o-Functionalisation of Cyclic Sulfoximines
via Lithiation-Trapping

Giordaina Hartley

MSc by Research

University of York
Chemistry
October 2018



Abstract

Abstract

This thesis describesthe development ofa general synthetic approach for the
diastereoselective

S y nfurct®malised sufdximiresviaw i d e

lithiation-trapping reactions. In addition, stedifor the synthesis &,2- and 2,52,6-

disubstituted cyclic sulfoximines are reported.

The synthesis of cyclic and acyclic sulfoximines with diffefdigubstituents is described

in Chapter 2.1. Chapte?.2 explores e scope and diastereoselectivity litfiiation-

trapping reactions of-5and 6membereding sulfoximines with a range of electrophiles
(including benzophenone, benzaldehyde, benzyl bromide and methyl iodidéy-and
substituents (TBDPS, Boc, Me and CNQu.u r
with the N-TBDPS group, giving mostlgis diastereomers in high yield&ood yields

and diastereoselectivityexealso observed for the lithiatietnapping reactions df-Boc,

N-Me andN-CN sulfoximines.lt is proposed that the sterically bulky TBDPS group is
able to block one face of the sulfoximine preventing electrophilic attack on one side

Therefor e,

the trapped

cisto the sulfoximine oxygen.
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In Chapter2.3, the synthesis of disubstituted sulfoximimseported. The two routes

detail thediastereoselectiveynthesis of 2,2and2,52,6-disubstituted sulfoximines.

The approach to 2@isubstituted sulfoximinewas far less successful than that to the

2,5/2 6disubstituted sulfoximines.
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Chapter One: Introduction

1. Introduction

1.1 Introduction to Sulfoximines

There is growing interest in synthetic chemistry using sutiies1 (Figure 1.1) due to
recent developments in the use of sulfoximines in both the pharmatewaizh
agrochemicé&lindustries. The first example of the characterisation @flximine was
reported in 1958.With reference to synthetic chemistrylfeximines1 are much less
studia than their corresponding sulfon2sand sulfoxides3 (Figure 1.1). Commonly
referred to as the moraza analoges of sulfones, sulfoximirgl havea nitrogen in place
of one ofthe oxygen atosnin sulfone£ butshare many of the propertieshafthsulfones

and sulfoxides.

R! R? R' R? R! __R?
;S( \S/ S
7\ 77\ 1
O N-R® O 0 0
1 2 3

Figure 1.1 Structure of sulfoximied, sulfones 2 and sulfoxide 3

Due to the presence of a nitrogen atom in sulfoximipes range of different types of
sulfoximines are possible, depending on the structure of theoRp. The main claes
of sulfoximines contain NHN-alkyl, N-aryl, N-SiRs, N-SO;R and N-CN groups*
Electron withdrawing groups such 88SO;R andN-CN increase the polarity of the
sulfoximine unit, whilst electron donating groups suchNaalkyl, N-aryl andN-SiRz
decrease the polarity. In a similar way to sulfoxi@gethe sultir atomin sulfoximines1

is a stereogenic centproviding its two substituents are not identi@tz 2R

The sulfoximine unit is electron withdrawirand as a result, thproton on nitrogern

NH sulfoximinesand the a-protonson carbon ofN-substituted sulfoximines can be
deprotonated by bases. Bordwell has carried out measuremeHKtsvafyes (DM5O, 25

°C) for numer ous f unct i -pratens of Y-substitytes i nc
sulfoximines, sulfones anslilfoxides® Some example K valuesare shown in Figure

1.2. For sulfoximinesthe N-substituenthas a large impact on thK, valueo f t he «a
protors. For example, sulfoximind has a methyl group on nitrogen andka pf 33 but

replacing the methyl with the electron withdrawing tosyl group in sulfoxirinesults

in a lower )Ka of 24.5 In contrastt h eprotans of sulfoxidé have a Ka of 33 whilst
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the corresponding sulfongé has a lower a of 29, presumably due to the electron

withdrawing ability of the additional oxygen atom bonded to sulfur.

H H H
H H H
Phog A<, Ph\§)<H Phog A<,

/7N //\\

O N-R )
4R = Me, pK, =33 6 7
5R=Ts, pKy=24.5 pKy = 33 pK, =29

Figurel.2pKss  oprotols of sulfoximined and5, sulfaxide 6 and sulfae 7

Interestingly, a number of pharmaceutical companies have begun to inchezle
sulfoximine functional group in their drug development programmeBotential
pharmaceuticals bearing the sulfoximine functional group often benefit from iadreas
polarity and solubility in comparison to their sulfone analogAenmparison of aqueous
solubility and logD at pH 7.4 between sulfa®and two sulfoximine® and10is shown

in Table 1.1° Sulfone8showedd ow sol ubi l ity of <O0Uskhg pM
small molecule Xray crystallography, the insolubility of the sulfone was shown to be a
result of intermolecular interactiors the sulfone grougtabilising the solidstate’ In
comparison the corresponding NH sulbiamine 9 displayed a significaiyt higher
solubility (7.0 p M) a as desswipophilic (logD of 2)5 The analogousN-Me
sulfoximine 10 also displayechighs o | u b i | i)twhendompar@d tq difond
despite having almost therme lipophilicity (logD of 3.3 High solubility and low
lipophilicity are beneficiafeatures when developing potential pharmaceuticals as they

make the compounds more likely to p#e®ughthe earlier stages of clinical testing.
L GO
o) \@\
X O/\@\
S/

//\\

O R
Entry Compound R LogD Agueous Sol
1 8 O 3.2 0.2
2 9 NH 2.5 7.0
3 10 NMe 3.3 5.0

Table 1.1 log D and aqueous solubility of sulfoB&nd sulfoximine® and10
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Bayer investigatedsulfonamideZK 304709as apotential CDK inhibitor.2 ZK 304709

was found to havedw lipophilicity (logD of 0.3 atpH 7.5) and low thermodynamic
solubility in waer (19 mM). During phase 1 studies of the sulfonamitlee low solubility
proved to be an issue and the studiese terminatedAs a resultasulfoximineanalogue
was synthesised and this led to the developmemnahtiopure nanomolar p&DK
inhibitor BAY 1000394 (Figurel.3).° This compounddisplayed high thermodynamic
solubility in water(4 2 3 ) whhh wassignificantly greater than that of sulfonamide ZK
304709. The solubility of the sulfoxime was also shown to increase in organic solvents
and at a low pHAnother sulfoximine compound which has shown promise as a potential
cancer treatment ishé enantiopure ATR inhibitor AZD6738%! developed by
AstraZenecdFigure 1.3). Clinical trials have shown it to be effective at treatingtigas
cancer cell$? although research is still ongoingn addition, he mcemicsulfoximine
Sudexano®* (Figure 13) underwent clinical trial@san oral antiahmatic drug, with

promising results.

OH Mex
\('\ //\\ Hex (HOCH, )3CNH3
Y i (K
HN
\© Me Me\

// \\

o \\NH 0
BAY 1000394 AZD6738 Sudexanox

Figure1.3 Clinical candidates beiag the sulfoximine functional group

Sulfoximineshave also beeuntilised in agrochemistryas insecticide$.The mixture of
diastereomeritN-CN sulfoximines, commonly known aSulfoxaflor,*® andother related
sulfoximines11® and12'’ (Figure 14) have proved to be morefiefent thantraditional
insecticides® Use ofa cyanogroupas theN-substituentwas found to give increased
insecticidalactivity when compared to the corresponding nitro sulfoxisiAe a result,
there has been a significant effort to synthesig@®ximines for this purposespeially

those bearing thEN functionality.
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FsC

S )
- Cl ~ N
| AN //S\\ \« ] //s\\ | X //S\\
_ O N-CN N O N-CN 2~ O N-CN
N cl” °N
1 12

Sulfoxaflor

Figurel.4 Potential insecticides bearing the sulfoximine functional group

Sulfoximines havealso been useds chiral resolving agents and as chiral ligands in
asymmetric catalyskFor exampl e, Johnson d elithistddo p e d
sulfoximine to resolve chiral keton&sWork by BoInf® demonstrated theatalytic
asymmetric reductionof ketonessuch as13 using 0.1 eq. of enéibpure [3-
hydroxysulfoximine (S-14. Alcohol (§-15 was isolatedin 88% yield and90% ee
(Schemel. ). Using this method, eange of ketones were reduced in high %Garal
enantiopure sulfoximinesave also been utilised dgands in palladiumcatalysel

asymmetric allylic substitution reactigft

1. NaBH4 (1.1 eq.)
Me,;SiCl (1.1 eq.) H OH

0
THF, 50 °C, 45 min g
o J_otepPs - o A OTBDPS
2.(S)14 (0.1 eq.), rt

13 (S)-15
3.Add 13, rt,3 h
r 88%, 90% ee
NH OH
‘\\S 1,
Phy PhPh
o)
(S)-14
Scheme 1.1
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1.2 Synthesis of Sulfoximines
1.2.1 Synthesis of NH sulfoximines

A range & methods have been reportied the synthesis of NH sulfoximineRoutes to
NH sulfoximines are of intereas the free nitrogen ato@mables further functionalisation
of this position The first reportedapproach toan NH sulfoximine 17 started from
sulfoxide 16 and involved reaction with sodium azide aswdfuric acid (Scheme 1.2)
Under these conditions, it is likely that highly toxiod explosive HRlis generatedo
this is not a desirable method. In addifigrartial racemisation oénantioenriched

sulfoximines can occur during the imation process?

NaNj (1.2 eq.)

H,SO
I CHCl;, 45-50 °C, 5 h NN
o) O NH
16 17
49%
Schemel.2

An alternate route to NH sulfoximines from sulfoxsde uses O-
mesitylsulfonylhydroxylamineMISH) asan electrophilic source of theréno group It
wasfound that reaction anantioenrichedulfoxideswith MSH proceededvith retention
of configurationto givethe corresponding enaménrichedsulfoximines. As an example,
sulfoxide (R)-18 of 98% eewas converted intsulfoximine (R)-19 of 97% eein 80%
yield (Scheme 1.333 Altering the substituents dhe sulfoxide gave $ioximines in high

yields withhigh % ees in most cases.

II
S-0O,
ONH

> CH2CI2 i, 2 h o
(e
(R)-18 (R)
98% ee 80%, 97% ee
Scheme 1.3

An efficient route toarylated and cyclicsulfoximines20-24 from the corresponding
sulfoxides was reported using O-(2,4-dinitrophenyl)hydroxylamine IPH) in
tetrafluoroethylene(Scheme 1.4).2* The reactionwas catalysed by Rifesp) and

proceedediaa rhodium nitrene intermediat&ood yields were obtained for th&jority

5
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of substrateseisted, including those substituted at thetaposition (20, 88%) or para
position (21, 90%). In contrast, substratesubstituted at theortho position were
synthesised in poor yield2%, 32%) presumably due tcsteric hindrance Cyclic
sulfoximine 23 and diphenyl sulfoximine24 were also synthesised in high yieldis
method provides an easy route to a wide range of sulfoximines thygglds usag mild

conditions but involvethe use of a expensivehodium catalyst

CO,H
Rhy(esp), (2.5 mol%) OuN
RT /RZ DPH (3.0 eq.) RT / R2 2
2 CzF4, rt, 22 h // \\
€sp  CO,H

Q. @@‘”O@@

// \\ // \\ // \\

ONH ONH

20 21 22 23 24
88% 90% 32% 70% 90%
Scheme 1.4

The majority of methods fothedirect transfer o&an imino grougo sulfoxides use harsh
reaction condition®r expensive reagents aaghibit some limitations as a resul/ork

by Luisi, Bull and co-workers detailed a simple way of convertingilifoxides into
sulfoximines singmild conditions® Three sets of reaction conditions were investigated
using inexpensive ammonium carbamate as a source of ammonia and
(diacetoxyiodo)benzeneP[DA) as an oxidising agent(Schemel.5). Using reaction
conditionsA, sulfoxide18was convertethto sulfoximinel19in 90% yield. A limitation

of the reaction was the inlsility of ammonium carbamate in tolueaed, in order to
overcome this, the reaction was heaae85 °C for 16 hlt was found that mmonium
carbamate readily dissolved when the reaction was performed atatetonitrile
(conditionsB) or methanol (coditionsC) due to the increased polarity of Hesolvents

in comparisorio toluene Reaction condition€ were preferred as the reaction only took
30 min and sulfoximind9 was synthesised in 96% yielfihe scope of the reaction was
investigated using ewlitions G giving a diverse range of sulfoximin2s-28, 23and Q-

19 in high yields(Schemel.5). In addition, the reaction was shown to proceed with

retention of stereochemistry when performed amenantioenriched sulfade. For
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example,sulfoximine (§-19 was synthesised with a 97:3 er in 89% vyield from the
corresponding sulfoxidef 97:3 er.

PhI(OAc),
Solvent
- ~
S Conditions S
(o) O NH
18 19
A) Toluene, H,NCO,NH, (2.0 eq.), Phl(OAc), (2.0 eq.), MgO, 35 °C, 16 h 90%
B) MeCN, H,NCO,NH, (2.5 eq.), Phl(OAc), (1.5eq.), rt, 3 h 90%
C) MeOH, H,NCO,NH, (4.0 eq. ) Phl(OAc), (3.0 eq.), rt, 30 min 96%
L O @ . )@ Ty “@
o 'NH o "NH o 'NH o o NH
25 23 26 27 28 (S)-19
79% 84% 69% 64% 84% 89%, 97:3 er
Scheme 1.5

A mechanistic investigation on thisrmation of sulfoximines from sulfoxidewas
carried outy Luisi, Bull and coworkers Analysis of the reaction by mass spectrometry
under flow conditions briefly detected intermediaB®and 30 and as a result, two
possible pathways were propos@themel.6). In pathway 1 the sulfurlone pairof
sulfoxide 3 attacls the nitrog@ atom of intermediat29 and subsequent elimination of
iodobenzene wouldorm sulfoximine 31. Alternatively, sulfoxide 3 could attack the
iodine of intermediat@9 andthen form sulfoximine31 through a reductive elimination
sequence. In pathway 2, attamk the nitrogen atom & different cationiagntermediate
(30) by the sulfurlone pairof sulfoxide 3 would result iniodonium specie§2 which
forms sulfoximine31 on workup. Unfortunately, i was not possible to distinguish
between pathways 1 and Roorer yieldsfor the reactiorwere observed when'Rr R

in the sulfoxidewasan electrorwithdrawinggroup, showing thate nucleophilicity of

the sulfoxide wagmportant forthe success of this reaction.

NH R!__R? R! _R2 .
Ph—I” $ S Ph—I*—N :
I 2 R'..R? H,0 R!_.R? g I

NH- —_— /7N - O//S\'\\l " -
Ph—I¥ Pathway 1 pp, Pathway2 | Ph—I=N*
31 32
29 30
Schemel.6
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Following on from this workBull and Luisi investigated th#irectconversion of sulfides

into sulfoximines’® PIDA was used as the oxidising agevitilst ammonium carbamate
ammonium acetate and ammonia in methanol solution wesmdas sources of ammonia.
The conversion of sulfideinto sulfoximines wasperformed in toluene, acetonitrile and
methanol.Methanol was the preferred solvent as the reaction time was the shortest and
the yield was the highe¢bchemel.?7). It was discovered by varying theegalentsof

PIDA that a minimum btwo equivalentsvere required focomplete reactiarBased on
previous mechanistic studies, it is belietleat one equivalertf PIDA promoted oxygen
transfer whilst the second generatedkégintermediats 29 or 30 (see Schemé.6). In
addition, deceasing the amount of ammonium carbamate from four equivalents to one
had no effect othe yield The reaction conditions shown in Scheinéwere selected

and the scope of the reaction was investigated. Using thpairsynthesisa wide range

of sulfoximines 33-35, 23 and 19 bearing alkyl and aryl groups, as well cyclic
sulfoximineswere synthesiseih high yields.

PhI(OAc), (2.5 eq.)
] ) H,NCOONH, (2.0 eq.) ] )
R\ /R o R\ /R
S MeOH, rt, 3 h S

// \\

gon () 0 OSN@Q

// NH O NH //\\ // \\ //\\

33 23 19 34 35
99% 94% 89% 99% 76%

Schemel.7

Recently Reboul investigatedthe mechanism for th metalfree preparation of
sulfoximines fromsulfides (Schemé.8).2” First, it was shown thamethanolundemwent

a fast ligand exchange reaction with PIBoAproduceacetc acidwhich acceleratedhe
decomposition of ammonium carbamate to ammonia. It is thoughdntimad niaattacled
the iodine atom oPIDA, replacing the acetoxy groups to give iodonitrenermediate
36. Then,imination of sulfide37 by iodonitrene36, leads to the corresponding iodonium
sulfilimine 32. It is believed thaB2 rearrangedo give 38 which can then proceed to
sulfoximine31 by two mainpathwaysNucleophilic attack 088 by methoxice or acetate
and loss ofodobenzenevould givemethocy andacetoxysulfanenitrile intermediate®9
and40 respectivelyIntermediate 39 and40 werecharacterisethy *H, 13C and>N NMR

spectroscopiand HRMS analysisNucleophilic attaclon methoxy sulfae nitrile 39 by
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methanoivould givesulfoximine31. It was proposed that acetoxy sulfanenitdllscould
undergonucleophilic attack by methanol or sulfoximitsd. If intermediate40 was
attacked by sulfoximin&1, NH sulfoximine 31 and N-acetyl sulfoximne 41 would be
formed The acetyl group ohtermediatelO could also be attacked by methanol to give
sulfoximine 31 and methyl acetateUltimately, from the mechanistic worki was
concluded that conversion of iodonitreB@ into sulfoximine31 could preceedby all

threeof the pathwaysdiscussed

1 2
R\S/R R! __R? X

. 37 S R2
—IT—N °* 11
Pt —N: —3—  NY)Ph RS 1py
X7 + 1
36 32 38
X =AcO, MeO
R1\ ,RZ R2
R __R? ~S3 - Rl - R!__R? R! _R2
O 'NR® R!_R2 3 ! DN MegH & 'NH
,/S\\ o Meu
31, R3=n © N 40 38 39 31
41, R%= OAc 31
Schemel.8

1.2.2 Synthesis oN-functionalised sulfoximines

There are two main approache\dunctionalised sulfoximines. One approach involves
synthesis of NH sulfoximinesnd then different methods are used to introducelNthe
functionality. Alternatively the N-functionalised mine can be introduced directly

starting from a sulfoxide or sulfide.

Sulfoximines containindN-alkyl groups can be easily prepared from NH sulforiesi
using an alkylation reactiod® common method foalkylating NH sulfoximines using
mild conditionsis shown in Schemé&.9. Reaction of sulfoximinet2 with potassium
hydroxide and an alkyl bromidet, 6 h) gaveN-alkyl substituted sulfoximine43, 44 and
45in 81-92% yields?®
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Ph\S/ RBr (1.5 eq.), KOH (2.0 eq.)' Ph. -
O// \\NH DMSO, rt, 6 h O// \I\\l—
42 43, R = CH,Me, 87%

44, R= (CH2)17Me, 92%
45, R = (CH,)sCH=CH,, 81%

Schemel.9

It is currently not possible to directly introduc®&l&5iRs group to a sulfoxide or sulfide.
Instead,it is necessary to gaeia the NH sulfoximine. For examplehe imino groupof
dimethyl sulfoximine 46 was readily N-silylated (Schemel.10.2° Treatment of
sulfoximine 46 with HMDS (125 °G 2 h) gaveN-TMS sulfoximine47 in 61% yield.
Alternatively, silylation osulfoximine46 usingimidazole andrBDPSCI 60 °C 48 h
gaveN-TBDPS sulfoximine48in 69% yield.

TBDPSCI (1.25 eq.)

~or NH(SiMe3), g~ Imidazole (2.0 eq.) ~o.~
d N-TMS 125°C,2h  ¢NH DMF, 60°C,48h O N—TBDPS
47 46 48
61% 69%
Schemel.10

N-Aryl sulfoximines can bedirectly synthesised from thélH sulfoximine. Bolm
invedigated m@lladiumcatalysed crossoupling reactions as routes tiN-aryl
sulfoximines from NH sulfoximine® Pd(dba) and BINAP were used to giva
Pd(0)/BINAPcomplexwhich was able to catalyse the reaction of sulfoxim#etQ with
aryl bromide50 (Schemel.11). The reaction was heated to &Dfor 8 h resulting irN-
aryl sulfoximine §-51 in 84% yield,a process which proceededth retention of

stereochemistry.
Pd(dba), (4 mol%)
BINAP (5 mol%)
S/ NaOt-Bu (1.5 eq.) S/
X\ toluene, 80 °C, 8 h X\ —
O NH O N—\ /)
N N
(S)-49 | (S)-51
Br
B~ “N” “Br 84%
50 (1.5 eq.)

Schemel.11

10
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The alternative approach M-functionalised sulfoximines is synthesis directly frdme t
corresponding sulfide or sulfoxideor example,eaction of sulfoxidewith eithert-butyl
hypochlorite or sulfuryl chloride followed by reaction with anibngave N-aryl
sulfoximines (Schemel.12 .3 The imination reaction waselieved to proceeda chloro
intermediates2. Both alkyl and aryl substituted sulfoxides were reacted with a range of
substituted anilines giving sulfoximines3-57 generally in high yields. Anilines
substituted with an electron withdrawing group gau#ogimines with significantly
higher yields than those substituted with an electron donating groupitiorno

substitution

O
R1 _R2 SO, ClorMecocl | gt Gl ge ? R1 _R?

\S S+/ > S 3
0 CH,Cly, nox- IN R
O  _50°Cto-70°C,2h o
52
X= 802C|, Me3CO
Ph.
S N ~N

/7 A\

o}

77\ /7 A\ BN\ /7 A\

@) O

- S/ \S/ S/ \S/
N cl N O N N O N
Br N02
53 54 55 56 57
76% 69% 99% 25% 14%

Schemel.12

Imination of sulfoxides witlsubstituted azideenables théransferof an NR groupsuch
asN-Boc or N-SO:R, to give N-functionalised sulfoximing Reaction of sulfoximing
with t-butyloxycarbonyl azid, promoted bya substoichiometric amount darfon(ll)
chloride gaveN-Boc sulfoximine 58-61 in 45-70% yields (Schemel.13.32

BocN3, FeCl, - __R

CH,Cl,/DMF, rt S
O N—Boc

7\ //\ 7\ //\
0] l}l o] l}l O N @) l}l

|
Boc Boc Boc Boc

~-R
I

Oo=n

58 59 60 61
64% 45% 52% 70%
Schemel.13
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Chapter One: Introduction

One method for synthesising-SO;R sulfoximines reported by Tyé2 used copper
catalyzed imination of sulfoxides with iminoiodane reagefssan example,udfoxide 6
was iminated with PhINTs, PhINNs and PhiESto give N-Ts, N-Ns and N-SES
sulfoximines5, 62 and63 in 59%, 69% and 68%ieldsrespectivelySchemel.14). It is
possible to remove the Ns an&Sgroup from sulfoximine$2 and 63 to give the NH
sulfoximinesin good yields

Ph-I=N-R (1.1 eq.)

Ph\s/ CUPFG (005 eq) _ Ph\s/
Il CHiCN, 0°Ctort,48h & N—-R

o}
6
Ph. - Ph. - NO, Ph. -
A /©/ A /©/ A SiM

N N N 1viez

//S\\ //S\\ //S\\

5 62 63

59% 69% 68%

Schene 1.14

N-Me sulfoximines can be synthesised directly from the corresponding subidg a
onepotreaction An interesting examplef this is shown irthe synthesis of the potential
ATR inhibitor 65. Iminationof sulfide 64 with methylamine and bromindéollowed by
oxidation using potassium carbonate and potassium permangagaie N-Me
sulfoximine65 in 64% vyield(Schemel.15.34

o o

0 NH 1. MeNH, (2.0 eq.) 0
Br, (1.5 eq.)
H,N 2 H,N
2N IN MeOH, rt, 15 min 2N IN
Nx 2.K,CO; (20eq) Nx
KMnOQO, (3.0 eq.)
S/ (CH3)2CO, rt, 16 h -~

64 65

Schemel.15

Routes td\-CN sulfoximines are of interedue to thepotential insecticidal applications
of sulfoximines beang the cyano groupReaction of sulfide66 with PIDA and
cyanimide gaveimine 67, and subsequent oxidatiomsing mCPBA and potassium

carbonatgaveN-CN sulfoximine68in 69% yield over two stegSchemel.16).3° Other

12



Chapter One: Introduction

commonly usectonditionsfor the imination stepgubstitute PIDA fora halogen source
such asNCS, NBS or iodine and potassiuert-butoxide®® Both approachegrovide an
easy route ttN-CN sulfoximines in good yields.

PhI(OAc), (1.0 eq.) mCPBA (1.0 eq.)

O NH,CN (1.0 eq.) O K,CO3 (2.0 eq.) O
S THF, 0 °C, 30 min S EtOH/H,0,0°C, 2 h s?
rt, 12 h I N

J N—CN O N—-CN
66 67 68
69%
Schemel.16

Thus, there are currently a wide rangeftietic methods available for the synthesis of
sulfoximines. Due to the mild reaction conditions and the opportunity to convert NH
sulfoximines into theirN-substituted analogues, the methods to NH sulfoximines

described by Luisi and Bull appear to be therent best approach.

13



Chapter One: Introduction

1.3 U-Functionalisation of Sulfoximinesby Lithiation -Trapping

The electroawithdrawing ability of the sulfoximine unit enabldseremoval ofa proton
onthea-carbon oN-substituted sulfoximinegsingstrongbasesAsdescribedn Chapter
1.1, neasurements offa v a | u e s -poofons bfN-substtutedsulfoximines were
carried out by Bordwell (DMSO, 25 °C)The N-substituenbf sulfoximineshas a large
impactontheldav a | u e -prdtonstFérexantplet h erotans oN-Me sulfoximine
4 have a Ka0f 33w h i | s {protond @N-Te sulfoximine5 havea Ka of 24.5(see
Figurel.2).Gi v e n-protbnip&range of 2433 Kaunits, strong bases suchraBulLi
and LDA are typically usedThe lithiation-trappirg reactions of acyclic sulfoximines
have been well explorexhdthereis awide rangeof examplesin thischaptera selection
of results are presented to show the scope and limitations of the litHigtpping of

sulfoximines.

Lithiation-trapping reations of sulfoximinesaremostcommonly achieved usingBuLi

in THF at -78 °C for t herapdirgpvithan eent@ghieo n s
A representative example is shown in Schdnig. N-Me sulfoximine69 was lithiated
usingn-BuLii n THF afor 36-mir8 Tapphg with benzyl bromidg ave «
benzylatedsulfoximine70 in 98% yield®’

1. n-BuLi (1.1 eq.)

THF, —78 °C, 30 min
Phig~ ~ Phig~_Ph
7N 2. PhCH,Br (1.1 eq.) I\
ON rt, 12 h O N
Me Me
69 70
98%
Schemel.17
In related reactionsp-Bu Li at — 7 8 lithide aww ehsgposiieneotN-TBDPS

sulfoximine48 andN-CN sulfoximine71. Subsequent trappingith benzylbromide72
gaveN-TBDPS sulfoximine73 in 70% yieldand N-CN sulfoximine74 in 75% vyield
(Schemel.18).%8 In these exampleghe N-substituentdid not affectthe yield of the
products.This isa rarecase of a high yielding lithiatietrapping reaction of aN-CN

sulfoximine

14



Chapter One: Introduction

1. n-BuLi (1.1 eq.)
- >I\ ___THF, ~78 °C, 20 min
//S\\ Or //S\\ 2 —78 oC tO rt //\\ Or //\\
N oy o
TBDPS CN @/ TBDPS
48 71 Br 73 74

0 0
72 (2.0 eq.) 70% 75%

Br

Schemel.18

A review of the literature showeithat o-functionalisedN-CN sulfoximines are often
obtained in low yields when synthesiseyl lithiation-trapping reaction®2° A typical
example is shown in Scheriel9 N-CN sulfoximine75 underwent lithiation by-BuLi
at -—-78 ° C i riollowedry tfappmg witibeleatriophilEGto give sulfoximine
77in only 6% yield>°

_~_CF3
1. n-BuLi (1.0 eq.) I
g THF, =78 °C, 20 min g N
O 2. -78°C,2h N
| |
CN A Cl CN
75 | _ 77
FsC” N 6%
76 (1.0 eq.)
Schemel.19

Alkyl halides are one of the mosbmmonlyused electrophiles in lithiatietmapping
reactions of sulfoximine For examplelN-TMS sulfoximine7l8was | it hi at ed
in THF usingn-BuLi. Then,addition of HMPA followed byeaction withalkyl bromide

79 gave sulfoximine80 in 63% vyield (Schemel.20.%° In this reaction HMPA was
presumablyused ¢ deagregateoligomers ofthe lithiated sulfoximine and improve
reactivity.Use of HMPAmay have beenecessary tachievea good yield of sulfoximine

80 sincealkyl halide 79is a less activad eéctrophile than benzyl bromidsee Schemes
1.17and1.18.

1. n-BuLi (1.025 eq.), THF o
~78°C to 0 °C, 30 min
Phio~ 2. HMPA (1.9q.) 0 °Cto 30 °C Ph\s/\)\o/

d’\}}l 3.-30 °Ctort, 19 h - O//\\'?'

T™S ~ T™S
78 j/ 80

63%

79 (1.5 eq.)
Schemel.20
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An interesting type of cyclic sulfoximinare those in whiclthe sulfoximine nitrogen
atomis incorporatednto the ring.For exampleb- and 6membereding sulfoximines35
and86 can be synthesised froemantiomerically enrichedcyclic sulfoximing(S)-49 by
athreestep procedure (Scherhe21).4! Deprotonation of the nitrogen of sulfoximi(®-
49wasperformed using potassium hydride in DME. Treatment with tetrabutylammonium
bromide and THRprotected bromoethanol or chloropropagaleN-alkylatedacetals
Then,cleavage using 2 M Hgly gaveN-functionalised sulfoximine81 and82in 77%

yield and 2% vyield respectively. Addition of a tosyl group to sulfoximiddsand 82

was achieved by treatment wifisN and p-toluenesulfonyl chloride it€H.Cl. to give
sulfoximinetosylates83 and84 in 92% yield. In the final step, dept onat i en at
position of sulfoximines83 and 84 using potassiuntert-butoxide andn-BuLi in THF

allowed cyclisation to give-5and 6membereding sulfoximines85 and86.

