenylethanol $-(+)-2.6] as a colorless oil
(193 mg, 26%), ee 94% (bYH NMR of (R)-Mosher ester), d|p?° = +39.24 ¢ = 1.975,
CH.Cl) {lit. ™" [a]p®® = +40.10, ¢ = 1.81, CHCJ), ee 92%}. The'H NMR spectrum was
identical to that of the racemate.

(R)-2.6IR)-MTPA and (S)-2.60R)-MTPA

a) of racemate

)OH\/ OMTPA-(R) OMTPA-(R)
Br o
Ph H“‘)\/ Br 7 Ph\\‘}\/ Br
Ph' R HS
(£)-2.6 (R)-2.6- (R)-MTPA (S)-2.6+(R)-MTPA

It was prepared according to General Procedureofn f(+)-2.6 (20 mg, 0.10 mmol) and
purified by flash chromatography [hexane/EtOAc 30R: = 0.66] to give a mixture of
diastereomeric Mosher esters @5 (R)-MTPA (39 mg, 94%).
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'H NMR (400.13 MHz, toluenegt 6 = 7.59-7.55 (m, 2H, Kom (RS-diastereomer), 7.51-
7.47 [m, 2H, Hom (R,R], 7.08-6.91 [m, 14H, 8kmof (R,S), 6HaomOf (RR)], 6.78-6.75 [m,
2H, Haom (RR)], 6.04 [X-part of an ABX-sys.J = 8.8, 4.2 Hz, 1H, OCHR9)], 5.90 [X-part
of an ABX-sys.,J = 9.6, 3.3 Hz, 1H, OCH,RR)], 3.58 [q,J = 1.0 Hz, 3H, OCH (RR)],
3.32 [g,J = 1.0 Hz, 3H, OCHl (R,9)], 3.07 [AB-part of an ABX-sys.Jag = 11.1 HzJ = 8.8,
4.2 Hz, 2H, CHBr, (R,S)], 3.01 [AB-part of an ABX-sys.Jas = 11.4 Hz,J = 9.6, 3.3 Hz, 2H,
CH.Br, (R R)]. Two diastereomers!

b) of (9-2.6

The R)-Mosher ester of §-(+)-2-bromo-1-phenylethanol (20 mg, 0.10 mmak]of° =
+39.24, € = 1.975, CHCI,) was prepared similarly (40 mg, 96%); ee of alédpBd%. The'H
NMR spectrum was identical to that of the racemaolaol, except that the signals of the
diastereomers differed in intensity.

Tributylstannylmethanol (2.2)

1. n-BuLi
Bu;Sn _— /\
(Bu3Sn), 2. CHO), Bu,Sh OH
2.1 2.2

A solution of n-BuLi (3.75 ml, 6 mmol, 1.6 M in hexane) was addéd the
hexabutyldistannane (2.9 g, 5 mmol) and TMEDA @96 mmol) dissolved in dry THF (20
ml) under argon at 0 °C. After 15 minutes parafddelyde (165 mg, 5.5 mmol) was added
and the reaction mixture was stirred for 2 hoursOatC. Afterwards the reaction was
quenched with CECO.H (6.25 ml, 1 M) and water (5 ml) was added. Thgaaic phase was
separated and the aqueous one was extracted V@t#hcHR x 10 ml). The combined organic
layers were washed with water (15 ml) and a sadraigueous solution of NaC5 ml),
dried (MgSQ) and then concentrated under reduced pressurereBstue was purified by
flash chromatography [hexane/EtOAc (10R)= 0.27] to give tributylstannylmethanol (787

mg, 49%) as a colorless oil.

(Bromomethyl)tributylstannane (2.3)
Busn” NOoH T Busn” Br

2.2 2.3
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a) Prepared with NBS/ BR

A solution of PRP (772 mg, 2.94 mmol) in dry GBI, (3 ml) was added dropwise to NBS
(523 mg, 2.94 mmol) dissolved in dry @H, (5 ml) under argon at —78 °C. After 10
tributylstannylmethanol (787 mg, 2.45 mmol) dissalvin dry CHCI, (4 ml) was added and
the reaction mixture was stirred at room tempeeatar 30 minutes. After the addition of a
few drops of MeOH the mixture was concentrated uneEluced pressure and flash
chromatographed [hexane/@El; (1:1), R = 0.98] to yield (bromomethyl)tributylstannane

(859 mg, 91%) as a colorless oil.

'H NMR (400.13 MHz, CDG): ¢ = 2.63 (sJ(**"*'%5n) = 14.6 Hz, 2H, SnGiBr), 1.55-1.46
(m, 6H, 3 X SNChKCH,), 1.30 (sextJJ = 7.3 Hz, 6H, 3 x Sn(CHCH,, 1.00-0.95 (m,
J*M%5n) = 51.4 Hz, 6H, 3 x SNGH 0.88 (t,J = 7.3 Hz, 9H, 3 X Sn(CHLCHs)

b) Prepared by the Mitsunobu reaction withsfPRIBr

PhsP (109 mg, 0.62 mmol), BRHBr (845 mg, 2.46 mmol) and tributylstannylmetha(@i7
mg, 2.05 mmol) were dissolved in dry toluene (812 imder argon. After 5 minutes stirring
at 0 °C DIAD (0.71 ml, 4.47 mmol) was added and thaction mixture was stirred for
another 90 minutes. The reaction was quenched seitleral drops of MeOH. The mixture
was purified by flash chromatography [hexane/CH (1:1), R+ = 0.98] to give
(bromomethyltributylstannane as a colorless @3(&g, 49%).

Test of stability of lithium alkoxide derived from (x)-2-bromo-1-phenylethanol towards

formation of phenyloxirane at —78 °C

OH

0

)\/Br 7 Ph/<l
Ph

(+)-2.6 ©)-2.7

A solution of MeLi (0.60 ml, 0.60 mmol, 1 M in cum&THF) was added quickly at —78 °C
to the (x)-2-bromo-1-phenylethanol [(2)6] (100 mg, 0.5 mmol) dissolved in dry THF (2.5
ml) under argon atmosphere. After 5 minutes trifbaeetic acid (75 mg, 0.65 ml, 0.65 mmol,
1.3 equiv., 1 M in dry CECl;) and water (5 ml) 3 minutes later were added. Gtganic
phase was separated and the aqueous one wasexktnaitt EtO (3 x 15 ml). The combined

organic layers were dried (p80O,) and concentrated under reduced pressure. Thes crud
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product did not contain phenyloxirane as determimgdH NMR spectroscopy after spiking
with an authentic sample. The crude product wasfipdr by flash chromatography
[hexane/EtOAc (7:1)R = 0.42] to yield (z)-2-bromo-1-phenylethanol (959n05%) as a
colorless oil. TheRs value and to'H NMR spectrum were identical to that of the stagti

material.

Determination of ease of transmetalation of (bromorethyl)tributylstannane
Bu3Sn/\ Br — > Bu;SnMe  + Li N Br
2.3 2.4 1.43

A solution of MeLi (0.51 ml, 0.51 mmol, 1 M in cum&/THF) was added quickly at =78 °C
to the (bromomethyl)tributylstannane (163 mg, Omthol) dissolved in dry THF (2 ml)
under argon atmosphere. After 30 seconds triflumeta acid (64 mg, 0.55 ml, 0.55 mmol,
1.3 equiv., 1 M in dry CkCl,) and water (5 ml) 1 minute later were added. Tigawic phase
was separated and the aqueous one was extractedCiCl, (3 x 10 ml). The combined
organic layers were washed with water (15 ml), dir{®dlaSQO,) and concentrated under
reduced pressure. The crude product did not cofibaamomethyl)tributylstannan.@) but

was virtually pure tributylmethylstannar24) as determined b{H NMR spectroscopy.

Determination of chemical stability of bromomethylithium under the conditions of

evaluation of its macroscopic configurational stabity

(x)-2-Bromo-1-phenylethanol [(£)-2.6]

PhCHO o

Bugsn” S ——— Br

Ph
2.3 (£)-2.6

A solution of MeLi (0.63 ml, 0.63 mmol, 1 M in Cume&/THF) was added quickly at —78 °C
to (bromomethyl)tributylstannane (203 mg, 0.529 Mndgssolved in dry THF (2 ml) under
argon atmosphere. After 30 seconds, benzaldehydm¢3 0.4 ml, 0.793 mmol, 1.5 equiv., 2
M in dry THF) was added followed by trifluoroacetcid (92 mg, 0.79 ml, 0.793 mmol, 1.5
equiv., 1 M in dry CHCI,) after 3 minutes. Water (5 ml) was added and tigarac phase

was separated and the aqueous one was extractedCiCl, (3 x 10 ml). The combined
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organic layers were washed with water (15 ml), dir{®aS0O,) and concentrated under
reduced pressure. The crude product (166 mg) did¢aomtain neither bromomethylstannane
nor 1l-phenylethanol, but tributylmethylstannane andémall amount of bromhydrine as
determined by'H NMR spectroscopy. The crude product was purified flash
chromatography [hexane/EtOAc (7:1)] to yield (£p@mo-1-phenylethanol as colorless oil
(about 10 mg).

Determination of chemical stability of bromomethylithium under the conditions of

evaluation of its microscopic configurtional stabiity

(x)-2-Bromo-1-phenylethanol [(£)-2.6]

PhCHO oH

Busn” B ————— Br

Ph
2.3 (£)-2.6

A solution of MeLi (1.85 ml, 1.85 mmol, 1 M in Cum&THF) was quickly added to a
solution of (bromomethyl)tributylstannane (178 g6 mmol) and benzaldehyde (194 mg,
0.93 ml, 1.85 mmol, 2 M in THF) in dry THF (2 mihder argon atmosphere at —78 °C. After
5 minutes trifluoroacetic acid (232 mg, 2 ml, 2 mjyrioM in CH,Cl,) and water (5 ml) was
added. The organic phase was separated and theusooiee was extracted with gEl; (3 x

10 ml), dried (NaSQy) and concentrated under reduced pressure. Thiugesias purified by
flash chromatography [Ci€l,, R+ = 0.46] to give (%)-2-bromo-1-phenyl-ethanol as a
colorless oil (17 mg, 19%). The spectroscopic e&a identical to those for (2-6.

(9)- and (R)-Tributylstannyl-[D iJmethanol ([D1]2.2)*

R R
Z, \'
R,  R?
O_ O  NaOHH0, 2
—_—
B Bu;Sn OH
2
BusSn R
(18)-[D,]boronate: R! = H, R?=D ($)-[D;12.2: R'=H,R?*=D
(1R)-[D,]boronate: R' =D, R>=H (R-[D]2.2:R'=D,R*=H
R = cyclohexyl
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The two diasteromeric boronates were prepared addced with LIEJBD (obtained from
commercially available BB (1M in THF) and LiD). The following procedure @& improved
version of the literature one. An aqueous solutbNaOH (2.27 ml, 7.82 mmol, 3.44 M) and
a solution of HO; (1.0 ml, 10.33 mmol, 30%) were added at 0 °C te tfR,5R)-4,5-
dicyclohexyl-2-[©)-tributylstannyl-[D)Jmethyl]-1,2-dioxaborolane (the less polar
diastereomer) (1.689 g, 3.13 mmol) dissolved in @HF (15.7 ml). After stirring the
biphasic mixture vigorously for 1 hour, more NaCQd27 ml) and HO, (1.0 ml) were added.
Stirring was continued for another hour and thetewél8 ml) and pentaerythritol (600 mg)
were added. The reaction mixture was stirred for i3@utes. The organic phase was
separated and the aqueous one was extracted VahcHB x 30 ml). The combined organic
layers were washed with water (30 ml) and brine 8] dried (MgSQ) and concentrated
under reduced pressure. The residue was purifietlabli chromatography [hexane/EtOAc
(10:1)] giving ©-tributylstannyl-[D]Jmethanol as a colorless oil (826 mg, 82%).

Similarly, (1IR)-boronate (1.617 g, 2.99 mmol, the more polartdra@mer) was converted to
(R)-tributylstannyl-[DiJmethanol (731 mg, 76%).

Preparation of (R)- and (S)-(bromo-[1-D;]Jmethyl)tributylstannane ([D 1]2.3)

Rl// R2 RZ// R!
L - LK
Bu;Sn OH Bu;Sn Br
22:R'=R?>=H 2.3:R'=R?>=H
(S)-[D;12.2:R'=H,R*=D (R)-[D;]2.3: R =H,R?>=D
(R-[D;2.2:R'=D,R>=H (S)-[Dy]2.3: R'=D,R?>=H

1) Prepared with NBS
(9-[D1]2.2 (197 mg, 0.61 mmol) was converted R)-{D1]2.3 (205 mg, 92%, ee 60%) by the
procedure used for the preparation of the racenmumiale.

The spectroscopic data were identical to th&.8fexcept for:

'H NMR (400.13 MHz, CDG)): § = 2.61 (t,J = 1.5 Hz, 1H, CHD).
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2) with PhgP-HBr by the Mitsunobu reaction
Prepared in the same way as the racemic (bromofjtetiytylstannane 2.3). To optimize

reaction conditions several experiments were peréot;

a) (9-[D1]2.2 (471 mg, 1.46 mmol) was converted ®)-(D,]2.3 (345 mg, 62%, ee
77%) by the procedure used for the preparationhef racemic bromide, except that the

reaction was performed for 25 minutes.

b) (R)-[D4]2.2 (852 mg, 2.65 mmol) was converted 8-D1]2.3 (491 mg, 48%, ee 74%)
by the procedure used for the preparation of thbeméc bromide except that the reaction was
performed for 10 minutes. After the addition of heetol, the reaction mixture was
immediately applied to the column for the flasharhatography. The entire procedure (also
flash chromatography) was performed in the coldmwg@ °C). No bath was used during

concentration of solutions under reduced pressure.

C) (R)-[D1]2.2 (958 mg, 2.98 mmol) was converted 9-[D;]2.3 (521 mg, 45%, ee
94%) by procedure b), except that the reactionpesormed at —10 °C for 10 minutes.

d) (R)-[D1]2.2 (417 mg, 1.30 mmol) was converted ®-[D1]2.3 (179 mg, 35%, ee
99%) by procedure b), except that the reactionpeaformed at —25 °C for 10 minutes.

Determination of the enantiomeric excess of chirahonracemic bromide

1. n-BuLi, 0 °C
'

(R)-2.8 (18,2R)-[D;]2.9:R' =D, R?>=H
(1R2R)-[D;12.9:R' =H,R?>=D

all
||C£

n-BuLi (0.064 ml, 0.10 mmol) was added at O °C te R)-[D1]2.8in dry THF (0.5 ml) under
argon atmosphere, followed by (bromoDethyltributylstannane (26 mg, 0.068 mmol)

after 15 minutes. After stirring at room temperattor 2 hours water (1 ml) was added. The
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organic phase was separated and the aqueous orextrasted with EtOAc (3 x 5 ml). The
combined organic layers were dried (M§y) and concentrated under reduced pressure. The
residue was purified by flash chromatography [hex@hkCl, (10:1), Ry = 0.37] to give
sulfide [D]2.9 (31 mg, 93%) as a colorless oil. TH¢ NMR spectrum was identical to the

literature oné’

Investigation of microscopic configurational stabiity of chiral bromo[D ;]Jmethyllthium —
Preparation of 2-bromo-1-phenyl-[2-D]ethanol ([D1]2.6)

OH
RI R2
Z PhCHO Br
P _—
Bu;Sn Br MeLi Ph 2 5
RI R

(R-[D2.3:R'=H,R>=D (25)-[2-D;]2.6: R' =H,R?>=D
(S)-[Dy]2.3: R'=D,R?>=H (2R)-[2-D;12.6:R! =D, R>=H

Following experiments were performed:

1) A solution of benzaldehyde (198 mg, 0.94 ml, 1.8vioh) 2 M in THF) was added at —
78 °C to the R)-bromo-[1-DJmethyl)tributylstannane (180 mg, 0.47 mmol) in driiF (2

ml) under argon atmosphere, followed by MeLi (18 1.87 mmol, 1 M in cumene/THF)
dropwise. After 10 minutes the reaction was quedahi¢gh trifluoroacetic acid (240 mg, 2.07
ml, 2.07 mmol, 1 M in THF). Water (5 ml) was addma the organic phase was separated
and the aqueous one was extracted with@H3 x 5 ml). The combined organic layers were
dried (NaSQ,) and concentrated under reduced pressure. Thidueesias purified by flash
chromatography (C§Cl,, Rr = 0.43) to give homogenous title produc8fD,]2.6 (7 mg,
11%) as a colorless oil; impure fractions (estidgieoduct about 10 mg) were discarded.