Phig~ 1.KH(1.1eq)DME 3hrt  Ph. -
IW 2. nBusNBr (0.05 eq.) W
O NH  RX(1.5€q.), 20h,0°Ctort O Ny ™>on
(549 3 2MHClgg 81,n=1,77%
RX = Br(CH,),OTHP 82, n=2,72%
CI(CH,);0THP
p-TsCl (1.2 eq.) n( H
Et;N _ Phag~ KOtBu/n-BuLi (1.05 eq.) N\\s N4
CH,Cl, 20 h W THF, -78 °C to 25 °C él’aph
0°Ctort O Nvoy™>ots
83,n=1,92% 85,n=1,66%
84, n=2,92% 86,n=2,57%
Schemel.21

LDA hasalsobeen usetb deprobnatet h gosition ofsulfoximinesand an example is
shown in Schemé.22 N-TBDPS sulfoximine87 was deprotonated t  tpbséion a
using LDA and subsequent trapping with methyl benzoate gave sulfoxidia 92%
yield.*? Unusually, afer addition of the esténe reaction mixtuer was heated at reflux for

8 h although te authos did not comment on this aspect of the reaction conditions.

1. LDA (1.25 eq.)

Ph THF, -78 °C to rt, 15 min Ph. Ph
/S/ S/\[(
N 2. PhCO,Me (5.0 eq.) O//\\N
I -78°Cto70°C,8h I
TBDPS TBDPS
87 88

92%

Sclemel.22
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B-Keto sulfoximines can also be synthesised in good vyields by lithitapping
reactions with Weinreb amidesnd estergTable 12). For exampleJithiation of N-

TBDPS sulfoximine 87 usingn-B u L i in THF at -78 °C and
bromo-substituted Weinreb amide89 gave sulfoximine 90 in 84% vyield (entry 1).43
Sulfoximine 90 could also be synthesised in a slightly highietdyof 92% by trapping

with ethyl ester91 under the same conditionsnfry 3. Chloro-substituted Weinreb
amide92 and ethyl este®3 were compatible with this reaction givisglfoximine94 in

high yields(entries 2 and 4)althoughtrapping with iodesubstituted ethyl est&5 was

not successfudnd gave no sulfoximin®6 (entry 5)

1. n-BuLi (1.1 eq.)

Ph. - THF, —78 °C, 30 min Ph.
6§\$BDPS 2. -78 °;:, 30 min - dﬁ’\?/;)(f)gx
87 lﬁx
(1.1eq.)
Entry Electrophile R X Product Yield (%)?
1 89 N(OMe)Me Br 90 84
2 92 N(OMe)Me Cl 94 82
3 91 OEt Br 90 92
4 93 OEt Cl 94 89
5 95 OEt I 96 0

20 yield after purification by chromatography

Table1.2 Lithiation-trapping of sulfoximiné87w i t -lmlogenated Weinreb amides and

esters

Trappng of sulfoximines with secondary alkyl halidesnresult in a seconstereocentre

at tpbseion Bchemel.23. Deprotonation oN-TBDPS sulfoximined8at t he «
positionwas carried out using-BuLii n T HF aahdsubséddientta@ping with

alkyl bromide 97 gaveo-alkylated sulfoximine anti-98 (39% yield and syn98 (17%

yield).3® The moderate diastereoselectivity in this reaction arises from match/mismatch
effects in the trapping witthis chiral electrophileSulfoximinessyn98 andanti-98 were
converted into known compounds aadcomparison of théH NMR spectraof these
products with those reported ithe literature enabledssignment ofthe relative

stereochemistr§/
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1. n-BuLi (1.2 eq.)
\/S\/ THF, =78 °C, 20 min \\S + \\S -
A 2. -78°Ctort W W

@) ’}l O N Me Br O N Me Br
| |
TBDPS Br TBDPS TBDPS
48 Br anti-98 syn-98
39% 17%
97 (2.0 eq.)
Schemel.23

Lithiationtrapping reactions of sulfoximines with a variety of ketones, such as
benzophenone, ka been explored® Structurally more complex ketones such%s
containing a macrocycle have also been explored. For exaNyle, sulfoximine §)-

69 of 85% eewas lithiatedusing n-BuLi and trappedvith enantiomerically enriched
macrocycic ketone99 (Schemel.24).%® The reaction pceeded with a high level of
stereocontrogiving a 314:1 ratio ohydroxy sulfoximines syn100 andanti-100 in 99%

yield with respect t&etone99. An investigation of lithiatioftrapping reactions with ring
sizes from 616 showedthat reactions with-membered rings andrgerproceeded with

high yields and good stereoselectivity.

1. n-BuLi (1.0 eq.) OH OH
Ph. _78° Ph. Ph. :
S\\/ THF, —78 °C \s\\ . \s\\
(5 l}l 2. (0] C\)\ 'Tl d '}l
Me Me Me
(S)-69 syn-100 99% anti-100
85% ee 314:1 dr
99 (0.4 eq.)
Scheme 1.24

The trapping of lithiatedudfoximines with aldehydekas also been reported. In certain
cases, good stereocontrol ftre introdictionofa st er e o c epoditionevasa t t
observedFor examplelithiation of N-TBDPS sulfoximine87 usingn-BuLi in THF at O

°C and trapping with benzaldehydet — fa&8sea QX9 mixture oflcoholssyn101
andanti-101 (Schemel.25. The stereoant r o | -pmditiontishigh arféluse of the
stericallybulky TBDPS group as the-substituenis necessaryWhen smaller silyN-
substituents such as TMS were uselthmtion-trapping reactions witaldehydeslower

diastereoselectivity was observ&d.
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1. n-BuLi (1.1 eq.)

Ph g~ THF, 0°C, 15 min Ph\s/\rPh . Phig~_Ph
% 2. PhCHO, -78 °C, 10 min "= 0=
O '}l o N OH o N OH
| |
TBDPS TBDPS TBDPS
87 syn-101 89% anti-101
91:9dr

Schene 1.25

Di ast er e o s e l-pgosition ivnottlimitedatd tragpingewitialdehydes as imines
can also be successfully uséds an example, lithiation dN-TBDPS silfoximine 87
usingn-BuLi in THF at 0 °Candsubsequent trapping with imidd2at €4dve &
94:6 mixture ofaminesanti-103 andsyn-103 in 68% yield (Schemé&.26).* This reaction
proceeded withhigh diastereoselectivityput much lower diastereoselectivity was
observed with aN-Me substituent.

1. n-BuLi (1.1 eq.)

Ph\ THF, 0 °C, 15 min Ph\ Ph\
s~ - SN+ s
I\ 2.-45°C,2h = - V2
O N 0 N NHPh o N NHPh
N. | |
TBDPS ZNF T pp TBDPS TBDPS
87 102 anti-103 68% syn-103
94:6 dr
Schene 1.26

The use of sequential lithiatinapping has been reported for the synthesis of a
trisubstituted sulfoximind07. Thus N-TMS sulfoximine78 was lithiatedusingn-BuL.i

and trapped withmethyl iodideto give sulfoximinel04. Subsequent repetition dfis

reaction gave first disubstituted sulfoximid@5 then trisubstituted sulfoximin&Q6,

which was deprotected using methanol to give NH sulfoxirhein 52%overallyield
(Schemel.27).° This reaction demonstrates that aind trisubstituted sulfoximines can

be synthesised witease in high yields using lithiatidrapping reactions. The reactions
were performed at 0O °C which is unusually
used for lithiatiortrapping reactions. Previous literature shakatthe first methylation
would have been 2 atboughs $ifharltempetatuisliRes/ tobeC ,

necessary fothe second and third lithiations
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1. n-BuLi (1.0 eq.) 1. n-BuLi (1.0 eq.)
Pheg~ THF, 0°C,30min  Ph~ THF, 0°C, 30 min  Ph<
I 2. Mel (1.0 eq.) N 2. Mel (1.0 eq.) N
| o | ° |
™S 0°Ctort,2.5h ™S 0°Ctort,2.5h ™S
78 104 105
1. n-BuLi (1.0 eq.)
THF, 0°C,30min _ Ph.g MeOH Phg
> _— >
2. Mel (1.0 eq.) AN t,1h d "NH
0°Ctort,2.5h Vs
106 107
52%
Schemel.27

There has been a significant @mmt of work on the lithiatiostrappings oiN-substituted
methyl sulfoximinesand the previous examples in toisapterprovide a representative
sample. Howeverexploration of more complexsulfoximines remains somewhat

neglectedA comprehensive set of amples is provided in the following schemes.

T h efluarination ofN-Ts alkyl sulfoximinesl08-110 hasbeen investigated.ithiation
usingn-BuLi and trapping with NFSI gave fluorinated sulfoximirdidd—113as mixtures
of diastereomers in yields of 541% (Schemel.28.5! Unfortunately, here was no

comment by the authson theratio of the diastereomers these reactions

1. n-BuLi (1.2 eq.) F F
g o ; |
Phe  _~ THF, —78 °C, 30 min ~ Ph. /g\ Ph. _N.__Ph
S, R 2. NFsI(1.2eq) SR S A
O'N 78°Ctort, 6h 0 N 0000
Ts Ts
108, R = Me 111, R = Me, 69% NFSI
109, R = Et 112, R=Et, 71%
110, R = n-Bu 123, R = n-Bu, 54%
Schemel.28

o-Fluorinated sulfaimines are able to undergo lithiatibrapping reactions to furén
funct i on-pokitios o rt he x afluopolN€l's sulfmximinell4 was lithiated
usingn-Bu L i i n THF at - 7n&thyl i@didetongdre sulfioxarpnpsygd
111 (Scheme 1.9).°? Sulfoximine syn111 was isolatedin 75% yield as a single

diastereomer after recrystadison.
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1. n-BuLi (1.05 eq.)

Ph. THF, -78°C,45min  ph___~
'S”F - s

N 2. Mel (2.5 eq.) N\
! ~78°Ctort, 16 h O N

S Ts

114 syn-111
75%

Scheme 1.29

Doublet a p p i n gposition ot shifeximames such & Me sulfoximinell5 has also
been reported. In this casé¢Me sulfoximinell5was lithiated using two equivalents of
n-BulLi ( T HEThe authioBs progdse that a dianion is formed. Thapping with
1,4-diiodobutane and 1;8iiodopentaneesulted in cyclisation to give sulfoximin&$6
and117in 76% and 81% yield respectivglgchemel.30).53 Trapping with shorter chain
haloalkanes resulted in l@w yields of thecyclisation productgpresumablydue to

increased strain in the small ring systems.

1. n-BuLi (2.0 eq.) Q”
THF, —78t0 0 °C
Ph. ’ Ph

O//\\l}l 2.0°C,2h | O//\\I\II
Me I/W Me
115 n=1,(1.0eq.) 16, n=1,76%
n=2,(1.0eq.) M7, n=2,81%

Schemel.30

The lithiation of sulfoximinesnd trappingvith imines can be diastereoselectateboth

t h ea nodpodiion For exampleN-TBDPS sulfoximinel18 was lithiatedwith n-BuLi

i n THF andsubs&g8etytr@ppedwith imine 119.> Preferential lithiation at the
benzylic positiongave sulfoximine syn,syrl20 in 86% yieldwith a 95:5 dr(Scheme
1.31) The reaction dgayed high diastereoselectivity when the imine was precomplexed
with boron trifluoridediethyl ether. When the reaction was performed without BEQ,

sulfoximinesyn,synl20 was obtaind in 60% yield with a 79:21 dr.
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1. n-BuLi (1.1 eq.) Ph
~g ™ ph THF, -78 °C, 10 min - Ph
A 2.-78°C,1h 0=
ON N_Ph &N NHPh
TBDPS - !
Ph—7/  BF, TBDPS
118 119 syn,syn-120
86%
95:5dr
Scheme 1.31

The lithiationtrapping of some cyclic sulfoximines has been explored using a range of
alkyl halides An exampleis the lithiation of5-membereding sulfoximine 85 usingn-

BuLi in THF andsubsequent trapping with benzyl bromigegive sulfoximine cis-121

as a single diastereomer in 85% yig¢&themel.32.* Similarly, the lithiationtrapping

of 6-membereding sulfoximine86 with benzyl bromidegave sulfoximinecis-122 as a
single diastereomer in 71%eld. Additional lithiation-trapping of 6-memberedring
sulfoximine 86 were performedwith methyl iodide, isopropyl iodide and 2,4,6
trimethylbenzyl chloridegiving a-substituted sulfoximines in good to high yields with
high diastereoselectivityit is proposed thathe fixed conformatio of the sulfoximine

ring and a pyamid a | i -sadbadn altowthe bulky phenygroup to block one face of the
sulfoximine. This results in attack of the electrophile from the opposite face giving

sul f oxi mi nfanstionaligtounristo bthe sulfoximine oxygen.

n(ﬁ—>\\H 1. n-BuLi (1.1 eq.) n H
Nao N THF, rtto —78 °C, 10 min Ns X __Ph

H S
- 2. PhCH5Br (1.5 eq.) 7~
O Ph _78°C.3h O Ph
85, n=1 cis-121, n =1, 85%, >99:1 dr
86,n=2 cis-122, n = 2, 71%, >99:1 dr
Schemel.32

The effect of a secondhiation-t r ap pi ng r epastidn ofeyelic sutfoximiree o
cis-122 was then investigateGchemel.33. Treatment of sulfoximineis-122 with n-

BuLi in THF followed by trapping wittmethyl iodideresulted in stereoselectiagldition

of t he met hypositigptransto phe @hényl grougisubstituted sifoximine
trans123 was synthesised as a single diastereomer in 96%. yidld opposite
diastereomersulfoximine cis-123, was obtained using the same methodologyus,
lithiation-trapping of sulfoximine cis-124 with benzyl bromide gavelisubstituted

sulfoximinecis-123 as a single diastereomer in 42% yield. These reactionsrrate
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t hat multiple subst tposiidniobaydic sglfaximines oy al r
lithiation-trapping sequencén addition,they proceed with full diastereoselectivity and

offer a way of isolatingpothdiastereomeyof sulfoximine123.

H 1. n-BuLi (1.1 eq.) @Me
Nsg G Ph _THF. rtto 78 °C, 10 min_ Ny, 7, Ph

- 2. Mel (1.5 eq.) -
O Ph 78°C. 3 h O Ph
cis-122 trans-123
96%
>99:1 dr

1. n-BuLi (1.1 eq.)

Ne P THR rto-78°C, 10min Nl Mepyp
- ™M 2 PhCHBr(15eq) "
O Ph -78°C,3h O Ph
cis-124 cis-123
42%
>99:1 dr
Schemel.33

There are a fewxamples of the lithiatiotrappingreactionf cyclic N-CN sulfoximines
sincet h éunationalised products have potential applicasi@as insecticides. Lithiation
of N-CN sulfoximine 68 with LDA and trapping with electrophilé6 gave sulfoximine
125 as a mixture of diastereomensonly 9% yield (Schemé.34).2° The authos did not

comment on the diastereoselectivatythe low yiéd of the reaction.

1.LDA (1.1 eq.), THF _

-78 °C, 45 min N O%L |
<s> 2.-78°Ct00°C,3h N

CF3

S

/7N R\

/'T' | N o 3 \N

CN _ !

F,C~ N CN
68 76 (1.1 eq.) 125
9%
Schemel.34

In another reactiorN-CN sulfoximine68 was lithiated using-BuLi and trappedwith
electrophilel26 to give monosubstitutedioximine 127 in 7.3% yield(Schemel.35).2
In addition to this, a large quantity of unwantksubstituted sulfoximiné28wasformed

but no yield was givenThe unintentionalsynthesis of disubstituted sulfoximines is of
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partiaular interest as this was not observed in the previous reactions disdussedwas

no comment on the diastereoselectivity of these reactions

Cl Cl
1. n-BuLi (1.0 eq.) %s s
[\ THF, =78 °C, 2 h O% N()\H_O% \\N
S 2.78°Ctort,23h 'S
/N =W
©N O N
CN ! :
S/\< CN CN
68 AN 127 128

7%
126 (1.1 eq.)

Schemel.35

Work by Degennaralescribesa comprehensive study on the diasteselectivity of
lithiation of 4-memberedring N-Boc sulfoximine 129 and trappingwith a range of
electrophileSchemel.36).>° Optimisation of the reactions foundganolithiums LDA

and LHMDS wereineffective at deprotonatiomf t he s ul f-mositiompwhilse at
use of stronger bases sucmaBuLi, n-HexLi ands-BuLi were succssful. For example,
lithiation ofN-Boc sulfoximinel29with s-BuLiin2-Me T HF a tandwrap@ng wit@
benzophenongave sulfoximinecis-130 in 68% yield.In addition, 2,4-disubstituted
sulfoximinecis,cis-131 was obtaied in 10% yield.The reaction was repeated usimg
HexLi as the lithiating agent in place sBuLi, obtainingexclusivelysulfoximine cis-
130in 88% yield A possible explartéon for the synthesis of disubstituted sulfoximine
cis,cis131 is via the formation of a dianion. This is likely due to the excess 0.3
equivalents o6-BuLi usedand the fact that it ia stronger base thamHexLi. n-HexLi
wasused for future reactiorss it gave the highest yield of sulfoximiees-130 and no
disubstituted sulfoximinecis,cis131. The diastereoselectivity of the reactions was

impressive, showing fulliss t er e o c o npositiorl at t he «a

1. Lithiating agent (1.3 eq.

)
2-MeTHF, ~78 °C, 5 min (> Ph Ph (> Ph
6‘“‘\ % + ﬁ %
| I

S, 2.Ph,CO (1.1 eq.)

ON  _78°C, 10 min
Boc Boc Boc
129 cis-130 cis,cis-131
s-BuLi: 68% 10%
n-HexLi: 88% 0%
Schemel.36
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Using the n-HexLi conditions in Schem@&.36 arange of electrophilesvere reacted
successf upositpn odN-Boctsiifeximine 129 to give productswith low to
excellent yields (Figure 1.6). Of the electrophiles testedbenzyl bromide,phenyl
isocyanatemethyl iodide ana@yclopentanonall gave sulfoximinesis-132-135with the
o-substituent iracisrelationshipo the oxygen with >95:5 dn yields of 3683% (Figure
1.6). Trappingwith cyclopentanone gawlfoximinecis-135in a relatively low yield ©
30%, whichmay be due t o-deprbtenatiecncohgyaopentangne tye

lithiated sulfoximineto form the enolate.

H OH
e Qe QB

L\ RS\ 0 RS\ RS\
(0] N (0] l\ll 0] l}l 0] l}l
Boc Boc Boc Boc
cis-132 cis-133 cis-134 cis-135
83% 50% 40% 30%
E*= PhCH,Br E*=PhNCO E* = Mel E* = Cyclopentanone

Figurel1.6 a-Functionalised products of lithiatiemmapping reactions dfi-Boc

sulfoximine129

When N-Boc sulfoximine 129 was lithiated usingn-HexLi and trapped witiWeinreb
amidel36, a 65:35 mixture oketo-sulfoximinescis-137 andtrans-137 wasobtainedin
only 20% vyield (Schemel.37). We suggest that a likely explanatidar the poor
diastereosektivity of this reaction ishatt h e a-prot@ho £ ekét@sulf@ximine
leads toepimerisationduring the workup. The low yield of this reaction was unexpected

as Weinreb amides typically give good yields for lithiaticapping reactions.

1. n-HexLi (1.3 eq.)

(> 2-MeTHF, =78 °C, 5 min (> Ph %Ph
- ‘“ +
S 2. -78°C, 10 min s S\
o)

\ \
on M oN© O N
Boc e ' !
Ph N. Boc Boc
129 3 OMe cis-137 trans-137
0 20%
136 (1.1 eq) 65:35 dr

Schemel.37

As a final exampléjthiation of N-Boc sulfoximine 129 usingn-HexLi andtrapping with
PhMeSiCl gave a 65:35 mixture alulfoximinescis-138 andtrans-138 in 45% vyield

(Schemel.38. In this caseijt is unlikely thatsulfoximinescis-138 and trans-138 can
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undergoepimerisationn the workup so the reason for the poor diastereoselectivity is

unknown.

1. n-HexLi (1.3 eq.)

2-MeTHF, —78 °C, 5 min (> Me Me
- - 'SI/Ph + SI/Ph
S, 2. Ph,MeSiCl (1.1 eq.) Sy 2 Sy
n ) W pp W ph
@) l\ll —78 °C, 10 min O N O N
| |
Boc Boc Boc
129 cis-138 trans-138
45%
65:35 dr
Schemel.38

In summary, the lithiatiotrapping of acyclic sulfoximines using a range Nalkyl

groups and electrodés is well established. However, there are comparatively fewer
examples with cyclic sulfoximines. With both acyclic and cyclic sulfoximines, there are

i sol at ed edxiaansptleerse oosfelecti vity but,Napart
Boc 4memberedring sulfoximine 129, t her e ar e no system

diastereoselectivity with different electrophiles.
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1.4 Project Outline

There is increased interest imetuse ofthe sulfoximine functional groupn medicinal
chemistry and agrochastry. In terms of lithiatiortrapping reactions, theuorent
literature focusesn acyclic sulfoximinesTherefore,in order to broaden the synthetic
scope of the methodologwe plannedto investigate the lithiatictrapping of5- and 6-
membered cyclicsulfoximines139t o o b-substituted ayclic sulfoximine440
(Schemel.39.Funct i onal i gaesiion with a cahge of klectrophiles would
allow us to investigate the diastereoselectioityhe reaction. We also plaedto use a
number of substituents on tindrogen atom such as TBDPS, Boc, Me and t6Nwdd
further diversification to the molecule and to investigate their effect on the
diasereoselectivity of the reactiofhe results of these studies are discussed in Chapter
2.1.

Electrophiles

n(( \ 1. Lithiating agent ”U o e}
S M M

2. E* E

’/\\I O’/\\,}, Ph” “Ph  H” “Ph
R R
139, n=1,2 140,n=1,2 Br” >Ph  Me—I
R = TBDPS, Boc, Me, CN
Schemel.39

Using the conditions of the initial studies set out in Sch&r@8, we next planned to
further functionaliseo-substitutedsulfoximines141 and 143 to give 2,2-disubstituted
productsl42 as well a,5 and 2,6disubstituted productst4 (Schemel .40). To access
the 2,2disubstituted product$42, lithiation at the most acidic positianto the ketone
would be ugd tocontrol the regiochemistry. Thus, lithiation of sulfoximiit¥l should
give sulfoximinel42. Lithiation-trapping of sulfoximined443 should give disubstituted
productsl44 with regioselectivity controlled by steric factofithe results of our studies
in both of these reactions are described ima@ter 2.2

N 1. Lithiating ¢ L :)j 1 Lithiating ~( :)j
R2 agent E R2 E = agent o ",
R [ 2F [ R R 2 RT & F
oN© oNO©O ! O N o N
R’ R : R R
141,n=1,2 142,n=12  143,n=12 144,n =12
Schemel.40
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Chapter Two: Results and Discussion

2. Results and Discussion

2.1 Synthesis of Sulfoximines

For our planned lithiatiotrapping studies, it was decided to synthesise cyclic
sulfoximines wih differentN-substituents such a&TBDPS,N-Boc, N-Me andN-CN.
Based on the literature presentedChapterl.2, the methods by LuisBull and coe
workersfor direct synthesis of NH sulfoximines from sulfid&and sulfoxide® were
selected as the key step in the planned route toNtA®DPS, N-Boc and N-Me
sulfoximines (Scheme 2.1). These methods were preferable as they weré&aerethd

not require potentially explosive reagents such as azides and were performed under mild
conditions. The NH sulfoximine could then be easily functionalised with different
substituents to give th&l-TBDPS, N-Boc and N-Me sulfoximines. In contrast, we
planned to synthesise tidCN sulfoximines by a onepot procedure directly from the

sulfoxides as this avoided the use of particularly toxic cyanogen brophide.

’ O N—-TBDPS

n(
C; PhI(OAC), ”m @

Mc%j HaNCO, NH, " ”“ d N-Boc
; N,
0] .

1,2 T A
n= O N-Me
n(?_\/ n(?_\/
s — S
1 A
e} O N-CN
n=1,2
Scheme 2.1

To start, Smembereding N-TBDPS cyclic sulbximine 146 was synthesised. The first
route explored used L u¥iTseatmeatrofsiioBde 14bwits o r i |
PIDA (3.0 eg.) and ammonium carbamate (4.0 eq.) at rt for 30 min gave NH sulfoximine

23 (Scheme 2.2). The crude product was reasonably puite ByVIR spectroscopy, with

the signals matching those stated in the literatuFar the introduction of the TBDPS

group, a method that was reported for an acyclic sulfoximine was selected. Thus, reaction
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Chapter Two: Results and Discussion

of NH sulfoximine23 with TBDPSCI (1.25 eq.) and imidazole (2.0 eq.) in DMF at 90 °C
gave novelN-TBDPS sulfoximinel46 in 50% overall yield after chromatography.
Analysis of the'H NMR spectrum oN-TBDPS sulfoximinel46showed a 9H singlet at
o1 1.08 whid indicated the successful addition of the TBDPS group.

PhI(OAc), (3.0 eq.) TBDPSCI (1.25 eq.)
O H,NCO, NH,* (4.0 eq.) O Imidazole (2.0 eq.) O
MeOH, rt, 30 min 'S DMF, 0°Ct090°C,48h 7
O NH O N-TBDPS
145 23 146

50% over 2 steps

Scheme 2.2

An alternative route to-fnembereding N-TBDPS sulfoximinel46 was explored using
Luisi and Bull’'s method st #mreatmeny of utfilem t h
66 with PIDA (2.5 eq.) and ammonium carbamate (2.0 eq.) at rt for 3 h gave crude NH
sulfoximine23 which was sufficiently pure for use in the next step. Subsequent TBDPS
protection using the same method as used previouslyNMi@BDPS sulfoximinel46in

60% overall yeld (Scheme 2.3). A comparison of the two routdd-TBDPS sulfoximine
146showed that less equivalents of PIDA and ammonium carbamate were required when
starting from the sulfide compared to the sulfoxide and that a longer reaction time of 3 h
was neede for the sulfide route. Sulfidé6 was significantly cheaper to purchase than
sulfoxide 23 and therefore it was preferable to synthesise the NH sulfoximine from the

sulfide and this method was selected for all the other examples.

Phi(OAc), (2.5 eq.) TBDPSCI (1.25 eq.)
O H,NCO, NH,* (2.0 eq.)' O Imidazole (2.0 eq.) _ O
S MeOH, rt, 3 h 'S, DMF, 0°Cto 90 °C, 48 h 'S
O NH O N-TBDPS
66 23 146

60% over 2 steps

Scheme 2.3

The syntheses of five-TBDPS protected sulfoximines using this tetep approach are
summarised in Table 2.1. The best yields were obtained for tli@dS6 membereding
N-TBDPS sulfoximinesl46 and 147 (entries 2 and 3). Unexpectedihe 4membered
ring N-TBDPS sulfoximinel48was obtaind in a low 19% yieldéntry 1). Intermediate
yields were observed for the acyclic diethyl and phenyldh/BDPS sulfoximined.49
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and150 (entries 4 and 5). The NMR spectroscopic data of all NHbsinfines matched
the literature in each cas®’*®* All N-TBDPS sulfoximines146-150 were not
previously reported in the literature and analygisher 'H NMR spectralsowed a 9H

singlet aounddy 1.0-1.2 which indicated the successful addition of the TBDPS group.

PhI(OAc)2 (2.5 eq.) TBDPSCI (1.25 eq.)
RlS,R2 H,NCO,'NH,* (2.0 eq.) RlS/R2 Imidazole (2.0 eq.) RlS,R2
MeOH, rt, 3 h d'NH DMF, 0°Ct090°C,48h & N—TBDPS
Entry R R? Compound Yield/%?
1 -(CH2)3- 148 19
2 -(CHy)s- 146 60
3 -(CHy)s- 147 53
4 Et Et 149 32
5 Ph Et 150 38

2% yield after purification by chromatography.
Table 2.1 Synthesis &-TBDPSsulfoximines 146-150

The synthesis dfl-Boc sulfoximines was explored using our standard procedure to form
the 5membereding NH sulfoximine23from sufide 66, and a procedure for the addition

of a Boc group to an acyclic sulfoximine (Scheme £#ddition of potassiuntert-
butoxide and Bo© to NH sulfoximine23 gave5-membereding N-Boc sulfoximinel53

in 60% yield over two steps. The spectroscopic data for this compound was consistent
with those reporteih the literaturé’ The same method was applied to theémbered

ring sulfidel52resulting in a 43% vyield dfl-Boc aulfoximine 154, a compound that has
not been reported previously in the literature. For the synthedisMé sulfoximines

our standard procedure was used to afford NH sulfoxiniBesnd152 We then opted

to use Eschweile€Clarke conditions for thé&l-methylation due to literature precedettt.
Treatment of NH sulfoximine23 and152 with parafomaldehyde and formic acid gave
N-Me sulfoximinesl55and156in 55% and 50% yield respectively (Scheme 2.4). The
spectroscopic data fay¥-Me sulfoximinel55was consistent with those reported in the

literaturé” whilst N-Me sulfoximinel56 has not been previously reported.
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PhI(OAc), (2.5 eq.)
H,NCO,"NH,* (2.0 eq.)

n(Q

66, n=1
151, n=2

MeOH, rt, 3 h

1. KOBu (1.3 eq.)
THF, 30 min, 0 °C
Boc,0 (2.0 eq.)
0°Ctort,31h

n(
23, n=1

)

O N—Boc

1563, n =1, 60%
154, n =2, 43%

‘2.

Sy 152, n=2
O 'NH
(
‘ (HCHO), (1.2 eq.) "
HCO,H, 120 °C, 36 h T
N—Me
155, n = 1, 55%
156, n = 2, 50%
Scheme 2.4

N-CN sulfoximines can be simesised from NH sulfoximines but methods typically

require toxic reagents such as cyanogen brofiitteorder to avoid this, we followed a

procedure by Dannenberg which used relatively mild conditions to syntine§ide 5

membereding sulfoximine68 directly from sulfoxidel 45.5° Treatment of sulfoxid@45

with cyaramide, potassiurntert-butoxide andN-chlorosuccinimide in water resulted in
N-CN sulfoximine68 in 50% yield(Scheme 2.5)The NMR spectroscopic data for this

compound were consistent with literature valtfes.

NH,CN (2.0 eq.)
KOifBu (2.0 eq.)

NCS (2.0 eq.)
e) O N-CN
145 68
50%
Scheme2.5
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2 . Aithlation and Trapping of Sulfoximines

With a range oN-substituted cyclic and acylic sulfoximines in hand t -ltheatioo
trappingreactions werénvestigated. The plan was to explore the effect of different ring
sizes, different N-substituents and different electrophiles on theield and

diastereoselectivity of the lithiatietnapping reactions.

2 . 2 -Lithiatign and Trapping of N-TBDPS Sulfoximines

To begin with, we explored the lithiatigrapping of 5memberedring N-TBDPS
sulfoximine146. It was decided to useBulLi as the lithiating agent, THF as the solvent

and a temperature of —-78 °C for the reac
Chapterl.3). Benzophenone was selected as the first electrophile as it shouldaunderg
fast trapjing and reaction dhelithiatedsulfoximine would introduce only one additional
stereocentre. Based on a procedure reported for dimethyl sulfox#@iifeN-TBDPS
sulfoximinel46was lithiatel usingn-BuLiin THFat —-78 °C for 20 min
benzophenone to give-TBDPS sulfoximinecis-157 in 66% yield after purification by

columnchromatography (Scheme 2.6).