2) (R)-[D1]2.3 (157 mg, 0.41 mmol) was converted tHFPD1]2.6 (15 mg, 18%, ee
76%) by procedure 1), except using 2 equiv. of beElehyde and MeLi (1 M solution
obtained by dilution of 3 M MeLi in dimethoxymethanvith dry THF) which was added
dropwise every 5 seconds. If 3 M MeLi in dimethoxthmne was used or it was added more

rapidly, no product or only product traces wereagixd.

3) (R)-[D1)2.3 (161 mg, 0.42 mmol) was converted tHfPD1]2.6 (11 mg, 12%, ee

75%) by procedure 2), except that acetophenoneuses as electrophile.
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4) (9-[D1]2.3 (179 mg, 0.46 mmol) was converted tdR)2D1]2.6 (13 mg, 14%, ee
99%) by procedure 2).

5) (9-[D1]2.3 (259 mg, 0.67 mmol) was converted tdR}2D1]2.6 (45 mg, 31%, ee
93%) by procedure 2), except that the reaction wadormed with acetophenone as
electrophile at — 95 °C.

Determination of enantiomeric excess at C-2 of deetated bromohydrines (£)-2.6- (R)-
MTPA

OH OMPTA-(R) OMPTA-(R)
g (S)-MPTACI Br N 5 Br
Ph - > Ph %, Ph
RI /R2 Rl R2 Rl //RZ
(28)-[2-Dy]2.6 (15,28)-[2-D1]2.6-MPTA-(R)  (1R,25)-[2-D,]2.6-MPTA-(R)

It was prepared in quantitative yield form (x)-2bro-1-phenyl-[2-B]ethanol according to
general procedure A and was purified by flash clatmgraphy [hexane/EtOAc (10:1 =
0.78]. The two diastereomers could be separatedporeparative TLC chromatography
[hexane/CHCI, (3:1), Ria = 0.56, Rg = 0.35] giving diastereomers RS (56% ee) and
diastereomer 829 (57% ee) in quantitative yield.

Diastereomer R,29-[2-D;]2.6- (R)-MTPA:

'H NMR (400.13 MHz, toluenegt = 5.89 (br. dJ = 2.5 Hz, 1H, CHO), 2.89 (d = 2.5
Hz, 1H, CHD).

Diastereomer (§29-[2-D4]2.6- (R)-MTPA:

'H NMR (400.13 MHz, toluenegt ¢ = 5.94 (d,J = 8.8 Hz, 1H, CHO), 3.05 (d, = 8.8 Hz,
1H, CHD).
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3.2.2. Chapter 2.2.

Diisopropy! S-tributylstannylmethyl thiophosphate (2.20)

0
“SSTHNEL Q
Bussn” B —_— ~ |
u3 n r (tPrO)zP\ /\
S SHBU3
2.3 2.20

(Bromomethyl)tributylstannane (383 mg, 1.0 mmol)swadded to a solution of the
triethylammonium salt of the diisopropyl thiophospl acid (0.4 M in isopropanol, 4.17 ml,
1.5 mmol) and stirred over night at room tempertukfter concentration on a rotary
evaporator, water (20 ml) was added and the aqueloase was extracted with @B, (2 x

10 ml). The combined organic layers were washet witer (10 ml), dried (N&O,) and

concentrated under reduced pressure. The residsepwafied by flash chromatography
[hexane/EtOACc (7:1)R = 0.59] to yield thiophosphat20as a colorless oil (463 mg, 92%).

IR (Si):v = 2958, 2927, 1253, 979 €m

'H NMR (400.27 MHz, CDG): 6 = 4.72 (dseptJ*P) = 8.9 Hz,J = 6.2 Hz, 2H, 2 x
CH(CH),), 2.04 (dJC'P) = 9.0 Hz)(**"™%5n) = 35.4 Hz, 2H, SC#$n), 1.60-1.38 (m, 6H, 3
X SnCHCH,), 1.36 (d,J = 6.3 Hz, 6H, 2 x CH(CH)), 1.33 (d,J = 6.3 Hz, 6H, 2 x
CH(CHg),), 1.29 (sext] = 7.3 Hz, 6H, 3 x Sn(CHLCH,), 1.04-0.87 (mJ(**"*%n) = 50.8
Hz, 6H, 3 x SnCH), 0.87 (t.J = 7.3 Hz, 9H, 3x Sn(Ch:CHs)

13C NMR (100.61 MHz, CDG): 6 = 72.1 (d,JC'P) = 6.0 Hz, 2C, 2 x CH(C##), 28.9 (s,
J(HM5n) = 21.8 Hz, 3C, 3 x SNGEH,), 27.2 (sJ(**"™%n) = 56.5 Hz, 3C, Sn(GHCH,),
23.9 (d,J(3'P) = 4.2 Hz, 2C, 2 x CH(C#}b), 23.7 (dJ(3'P) = 5.6 Hz, 2C, 2 x CH(C}}), 13.6
(s, 3C, 3 X SN(CHCHy), 9.7 (sJ(*"™**%5n) = 323.4 Hz, 3C, 3 x SNGI€H,),), 4.5 (d,J(3*P)
= 4.9 Hz, 1C, SCb8n).

3P NMR (161.98 MHz, CDG): 6 = 29.5.

89



-Experimental Part-

Anal. calculated for €H4303sPSSn (501.29): C 45.52%, H 8.65%, S 6.40%; found: C
45.93%, H 8.85%, S 6.10%.

Diisopropy! S-tributylstannylmethyl thiophosphate (2.20)

1 2 O
R%R I. MsCl _ | R, LR
- (iPrO),P g
Bu;Sn OH 2. 0 g SnBus
22:R'=R2=H (iPrO)P~_ S@H%Et 2.20:R'=R2=H
(S)»-[D;]2.2:R'=H,R?=D 3 (R)-[D;]2.20: R' =H,R?=D
(R)-[D;2.2:R'=D,R*=H (S)-[D;]2.20: R =D, R?=H

TMP (432 mg, 3.07 mmol) was dissolved in dry THRE.4Lml) under argon and cooled to —
10 °C.n-BuLi (1.93 ml, 3.07 mmol) was added and the solutivas stirred for 15 minutes.
Afterwards it was cooled to —78 °C and tributylst@methanol (826 mg, 2.56 mmol) in dry
THF (4.2 ml) was added and the solution was stifogdl5 minutes. MsCI (258, 3.33
mmol) was added and the solution was stirred fatter 20 minutes, then freshly prepared
triethylammonium salt of diisopropylthiophosphomeid in isopropanol (10.68 ml, 3.84
mmol) was added. Then stirring was continued ogétnat room temperature. The mixture
was concentrated under reduced pressure and viéitanlj was added. The aqueous phase
was extracted with Cil, (2 x 30 ml). The combined organic phases were ashith
water (30 ml), dried (N&Oy), concentrated under reduced pressure and putiyetlash
chromatography [hexane/EtOAc (7:B; = 0.38] to yield thiophosphate as a colorless oil
(2.014 g, 79% for 2 steps).

Diisopropyl mercaptomethylphosphonate (2.23}*

0
RL R’
D . (iPrO),P SH
(IPTO)QP\ R
S SnBuj, N
R RI
220:R'=R>=H 223:R'=R>=H
(R-[D;12.20:R'=D,R?>=H (S)-[Dy]2.23: R' =D,R?>=H
(8)-[D;]2.20: R =H,R>=D (R-[D;]2.23:R'=H,R?>=D

1) S Stannylmethyl thiophospha®20 (217 mg, 0.43 mmol) was dissolved in dry THF
(3 ml) under argon. The solution was cooled to 2Z&nd MeLi (0.52 ml, 0.52 mmol, 1 M in

THF/cumene) was added dropwise every 3 secondsr 2fiminutes CECO,D was added
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and the solution was warmed up and concentratedrueduced pressure. Water was added
(4 ml) and the aqueous phase was extracted witiA&E(® x 10 ml). The combined organic
layers were dried (N&QO,) and concentrated under reduced pressure. Thduessvas
purified by flash chromatography [hexane/EtOAc J1:1Rr = 0.14] to vyield
mercaptophosphonafe23as a colorless oil (55 mg, 60%).

2) S Stannylmethyl thiophosphat2.20 (202 mg, 0.40 mmol) was converted to
mercaptophosphonat23 (28 mg, 33%) by procedure 1), except that the exm@mat was
performed at 0 °C for 1 minute and the MeLi waseatidropwise every second.

'H NMR (400.27 MHz, CDG): 6 = 4.74 (dseptJ*P) = 7.7 Hz,J = 6.3 Hz, 2H, 2 x
CH(CHg),), 2.62 (dd JC*P) = 13.3 Hz,J = 8.0 Hz, 2H, CkS), 1.80 (dtJC'P) = 9.5 HzJ =
8.0 Hz, 1H, SH), 1.33 (d) = 6.3 Hz, 6H, 2 x CH(CH,), 1.32 (d,J = 6.3 Hz, 6H, 2 x
CH(CHs)2)

13C NMR (100.61 MHz, CDG): 6 = 71.4 (dJ(*'P) = 6.8 Hz, 2C, CH(C#)), 24.1 (d,J3'P)
= 3.8 Hz, 2C, 2 x CH(CH)), 23.9 (d,J*'P) = 5.0 Hz, 2C, 2 x CH(C#$t), 18.7 (d,J*'P) =
156.9 Hz, 1C, CbBH).

*'P NMR (161.98 MHz, CDG): d = 23.9 (s, P=0).
For diisopropyl mercapto-[D;]Jmethylphosphonate ([D]2.23)

1) (9-Stributylstannyl-[DiJmethyl thiophosphate-[D1]2.20(227 mg, 0.45 mmol) was
converted to deuterate®)¢mercaptophosphonatR)[D1]2.23 (58 mg, 60%, ee 62%) by the
procedure 1) used for the preparation of the racen@rcaptomethylphosphonate, except that
the reaction was quenched with acetic acid 1 miafies the addition of MeLi.

2) (9-Stributylstannyl-[DiJmethyl thiophosphateS-[D1]2.20(280 mg, 0.56 mmol) was
converted to deuterate®)¢mercaptophosphonat®)¢[D1]2.23 (48 mg, 41%, ee 23%) by the
procedure 1), except that the experiment was peddrat 0 °C and the reaction was
quenched with acetic acid 15 seconds after thetiaddof MeLi, added dropwise every

second.
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3) (9-Stributylstannyl-[DJmethyl thiophosphate§-[D1]2.20(229 mg, 0.46 mmol) was
converted to deuterate®)¢mercaptophosphonat®)¢[D1]2.23 (22 mg, 22%, ee 77%) by the
procedure 1), except that the reaction was perfdrimé&tO at —95 °C and 1.05 equiv. MeLi

were used.

4) (9-Stributylstannyl-[DJmethyl thiophosphate§-[D1]2.20(218 mg, 0.43 mmol) was
converted to deuterate®R)¢mercaptophosphonat®)¢[D1]2.23 (52 mg, 56%, racemic) by the

procedure 3), except that the reaction was perfdrimery EtO at 0 °C.

5) (R)-Stributylstannyl-[Di)methyl thiophosphateR)-[D1]2.20 (286 mg, 0.57 mmol)
was converted to deuteratefj-(mercaptophosphonat&){[D1]2.23(31 mg, 25%, ee 61%) by
the procedure 3), except that the experiment wesmpeed in dry THF and the reaction was

guenched with acetic acid 3 minutes after the amdaf MeLi.

6) (R)-Stributylstannyl-[DiJmethyl thiophosphateR)-[D1]2.20 (249 mg, 0.50 mmol)
was converted to deuteratefj-(mercaptophosphonat&){[D1]2.23(73 mg, 68%, ee 52%) by
the procedure 5), except that the reaction wa®padd withn-BulLi.

7) (R)-Stributylstannyl-[DiJmethyl thiophosphateR)-[D1]2.20 (132 mg, 0.26 mmol)
was converted to deuteratefj-(mercaptophosphonat&){[D1]2.23 (20 mg, 36%, ee 52%) by
the procedure 5), except that the reaction wasaheshwith acetic acid 20 minutes after the
addition of MeLi (3M in dimethoxymethane).

8) (R)-Stributylstannyl-[DiJmethyl thiophosphateR)-[D1]2.20 (250 mg, 0.50 mmol)

was converted to deuterate®-Mmercaptophosphonat&){[D,]2.23 (no product isolated) by
the procedure 3), except that the experiment wafonpeed in a Trapp solvent mixture
(THF:ELO:pentane = 4:1:1) at —110 °C and the reaction quesiched with acetic acid 15
minutes after the addition of MeLi (1.6M inJEX).

The spectroscopic data were identical to th&.28 except for:

'H NMR (400.27 MHz, CDG): ¢ = 2.60 (tdd,J(*'P) = 13.4 HzJ = 8.2 Hz,J(D)= 2.1 Hz,
1H, CHD), 1.79 (ddJ(®'P) = 8.5 Hz,J = 8.2 Hz, 1H, SH).
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13C NMR (100.61 MHz, CDG): ¢ = 71.5 (d,J(*'P) = 6.9 Hz, 2C, 2 x CH(C$}), 24.1 (d,
J®'P) = 3.8 Hz, 2C, 2 x CH(CHb), 23.9 (d,J(*'P) = 4.8 Hz, 2C, 2 x CH(C#$b), 18.3 (dt,
J'P) = 151.8 Hz)(D) = 21.2 Hz, 1C, CHD).

(R)-(-)-Diisopropy! [(2-hydroxy-2-phenylethyl)thio]Jmethylphosphonate (2.24) and $)-
(+)-diisopropyl [(2-phenyl-2-hydroxyethyl)thiolmethylphosphonate (2.25)

Ph
0
0 OH 0 |
l 9y I N S P(OiPr),
(iPrO),P SH S P(OiPr), HO \\<
\¢< Ph \\< RZ\\ R!
S S
223:R'=R>=H 224:R'=R?>=H 2.25:R'=R>=H
(R)-[Dy]2.23: R'=D,R>=H (R)-[Dy]2.24:R'=D,R>=H (R)-[Dy]2.25:R'=D,R?>=H
(S)-[D;]2.23: R'=H,R?>=D (S)-[D;]2.24:R' =H,R>=D (S)-[D;]2.25:R' =H,R>=D

(R)-(+)-Phenyloxirane [0.12 ml, 1.02 mmol, ee 97% (@)L was added to a mixture of
mercaptomethylphosphona®23 (54 mg, 0.25 mmol) and KOs (70 mg, 0.51 mmol) in
isopropanol (2 ml) under argon. The mixture wasedi for 2 hours at room temperature.
Afterwards it was concentrated under reduced pressater was added (5 ml) and the
mixture was extracted with EtOA@ x 10 ml), dried (MgSg) and concentrated under
reduced pressure. The residue was purified by ftdsbmatography [hexane/EtOAc (1:2),
Ria = 0.37,Ris = 0.22] to yieldS-alkylated mercaptomethylphosphona2e®4and2.25(A: 44
mg, 52%; B: 19 mg, 24%) as colorless oils.

2.24 [0]p?® = —25.65 (c = 3.15, acetone).

2.25 [a]p?° = +83.36 (¢ = 1.40, acetone).

Anal. calculated for gH2s04PS (332.40): C 54.20%, H 7.58%; found 2024 C 54.27%, H
7.61%; found foR.25 C 54.09%, H 7.54%.

2.24
IR (Si): v = 3369, 2979, 1238, 990 ¢m
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'H NMR (400.13 MHz, CDG): d = 7.38-7.29 (m, 4H, ko), 7.27-7.21 (m, 1H, kon), 4.88
(X-part of ABX-sys.,J = 9.1, 3.0 Hz, 1H, CHOH), 4.77 (dsepf'P) = 7.6 Hz,J = 6.2 Hz,
2H, 2 x CH(CH).), 3.08 (A-part of ABX-sys.Jag = 14.3 Hz,J = 3.0 Hz, 1H, SChCH), 2.89
(B-part of ABX-sys. Jag = 14.3 Hz,J= 9.1 Hz, 1H, SCKCH), 2.75 (AB-sys.Jas = 15.6 Hz,
J®'P) = 12.9 Hz, 2H, PC}$), 1.34 (d,) = 6.2 Hz, 3H, CH(CH)>), 1.33 (d,J = 6.2 Hz, 9H, 3
X CH(CHy)»).

*C NMR (100.61 MHz, CDG): 6 = 142.9 (s, 1C, Caron), 128.4 (s, 2C, 2X Lon), 127.6 (S,
1C, Guom), 125.7 (s, 2C, 2 X Lem), 73.0 (s, 1C, CHOH), 71.7 (d(**P) = 6.1 Hz, 1C,
CH(CHy),), 71.6 (dJ(*'P) = 6.9 Hz, 1C, CH(Ch},), 43.3 (d,J(*'P) = 1.8 Hz, 1C, CHC}S),

26.5 (d,J('P) = 151.3 Hz, 1C, SGR), 24.1 (dJC'P) = 3.8 Hz, 1C, CH(Ch), 24.0 (d,
J(®'P) = 3.8 Hz, 1C, CH(CH)), 23.9 (dJ®'P) = 5.4 Hz, 2C, CH(Ch)).