1. n-BuLi (1.1 eq.) { §
L) THF, —78 °C, 20 min %Ph
O N

P 2.Ph,CO (2.0 eq.)
O N ~78°C, 1 h
TBDPS TBDPS
146 cis-157
66%
Scheme 2.6

Analysis by'H NMR spectroscopy of both the crudedgpurified product showed that

only one diastereomer of the sulfoximine was obtained. Diagnostic signalskhXhéR

spectrum oN-TBDPS sulfoximineciss157ar e s hown in Figuwre 2.
432(ddJ= 16. 5, 7.5 Hz) -pwtansadjaentsta tigerbendyl atcahol.t h e
This signal was significantly yR@25lldeer do
to the eptotorsAl Hwei ongd.léwas assigned to the OH group.

5 4.32, dd
5H267251m—>w J=16.5,7.5Hz

~—— 845.11, s

TBDPS

Figure 2.1'H NMR spectroscopic data foi-TBDPS sulfoximinecis-157
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Thecis-stereochemistry of sulfoximin@s-157was determined by-Xay crystallography
(Figure 2.2). The Xay structure clearly showed that the oxygen bonded to sultis is

t o t-shbstituent, withthe nitrogen in atrans orientation. The proximity of the
sulfoximine oxygen to the OH group indicates the presence of an intramolecular hydrogen
bond.

S (0]
“ AN [
Y N o H
Ay TBDPS
- ‘ cis-157

Figure 2.2 Xray structure oN-TBDPS5-membereding sulfoximinecis-157

In an effort to improve thyield of sulfoximinecis-157, we followed a procedure for the
lithiation-trapping of an aaglic sulfoximine which used LHMDS for the deprotonation
step®® Sulfoximinel46was | it hi ated using LHMDS in T
subsequent trapping with benzophenone gave sulfoxiosrks7in 59% yield (Schem

2.7). In an attempt to improve the yield, the lithiation time was increased from 20 min to

1 h. However, this had little effect as sulfoximiris-157 was formed in 53% yield with

a 1 h lithiation time.

O 1. LHMDS (1.1 eq.) Ph
THF, —78 °C, 20 min < >
S .%Ph

S >
O 2. Ph,CO (2.0 eq.) 3\
oN -78°C,1h O N OH
TBDPS TBDPS
146 cis-157
59%
Scheme 2.7

It was thenrealisedthat sulfoximinel46 appeared to be rather hygroscopic. Therefore,
extra steps were taken for drying the compound, including removing the water by

azeotroping with toluene and drying on the high vacuum immediately before use. With
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these preautions in place, the reaction witFBuLi shown in Scheme 2.7 was repeated
and this gave sulfoximineis-157 in 84% yield. The extra drying steps led to a higher
yield of sulfoximinecis-157 and this method was therefore preferred and used for all
subsegent lithiationtrapping reactions. Lithiatictrapping reactions were typically
performed on a 0.5 or 1.0 mmol scale

For comparison, the lithiatietrapping of @membereding N-TBDPS sulfoximinel47
usingn-BuLi and benzophenone waarried out In thiscase, sulfoximineis-158 was
obtainedin 76% yield after chromatography (Scheme 2.8). Analysis'HhyNMR
spectroscopy of both the crude and purified product showed that only one diastereomer

was formed in this reaction.

1. n-BuLi (1.1 eq.)
THF, -78 °C, 20 min_ . ;hPh

S S
/7 \ 2. thCO (20 eq) =W
O N —78°C,1h o N OH
TBDPS TBDPS
147 cis-158
76%
Scheme 2.8

The stereochemistry of sulfoximings-158 was confirmed by Xay crystallography

(Figure 2.3). In the chair conformation of them@&mbered ring, the oxygen of the

sul foxi mine i s a xsubatikuents requataridh eonfiemthg theicis n t a
relationship. In this case, there is an intramolecular hydrogen bond between the
sulfoximine nitrogen and the OH group, contrasting with thendmberedring

sulfoximinecis-157 (see Figure 2.2).

% W
¥ [
‘/&/ o/ TBDPS.\ 25 4,
- - O - Ph
- Y HO

- g - Ph
m' cis-158
LD |

Figure2.3 X-ray structure oN-TBDPS 6membereding sulfoximinecis-158
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To explore whether the observed-diastereoselectivity in theapping applied to other
ring sizes, we investigated the diastereoselectivity of the lithiatapping of 4
memberedring N-TBDPS sulfoximine148 This would also provide an interesting
comparison with the relatedmembereding N-Boc sulfoximinel29which displayed a
high level ofcis-diastereoselectivity across a range of electrophilesGbapterl.3)>°
Thus, N-TBDPS sulfoximine 148 was lithiated with n-BuLi and trapped with
benzophenone to give an 85:15 mixture of sulfoximieel59 and the unexpected
doubletrapped sulfoxnine cis,cis160 (by 'H NMR spectroscopy). After
chromatography, the two products were obtained as an inseparable 85:15 mixture of
sulfoximines cis-159 (57% yield) and cis,cis160 (10% yield) (Scheme 2.9). The
stereochemistry of sulfoximineis-159 was asgned by analogy with the previously
described 5and 6membereding results. For the doubteapped sulfoximineis,cis-
160, the symmetrical features in the and**C NMR spectra and the fact it wouldely

come from sulfoximineis-159led us to propse the assigned stereochemistry.

1. n-BuLi (1.1 eq.)

THF,—78°C,20min‘(> %Ph Ph@...,@,.,.?Ph
~ " HO S OH

e 2. Ph,CO (2.0 eq.) [ R
O'N —78°C,1h o N O N
|
TBDPS TBDPS TBDPS
148 cis-159 cis,cis-160
57% 85:15 10%
Scheme 2.9

Diagnostic signals in thtH NMR spectrum oN-TBDPS sulfoximinecis,cis-160 are

shown in Figure 24A 2 H s inpAi@m(ddJa 10.0,810.0 Hz) was assigned to the
ooprotons adjacent to t hey282(dtdy12.54d0.0cHz)h o |
was assigned to one of the two diasitereo

4.82 was asigned to the two OH groups.

8 2.92 dt
J=125,10.0 Hz

5H515 dd

51515, dd
6H4823\i i/6H4823

TBDPS
cis,cis-160

Figure 2.4'"H NMR spectroscopic data fo&-TBDPS sulfoximinecis,cis160
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Analysis of the®®*C NMR spectrum of monosubstituted sulfoximicie-159 showed a

S i gna86.4wahichwasassignedt t he SCH gr o t6>8wa$dssEgnedi g n a
tothe SCHgr oup and ¢10.2was assigned to the ©H tle ring. The'*’C

NMR spectrum of doublerapped sulfoximineciscisl60had one &83gnal
assigned to the two equivalent SGtdups. There was no signal indicating an S@idup

and t he c$3i9gvasadsigned to tde &H the ring. A comparison of these two
signals gave further evidence that sulfoximeigcis-160 was disubstituted and had a

plane of symmetry. This @he of symmetry means that the sulfoximine could have either
cis,cis- or transtrans-stereochemistry. However, we believe that benzophenone adds
transto theN-TBDPS group as this was the case for both thend 6membereding

sulfoximinescis-157 andcis-158

In order to explain the formation of the disubstituted sulfoxinsisgis-160, we propose

that the 4membereding N-TBDPS sulfoximinel48 forms a small amount of dianion
161 during lithiation which is then doubkeapped with benzophenone (Scheih&0).

The formation of a dianion from sulfoximines is known (see Scheme 1.30, sulfoximine
115 although, this was achieved by using 2 equivalentsBiiLi at a high temperature

of 0 °C. Since no disubstituted product was observed whand6émembereding N-
TBDPS sulfoximinesl46 and 147 underwent lithiatiortrapping with benzophenone, it
appears that the-demberedring sulfoximine 148 is more susceptible to dianion
formation. Presumably, the 0.1 equivalents excessRiLi in the reaction mixture is

thought to contribute to the formation of the dianion.

q ¥
Ph)J\‘;h—\@G@/—P?)J\Ph Phlag..., 1 Ph
L d’%N L Ho o K OH
TBDPS ° N'i'BDPS
161 cis,cis-160
Scheme 2.10

In order to explain the preferred formation of tlie sulfoximinescis-157, cis-158 and
cis-159 we surveyed the literature for information ¢ime structire of the lithiated
sulfoximine from either Xray crystallography or solution NMR spectroscopic studies
Work by Gaisand ceworkersreported the characterisation of lithiated alNATMS

sulfoximine 161 by X-ray crystallography (Figure 2.8).The angle between the suHur
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o-carbon bond and h ecarlwonf-carbon bond was 124.3° which is close to the value
expected for an $hybridised carbanion. Additional bond angle calculations showed that

t h ecarlmon is in an essentially planar environment. The structure of related litNiated

TMS sulfoxmine 162 (Figure 2.5was determined by-Xay crystallography and solution

NMR spectroscopic studies in THEIn the protorcoupled®*C NMR spec-t r um,
carbon signal ap peda.6 witd aJas souping dfdauHzeThis a t d
indicated that lithiatedulfoximine 162 is highly solvated by THF with some planarity

aroune atrthbeona atom and | ittle or no C-Li C
Ph. /\)\ Ph. _ Ph. Ph. )\
//S\\ //S\\/\SIMe3 //S\\/ //S\\
O N—SiMe, O N—SiMe, O N-Me O N-Me
161 162 69 163

Figure 2.5 Lithiated sulfoximines6li 163and69

Analysis of lithiated\-Me sulfoximine69 (Figure 2.5)oy X-ray crystallography siwed

t h at -carbbnsulfux bond displayed double bond character as it was shorter than that
expected for a single boffll t was s us p-eatbbrsulfur bohdeot lithiatdde o
N-Me sulfoximine 163 (Figure 2.5)also displayed similar double bond character.
Variable temperaturéC NMR spectroscopic studies of lithiated sulfoximi&8showed

a rapid exchange ofthe diag r eot opi ¢ met hyl groups at t
Therefore, if the two methyl groups in sulfoximih&3were replaced with neidentical

groups, the resultant lithiated sulfoximine would be configurationally unstable at the
anionic carbon atom. Ths conf i gur ati onal instability
bond.

Putting all of this structural information on lithiated sulfoximines togethersuggest

that the model shown in Figure 2.6 can explain the diastereoselectivity of the lithiation
trapping reactions of cyclitN-TBDPS sulfoximines. It is proposed that electrophilic
trapping occurs froman$my br i di sed carbanion with no
bulky TBDPS group is able to block one face of the sulfoximine preventing electcophili
attack on one side. As a result, the trapped sulfoximine adopts a configuration where the

n e wsulostituent i€isto the sulfoximine oxygen.
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TBDPS
® N O Ph
LI\ /S _ = ‘1,, Ph
/ \S\
H R\
oh S
77/F’h TBDPS
0- cis-157

Figure 2.6 Model for electrophilic trapping

Due to the high yields and diasteselectivity, the lithiatiostrapping reactions of-5
memberediing and 6membereding N-TBDPS sulfoximinesl46 and 147 were then
explored using a range of electrophiles. Lithiaticapping of 5Smemberedring
sulfoximine 146 with benzaldehyde gave @ude product which contained an 85:15
mixture (by'H NMR spectroscopy) of sulfoximiness,anti164 andcis,syr164. After
purification by chromatography, sulfoximiness,antt164 andcis,synl164were isolated

in 66% and 10% yield respectively (Scheme 2.Ahgplysis of the minor producis,syn

164 by X-ray crystallography identified its stereochemistry (Figure 2.7). The oxygen
bonded to sulfur igist o  tshbstituent whilst the nitrogen is intil@ns orientation.
Both the sulfoximine oxygen and the @fol oxygen are held closely together due to
intramolecular hydrogen bonding between the two. Given that other electrophile
trappings occutrans to the N-TBDPS group, the major product was believed to be

cis,antt164and was assigned by analogy.

1. n-BuLi (1.1 eq.) H H
L) THF, —78 °C, 20 min &Ph OﬁrPh
+ S
R\

S S ~
R 2. PhCHO (2.0 eq.) R
ON —78°C, 1 h O N OH O N OH
TBDPS TBDPS TBDPS
146 85:15dr cis,anti-164 cis,syn-164
66% 10%
Scheme 2.11
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-

bW/,
7/ﬁ’ Qi/Ph

X\
N\ \O OH

4 4
- ,77“‘"*' TBDPS
o \“—\’— cis,syn-164

Figure 2.7 Xray structure oN-TBDPS sulfoximinecis,syn164

In the!H NMR spectrum otis,anti164, the PhGls i gnal appeared as &
5.12 as any coupling to the SCH was too small to be resolved, wherel$ KR

spectrum otis,syn164 displayed the PhiEs i g n a | as apd8Bg=Mu bl et
Hz). The'*C NMR spectra of both products showedgn a |l s awaluesiFori | ar
examplecissynl64had signalsadbc 7 0 . 1 f oc68.6ScC PIEH & e 87.3 dor
SCHwhereagis,antil6dhad si gnh@l 5 A&« r5®ICHH a r96.20

for SChH.

The lithiationrtrapping of Bmembereding sulfoximinel47 with benzaldehyde gave a
similar result. An 85:15 mixture sulfoximinescis,antt165andcis,synl65was formed

(from thetH NMR spectrum of the crude product). In this case, the diastereomers were
not separable and an 85:15 mixtwres isolatedin 73% vyield after chromatography
(Scheme 2.12). The stereochemistry of the products was assigned by analogy with 5
membered ring sulfoximines cis,antt164 and cis,synl64. The stereochemical
assignment was supported by the fact thatkhdIMR spectra of sulfoximinesis,ant
165andcis,synl65displayed key similarities with those of sulfoximires,anti164and
cis,synl64 The PhE signal ofcis,anttl6bappear ed as nd.89andthei n gl
PhCH signal ofcis,synl165appeared as a 1dHo u b | +e5t34 (=t9.0 Biz). Hence, the
PhCH signals oftis,syn165andcis,synl64appear as 1H doublets with similavalues

(9.0, 9.5 Hz) and are slightly further upfield than the 1H singlets for théiRigDals of

cis,anti165andcis,ant164
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1. n-BuLi (1.1 eq.) H H
THF, =78 °C, 20 min Ph Ph
> 8 + 'S

s -

P 2. PhCHO (2.0 eq.) R BN

O N _78°C, 1 h 0 N OH o N OH
TBDPS TBDPS TBDPS
147 85:15dr cis,anti-165 cis,syn-165

73% 85:15 dr

Scheme 2.12

At this stage, we decided to explore alkylating reagents for the trapping of the lithiated
sulfoximines. Lithiatioatrapping of Smemberedring sulfoximine 146 with benzyl
bromide gave sulfoximineis-166 as asingle diastereomer in 73% yield (Scheme 2.13).
The stereochemistry ofis-166 was assigned by analogy with sulfoximices-157.
Analysis of sulfoximinecis-166by *H and**C NMR spectroscopy showed no additional
signals indicating that only one diasterewmwas obtained and no disubstituted
sulfoximine cis,cis167 was synthesised. In contrast, trapping emémberedring
sulfoximine 147 with benzyl bromide gave the disubstituted sulfoximimgcis-169 in

33% yield in addition to sulfoximineis-168in 31%yield (Scheme 2.13).

n([)—> 1. n-BulLi (1.1 eq.) n(@ n(@
THF, 78 °C, 20 min 2 Ph PR oK . _Ph

S S + s
R 2. PhCH,Br (2.0 eq.) SN SN
o —78°C,1h o N O N
TBDPS TBDPS TBDPS
146, n =1 cis-166,n=1,73%  cis,cis-167, n =1, 0%
147,n=2 cis-168,n=2,31%  cis,cis-169, n = 2, 33%
Scheme 2.13

Analysis of sulfoximineeis,cis169by *H NMR spectrecopy showed that the compound

is symmetricalT her e wer e t woy324R0d dl 3.i §,na2w@B5laklz )d
(J=12.5, 12.5 Hz) due to the four PHEp r ot o n s . The 2Huw2961 t i pl
2.83 showed t h-protons. Additioeal ewidgence camenfrom 66 NMR

spectrum wherenly one CH signal and three @signals were observed (Figure 2.8).

The CH signal was s t@6 ant cooespondédyo tieeowew BGHI e |
carbons. One Cts i g n a31.6 wds aséigned to the twoGMy carbons whilst the two
remaining CHs i g n ad2s9 . &t ¢ aédBdverd assigned to the threegirbups in

the ring. If the sulfoximine was not symmetrical, we would have observed three additional
signals, one for SCH, one for €H> and one for a CHin the ring. As the data proved

that the sulfoximine $ symmetrical, we knew that the stereochemistry had to be either
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cis,cisor transtrans The stereochemistry of both sulfoximings-157 andcis-158 were
proven by Xray crystallography and therefore we reasoned that benzyl bromide would

add to sulfoximinel47transto theN-TBDPS group to give sulfoximings,cis-169.

6c 29.0, 24.8

Ph o — Ph
© S (&4
6031.6/ O N \6C31.6

TBDPS
cis,cis-169

Figure 2.8 3C NMR spectroscopic data fo&-TBDPS sulfoximinecis,cis169

Our proposed pathway for the formation of the disubstituted pretscs-169is shown

in Scheme 2.14. Initiallywe believe that the desired reaction occurs i.e. the carbanion of
deprotonated sulfoximing70attacks benzyl bromide to forams-168 If benzyl bromide

was slow to trap then it is likely that there woulddaprotonated sulfoximing70 still

present. This could deprotonate sulfoximaiel68at t h epositibnhte givecie

171and regenerate the starting mateti@l. The carbanion of deprotonated sulfoximine
cis-171could then trap a secoenzyl bromide to fornais,cis169. We believe dianion
formation, as proposed in Scheme 2.10 with4membereding sulfoximinel48, is less

likely as formation of the disubstituted product would be dependent on the initial lithiation
step. We observed no disubstituted product when these same conditions were used in the
lithiation-trapping of 5 and 6memberedring sulfoximines 146 and 147 with
benzophenone (Scheme 2.14). Analysis of'théNMR spectrum of the crude product
showed that a small amount of starting material was present although the exact amount
could not be calculated due to overlappiignals. The presence of this starting material

supports our proposed pathway.
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& 77\ L@
Ph” > Br N L
TBDPS
170
O@ O” /Ph O + @O/h /Ph
S s S s
N L S o"N S
| O N | O N Li
TBDPS TBDPS TBDPS TBDPS
170 cis-168 147 cis-171
~
ﬁ;\Br
@@/Q,/Ph - 5 Ph\‘\\\Q/,,'/Ph
SW @ S\
0N U 0
TBDPS TBDPS
cis-171 cis,cis-169
Scheme 2.14

The synthesis of disubstituted sulfoximiees,cis-169 led us to investigate whether
disubstituted products would result after peqy sulfoximines with other alkylating
agents. We therefore investigated the lithiati@pping of sulfoximine¢46and147with

methyl iodide and dimethyl sulfate. The results are summarised in Table 2.2.

1. n-BuLi (1.1 eq.)

0

THF, =78 °C, 20 min

P 2. Me,SO, or Mel (2.0 eq.) S Me S Me
) -78°C,1h O N O N
TBDPS TBDPS TBDPS
146, n =1 cis-172,n =1 cis,cis-173, n =1
147, n=2 cis-174, n =2 cis,cis-175,n = 2
Entry n Staring material Electrophile Mono-product (%} Di-product (%}
1° 1 146 Mel cis-172 56 cis,cis173 0
20 1 146 Mel cis-172 45 cis,cis173 3
3 2 147 Mel cis-174, 47 cis,cis175, 12
4° 1 146 MexSOy cis-172 45 cis,cis173 7
5P 2 147 MexSOy cis-174, 52 cis,cis174, 9

204 yield afterpurification by chromatograph$0.5 mmol scaleS 1.0 mmol scale? 5.0
mmol scale.

Table 2.2Results of lithiatiortrapping reactions with methylating agents
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The relative configuration of-fnembereding sulfoximinecis-172was confirmed by X
ray crystallography (Figure 2.9) and the relative configuration -afenberedring
sulfoximine cis,cis173 was assigned by analogy. Theray crystal structure of
sulfoximinecis-172 showed that the oxygen bonded to sulfucissto t dsubstitaent,

with the nitrogen in @&ransorientation.

cis-172

Figure 2.9 Xray structure oN-TBDPS sulfoximinecis-172

The relative configuration of-fhembereding sulfoximinecis,cis175was confirmed by
X-ray crystallography (Figure 2.10) céhe relative configuration of-Bembereding
sulfoximinecis-174was assigned by analogy. Theray crystal structure of sulfoximine
cis,cisl75s h o we d t -bubstituebt® drefs to the oxygen bonded to sulfur, with
the nitrogen in drans orientdaion. The 6membered ring adopts a chair conformation
whereN-T BDP S a n d -niethy groups sit inobequatorial positions whereas the

oxygen bonded to sulfur is axial.

Sy WAL
\ - 7=

TBDPS

. ). ’
P >~/\"\\\ ﬁ cis, cis-175
ey Y

Figure 2.10 Xray structure oN-TBDPS sulfoximinecis,cis175
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Analysis of the *H NMR spectrum of disubstitutemis,cis173s howed a 6H dout
1.09 (0 = 7.0 Hz) showing that there were two equivalent methyl groups*theMR
spectrum showed t hat ¢59.8forehe twaSCHaganbbng, omen e
Si gna28lotthedvoChic ar bons i n the rl2hdprteetwd one
a-methyl groups. Therefore, the sulfoximine must be symmetrical'Alaand*C NMR

spectra otis,cis175also displayed the same evidence of symmetry.

The lithiationtrapping of 5-membereding sulfoximine 146 with methyl iodide gave
exclusively 5memberedring sulfoximinecis-172 in 56% vyield (Table2.2, entry 1).
However, when this reaction was repeated on a 5 mmol scale, we obtained sulfoximine
cis-172in 45% vyield and didostituted sulfoximineis,cis173in 3% yield (entry 2). It is

likely a small amount of the disubstituted product formed in the ssoalk reaction
although it was not visible b{4 NMR spectroscopy and we were unable to isolate it.
Lithiation-trapping of6-membereding sulfoximine 147 with methyl iodide gave the
monosubstituted sulfoximings-174in 47% yield and disubstituted sulfoximioes,cis-

175in 12% vyield (entry 3).

The use of dimethyl sulfate was also explored. Lithiatiapping of 5Smemberd ring
sulfoximinel46with dimethyl sulfate gave morsubstituted methyl sulfoximings-172

in 45% yield and disubstituted sulfoximines,cis173in 7% yield (entry 4). It was found
that lithiationtrapping of Bmembereding sulfoximine147 with dimettyl sulfate also
gave the disubstituted sulfoximiees,cis175 (9% yield) together with monosubstituted

sulfoximinecis-174(52% vyield) (entry 5).

By comparing all of the results in Talle2, it is clear that use of either methyl iodide or
dimethyl sulfate gave similar yields of both monosubstituted and disubstituted
sulfoximines. A comparison of the- and 6memberedring systems showed that 6
membereding disubstituted sulfoximineis,cis-175was synthesised in a slightly higher
yield than 5membered ring disubstituted sulfoximinecis,ciss173 when either
methylating reagent was used. The structural similarity of the methylating reagents and
benzyl bromide suggests that they are likely thabve in the same way in lithiation
trapping reactions. As a result, we propose that disubstituted sulfoxiosmes173and
cis,cis-175 are synthesisedlia the mechanism shown in Scheme 2.14. The moderate
yields of the methylation reactions and formatiof disubstituted sulfoximines is

expected to be a result of slow trapping by the methylating reagents at low temperatures
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( — 7 8% To@stablish this, we plan to monitor the reactions usigiftuRe act | R™ |
the future.

The lithiationtrapping of Smembereding sulfoximine1l46 with trimethylsilyl chloride

was also explored and we found that it gave exassilyl sulfoximinecis-176in 79%

yield (Scheme 2.15). We assigned the stereochemistry of sulfoximsita@6by analogy

with the other examples studied thus far. THENMR spectrum showed a 2H multiplet

a ty 2.602.53 for two SCH protons and theéhet SCH proton was a 1H dd £ 12.0,
7.5 Hz) sl ight Ing42fImaout pheeiaqus lithiptitrappingl reaations, &

t h esubstituent was electron withdrawing resulting in a large downfield shift of the
r e ma i #piotongin tike'H NMR spectum and a large downfield shift of the SCH
signal in the*C NMR spectrum. In this case, silic@nelectron donating and these shifts
are not observed. For example, tf@ NMR spectrum ofis-176s howe d a574i gn al
for SCH and56dppsforCHal at &

1. n-BuLi (1.1 eq.)

C THF, ~78 °C, 20 min @
2. Me5SiCl (2.0 eq.)

’y
S s "'SiMe;
O//\\N ~78°C, 1h Y
|
TBDPS 1BDPS
146 cis-176

79%
Scheme 2.15

Sul foxi mines with -&etolsdfoxinines, cdnuae syhthesisedaby i t y
lithiation-trapping reactions with either esters or Weinreb amitlablé 12 andScheme

1.37). Asdisubstitutionis possible when trapping with esters, we started with Weinreb
amides. Following a literature proced§fghenyl and pyridine Weinreb amidé86and

179 were synthesised from benzoyl chloritié7 and nicotinoyl chloride hydrochloride

178 using N,O-dimethyl hydroxylamine hydrochloride andsBt Phenyl and pyridine
Weinreb amide4¢36and179were obtained in 74% drb7% vyield respectively (Scheme

2.16).

o) MeNHOMe « HCI (1.0 eq.) 0
Et;N (3.0 eq.

N g sNBOea) NESN
| CH,Cl,,0°Ctort, 2 h | |

— ~

X X
177, X = CH 136, X = CH, 74%
178, X =N 179, X = N, 57%

Scheme 2.16
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Lithiation-trapping of 5Smembereding sulfoximinel46with phenyl Weinreb amid&36

gave a 75:25 ratio of diastereomeric ketow&s180 and trans180 (by *H NMR
spectroscopy of the crude producthelsulfoximines were separated by chromatography
to give ketonesis-180andtrans-180in 60% and 20% yield respectively (Scheme 2.17).

In this case, the stereochemistry of the two products is assumed to be as depicted. We
found that the diastereomeric imthanged each time that the reaction was performed,
giving a 55:45 mixture in one instance and a 65:35 mixture in another. A similar outcome
was observed with -hemberedring sulfoximine 147. Thus, lithiationtrapping of
sulfoximine147gave the crude pduct which contained a 75:25 mixture of ketociss

181 andtrans-181 (by *H NMR spectroscopy). After chromatography, sulfoximiniss

181 andtrans-181were isolated in 57% and 16% yield respectively (Scheme 2.17).

1. n-BuLi (1.1 eq.)

n THF, —78 °C, 20 min n n
- n, _Ph &+ Ph
S 2.1h,-78 °C S |( s\\

N SN

, o oN©O O N

TBDPS Ph)J\N/O\ TBDPS TBDPS
146, n = 1 | cis-180, n =1,60% trans-180,n =1, 20%
147, n=2 cis-181,n=2,57% trans-181,n =2, 16%

136 (2.0 eq.)
180, n =1, 75:25dr
181, n=2,75:25dr

Schene 2.17

The st er eoc hketmsubokimines werfe assigned bydassuming that the major
products hadtis configurations. Analysis of-Bnembereding sulfoximinescis-180 and
trans-180 by *H NMR spectroscopy showed their spectra to have 1H dd sifpradss-
180andtrans180a th4.83 (0= 8. 0, 6 44497 @=z7).5, 7ebrHd) redpectively.
These were significantly further q@00wnfi e
3.00) due to the introduction of the ketone functionality. Analy§i6-membereding
sulfoximinescis-181 andtrans-181 by *H NMR spectroscopy showed that their spectra
contained 1H mltiplet signals forcis-181landtrans-18l1a t14.654 . 5 0 1 4854.780

respectively, which are similar shifts to those of thed&mberd ring sulfoximines.

At this time, phenyl Weinreb amid86was t he only el ectrephil
diastereoselectivity. To explain this outcome, we suggest that tetrahedral intermediate
ciss182f or ms and, upon <etoesulfoximinerigl80($chemes2.1§)i v e s

However, d ue t o-prdton,epinzecsatidn reagily acdurs enblieatiom
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to give t he okbts sulfoximiresis18tandtran®l80. Epimerisation
could occur to different amounts to explain thdedént ratios obtained.

o “OMe H,0 Epimerisation

[ > / —»[ > Ph = Ph

S '%‘”"‘NMe Work-up 'S ”/ 'S

5\ Ph 5\ o B\ o

(0] N (0] l}l (0] l\ll
TBDPS TBDPS TBDPS
cis-182 cis-180 trans-180

Scheme 2.18

Following on from this work, the lithiatietrapping of Bmembereding sulfoximinel46

with pyridine Weinreb amidd79was expl or ed. This -ketave a
sulfoximine cis-183 and double r a p {ketodsulf@iminetrans,cis184 (by *H NMR
spectroscopy). The sulfoximines were separated by column chromatography to give
sulfoximinescis-183andtrans,cis184in 71% and 6% yield respectively (Scheme 2.19).
The stereochemistry o$ulfoximine cis-183 was assumed based on the previous
examples. Analysis of sulfoximings-183by *H NMR spectroscopy showed a 1H dd at

0 43927 .(5, 7. 5protdz Wwhich had shiftedhsignifwantly downfield due to
the addition of the ketondNo additional signals were present in fie or 3C NMR
spectra indicating that thans diastereomer was not formed. It is not clear why
epimerisation did not occur in this case. Thedgubstituted sulfoximine was assigned
astrans,cis184astheHNMR spectrum showed t wotons& dd
o45.100= 8. 0, 8 140541 z 8.0, ZathHE). Additional evidence came from
the3C NMR spectrum. Two signals at 69.4 ppm and 68.9 ppm were observed for the two
SCH groups and two signads 23.6 ppm and 23.3 ppm were seen for the twa©Hps

in the ring. Therefore, the sulfoximine was not symmetrical.

1. n-BuLi (1.1 eq.)
L) THF, 78 °C, 20 min _ Z S * N
S 2.1h,—78°C \\
0N
I 0]
TBDPS o TBDPS TBDPS
X NTT> ) .
146 | | cis-183 trans,cis-184
Z 71% 6%

179 (2.0 eq.)

Scheme.19
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The formation of the disubstituted sulfoximine was surprising and we propose two
possibleroutes for its synthesiSulfoximine 146 could form a dianion due to the 0.1
equivalents excess oFBuLi however, there is currently no evidence for this as our
previous reactionsvith sulfoximine 146 have shown disubstitution to occur only with
alkylating agents. An alternative rougeshown in Scheme 2.20. Reaction of the lithiated
sulfoximine with Wenreb amidel79would give sulfoximinecis-185. It is then possible

that the excess-BuLi could lithiate sulfoximinesis-185to give carbanioris-186which

could be trapped a second time with Weinreb arhife It may be expected that diketone
cis,cis184 should form but it is possible that epimerisation occurs to give the observed

trans,cis184

Li
O o’ “OMe n-BuLi @O Py
%""WNMG %\NWNMe 4> \\ ’/”/

o N Li* o N Py ° o N
TBDPS TBDPS TBDPS
cis-185 cis-186 trans,cis-184

Py = 3-pyridyl

Scheme 2.20

As the additon of the pyridine Weinreb amider9to sulfoximinel46 gaveexclusively
B-keto sulfoximinecis-183 we wondered if high stereoselectivity would prevail with
other carbonyl additions. However, lithiatibr@pping of 5membereding sulfoximine
146with tert-butyl isocyanate gave amido sulfoximir&vaand187bas a 55:45 mixture

of diastereomers (biH NMR spectroscopy). Amido sulfoximinE87awas isolated in

29% vyield, whilst amido sulfoximin&87b was isolated in 39% vyield (Scheme 2.21).
Presumably, episrisation in the workup of the amido sulfoximine&87aand 187b

could account for such poor diastereoselectivity. A small quantity-pfbguct188was
detected by mass spectrometry. This was thought to form from reaction of the initially

formed amido aion with a second equivalent of electrophile.
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1. n-BuLi (1.1 eq.)
L ) THF, —78 °C, 20 min [_)%T [_)%T O%T
O//S\\N 2. Me3CN=C=0 (2.0 eq.) ]/ \g ]/ \ﬁ ]/ \g

\ —78°C.1h
TBDPS TBDPS TBDPS TBDPS
146 187a 187b 188
29% 39% Observed by MS
Scheme 2.21

Use of methyl chloroformate as the electrophile also led to palsstereoselectivity.
Trapping 5membereding sulfoximine 146 with methyl chloroformate gave 20:30
mixture of ester sulfoximinesis-189andtrans-189(by *H NMR spectroscopy(Scheme
2.22). It is assumed that the major product wias89. The formation of the products
was confirmed by mass spectrometry 34dNMR spectroscopy. However, a sigoi#nt
amount of starting material remained which was not quantifiable. After several attempts

at purification by chromatography, the products were not isolated cleanly.

1. n-BuLi (1.1 eq.)

[\ THF, -78°C,20min [\ o
S 2. MeO,CCI (2.0 eq.) S |]/ >

. —78°C,1h N N 5 N
TBDPS TBDPS TBDPS
146 cis-189 trans-189

70:30 dr
Scheme 2.22

In terms of yieldJithiation and trappig with an imine was not very successful. When the
lithiation-trapping of 5Smembereding sulfoximinel46with N-benzylidene methylamine
was attempted, a single unassigned diastereomeric amino sulfoXigiimeas obtained

in only 11% vyield (Scheme 2.23). bBddition, 66% of the starting materiai6 was
recovered. Repetition of the reaction did not increase the yield of amino sulfotiaine
Analysis of the!H NMR spectrum of amino sulfoximin®0 showed the signal for the
o-proton to be u8.2243H3 andthetsignallfoeRkcabe a 131 doublet
aty 338 ¢ = 10.0 Hz). The®C NMR spectrum showed only one set of signals,
indicating that amino sulfoximin®&90 was isolated as a singtkastereomer. Based on
other examples in thishapteri t i s | i ksebbtijuent itistd the tsifcximioe

oxygen but we were unable to assign the configuration at the amino stereocentre. The low
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yield may be caused by the lithiated sulfoximaeting as a base and deprotonating the

N-methyl protons on the imine.

1. n-BuLi (1.1 eq.)

THF, =78 °C, 20 min H . .
> Ph Single diastereomer of
S 2. PhHC=NMe (2.0 eq.) S unknown stereochemistry

N -78°C,1h R\
oN 0 NAN-ye
TBDPS +BDPS
146 190
1%
Scheme?.23

In order to widen the electrophile scope, we considered whether it would be possible to
i ntroduce an ar @aston ofsubxxgminesu Pherais somehlierature

pr ec e d e ndrylafioa of sutfohes and sulfoximines using different approaches. For
example Zhou reported the palladiuma t a |l y s e earyltiengof cychici sulfones
with aryl b r o Raryldtedssifomel in mdderajeaovhggh yields. Lithiation

of 5-memberedring cyclic sulfone 191 with LHMDS in THF was followed by
transmetdhtion with zinc(ll) chloride. Then, Negishi coupling with bromobenzenegusi
palladium(ll) acetate and -Rhos gave arylated gahe 192 in 53% yield (Scheme
2.24)%" An alternate route to arylated sulfo@®2 using organocopper chemistry was
reported by Luisi. Sulfon&91 was lithiated withn-BuLi in THF and transmtalated to

an organocuprate using Cu@\LiCl. Subsequent reaction with the iodonium sal Pk

gave arylated sulfon£92in 70% yield (Scheme 2.28JL ui si s route i s
and does not requirgn expensive palladium catalysit many more aryl bromides are

available compared to iodonium salts.

1. LHMDS (1.5 eq.), THF : 1. n-BuLi (1.1 eq.), THF
-20 °C to rt, 30 min 5 —78 °C, 20 min
2.ZnCl, (1.5 eq.) 2. CuCN-2LiCI (1.0 eq.)

{ \ —-20°Ctort,1h O\ —78 °C to —35 °C, 30 min O\
3. PhBr (0.7 eq.) Ph S

S s” 3. Ph,lPFg (1.0 eq.)

Ph

d o  Pd(OAc), (5.7 mol %) Jo ' 3o  -35°Ctort,2h
191 g;%oﬂ(;:{“ mol %) 192 | 191 192
’ 53% 70%
Scheme 2.24

The palladiurc a t a | -grndatiod of acyclic sulfoximines has been explored. The first

reported example showed that aryl groups could be added to sulfoximines in good yields
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by first introducing an ester functional group, followed by crosspling withan aryl

bromide and removal of the ester. For example, erospling of N-benzamide
sulfoximine 193 with bromobenzene was achieved using palladium(ll) acetate,
tricyclohexylphosphine and sodiutert-butoxide®® Heating the mixture at reflux for 1 h

gave arylated sulfoximin&94in 79% yield (Scheme 2.25). Hydrolysis of sulfoximine
194wi t h sodium hydroxide in met haargated r e mo

sulfoximine195in 98% yield.

PhBr (1.2 eq.) Ph
Pheg Ot Pd(OAc); (3 mol%) Ph\s)\(OEt NaOH, MeOH Phog~
S PCy; (9 mol%) S t, 2 h S Ph
ON O NaOt-Bu (3.0 eq.) ON O O N
Bz dioxane, heat, 1 h Bz Bz
193 194 195
79% 98%
Scheme 2.25

Following on from this work, a orp 0t reaction wasarylatepor t
sulfoximines in good wlds without the need for addition and removal of an ester.
Reaction of N-PMB protected dimethyl sulfoximinel96 with bromobenzene,
palladium(ll) acetate, >Phos and lithiuntert-butoxide in cyclopentyl methyl ether gave
o-arylated sulfoximinel97in 76% yeld (Scheme 2.26Y. The use of otheN-protecting

groups (e.g. TBDPS, Bz and Ts) was much less successful.

PhBr (1.0 eq.), Pd(OAc), (10 mol%)
\S/ X-Phos (20 mol%), LiOt-Bu (3.0 eq.) NN

Ny CPME, 110 °C, 16 h N
O N ’ , O N
PMB PMB
196 197
76%
Scheme 2.26
As a first attempt, we d eandcupeateé mdthod weowdp | o r

be suit abdrdationh of cyclit sukoxinunes. Lithiation of-Bhemberedring
sulfoximine 146 with n-BuLi in THF was followel by addition of 1.0 equivaleruf

CuCN2 Li CI . After stirr ilfgwas addd-Thé mixtu@ whsor 3
stirred at rt for 16 h and, after chromatography, phenyl sulfoxid®3avas isolated as a

single diastereomer in 41% yield (Scheme 2.27). Analysis of phenyl sulfoxiragiey

4 NMR spectroscopy Shd@Melcc12a01H7d8 sizynal
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proton adjacent to the pipretong dppegredoas @ 2H T h ¢
multiplet f u rut30@293. Uhe frelaéivie dteremahemisdtry of phenyl
sulfoximine198 was determined by Xay crystallographyThis methodd r -arylation
'S pr omi si ng -dasereostlecttvityows ful | «a

1. n-BuLi (1.1 eq.)

THF, —78 °C, 20 min
2. CuCN-2LiCI (1.0 eq.)

[ ) —78°Ct0-35°C,30min [
S ,:

~ 3. Ph,lPFg (1.0 eq.) S Ph
| -35°Ctort,16 h O N
TBDPS 'i'BDPS
146 198
41%
Scheme 2.27

As the 5 and 6membereding N-TBDPS sulfoximined46and147displayed such good
diastereoselectivity when undergoing lithiatitvapping eactions, we considered
whether high diastereoselectivity would be possible with aciT&BDPS sulfoximines.

In this context, there were some examples Ghapter 1.3 showing goodo-
diastereoselectivity (see Schemes9lafd 1.31). Diethyl sulfoximiné49was selected

to undergo lithiatiortrapping with benzophenone. Using our standard reaction

c o ndi tsubstiuged sulimximin@99was synthesised as a single diastereomer which
was isolated in 73% yield after chromatography (Scheme 2.28). BJtH tnel '3 CNMR

spectra showed only one set of signals, indicating that a single diastereomer was formed.
KeysignalsinthtH NMR spectrum s h o8 @d=7DH2) assignedar t e
t o tplo®n adjacent to the benzyl alcohol and a 3H doublét 4145 J = 7.0 Hz)
assigned to the methyl g Hcasborpatom. dT hearelagive t t

st er e o c h esabstsuted sylforanfind3d® has not been determined.

1. n-BuLi (1.1 eq.) Ph
NN THF, —78 °C, 20 min g Ph Single diastereomer of
O//\\l\ll 2. p%(ig (123 eq.) O\\N OH unknown stereochemistry
- , |
TBDPS TBDPS
149 199
73%
Scheme 2.28

The lithiationtrapping of phayl ethyl sulfoximinel50 using benzophenone was also
l nvesti gat e dsubstlitured gulfoxinsin@0avasesynthesised as an 85:15

mixture of diastereomers (byH NMR spectroscopy of the crude product). After
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chromatography, only the major diagemer was isolated in 70% yigl8cheme 2.29)

It is possible that the minor diastereomer was not isolated due to degradation on the
column. Analysis of théH NMR spectrum of the crude product showed two 1H quartets
ath4d40= 7. 0 HKHZ2330and. d H z-protohwadjacenhtethealcohol

of the major and minor diastereomers respectively. In addition, two 3H doublets were
obser vveld3 @t 780 0 HZAN7 Ja=1V.@ H) for the methyl group of the
major and minor diastereomers pestively. Analysis of théH NMR spectrum of the

purified sulfoximine showed only signals for the major diastereomer.

1. n-BuLi (1.1 eq.) Ph
Ph\S/\ THF, —78 °C, 20 min Ph\s Ph Single diastereomer of
"N 2.Ph,CO (2.0 eq.) O\\N OH  unknown stereochemistry
| _78°C, 1h ,

TBDPS TBDPS

150 85:15 dr 200

70%

Scheme 2.29

To explain the high diastereoselectivity in the lithiaticepping of acyclic sulfoximias

149 and 150, it is proposed that one of the two pathways shown in Figure 2.11 is the
major one. Both pathways proceei a sgh y b r i dcarlsoe ds pmposed for the
cyclic sulfoximines (see Figure 2.6). Reaction with benzophenone from conforration
would occur opposite the bulky TBDPS group to give sulfoximyre201 Alternatively,
reaction from conformatioB would give sulbximine anti-201 In order to distinguish
between these two options, the stereochemistry of the major diastereomeric products

would need to bestablished

Me
TBDFS\N > Ph
L s R R, Ph
I\\// Me - :S
0 =W OH
H O N
Phwph TBDPS
A O) syn-201
Me
TBDP@S\N Ph
RN R R\
- Ph
LI\ //S H B ———— \S
| SN OH
Me 0 '}l
Ph Ph TBDPS
anti-201
B O)

Figure 2.11IModels for electrophilic trapping
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Overall, focusing onthe results with 5 and 6memberedring N-TBDPS cyclic
sulfoximinesl46and147, we have observed high levelsod a-diastereoselectivity with

a wide range of electrophiles. This includes benzophenone, benzaldehyde, benzyl
bromide, methyl iodide, dimethyl sulfate and trimethylsilyl chlorldesome casespwer
diastereoselectivity wasbserved with products containg  acarbomyl groupwhich

we propose is due te pi mer i s a t-ketw rsulfoximine tptoductsf Our brief
exploration oN-TBDPS acyclic sulfoximine$49and150also displayed a high level of
o-diastereoselectivity with benzophenone although, attttme, we do not know the
stereochemistry of t h e-substiufjed cyclicdané aclycécr e o m
sulfoximines were isolated in moderate to high yields, with the excepticestef
sulfoximine189 and amino sulfoximin&87. In addition, reactionsf cyclic sulfoximines

with benzyl bromide, methyl iodide and dimethyl sulfate gave varying amounts of

di substituted products which | euwbstiuted t h

products.

2.2.2U-Lithiation and Trapping of N-Boc Sulfoximines

Given the success of the lithiatidrapping ofN-TBDPS cyclic sulfoximinesl46 and

147, we decided to explore the correspondiNgBoc 5 and 6memberedring
sulfoximines 153 and 154 Investigating the lithiatiotrapping reactions of these
sulfoximines wouldprovide a direct comparison between tkeBoc andN-TBDPS
groups. Il n addition, our results could be
N-Boc 4membereding sulfoximinel29(seeChapterl.3). For our own planned studies,
four different electropltes were chosen. Benzophenone, benzyl bromide and methyl
iodide were selected as they were used in both our waxkTdBDPS cyclic sulfoximines
l46and147and i n De ge n n-menmbereskingsN-Bod sylfoxanme 129
Benzaldehyde was also tested detablish the effect of th&-Boc group on the

diastereoselectity at the hydroxy stereocentre.

The first electrophile to be investigated was benzophenone. We decided to use our
standard lithiation conditonsofBu Li at -78 °C for 20 min f
because they are very s(sembchene 1.30)thiabbeafe nn ar
5-membereding N-Boc sulfoximinel53 with n-BuLi and trapping with benzophenone

gave sulfoximinecis-202 in 71% yield (Scheme 2.30). The relative stereochemistry of
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sulfoximinecis-202was assigned by its separate synthesis fbRBDPS sulfoximine
cis-157 of known configuration, as describedlow. Analysis by'H NMR spectroscopy
showed a 14H.74(ddPraBO. a8t 8.0 Hz) whipeoton was
adjacent to the benz¥llwsslassignadadthe OAgrdupl6s i n
Membereding sulfoximinel54behaved in the same way. Lithiation efifembereding
sulfoximine154 with n-BuLi andtrapping with benzophenone gave sulfoximone203

in 75% yield (Scheme 2.30). The relative stereochemistry of sulfoxioi&203 was
assumed by analogy withriembereding sulfoximinecis-202 Analysis by'H NMR
spectroscopy s hew8dddd= 95,3.5 Bl2) ghiclavas asgigned to

t heprooton adjacent to t he yb.@5nwasyabsigraed to then o |
OH group. The high yields and diastereoselectivity of these reactions were promising

results, as changing tiNesubstitient appeared to have no effect on the reaction.

1. n-BuLi (1.1 eq.)

n‘{? \ THF, —78 °C, 20 min n(f) \, Ph
- - {-Ph

S 2. Ph,CO (2.0 eq.) s\
N -78°C, 1h =W
O N , o N OH
Boc Boc
153, n=1 cis-202,n =1, 71%
154, n =2 cis-203,n =2, 75%
Scheme 2.30

The relative stereochemistry offdembereding N-Boc sulfoximinecis-202was proven
as shown in Scheme 2.31. Deprotection-ofiémbereding N-TBDPS sulfoximire cis-
157, whose stereochemistry was established faycrystallography (see Figure 2.2),
was achieved using TBAF to give NH sulfoximiois-204 in 90% yield. Subsequent
protection of NH sulfoximineis-204 using potassiurtert-butoxide and Bo® gaveN-
Boc sulfoximinecis-202in 95% yield. A comparison of thiéd and*3C NMR spectra of
sulfoximinecis-202synthesised by lithiatietrapping andsia the route shown in Scheme

2.31 showed that their spectra were identieahiblingthe stereochemistry assigan.

1. KOtBu (1.3 eq.)

Ph TBAF (2.0 eq.) Ph 30 min, 0 °C N Ph
s “4Ph "THF, t, 48 h S 4PN 2.Boc,0 (2.0 eq.) Y " &-Ph
2\ R\ o =W
O N OH O NH OH 1h,0°C o N OH
TBDPS 72h,nt Boc
cis-157 cis-204 cis-202
90% 95%
Scheme 2.31

55



Chapter Two: Results and Discussion

Attempts to prove the relative stereochemistry -ahé&mbereding N-Boc sulfoximine
cis-203 in a similar way were unsuccessful. An initial attempt at deprotection of
sulfoximinecis-158 using TBAF at rt fo 48 h did not give any NH sulfoximings-205,
Instead, this reaction returned unfunctionalised sulfoxirB2in 63% yield (Scheme
2.32). The reaction was repeated with a eased reaction time of 24 h but

unfunctionalised sulfoximiné52was once agaithe only product @ yield).

Qg e () [ Op

“=Ph " THF, rt, 48 h “Ph

S %H o O//S\\NH SN %H

O N O NH

TBDPS

cis-158 152 cis-205
63% not formed

Scheme 2.32

Our mechanistic proposal for the formation of NH sulfoxini is shown in Scheme

2.33. Itis thought that the TBDPS deprotection proceeds as expected to give deprotonated
NH sulfoximine cis-206 which could be in equilibrium with alkoxideis-207. Then, a
retro-aldottype process could occur from alkoxidés-207 to ultimately give NH
sulfoximine152 after protonation, probably from some water in the TBAF solution. It is

not ckar why the @nemberedring sulfoximine cis-158 is more susceptible to this

fragmentation than-fnembereding sulfoximinecis-157.

(‘H OH
(e e O O
kPh kPh - s
\\@ \\ ’/\\ JNH
O N O NH 0@
cis-206 cis-207 152
Scheme?.33

The diastereoselectivity of lithiatietnapping reactions dfi-Boc sulfoximinesl53 and

154 with benzaldehge was then explored. Lithiatigrapping of 5memberedring
sulfoximine153with benzaldehyde gave a 50:50 mixture of sulfoxim2@8aand208b

(from the'H NMR spectrum of the crude product). After chromatography, sulfoximines
208aand208bwere isolatd in 31% and 34% yield respectively (Scheme 2.34). Analysis
ofthe'H NMR spectra of the sul foxiu5EOfoetl'e s ho\
PhCH signal of208aa nd a 1 H ybd4®d 30tHz) ot thedhB signal of

208hb. The relative stereochemistry siilfoximines208aand208bis currently unknown.
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1. n-BuLi (1.1 eq.)

THF, -78 °C, 20 min H H

Z > Ph + Ph
S 2. PhCHO (2.0 eq.) S S
7\ > >

O"'N SN ‘

— ° RS ~:\\
é 78 °C,1h 5 '}‘ OH 5 ITI OH
oc Boc Boc
153 50:50 dr 208a 208b
31% 34%
Scheme 2.34

The lithiationtrapping of Bmembereding sulfoximine154 with benzaldehyde gave a
crude product which contained a 70:30 mixture of sulfoximi@@ and 20% (by*H

NMR spectroscopy). After chromatography, sulfoxies20% and20% were isolated

in 48% and 23% yield respectively (Scheme 2.35). Analysis ofHRWEMR spectra of
the sulfoximines gh8 wethe Plad sigrtdl oR20%nagd aelH a't
singl eg5.91 dt thedPhB signal of 20%. The relative stereochemistry of

sulfoximines209aand209bis currently unknown

1. n-BuLi (1.1 eq.)
O THF, —78 °C, 20 min H H
S 2. PhCHO (2.0 eq.) S Pho+ S Ph
A SN 3\

Boc Boc Boc
154 70:30 dr 209a 209b
48% 23%

Scheme 2.35

Lithiation-trapping of 5Bmemberedring N-Boc sulfoximine153 with benzyl bromide
gave an 85:15 mixture (34 NMR spectroscopy) of sulfoximingss-210andtrans-210

in the crude productn this case, the diastereomers were not séfemi@d an 85:15
mixture of sulfoximines cis-210 and trans210 was isolatedin 85% yield after
chromatography (Scheme 2.36). The relative configuration of the diastereomers was
assigned by a separate synthesis NsBoc sulfoximine cis-210 from N-TBDPS
sulfoximine cis-166, although the stereochermgtof each of these compoundsniet
proven unequivocally. Lithiatiotrapping of 6membereding sulfoximinel54displayed

a lower level ofb-diastereoselectivity, giving a 65:35 mixture of sulfoximi2dda and
211b (from the'H NMR spectrum of the crude product). After chromatography, a 65:35
mixture of sulfoximine1la and211b was isolated in 45% vyield (Scheme 2.36
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1. n-BuLi (1.1 eq.)

n(@ THF, 78 °C, 20 min n@% o
s 2. PhCH,Br (2.0 eq.) -

S
_78° RS\
O//\\'Tl 78 °C, 1h o 'N
I
Boc Boc

153,n=1 210,n=1,85:15dr 210,n=1, 85%, 85:15dr
154,n=2 211,n=2,65:35dr 211,n=2,45%, 65:35dr

Scheme 2.36

We were surprised that these two reactionsnd@lt g i vskiredtantgoh However,

we initially wondered whether the two sets of signals could have been dudc
rotamers. Therefore, in order to prove that thraémbereding N-Boc sulfoximine210

were diastereomers and not rotamers, the Boapywas removed. Deprotection of the
85:15 mixture of Emembereding N-Boc sulfoximines210was achieved using TFA to

give an 85:15 mixture of NH sulfoximingss-212 andtrans-212in 67% yield (Scheme
2.37). This proved that the sulfoximines were inddiadtereomers. Analysis by NMR
spectroscopy s howetl964.840hich vdd assigneditoaCH sghal a t
and a 0. 15 H1.64lI73alspdssighed @ & CHdsignal.

vah TFA (9.75 eq.) { 5,/' _Ph + O\/Ph
S ’ S

S

SN CH,Cly, rt, 24 h R R
0] l}l O NH O NH

Boc

210 cis-212 trans-212

85:15 85:15

67%
Scheme 2.37

The reactions shown in Scheme 2.38 were usptbiee that the major diastereomer from
lithiation and benzylation dfi-Boc sulfoximinel53andN-TBDPS sulfoximinel46were
the same. As described @hapter2.2.1, we have assigned the stereochemistiy-in
TBDPS sulfoximinecis-166 by analogy with otheexamples although it is not proven.
Reaction ofN-TBDPS 5memberedring sulfoximine cis-166 with TBAF gave NH
sulfoximine cis-212 in 85% vyield. Subsequent reprotection of NH sulfoximinge212
using potassiurtert-butoxide and Bof©, gaveN-Boc sulfoximire cis-210in 71% yield
(Scheme 2.38). A comparison of thd NMR spectra of sulfoximineis-210 and the
85:15 mixture of sulfoximinesis-210andtrans210showed that the major diastereomer

hascis stereochemistry.
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1. KOtBu (1.3 eq.)

[\ TBAF 2.0eq) [\ 3omin0°Cc [\
& Ph v, _Ph ., _Ph

THF, rt, 24 h S 2. Boc,0 (2.0 eq.) S
N W 1h,0°C W
O N O NH ; O N
TBDPS 48 h, rt Boc
cis-166 cis-212 cis-210
85% 71%
Schene 2.38

The lithiationtrapping of Bmembereding sulfoximine153 with methyl iodide gave a

crude product which appeared to show the presence of two diastereomers. However, the
ratio of diastereomers could not be calculated from#eNMR spectrum due to
overlapping peaks. After purification by chromatography, sulfoximicie213 and
trans-213 were isolated in 57% yield but the ratio of diastereomers still could not be
calculated from théH NMR spectrum. However, théC NMR spectrum showed two

sets of gnals in a ratio of 90:10 (Scheme 2.39). We therefore assumed that a 90:10
mixture of sulfoximinegis-213andtrans-213were formed, and the stereochemistry was

assigned by analogy with the benzyl bromide result.

1. n-BuLi (1.1 eq.)

THF, —78 °C, 20 min / \ O\
Z S ‘s, +
S

2. Mel (2.0 eq.) S\ Me S\ Me
//\ — ° RS\ RS\

O/ '}l 78°C,1h 5 '}l 5 '}l
Boc Boc Boc
153 cis-213 trans-213

57%
90:10
Schene 2.39

Lithiation-trapping of Bmembereding sulfoximine154 with methyl iodide gave, after
purification by chromatography, sulfoximi2d4in 61% yield. Due to overlapping peaks
in the'H NMR spectrum, the ratio of the two diastereomers could not belatd. It
was hoped that removal of the Boc group would shift the signals thitN&R spectrum
enough to enable calculation of the ratio. Treatment of sulfoxi@lidevith TFA for 24

h gave a 60:40 mixture (4 NMR spectroscopy) of NH sulfoximingi5a and215b.
After purification by chromatography, sulfoximing$5aand215bwere isolated in 42%

and 34% vyield respectively (Scheme 2.40).
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1. n-BuLi (1.1 eq.)
THF, —78 °C, 20 min TFA (9.75eq.) +
S

d’S\J\N 2. Mel (2.0 eq.) Sy Me CHCh, it 24h  § Me  § Me
. ~78°C,1h o N O NH O NH
Boc Boc
154 214 60:40 dr 215a 215b
61% 42% 34%
55:45 dr
Scheme 2.40

Ov e r a | -tHigsteréoketectivaty observed witkBoc sulfoximinesl53 and 154 was

more variable than witN-TBDPS sulfoximined46and147. A comparison of the-fand
6-membereding N-Boc sulfoximines showed them both to have high diastereoselectivity
with benzophenone, as observed with the analolyeBDPS sulfoximing146and147.
However, with benzaldehyde, benzyl bromide and methyl iodidet he- «a
diastereoselectivity was lower than tReTBDPS sulfoximinesit is of interest that, for
theN-Boc sulfoximinesl46and147, no disubstituted products were formed with benzyl
bromide and methyl iodiddn addition, the Emembereding N-Boc sulfoximne 153
displayed higher diastereoselectivity than the@&mnbereding N-Boc sulfoximinel54.

Our results can also be c¢ oimpneberedthg NsBod h De
sulfoximine 129, Since the <4memberedring sulfoximine 129 s howed - f ul |
diasteeoselectivity with benzophenone, benzyl bromide and methyl iodide, it appears

that increasing the ring size decreases the diastereoselectivity of the reactions.

2 . 2-Lithiation and Trapping of N-Me Sulfoximines

An exploration of the lithiatiottrappirg reactions oiN-Me 5 and émemberedring
sulfoximines155and156would enable a direct comparison of tiidvie, N-Boc andN-

TBDPS groups. Therefore, we could determine the effect of the sterically less hindered
N-Me substituent on the diastereoselecyiaf the reactions. The electrophiles selected
were benzophenone, benzyl bromide, methyl iodide and benzaldehyde due to their use
with N-TBDPS sulfoximined46and147andN-Boc sulfoximinesl53and154

Using benzophenone, we used our standard lithigboditions ofn-B u L i at -78 °
20 min for direct comparison with tié¢ TBDPS andN-Boc results. Thus,-fhembered
ring N-Me sulfoximine 155 was lithiated and trapped with benzophenone to give

sulfoximine cis-216 in 82% vyield (Scheme 2.41). The relatiggereochemistry of
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sulfoximine cis-216 was assigned by analogy witk-TBDPS sulfoximinecis-157.
Analysis by'H NMR spectroscopy displayed key diagnostic signals. For example, a 1H
Ssigna433&@ttJ=0 9.5, 8.5 Hz) -pwtsadacetsoithg beazgl t o
alcohol and n®.06lWds assigmed tb the OHaytoup.d

1. n-BuLi (1.1 eq.)

O THF, =78 °C, 20 min bh
S 2. Ph,CO (2.0 eq.) g~ -Ph
/N -78°C,1h X\

o N o N ©OH

Ve Ve
155 cis-216
82%
Scheme 2.41

In contrast, the lithiation and trapping oihtembereding N-Me sulfoximine156 with
benzophenone gave the crude product Whiontained a 50:50 mixture (B NMR
spectroscopy) of sulfoximine2l7a and 217b (Scheme 2.42). After purification by
chromatography, sulfoximingl7awas isolated in 36% yield and sulfoximig&7bwas
isolated in 43% vyield. ThéH NMR spectra of theseufoximines displayed the usual
diagnostic signals. Sulfoximirl7as h o we d a 148.955(ddd=1ad.0, 3.@Hz) o
which was aspironhed @odt e 7178 forsthe rOgl Igreup. a t
Sulfoximine2l7bhad a 1 Hux 399 (ddJ=112.(0a 2.0 HX) which was assigned

t o tptoten, athough the sightor the OH group was not visible. For the reactions
with benzophenone,-Biembereding sulfoximinel55d i s p | a ydasdtereoaontrbl o
whilst the 6membereding sulfoximinel56s h o w e ddiasteveoselectivity. At this

time, we cannot offer an explaian for this result.

1. n-BuLi (1.1 eq.)

O THF, 78 °C, 20 min

> Ph Ph
s~ 2.Ph,CO (2.0eq) s Ph + g Ph
SN ~78°C, 1h BN SW

. o ,}1 OH o 'T' OH
Me Me Me
156 50:50 dr 217a 217b
36% 43%
Scheme 2.42

Sur pri si ngl ydiastardoselectivity evasdnot iobserved with benzaldehyde.
Lithiation-trapping of 5Smembereding sulfoximinel55with benzaldehyde gave a 75:25

mixture (by*H NMR spectroscopy) of sulfoximinass,anti218 andcis,syr218 After
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purification by chromatography, sulfoximings,anti218 (60% yield) and an 85:15
mixture of sulfoximinegis,syn218andcis,ant218(20% yield) were isolated (Scheme
2.43). Analysis of the major diastereomi,anti218by X-ray crystallography identified
its stereochemistry (Figure 2.12). The oxygen bonded to sulfistiso tsuibstituent
whilst the nitrogen is in Fansorientation Given that other electrophile trappings occur

transto theN-substituent, the minor product was believed tecibgsyn218

1. n-BuLi (1.1 eq.)