%P NMR (161.98 MHz, CDG): ¢ = 24.7 (P=0).

2.25
IR(Si): v = 3383, 2978, 2932, 1386, 1374, 1234, 1179, 11066, 985 cri.

'H NMR (400.13 MHz, CDG): d = 7.36-7.28 (m, 4H, Kon), 7.27-7.22 (M, 1H, Kom, in
4.75 and 4.68 (two dsepl(*'P) = 7.7 Hz,J = 6.2 Hz, 2H, 2 X CH(CH)), 4.20 (X-part of
ABX-sys.~t,J = 6.8 Hz,J = 6.1 Hz, 1H, SCHC}), 3.95 (AB-part of ABX-sys.Jag = 11.9
Hz, J = 6.8, 6.1 Hz, 2H, CHC}DH), 3.04 (br. s, 1H, C¥DH), 2.64 (AB-sys.Jas = 15.2,
J®'P) = 13.6 Hz, 2H, PC}$), 1.32 (dJ = 6.3 Hz, 3H, CH(CH),), 1.31 (d,J = 6.3 Hz, 3H,
CH(CHs),), 1.30 (dJ = 6.3 Hz, 3H, CH(CH)>), 1.29 (d,J = 6.3 Hz, 3H, CH(CH).).

C NMR (100.61 MHz, CDG): 6 = 138.9 (s, 1C, &aron), 128.7 (S, 2C, 2X Lon), 128.1 (s,
2C, 2 X Grom), 127.8 (s, 1C, Gom), 71.7 (d,J3'P) = 6.8 Hz, 1C, CH(Ch)), 71.4 (dJC'P) =
7.0 Hz, 1C,_CH(CH),), 65.9 (s, 1C, CkDH), 53.9 (d,J*'P) = 3.1 Hz, CHCHS), 25.3 (d,
J®'P) = 151.4 Hz, 1C, PGIS), 24.1 (dJC'P) = 3.8 Hz, 1C, CH(CH), 24.0 (dJ(*'P) = 3.8
Hz, 1C, CH(CH),), 23.9 (d J*'P) = 5.4 Hz, 2C, CH(Ch,).

3P NMR (161.98 MHz, CDG): 6 = 24.5 (P=0).
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Diisopropy! S-tributylstannyl-[D ;Jmethyl thiophosphate

Prepared in the same way as the racemic comp@um@ The spectroscopic data were

identical t02.2Q except for:

'H NMR (400.27 MHz, CDG)): 6 = 2.04 (br. dJC'P) = 9.0 Hz J*"*%n) = 35.4 Hz, 1H,
SCHD).

Preparation of 2.23 as a reference substance
1)  S-Methyl (diisopropoxyphosphinyl)dithioformate *??
0

0 I
(iPrO),P

I . S
(IPrO),P_ \”/ N
H
S

Diisopropyl phosphite (1.67 ml, 10 mmol) was dissal in dry THF (20 ml) under argon and
cooled to —78 °Cn-BulLi (6.88 ml, 11 mmol) was added and the soluticas stirred for 5
minutes. Then CS(0.72 ml, 12 mmol) was added and the solution stased for another 15
minutes. Mel (0.75 ml, 12 mmol) was added and tk#amring was continued at room
temperature for another 2 hours. Again Mel (0.75 X2 mmol) was added and the solution
was stirred for another 2 hours. Afterwards thectiea mixture was concentrated under
reduced pressure and a saturated aqueous solutiblalCO; (20 ml) was added. The
mixture was extracted with EtOAc (2 x 20 ml). Thambined organic phases were washed
with aqueous NaHC9(20 ml), dried (MgSG@), concentrated under reduced pressure and
purified by bulb-to-bulb distillation (70 °C, 0.5bar) (lit**% 116-117 °C/0.4 mm) to yield a
dark red colored oil (858 mg, 33%).

np2° = 1.5220 (lit*: np?® =1.5168).
'H NMR (400.13 MHz, CDG): 6 = 4.82 (dsept) = 6.2 Hz,J('P) = 7.3 Hz, 2H, 2 x

CH(CHs),), 2.66 (s, 3H, SCH), 1.37 (d,J = 6.2 Hz, 6H, 2 x CH(CH),), 1.32 (d,J = 6.2 Hz,
6H, 2 x CH(CH)»).
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13C NMR (100.61 MHz, CDG): 6 = CS n. d., 73.7 (dJ(*'P) = 6.8 Hz, 2C, CH(CH),), 24.1
(d, J®'P) = 3.9 Hz, 2C, 2 x CH(C}}), 23.6 (d,J*'P) = 5.4 Hz, 2C, 2 x CH(C#}), 19.3 (d,
J(®'P) = 3.0 Hz, 1C, SChL

3P NMR (161.98 MHz, CDG): 6 = -2.7 (s, P=0).

2) Reduction of S-methyl (diisopropoxyphosphinyl)dithioformate to

mercaptomethylphosphonate (2.23)

o
O
S

(iPrO),P ~ » |
\”/ (iPrO)P~__-SH

S 2.23

SMethyl (diisopropoxyphosphinyl)dithioformate (768g, 3 mmol) was dissolved in dry
acetonitrile (30 ml) under argon and a solutioNaBD, (454 mg, 12 mmol in mixture of 1.5
ml of 1M NaOH and 1.5 ml of MeOH) was added. Thact®n mixture was refluxed for 30
minutes, water (1 ml) was added and refluxing wastinued for another 60 minutes.
Afterwards the reaction mixture was cooled to ra@mperature and gD (30 ml) and 2M
HCI (22 ml) were added. The phases were separattthe aqueous one was extracted with
Et,O (3 x 25 ml). The combined organic layers were wedshéh water (3 x 25 ml), dried
(MgSQy) and concentrated under reduced pressure. Thdueesivas purified by flash
chromatography [hexane/EtOAc (1:B;,= 0.37] to yield mercaptomethylphosphonate as a
colorless oil (301 mg, 47%).

Surprisingly, no deuterium was found in the prodiitte spectroscopic data were identical to

that of the compound prepared by rearrangenieagy

Attemped preparation of  deuterated R)-(-)-Diisopropy! [(2-hydroxy-2-
phenylethyl)thio]-[D ;Jmethylphosphonate (2.24) and §)-(+)-diisopropyl [(2-phenyl-2-
hydroxyethyl)thio]-[D ;Jmethylphosphonate (2.25)

Mercapto[Q]methylphosphonate [{)2.23 (44 mg, 0.21 mmol) was converted3alkylated
mercaptomethylphosphonates;[R.24 and [D]2.25 (2.24 35 mg, 48%2.25 16 mg, 25%)
as colorless oils by the procedure used befop€(¥/isopropanol). No deuterium was found

in the products!
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Investigation of the deuterium exchange in product2.24 and 2.25

A mixture of S-alkylated mercaptomethylphosphonat25 (112 mg, 0.34 mmol) and KOs

(92 mg, 0.67 mmol) in 2-propanol-OD (3 ml) werersiil for 3 hours at room temperature
under argon. Afterwards it was concentrated uneéuced pressure. Water (2 ml) was added
and the mixture was extracted with EtO@cx 10 ml), dried (MgS¢) and concentrated under
reduced pressure. The residue was purified by thsbmatography [hexane/EtOAc (1:R,

= 0.35] to yieldSalkylated mercaptomethylphosphonat@5 (63 mg, 56%) as colorless oil
containing no deuterium (BY4 NMR).

An analogous experiment was performed v8talkylated mercaptomethylphosphonate4

and the same result was obtained.

Deuterium exchange in mercaptomethylphosphonate 232luring the derivatization

1) (R)-(+)-Phenyloxirane [0.22 ml, 1.88 mmol, ee 97% (©].was added to a mixture of
mercaptomethylphosphona2e23 (100 mg, 0.47 mmol) and,KO; (130 mg, 0.94 mmol) in
2-propanol-OD (1.5 ml) under argon. The mixture wtsed for 2 hours at room temperature
and concentrated under reduced pressure. Wateradded (10 ml) and the mixture was
extracted with EtOA¢3 x 15 ml), dried (MgS®) and concentrated under reduced pressure.
The residue was purified by flash chromatographgx@ime/EtOAc (1:2)Ria = 0.33,Rp =
0.18] to yieldSalkylated mercaptomethylphosphona&g4 and 2.25 (2.24 95 mg, 61%;
2.25 23 mg, 15%) as colorless oils. The integratiortie'H NMR spectrum for the two
diastereotopic protons of the @M group corresponded to 0.36 hydrogens insteadOofo?

both diastereomers.

2) Mercaptomethylphosphona®23 (92 mg, 0.43 mmol) was converted $alkylated
mercaptomethylphosphonat224 and 2.25 (2.24 90 mg, 63%;2.25 33 mg, 23%) by the
procedure 1) except that pyridine (70 ul, 0.87 mma@s used as a base. The integration in
the'™H NMR spectrum for the two diastereotopic protofishe CHP group corresponded to

1.83 hydrogens instead of 2.0 for both diastereemer
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S-(Diisopropoxyphosphinyl)methyl (R)-1-phenylethylthiocarbamate (2.28)

I I
| H
(iPrO)2P\< SH —_— WR/N S \< P(OiPr),
¥ \H/ N W
223:R'=R*=H (R)-2.28:R'=R?=H
(R)-[D;]2.23:R'=D,R>=H (RR)-[D]2.28:R' =D,R?>=H
(S)-[Dy]2.23:R' =H,R?>=D (S,R)-[D;]2.28:R' =H,R?>=D

R = Phenyl

2.23 (30 mg, 0.14 mmol) anR}-(+)-1-Phenylethyl isocyanate (38, 0.28 mmol, ee 99%)
were dissolved in dry THF (2 ml) under argon. Teaation mixture was stirred for 2.5 hours
at room temperature. Afterwards water (1 ml) wadealdand the mixture was concentrated
under reduced pressure and purified by flash chiagnaphy [hexane/EtOAc (1:2% = 0.29]

to yield the thiocarbama®28(48 mg, 100%) as a colorless oil

IR (Si): v = 3230, 2981, 2930, 1679, 1534, 1265, 1239, 994 cm

'H NMR (400.13 MHz, CDG): 6 = 7.28-7.14 (m, 5H, kon), 6.56 (br. s, 1H, NH), 4.99 (br.
s, 1H, CHCH), 4.63 (dsept)(*'P) = 7.6 HzJ = 6.2 Hz, 2H, 2 x CH(CH),), 3.13 (AB-sys.,
Jag = 15.2 Hz J('P) = 13.2 Hz, 2H, Cb8), 1.43 (dJ) = 7.0 Hz, 3H, CHCH), 1.24 (d,J = 6.2
Hz, 3H, CH(CH),), 1.23 (d,J = 6.2 Hz, 3H, CH(CH)3, 1.22 (d,J = 6.5 Hz, 3H, CH(CH),,
1.20 (d,J = 6.5 Hz, 3H, CH(CH)>.

C NMR (100.61 MHz, CDG): 6 = 164.3 (br. s, 1C, C=0), 142.8 (S, 1G,afen), 128.5 (s,
2C, Guon), 127.3 (s, 1C, Gom), 126.0 (S, 2C, Gom), 71.4 (d,J = 6.9 Hz, 2C, 2 x CH(Ch)),
51.5 (s, 1C, CHCH), 24.0 (d,J(*'P) = 3.7 Hz, 1C, CH(CH)), 23.9 (d,JC'P) = 3.7 Hz, 1C,
CH(CH),), 23.9 (dJC'P) = 152.2 Hz, 1C, C}$), 23.8 (dJ(*'P) = 5.2 Hz, 2C, CH(Ch)),
29.9 (br. s, 1C, CHCH.

3P NMR (161.98 MHz, CDG): 6 = 22.6 (s, P=0).

Anal. calculated for @H26NO4PS (359.42): C 53.47%, H 7.29%, N 3.90%, S 8.92%nd:
C 54.19%, H 7.59%, N 3.80%, S 8.41%
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S-(Diisopropoxyphosphinyl)methyl (R)-1-(1-naphthyl)ethylthiocarbamate (2.29)

I I
| H
(iPrO)2P\< SH T —— YRN S\< P(OiPr),
N 2 \”/ 2\\\\. 1
Rl R R o) R R
223:R'=R?=H (R)-2.29:R'=R?=H
(R)-[D;]2.23:R'=D,R?>=H (RR)-[D;]2.29:R' =D,R?=H
(S)-[D;12.23:R' =H,R?=D (S,R)-[D]2.29: R =H,R?>=D

R = 1-Naphthyl

Mercaptomethylphoshonat2.23 (76 mg, 0.36 mmol) andRj-(-)-1-(1-naphthyl)ethyl
isocyanate (0.62 ml, 0.72 mmol, ee 95%) were diggbin dry THF (3 ml) under argon. The
solution was stirred for 5 hours at room temperatfterwards water (0.25 ml) was added)
and the mixture was stirred for another 2.5 h. Thtewas concentrated under reduced
pressure and purified by flash chromatography [he#&tOAc (1:2),R; = 0.61] to yield

thiocarbamat@.29 (136 mg, 97%) as a colorless oil.
IR (Si):v = 3222, 2980, 2931, 1675, 1533, 1238, 1216, 994 cm

'H NMR (400.13 MHz, CDG): J = 8.04 (dJ = 8.3 Hz, 1H, Hron), 7.85-7.75 (M, 1H, Kon),
7.74 (d,J = 7.9 Hz, 1H, Hron), 7.55-7.35 (M, 4H, Kom 6.59 (br. s, 1H, NH), 5.85 (br. s, 1H,
CHCH), 4.61 (dsept)(*'P) = 7.7 Hz,J = 6.3 Hz, 2H, 2 x CH(CH)},), 3.18 (AB-sys.Jag =
15.0 Hz,J(*'P) = 12.9 Hz, 2H, Cb8), 1.63 (d,) = 6.8 Hz, 3H, CHCHh), 1.27 (d,J = 6.0 Hz,
3H, CH(CHp)2), 1.26 (d,J = 5.7 Hz, 3H, CH(CH)3, 1.23 (d,J = 6.2 Hz, 3H, CH(Ch)», 1.21
(d, J= 6.2 Hz, 3H, CH(CH).

%C NMR (100.61 MHz, CDG): 6 = 164.3 (br. s, 1C, C=0), 137.9 (s, 1G,afen), 133.8 (s,
1C, G aron), 130.7 (S, 1C, €aron), 128.8 (S, 1C, Gom), 128.8 (s, 1C, Gom, 128.3 (s, 1C,
Carom)s 126.4 (s, 1C, Gom), 125.7 (s, 1C, Gon), 125.2 (s, 1C, Gon), 123.0 (s, 1C, Gon),

122.6 (s, 1C, Gon), 71.40 (dJC*P) = 6.7 Hz, 1C, CH(CH)), 71.38 (d J(*'P) = 6.7 Hz, 1C,
CH(CH),), 60.31 (s, 1C, CHCH), 24.0 (d,J(*'P) = 153.2 Hz, 1C, Ci$), 23.94 (d,)*'P) =

4.5 Hz, 1 x CH(CH),), 23.91 (dJC'P) = 4.4 Hz, 1 x CH(Ch)), 23.79 (dJC'P) = 4.8 Hz, 1
X CH(CHy)2), 23.77 (dJC*P) = 5.2 Hz, 1 x CH(CH),), 21.1 (br. s, 1C, CHCHi

P NMR (161.98 MHz, CDG): J = 22.5 (s, P=0).
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Anal. calculated for ¢H»gNO4PS (409.48): C 58.66%, H 6.89%, N 3.42%, S 7.83%nd:
C 59.05%, H 7.14%, N 3.80%, S 8.41%.

Triethylammonium salt of diisopropyl thiophosphoric acid

o o

. —_—
(iPrO),P_ (iPrOLP 0 @
H S HNEt,

Diisopropyl phosphite (1.66 g, 10 mmol), sulfur3®.g, 10 mmol) and triethylamine (1.39
ml, 10 mmol) were dissolved in isopropanol (25 amyg stirred for 2 hours at 50 °C. Then it
was cooled and stored in the refrigerator.