O THF, =78 °C, 20 min O</
S 2. PhCHO (2.0 eq.) O%
X3\

O//\\l}l -78 °C, 1 h \\N OH N OH
Me Me Me
155 75:25 dr cis,anti-218 cis,syn/cis,anti-218
60% 20%
85:15 dr
Scheme 2.43

% r'
R /\ HO, H

S
\ Y
N
\
'\ Me

o cis,anti-218

— =@
<
y, L

Figure2.12X-ray structure oN-Me sulfoximinecis,anti218

The lithiation and trapping of-hembereding sulfoximinel56with benzaldehyde gave
a 75:25 mixture (byH NMR spectroscopy) of sulfoximindsans,syr219 and 21%.
Purification by chromatography gavsulfoximine trans,syn219 in 55% vyield and
sulfoximine219%in 8% yield (Scheme 24}. Therelative stereochemistry of sulfoximine
trans,syR219was determined by Xay crystallographylt is interesting that lithiation
trapping of Bmembered ring sulfamine 156 with benzaldehyde showed a degree of
diastereoselectivity, giving only two outf four possible diastereomers, whilst the

reaction with benzophenone (see Scheme 2.42) was not diastereoselective.
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1. n-BuLi (1.1 eq.)

THF, —78 °C, 20 min
WH H
s~ 2.PhCHO (2.0 eq.) S Ph + g Ph
SN ~78°C,1h S W

\ 0 [}j OH o) [Tj OH
Me Me Me
156 75:25dr trans,syn-219 219a
55% 8%
Scheme 2.4

Thereactions oN-Me sulfoximinesl55and156with alkylating agents was also studied.
The lithiation and trapping of-fhembereding sulfoximine155 with benzyl bromide
gave sulfoximinecis-220 in 38% vyield (Scheme 25). The relative stereochemistry of
sulfoximine cis-220 was assigned by analogy with TBDPS sulfoximinecis-166. It is
unknown why the yield of this reaction is low in comparison todtier lithiation

trapping examplewith benzyl bromide.

1. n-BulLi (1.1 eq.)

O THF, —78 °C, 20 min O
s 2. PhCH,Br (2.0 eq.) g P

S -78°C,1h S\
ON o N
Me I\I/I o
155 cis-220
38%
Scheme 28

Next, 6membereding sulfoximinel56 was lithiated and trapped with benzyl bromide
to give a 50:50 mixture (by4 NMR spectroscopy) of sulfoximin@21aand221b. After
purification by chromatography, sulfoximing2la was isolated in 30% yielc&nd
sulfoximine 221b was isolated in 25% vyield (Scheme &.4With benzyl bromide, 5
membereding N-Me sulfoximinel55s h o we d c -diasfeleasdleetivity whereas

6-membereding N-Me sulfoximinel56 showed no diastereoselectivity.

1. n-BuLi (1.1 eq.)

O THF, —78 °C. 20 min @ a
g~ 2. PhCH,Br (2.0 eq.) g PN N A, Ph

I -78°C,1h W EX\Y
O N o N o N
Me Me Me
156 50:50 dr 221a 221b
25% 30%
Scheme 2.4
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Finally, we tested the lithiatietrapping reactions oN-Me sulfoximines155 and 156
with methyl iodide. Lithiatiortrapping of 5Smembereding sulfoximinel55with methyl
iodide gave the crude product which contained a 90:10 mixture ¥byNMR

spectroscopy) of sulfoximinescis-222 and trans222 After purification by
chromatography, the sulfoximines were isolated as a 90:10 mixtgre 222 andtrans

222in 63% vyield (Scheme 274. The relative stereochemistry of sulfoximiris-222was
assignedby its separate synthesis froM-TBDPS sulfoximinecis-172 of known
configuration. This was the only case where reaction-miefnbereding sulfoximine
155gave some of thieans-diastereomer. Key diagnostic signals inHeNMR spectrum
showed a 3H dodbe t 183 (0=0 7. 0 H z-Me groaprof sulfox@éminecis-222
and a 3H d8ludxl &t 0a tH z-§le gfooprof sulfoxaningrans222

LS

1. n-BuLi (1.1 eq.)
THF, —78 °C, 20 min Lo,

S” 'Me Me

S 2. Mel (02.0 eq.) R RN

(@) l}l -78°C,1h O N O N

| |

Me Me Me
155 90:10 dr cis-222 trans-222
63%
90:10 dr
Scheme 2.4

The relative stereochemistry ofreembereding N-Me aulfoximine cis-222was proven
as shown in Scheme B34TBAF was used to deproteldt TBDPS sulfoximinecis-172,
(stereochemistry proven by -bay crystallography, see Figure 2.9 give NH
sulfoximinecis-223in 95% vyield. Subsequent reaction of NH sulfokiecis-223 with
paraformaldehyde in formic acid gaMeMe sulfoximinecis-222in 81% vyield (Scheme
2.48). A comparison of théH and'3C NMR spectra of sulfoximineis-222 synthesised
via the route shown in Scheme 2.4nd the 90:10 mixture of sulfoximiseis-222 and
trans-222synthesised by lithiatietrapping showethat the major diastereomer in the

mixture was sulfoximineis-222

L), TBAF (2.0eq) (),

(HCHO), (12eq) [ ),

S MeotHR t2an § Me HcoH 120°c,36h S Me
o N O NH o N
TBDPS Me
cis-172 cis-223 cis-222
95% 81%
Scheme2.48
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The lithiation of émembereding N-Me sulfoximinel56and trapping with métyl iodide

was also investigated (Scheme®.4rhe'H NMR spectrum of the crude product showed

a complex mixture of starting materib6, a diastereomeric mixture of monosubstituted
sulfoximines 224 and a diastereomeric mixture of disubstituted sulfomesi225
Purification by chromatography proved unsuccessful, returning an inseparable mixture.
Due to overlapping peaks in tHd NMR spectrum, the amount and diastereomeric ratio
of the products could not be obtained.

1. n-BuLi (1.1 eq.)
THF, =78 °C, 20 min
s S + + s

2. Mel (2.0 eq.) Me = Me™ S "Me

//\\ RS \\ & \\ 7\
_78° N
(@) l\ll 78 °C,1h o) [\I] o) N \
Me Me Me Me
156 224 225 156

Complex mixture of diastereomers

Scheme 2.8
Overall, 5memberedring N-Me sulfoximine 155 di spl ayed a +Hhigh

diastereoselectivity wi t h al | f our el €
diastereoselectivity than-memberedring N-Boc sulfoximine 153 and similar to 5
membereding N-TBDPS sulfoximinel46 apart from the reaction with rtieyl iodide.
Conversely, @membered ring N-Me sulfoximine 156 onl y showed hi
diastereoselectivity with benzaldehyde; mixtures of diastereomers were obtained when

trapping with benzophenone, benzyl bromide and methyl iodide.

2 . 2 -Lithiation and Tra pping of N-CN Sulfoximines

As a final study of cyclic sulfoximines, we chose to study the lithiafiapping of 5
membered ring N-CN sulfoximine 68 using our standard four electrophiles
(benzophenone, benzaldehyde, benzyl bromide and methyl iodsl€)scussed in the
Introduction (se€hapterl.3), the lithiatiortrapping reactions of a range of acyclic and

some cyclicN-CN sulfoximines often result in low yields. In addition, it is possible that

| ower | e-diastérenselectivity avould be observed with the smaNe€N
substituent.
Benzophenone was explored first using the standard lithiation conditie®si(L 1 -78

°C, 20 min). The lithiation and trapping NFCN 5-membereding sulfoximine68 with
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benzophenone gave a crude product which contained diastereomeric mixtures of
monosubstituted sulfoximine826 and disubstituted sulfoximine®27. The ratio of
products cald not be calculated from thel NMR spectrum of the crude product due to
overlapping signals. Purification by chromatography gave a 90:10 mixtufél (8RR
spectroscopy) of monosubstituted sulfoximimes226 and trans226 (11% yield). In
addition, a ©:30 mixture of disubstituted sulfoximiness,cis227 andtrans,cis227was
isolated in 12% yield (Scheme5p).

1. n-BuLi (1.1 eq.)

{ \ THF, —78 °C, 20 min O% / \ \/\/O Ph
Ph + Ph Ph . Ph Ph
's_ 2.Ph,CO (2.0 eq) § % + %

-78° )\
[e) N 78°C,1h O N o '\.l OH
CN CN CN CN
68 cis/trans-226 cis,cis-227 trans,cis-227
11% 12%
90:10 dr 70:30 dr
Scheme &0

Diagnostic signals in thid NMR spectrum oN-CN sulfoximinescis-226 andtrans-226
werealHs i gnak69dddJ=d 10. O, 8.0 Hz) whipmton was
adjacent to the benzyl alcohol in sulfoximicis226a nd a 1 Hp450 (dahde=l a't
10.0, 8.0 Hz) which was assigned to @m@alogousproton in sulfoximinetrans-226.
Analysis of the®*C NMR spectrum of the 90:10 mixture of sulfoximingis-226 and
trans226 showed a major and minor set of peaks. The stereochemistry of these

sulfoximines was assumed by analogy with our other lithigttiapping reactions.

The determination dhe ratio of disubstituted sulfoximiness,cis227 andtrans,cis227

was not straightforward due to overlapping signals and required a combined analysis of
the *H and 3C NMR spectra. Analysis of th€C NMR spectrum of the mixture of
disubstituted sulfoxines227 showed a major and minoetsof peaks corresponding to

two diastereomers. The major diastereomer appeared to be a symmetrical compound and
the minoroneappeared to be unsymmetric@lilfoximine cis,cis227, had acsi gn:
79.8 whichweasgined to the two Ce@mlghiclowapassigneal s i ¢
to the two SCH gd¢26.@awhishwasadsigred te thegtwoadkbups.t o
Sulfoximine transcis-227, had t woc7&6 agdh738.6 whiclawere assigned to
thetwo COHgra ps, t wo ¢78.banhd &.7 which wereassigned to the two SCH
groups and t28.6 and 22 mlaich wereaassigried to the twe @blups.

66



Chapter Two: Results and Discussion

Having established that the major disubstituted sulfoximinecvgasgs227and the minor

one was transcis-227, analysis of thetH NMR spectrum enabled the ratio to be
determined. For sulfoximinganscis-227,t he t wo 1 Hi4.9landg3I8ewere a't
assigned to the two OHH4BT (ddUp $2.0a6r0Hz)wdse 1 H
assigned t@n SCH proton. TheH NMR spectrum al soun4s8®owed
4.82 which contained two SCH protons from sulfoxingrexcis-227and one SCH proton

from sulfoximinetranscis-227. Analysis of these signals yaa 70:30 ratio ofis,cis-

227 and trans,cis-227. The stereochemical signments of the sulfoximinesrea an

assumption based on the restritsn other lithiationtrapping reactions.

Overall the result of our initial reaction df-CN sulfoximine68 with benzophenone
showed it to be low yieldinfpr both the monosubstituted and disubstituted sulfoximines.
We believethat the disubstituted sulfoximines were synthesisedthe dianion route
presentedn Scheme 2.10 fo4-membereding N-TBDPS sulfoximinel48

A slightly different reaction profilevas obtained using benzaldehyde. The crude product
showed a complex mixture of diastereomers. After purification by chromatography, a
single unassigned diastereor2@ga was isolated in 20% yield. In addition, a 60:20:15:5
mixture of sulfoximine28&b, 228, 2281 and228 was isolated in 34% yield (Scheme
2.51). No disubstituted products were detected. The overall yield of this reaction was an
encouraging 54%. On the other hand, the diastereoselectivity of the reaction appeared

poor and was further compliead by the additional hydroxyl stereocentre.

1. n-BuLi (1.1 eq.)

THF, —78 °C, 20 min H H

L) Ph  + Ph
s 2. PhCHO (2.0 eq.) S S

O// N N\ R\

\ -78°C,1h o ’\Il OH o ’\Il OH
CN CN CN
68 228a 228b/228c/228d/228a
20% 34%
Single unassigned 60:20:15:5dr

diastereomer

Scheme 2.5

Analysis of sulfoximine228& by'H NMR spectroscopy i$35dwed
(dd,J=4.0, 2.0 Hz) which was assigned tothe ARllCr oup, a %328(ddg n a l
J= 13. 0, 10.5, 8.0 Hzprwhoohawdsa3ald@,i ghgrt
J=40Hz) which was assigned to the OH group. Analysis of the mixture of diastereomers

showed four signals which were assigned to theHPg@up and, from thentegrations,
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we were able to calculate theun498(ddlb= of t
10.0, 4.0 Hz) was assigned to sulfoximi#8b,t he s i g5l@(ddJa 10.04.0

Hz) was assigned to sulfoximir®28c,t h e s i g5ba (dd Jat3.5, &.5 Hz) was
assigned to sulfoximin228da nd t h e n5.52ddd.&=4.0,&210 Hz) was assigned

to sulfoximine228a.

Lithiation-trapping with benzybromide gave a crude prodwctnixture of diastereomers
of monosubstituted sulfoximis€29 and disubstituted sulfoximis&30. The ratio could
not be calculated from thed NMR spectrum of the crude product due to overlapping
signals. Purification by chromatography gave a 70:30 mixturé{INMR spectroscopy)

of monosubstituted sulfoximiness-229 andtrans-229in 32% yield. An unknown ratio
(due to overlapping signals in thél NMR spectrum)of disubstituted sulfoximines
cis,cis230andtrans,cis230was isolated in 34% yield (Scheme 2.5The overall yield

o f -trapped products wa$®o.

1. n-BuLi (1.1 eq.)

Z \ _THF, —78°C, 20 min Q% Ph Ph 1 B Ph Ph\/O Ph
2. PhCH,Br (2.0 eq.) R s’

S S

R gt SW 3\ W
ON -78°C,Th o N o N o N
CN | | |
CN CN CN
68 229, 70:30 dr cis/trans-229 cis,cis-230 trans,cis-230
230, 70:30 dr 32% 34%
70:30 dr
Scheme 2.5

The!H NMR spectrum of the mixture of monosubstituted sulfoxim2@3had a minor
signa290&dJ=06 15. 0, 11. 0 Hz) 1280 @dJe 140240.06 r s i
Hz), which were each assignedaoe ofthe PhCH protors. From this, we were able to
calculate a 70:30 ratio of sulfoximiness-229 andtrans229 The stereochemistry of
sulfoximinescis-229 andtrans-229 was assumed by analogy with oueyous results.

The ratio of disubstituted sulfoximineds,cis230 and trans,cis230 could not be
calculated from théH NMR spectrum due to overlapping signals. Analysis of'te

NMR spectrun showed a major set of signalssA g n a@4.9 was as§hed to the two

SCH carbons, a i g n a 83.8 avas assigned to two@®H, carbonsandai gnal at
26.5 was assigned to the two £#roups in the ring. Th&C NMR spectrunmshowed
symmetryand thereforeve believe these sigmnato be due tsulfoximinecis,cis230. In

addition there was a minor set of signedsi g n acl6&2 aadt65.Bwere daassigned
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to an SCH carborg i g n acl346 aadt34.(®were each assigned to@RIlcarbon and

S i g n ak8&0 aad27.8were elaassigned to the Gigroups in the ring. These results
indicatedthatthe sulfoximine was not symmetrical aitdhereforewas assumed to be
sulfoximinetrans,cis230. The ratio of the two disubstitutedifoximines could not be
determined from theé®*C NMR spectrum. The stereochemical assignment of these
sulfoximines was assumed from our previous results and whether the sulfoximine was

symmetrical.

Lastly, sulfoximine68 was lithiated and trapped with methyl iodidéhis reaction gave

a complex mixture ofmonosubstituted sulfoximingzs31 and disubstituted sulfoximines
232 (Scheme 2.3). Even after purification by chromatography, the ratio of the
sulfoximines could not be calculated from thé¢ NMR spectrum due to ovepping
signals and therefore gield oould not be calculated. The formation of the
monosubstituted and disubstituted sulfoximi284 and 232 was confirmed by mass

spectrometry.

1. n-BuLi (1.1 eq.)

{ \ THF, =78 °C, 20 min / \ @

S, 2. Mel (2.0 eq.) Me + Me
o'N -78°C,1h

|

CN CN CN
68 231 232

Complex mixture of diastereomers

Scheme 2.3

To conclude, the reactions withCN sulfoximine68 have demonstrate@N to be a poor
choice ofN-substituent when compared KkeTBDPS,N-Boc andN-Me groups. TheN-

CN group offers varying levels of diastereoselectivity and the products were obtained in
low to moderate yields. In addition, disubstituted sulfoximines werthegised in the
reactions with benzophenone, benzyl bromide and methyl iodide, further complicating

the reaction
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2.3 Synthesis of Disubstituted Sulfoximines

The lithiation and trapping reactions ofé&nd 6membereding N-TBDPS sulfoximines

146 and 147 showed promise, proceeding with high yields and high diastereoselectivity
with the majority of electrophiles tested. As a result, we wanted to utilise these products
in further reactions and decided to explore whether a second lithtedijoping reactin

o f -dunctiomalised sulfoximine could be used to add a second substituent at either of
t he tcavlon atoms. Two possible routes were proposed for the regioselective
f unct i on adubssted sulforimires. In the first approach, we hopeldvelop

a route for the synthesis of 2disubstituted sulfoximine34 st ar t i nlgto f r om
sulfoximinescis-233 (Scheme 2.4). In order to achieve deprotonation at thpadaition,

t he ac i d-proton orottie oshian would need to be highemtin  t-pnotns a

at the 5/6position. This would be achieved by the presence of the carbonyl group at the
o-p o s it i-keto sulfoximirs cis-233 and would allow regioselectivenolate
formationandaddition of the substituent to generate thedsRibsituted product234.

In our previous reactions, electrophiles typically add to sulfoximiraess to the bulky
N-TBDPS group and, therefore, we believe that the second electrophile would add to give

disubstituted sulfoximin@34 with the stereochemistrydiicated in Scheme 245

n( n
@H R 1. Lithiating agent oE R

S T

RN 2.E" W
o 'Tl (e o 'Tl (@]
TBDPS TBDPS
cis-233 234
n=1.2 n=1.2
Scheme 2.5

The second approach to be investigated would provide a route to introduce a substituent
in the 5/6position depending on whether we started with therss-membered i ng «
substituted sulfoximine. We propose to start with esabstituted sulfoximineis-235

(e.g. R = Me)and predict that lithiatiortrapping usingn-BuLi should give 2,5/26
disubstituted sulfoximinesis,cis-236 (Scheme 2.5). This is because lithiatn at the 2
position will be sterically hindered. Thus, lithiation will occur at the more accessible 5/6
position. In our previous lithtiontrapping reactions of-5and 6-memberedring N-
TBDPS sulfoximines (se€hapter2.2.1), the electrophile typicallgddstrans to the
sterically bulkyN-TBDPS group. We expect a similar effect with the addition of a second
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electrophile to give 2;5and 2,6disubstituted sulfoximinesis,cis-236. It was important

t o s e |-sebstitutead sulfoxamine starting material with minimal functionaléy. R

= Me in cis-235) for the disubstitution reaction in order to prevent unwanted side
reactions. The next twohaptes summarise our results withokeof these two proposed

approaches to disubstituted sulfoximines.

TS “sT TE
RO 2.E RO
(e} I\Il (e I\Il
TBDPS TBDPS
cis-235 cis,cis-236
n=1.2 n=1.2
Scheme 25

2.3.1 Synthesis of 2;Disubstituted Sulfoximines

We first investigatedcenolate formation and trapping wihyridine-containing 3-keto
sulfoximine cis-183 In order to preventucleophilic attack othe ketone by the lithiating
agent, anore sterically hinderedase tham-BuLi wasused. LHMDS was selecteuhd

we expected it taleprotonate sulfoximineis-183 at the 2position to form the enate.
Deprotonatiorof sulfoximinecis-183 using LHMDS and trapping with benzyl bromide
did not give any sulfoximin37 and none of the starting sulfoximires-183 was
recovered (Scheme &6 We were unsure why the reaction was unsuccessful so decided
torepeat the reaction with benzaldehyde as the electropleifgotonatiorof sulfoximine

cis- 183 with LHMDS and trapping with benzaldehyde did not give any of sulfoximine
238 (Scheme 2.6). However, we foundhatthe LHMDS had partially epimerised the
staring materiakis-183giving a 75:25 mixture (from thdd NMR spectrum of the crude
product) of sulfoximinesis-183andtrans-183 This suggested that at least some enolate

formationhadoccurred

z | 1. LHMDS (1.1 eq.) OH
O N _THF, ~78°C, 20 min O{; N [_)%/‘/G
=S (I) 2.E*(2.0eq)) Y 29
o N 78°C, 1h
TBDPS TBDPS TBDPS
cis-183 237 238
E* = PhCH,Br E* = PhCHO

Scheme 26
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We decided to investigate a diféat substate for the 2,2isubstitution reactions and
selected keto sulfoximiness-180andtrans- 180 Benzyl bromide was chosen as the first
electrophile for direct comparison with the reacsiah keto sulfoximinecis-183 (see
Scheme 2.6). Deprotonatiorof suffoximine cis-180 using LHMDS and trapping with
benzyl bromide gave a crugeoductwhich contained a 70:20:10 mixture (b NMR
spectroscopy) of monosubstituted sulfoximitrans-180, disubstituted sulfoximine
trans,cis239and monosubstituted sulfoximimes-180. Purification by chromatography
gave sulfoximindrans-180in 47% yield and a 50:5@ixture (by *H NMR spectroscopy)
of sulfoximinescis-180 (8% yield)andtrans,cis239(8% vyield) (Scheme 27. None of

thedesired?,2-disubstiuted sulfoximine was formed

1. LHMDS (1.1 eq.)

THF, -78 °C, 20 min
4, _Ph > Ph + Ph n, Ph+ 4, _Ph
S [ 2.PhCHyBr (2.0 eq.) S S i S0 "
\“\ O \‘\ O ‘\ O \“\ O

Ol}l -78°C,1h Ol}l OO\I}J Ol}l
TBDPS TBDPS TBDPS TBDPS
cis-180 70:20:10 trans-180 trans,cis-239 cis-180

47% 8% 8%
50:50
Scheme 2.5

Analysis of thetH NMR spectrum of sulfoximingrans,cis239s howed t woy Si gn
5.16 (dd,J = 8.0, 8.0 Hz) and 4.62 (dd= 8.0, 3.5 Hz) which were assigned to the two

SCH protons. There was also%aH s i n g 0.88 which was assigned to the GMe

group Analysis by**C NMR spectroscopy showed two setsdf g n aclb%0 aadt68. D
which were assigned to the &CHHand)23.Gwhcls a nc
were assigned to the Glgroups.In addition, m e s i gc2G2 wasaassigried to the
CMescarbona nd o0 ne cd9.Jwasdssigradad thedlCMes carbon. This evidence

proves that an unsymmetrical sulfoximine was synthesised sumports our

stereochemical assignmentasitrans,cis239.

The synthesis of 2;8isubstituted sulfoximindrans,cis239 as a byproduct of tlis
reaction wa urprising. A proposed route fats synthesis is shown in Scheme .5
Although this does not fit with the likelyavalues, we propose that some wifeximine
cis-180could belithiated at the fositionto give carbaniogis-240. This may be possible
because the proton at thep®sition is sterically hindered and LHMDS a sterically

hinderedbase. Then, carbaniais-240 could subsequently attack the carbonyl of keto
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sulfoximine cis-180 with carbanior241 as aleaving group. Finally, epimerisation may
occur to give diketon&rans,cis239

@ /1, Ph
S

" W

S /,,,]/Ph oNO©O — -~ Ph 5 /,,,]/Ph + Ng S)
|

R\ lO) Li@ TBDPS o R\ lO R\ Li@
O N cis-240 O N O N

TBDPS TBDPS TBDPS
cis-180 trans,cis-239 241

Scheme 2.8

At this point, we were unsure whethie issue wagnolateformationor whether the
enolate did form but was unreactive in the reaction with benzyl bromide. Therefore
KHMDS was explored. Deprotonation @f75:25 mixture of sulfoximinesis-180 and
trans-180 using KHMDS and trapping with benzyl dmide gave none of the 2,2
disubstituted sulfoximine242 (Scheme 2.9) By 'H NMR spectroscopy of the crude
product, he startingnaterial was returned as sulfoximimans-180. This is an interesting

result and clearly establishes that the enolate must have formed. The stereochemistry
could be explained as follows. Deprotonation occurred to give the enolate and
stereoselective promation in the workup, with the proton adding opposite tef BDPS

group, wouldthengive keto sulfoximindgrans-180.

1. KHMDS (1.1 eq.) Ph
THF, =78 °C, 20 min \\‘l
Ph > Ph __Ph
\s\\ ]/ 2. PhCH,Br (2.0 eq.) s\\ s\\
d l}l e} -78°C,1h O l}l O O l}l O
TBDPS TBDPS TBDPS
cis/trans-180 trans-180 242
75:25dr Not formed
Scheme 2.9

We therefore moved on to explore a different electrophile, methyl iodide, starting with
LHMD S as the basdeprotonatiomf a 75:25 mixture of sulfoximiness-180andtrans
180and trapping with methyl iodide gave Zjksubstituted sulfoximin@43as a single
diastereomer of unknown stereochemistry in only 6% yitdrting sulfoximindrans

180 was isolated in 56% vyield. In addition, a 60:40 mixture of starting sulfoxigige

180 (17% vyield) and 2 &lisubstituted sulfoximingranscis-239 (11% vyield) and was
obtained(Scheme &0).
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1. LHMDS (1.1 eq.)

THF, 78 °C, 20 min Me
S ]/Ph 2. Mel (2.0 eq.) s Ph Single diastereomer of
=W o W unknown stereochemistry

o l}l -78°C,1h o l}l o)
TBDPS TBDPS

cis/trans-180 243
75:25 6%

Ph + Z B/ Ph + PhYO% Ph
QY ST ST
o) '}l (0] o l}l (0] O o ,}] (0]

TBDPS TBDPS TBDPS
trans-180 cis-180 trans,cis-239
56% 17% 1%
60:40
Scheme &0

The'H NMR spetrum of 2,2disubstituted sulfoximin@43 showed two 1H multiplets

a ty3.843.14 and 2.922.82 which were each assigned to an SCH proton. A 3H singlet
a tn 1.84 was assigned to the metlgybup The'*C NMR DEPT spectrum showed a
signal at &¢c 74.1 which was assigned taCBle. In addition,a sigh a | ¢ %7t8 wds
assigned to the SCldarbon andas i g n & B6.6avas assigned to the metigybup
Analysis of both the!H and **C NMR spectra of 2:2lisubstituted sulfoximin€43
showedhatthe methyl groupmadadded at the-position and not the-position.Diketone
transcis-239 was presumably formedia the process shown in Scheme &.9he
formation of 2,2-disubstituted sulfoximine 243 and a significant amount of keto

sulfoximinetrans 180 suggested that enolate formation was occusumgresstily.

In orde to fully explore the 2 lisubstitution reactionwe investigated a range of bases:
LHMDS, KHMDS, NaHMDS, NaH and LDA. The results are summarised in TaBle
LHMDS was the most successful base, giving disubstituted sulfoxiPdiBas a sintg
diastereomer in 6% yielceftry 1). We tested the reactisith KHMDS which gave 2,2
disubstituted sulfoximine243in a slightly lower yield of 5%A 70:30 mixture (byH
NMR spectroscopy) of starting sulfoximirnes-180 (20% vyield) and 2 Alisubstiuted
sulfoximinetranscis-239 (8% yield) was also obtainedstarting sulfoximingrans-180
was isolated in 58% yiel(entry 2). Reaction with NaHMDS was poor and gave-2,2
disulstituted sulfoximine243in only 1% yield. In addition, a 65:25:10 mixture (Hy
NMR spectroscopy) of sulfoximinetsans180 (52% yield), cis-180 (20% vyield) and
transcis-239(8%) was isolatedefitry 3). Deprtonation with NaH gave 2;8isubstituted
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sulfoximine243in 4% yield as well as a 65:25:10 mixture ibyNMR spectroscopy) of
sulfoximinestrans-180 (55% yield), cis-180 (21% yield)andtranscis-239 (8%) (entry

4). With LDA, no disubstituted sulfoximines were observed and the staring material was
returned as an 85:15 mixture (Bi# NMR spectroscopy of the crude product) of

sulfoximinestrans-180andcis-180(entry 5).

1. Base (1.1 eq.)

THF, —78 °C, 20 min Me o
]/ 2. Mel (2.0 eq.) \s\
° D
o N —-78°C,1h o N o)
TBDPS TBDPS
cis/trans-180 243
75:25
Ph  + [ > Ph  + PhYO/,,, Ph
Qﬁr ST ST
A e =N 0 o 5% O
o N O N o N
TBDPS TBDPS TBDPS
trans-180 cis-180 trans,cis-239

Entry Base 243%% trans180%? cis-180%* trans,cis239%?

1 LHMDS 6 56 17 11°
2 KHMDS 5 58 20° 8
3 NaHMDS 1 52 20 gd
4 NaH 4 55 21 gd
5° LDA 0 - - 0

295 yield after purification by chromatograpiysolated as a 60:4@ixture (by*H NMR
spectroscopy) of sulfoximiness-180andtranscis-239. °Isolated as a 70:3ixture (by
'H NMR spectroscopy) of sulfoximescis-180andtrans,cis-239 % Isolated as a 65:25:1
mixture (by*H NMR spectroscopy) of sulfoximindsans-180, cis-180, and transcis-
239 °Products not purified as no sulfoximi2d3 was synthesised, 85:15 mixture

sulfoximinestrans-180andcis-180observedby *H NMR spectroscopy).

Table2.3 Effect of different bases on the 2d&ubstituion of sulfoximineis/trans-180

With all bases except LDA, a small amount of-8iSubstituted sulfoximinérans,cis

239 and a large quantity of starting sulfoximingis-180 andtrans-180 were isolated.
LHMDS proved to be the most effective base giving@gibstituted sulfoximing43in

6% yield, although there was little variance in the results when different bases were used.

We have yet to confirm the stereochemistry of the product, although the resultis of o
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other lithiationtrapping reactions support the proposal that the methyl grauptsthe

oxygen of the sulfoximine.

Overall, ourresults showethatdeprotonation of sulfoximirecis/trans-1800occurred to
give the enolateTherefore the main issuef the reaction must be in the trapping step.

Future work could focus oinvestigaing differenta-substituers andelectrophiles.

2.3.2 Synthesis of 2;5and 2,6 Disubstituted Sulfoximines

Finally, we exploredthe synthesis of 2;fand 2,6disubstitutedsulfoximines A methyl
groupwas chosen as tleesubstituent, as its lack of functionality decreases the chances

of side reactions occurring.hus, nethylated 5membereding N-TBDPS sulfoximine
cis172was lithiated using-BuLi ( — 7 8 ° C ,and Zdppdmithnbgnzophenone to

give sulfoximinecis,cis244in 71% yield (Scheme 21§. Evidence from both thi4 and

13C NMR spectra showetiatbenzophenone additidradoccurred at the-position. Key
signalsinthéH NMR spectrum we ryé43(ddb=85,85Kz)anch al s
02782 . 66 (m) assigned to the twonp@EE@= prot
7.0 Hz) assigned to theethylgroup. The®C NMR spectrum shewed |
71.7 and 62.3 which were assigned to the two SCH nasbho A sd78.hwas at
assigned to t heci1G.Bbws aasigukd ta theeihydgnoapl These data
showedthatb ot h t he benzyl alcohol and the met

carbon atoms.

1. n-BuLi (1.1 eq.)

“(f ) \ THF, —78 °C, 20 min ”({ j \ Ph

Mess 2. Ph,CO (2.0 eq.) Me 8¢ LPh
(5 N -78°C,1h O '}l OH
TBDPS TBDPS
cis-172, n =1 cis,cis-244, n =1, 71%
cis-174, n =2 cis,cis-245, n =2, 81%
Schene 2.6l

In a similar way, ithiationtrapping of methylated -hemberedring N-TBDPS
sulfoximine cis-174 with benzophenone gave sulfoximings,cis245 in 81% vyield
(Scheme 2.6). The *H and '3C NMR spectra displayed the key diagnostic signals
observed with5-memberedring sulfoximine cis,cis-244. Analysis of the!H NMR

spectrum of @membereding sulfoximinecis,cis245s howed t wo 4388s i g n:
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(dd,Jg= 12. 0, 11 204282 (ultiplet) dor the two SCH protons and a 3H

d o u b | #9 (Ja=17.0 I82) assigned to tmaethylgroup. Key signals in theéC NMR
spectrumincludedt wo s i g Wa/larsd 64dvhichdwere assigned to the two SCH
carbons. cB2si2gmwals atssd gned tcd2.twaeass@Qi@ti a n
to themethylgroup.The stereochemistry of &and 6membereding sulfoximines ,cis

244and ¢s,cis245wasassigned by analggwith lithiation-trappings obtherN-TBDPS
sulfoximines. Both reactions proceeded with high diastereoselectiaityl

regioselectivitygiving each product as a single diastereomer in high yields.

The diastereoselectivity of the reaction with benzyl br@mwbs explored next
Lithiation-trapping of 5memberedring methylated sulfoximineis-172 with benzyl
bromide gave sulfoximinecis,cis246 in 86% yield. Similarly, 6-memberedring
methylated sulfoximinecis-174 gave sulfoximinecis,cis247 in 85% yield (Scheme
2.62. The stereochemistry of the sulfoximines was assigned by analtgyithiation-
trappings of otheN-TBDPS sulfoximinesBoth reactions were diastereoselective and
sulfoximinescis,cis-246 and cis,cis-247 were synthesised in high yields. Inpeevious
reaction, disubstitution of-hemberedring N-TBDPS sulfoximinel47 was observed
when trapping with benzyl bromide (see Scheme 2 H8ywever, when starting with
methyl sulfoximinescis-172 and cis-174, there was no evidence of further lithiation
trapping with benzyl bromide. Presumably, this is because®bereding sulfoximine

cis-174is more sterically hindered at thep@sition due to the methyl substituent.

1. n-BuLi (1.1 eq.)

n‘{’ \ THF, —78 °C, 20 min n({? \
KY o /4, Ph
s’ 7

Me" s 2. PhCH,Br (2.0 eq.) Me" "¢
S ~78°C,1h S
0] N (0] l}l
TBDPS TBDPS
cis-172, n = 1 cis,cis-246, n = 1, 86%
cis-174, n =2 cis,cis-247, n = 2, 85%
Scheme 2.B

Lastly, trapping with benzaldehyde wawestigated. Lithiatiotirapping of 5membered
ring methyl sulfoximinecis-172with benzaldehyde gave a crude product which contained
a 60:25:15 mixture (from théH NMR spectrum) of sulfoximinegis,cis,anti248,
cis,cis,syr248 and ZXphenytl-pentanol 249 (resulting from n-BuLi reacting with

benzaldehyde)After purification by chromatography, anseparable85:15 mixture of
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sulfoximine cis,cis,anti248 (64% vyield)and tphenytl-pentanol249 (10% yield)was

Isolated; sulfoximineis,cis,syr248was alg isolated in 22% vyield (Scheme 3)6

1. n-BuLi (1.1 eq.)

THF, —78 °C, 20 min H OH H
R K Ph + + o Ph
Me™ s~ 2. PhCHO (20eq) Me" >s7 I~ M s
Ph SW

R\ _7q 0 RS\ S X
Ol\ll 78 °C,1h OI}IOH ONOH
TBDPS TBDPS TBDPS
172 60:25:15 cis,cis,anti-248 249 cis,cis,syn-248
64% 10% 22%
85:15
Scheme 2.8

The stereochemistry of sulfoximiness,cis,anti248andcis,cis,syr248was assigned by
analogy withN-TBDPS sulfoximinecis,syn164 (stereochemistry assigned byrxy
crystallography, see Figure 7). Analysis of the!H NMR spectra showedhat
sulfoximineciscisanti-248h ad a 1 H b r 50dwhgh wagadssighed @ the &
PhCGHOH proton and sulfoximineisanti-164a |l s o had a nS5l1RAwhschwag | et
assiged to the PhBOH (Figure 2.13)Similarly, the'H NMR spectrum of sulfoximine
ciscissyn248d i spl ayed @& 4.83Hdd359dh 48 Hz) which was assigned

to the Ph@®IOH proton, whilst sulfoximineis,anti-165hadal H d o u k4.8t{dJat o
= 9.5 Hz) which was assigned to the PH@H proton(Figure 2.13) The similarities in

the chemical shifts of the peaks assigned to the PIBE proton support our
stereochemical assignment of sulfoximimescis,anti248 andcis,cis,syn248 Overall,

the reaction proceeded with high diastereoselectivity and the produets synthesised

in high yields.

Sy 4.83, dd 8y 4.89, d
8y 5.07 brs 8y 5.12, s J=95,3.0 Hz J=95Hz

O@ @é & &
Me“\\ s ! Ph S ! Ph Me“\\Q@Ph Q@Ph
N\ S\ A W

O N OH o N OH o N OH o N OH
| | | |
TBDPS TBDPS TBDPS TBDPS

cis,cis,anti-248 cis,anti-164 cis,cis,syn-248 cis,syn-165

Figure 2.13Diagnostic signals in thH NMR spectra ofinti- andsyn-hydroxy

sulfoximines
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Thus, a regioselective and diastoselective route to 2,5and 2,6disubstituted
sulfoximines has been successfully developed. In particular, we have delvalsipeple

two-step approach allowing two different substituents to be attached.
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3. Conclusionsand Future Work

In summarywe have developed a hi ghflngtiondlised st er
cyclic sulfoximinesvia lithiation-trapping reactionsThe reactions are straightforward

and proceedia lithiation usingn-B u L i (-78 °C, 20 min) and
an eleatophile. Using theN-TBDPS groupwe wer e abl e to synt he
functionalised cyclic and acyclic sulfoximines as singletéi@®mers in high yield#

lower levelof diastereoselectivitwasobserved in three reactiomsh i ch con-t ai ne
carlonyl group presumably as these groups alloveguimerisation to occur. However,
diastereomerically pure sulfoximines could still be isolated in high yields. A selection of

our best results are shown in Figure 3.1.

”({ j \ Ph Ph Ph Ph
Y '/.%Ph /\S\\ Ph \s\\ Ph
o l}l OH o l}l OH o l}l OH
TBDPS TBDPS TBDPS
cis-157,n =1, 84% 199 200
cis-158,n =2, 76% 73% 70%
om0
Ph 4, _Ph ‘), o
\S = \S i \S Me S S|Me3
SW 2 SW W W
o N M o N o o N
TBDPS TBDPS TBDPS TBDPS
cis,anti-164 cis-166 cis-172, n =1, 56% cis-176
66% 73% cis-174,n = 2, 52% 79%
= | n(
‘7, NN N ‘7, Ph /.
S s 'S "Ph
W o) W o) W
@) l}l o] l}l 0 l}l
TBDPS TBDPS TBDPS
cis-183 cis-180, n =1, 60% 198
71% cis-181,n =2, 57% 41%

Figure3.1 Productsof lithiation-trapping reactions df-TBDPS sulfoximines

An exploration ofthe reactions oN-Boc, N-Me andN-CN 5 and émemberedring
sulfoximines withfour electrophiles (benzophenone, benzyl bromide, benzaldehyde and
methyl iodidg was al® carried out. These reactions generglye sulfoximines with
highdiastereoselectivitgndgoodyields Of the sulfoximines tested,was observed that

reactions with émemberedring N-Me sulfoximine 156 and 5memberedring N-CN
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sulfoximine 68 gave pralucts with a lower level of diastereoselectiyibyt good yields

were still obtained witlsomeelectrophilesThe key finds are summarised in Figure 3.2.

L%
g P

n
o Ph

Ph
s Ph
N \\

R\ RS\ R
onN ©F o N o' O
Boc Boc Me

cis-202, n=1,71%
cis-203,n =2, 75%

210,n =1, 85%, 85:15 dr
211, n = 2, 45%, 65:35 dr

217, 73%, 50:50 dr

( \ Ph [ ) H
S /,,'%Ph S //,'/Ph Ph
RS\ OH R\ B\ 5
o N o N o oF
Me Me CN
cis-216 cis-220 228a/228b/228c/228d
82% 38% 54%

Figure3.2 Productof lithiation-trapping reactions dfi-Boc, N-Me andN-CN

sulfoximines

Our attemps at the synthesis of 2disubstituted sulfoximines for the synthesis of-2,2
disubstituted sulfoximines were not successful, as the highest yield achieved was 6%.
Further optimisatiomf this chemistry will beequired In contrast, theithesis of 2,5

and 2,6disubstituted sutfximines was highly successful ag were able to control the
regiochemistry and stereochemistry of the reaction to giyeis-sulfoximines in high

yields (Figure 3.3)

n(l > o n% > Ph O{H/Ph " en
W\ ’, o\ 7, o\ o\
) gl T Me" s + Me® S

Me 4 "%Ph Me \ S \
B\ X\ R\ - N\
0 'Tl OH 0 l}l ') [}] OH o) l?l OH
TBDPS TBDPS TBDPS TBDPS
cis,cis-244, n =1, 71% cis,cis-246,n =1, 86%  cis,cis,anti-248 cis,cis,syn-248
cis,cis-245, n = 2, 81% cis,cis-247,n = 2, 85% 64% 22%

Figure3.3 Results of 2,5and 2,6disulstitution reactions

In future work,we want to confirm ouproposedstereochemical assignments &mme
more ofthe sulfoximinesThis will be achievedby eitherX-ray crystallography or their
separate syhesis from sulfoximinesf known configurationWe alsoplan to expand the
scope of our work to includé—7 membered cyclic sulfoximine$Ve also envisage

exploringthe use of Negishi crosupling reactiosin the diastereoselectvarylation
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of sulfoximi n e s apositian.h Wsing aNegishi conditiongn-BuLi, ZnCk and
Pd(OAc)),t h arylation reactions are liketp be sterically controlled by the bulky NR
group, f o-sulestituergtrans to ¢he MR groupto give sulfoximinecis-249
(Scheme3.l). It may also be possible to override the steric contogl puttinga Pd
chelatinggroup onthe nitrogenof sulfoximine139 As a result Pdmediated arylation

may proceedvia chelaton control to givesulfoximinetrans-249,

n([>—> 1. n-BuLi, ZnCl, n([>—> n([>—>\
2. Pd(OAc), pr O

//S\\ :S\\ ‘Ar ::3\\ Ar
0] N X-Phos, Ar-Br o N o N
R | |
R R

139 cis-249 trans-249

n=1,2 Steric control Chelation control
Scheme3.1
These methods of steric and chelation cortonllda | s o be wutil i sed

arylated sulfoximineanda proposed method for their synthesis is shown in ScBe2Zne
B-keto sulfoximine50can be readily convertadto enol triflate251and subsequently
arylated using Suzul¥liyaura crosscou pl i n g t -arylatefi smsaturafed
sulfoximines252 Hydrogenation proceedinga steric control will add the hydrogen
trans to the sterically bulky NR group resulting in sulfoximitrans-253 Hydrogen

addition via chelation control will likely bedelivered cis to the NR group, giving

sulfoximinecis-253.

Ar Ar
n(?_f _THO n( 7—/< _ArB(OH); _ ?—j ?—j n(?_\/\
—» or
S Et3 Pd PPhs) Pd/C S S
//\\ // \\ Base \\\\ :::\\
O NR O NR
250 241 252 trans-253 cis-253
n=1,2 Steric control  Chelation control
Scheme3.2

Otherfuture planscould include the synthesis of bicycland spirocyclic sulfoximines
which can be achieved by a number of differemiites. Anexampleof spirocycle
synthesisis shown in Schem8&.3. Using LHMDS, Pd(0) and ttiert-butylphosphine
arylation of sulfoximine254 would occura t tpbséion cbubsequenattack of the

carbonyl by the aryl amine would give spirocyclic sulfoxim@®. The stereochemistry
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of sulfoximine255is assumed to be as depictédsed on the results presented in this

thesis.

LHMDS, Pd(0)

OLLT P(t-Bu)s ©
OR N
S O( Br %NH

255

Scheme3.3
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4. Experimental

4.1 General Information

All-non agueous reactions were carried out under oxygen freeMrusing flame

dried glasswarelTHF was freshly distilled from sodium and benzophenone.
Alkyllithiums were titratedagainstN-benzylbenzamide before use. Electrophiles
(dimethyl sulfate, methyl iodide and benzaldehyatged in lithiation reactions were
distilled over CaH before use. Electrophiles (benzophenone, benzyl bromide, TMSCI,
Weinreb amidel 36, Weinreb amidd 79, tert-butyl isocyanate, methyl chloroformate
andN-benzylidene methylamine) were used without further purification. Brine refers to
a saturated solution. Water is distilled water.

Flash column chromatography was carried out using Fluka Chemie Gmbdd (2i10

440 mesh). Thin layer chromatography was carried out using commercially available
Merck Fss aluminium backed silica plates. Proton (400 MHz) and carbon (100.6 MHz)
NMR spectra were recorded on a Jeol E4DO instrument using an internal deuterium
lock. For samples recorded in CRCthemical shifts are quoted in parts per million
relative to CHQ (01 7.26) and CD (oc 77.0, central line of triplgt Carbon NMR
spectra were recorded with broad band proton decoupling and assigned using DEPT
experments. Coupling constantd) @are quoted in Hertz. Melting points were carried out

on a Gallenkamp melting point apparatus. Infrared spectra were recorded on an ATI
Mattson Genesis FIR spectrometer. Electrospray high and low resonance mass spectra

were ecorded at room temperature on a Bruker Daltronics microOTOF spectrometer.
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4.2 General Procedure

General Procedure A: Lithiation-trapping of cyclic sulfoximines usingn-B u L i at
78 °C

n-BuLi (2.5 M solution in hexanes, 1.1 eq.) was added dropwise to a stirred solution of
the sulfoximine (0.5 mmol, 1.0 eq.) in THF (5 mL) a8 °C under Ar. The resulting
solution was stirred at78 °C for 20 min. Then, the electrophileimmol, 2.0 eq.) (as a
solution in THF for benzophenone) was added dropwise. The resulting solution was
stirred at 78°C for 1 h and then allowed to warm to rt. Water (5 mL) was added and the
two layers were separated. The aqueous layer was extracke@MiCl> (3 x 20 mL).

The combined organic layers were dried (Mgjsahd evaporated under reduced pressure

to give the crude product.
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4.3 Experimental Frocedures and Characterisation Data
1-[(tert-Butyldiphenylsilyl)imino] -1 athiolan-1-one 146

|
TBDPS
146

A solution of tetramethylene sulfide66 (1.76 mL, 20.0 mmol, 1.0 eq.),
(diacetoxyiodo)benzene (16.1 g, 50.0 mmol, 2.5 eq.) and ammonium carbamate (3.1 g,
40.0 mmol, 2.0 eq.) in MeOH (40 mL) was stirred at rt for Bife solvent was evaporated
under reduced pressure to give the crude product. Purification by flash column
chromatography on silica with EtOAc and then 9:1 Etd#eOH as eluent gave impure
sulfoximine23 (2.0 g) as a yellow 0iR:(9:1 EtOAcMeOH) 0.22;'H NMR (400 MHz,

CDCkL) & —3310 (in;74H, SCH) 2.32.18 (m, 4H CH)*C NMR (100.6 MHz, CDG)

0 55. 5, 24.13@H TBDPSCI (5.6 mL, 21.5 mmol, 1.25 eq.) was added dropwise
to a stirred solution of the impure sulfoximig&(2.0 g, 17.2 mmol assumetl0 eq.) and
imidazole (2.3 g, 34.3 mmol, 2.0 eq.) in DMF (7.65 mL) at 0 °C under Ar. The resulting
solution was stirred and heated at 90 °C for 48 h. The solution was allowed to cool to rt
and then water (10 mL) was added. The two layers were separaté¢de aqueous layer

was extracted with C¥Cl> (3 x 20 mL). The combined organic layers were dried
(MgSQy) and evaporated under reduced pressure to give the crude product. Purification
by flash column chromatography on silica with 9:1 and then 7:3 hextDAc as eluent
gaveN-TBDPS sulfoximinel46 (4.4 g, 60% over 2 steps) as a white solid, mpr84C;

Re(7:3 hexaneEtOAc) 0.30; IR (ATR) 3069, 2930, 2855, 1290, 1253, 1153, 1129, 1106,
701 cmt; *H NMR (400 MHz, CDC) & 7772 (M84H, Ph), 7.42.33(m, 6H, Ph),
2.95-2.86 (m, 2H, SCH), 2.82.73 (m, 2H, SCH), 2.24.96 (m, 4H, CH), 1.08 (s, 9H,
CMes); 13C NMR (100.6 MHz, CDG) &  1pSo#h),435(7 (Ph), 129.2 (Ph), 127.6
(Ph), 55.8 (SCh), 27.2 (QMes3), 23.2 (SCHCH?>), 19.3 CMes); MS (ESI)m/z358 (M +

H)*; MS (ESI)m/z358 (M + H); HRMS (ESl)m/zcalcd for GoH27NOSSi (M + HY
358.1655, found 358.1657 (-0.5 ppm error

it is sometimes necessary to remove water by azeotroping with toluene.

Lab book refeence:GH-1-80
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A solution of tetrahydrothiophene-dxide 145 (0.9 mL, 10.0 mmol, 1.0 eq.),
(diacetoxyiodo)benzene (9.66 g, 30.0 mmol, 3.0 eq.) and ammonium carbamate (3.12 g,
40.0 mmol, 4.0 eq.) in MeOH (261L) was stirred at rt for 30 min. The solvent was
evaporated under reduced pressure to give the crude product. Purification by flash column
chromatography on silica with CBl> and then 9:1 CpCl-MeOH gave impure
sulfoximine23 (1.19 g) as a yellow oil. TBDPSCI (3.25 mL, 12.5 mmol, 1.25 eq.) was
added dopwise to a stirred solution of the impure sulfoximiz#(1.19 g, 10.0 mmol
assumed, 1.0 eq.) and imidazole (1.36 g, 20.0 mmol, 2.0 eq.) in DMF (4.5 mL) at 0 °C
under Ar. The resulting solution was stirred and heated &€ 90r 48 h. The solution

was dlowed to cool to rt and then water (10 mL) was added. The two layers were
separated and the aqueous layer was extracted witBI€3 x 20 mL). The combined
organic layers were dried (MgSQand evaporated under reduced pressure to give the
crude productPurification by flash column chromatography on silica with 9:1 and then
7:3 hexaneEtOAc as eluent gave tHé-TBDPS sulfoximinel46 (1.79 g, 50% over 2

steps) as a white solid.

Lab book referencesH-1-30

1-[(tert-Butyldiphenylsilyl)imino] -1 athian-1-one 147

®

7\

|
TBDPS
147

A solution of pentamethylene sulfidd51 (0.42 mL, 4.0 mmol, 1.0 eq.),
(diacetoxyiodo)benzene (3.22 g, 10.0 mmol, 2.5 eq.) and ammonium carbamate (625 mg,
8.0 mmol, 2.0 eq.) in MeOH (8 mL) was stirred at rt for Jtme solvent was evaporated
under reduced pressure to give the crude product. Purification by flash column
chromatography on silica with EtOAc and then 95:5 Et@AaOH as eluent gave impure
sulfoximine 152 (416 mg) as a yellow 0iRr(9:1 EtOAcMeOH) 0.24 'H NMR (400

MHz, CDCk) & —-3303 m94H, SCH), 2.22.02 (m, 4H, CH), 1.68L.59 (m, 2H,

CH); 1*C NMR (100.6 MHz, CDG) & 5 4,), 4.3 (CB)C 2.2 (CH). TBDPSCI

(1.02 mL, 3.91 mmol, 1.25 eq.) was added dropwise to a stirred solution of thes impur
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sulfoximine 152 (416 mg, 3.13 mmol assumed, 1.0 eq.) and imidazole (426 mg, 6.25
mmol, 2.0 eq.) in DMF (1.39 mL) at 0 °C under Ar. The resulting solution was stirred
and heated at 90 °C for 63 h. The solution was allowed to cool to rt and then walt@r (5 m
was added. The two layers were separated and the aqueous layer was extracted with
CH2Cl> (3 x 20 mL). The combined organic layers were dried (Mg3@d evaporated

under reduced pressure to give the crude product. Purification by flash column
chromatogaphy on silica with 9:1 and then 7:3 hex&t©Ac as eluent gavd-TBDPS
sulfoximine 147 (892 mg, 60% over 2 steps) as a white solid, mpB82°C; Rr (7:3
hexaneEtOAc) 0.29; IR (ATR) 3073, 2929, 2855, 1323, 1289, 1145, 1107, 761'em

NMR (400 MHz, CD@s) & 7 .J%# 3.5, 1.5Hk, 4H, Ph), 7.40.31 (m, 6H, Ph),
2.87-2.78 (m, 2H, SCH), 2.72.68 (m, 2H, SCH), 1.99.90 (m, 4H, CH), 1.571.44

(m, 2H, CH), 1.07 (s, 9H, CME 3C NMR (100.6 MHz, CDG) & ipSo€h),435(

(Ph), 129.1 (Ph), 127.5 (Ph56.3 (SCH), 27.3 (Mes), 24.7 (CH), 24.4 (CH), 19.4

(CMe3); MS (ESI)m/z372 (M + HY HRMS (ESI)m/zcalcd for GiH29NOSSi (M + HY
372.1812, found 372.1814 (-0.4 ppm error

it is sometimes necessary to @re water by azeotroping with toluene.

Lab book referencesH-1-20

1-[(tert-Butyldiphenylsilyl)imino] -1 athietan-1-one 148

I
TBDPS
148

A solution of trimethylene sulfide (0.72 mL, 10.0 mmol, 1.0 eq.), (diacetoxyiodo)benzene
(8.05 g,25.0 mmol, 2.5 eq.) and ammonium carbamate (1.56 g, 20.0 mmol, 2.0 eq.) in
MeOH (20 mL) was stirred at rt for 3 h. The solvent was evaporated under reduced
pressure to give the crude product. Purification by flash column chromatography on silica
with EtOAc and then 9:1 EtOAMeOH gave the impure sulfoximine (900 mg) as a
yellow oil, Rr (9:1 EtOAcMeOH) 0.31;'H NMR (400 MHz, CDGX) & 4. 17 ( m,
SCH), 2.312.17 (m, 2H, SChHCH>), 2.08 (s, 1H, NH)*C NMR (100.6 MHz, CDG)

0 66. 6, 7(/ SCHCH>). TBDPSCI (2.79 mL, 10.72 mmol, 1.25 eq.) was added

dropwise to a stirred solution of the impure sulfoximine (900 mg, 8.58 mmainasis
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1.0 eq.) and imidazole (1.17 §7.16 mmol, 2.0 eq.) in DMF (B1L) at O °C under Ar.
The resulting solution was stirred and heated 4C9for 48 h. The solution was allowed
to cool to rt and then water (10 mL) was added to the solution. The teus laere
separated and the aqueous layer was extracted with(Btx 20 mL). The combined
organic layers were washed with brinex(60 mL), dried (MgS@) and evaporated under
reduced pressure to give the crude product. Purification by flash column tbgoamdoy
on silica with 9:1 hexar&tOAc as eluent gawd-TBDPS sulfoximinel48(663 mg, 19%
over 2 steps) as a white solid, mp-50 °C,Rr(6:4 hexaneEtOAc) 0.47; IR (ATR) 3069,
2957, 2855, 1306, 1214, 1145, 1104, 821, 739, 700, 606, 552, 501, 48%tcMMR
(400 MHz, CDCY) & —7772 (B4H, Ph), 7.43.34 (m, 6H, Ph), 4.68.92 (m, 2H,
SCH), 3.843.73 (m, 2H, SCH), 2.32.87 (m, 2H, SCkCH>), 1.09 (s, 9H, CM8); 1°C
NMR (100.6 MHz, CDG)) &  1p8o8h),8135(5 (Ph), 129.4 (Ph), 127.7 (Ph), 68.6
(SCH), 27.1 (Mes), 192 (CMes), 7.3 (SCHCHy); MS (ESI)m/z344 (M + H); HRMS
(ESI)m/zcalcd for GeH2sNOSSi (M + H) 344.1499, found 344.1497 (+0.5 ppm error).

Lab book referencesH-2-55

[(tert-Butyldiphenylsilyl)imino]diethyl -a--sulfanone149

NN

//\\

|
TBDPS
149

A solution of ethyl sulfide (1.08 mL, 10.0 mmol, 1.0 eq.), (diacetoxyiodo)benzene (8.05
g, 25.0 mmol, 2.5 eqg.) and ammonium carbamate (1.56 g, 20.0 mmol, 2.0 eq.) in MeOH
(20 mL) was stirred at rt for 3 h. The solvent was evaporated under redessdrp to

give the crude product. Purification by flash column chromatography on silica with
EtOAc and then 9:1 EtOAMeOH gavetheimpure sulfoximine (0.70 g) as a yellow oil,

RF (9:1 EtOAcMeOH) 0.17;'H NMR (400 MHz, CDG) & 3 J =075 Hg, gH,
SCH), 2.07 (s, 1H, NH), 1.41 (] = 7.5 Hz, 6H, SCkMe); *C NMR (100.6 MHz,
CDCk) & 4 82, 4.1 (6GJMé). TBDPSCI (1.89 mL, 7.25 mmol, 1.25 eq.) was
added dropwise to a stirred solution of the impure sulfoximine (6,78.8 mmol
assumed, 1.0 eq.) and imidazole (0.7936 mmol, 2.0 eq.) in DMF (&L) at 0 °C

under Ar. The resulting solution was stirred and heated &€ 96r 48 h. The solution
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was allowed to cool to rt and then water (5 mL) was added to the solliiettwo layers
were separated and the aqueous layer was extracted y@xk@F&t 20 mL). The combined
organic layers were washed with brine (5 x 60 mL), dried (Mg@@6d evaporated under
reduced pressure to give the crude product. Purification bydtasimn chromatography
on silica with 9:1 hexan&tOAc as eluent gavd-TBDPS sulfoximinel49(1.15 g, 32%
over 2 steps) as a clear ditr (6:4 hexaneEtOAc) 0.64; IR (ATR) 3069, 2930, 2855,
2888, 1307, 1281, 1261, 1145, 1106, 821, 783, 737, 699, 6245813495 crm; H
NMR (400 MHz, CDGJ) & —7771 (in74H, Ph), 7.4@.31 (m, 6H, Ph), 2.82.73 (m,
4H, SCH), 1.24 (t) = 7.5 Hz, 6H, SCkMe), 1.06 (s, 9H, CM8; °C NMR (100.6 MHz,
CDCk) o 1pSo®h),435(7 (Ph), 129.1 (Ph), 127.5 (Ph), 49.7 (9C2.3 (Me),
19.5 CMe3), 7.9 (SE2Me); MS (ESI)m/z360 (M + H); HRMS (ESI)m/zcalcd for
CooH2oNOSSi (M + H) 360.1812, found 360.1809 (+0.8 ppm error).

Lab book reference&sH-2-54

(tert-Butyldiphenylsilyl)[ethyl(oxo)phenyl-a--sulfanylidene]amine 150
Ph\//s\/\

|
TBDPS
150

A solution of ethyl phenyl sulfide (1.35 mL, 10.0 mmol, 1.0 eq.), (diacetoxyiodo)benzene
(8.05 g, 25.0 mmol, 2.5 eq.) and ammonium carbamate (1.56 g, 20.0 mmol, 2.0 eq.) in
MeOH (20 mL) was stirred at rt for 3 h. The solvent was evaporated under reduced
pressure to give the crude product. Purification by flash column chromatography on silica
with EtOAc and then 9:1 EtOAMeOH gaveheimpure sulfoximine (1.09 g) as a yellow

oil, R (9:1 EtOAecMeOH) 0.5;'H NMR (400 MHz, CDGJ) & —7793 @n82H, Ph),
7.64-7.58 (m, 1H, Ph), 7.57.50 (m, 2H, Ph), 3.18 (d,= 7.5 Hz, 2H, SCh), 2.08 (s,

1H, NH), 1.25 (tJ = 7.5 Hz, 3H, SCkEMe). TBDPSCI (2.2 mL, 8.01 mmol, 1.25 eq.)
was added dropwise to a stirred solution of the impure Soifog (1.09 g, 6.4 mmol
assumed, 1.0 eq.) and imidazole (0.87 g, 12.8 mmol, 2.0 eq.) in DMF (4 mL) at 0 °C
under Ar. The resulting solution was stirred and heated &€ 96r 48 h. The solution

was allowed to cool to rt and then water (5 mL) was add#eetsolution. The two layers

were separated and the agueous layer was extracted yaxk3&t 20 mL). The combined
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organic layers were washed with brinex(60 mL), dried (MgS@) and evaporated under
reduced pressure to give the crude product. Purificddy flash column chromatography
on silica with 95:5 hexarEtOAc as eluent gawd-TBDPS sulfoximinel50(1.54 g, 38%
over 2 steps) as a clear ditr (6:4 hexaneEtOAc) 0.56; IR (ATR) 3069, 2930, 2855,
1427, 1323, 1298, 1156, 1108, 740, 720, 702, 6M¢ca¥; *H NMR (400 MHz, CDGJ)

5> 7-7.918m, 2H, Ph), 7.89.77 (m, 4H, Ph), 7.58.50 (m, 1H, Ph), 7.50.33 (m,
8H, Ph), 3.172.91 (m, 2H, SCh), 1.22-1.14 (m, 12H, ®e3, SCHMe); 3C NMR (100.6
MHz, CDCk) & 1ipdoPh),136(66ipso-Ph), 136.49ipso-Ph), 135.67 (Ph), 135.63
(Ph), 132.2 (Ph), 129.00 (Ph), 128.96 (Ph), 128.7 (Ph), 127.9 (Ph), 127.40 (Ph), 127.36
(Ph), 54.7 (SCh), 27.3 (Mes3), 19.5 CMes), 8.4 (SCHMe); MS (ESI)m/z408 (M +
H)*: HRMS (ESI)m/zcalcd for GaH20NOSSi (M + HY 408.1812, found 408.1794 (+4.3

ppm e&ror).