Preparation of disulfide derived from mercaptomethyphosphonate, as a reference
sample

0 0 0
- - | |

SH (PrO)P __-S—=S_P(OiPD),

|
2.23

Triethylamine (0.12 ml, 0.84 mmol) was added togbkition 0f2.23(152 mg, 0.72 mmol) in
dry THF (3.6 ml). After cooling to 0 °C a solutiaf iodine (108 mg, 0.43 mmol) in dry THF
(1.8 ml) was added dropwise. The reaction mixturas vetirred for 2 hours at room
temperature and then concentrated under reducessysee CHCI, was added and after
washing with water and an aqueous solution o3z the organic phase was dried
(Na&SQy) and concentrated under reduced pressure. Thdueesvas purified by flash
chromatography (EtOAd = 0.25) to yield disulfide as a colorless oil (1184, 88%).

IR (Si):v = 2978, 2933, 1386, 1375, 1253, 1179, 1142, 1988, cm".

'H NMR (400.13 MHz, CDG): 6 = 4.72 (dseptJ*'P) = 7.7 Hz,J = 6.2 Hz, 4H, 2 x
CH(CHy),), 3.17 (d,J3'P) = 13.3 Hz, 4H, 2 x C¥$), 1.32 (d,J = 6.1 Hz, 12H, 4 x
CH(CH),), 1.31 (dJ = 6.1 Hz, 12H, 4 x CH(Ch).

13C NMR (100.61 MHz, CDG): 6 = 71.4 (d,J(®'P) = 6.8 Hz, 4C, CH(C#},), 35.4 (d,J(*'P)

= 146.2 Hz, 2C, 2 x C¥$), 24.0 (dJC'P) = 4.5 Hz, 4C, 4 x CH(C{}b), 23.9 (d,J**P) = 5.3
Hz, 4C, 4 x CH(CH),).

100



-Experimental Part-

%P NMR (161.98 MHz, CDG): J = 21.6 (s, P=0).

Tributylstannylmethyl methanesulfonate (2.26)

’, ’,

Bu;Sn OH Bu;Sn OMs
2.2:R'=R?=H 2.26:R'=R?=H
(8)-[D]2.2: R'=H,R?>=D (S)-[Dy]2.26: R' =H,R?>=D
(R-[D;2.2:R'=D,R*=H (R-[D;]2.26:R'=D,R?>=H

To the solution of TMP (0.41 ml, 2.44 mmol) in dRHF (9.5 ml) under argon-BuLi was
added at —10 °C. After stirring for 10 minutes tkaction mixture was cooled down to —78
°C and2.2 (655 mg, 2.03 mmol) dissolved in dry THF (3.5 mBs added. After stirring for
15 minutes mesyl chloride (0.20 ml, 2.64 mmol) veasled and stirring was continued for
another 20 minutes. Afterwards water (13 ml) and 2®1 (13 ml) were added. The mixture
was extracted with EtOAc (3 x 20 ml) and the coredimrganic phases were washed with a
saturated aqueous solution of NaHC@B0 ml) and HO (30 ml), dried (MgS@), and
concentrated under reduced pressure. The residsepwadfied by flash chromatography
[hexane/EtOAc (7:1), R 0.56] to yield mesylat2.26 (697 mg, 92%) as a colorless oil.

'H NMR (400.27 MHz, CDG): ¢ = 4.31 (s J(**"*'%n) = 14.1 Hz, 2H, C}D), 2.93 (s, 3H,
CHs), 1.61-1.40 (m, 6H, 3 x C&H,Sn), 1.30 (sext) = 7.1 Hz, 6H, 3 x CKHCH,),Sn), 1.09-
0.89 (M, J(**"™%5n) = 51.5 Hz, 6H, 3 x Ci$n), 0.88 (t,) = 7.3 Hz, 9H, 3x CH{CH,)sSn).
Tributylstannyl-[D j]Jmethyl methanesulfonate ([Q]2.26)

The spectroscopic data were identical to th&.26 except for:

'H NMR (400.27 MHz, CDGQ): ¢ = 4.31 (5,J**"**Sn) = 14.1 HzJ(D) = 1.2 Hz, 1H,
CHDO).
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(Allylthiomethyl)tributylstannane (2.30)

1 2 1 2
R Z, R R \\\R
7, > W
Bu;Sn OMs \/\s SnBus
2.26:R'=R>=H 2.30:R'=R?>=H
(S)-[Dy]2.26: R' =H,R?>=D (R-[D;12.30: R' =H,R?>=D
(R-[D;]2.26:R'=D,R?>=H (S)-[Dy]2.30: R' =D,R?>=H

Allylmercaptane (0.20 ml, 2.37 mmol) was added tsolution oft-BuONa (228 mg, 2.37
mmol) in THF (5.0 ml) and stirred under argon fd fhinutes. Afterwards the reaction
mixture was cooled down to —30 °C and tributylstdmethyl mesylate2.26 (632 mg, 1.58
mmol) in dry THF (3 ml) was added. After stirringrf15 minutes, 1M HCI (8 ml) and
hexanes (8 ml) were added. The organic phase vpasaded and washed with brine (20 ml),
dried (MgSQ), and concentrated under reduced pressure. Tioueewas purified by flash
chromatography [hexane/GEl; (30:1),R:= 0.54] to yield tributylstannylmethyl sulfidz30

(500 mg, 84%) as a colorless oil.
IR (Si): v = 2956, 2926, 2853, 1635, 1464, 1376, 911'cm

'H NMR (400.27 MHz, CDG): 6 = 5.74 (tdd Jyans= 17.2 Hz,Jss = 10.0 Hz,J = 7.3 Hz, 1H,
CH=CH,), 5.07 (tdd,Jis = 10.0 Hz,J = 1.7, 0.8 Hz, 1H, CH=CH Hg), 5.03 (tdd,Jirans =
17.2 Hz,J = 1.7, 1.2 Hz, 1H, CH=CH Hyang, 3.06 (dddJ = 7.3, 1.2, 0.8 Hz, 2H, GiS),
1.80 (s,J(**"%5n) = 41.3 Hz, 2H, Sn-Gi 1.60-1.38 (m, 6H,3 x CHCH,-Sn), 1.30 (sext)
= 7.3 Hz, 6H, 3 x CK{CH,),Sn), 1.10-0.82 (mJ(**"**%5n) = 50.6 Hz, 6H, 3 x Ci$n), 0.87
(t, J = 7.3 Hz, 9H, 3x CK(CH,)sSn).

¥C NMR (100.61MHz, CDG): § = 133.9 (s, 1C, CH=C#)}, 116.7 (s, 1C, Cp+CH), 41.0 (s,
1C, CHS), 29.0 (s)(**"**Sn) = 20.9 Hz, 3C, 3 x CKCH,),Sn), 27.3 (sJ(**"**Sn) = 55.2
Hz, 3C, 3 X CHCH,Sn), 13.7 (s, 3C, 3 x GKCHy)3), 9.5 (s,J(**"*%n) = 334.7, 319.6 Hz,

Anal. calculated for ¢H3,SSn (377.22): C 50.94%, H 9.08%; found: C 51.169%9, H%
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(Allylthio-[D 1]Jmethyl)tributylstannane ([D1]2.30)

Allylmercaptane (0.22 ml, 2.58 mmol) was convertedtributylstannyl-[Q]Jmethyl sulfide
(R)- and §)-[D,]2.30(537 mg, 83%) as a colorless oil.

The spectroscopic data were identica2 180, except for:

'H NMR (400.27 MHz, CDQ): 6 = 1.78 (br. sJ(**"*'%n) = 40.7 Hz, 1H, CHDS).

[2,3]-Rerrangement of (allylthiomethyl)tributylstannane and derivatization of 3-
butenethiol to thiocarbamate (2.35)

1 2
R n-Buli R, R
: e “,
\/\s SnBu, = SH
2.30:R'=R?>=H 2.34:R'=R?>=H
(R)-[D]2.30: R' =D,R?>=H (R-[D;]2.34:R'=D,R?>=H
(S)-[D;]2.30: R' =H,R*=D (S)-[D;]2.34:R' =H,R?>=D

NCO
(R)
Ph

0] i 2
/L LR>§/\
Ph N S X
H

2.35:R'=R?’=H
(R,R)-[D;12.35:R'=D,R?>=H
(R,S)-[D;]2.35:R' =H,R>=D

Step 1

n-BuLi (0.25 ml, 0.39 mmol) was added to the solutad sulfide2.30 (131 mg, 0.33 mmol)
in dry THF (2.5 ml) at =95 °C under argon. After dfinutes 2M CECOOH (70ul, 0.13
mmol) was added and the mixture was used immegitdekthe derivatization - the thi@.34

cannot be isolated because of its low boiling point
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Step 2

(R)-(+)-1-Phenylethyl isocyanate (0,10 ml, 0.66 mmex, 99%) was added to the reaction
mixture of 2.34 at —95 °C under argon. The cooling bath was rechaed stirring was
continued at room temperature. After 45 minuteatarated aqueous solution of NaH£Q@O
ml) was added and the mixture was extracted wi@¥et(2 x 20 ml). The combined organic
phases were dried (MgQPand concentrated under reduced pressure. Thdusesvas
purified by two flash chromatographies [first: hagéEtOAc (10:1) R = 0.38, side product
0.45; second: hexane/GEl, (1:1), R = 0.29, side product 0.68) to yield thiocarbanta®b
(64 mg, 83%) as colorless crystals; m.p. = 46-4TH&xane).

[0]p?® = —97.78 (c = 0.90, acetone).
IR (Si):v =3293, 2977, 1652, 1520, 1495, 1217, 699.cm

'H NMR (400.27 MHz, CDG): ¢ = 7.37-7.18 (M, 5H, Kon), 5.77 (tddJans= 17.0 Hz,Jeis =

10.2 Hz,J = 6.7 Hz, 1H, CH=Ch), 5.54 (br. s, 1H, NH), 5.06 (qdyans= 17.0 Hz,J = 1.6
Hz, 1H, CH=CH), 5.05 (br. s, 1H, CHC#), 5.01 (tdd,Js = 10.2 Hz,J = 1.6,J = 1.2 Hz, 1H,
CH=CH,), 2.95 (AB-sysJas = 13.4 Hz,J = 7.1 Hz, 2H, CHS), 2.35 (tddd)) = 7.1, 6.7, 1.6,
1.2 Hz, 2H, CHCH;,S), 1.49 (d,] = 6.9 Hz, 3H, CHCH).

13C NMR (100.61MHz, CDG): J = 142.8 (s, 1C, Caron), 136.3 (s, 1C, CHCH, 128.7 (s,
2C, Cuon), 127.5 (s, 2C, Gom), 126.0 (s, 1C, Gom), 116.3 (s, 1C, CHCH), 51.1 (s, 1C,
CHCHy), 34.5 (s, 1C, ChCH,S), 29.2 (s, 1C, C§8), 22.0 (s, 1C, C}CH).

Anal. calculated for GH;17/NOS (235.35): C 66.16%, H 7.25%, N 6.04%, S 13.4fo4nd: C
66.34%, H 7.28%, N 5.95%, S 13.62%

Rerrangement of (allylthio-[D;]Jmethyl)tributylstannanes, derivatization of [D;]but-3-

enethiols formed and determination of ee.
1) Allylthio-[D jJmethylstannane §)-[D4]2.30 (174 mg, 0.46 mmol) was converted to

deuterated 3-butenethidh)¢[D1]2.34 and derivatized td§-[D1]2.35(90 mg, 83%, ee95%)

by the procedure used for the preparation of theméc 3-butenethiol.
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2) Allylthio-[D 1Jmethylstannane §)-[D;]2.30 (161 mg, 0.43 mmol) was converted to
deuterated 3-butenethidb)¢[D,]2.34 and derivatized toF-[D1]2.35 (95 mg, 95%, ee 91%)
by the procedure 1), except that the experimentpea®rmed at —78 °C.

3) Allylthio-[D {Jmethylstannane §-[D1]2.30 (172 mg, 0.45 mmol) was converted to
deuterated 3-butenethidb)([D,]2.34 and derivatized to-[D1]2.35 (104 mg, 99%, ee 83%)
by the procedure 1), except that the experimentpea®rmed at —40 °C.

4) Allylthio-[D 1Jmethylstannane §)-[D;]2.30 (164 mg, 0.43 mmol) was converted to
deuterated 3-butenethiob)([D1]2.34 and derivatized toS}-[D,]2.35 (73 mg, 72%, ee 71%)
by the procedure 1), except that the experimentpeaformed at 0 °C and the reaction was

qguenched with trifluoroacetic acid 3 minutes aftex addition oh-BulLi.

5) Allylthio-[D 1JmethylstannaneR)-[D1]2.30 (189 mg, 0.50 mmol) was converted to
deuterated 3-butenethidR)-[D;]2.34 and derivatized toR)-[D;]2.35 (74 mg, 62%, ee 50%)
by the procedure 2), except that the experimentpea®rmed in dry EO.

6) Allylthio-[D 1JmethylstannaneR)-[D]2.30 (184 mg, 0.49 mmol) was converted to
deuterated 3-butenethidR)-[D;]2.34 and derivatized toR)-[D;]2.35 (51 mg, 45%, ee 20%)
by the procedure 4), except that the experimentpea®rmed in dry EO.

The spectroscopic data were identica 185 except for:

4 NMR (400.27 MHz, CDG): 6 = 2.95 (t,J = 7.2 Hz, 1H, CHD), 2.34 (§ = 6.9 Hz,
CH,CHD).

To determinate the enantiomeric excesses of darésafD;]2.35the'H NMR experiments
were performed in gDMSO with irradiation at 2.24 ppm (decoupling o€I3DCH,). Two

broad singlets were observed for the two diasteoiprotons of the SCHD group.

'H NMR (600.13 MHz, DMSO)8 = 2.83 (br. s, CHD) and 2.80 (br. s, CHD).
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Byproduct2.36was also found.

Ph
OY NYO
Ph o)
Colorless crystals (132 mg, 70%), m.p. = 149-15F&@anol).

[0]p® = —234.9 (c = 1.10, acetone).
[0]p?° = —258.8 (c = 0.37, ethanol).

IR (Si):v = 3032, 2984, 1687, 1429, 1370, 1349, 1214.cm

'H NMR (400.27 MHz, CDG)): 6 = 7.39-7.12 (m, 15H, kbm), 5.99 (q.J = 7.1 Hz, 3 x CH),
1.78 (d,J = 7.1 Hz, 9H, 3 x Ch).

13C NMR (100.61MHz, CDG): 6 = 148.5 (s, 3C, C=0), 139.6 (S, 3G, 4en), 128.3 (s, 6C, 6
X Caron), 127.4 (S, 3C, 3X Gon), 126.9 (S, 6C, 6 X L), 52.9 (S, 3C, 3 x CH), 16.4 (s, 3C, 3 X
CHs).

MS (El, 70 eV): m/z (%) = 441 (13, )| 337 (25, M-CgHg), 233 [100, M-2(CsHg)].

Anal. calculated for &H,7N303 (441.52): C 73.45%, H 6.16%, N 9.52%; found: C4%30,
H 5.99%, N 9.49%.
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(Benzylthiomethyl)-, (R)- and (S)-benzylthio-[D;i]Jmethyltributylstannane (2.31)

S\< SnBuy
Rl//, R2 Rl\\\ R2
‘ .
BusSn OMs
2.26:R'=R’=H 231:R'=R?’=H
(S)-[D;12.26: R' =H,R?=D (R)-[D]2.31: R'=D,R*>=H
(R)-[D;]2.26: R' =D, R?>=H (S)-[Dy]2.31:R' =H,R?>=D

Benzylmercaptane (0.35 ml, 3.0 mmol) was added toixdure oft-BuONa (289 mg, 3.0
mmol) in dry THF (6.3 ml) and stirred under argam 10 minutes. Afterwards the reaction
mixture was cooled to —30 °C a@26 (798 mg, 2.0 mmol) in dry THF (3.5 ml) was added.
Stirring was continued for 15 minutes and then 1KIKLO ml) and hexane (10 ml) were
added. The organic phase was separated and wagieldrive (20 ml), dried (MgS£) and
concentrated under reduced pressure. The residie puafied first by bulb-to-bulb
distillation (45 °C, 0.5 mbar) to remove excess Zyémercaptane and then by flash
chromatography [hexane/GEl, (30:1), R = 0.33] to yield benzylthiomethylstanna@e31

(786 mg, 92%) as a colorless oil.
IR (Si):v = 2955, 2923, 2851, 1493, 1453, 1376 107icm

'H NMR (400.27 MHz, CDQ): ¢ = 7.35-7.15 (m, 5H, kbn), 3.64 (s, 2H, CbB), 1.77 (s,
J(H5n) = 41.6 Hz, 2H, CkBn), 1.57-1.33 (m, 6H, 3 x GBH,SN), 1.30 (sext) = 7.3 Hz,
6H, 3 X CH(CH,),Sn), 0.97-0.80 (mJ(**"**%n) = 49.6 Hz, 6H, 3 x Ci$n), 0.85 (tJ = 7.3
Hz, 9H, 3x CH(CH,)sSn).