Lab book referencesH-2-66

tert-Butyl N-(1-oxo-1 athiolan-1-ylidene)carbamate153

()

7\

I
Boc

153
A solution of tetramethylene sulfide66 (0.88 mL, 10.0 mmol, 1.0 eq.),
(diacetoxyiodo)benzene (8.05 g, 25.0 mmol, 2.5 eq.) and ammonium carbamate (1.56 g,
20.0 mmol, 2.0 eq.) iMeOH (20 mL) was stirred at rt for 30 min. The solvent was
evaporated under reduced pressure to give the crude product. Purification by flash column
chromatography on silica with CBl> and then 9:1 CkCl-MeOH gave impure
sulfoximine23 (824 mg) as a yallw oil. A solution of potassiurtert-butoxide (1.01 g.
9.0 mmol, 1.3 eq.) in THF (18 mL) was added to a stirred solution of impure sulfoximine
23 (824 mg, 6.9 mmol assumed, 1.0 eq.) in THF (21 mL) at 0 °C under Ar. The resulting
solution was stirred at @C°for 30 min. Then, a solution of Bg@ (3.01 g, 13.8 mmol,
2.0 eq.) in THF (32 mL) was added and the resulting solution was stirred at 0 °C for 1 h.
The solution was allowed to warm to rt and stirred at rt for 30 h. Saturate@lNH35
mL) was addedrad the two layers were separated. The aqueous layer was extracted with

CH2Cl> (3 x 30 mL). The combined organic layers were dried (Mg$@d evaporated

91



ChapterFour: Experimental

under reduced pressure to give the crude product. Purification by flash column
chromatography on silicaith 1:1 hexané€etOAc and then 1:4 hexait#OAc as eluent
gaveN-Boc sulfoximinel53(1.32 g, 60%) as a yellow oRr(1:4 hexaneEtOAc) 0.24;

IR (ATR) 2975, 1654 (C=0), 1289, 1252, 1218, 1159, 913, 860 NMR (400 MHz,
CDCk) & -3%65 (n42H, €H), 3.323.22 (m, 2H SCH), 2.38.19 (m, 4H, CH), 1.50

(s, 9H, CMe); ®*C NMR (100.6 MHz,CDG) & 159 . 4 Ce&)S8Q(SCHB 0. 9
28.3 (QVle3), 23.7 (CH); MS (ESI)m/z 242 (M + NaJ; HRMS (ESI)m/z calcd for
CoH17NOsS (M + Naj 242.0821, found 240819 (+0.9 ppm error).

Lab book referencecH-1-57

tert-Butyl N-(1-oxo-1 athian-1-ylidene)carbamatel54

]

s
éOC

154
A solution of pentamethylene sulfidd51 (1.04 mL, 10.0 mmol, 1.0 eq.),
(diacetoxyiodo)benzene (8.05 g, 25.0 mn2of eq.) and ammonium carbamate (1.56 g,
20.0 mmol, 2.0 eq.) in MeOH (20 mL) was stirred at rt for 3 h. The solvent was evaporated
under reduced pressure to give the crude product. Purification by flash column
chromatography on silica with EtOAc and thén®EtOAcMeOH as eluent gave impure
sulfoximine152 (944 mg) as a yellow oil. A solution of potassitent-butoxide (1.03 g.
9.2 mmol, 1.3 eq.) in THF (18 mL) was added to a stirred solution of the impure
sulfoximine152 (940 mg, 7.0 mmol assumed, 1.0)éq.THF (22 mL) at O °C under Ar.
The resulting solution was stirred at 0 °C for 30 min. Then, a solution ofB&:09 g,
14.2 mmol, 2.0 eq.) in THF (33 mL) was added and the solution was stirred at 0 °C for 1
h. The solution was allowed to warm to ridastirred for 30 h. Saturated MEaq) (35
mL) was added and the two layers were separated. The agueous layer was extracted with
CHCl> (3 x 30 mL). The combined organic layers were dried (Mg$@d evaporated
under reduced pressure to give the crudedpct. Purification by flash column
chromatography on silica with 1:1 hexaB8Ac and then 1:4 hexait8@OAc as eluent
gaveN-Boc sulfoximinel54 (1.01 g, 43% over 2 steps) as a white solid, mg808C,;
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Rr(1:4 hexaneEtOAc) 0.34; IR (ATR) 2978, 2931, 2871658 (C=0), 1281, 1246, 1158,

960, 893, 867 crli *H NMR (400 MHz, CDCGJ) & —3349 (Bn72H, SCH), 3.3B.20

(m, 2H, SCH), 2.122.02 (m, 4H, SCkCH,), 1.74-1.60 (m, 2H, CH), 1.49 (s, 9H,

CMes); °C NMR (100.6 MHz,CDG) & 158 . 8 CM&)=5D.1 (SCHp, @8.35 (
(CMes), 23.8 (CH), 23.4 (CH); MS (ESI)m/z256 (M + Na); HRMS (ESI)m/zcalcd

for Ci1oH1oNOsS(M+Nay256. 0978, found 256.0979 (-0.

Lab book referencesH-1-59

1-(Methylimino) -1 athiolan-1-one155

()

//\N\

I
Me

155

A solution of tetramethylene sulfide66 (0.88 mL, 10.0 mmol, 1.0eq.),
(diacetoxyiodo)benzene (8.05 g, 25.0 mmol, 2.5 eq.) and ammonium carbamate (1.56 g,
20.0 mmol, 2.0 eq.) in MeOH (20 mL) was stirred at rt for 30 min. The solvent was
evaporated under reduced pressure to give the crude product. Purification byltlasi c
chromatography on silica with CBl> and then 9:1 CkCl-MeOH gave impure
sulfoximine23 (871 mg) as a yellow oil. A solution of paraformaldehyde (263 mg, 8.8
mmol, 1.2 eq.) and impure sulfoximi@8 (871 mg, 7.3 mmol assumed, 1.0 eq.) in formic
acid (10.95 mL) was stirred and heated at 120 °C for 36 h. The solution was allowed to
cool to rt and the solvent evaporated under reduced pressure. The residue was dissolved
in 2 M HoSQuag) (51.1 mL) and the aqueous layer was extracted withQBH3 x 30

mL). The aqueous layer was basified by the addition of 2 M NagQkhtil pH 12 was
reached. The aqueous mixture was extracted withOBH3 x 40 mL). The combined
organic layers were dried (MgQ0and evaporated under reduced pressure to give the
crude praluct. Purification by flash column chromatography on silica with EtOAc and
then 9:1 EtOAeMeOH as eluent gayd-Me sulfoximinel55(754 mg, 57%) as an amber

oil, R (9:1 EtOAcMeOH) 0.15; IR (ATR) 3398, 2944, 2802, 1224, 1147, 1100, 1074,
905, 847 cnt; 'H NMR (400 MHz CDCY) & -3313 (Zn42H, SCH), 3.6022.93 (m, 2H,

SCH), 2.83 (s, 3H, NMe), 2.32.10 (m, 4H, CH)**C NMR (100.6 MHz, CDG) &4 51 .
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(SCH), 30.8 (CH), 23.8 (CH); MS (ESI)m/z134 (M + H); HRMS (ESI)m/zcalcd for
CsH1iNOS (M + H) 134.0634, found 134.063%2.6 ppm error).

Lab book referencesH-1-65

1-(Methylimino) -1 athian-1-one 156

()

/7 \\

I
Me

156

A solution of pentamethylene sulfidd51 (1.04 mL, 10.0 mmol, 1.0 eq.),
(diacetoxyiodo)benzene (8.05 g, 25.0 mmol, 2.5 eq.) and ammonilancaie (1.56 g,

20.0 mmol, 2.0 eq.) in MeOH (20 mL) was stirred at rt for 3 h. The solvent was evaporated
under reduced pressure to give the crude product. Purification by flash column
chromatography on silica with EtOAc and then 190:9:1 Et®WOHNH4OHxq) as

eluent gave impure sulfoximind52 (1.11 g) as a yellow oil. A solution of
paraformaldehyde (301 mg, 10.0 mmol, 1.2 eq.) and the impure sulfoXis@{&.11 g,

8.4 mmol assumed, 1.0 eq.) in formic acid (12.5 mL) was stirred and heated at 120 °C for
36 h. The solution was allowed to cool to rt and the solvent evaporated under reduced
pressure. The residue was dissolved in 2 88®aq) (59 mL) and the aqueous layer was
extracted with CECl> (3 x 30 mL). The aqueous layer was basified by the addifi@n o

M NaOHaq until pH 12 was reached. The aqueous mixture was extracted wiBICH

(3 x 60 mL). The combined organic layers were dried (MgS@Dd evaporated under
reduced pressure. Purification by flash column chromatography on silica with EtOAc and
then 9:1 EtOAeMeOH as eluent gavd-Me sulfoximinel56 (741 mg, 50%) as a yellow

oil, RF(9:1 EtOAcMeOH) 0.17; IR (ATR) 2929, 2876, 2804, 1230, 1136, 1106, 867 cm
114 NMR (400 MHz, CDCJ) & —3306 (In52H, SCH), 3.64.96 (m, 2H, SCH), 2.80

(s, 3H, NMe) 2.08-1.93 (m, 4H, SCHKCH>), 1.72-1.54 (m, 2H, CH); *C NMR (100.6

MHz, CDCk) & 5 0), 28.6 (M2)C24.5 (Ch), 24.1 (CH); MS (ESI)m/z148 (M

+ H)"; HRMS (ESl)m/zcalcd for GHsNOS (M+H)Y 148 . 0791, found 14

ppm error).

Lab book réerence:GH-1-75-2
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[(1-oxo-1 athiolan-1-ylidene)amino]formonitrile 68

()

77\

|
CN

68

Potassiuntert-butoxide (2.24 g, 20 mmol, 2.0 eq.) and cyanamide (840 mg, 20 mmol,

2.0 eq.) were added sequentially to a stirred solution of tetratiyophene doxide 145

(0.90 mL, 10 mmol, 1.0 eq.) in water (100 mL) at rt. The resulting solution was stirred at

rt for 10 min.N-chlorosuccinimide (2.67 g, 20 mmol, 2.0 eq.) was added and the resulting
solution was stirred at rt for 2 h. GEl> (100 mL)and 20% NaOkq (50 mL) were added

and the two layers were separated. The aqueous layer was extracted ath(GK 50

mL). The combined organic layers were dried (MgSand evaporated under reduced
pressure to give the crude product. Purificatiofidsh column chromatography on silica

with 1:1 hexangetOAc and then 9:1 EtOAkbexane as eluent gaeCN sulfoximine68

(716 mg, 50%) as a white solid, mp-88 °C (lit3® 78-79 °C); Rr (EtOAc) 0.30; IR
(ATR) 3004, 2948, 2184 (1¢610%1,900 8174 833,6004 0 8,
539 cm’; *H NMR (400 MHz, CDCGJ) & -3349 Bn92H, SCH), 3.38.23 (m, 2H,

SCH), 2.452.26 (m, 4H, SChkCH,); ®*C NMR (100.6 MHz,CDG) & 112.5 ( C=1
(SCH), 23.6 (SCHCH2); MS (ESI) m/z145 (M + H); HRMS (ESI) m/z calcd for
CsHgN20S (M + H) 145.0430, found 145.0430 (0.0 ppm error). Spectroscopic data are

consistent with those reported in the literatifre.

Lab book referencesH-1-86-2

1-[(tert-Butyldiphenylsilyl)imino] -2-(hydroxydiphenylmethyl)-1 athiolan-1-one
cis-157

Ph
S /',%Ph

R\
TBDPS
cis-157

95



ChapterFour: Experimental

Using general procedure A-TBDPS sulfoximinel46(179 mg, 0.5 mmol, 1.0 eq);

BuLi (0.24 mL of a 2.3 M solution in hexanes, 0.55 mmol, dgl) and benzophenone
(0.25 mL of a 4 M solution in THF, 1.0 mmol, 2.0 eq.) in THF (5 mL) gave the crude
product. Purification by flash column chromatography on silica with hexane to 95:5
hexaneEtOAc as eluent gave alcohub-157 (228 mg, 84%) as a whisolid, mp 109

111 °C;Rer (8:2 hexaneEtOAc) 0.47; IR (ATR) 3437 (OH), 3072, 2930, 2855, 1299,
1109, 734, 700 ct 'H NMR (400 MHz, CDG) & —7774 (82H, Ph), 7.79.69

(m, 2H, Ph), 7.557.51 (m, 2H, Ph), 7.43.32 (m, 6H, Ph), 7.29.17 (m, 7H, Ph), 7.7

7.12 (m, 1H, Ph), 5.11 (s, 1H, COH), 4.32 (d¢,16.5, 7.5 Hz, 1H, SCH), 2.62.51 (m,

2H, SCH), 2.222.11 (m, 1H, CH), 2.041.91(m, 1H, CH), 1.931.72 (m, 2H, CH), 1.04

(s, 9H, CMe); 1*C NMR (100.6 MHz, CDG) & 1lpdo®h),645(4ipso-Ph), 136.1
(ipso-Ph), 135.83ipso-Ph), 135.77 (Ph), 135.74 (Ph), 129.4 (Ph), 129.3 (Ph), 128.42
(Ph), 128.38 (Ph), 127.8 (Ph), 127.6 (Ph);.B3Ph), 126.8 (Ph), 126.5 (Ph), 125.1 (Ph),
78.6 (COH), 70.9 (SCH), 57.8 (SGH 27.1 (QMes3), 27.0 (CH), 21.3 (CH), 19.3
(CMes3); MS (ESI)m/z540 (M + H); HRMS (ESIl)m/zcalcd for GsH3/NO.SSi (M +
H*540. 2387, found 540. 2 gredehenfistrati&1l5pwasn er r
assigned by Xay crystallography.

Crystal structure determination cg-157

Ca3H37/NO.SSi, M = 539.78, monoclinica = 10.37330(10),b = 17.0824(2) ¢ =
16.0625(2) Ap = 90.9500(10)°U = 2845.90(6) A T = 110.05(10) K, spacgroup P2

Z = 4,5(Mo-K g = 1.646 mrtt, 21242 reflection measured, 5437 unigRe: € 0.0246)
which were used in calculation. The final
data).

Lab book referencesH-1-33

LHMDS (0.55 mL of a 1 M solutiomihexanes, 0.55 mmol, 1.1 eq.) was added dropwise

to a stirred solution df-TBDPS sulfoximinel46(179 mg, 0.5 mmol, 1.0 eq.) in THF (5

mL ) at -78 °C wunder Ar . The °Cdos20Inini ng s
Benzophenone (0.25 mL of a 4 M solutiocn THF, 1.0 mmol, 2.0 eq.) was added
dropwi se and the r esul°@foraly The solutiort waalloweda s s
to warm to rt and then water (5 mL) was added. The two layers were separated and the

agueous layer was extracted with £ (3 x 20 mL). The combined organic layers were
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dried (MgSQ) and evaporated under reduced pressure to give the crude product.
Purification by flash column chromatography on silica with hexane and then 95:5 hexane
EtOAc as eluent gave the alcolod-157 (158 mg, 59%) as a white solid.

Lab book referenc&H-1-26

LHMDS (0.55 mL of a 1 M solution in hexanes, 0.55 mmol, 1.1 eq.) was added dropwise

to a stirred solution df-TBDPS sulfoximinel46(179 mg, 0.5 mmol, 1.0 eq.) in THF (5

mL ) at -78 °C under Ar. The °Cdos20Inini ng s
Benzophenone (0.25 mL of a 4 M solution in THF, 1.0 mmol, 2.0 eq.) was added
dropwise and the r esul°@forhhy The solutort waalloweda s s
to warm to rt and then water (5 mL) was added. The two layers were separated and the
agueous layer was extracted with £} (3 x 20 mL). The combined organic layers were

dried (MgSQ) and evaporated under reduced presdorgyive the crude product.
Purification by flash column chromatography on silica with hexane to 97:3 hexane
EtOAc as eluent gave the alcoloid-157 (143 mg, 53%) as a white solid.

Lab book referencesH-1-28

1-[(tert-Butyldiphenylsilyl)imino] -2-(hydroxydiphenylmethyl)-1 athian-1-onecis-
158

Using general procedure A-TBDPS sulfoximinel47 (186 mg, 0.5 mmol, 1.0 eq);

BuLi (0.22 mL of a 2.5 M solution in hexanes, 0.55 mmol, 1.1 eq.) and benzophenone
(0.25 mL of a 4 Msolution in THE 1.0 mmol, 2.0 eg.in THF (5 mL) gave the crude
product. Purification by flash column chromatography on silica with 95:5 hexeDac

and then 9:1 hexarietOAc as eluent gave alcohabk-158 (209 mg, 76%) as a white
solid, mp 9698 °C, Rr (8:2 hexaneEtOAc) 0.30; IR (ATR) 3274 (OH), 3065, 2931,
2857, 1255, 1139, 729, 701 ¢mtH NMR (400 MHz, CDCG)) & 7770 (f32H, Ph),
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7.69-7.66 (m, 2H, Ph), 7.5¢7.46 (m, 2H, Ph), 7.43.34 (m, 8H, Ph), 7.39.20 (m, 6H,

Ph), 7.12 (s, 1H, COH), 3.90 (d#i= 12.0, 2.0 Hz, 1H, SCH), 2.58.47 (m, 1H, SCH),
2.26-2.11 (m, 2H, CH), 1.9@1.61 (m, 4H, CH), 1.33L.22 (m, 1H, CH), 1.00 (s, 9H,

CMes); °C NMR (100.6 MHz, CDG) & Ipdo#h),842(1ipso-Ph), 136.3ipso-

Ph), 136.1 (Ph), 135.8 (Ph), 135ipso-Ph), 129.5 (Ph), 129.3 (Ph), 128.4 (Ph), 128.2
(Ph), 127.8 (Ph), 127.69 (Ph), 127.67 (Ph), 127.6 (Ph)51h), 127.2 (Ph), 81.5
(COH), 72.9 (SCH), 57.9 (SCl 28.1 (CH), 27.2 ((Mez), 25.9 (CH), 24.0 (CH), 19.2

(CMe3); MS (ESI)m/z554 (M + H)Y; HRMS (ESIl)m/zcalcd for GaHzgNO.SSi (M +
H¥*554. 2544, found 554. 2556 ( - 2f.cigls®wasn er r
assigned by Xay crystallography.

Crystal structure determination of-158

C34H39aNO.SS| M = 553.81 monoclinic, a = 20.0762(3) b = 10.90514(18),c =
81.5001(12R, b=93.6761(13), U =17806.4(5A3% T =110.05(10) K, space group £2

Z =24, ¢(Mo-K a ) 1.591mm?, 117774reflection measured31743 unique Rnt =

0.0499 which were used in calculation. The final R1 vie8729( | 22 c0) and WwR
0.2085(all data).

Lab book referencesH-1-36

1-[(tert-Butyldiphenylsilyl)imino] -2-(hydroxydiphenylmethyl)-1 athietan-1-one
cis-159and 1-[(tert-Butyldiphenylsilyl)imino] -2,4-bis(hydroxydiphenylmethyl)-1 a

thietan-1-onecis,cis160

Q,...?Ph Ph;h..,.o.,..gph
sw o oH HO  { OH
O N O N

| |
TBDPS TBDPS
cis-159 cis,cis-160

Using general procedure A-TBDPS sulfoximinel48 (172 mg, 0.5 mmol, 1.0 eq);

BuLi (0.24 mL of a 2.3 M solution in hexanes, 0.55 mmol, 1.1 eq.) and benzophenone
(0.25 mL of a 4 M solution in THF, 1.0 mmol, 2.0 eq.) in THF (5 mL) gave the crude
product which contained an 85:15 mixture @By NMR spectroscopy) of sulfoximines

cis-159 andcis,cis-160. Purification by flash column chromatography on silica with 95:5
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hexaneEtOAc as eluent gave an 85:15 mixture of sulfoximiciesl59 and cis,cis-160

(185 mg, 149 mg (57%) ais-159and 36 mg (10%) adis,cis160) as a white solidRr

(8:2 hexaneEtOAcC) 0.46; IR (ATR) 3459 (OH), 3068, 2930, 2856, 1449, 1427, 1333,
1186, 1153, 1110, 740, 700, 508, 502%chH NMR (400 MHz, CDCJ) & —7768 (9

3H, Ph), 7.687.59 (m, 2H, Ph), 7.5Z7.14 (m, 14H, Ph), 7.08.93 (m, 1H, Ph), 5.25
(dd,J=9.0, 9.0 Hz, 0.85H, SCH), 5.15 (dbk 10.0, 10.0 Hz, 0.3H, SCH), 5.03 (s, 0.85H,
COH), 4.82 (s, 0.3H, COH), 3.88.66 (m, 0.85H, SCH), 3.67 (dddi= 12.5, 10.5, 8.5

Hz, 0.85H, SCH), 2.92 (df,= 12.5, 9.5 Hz, 0.15H, CH) 2.48.34 (m, 0.85H, SCHB&),
1.84-1.70 (m, 1H, SCHE), 1.11 (s, 7.65H, Mes), 0.93 (s, 1.35H, Me3); °C NMR

(100.6 MHz, CDGE) &  Ipdo®h),445ipso-Ph), 143.95ipso-Ph), 143.85ipso

Ph), 135.53 (Ph), 135.51 (Ph), 135.46 (Ph), 135.44 (Ph), 129.5 (Ph), 128.5 (Ph), 128.4
(Ph), 127.78 (Ph), 127.73 (Ph), 127.2 (Ph), 126.6 (Ph), 126.0 (Ph), 125.56 (Ph), 125.45
(Ph), 86.4 $CH,cis-159), 83.7 (SCHcis,cis160), 78.7 (COHcis,cis160), 78.3 (COH,
cis-159), 65.8 (SCH, cis-159), 27.0 (QMe3, cis159), 26.7 (QVes, cis,cis160), 19.32
(CMeg, cis,cis-160), 19.29 CMes, cis-159), 13.9 (CH, cis,cis160), 10.2 (CH, cis-159
(somePh resonances not resolved); MS (E8I¥526 (M + HY HRMS (ESI)m/zcalcd

for CaoH3sNO.SSi (M + H) 526.2231, found 526.2223 (+1.5 ppm error), MS (E&R

730 (M + HY HRMS (ESI)m/z calcd for GsHssNOsSSi (M + H) 730.2782, found
730.2793 (—-1.6 ppm erasdi9andcisdisileé0wastassigned ¢ h e |

by analogy with related examples.

Lab book referencesH-2-59

1-[(tert-Butyldiphenylsilyl)imino] -2-[hydroxy(phenyl)methyl]-1 athiolan-1-one
cis,antt164 andcis,syrl164
H H
O@Ph OﬁrPh
SR S

WG W

| |
TBDPS TBDPS
cis,anti-164 cis,syn-164

Using general procedure A-TBDPS sulfoximinel46(179 mg, 0.50 mmol, 1.0 eqr);
BuLi (0.24 mL of a 2.3 M solution in hexanes, 0.55 mmol, 1.1 eq.) and benzaldehyde
(0.10 mL, 1.0 mmol, 2.0 eq.) in THB fnL) gave the crude product which contained an
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85:15 mixture (by'H NMR spectroscopy) of alcoholsis,anti164 and cis,syn164
Purification by flash column chromatography on silica with 95:5 and then 9:1 hexane
EtOAc as eluent gave alcohabk,anti164 (154 mg, 66%) as a white solid and alcohol
cis,syn164 (23 mg, 10%) as a white solithp 86-88 °C;Rr (8:2 hexaneEtOAc) 0.27;

IR (ATR) 3479 (OH), 3069, 2930, 2855, 1299, 1108, 731, 698 4hNMR (400 MHz,
CDCk) & ;=7.7B (nB 4H, Ph), 7.43.34 (m, &1, Ph), 7.287.16 (m, 3H, Ph), 7.00 (d,
J=7.0 Hz, 2H, Ph), 5.12 (s, 1H, PHOH), 3.98 (s, 1H, PhCH®), 3.01-2.88 (m, 3H,
SCH), 2.362.18 (m, 1H, CH), 2.122.02 (m, 1H, CH), 1.93..80 (m, 1H, CH), 1.74

1.65 (m, 1H, CH), 1.11 (s, 9H, CNe’*C NMR (100.6MHz, CDCk) & ; ipko#P@), 5 (
136.19 {pso-Ph), 136.15ipso-Ph), 135.70 (Ph), 135.66 (Ph), 129.51 (Ph), 129.46 (Ph),
128.4 (Ph), 127.81 (Ph), 127.78 (Ph), 127.4 (Ph), 125.6 (Ph), 70.1 (SCH), 68.6
(PRCHOH), 57.3 (SCH), 27.2 (Me3), 22.3 (CH), 20.9 (CH), 19.3 CMe3); MS (ESI)
m/z464 (M + HY; HRMS (ESI)m/zcalcd for GH3aNO2SSi (M + H) 464.2074, found
464.2079 ( —,dnp 8289 °L;R-(8&2rhexaneE}OAc) 0.20; IR (ATR) 3468
(OH), 3068, 2930, 2855, 1304, 1108, 700'chid NMR (400 MHz, CDCd) & 7774 8 0
(m, 4H, Ph), 7.467.35 (m, 6H, Ph), 7.35.29 (m, 3H, Ph), 7.29.25 (m, 2H, Ph), 4.89

(d, J=9.5 Hz, 1H, PEHOH), 4.07 (s, 1H, PhCH®), 3.19 (dddJ = 9.5, 9.5, 9.5 Hz,

1H, SCH), 2.952.77 (m, 2H, SCH), 2.62.94 (m, 1H, CH), 1.921..79 (m, 1H, CH),
1.78-1.68 (m, 1H, CH), 1.68L.55 (m, 1H, CH), 1.11 (s, 9H, CNe*C NMR (100.6
MHz, CDCk) o6  1pdo0Ph),3136(04ipso-Ph), 136.01ipso-Ph), 135.8 (Ph), 129.4
(Ph), 128.7 (Ph), 128.4 (Ph), 127.8 (Ph), 127.7 (Ph), 127.1 (Ph), 7&6(®), 70.5
(SCH), 56.2 (SCb), 27.2 (Me3), 27.0 (CH), 20.9 (CH), 19.3 CMe3) (two Ph
resonances not relved); MS (ESI)m/z 464 (M + H); HRMS (ESI) m/z calcd for
Co7H3sNO2SSi (M + H) 464.2074, found 464.2070 (+0.9 ppm error). The
stereochemistry afis,synl64was assigned by-xXay crystallography and that as,ant

164was assigned by analogy.
Crystalstructure determination afs,syn164

Co7H3aNOSIS M = 463.69 monoclinic, a = 14.6428(2) b = 11.09222(1Q) ¢ =
16.4498(2, b=113.4106(16), U = 2451.85(6)A%, T = 110.05(10) K, space group £2

Z = 4,5(Mo-K a ) 1.822mnrt, 18079reflection measured375unique Rnt = 0.0279

which were used in calculation. The final R1Wa3327( | 22 o) a nd89%d2 wa s
data).
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Labbook referenc&H-1-35

1-[(tert-Butyldiphenylsilyl)imino] -2-[hydroxy(phenyl)methyl]-1 athian-1-one

e (L,
S S

SW S W

O N OH O N OH
| |
TBDPS TBDPS

cis,anti-165 cis,syn-165

cis,antt165 andcis,syr165

Using general procedure N;TBDPS sulfoximinel47(186 mg, 0.50 mmol, 1.0 eqr);

BuLi (0.24 mL of a 2.3 M solution in hexanes, 0.55 mmol, 1.1 eq.) and benzaldehyde
(0.20 mL, 1.0 mmol, 2.0 eq.) in THF (5 mL) gave the crude product which contained an
85:15 mixture (by'H NMR spectroscopy) of alcoholsis,anti165 and cis,syn165.
Purification byflash column chromatography on silica with 95:5 and then 9:1 hexane
EtOAc as eluent gave an 85:15 mixture of diastereomeric alca@smnti165 and
cis,syn165(174 mg, 73%) as a white solig; (8:2 hexaneEtOAc) 0.31; IR (ATR) 3488
(OH), 3069, 2929, ZB, 1324, 1284, 1259, 1134, 1107, 732, 68BNMR (400 MHz,
CDCk) & —7778 (M94H, Ph), 7.42.30 (m, 9H, Ph), 7.2.30 (m, 2H, Ph), 5.89 (s,
0.85H, Ph®IOH), 5.34 (dJ = 9.0 Hz, 0.15H, PhBOH), 3.55 (s, 1H, PhCBH), 3.12-

3.06 (m, 0.15H, SCH), 2.88.77 (m, 1.7H, SCH), 2.72.67 (m, 0.85H, SCH), 2.58

2.50 (m, 0.15H, SCH), 2.42.39 (m, 0.15H, SCH), 2.2@.06 (m, 1H, CH), 2.05..91

(m, 1H, CH), 1.961.72 (m, 2H, CH), 1.741.65 (m, 1H, CH), 1.22.16 (m, 1H, CH),

1.13 (s, 7.65H, CMg 1.11 (s, 1.35H, Clés); *C NMR (100.6 MHz, CDG) for cis,anti-

1656 1 4ipsoRh), 136.47 ipso-Ph), 136.46 ipso-Ph), 135.69 (Ph), 135.62 (Ph),
129.4 (Ph), 128.4 (Ph), 127.73 (Ph), 127.70 (Ph), 127.48 (Ph), 125.90 (Ph), 70.2 (SCH),
67.8 (PICHOH), 57.6 (SCh), 27.3 (Mes), 24.4 (CH), 24.2 (CH), 21.9 (CH), 19.5
(CMe3) (one Ph resonance not resolved); MS (E®§478 (M + H)'; HRMS (ESI)m/z

calcd for GgH3sNOSSi (M + Hf 478 . 2231, found 478.2238
Diagnostic signals forissyn1656 7 3. 1 ( S GHQH), 55®(SAH), Z7B h
(CMe&s), 27.2 (CH), 24.03 (CH), 23.95 (CH), 19.2 CMes). The stereochemistry of

cis,synl65andcis,anti165was assigned by analogy with related examples.