13C NMR (100.61MHz, CDG): 6 = Cq not detected, 129.0 (s, 2Cade), 128.3 (s, 2C,
Carom), 126.6 (s, 1C, Gon), 42.5 (s, 1C, CbSB), 29.0 (s J**"*%Sn) = 20.6 Hz, 3C, 3 x
CHy(CH,),Sn), 27.2 (s J(*™sn) = 55.2 Hz, 3C, 3 x_GHCH,Sn), 13.7 (s, 3C, 3 x
CH5(CHy)a), 9.5 (s, J(**"%n) = 334.4 Hz, 3C, 3 x SnGITH,),), 8.3 (t,J(*"*%n) = 223.0
Hz, 1C, SCHSn).

Anal. calculated for gH3sSSn (427.27): C 56.22%, H 8.49%, S 7.50%; foun86@8%, H
8.45%, S 7.26%
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[D1]2.31
Similarly, (9-tributylstannyl-[D]Jmethyl mesylate [)-[D;]2.26 (1.690 g, 4.22 mmol) was
converted toR)-benzylthio-[DiJmethylstannane K)-[D,]2.3] (1.535 g, 85%) as a colourless

oil.
Similarly, (R)-tributylstannyl-[DiJmethyl mesylate R)-[D1]2.26 (1.0 g, 2.49 mmol) was
converted to §-benzylthio-[DiJmethylstannane [(S)-[()2.31] (870 mg, 82%) as a colourless

oil.

The™H NMR spectra of )- and §)-benzylthio-[D]methylstannane R)- and ©-[D]2.31]

were identical to that of the unlabeled speziesepkfor the resonance of the CHDSn group:

'H NMR (400.27 MHz, CDQ): 6 = 1.77 (s J(**"*'Sn) = 41.6 Hz, 1H, CHDSn).

[2,3]-Rearrangement of R)-(benzylthio-[D;]methyltributylstannane, derivatization of

2-methylphenyl-[D;]Jmethanethiol formed and determination of ee.

S SIIBU3 R2 Rl
P
¥ 7. N
R R - SH
.plop2_—
231:R!'=R?=H 2.40: R —IR _H2
(R)-[D;12.31: R' =H,R>=D (R)-[D]2.40:R" =H,R“=D
NCO
(R)
Ph

241:R'=R>=H
(R,R)-[D;]2.41: R' =H,R?=D
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Step 1

n-BuLi (0.41 ml, 0.65 mmol) was added to a solutafn2.31 (231 mg, 0.54 mmol) in dry
THF (3.8 ml) at =30 °C under argon. After 30 mirsuBM CRCOOH (0.11 ml, 0.22 mmol)
was added and the mixture was used directly for therivatization. The 2-
methylphenylmethanethiol (40 [detectable by TLC: hexane/GEl, (10:1), R = 0.54] was
not isolated because of its volatility.

Step 2

This step was optimized using commercially avadafd-methylphenyl)methanethiol.R)¢
(+)-1-Phenylethyl isocyanate (0.17 ml, 1.08 mmolaswadded to the above mixture
containing (2-methylphenyl)methanethiol under argafier stirring for 1.5 hours at room
temperature water (1 ml) was added and the reantigture was concentrated under reduced
pressure. The residue was purified by flash chrography [hexane/CiLl, (1:1), R = 0.43]

to yield thiocarbamat2.41 (91 mg, 59%) as colorless crystals; m.p. = 92-Q3diisopropyl
ether).

IR (ATR): v = 3277, 2972, 2926, 1643, 1527, 1493, 1446, 1216 c

'H NMR (400.27 MHz, CDG): ¢ = 7.41-7.20 (m, 6H, ko), 7.19-7.05 (M, 3H, kKom), 5.52
(br. s, 1H, CHCH), 5.08 (br. s, 1H, NH), 4.16 (AB-sydss = 13.7 Hz, 2H, CKB), 2.33 (s,
3H, CH;Ph), 1.49 (d,) = 6.9 Hz, 3H, CHCH).

%C NMR (100.61MHz, CDG): 6 = CO n. d., 142.7 (s, 1C,qGron), 136.6 (S, 1C, Caron),

136.1 (S, 1C, aron), 130.4 (S, 1C, Gom), 129.9 (s, 1C, Gon), 128.7 (S, 2C, Gom), 127.6 (s,
2C, Guon), 127.5 (s, 1C, Gom), 126.2 (s, 1C, Gom), 126.0 (s, 1C, Gom), 51.2 (s, 1C,
CHCHg), 32.4 (s, 1C, Cb8), 22.0 (br. s, 1C, Gi&H), 19.4 (s, 1C, CHPh).

Anal. calculated for &H;0NOS (285.40): C 71.54%, H 6.71%, N 4.91%, S 11.2f8dnd: C
71.29%, H 6.77%, N 4.92%, S 11.06%.

(9-(Benzylthio-[D]jmethyltributylstannane R)-[D1]2.3]] (232 mg, 0.54 mmol) was
converted to thiocarbamat,§-[D1]2.41(92 mg, 59%) as colorless crystals.
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The 1H NMR spectrum was identical to that of thiabaled specie®.41, except for:

'H NMR (400.27 MHz, CDG): § = 4.17 (s, 1H, CHD), 4.13 (s, 1H, CHD) (thiol was

racemic).

2-Benzylthio-1-phenylethanol and benzylthio-1-pheniy{2-D;]ethanol (2.43§2%'%

2 2
\\\R \\\R
8 N Ph
S SnBu; > S
OH
2.31:R'=R?>=H 2.43:R'=R?>=H
(R-[D;2.31:R'=D,R>=H (S)-[D;]2.43: R' =D,R?>=H

n-BuLi (0.17 ml, 0.26 mmol) was added to a solutafthiomethylstannan.31 (92 mg,
0.22 mmol) in dry THF (1.6 ml) at =78 °C under argAfter 10 minutes 2M benzaldehyde in
dry THF (0.17 ml, 0.33 mmol) was added, followed &ysaturated aqueous solution of
NaHCG; (3 ml) 5 minutes later. The mixture was extractgth EtOAc (3 x 15 ml). The
combined organic phases were dried (MgS&hd concentrated under reduced pressure. The
residue was purified by flash chromatography [heXatOAc (10:1),R: =0.26] to yield

alcohol2.43(42 mg, 77%) as a colorless oil.

'H NMR (400.27 MHz, CDG): 6 = 7.40-7.18 (m, 10H, k), 4.66 (X-part of ABX-sysJ =
9.2, 3.7 Hz, 1H, CHOH), 3.71 (s, 2H. €%), 2.78 (A-part of ABX-sys.Jas = 14.0 Hz,J =
3.7 Hz, 1H, SCKCH), 2.65 (B-part of ABX-sys.Jas = 14.0 Hz,J = 9.2 Hz, 1H, SCHCH),
2.47 (br. s, 1H, OH).

C NMR (100.61MHz, CDG): 6 = 142.5 (s, 1C, Caron), 137.9 (S, 1C, Caron), 128.9 (s, 2C,
Carom), 128.6 (s, 2C, Gom), 128.5 (s, 2C, Gom), 127.8 (s, 1C, Gom), 127.2 (s, 1C, Gom),

125.8 (S, 2C, Gom), 71.7 (S, 1C, CHOH), 40.9 (s, 1C, S£186.2 (s, 1C, SCHTH).

(9)-[D1]2.43
Similarly, the experiments with labeled compoundsevperformed:
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(R)-benzylthio-[O]methylstannane R)-[D1]2.3]] (233 mg, 0.54 mmol) was transformed
into alcohol §-[D1]2.43 (95 mg, 72%) by the procedure used for the preijparaf the
racemic alcohols, except that the benzaldehyd widedal minute after the addition of
MeLi.

(R)-benzylthio-[O]methylstannane K)-[D1]2.31 (213 mg, 0.50 mmol) was transformed
into alcohol §-[D,]2.43(30 mg, 24%, ee 16%) by the procedure used fopteearation
of the racemic alcohols, except that the benzaldietys present in the reaction mixture

while adding dropwise every 3 seconds MeLi.

(R)-benzylthio-[DJmethylstannane K)-[D1]2.31 (217 mg, 0.51 mmol) was transformed
into alcohol §-[D1]2.43 (5 mg, 4%, ee 21%) by the procedure 2), except tina

experiment was performed at —95 °C.

(R)-benzylthio-[O]methylstannane R)-[D1]2.31) (228 mg, 0.53 mmol) was transformed
into alcohol §-[D4]2.43 (11 mg, 9%, ee 26%) by the procedure 3), except tie

experiment was performed with 2 equiv. of 12-Crodvn-

The spectroscopic data were identical to tha8 except for:

'H NMR (400.13 MHz, CDG)): 6 = 4.59 (2 overlapping d,= 9.2, 3.7 Hz, 1H, CHOH), 2.82
(br. s, 1H, OH), 2.68 (br. s, 1H, SCHDCH), 2.58 (hJ = 9.2 Hz, 1H, SCHDCH).

13C NMR (100.61MHz, CDG): 6 = 40.4 (t,J = 21.5 Hz, 1C, SCHDCH).

(R)-Mosher esters of unlabeled and labeled alcohol43

Rl 2 Rl )
\\\\R \\\\R
N Ph N Ph
S > S
OH OMTPA-(R)
2.43:R'=R’=H 2.43-MTPA-(R):R'=R*>=H
(S)-[D;12.43: R'=D,R>=H (S)-[D;]2.43-MTPA-(R): R'=D,R>=H

Unlabeled racemic alcohol (243 (mg, mmol) was converted to a 1:1 mixture of

diastereomericR)-Mosher esters according to general procedureh&. groduct was purified
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by flash chromatography [hexane/EtOAc (10R)+0.51] to yield ester2.43(R)-MTPA (28
mg, 94%) as a colorless oil.

'H NMR (600.13 MHz, CDG): 6 = 7.48-7.07 (m, 30H, k), 5.97 (X-part of ABX-sys.]) =

8.2, 5.7 Hz, 1H, CHOH, diastereomer A), 5.86 (Xtpafr ABX-sys.,J = 9.0, 4.8 Hz, 1H,
CHOH, diastereomer B), 3.66 (AB-sydas = 13.5 Hz, 2H, Ck), 3.60 (tJ = 1.2 Hz, 3H,
OCH), 3.52 (s, 2H, CkB), 3.45 (tJ = 1.2 Hz, 3H, OCHh), 2.87 (A-part of ABX-Sys.Jas =

14.4 Hz,J = 9.0 Hz, 1H, SCKCH, B), 2.83 (A-part of ABX-sysJas = 14.4 Hz,J = 8.2 Hz,
1H, SCHCH, A), 2.70 (B-part of ABX-sys.Jas = 14.4 Hz,J = 4.8 Hz, 1H, SCKCH, B),

2.69 (B-part of ABX-sys.Jag = 14.4 Hz,J = 5.7 Hz, 1H, SCECH, A).

Similarly, the deuterated alcoholS{[D,]2.43 (11 mg, 0.045 mmol), obtained by
determination of microscopic configurational stapibf chiral benzylthiomethyllithium by
procedure 4 was converted ®){Mosher estersS-[D;]2.43(R)-MTPA (18 mg, 87%).

The spectroscopic data were identical to th&.48(R)-MTPA, except for:

'H NMR (600.13 MHz, CDG): 6 = 2.85 (d,J = 9.0 Hz, 0.42H, CHD), 2.81 (d,= 8.2 Hz,
0.67H, CHD), 2.68 (2 overlapping d, 1H, CHD).

1-Naphthylmethanethiof*>*%°

o> od

1-Chloromethylnaphthalene (3.0 g, 16.98 mmol, 9&#J thiourea (1.292 g, 16.98 mmol)
were dissolved in dry ethanol (10 ml) and refluxed2 hours and stirred for another hour at
room temperature. An aqueous solution of NaOH (2:083.5 M) was added to the reaction
mixture under argon and refluxing was continued dother hour. Water (5 ml) and 8 M
H,SO, (37.5 ml) were added and the aqueous phase watxt with EIO (3 x 30 ml). The
combined organic phases were dried (MgS@oncentrated under reduced pressure and
purified by flash chromatography [hexane/l} (8:1), Rr =0.45] to vyield 1-
naphthylmethanethiol (2.387 g, 81%) as a colorass
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'H NMR (400.27 MHz, CDG): J = 8.10 (d,J = 8.4 Hz, 1H, Hhom), 7.89 (d,J = 8.1 Hz, 1H,
Haron), 7.78 (d,d = 8.0 Hz, 1H, Hon), 7.62-7.37 (M, 4H, ko), 4.20 (d,J = 7.2 Hz, 2H,
CH,S), 1.90 (t] = 7.2 Hz, 1H, SH).

*C NMR (100.61MHz, CDG): d = 136.9 (s, 1C, Garon), 134.1 (S, 1 C, Garon), 130.7 (s, 1C,
Cq aron), 128.9 (S, 1C, Gon), 128.1 (s, 1C, Gom), 126.3 (s, 1C, Gon), 126.1 (S, 1C, Gon),
125.9 (s, 1C, Gon), 125.5 (s, 1C, Gon), 123.6 (S, 1C, Gon), 26.6 (s, 1C, ChS).

(1-Naphthylmethyl)thiomethyl- and (S)-(1-naphthylmethylthio-[D ;Jmethyl)-
tributylstannane (2.32)
S SIIBU3

R 1 R2 R§<

Z,

Ao T
Bu;Sn OMs OO

2.26:R'=R>=H 2.32:R'=R?>=H
(S)-[D;]2.26: R =H,R?>=D (R)-[D]2.32: R'=D,R>=H

1-Naphthylmethylthiol (745 mg, 4.66 mmol) dissolveddry THF (5 ml) was added to a
mixture oft-BuONa (450 mg, 4.66 mmol) in dry THF (10.0 ml) astdred under argon for
10 minutes. Afterwards the reaction mixture wasleddo —30 °C and tributylstannylmethyl
mesylate2.26 (1.240 g, 3.11 mmol) in dry THF (3.5 ml) was add@dter stirring for 15
minutes 1M HCI (15 ml) and ED (15 ml) was added. The organic phase was wasktad w
brine (25 ml) and 2 M NaOH (3 x 25 ml), dried (Mg§Qand concentrated under reduced
pressure. The residue and purified by flash chrography [hexane/CiLl, (30:1),R: = 0.33]

to yield thiomethylstannarz32(1.219 g, 82%) as a colorless oil.

IR (Si): v = 2954, 2922, 2851, 1510, 1462, 1376, 1074, 101& ¢

'H NMR (400.27 MHz, CDGQ): 6 = 8.19-8.11 (d)) = 8.5 Hz, 1H, B, 7.85-7.68 (m, 2H,
Harom), 7.55-7.42 (m, 2H, Kon), 7.41-7.33 (M, 2H, Kom), 4.12 (s, 2H, CbLB), 1.83 (s,
JM%5n) = 40.1 Hz, 2H, CHBn), 1.49-1.33 (m, 6H, 3 x GBH,Sn), 1.21 (sext]) = 7.3 Hz,
6H, 3 x CH(CH,),Sn), 0.98-0.83 (m, 6H, 3 x GBn), 0.81 (t,J = 7.3 Hz, 9H, 3x
CHz(CH,)sSn).
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C NMR (100.61MHz, CDG): 6 = 134.1 (s, 1C, Caron), 133.7 (S, 1C, Caron), 131.6 (s, 1C,
Cq aron), 128.6 (S, 1C, Gon), 127.7 (S, 1C, Gom), 127.2 (s, 1C, Gon), 125.8 (s, 1C, Gon),
125.6 (s, 1C, Gon), 125.0 (s, 1C, Gom), 124.3 (s, 1C, Gon), 40.4 (s, 1C, ChSB), 28.9 (s,
JHMSn) = 20.9 Hz, 3C, 3 x GfCH,),Sn), 27.2 (sJ*"%n) = 55.1 Hz, 3C, 3 x
CH,CH,Sn), 13.6 (s, 3C, 3 x_GKCH,)3), 9.5 (s, J*"Sn) = 319.6 Hz, 3C, 3 x
SNCHY(CH),), 9.1 (s J(**"**Sn) = 214.4 Hz, 1C, SGBN).

Anal. calculated for gH3zsSSn (477.33): C 60.39%, H 8.02%; found: C 60.34%, F6%.

Similarly, (9-tributylstannyl-[Djmethyl mesylate §-[D;]2.26 (678 mg, 1.69 mmol) was
converted to thiomethylstannarf®{D,]2.32(642 mg, 79%).

The spectroscopic data were identical to th&.82 except for:
'H NMR (400.27 MHz, CDQ): 6 = 1.81 (sJ(**"**%n) = 41.0 Hz, 1H, CHDSn)
13C NMR (100.61 MHz, CDG): 6 = 8.8 (t,J = 21.0 Hz, 1C, SCHDSn).

(1-Methylnaphth-2-yl)methanethiol and (1-methylnaphh-2-yl)-[D ;]Jmethanethiol (2.45)
S SnBu3

Y RZ R]
2
RI /R2
OO
2.32:R'=R?>=H 245:R'=R?’=H
(R-[D;]2.32: R'=H,R?>=D (R)-[D;12.45:R'=H,R?>=D

n-BuLi (0.50 ml, 0.79 mmol) was added to the solutad thiomethylstannan2.32 (314 mg,
0.66 mmol) in dry THF (4.6 ml) at —78 °C under argéfter 10 minutes 2M GEOOH
(0.43 ml, 0.87 mmol) was added and the mixture exdsacted with EtOAc (3 x 10 ml). The
combined organic phases were dried (MgS&hd concentrated under reduced pressure. The
residue was purified by flash chromatography [hex@rLCl, (10:1),R: =0.32] to yield thiol
2.45(57 mg, 45%) as a colorless oil.

IR (Si): v = 3050, 2924, 1597, 1510, 1382, 1264, 1248, 12060 cn.
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'H NMR (400.27 MHz, CDG)): 6 = 8.04 (d, J = 8.5 Hz, 1H, Hom), 7.79 (dJ = 8.1 Hz, 1H,
Haron), 7.67 (d,J = 8.4 Hz, 1H, Hon), 7.55-7.40 (M, 2H, Ko, 7.38-7.33 (M, 1H, Kom,
3.94 (d,J = 7.0 Hz, 2H, CHSH), 2.69 (s, 3H, Ch, 1.71 (t,J = 7.0 Hz, 1H, CHSH).

%C NMR (100.61MHz, CDG): d = 136.1 (s, 1C, Garon), 133.1 (S, 1C, Garon), 132.8 (s, 1C,
Cq aron)» 131.1 (S, 1C, Caron), 128.5 (S, 1C, Gon), 127.3 (S, 1C, Gon), 126.7 (S, 1C, Gon),
126.1 (s, 1C, Gon), 125.4 (s, 1C, Gon), 124.1 (s, 1C, Gom), 27.7 (S, 1C,_CkSH), 14.2 (s,
1C, CHy).

Anal. calculated for €H1,S (189.07): C 76.38%, H 6.39%, S 16.76%; found:6(55%, H
6.42%, S 17.03%.

Similarly, the experiments with labeled){[D]2.32compound were performed:

1) Deuterated stannan®)([D;]2.32 (208 mg, 0.43 mmol) was rearranged R)-(1-
methylnaphth-2-yl)-[R]methanethiol [R)-[D1]2.49 (49 mg, 60%, ee 72%) by the procedure
used for the preparation of the racemic alcohdlsept that the experiment was performed at
-95 °C.

2) Deuterated stannan®)([D,]2.32 (212 mg, 0.44 mmol) was rearranged R)-(1-
methylnaphth-2-yl)-[R]methanethiol [R)-[D]2.49 (6 mg, 7%, ee 67%) by the procedure
used for the preparation of the racemic alcoholsgpt that the experiment was performed at
-50 °C.

3) Deuterated stannan®)([D,]2.32 (206 mg, 0.43 mmol) was rearranged R)-(1-
methylnaphth-2-yl)-[R]methanethiol [R)-[D1]2.49 (22 mg, 28%, ee 60%) by the procedure
2), except that the experiment was performed usiabi (3M in dimethoxymethane) .

The'H NMR spectrum was identical to that25 except for:

'H NMR (400.27 MHz, CDG): § = 3.92 (dt,J = 7.0, 1.8 Hz, 1H, CHDSH), 1.69 (d= 7.0
Hz, 1H, CHDSH).
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S-(1-Methylnaphth-2-yl)methyl (R)-N-(1-phenylethyl)thiocarbamate and -(1-
methylnaphth-2-yl)-[D;]Jmethyl (R)-N-(1-phenylethyl)thiocarbamate (2.46)

RIRZ O Ph
A M
OO S '
H
2.45:R'=R?>=H 2.46:R'=R?>=H
(R)-[D,]2.45:R' =H,R>=D (R.R)-[Dy]2.46: R' =H,R?>=D

(R)-(+)-1-Phenylethyl isocyanate (@if, 0.48 mmol) was added to a solution of tiiol5 (46
mg, 0.24 mmol) in dry THF (1.2 ml) under argon @m temperature. After 1 hour water (1
ml) was added and the mixture was extracted wi@¥et (3 x 15 ml). The combined organic
phases were dried (MgQPand concentrated under reduced pressure. Thdueesvas
purified by flash chromatography [hexane/&CH (1:1), R =0.37] to yield thiocarbamat246
(39 mg, 50%) as colorless crystals; m.p. = 134-13%diisopropyl ether).

IR (ATR): v = 3284, 2975, 2925, 1640, 1509, 1446, 1204, 1179] cn.

'H NMR (400.27 MHz, CDG)): ¢ = 8.03 (d,J = 8.5 Hz, 1H, Hom), 7.78 (d,J = 8.3 Hz, 1H,
Harom), 7.63 (d,J = 8.4 Hz, 1H, Hon), 7.53-7.39 (M, 3H, Kon), 7.38-7.19 (M, 5H, kon),
5.46 (br. s, 1H, NH), 5.10 (br. s, 1H, CHgH4.38 (AB-sysJag = 13.2 Hz, 2H, CkB), 2.65
(s, 3H, CH), 1.50 (dJ = 6.9 Hz, 3H, CHCH).

*C NMR (100.61 MHz, CDG): 6 = C=0 (n. d.), 142.7 (s, 1C4Gon), 133.0 (s, 1C, Caron),

132.9 (s, 1C, Garom), 132.4 (s, 1C, Garon), 128.8 (S, 1C, Gom), 128.5 (S, 1C, Gom), 128.2 (s,
1C, Guon), 127.6 (s, 1C, Gon), 126.4 (s, 1C, Gom), 126.0 (s, 1C, Gom), 125.4 (s, 1C, Gon),

124.1 (s, 1C, Gon), 51.3 (s, 1C, CHCH), 33.3 (s, 1C, CbS), 22.1 (br. s, 1C, CHGH 14.5
(s, 1C, CH).

Anal. calculated for &H>1NOS (335.46): C 75.19%, H 6.31%, N 4.18%, S 9.568%nd: C
74.89%, H 6.22%, N 4.05%, S 9.56%.
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Similarly, deuterated thioR)-[D4]2.45(49 mg, 0.26 mmol) obtained by rearrangement &t -9
°C usingn-BuLi) was converted to thiocarbamaiR)-[D]2.46 (36 mg, 42%).

The spectroscopic data were identical to th&.46 except for:
'H NMR (400.27 MHz, CDG): 6 = 4.38 (br. s, 0.86H, CHD), 4.35 (br. s, 0.14H,0)H

13C NMR (100.61MHz, CDG): 6 = 33.1 (t,J = 21.9 Hz, 1C, CHDS).

3.2.3. Chapter 2.3.

(2-Trimethylsilylmethylphenyl)methanthiol (2.49)

S~ SnBu; TMS

SH

2.31 2.49

n-BuLi (1.10 ml, 1.75 mmol) was added to a solutadn2.31 (297 mg, 0.70 mmol) in dry
THF (5.0 ml) at =50 °C under argon. After 5 minut@4SCl (0.27 ml, 2.1 mmol) was added
and the reaction mixture was stirred for anothemd@utes. Then a saturated aqueous solution
of NaHCQ; (5 ml) and water (5 ml) were added and the mixwas extracted with EtOAc (3

x 15 ml). The combined organic phases were driedS®), concentrated under reduced
pressure and purified by flash chromatography [he’@H.Cl, (30:1),R:=0.60] to yield thiol
2.49(102 mg, 69%) as a colorless oil.

IR (Si):v = 2953, 1489, 1248, 1153, 854 (with shoulder)'cm
'H NMR (400.27 MHz, CDG): 6 = 7.22 (ddJ = 7.5, 1.4 Hz, 1H, Hon), 7.15-7.00 (m, 2H,

Harom), 6.96 (dd,J = 7.4, 1.3 Hz, 1H, Kom), 3.66 (d,J = 7.0 Hz, 2H, CHSH), 2.20 (s, 2H,
CH,Si), 1.62 (tJ = 7.0 Hz, 1H, CHSH), 0.10 (s, 9H, 3 x SiCHf
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C NMR (100.61 MHz, CDG): 6 = 138.2 (S, 1C, Garon), 137.4 (S, 1C, Garon), 129.6 (s, 1C,
Caron), 129.2 (s, 1C, Gom), 127.1 (s, 1C, Gom), 124.7 (s, 1C, Gom), 27.0 (s, 1C, CkEH),
23.3 (s, 1C, CbBi), —1.4 (s, 3C, 3 x SiGH

Anal. calculated for GH1gSSi (210.41): C 62.79%, H 8.62%, S 15.24%; foun®2@5%, H
8.92%, S 15.08%.

2-(2-Mercaptomethyl)phenyl-1-phenylethanol (2.51)

OH
S SnB uj

Ph

SH

2.31 (+)-2.51

n-BuLi (1.10 ml, 1.75 mmol) was added to a solutai2.31 (300 mg, 0.70 mmol) in dry
THF (5.0 ml) at =50 °C under argon. After 5 minudd4 benzaldehyde (1.05 ml, 2.1 mmol)
was added and the reaction mixture was stirredafather 30 minutes. Then a saturated
aqueous solution of NaHGQ5 ml) and water (5 ml) were added and the mixtuwees
extracted with EtOAc (3 x 15 ml). The combined migaphases were dried (Mg9Q
concentrated under reduced pressure and purifieffably chromatography [hexane/EtOAc
(10:1),R;=0.16] to yield alcohol (xR.51(124 mg, 71%) as a colorless oil.

IR (Si):v = 3411, 3061, 3027, 2927, 1492, 1452, 1247, 1048 ¢

'H NMR (400.27 MHz, CDG): 6 = 7.40-7.15 (m, 9H, kbn), 4.98 (X-part of ABX-sys.] =
8.0, 5.4 Hz, 1H, CHOH), 3.73 (AB-part of ABX-syslys = 13.2 Hz,J = 7.1 Hz, 2H,
CH,SH), 3.10 (AB-part of ABX-sys.Jas = 14.1 Hz,J = 8.0, 5.4 Hz, 2H, CKCH), 1.73 (X-

part =t,J=7.1 Hz, 1H, CHSH).

C NMR (100.61 MHz, CDG): 6 = 144.1 (S, 1C, Caron), 140.0 (S, 1C, Garon), 135.8 (s, 1C,
Cq aron)» 130.9 (S, 1C, Gon), 129.5 (s, 1C, Gom), 128.5 (s, 2C, Gon), 127.7 (s, 1C, Gon),
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127.5 (s, 1C, Gom), 127.3 (S, 1C, Gom), 125.8 (S, 2C, Gon), 75.1 (S, 1C, CHOH), 42.4 (s,
1C, CHCH), 26.3 (s, 1C, CkBH).

Anal. calculated for gH160S (244.35): C 73.73%, H 6.60%, S 13.12%; found@4®8%, H
6.78, S 12.94%.

(1-Trimethylsilylmethyl-2-naphthyl)methanthiol (2.52)

S~ SnBus TMS
—_—
OO OO )
2.32 2.52

n-BuLi (1.24 ml, 1.99 mmol) was added to a solutadn2.32 (380 mg, 0.80 mmol) in dry
THF (5.7 ml) at —78 °C under argon. After 5 minut@4SCl (0.31 ml, 2.4 mmol) was added
and the reaction mixture was stirred for anothemd@utes. Then a saturated aqueous solution
of NaHCQ; (5 ml) and water (5 ml) were added and the mixtas extracted with EtOAc (3

x 15 ml). The combined organic phases were driedS®), concentrated under reduced
pressure. The residue was purified by flash chrography [hexane/Cil, (10:1),R = 0.29]

to yield naphthylmethanthi@.52(98 mg, 47%) as a colorless oil.

IR (Si):v = 3050, 2952, 1511, 1417, 1382, 1248, 1155.cm

'H NMR (400.27 MHz, CDGJ): ¢ = 7.94 (d,J = 9.1 Hz, 1H, Hom), 7.77 (dd, J = 7.6, 1.6 Hz,
1H, Harom), 7.58 (d,J = 8.4 Hz, 1H, Hron), 7.49-7.39 (M, 2H, kbm), 7.38 (d,J = 8.4 Hz, 1H,
Harom), 3.88 (d,J = 6.8 Hz, 2H, CHSH), 2.70 (s, 2H, C}Bi), 1.69 (t,J = 6.8 Hz, 1H,
CH,SH), 0.02 (s, 9H, 3 x SiCH

%C NMR (100.61 MHz, CDG): 6 = 134.4 (S, 1C, Earon), 134.1 (S, 1C, Garon), 133.1 (s, 1C,
Cq arom), 132.2 (S, 1C, €arom), 128.5 (s, 1C, Gom), 127.5 (s, 1C, Gon), 125.4 (S, 1C, Gon),
125.23 (s, 1C, Gon), 125.21 (s, 1C, Lon), 125.1 (s, 1C, Gon), 27.8 (S, 1C, CbSH), 19.0 (s,
1C, CHSi), —0.4 (s, 3C, 3 x SiGj)

119



-Experimental Part-

Anal. calculated for gH20SSi (260.47): C 69.17%, H 7.74%, S 12.31%; foun®932%, H
7.98, S 12.16%.

2-(2-Mercaptomethyl-1-naphthyl)-1-phenylethanol (Z3)

OH
S ~_ SnBuy
Ph
! ‘ R
OO )
2.32 (#)-2.53

n-BuLi (1.10 ml, 1.75 mmol) was added to a solutan2.53 (336 mg, 0.70 mmol) in dry
THF (5.0 ml) at =78 °C under argon. After 3 minu2e® benzaldehyde (1.05 ml, 2.1 mmol)
was added and the reaction mixture was stirredafather 30 minutes. Then a saturated
aqueous solution of NaHGQ5 ml) and water (5 ml) were added and the mixtuwees
extracted with EtOAc (3 x 15 ml). The combined amigaphases were dried (Mg9Q
concentrated under reduced pressure and purifieffably chromatography [hexane/EtOAc
(10:1), R = 0.23] to yield alcohol (.53 (158 mg, 77%) as colorless crystals; m.p. = 120-
121 °C, (1,2-dichloroethane/diisopropyl ether).

IR (ATR): v = 3422, 2995, 2919, 2850, 1779, 1759, 1383, 12d52 cn.

'H NMR (400.27 MHz, CDG): ¢ = 8.13 (d,J = 8.5 Hz, 1H, Hon), 7.82 (d,J = 7.4 Hz, 1H,
Harom), 7.73 (d,J = 8.5 Hz, 1H, HBon), 7.59-7.25 (M, 8H, Kon), 5.11 (X-part of ABX-sys.J

= 8.6, 4.7 Hz, 1H, CHOH), 3.95 (A-part of ABX-sydas = 13.1 Hz,J = 7.2 Hz, 1H,
CH,SH), 3.78 (B-part of ABX-sysJag = 13.1 Hz,J = 7.2 Hz, 1H, CHSH), 3.62 (A-part of
ABX-sys.,Jag = 14.5 Hz,J = 8.6 Hz, 1H, CKHCH), 3.52 (B-part of ABX-sys.Jas = 14.5 Hz,
J=4.7 Hz, 1H_CHCH), 2.0 (br. s, 1H, OH), 1.78 (X-part of ABX-syst, J = 7.2 Hz, 1H,
CH,SH).

C NMR (100.61 MHz, CDG): 6 = 144.3 (S, 1C, Caron), 138.2 (S, 1C, Garon), 133.2 (s, 1C,

Cq aron), 132.6 (S, 1C, Garon), 130.9 (S, 1C, Caron), 128.9 (S, 1C, Gon), 128.6 (S, 2C, Gom),
128.0 (s, 1C, Gom), 127.8 (s, 1C, Gom), 127.6 (s, 1C, Gom), 126.4 (s, C, Gom), 125.6 (s, 2C,
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Caron), 125.5 (s, 1C, Gom), 124.1 (s, 1C, Gon), 74.8 (s, 1C, CHOH), 38.3 (s, 1C, &FH),
27.0 (s, 1C, CkBH).

Anal. calculated for ¢H150S (294.41): C 77.51%, H 6.16%, S 10.89%; found6C38%, H
5.99, S 10.36%.

t-Butyl N-benzylcarbamate (2.56)

NH, H

2.54 2.56

Di-tert-butyl dicarbonate (2.39 g, 11 mmol) was dissoliredry CH.Cl, (30 ml) and EN
(2.08 ml) and benzylamin€.64 1.10 ml, 1.072 g, 10 mmol) were added at O °C thed
reaction mixture was stirred overnight. A solutiohHCI (20 ml, 0.5 M) was added. The
mixture was extracted with EtOAc (3 x 30 ml) and ttombined organic phases were washed
with H,O (50 ml), dried (MgSg), concentrated under reduced pressure and crgsthfirom
hexane to yield carbama?e56 (1.654 g, 80%) as colorless crystals; m.p. = 58G6Lit.*?"
54-55 °C); TLC: hexane/EtOAc (5:15 = 0.74.

'H NMR (400.27 MHz, CDG)): ¢ = 7.40-7.17 (m, 5H, ko), 4.87 (br. s, 1H, NH), 4.29 (br.
d,J=5.1 Hz, 2H, CH), 1.45 (s, 9H, 3xCH).

13C NMR (100.61MHz, CDG): d = 155.9 (s, 1C, C=0), 138.9 (s, 1G, &), 128.5 (s, 2C,

Carom), 127.4 (s, 1C, Gon), 127.3 (s, 2C, Gon), 79.4 (s, 1C, @, 44.7 (s, 1C, Ch), 28.4 (s,
3C, 3xCH).
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t-Butyl N-Benzyl-N-(tributylstannylmethyl)carbamate (2.58)
Boc

N |
~ Boc N\/
2.56 2.58

A solution oft-BuONa (268 mg, 2.48 mmol) ar&d56 (514 mg, 2.48 mmol) in dry THF (8.0
ml) was stirred under argon for 10 minutes. Aftendgathe mixture was cooled down to —30
°C and?2.26 (658 mg, 1.65 mmol) dissolved in dry THF (5 ml)svadded. Stirring was

SnBujy

continued for 4 hours allowing the reaction mixttwewarm up to room temperature. After
HCI (8 ml, 1M) and hexane (8 ml) had been addesl olganic phase was washed with brine
(20 ml), dried (MgS@) and concentrated under reduced pressure. Thaueesias purified by
flash chromatography [hexane/@H, (1:1), Ry = 0.48] to yieldN-stannylmethylcarbamate
2.58(446 mg, 53%) as a colorless oil.

'H NMR (400.27 MHz, CDG)): 6 = 7.34-7.16 (m, 5H, Kom), 4.37 (s, 2H, ChN), 2.95 (s,

J*™1%n) = 18.8 Hz, 0.6H, Ci$n, conformer A), 2.77 (sI(**"**Sn) = 26.0 Hz, 1.4H,
CH,Sn, conformer B), 1.53-1.37 (m, 15H, 3 x £{LHH,Sn + 3 x CCH), 1.25 (sext) = 7.3 Hz,

6H, 3 X CH(CH,);Sn), 0.90-0.73 (mJ(**"**%n) = 53.2 Hz, 6H, 3 x Ci%n), 0.85 (tJ = 7.3

Hz, 9H, 3x_CH(CH,)sSn).

t-Butyl N-(naphthylmethyl)carbamate (2.575°

NH, H

Di-tert-butyl dicarbonate (2.39 g, 11 mmol) was dissolirediry CHCl, (30 ml) and EN
(2.08 ml) and naphthylmethylamin2.%5 1.47 ml, 1.572 g, 10 mmol) were added at 0 °C and
the reaction mixture was stirred overnight. A solutof HCI (20 ml, 0.5 M) was added. The
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mixture was extracted with EtOAc (3 x 30 ml) and tombined organic phases were washed
with H,O (50 ml), dried (MgS@), concentrated under reduced pressure and crgsthfirom
hexane to yield carbama2e57 (1.969 g, 77%) as colorless crystals; m.p. = 9910 (lit.*?
99-100 °C). TLC: hexane/EtOAc (5:B;= 0.74.

'H NMR (400.27 MHz, CDG): 6 = 8.10-8.00 (d)) = 8.1 Hz, 1H, Hn), 7.90-7.80 (m, 1H,
Harom), 7.80-7.70 (m, 1H, kbn), 7.60-7.45 (m, 2H, ko), 7.45-7.35 (M, 2H, ko), 4.77 (br.
s, 3H, CH and NH), 1.46 (s, 9H, 3xGH

C NMR (100.61MHz, CDG): § = 155.7 (s, 1C, C=0), 134.1 (s, 1G, dan), 133.9 (s, 1C,
Cq aron), 131.4 (S, 1C, Garon), 128.7 (s, 1C, Gon), 128.4 (s, 1C, Gom), 126.4 (s, 1C, Gon),
126.1 (s, 2C, Gon), 125.9 (s, 1C, Gom), 125.4 (s, 1C, Gon), 123.5 (s, 1C, Gom), 79.5 (s, 1C,
Cy), 42.8 (s, 1C, Ch), 28.5 (s, 3C, 3xCH.

Butyl N-(naphthylmethyl)-N-(tributylstannylmethyl)carbamate (2.59)

B
H oc
N\ N
Boc ~_— SnBus
OO
2.57 2.59

The mixture ot-BuONa (234 mg, 2.43 mmol) ar2d57 (625 mg, 2.43 mmol) in dry THF (8.0
ml) was stirred under argon for 10 minutes. Aftendgathe reaction mixture was cooled to —
30 °C and2.26 (649 mg, 1.62 mmol) dissolved in dry THF (5 ml)savadded. Stirring was
continued overnight, allowing the reaction mixt@oewarm up to room temperature. After
heating for 1 hour at 50 °C HCI (8 ml, 1M) and hex48 ml) were added. The organic phase
was separated and washed with brine (20 ml), {MgE0O,) and concentrated under reduced
pressure. The residue was purified by flash chrography [hexane/CiLl, (2:1), R = 0.53]

to yield N-stannylmethylcarbama#59 (623 mg, 68%) as a colorless oil.

IR (Si): v = 2956, 2924, 1680, 1456, 1394, 1366, 1166, 913 cm
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'H NMR (400.27 MHz, CDG): 6 = 8.17 (d,J = 8.2 Hz, 0.5H, Kom conformer A), 8.10-8.03
(m, 0.5H, Hyom conformer B),7.90-7.81 (m, 1H, Hom conformer B), 7.77 (d] = 8.0 Hz, 1H,
Harom conformer A),7.58-7.40 (m, 3H, Kon), 7.40-7.25 (m, 1H, Kon), 4.86 (s, 2H, CHNH),
2.92 (s,J(**"%n) = 9.8 Hz, 0.86H, Ci$n, conformer A), 2.78 (J(**"**%5n) = 13.3 Hz,
1.14H, CHSn, conformer B), 1.51 (br. s, 3.9H, 3xgHonformer A), 1.47 (br. s, 5.1H,
3xCH;s, conformer B), 1.43-1.30 (m, 6H, 3_x @EH,Sn), 1.23 (sext) = 7.1 Hz, 6H, 3 x
CHy(CH,),2Sn), 0.91-0.65 (m, 6H, 3 x GHn), 0.83 (tJ = 7.1 Hz, 9H, 3x CK(CH,)3Sn).

Anal. calculated for &H4/NO.S (560.40): C 62.15%, H 8.45%, N 2.50%; found: C38%o,
H 8.27%, N 2.68%.

(¥)-t-Butyl N-phenylmethyl-N-(2-hydroxy-2-phenylethyl)carbamate [(+)-2.66]

Boc

| l|30c OH
N SnBu; N \/k
~ Ph

2.58 (£)-2.66

OH

Ph
H

T

o

o

Ph
2.68

n-BuLi (0.96 ml, 1.54 mmol) was added to a solut@2.58 (227 mg, 0.44 mmol) in dry
THF (3.1 ml) at =50 °C under argon. After 10 mirsuteenzaldehyde (0.77 ml, 1.54 mmol,
2M in dry THF) and the reaction mixture was stirfed15 minutes. Then a saturated aqueous
solution of NaHCQ@ (4 ml) was added and the mixture was extracted BAOAc (3 x 15 ml).
The combined organic phases were dried (Mg3@d concentrated under reduced pressure.
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The residue was purified by flash chromatographexfime/EtOAc (3:1)R: = 0.39] to vyield
carbamate (£2.66 (78 mg, 55%) as a colorless oil.

IR (Si): v = 3423, 2926, 2852, 1688, 1495, 1455, 1415, 12665 cnf.

'H NMR (400.13 MHz, tolueneg)t & = 7.26-7.19 (m, 2H, Kon), 7.15-6.94 (m, 8H, kon),

4.79 (X-part of ABX-sys.,) = 7.0, 4.4 Hz, 1H, CHOH), 4.27 (AB-sysl,= 15.4 Hz, 2H,
CH:N), 3.36 (AB-part of ABX-sys.Jas = 14.7 Hz, 7.0, 4.4 Hz, 2H, GAH), 1.38 (s, 9H,
3XCHg).

13C NMR (100.61MHz, toluenegt J = 157.9 (s, 1C, C=0), 143.8 (s, 1C, 4on), 139.3 (s,
1C, G aron), 128.8 (S, 2C, Gon), 128.6 (S, 2C, Gon), 128.4 (s, 1C, Gom ), 128.0 (s, 1C,
Caron), 127.6 (S, 1C, Gon), 127.5 (s, 1C, Gom), 126.3 (S, 2C, Gon), 80.2 (S, 1C, C(CHo),
74.3 (s, 1C, CHOH), 56.1 (s, 1C, @BH), 52.7 (s, 1C, CHN), 28.6 (s, 3C, 3x C).

HRMS (ESI): Anal. calculated forfgH2sNO3: 328.1913; found: 328.1908.

Anal. calculated for gH2sNOs (327.42): C 73.37%, H 7.70%, N 4.28%; found: C5630, H
7.57%, N 4.09%

2.68
IR (Si): v = 3418, 2920, 2850, 1730, 1494, 1454, 1410, 18326, 1261 c.

'H NMR (400.13 MHz, CDG): 6 = 7.43-7.37 (m, 3H, kon), 7.37-7.31 (M, 3H, ko), 7.30-
7.22 (m, 4H, Hiom), 7.20-7.13 (m, 4H, Kon), 5.22 (d,J = 7.1 Hz, 1H, CHO), 4.98 (X-part of
ABX-sys.,J = 7.6, 2.8 Hz, 1H, CHOH), 4.46 (d,= 7.1 Hz, 1H, CHNH), 3.63 (A- part of
ABX-sys.,Jag = 14.9 Hz,J = 2.8 Hz, 1H, CKCH), 3.20 (br. dJ) = 3.6 Hz, 1H, OH), 3.07 (B-
part of ABX-sys.Jag = 14.9 HzJ= 7.6 Hz, 1H, CHCH).

%C NMR (100.61MHz, tolueneglt 5 = C, not detected, 129.1 (s, 2Ca), 128.7 (s, 1C,
Carom), 128.3 (s, 2C, Gom), 128.2 (s, 1C, Gom), 128.1 (s, 1C, Gom), 128.0 (s, 1C, Gon),
127.6 (s, 2C, Gon), 127.4 (s, 2C, Gon), 125.83 (s, 1C, Son), 125.80 (s, 1C, Gom), 83.4 (s,
1C, CHO), 73.8 (s, 1C, CHOH), 70.2 (s, 1C, CHNH),75(s, 1C, CHCH).
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2D NMR spectra (COSY, NOSY, HSQC, HMBC) were in@dance with the assignment.

HRMS (ESI): Anal. calculated forgH,:NOsNa: 382.1419; found: 382.1423.

(¥)-t-Butyl N-(naphth-1-yl)methyl-N-(2-hydroxy-2-phenylethyl)carbamate [(+)-2.62]

]i%oc l|30c OH
N SnBu N\)\
N~ Ph
S
2.59 (£)-2.62

n-BuLi (0.96 ml, 1.54 mmol) was added to a soluta2.59 (245 mg, 0.44 mmol) in dry
THF (3.1 ml) at =50 °C under argon. After 3 minubeszaldehyde (0.66 ml, 1.32 mmol, 2M
in dry THF) and the reaction mixture was stirred &mother 15 minutes. Then a saturated
aqueous solution of NaHG®4 ml) was added and the mixture was extracteld ®OAc (3

x 15 ml). The combined organic phases were driegS®) and concentrated under reduced
pressure. The residue was purified by flash chrography [hexane/EtOAc (3:1R; = 0.39]

to yield N-Boc-protected aminoalcohol (262 (86 mg, 52%) as a colorless oll.
IR (Si):v = 3432, 3052, 2978, 2928, 1681, 1455, 1415, 18865, 1165 cm.

'H NMR (400.13 MHz, toluenegl 353 K):6 = 7.99 (d,J = 8.0 Hz, 1H, hom), 7.60 (d,J =
8.0 Hz, 1H, Hion), 7.56-7.49 (M, 1H, kom), 7.32-6.90 (M, 9H, Kon), 4.83 (AB-sys.J =
13.7 Hz, 2H, CEN), 4.74 (X-part of ABX-sys.J = 7.7, 3.8 Hz, 1H, CHOH), 3.33 (AB-part
of ABX-sys.,Jag = 14.6 Hz,J = 7.7, 3.8 Hz, 2H, CKCH), 1.41 (s, 9H, 3xCH).

C NMR (100.61MHz, toluenegg 353 K):d = 157.7 (s, 1C, C=0), 143.8 (s, 1C; fon),

134.8 (s, 1C, Qaron), 134.3 (S, 1C, Caron), 132.6 (S, 1C, Garon), 129.0 (S, 1C, Gon), 128.6
(s, 2C, Gron), 128.5 (s, 1C, Gom), 127.6 (s, 1C, Gom), 126.5 (s, 1C, Gon), 126.33 (s, 2C,
Carom), 126.27 (br. s), 126.0 (s, 1Cak), 125.5 (s, 1C, Gom), 123.9 (br. s, 1C, Lon), 80.3
(s, 1C,_C(CH)z), 74.3 (s, 1C, CHOH), 55.2 (s, 1C, gH), 50.1 (s, 1C, ChN), 28.6 (s, 3C,
3XCHg).
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HRMS (ESI): Anal. Calculated for GH>7NOs: 378.2069; found: 378.2079.

Anal. calculated for &H,7NO; (377.48): C 76.36%, H 7.21%, N 3.71%; found: C0460, H
7.29%, N 3.46%

(Benzyloxymethyl)tributylstannane (2.71)

OH O SnBus

2.69 2.71

A solution oft-BuONa (268 mg, 2.48 mmol) and benzylalcobbg 268 mg, 0.26 ml, 2.48
mmol) in dry THF (8.0 ml) was stirred under argam 10 minutes. Afterwards the reaction
mixture was cooled down to —30 °C aP@®6 (658 mg, 1.65 mmol) in dry THF (5 ml) was
added. Stirring was continued for 4 hours allowting reaction mixture to warm up to room
temperature. Afterwards HCI (8 ml, 1M) and hexa@em]) were added, the organic phase
was washed with brine (20 ml), dried (Mgg@nd concentrated under reduced pressure. The
residue was purified by flash chromatography [heXx@hrbCl, (2:1), R = 0.72] to vyield
stannan&.71(538 mg, 79%) as a colorless oll.

'H NMR (400.27 MHz, CDG)): 6 = 7.36-7.20 (m, 5H, kon), 4.40 (s, 2H, ChD), 3.73 (s,
J(HM5n) = 15.0 Hz, 2H, CpBN), 1.58-1.40 (mMJ(**"**Sn) = 18.4 Hz, 6H, 3 x CIEH,SN),
1.28 (sextJ = 7.3 Hz, 6H, 3 x CK{CH,),Sn), 0.95-0.80 (mJ(**"**Sn) = 50.0 Hz, 6H, 3 x
CH,Sn), 0.87 (t,J) = 7.3 Hz, 9H, 3x CK{CH,)sSn).

%C NMR (100.61 MHz, CDG): ¢ = 139.0 (s, 1C, Laron), 128.2 (S, 2C, Gom), 127.5 (s, 2C,
Carom), 127.3 (s, 1C, Gon), 77.2 (s, 1C, CbD), 61.5 (s,I(**"11%8n) = 356.8 Hz, CkBN), 29.1
(s, I8Ny = 21.5 Hz, 3C, 3 x CHCH,),Sn), 27.3 (sJ(*"*'Sn) = 51.9 Hz, 3C, 3 x
CH,CH,Sn), 13.7 (s, 3C, 3 x GkCHy)3), 9.0 (s,d(**"**%Sn) = 321.7, 307.4 Hz, 3C, 3 x
SNCH(CHy)).
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Tributylstannylmethyl naphth-1-ylmethyl ether (2.72)

OH o
“ “ E
2.70 2.72

The solution oft-BuONa (234 mg, 2.43 mmol) and naphthalene-1-methgh70 384 mg,
2.43 mmol) in dry THF (8.0 ml) was stirred undegar for 10 minutes. Afterwards the
reaction mixture was cooled down to —30 °C &m2b (649 mg, 1.62 mmol) in dry THF (5

SnBU3

ml) was added, stirring was continued for anothérodrs, allowing the reaction mixture to
warm up to room temperature. Afterwards HCI (8 &) and hexane (8 ml) were added.
The organic phase was separated and washed witle (20 ml), dried (MgS¢) and
concentrated under reduced pressure. The residsepwafied by flash chromatography
[hexane/CHCI, (5:1), Rs = 0.38] to yield stannylmethyl eth&.72 (543 mg, 73%) as a
colorless oil.

IR (Si): v = 3047, 2956, 2925, 2852, 1463, 1062, 913.cm

'H NMR (400.27 MHz, CDG)): § = 8.13-8.06 (m, 1H, kbn), 7.87-7.80 (m, 1H, ko), 7.77
(d,J = 8.0 Hz, 1H, Hon), 7.52-7.38 (M, 4H, Kon), 4.85 (s, 2H, CBN), 3.79 (s J**"**Sn) =
15.4 Hz, 2H, CHSn), 1.55-1.38 (m, 6H, 3 x GBH,Sn), 1.26 (sext) = 7.3 Hz, 6H, 3 x
CHa(CH,),Sn), 0.96-0.86 (mJ(**"*'%Sn) = 49.8 Hz, 6H, 3 x SNGH 0.84 (t,J = 7.3 Hz, 9H,
3x CHy(CHy)3Sn).

*C NMR (100.61 MHz, CDG): 6 = 134.4 (s, 1C, §aron), 133.7 (S, 1C, Garon), 131.8 (s, 1C,
Cq aron), 128.4 (S, 1C, Gom), 128.2 (s, 1C, Gon), 126.2 (s, 1C, Gor), 125.9 (s, 1C, Gon),
125.6 (s, 1C, Gon), 125.1 (s, 1C, Gom), 124.2 (s, 1C, Gom), 70.0 (sJ(1"Sn ) = 45.7 Hz,
1C, CHO), 61.4 (sJ)(**"**%5n) = 358.3 Hz, 1C, Ci$n), 29.1 (sJ(**"™%n) = 20.5 Hz, 3C, 3
X CHo(CHo)-Sn), 27.3 (s J(**"%Sn) = 52.7 Hz, 3C, 3 x _G€H,Sn), 13.7 (s, 3C, 3 x
CHs(CHy)s), 9.0 (s J(**"%Sn) = 322.2, 307.9 Hz, 3C, 3 x SngEH,).).

Anal. calculated for gH3s0Sn (461.27): C 62.49%, H 8.30%; found: C 62.4098, 2.
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(¥)-2-(2-Hydroxymethylphenyl)-1-phenylethanol [(x)2.77]

OH

O\/ SnBu3

Ph

OH

2.71 (+)-2.77

(£)-2.75

n-BuLi (1.47 ml, 2.34 mmol) was added to a solutadn2.71 (277 mg, 0.67 mmol) in dry
THF (4.7 ml) at =50 °C under argon. After 3 minubemzaldehyde (1.17 ml, 2.34 mmol, 2M
in dry THF) and the reaction mixture was stirred &mother 15 minutes. Then a saturated
aqueous solution of NaHG@® ml) was added and the mixture was extracted @iOAc (3

x 15 ml). The combined organic phases were driegS®) and concentrated under reduced
pressure. The residue was purified by flash chrography [hexane/EtOAc (3:1 = 0.20

for diol, 0.59 for alcohol] to yield diol (£-77 (44 mg, 28%) as colorless crystals and alcohol
(£)-2.75(86 mg, 55%) as a colourless oil.

When the benzaldehyde was added 10 minutes a#teadtition ofn-BulLli, the ratio of diol
(£)-2.77(40 mg, 27%) and alcohol (2-75(47 mg, 32%) changed.

Diol (£)-2.77:

'H NMR (400.27 MHz, CDG): 6 = 7.42-7.18 (m, 9H, kbn), 4.88 (X-part of ABX-sys.J =
9.4, 3.6 Hz, 1H, CHOH), 4.63 (AB-sysl = 11.9 Hz, 2H, CKHOH), 3.07 (AB-part of ABX-
Sys.,Jas = 14.1 HzJ = 9.4, 3.6 Hz, 2H, C}CH).

13C NMR (100.61 MHz, CDG): 6 = 144.2 (s, 1C, Caron), 139.6 (S, 1C, Faron), 137.3 (s,
1C, G aron), 1305 (S, 1C, Gon), 130.1 (s, 1C, Gom), 128.6 (s, 2C, Gom), 128.5 (s, 1C,
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Caron)s 127.8 (S, 1C, Gom), 127.0 (S, 1C, Gom), 125.7 (S, 2C, Gom), 75.7 (S, 1C, CHO), 63.4
(s, 1C, CHOH), 42.2 (s, 1C, CKCH).

Alcohol (£)-2.75:

'H NMR (400.27 MHz, CDG)): 6 = 7.39-7.24 (m, 10H, k), 4.92 (X-part of ABX-sys.J =
9.0, 3.2 Hz, 1H, CHOH), 4.59 (AB-sys.= 11.9 Hz, 2H, CHD), 3.56 (AB-part of ABX-sys.,
Jas = 9.8 H2,J=9.0, 3.2 Hz, 2H, CyCH).

(1)-2-[2-(Hydroxymethyl)naphth-1-yl]-1-phenyl-ethanol [(£)-2.82]

OH
O\/ SnBuj,
Ph
‘ ‘ e
OO N
2.72 (£)-2.82
OH

(+)-2.80

n-BuLi (0.88 ml, 1.40 mmol) was added to a solutan2.72 (259 mg, 0.56 mmol) in dry
THF (4.0 ml) at =50 °C under argon. After 3 minubeszaldehyde (0.84 ml, 1.68 mmol, 2M
in dry THF) and the reaction mixture was stirred &mother 15 minutes. Then a saturated
aqueous solution of NaHG@®4 ml) was added and the mixture was extracteld ®OAc (3

x 15 ml). The combined organic phases were driegS®) and concentrated under reduced
pressure. The residue was purified by flash chrography [hexane/EtOAc (2:1R; = 0.39]

to yield diol (+)2.82(43 mg, 27%) as colorless crystals.

When the same reaction with tributylstannylmethgpinth-1-ylmethyl ether (264 mg, 0.57
mmol) was performed at —78 °C, alcohol &80(116 mg, 74%) was isolated as a colourless

oil.
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Diol (+)-2.82:
'H NMR (400.27 MHz, CDG): § = 8.11 (d,J = 8.5 Hz, 1H, Hon), 7.88 (d,J = 8.6 Hz, 2H,
Harom), 7.78 (d,J = 8.4 Hz, 1H, Hion), 7.61-7.47 (M, 5H, ko), 7.46-7.39 (M, 2H, Kon),
7.38-7.31 (m, 1H, Hom), 5.07 (X-part of ABX-sys.J = 9.9, 3.0 Hz, 1H, CHOH), 4.81 (AB-
sys.,J = 11.8 Hz, 2H, CBOH), 3.58 (AB-part of ABX-sys.Jas = 14.7 Hz,J = 9.9, 3.0 Hz,
2H, CH,CH).

%C NMR (100.61 MHz, CDG): 6 = 144.5 (s, 1C, Garon), 137.7 (S, 1C, Garom), 133.9 (s, 1C,
Cq aron), 132.8 (S, 1C, Caron), 132.1 (S, 1C, Garon), 129.1 (s, 1C, Gon), 128.8 (s, 2C, Gon),
128.5 (s, 1C, Gom), 128.1 (s, 1C, Gon), 127.7 (s, 1C, Gom), 126.4 (s, 1C, Gom), 125.7 (s,
1C, Guon), 125.6 (s, 2C, Gom), 123.8 (s, 1C, Gom), 74.0 (s, 1C,_CHOH), 63.8 (s, 1C,
CH,OH), 38.2 (s, 1C, CHCH).

Alcohol ()-2.80:
IR (ATR): v = 3297, 2906, 2856, 1451, 1335, 1199, 1126, 10637, 974 cri.

'H NMR (400.27 MHz, CDG): ¢ = 8.10 (d,J = 8.0 Hz, 1H, Hon), 7.86 (d,J = 8.2 Hz, 2H,
Harom), 7.81 (d,J = 8.0 Hz, 1H, Hon), 7.57-7.38 (M, 4H, Kon), 7.37-7.22 (M, 5H, Kon),
5.03 (AB-sys.,J = 11.9 Hz, 2H,_CbD), 4.90 (X-part of ABX-sys.J = 9.1, 3.1 Hz, 1H,
CHOH), 3.70 (A-part of ABX-sysJas = 9.5 Hz,J = 3.1 Hz, 1H, CHCH), 3.57 (B-part of
ABX-sys.,Jag = 9.5 Hz,J = 9.1 Hz, 1H, CHCH).
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-Summary-

5. Summary

Heteroatom-substituted methyllithiums, chiral bytwe of four different substituents H, D, a
heteroatom like bromine or sulfur and lithium wepeepared. Their enantiomers were
generated from appropriate tributylstanne precsrsada tin-lithium exchange and their
configurational stability was investigated. The ewments were performed at low
temperatures, where the chemical stability andlifieéme of chiral methyllithiums were
significantly higher than at room temperature.

| managed to prepare chiral bromo¢]@Dethyllithiums (ee up to 99%), which were
intercepted with benzaldehyde or acetophenonevilgbeled bromohydrines of the same ee
at the deuterium bearing carbon atom. Thereforeralchboromomethyllithiums are
microscopically configurationally stable at —78 WD the timescale of their addition to
benzaldehyde or acetophenone. Unfortunately theychemically too labile to address the
macroscopic configurational stability.

Configurational stability of chiral thio-[Pmethyllithiums was studied relative to
rearrangements. Chiral diisopropoxyphosphinyltiidehnethyllithiums underwent a
thiophosphate-mercaptophosphonate rearrangemenggivercapto-[Rmethylphosphonate
after work-up. The best obtained ee was 77% foekperiment performed at —95 °C in@&t
Consequently, they were configurationally labildatiee to the rearrangement. Allyl-,
phenylmethyl- and (naphthylmethylthio)methyllithism underwent [2,3]-thia-Wittig
rearrangements. Chiral allylthiomethyllithiums wdpaind to be virtually microscopically
configurationally stable below —95 °C in THF (-96,°ee> 95%) relative to the [2,3]-
rearrangement. Benzylthio-[PPnethyllithium rearranged only down to —-50 °C anave
racemic thiols. As the [2,3]-rearrangement did aotur at —78 °C after transmetalation, |
investigated the stability of the intermediate theshyllithiums relative to the addition to
benzaldehyde as electrophile. They proved to beasgopically configurationally very labile
even at —95 °C (ee 26%) and macroscopically cordiganally unstable on the timescale of
the addition to benzaldehyde. The activation eneigythe [2,3]-rearrangement of the
(naphthylmethylthio)methyllithium is lower than thi@r the phenyl analogue so that it still
rearranged at —95 °C, whereas the latter did rastarge even at —78 °C. It turned out to be
configurationally labile relative to the [2,3]-reangement, however its ee was higher (72%)

than that obtained for the benzylthiomethyllithiums
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-Summary-

It was found that [2,3]-rearrangement of phenyld amaphthylmethylthiomethyllithiums
generated intermediate 6-methylene-2,4-cyclohexgti®ystems, which either rearomatized
or were deprotonated by exces8uLi to yield arylmethyllithiums. These reactedtiviH’,

D*, benzaldehyde and chlorotrimethylsilane as elpbites. Experiments with nitrogen and
oxygen instead of sulfur as heteroatoms were peddras well. The oxygen analogues
rearranged at -50 °C and the arylmethyllithiumsladdae quenched with benzaldehyde.
Although, the nitrogen analogues were transmethisit@oothly, they did not rearrange at —50
°C, but probably at 0 °C. It follows that the fdakiy of the [2,3]-rearrangement for the three

heteroatom-substituted methyllithiums is given g tollowing sequence: S > O >>> N.
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-Zusammenfassung-

6. Zusammenfassung

Heteroatom-substituierte  Methyllithium-Verbindungenchiral auf Grund der vier
unterschiedlichen Substituenten H, D, einem Hetermawie Brom oder Schwefel und
Lithium, wurden hergestellt. lhre Enantiomere wurdeaus entsprechenden
Tributylstannylvorstufen durch Zinn-Lithium-Austails erzeugt und auf ihre konfigurative
Stabilitat untersucht. Die Experimente wurden leiet Temperatur durchgefuhrt, wo die
chemische Stabilitat und die Lebensdauer der @nraMethyllithium-Verbindungen
gegeniber Raumtemperatur betrachtlich erhoht isth Ikonnte chirale Brom-
[Di]methyllithium-Verbindungen (ee bis 99%) herstelledie mit Benzaldehyd oder
Acetophenon abgefangen wurden und markierte Bronmydieferten, die den gleichen
Enantiomerenliberschuss wie die Edukte aufwiesershdde ist das chirale Brom-
[D;]methyllithium mikroskopisch konfigurativ stabil be78 °C, relativ zur Zeitskala seiner
Addition an Benzaldehyd oder Acetophenon. Leidér @s chemisch zu labil, um die

makroskopische konfigurative Stabilitat zu untersrc

Die konfigurative Stabilitat der chiralen Thio{methyllithium-Verbindungen wurde relativ
zu Umlagerungen untersucht. Die chiralen (Diisopxyphosphinylthio)-[R]methyllithium-
Verbindungen gingen die Thiophosphat-MercaptophospihiUmlagerung ein und lieferten
nach der Aufarbeitung Mercapto-{[lnethylphosphonate. Der beste Enantiomerentberschus
(77%) wurde fur das bei —95 °C in,Btdurchgefihrte Experiment erhalten. Damit waren di
intermediaren Thiomethyllithium-Verbindungen relatur Umlagerung konfigurativ labil.
Allyl-, Phenylmethyl- und (Naphthylmethylthio)meththium-Verbindungen gingen [2,3]-
thia-Wittig-Umlagerungen ein. Chirale Allylthiomsthithium-Verbindungen erwiesen sich
in THF unterhalb von —95 °C als praktisch mikroskop konfigurativ stabil (-95 °C, ee
95%) relativ zur [2,3]-Umlagerung. Benzylthio{methyllithium-Verbindungen lagerten nur
bis =50 °C um und lieferten racemische Thiole. 2g[#,3]-Umlagerung bei —78 °C nach der
Transmetallierung nicht mehr stattfand, studiertd idie konfigurative Stabilitat der
intermediaren Thiomethyllithium-Verbindungen relatzur Addition an Benzaldehyd als
Elektrophil. Es stellte sich heraus, dass sie sdies —95 °C (ee 26%) mikroskopisch
konfigurativ auf der Zeitskala der Addition an Baldehyd sehr labil sind. Die
Aktivierungsenergie fur die [2,3]-Umlagerung der afthylmethylthio)methyllithium-
Verbindung ist niedriger als fur das Phenylanalogmdass sie noch bei —95 °C umlagerte,

139



-Zusammenfassung-

wahrend letztere Verbindung es bei —78 °C nicht migh. Sie war bezuglich [2,3]-
Umlagerung konfigurationslabil, jedoch war der eéhdr (72%) als jener, der fir
Benzylthiomethyllithium erhalten wurde. Die [2,3pllagerung der Phenyl- und
Naphthylmethyltiomethyllithium-Verbindungen genetéee intermediare 6-Methylen-2,4-
cyclohexadienyl-Systeme, die entweder rearomatisieoder durch Uberschissiges BulLi
deprotoniert wurden, um Arylmethyllithium-Verbindgen zu bilden. Diese reagierten mit
H*, D', Benzaldehyd und Chlortrimethylsilan als ElektrilgghExperimente mit Stickstoff

und Sauerstoff anstelle von Schwefel als Heteroatanmden ebenfalls durchgefuhrt. Die
Sauerstoffanaloga lagerten bei -50 °C um und dibildgten Arylmethyllithium-

Verbindungen konnten mit Benzaldehyd gequencht everdie Stickstoffanaloga jedoch
wurden glatt transmetalliert, aber lagerten nichit 60 °C, vermutlich aber bei 0 °C um.
Damit ist die Realisierbarkeit der [2,3]-Umlagerufig die drei Heteroatom-substituierten

Methyllithium-Verbindungen durch nachstehende Reiibige gegeben: S > O >>> N.
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