Lab book referencesH-1-37
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2-Benzyl1-[(tert-butyldiphenylsilyl)imino] -1 athiolan-1-onecis-166

Using general procedure A-TBDPS sulfoximinel46 (358 mg, 1.0 mmol, 1.0 eq.);

BuLi (0.44 mL of a 2.5 M solution in-hexane, 1.1 mmol, 1.1 eq.) and benzyl bromide
(0.24 mL, 2.0 mmol, 2.0 eq.) in THF (10 mL) gave the crude product. Fafidgiic by
flash column chromatography on silica with hexane and then 95:5 h&t@ve as
eluent gave benzyl sulfoximings-166 (328 mg, 73%) as a white sesuvlid, Rr (9:1
hexaneEtOAc) 0.24; IR (ATR) 3073, 2929, 2855, 1307, 1153, 1108, 702 8thNMR

(400 MHz, CDC4) & 7771 B04H, Ph), 7.43.32 (m, 6H, Ph), 7.2g.17 (m, 3H,

Ph), 7.00 (dJ = 7.0 Hz, 2H, Ph), 3.12 (dd,= 14.0, 4.5 Hz, 1H, PhCH), 3.82.83 (m,

3H, SCH), 2.61 (ddJ = 14.0, 10.5 Hz, 1H, PhCH), 26892 (m, 2H, CH), 1.88L.67

(m, 2H, CH), 1.08 (s, 9H, CMg °C NMR (100.6 MHz, CDG) & 1p3o#h)3 (
136.56 {pso-Ph), 136.54ipso-Ph), 135.7 (Ph), 129.3 (Ph), 129.1 (Ph), 128.7 (Ph), 127.7
(Ph), 126.7 (Ph), 66.2 (SCH), 55.8 (S£.+83.8 (PhCH), 28.9 (CH), 27.2 (QMe3), 20.5
(CHy), 19.3 CMes) (three Ph resonances not resolved); MS (BS)448 (M + HY;
HRMS (ESI)m/zcalcd for G/H3sNOSSi(M+HY4 48 . 2125, found 448.

error). The stereochemistry ois-166was assigned by analogy with related examples.

Lab book eferenceGH-1-18

2-Benzyt1-[(tert-butyldiphenylsilyl)imino] -1 athian-1-onecis-168 and2,6-
Dibenzyl-1-[(tert-butyldiphenylsilyl)imino] -1 athian-1-onecis,cis169

S S
W W
(0] N 0] l}l
TBDPS TBDPS
cis-168 cis,cis-169
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Using general procedure A-TBDPS sulfoximinel47 (72 mg, 0.50 mmol, 1.0 eq.h-

BuLi (0.24 mL of a 2.3 M solution in hexanes, 0.55 mmol, 1.1 eq.) and benzyl bromide
(0.22 mL, 1.0 mmol, 2.0 eq) in THF (5 mL) gave the crude product which contained a
55:45 mixture (by!H NMR spectroscopy) of sulfoximinesis-168 and cis,cis-169.
Purification by flash column chromatography on silica with 95:5 he¥a@c as eluent
gave dibenzyl sulfoximineis,cis169(91 mg, 33%) as a clear di¥r(8:2 hexaneEtOAC)

0.56; IR (ATR) 3027, 2930, 2855, 1358, 1346, 1320, 12686,11506, 759, 739, 699,
614, 601, 491 crhy 'H NMR (400 MHz, CDG) & 7787 @n44H, Ph), 7.43.34 (m,

6H, Ph), 7.237.11 (m, 6H, Ph), 6.8%.78 (m, 4H, Ph), 3.42 (dd,= 13.0, 2.5 Hz, 2H,
PhCH), 2.962.83 (m, 2H, SCH), 2.51 (dd,= 13.0, 12.0 Hz, 2HPhCH), 1.761.59 (m,

5H, CH), 1.191.08 (m, 1H, CH), 1.12 (s, 9H, CMe’3C NMR (100.6 MHz, CDG) ;
137.7 (pso-Ph), 136.6ipso-Ph), 135.8 (Ph), 129.5 (Ph), 129.2 (Ph), 128.6 (Ph), 127.7
(Ph), 126.6 (Ph), 67.6 (SCH), 31.6 (§H29.0 (CH), 27.2 (Me3), 24.8 (CH), 20.0
(CMe3); MS (ESI)m/z552 (M + H)'; HRMS (ESI)m/zcalcd for GsH4iNOSSi (M + HY
552.2751, found 552.2750 (+0.2 ppm error) and benzy! sulfoxiosES8(72 mg, 31%)

as a clear 0iRR=(8:2 hexaneEtOAcC) 0.51; IR (ATR) 3068, 2929, 2851321, 1281, 1259,
1167, 1141, 1106, 820, 733, 698, 656, 602, 495, 462 4NMR (400 MHz, CDCJ)

0 T7-7.B4m, 4H, Ph), 7.43.33 (m, 6H, Ph), 7.3Z.17 (m, 3H, Ph), 7.05 (d,=7.0

Hz, 2H, Ph), 3.60 (dd] = 13.5, 2.5 Hz, 1H, PhCH), 2.98.75 (m, 2H, SCH), 2.72.54

(m, 1H, SCH), 2.55 (dd] = 13.5, 11.5 Hz, PhCH), 2.864.90 (m, 1H, CH), 1.9a..77

(m, 2H, CH), 1.7#1.62 (m, 2H, CH), 1.28..14 (m, 1H, CH), 1.11 (s, 9H, Ce!*C

NMR (100.6 MHz, CDGE) &  1pSoPh),436.02ipso-Ph), 136.90ipso-Ph), 135.75
(Ph), 135.72 (Ph), 129.5 (Ph), 129.2 (Ph), 128.7 (Ph), 127.6 (Ph), 126.7 (Phy®a)7 (
56.4 (SCH), 31.2 (PhCH), 28.5 (CH), 27.3 (QMe3), 24.6 (CH), 24.5 (CH), 19.5
(CMe3) (two Ph resonances not resolved); MS (E&B462 (M + H); HRMS (ESI)m/z

calcd for GgH3ssNOSSi (M + HY 46 2. 2281, found 462.2282
stereockmistry of ciss168 and cis,cis-169 was assigned by analogy with related

examples.

Lab book referencesH-1-96

1-[(tert-Butyldiphenylsilyl)imino] -2-methyl-1 athiolan-1-one cis-172 and 1-[(tert-
Butyldiphenylsilyl)imino] -2,5-dimethyl-1 athiolan-1-onecis,cis-173
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s” "Me Me" s "Me

W W
o] l}l (0] N
TBDPS TBDPS
cis-172 cis,cis-173

Using general procedure A-TBDPS sulfoximinel46 (358 mg, 1.0 mmol, 1.0 eq.);

BuLi (0.44 mL of a 2.5 M solution in hexanes, 1.1 mmol, 1.1 eq.) and dimethyl sulfate
(0.29 mL, 2.0 mmol, 2.0 eq.) in THF (10 mL)wgathe crude product which contained an
85:15 mixture (by'H NMR spectroscopy) of sulfoximinesis-172 and cis,cis173
Purification by flash column chromatography on silica with hexane and then 9:1 hexane
EtOAc as eluent gave dimethyl sulfoximiais,cis-173(28 mg, 7%) as a white solid, mp
49-51 °C;Rr (9:1 hexaneEtOAc) 0.5; IR (ATR) 3069, 2930, 2854, 1313, 1248, 1145,
1106, 702 cr; 'H NMR (400 MHz, CDG) & —7771 (f54H, Ph), 7.38.29 (m, 6H,

Ph), 2.932.81 (m, 2H, SCH), 2.64..98 (m, 2H, CH), B5-1.55 (m, 2H, CH), 1.09 (d,

= 7.0 Hz, 6H, CH¥le), 1.06 (s, 9H, CMg); 1°C NMR (100.6 MHz,CDG) & 137 . 6 (
136.9 {pso-Ph), 135.7 (Ph), 130.4 (Ph), 129.1 (Ph), 127.5 (Ph), 59.3 (SCH), 282}, (CH
27.2 (Me&3), 19.4 CMes), 12.7 (CHMe) (two Ph resonares not resolved); MS (ESt)/z

386 (M + HY HRMS (ESI)m/z calcd for G2H3iNOSSi (M + HY 386.1968, found
386.1968 (+0.1 ppm error) and methyl sulfoximesie172 (166 mg, 45%) as a white
solid, mp 6466 °C;Rr(9:1 hexaneEtOAc) 0.38; IR (ATR) 3069, 293®855, 1305,
1250, 1147, 1107, 701 ¢in'H NMR (400 MHz, CDCGJ) & —7771 (74H, Ph), 7.44

7.32 (m, 6H, Ph), 2.92.76 (m, 3H, SCH), 2.22.11 (m, 1H, CH), 2.08..97 (m, 1H,

CH), 1.921.79 (m, 1H, CH), 1.73L.61 (m, 1H, CH), 1.18 (dl = 7.0 Hz, 3H, CiVle),

1.07 (s, 9H, ®™e3); °C NMR (100.6 MHz, CDG) & 1liBs6Ph) 1I86.62ipso-Ph),
135.70 (Ph), 135.68 (Ph), 129.2 (Ph), 127.57 (Ph), 127.55 (Ph), 60.3 (SCH), 5428 (SCH
30.9 (CH), 27.2 (Me3), 20.5 (CH), 19.3 CMes), 12.3 (CHMe) (one Ph resonance not
resolved); MS (ESIm/z372 (M + H); HRMS (ESl)m/zcalkd for GiH2oNOSSi (M +
H"372.1812 found, 372.1819 (—-1.ci8l7pwasn er r
assigned by Xay crystallography and that ois,cis-173was assigned by analogy.

Crystal structure determination cf-172

Co1H2oNOSSj M = 371.6Q monoclinic,a = 11.22483(B8), b = 11.01708(15),c =
16.9162(2), b=103.5456(13), U =2033.75(5A%, T = 110.05(10) K, space group £2
Z = 4,5(Mo-K a ) 2.081 mm', 11190reflection measure®640unique Rnt = 0.0186)
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which were used in calculation. The finalR1was 0.02842(lc) and WwWR2 was
data).

Lab book referencecH-1-15

Using general procedure N;TBDPS sulfoximinel46(1.79 g, 5 mmol, 1.0 eq.);BulLi

(2.4 mL of a 2.3 M solution in hexanes, 5.5 mmol, 1.1 eq.) and methyl iodide (0.62 mL,
10 mmol, 2.0 eq.)n THF (5 mL) gave the crude product. Purification by flash column
chromatography on silica with hexane and then 9:1 hek#®éc as eluent gave
dimethyl sulfoximinecis,cis-173 (52 mg, 3%) as a white solid and methyl sulfoximine
cis-172(834 mg, 45%) as &hite solid.

Lab book referencecH-1-82

1-[(tert-Butyldiphenylsilyl)imino] -2-methyl-1 athiolan-1-onecis-172

Using general procedure Al-TBDPS sulfoximinel46 (179 mg, 0.5 mmol, 1.0 eq.);

BuLi (0.22 mL of a 2.5 M solution in hexanes, 0.55 mmol, 1.1 eqg.) and methyl iodide
(0.06 mL, 1.0 mmol, 2.0 eqin THF (5 mL) gave the crude product. Purification by flash
column chromatography on silica with hexane and then 9:1 hdxi@&c as eluent gave

methyl sulfoximinecis-172 (109 mg, 56%) as a white solid.

Lab book referencesH-1-46

1-[(tert-Butyldiphenylsilyl)imino] -2,5-dimethyl-1 athiolan-1-onecis,cis-173

n-BuLi (0.54 mL of a 2.3 M solution in hexanes, 1.25 mmol, 2.5 eq.) was added dropwise
to a stirred solution of thd-TBDPS sulfoximinegl46(179 mg, 0.5 mmol, 1.0 eq.) in THF

(5 mL) at 78 °C under A The resulting solution was stirred a8 °C for 20 min. Then,
methyl iodide (0.12 mL, 2.0 mmol, 4.0 eq) was added dropwise. The resulting solution
was stirred at 78°C for 1 h and then allowed to warm to rt. Water (5 mL) was added and
the two layers wre separated. The aqueous layer was extracted wiBI£d x 30 mL).

The combined organic layers were dried (Mgs&hd evaporated under reduced pressure

to give the crude product. Purification by flash column chromatography on silica with
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95:5 hexandetOAc as eluent gave dimethyl sulfoximinis,cis-173(148 mg, 74%) as a
white solid,Rr(8:2 hexaneEtOAc) 0.40.

Lab book referencecH-2-43

1-[(tert-Butyldiphenylsilyl)imino] -2-methyl-1 athian-1-one cis174 and 1-[(tert-
Butyldiphenylsilyl)imino] -2,6-dimethyl-1 athian-1-onecis,cis175

S\ W
0] N 0] l}l
TBDPS TBDPS
cis-174 cis,cis-175

Using general procedure A-TBDPS sulfoximinel47 (186 mg, 0.5 mmol, 1.0 eq.);

BuLi (0.22 mL of a 2.5 M solution in hexanes, 0.55 mmol, 1.1 eqg.) and methyl iodide
(0.06 mL, 1.0 mmol, 2.0 eq.) in THF (5 mL) gave the crude product which contained an
80:20 mixture (by'H NMR spectroscopypf sulfoximinescis-174 and cis,cis-175.
Purification by flash column chromatography on silica with 95:5 he¥a@&c as eluent
gave dimethyl sulfoximineis,cis175(24 mg, 12%) as a white solid, mp 846 °C;Rr

(8:2 hexaneEtOAcC) 0.53; IR (ATR) 3069, 2931, 2855, 1329, 1280, 1107, 1181, 1154,
702 cmt; 'H NMR (400 MHz CDG) & —7774 @104H, Ph), 7.39.30 (m, 6H, Ph),
2.872.73 (m, 2H, SCH), 1.84.69 (m, 5H, CH), 1.49.37 (m, 1H, CH), 1.10 (dl =

7.0 Hz, 6H, CHle), 1.04 (s, 9H, ®les); 1°C NMR (100.6 MHz, CDG) & 1p806 . 9 (
Ph), 135.8 (Ph) 120 (Ph), 127.4 (Ph), 61.2 (SCH), 32.9 (I27.3 ((Me3), 25.3 (CH),

19.8 CMe3), 12.1 (CHMe); MS (ESI)m/z400 (M + H); HRMS (ESI)m/z calcd for
Co3H3aNOSSi (M + HY 400.2131 found400.2131 (+0.1 ppm error) and methyl
sulfoximine cis-174 (90 mg, 47%) & a white solid, mp 15860 °C;Rr (8:2 hexane
EtOAc) 0.44; IR (ATR) 3069, 2931, 2855, 1329, 1280, 1107, 1181, 1154, 7§2tdm
NMR (400 MHz, CDG) & —7771 (m9%4H, Ph), 7.4¢.30 (m, 6H, Ph), 2.82.71 (m,

2H, SCH), 2.682.58 (m, 1H, SCH), 2.64L.70 (m, 5H, CH), 1.441.30 (m, 1H, CH),

1.28 (d,J = 7.0 Hz, 3H, Ch¥le), 1.06 (s, 9H, ®les); *C NMR (100.6 MHz, CDG) &
137.1 {pso-Ph), 137.0ipso-Ph, 135.74 (Ph), 135.70 (Ph), 129.08 (Ph), 129.06 (Ph),
127.50 (Ph), 127.48 (Ph), 60.5 (SCH), 55.9 (9¢BR.2 (CH), 27.3 (Mes3), 24.8 (CH),

24.6 (CH), 19.5 CMe3), 11.8 (CHMe); MS (ESI)m/z386 (M + H); HRMS (ESI)m/z

calcd for G2H3iNOSSi (M + H) 386.1968, found 38 . 1975 (-1.6 ppm
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stereochemistry afis,cis175was assigned by-Xay crystallography and that ois-174

wasassigned by analogy.
Crystal structure determination @g,cis175

C23H33NOSSI, M = 399.65, monoclinica = 12.32310(10),b = 10.6748(10), ¢ =
16.70490(10) Ap = 98.4940(10), U = 2173.27(3)A3, T = 110.®M(10) K, space group

P2, Z =4, ¢(Mo-K a ) 1.984 mm?, 20529reflection measured}167 unique Rint =

0.01669 which were used in calculation. The final R1 vie8374( | 22 c) wasd WwR
0.0973(all data).

Lab book referencesH-1-55

Using general procedure A-TBDPS sulfoximinel47 (186 mg, 0.5 mmol, 1.0 eq.);

BuLi (0.22 mL of a 2.5 M solution in hexanes, 0.55 mmol, 1.1 eq.) and dimethyl sulfate
(0.1 mL, 1.0 mmol, 2.0 eq.) in TH® mL) gave the crude product which contained an
85:15 mixture (by'H NMR spectroscopy) of sulfoximinesis-174 and cis,cis-175.
Purification by flash column chromatography on silica with 9:1 heXs@Ac as eluent
gave dimethyl sulfoximinecis,cis175 (18 mg, 9%) as a white solid and methyl

sulfoximinecis-174 (101 mg, 52%) as a white solid.

Lab book referencesH-1-24

n-BuLi (0.54 mL of a 2.3 M solution in hexanes, 1.25 mmol, 2.5 eq.) was added dropwise
to a stirred solution df-TBDPS sulfoximinel47(186 mg, 0.5 mmol, 1.0 eq.) in THF (5

mL) at 78 °C under Ar. The resulting solution was stirred & °C for 20 min. Then,
methyl iodide(0.12 mL, 2.0 mmol, 4.0 eq) was added dropwise. The resulting solution
was stirred at 78°C for 1 h and then allowed to warm to rt. Then water (5 mL) was added
and the two layers were separated. The agueous layer was extracted y@th @k 30

mL). The combined organic layers were dried (MgSé&nd evaporated under reduced
pressure to give the crude product which contained an 85:15 mixturtH(INMR
spectroscpy) of sulfoximinescis,cis175 and cis-174. Purification by flash column

chromatography on silica with 95:5 hexaB#Ac as eluent gave dimethyl sulfoximine
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cis,Cis175(108 mg, 54%) as a white solid and methyl sulfoxinuisel 74 (21 mg, 11%)

as a whitesolid.

Lab book reference&sH-2-44

1-[(tert-Butyldiphenylsilyl)imino] -2-(trimethylsilyl) -1 athiolan-1-onecis-176

()

s”""SiMe,
R\
O N

I
TBDPS
cis-176

Using general procedure N;TBDPS sulfoximinel46(179 mg, 0.50 mmol, 1.0 eqr);

BuLi (0.24 mL of a 2.3V solution in hexanes, 0.55 mmol, 1.1 eq.) and TMSCI (0.13 mL,

1.0 mmol, 2.0 eq) gave the crude product. Purification by flash column chromatography
on silica with 9:1 and then 8:2 hexaB8OAc as eluent gave silyl sulfoximires-176

(170 mg, 79%) as aeadr oil,R-(9:1 hexaneEtOAc) 0.50; IR (ATR) 3069, 3048, 2955,

2893, 2855, 1427, 1300, 1248, 1140, 1108, 845, 821, 738, 702, 605, $0tHcNMR

(400 MHz, CDC) & —7771 (mB4H, Ph), 7.4%.31 (m, 6H, Ph), 2.6€.53 (m, 2H,

SCH), 2.42 (ddJ = 12.0, 7.5 Hz, 1H, SCH), 2.48.02 (m, 2H, CH), 2.04L.78 (m, 2H,

CH), 1.07 (s, 9H, CM#, 0.22 (s, 9H, SiMg; 1°C NMR (100.6 MHz, CDG) & 136 . ¢
(ipso-Ph), 136.5ipso-Ph), 135.9 (Ph), 135.8 (Ph), 129.16 (Ph), 129.11 (Ph), 127.58 (Ph),
127.55 (Ph), 57.1 (SCH), 56.5 (SgH27.2 (QMe3), 26.1 (ChH), 24.8 (CH), 19.4

(CMey) -1.39 MY &8IMez 430 (M + H); HRMS (ESI) m/z calcd for
CosH3sNOSSp (M + H)" 430.2051, é und 430.2052 (-0.3 p
stereochemistry of silyl sulfoximineis-176 was assigned by analogy with related

examples.

Lab book referencesH-2-25

N-Methoxy-N-methylbenzamide136
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EtN (3 mL, 21.3 mmol, 1.0 eq.) as added to a stirred solution &,O-
dimethylhydroxylamine hydrochloride (694 mg, 7.11 mmol, 1.0 eq.) isGEH20 mL)

at rt under Ar. The resulting solution was cooled to 0 °C. Then, benzoyl chibfile

(0.83 mL, 7.11 mmol, 1.0 eq.) was added. Theltesusolution was allowed to warm to

rt and stirred at rt for 2 h. Saturated MHaq) (20 mL) and saturated NaHG&;) (20 mL)

were added. The two layers were separated and the aqueous layer was extracted with
CHCl> (3 x 50 mL). Thecombined organic layrs were dried (MgS£) and evaporated

under reduced pressure to give the crude product. Purification by flash column
chromatography on silica with 4:1 and then 1:1 hexat@Ac as eluent gave Weinreb
amidel36 (869 mg, 74%) as a yellow oRr(4:1 hexaneEtOAc) 0.21; IR (ATR) 2970,

2936, 1636 (C=0), 1447, 1413, 1377, 977, 703:¢td NMR (400 MHz, CDCJ) & -7 . 69
7.64 (m, 2H, Ph), 7.48.37 (m, 3H, Ph), 3.55 (s, 3H, OMe), 3.36 (s, 3H, NNf&§;NMR

(100.6 MHz,CDGE) & 170. 1 ips€RhI30.7 (RH3, 428.2 (Plf), 128.1 (Ph),
61.2 (OMe), 33.3 (NMe); MS (ESIn/z166 (M + H); HRMS (ESI)m/z calcd br
CoH11NO2 (M + H)" 166.0863, found 166.0862 (+0.6 ppm error). Spectroscopic data are

consistent with those reported in the literafiire.

Lab book referencesH-1-1

N-Methoxy-N-methylpyridine -3-carboxamide 179

179

EtN (6.27 mL, 45 mmol, 3.0 eq.) was added to a stirred solutionN,GF
dimethylhydroxylamine hydrochloride (1.46 g, 1&nol, 1.0 eq.) in CkCl> (20 mL) at

rt under Ar. The resulting solution was cooled to 0 °C. Then, nicotinoyl chloride
hydrochloridel78 (2.67 g, 15.0 mmol, 1.0 eqg.) was added. The resulting solution was
allowed to warm to rt and stirred at rt for 16 htusated NHClaq) (40 mL) and saturated
NaHCQG ) (40 mL) were added. The two layers were separated and the agueous layer
was extracted with CKL (3 x 100 mL). Thecombined organic layers were dried
(MgSQy) and evaporated under reduced pressure totlge/erude product. Purification

by flash column chromatography on silica with EtOAc as eluent gave Weinreb Brlide
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(1.42 g, 57%) as a clear ditr (EtOACc) 0.19; IR (ATR) 2934, 1642 (C=0), 1590, 1414,

1383, 979, 728 cih) 'H NMR (400 MHz, CDCJ) & BJ=92® HZ%, 1H, Ar), 8.69

(dd,J = 1.5, 5.0 Hz, 1H, Ar), 8.68.00 (m, 1H, Ar), 7.36 (dd] = 8.0, 5.0 Hz, 1H, Ar),

3.56 (s, 3H, OMe), 3.40 (s, 3H, NMeéfC NMR (100.6 MHz,CDG) & 167. 6 ( C
151.6 (Ar), 149.5 (Ar), 136.3 (Ar), 130.0 (Ar), 123.1 JAB1.4 (OMe), 33.3 (NMe); MS
(ESI)m/z167 (M + H)'; HRMS (ESI)m/zcalcd for GH10N20> (M + H)" 167.0815, found
167.0820 (-2.7 ppm error). Spectroscopic

literature’*

Lab book referencecH-1-78-2

2-Benzoyl1-[(tert-butyldiphenylsilyl)imino] -1 athiolan-1-onecis-180and trans-180

., _Ph Ph
e SOy
SAe S Ae
O N O N

I I
TBDPS TBDPS
cis-180 trans-180

Using general procedure Al-TBDPS sulfoximinel46 (1.86 g, 5.2 mmol, 1.0 eq.);

BuLi (2.49 mL of a 2.3 M solution in hexanes, 5.72 mmol, 1.1 eq.) andrékeiamide

136 (1.03 mL, 6.76 mmol, 1.3 eq.) in THF (50 mL) gave the crude product which
contained a 75:25 mixture (341 NMR spectroscopy) of ketsulfoximinescis-180and
trans-180. Purification by flash column chromatography on silica with 97:3 and3ten
hexaneEtOAc as eluent gave ketmulfoximinecis-180 (1.43 g, 60%) as a white solid,

mp 1206-122 °C,Rr(6:4 hexaneEtOAc) 0.60; IR (ATR) 3068, 2929, 2855, 1683 (C=0),
1299, 1153, 1108, 734, 702 ¢ptH NMR (400 MHz, CDCJ) & —7/0 (@n42H, Ph),
7.80-7.76 (m, 2H, Ph), 7.7%.70 (m, 2H, Ph), 7.5¢.50 (m, 1H, Ph), 7.4§.32 (m, 8H,

Ph), 4.73 (ddJ = 8.0, 6.0 Hz, 1H, SCH), 3.62.92 (m, 1H, CH), 2.872.79 (m, 1H, CH),
2.76-2.65 (m, 1H, CH), 2.38.25 (m, 1H, CH), 2.22.06 (m, 2H, CH), 1.08 (s, 9H,
CMes); ®°C NMR (100.6 MHz,CDG) & 19 1. 9 ipsGPhD)135.9ik@Ph), 9 (
135.8 (Ph), 135.7 (Ph), 133.7 (Ph), 129.5 (Ph), 129.4 (Ph), 128.7 (Ph), 127.81 (Ph), 127.77
(Ph), 69.1 (SCH), 56.5 (SCH 27.2 ((Mes), 26.0 (CH), 21.5 (CH), 19.5 CMes) (two

Ph resonances not resolved); MS (E®QIz462 (M + H); HRMS (ESIl)m/zcalcd for
Co7HaiNOSSi (M + H 462 . 1918, found 462.1924 (-1
sulfoximinetrans-180(470 mg, 20%) as a white solid, mp 124 °C,R-(6:4 hexane
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EtOAc) 0.53; IR (ATR) 3069, 2955, 2930, 1684 (C=0), 1307, 1255, 1217, 1175, 1157,
1109, 702, 690, 501 ctn'H NMR (400 MHz, CDC) & —8815 (m92H, Ph), 7.62

7.56 (m, 1H, Ph), 7.5Z7.44 (m, 6H, Ph), 7.37.22 (m, 6H, Ph), 4.97 (dd,= 7.5, 7.5

Hz, 1H, SCH), 2.832.73 (m, 1H, CH), 2.72.65 (m, 1H, CH), 2.55 (ddd= 12.5, 10.0,

7.0 Hz, 1H, SCH), 2.32.17 (m, 2H, CH), 2.12.06 (m, 1H, CH), 0.75 (s, 9H \NG);

13C NMR (100.6 MHz,CDG) & 191. 6 ipsGrh135.70ipsdFPh),185.43

(Ph), 135.59 (Ph), 133.8 (Ph), 129.6 (Ph), 129.2 (Ph), 128.8 (Ph), 127.53 (Ph), 127.46
(Ph), 68.6 (SCH), 56.4 (SCH 26.8 ((Mes), 25.8 (CH), 21.9 (CH), 19.1 CMes) (two

Ph resonances not resolved); MS (E@Ig462 (M + H); HRMS (ESI)m/zcalcd for
Co7H3iNOSSi (M + HY 462. 1918, found 462.1923
stereochemistry of ketsulfoximinescis-180 and trans180 was assigned by analogy

with related examples.

Lab book referencecH-2-31

Using general procedure N;TBDPS sulfoximinel46(326 mg, 0.91 mmol, 0.eq.),n-

BuLi (0.40 mL of a 2.5 M solution in hexanes, 1.0 mmol, 1.1 eq.) and Weinreb amide
136 (0.28 mL, 1.82 mmol, 2.0 eq) in THF (10 mL) gave the crude product which
contained a 55:45 mixture (341 NMR spectroscopy) of ketsulfoximinescis-180and
trans180. Purification by flash column chromatography on silica with hexane and then
9:1 hexaneetOAc as eluent gave kesulfoximine cis-180 (185 mg, 40%) as a white

solid and ketesulfoximinetrans-180(147 mg, 32%) as a white solid.

Lab book referencesH-1-12

2-Benzoyl1-[(tert-butyldiphenylsilyl)imino] -1 athian-1-onecis-181and trans-181

Q’/,

Ph Ph
S 3
RS\ RS\
O N o O N o
TBDPS TBDPS
cis-181 trans-181

Using general procedure A-TBDPS sulfoximinel47(2.02 g, 5.44 mmol, 1.0 eq;
BuLi (2.60 mL of a 2.3 M solution in hexanes99 mmol, 1.1 eq.) and Weinreb amide
136 (1.08 mL, 7.07 mmol, 1.3 eq.) in THF (50 mL) gave the crude product which

contained a 75:25 mixture (B4 NMR spectroscopy) of keto sulfoximineis-181 and
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trans 181 Purification by flash column chromatographysilica with 95:5 and then 9:1
hexaneEtOAc as eluent gave ketulfoximinecis-181(1.48 g, 57%) as a white solid,

mp 146-142 °C,Rr (6:4 hexaneEtOAc) 0.63; IR (ATR) 3069, 2929, 2855, 1677 (C=0),
1448, 1427, 1283, 1142, 1108, 909, 821, 729, 699, 685,58&.cm’; *H NMR (400

MHz, CDCk) & -7773 @nD4H, Ph), 7.59.54 (m, 2H, Ph), 7.54.49 (m, 1H, Ph),
7.46-7.31 (m, 8H, Ph), 4.581.50 (m, 1H, SCH), 3.568.39 (m, 1H, SCH), 2.92.82 (m,

1H, SCH), 2.322.05 (m, 4H, CH), 2.051.91 (m, 1H, CH), 1.62L.51 (m, 1H, CH), 1.06

(s, 9H, CMe); 13C NMR (100.6 MHz, CDG) & 194 . 3 (pSoPD))136.7136. 7
(ipso-Ph), 136.53ipso-Ph), 135.87 (Ph), 135.83 (Ph), 133.6 (Ph), 129.3 (Ph), 128.9 (Ph),
128.6 (Ph), 127.7 (Ph), 66.4 (SCH), 54.7 (S¢H8.3 (CH), 27.3 ((Me3), 25.0 (CH),

20.5 (CH), 19.3 CMes) (two Ph resonances not resolved); MS (E&B476 (M + HY;

HRMS (ESI)m/zcalcd for GsH3zsNO,SSi(M+HY4 76 . 2074, found 476.
error) and ketesulfoximinetrans-181 (423 mg, 16%) as a white sl 136-138 °C,Rr

(6:4 hexaneEtOAc) 0.55; IR (ATR) 3069, 2929, 2855, 1679 (C=0), 1321, 1304, 1288,
1141, 1108, 821, 731, 701, 603, 503'¢AH NMR (400 MHz,CDCJ) & 7J=88 ( d,
Hz, 2H, Ph), 7.62 (d] = 7.0 Hz, 2H, Ph), 7.59.53 (m, 3H, Ph), 7.4.39 (m, 2H, Ph),
7.35-7.29 (m, 2H, Ph), 7.28.23 (m, 4H, Ph), 4.88..78 (m, 1H, SCH), 3.32 (ddd,=

13.5, 8.5, 5.0 Hz, 1H, SCH), 2:8069 (m, 1H, SCH), 2.42.21 (m, 2H, CH), 2.03..84

(m, 3H, CH), 1.591.48 (m, 1H, CH), 0.93 (s, 9H, CN)e'*C NMR (100.6 MHz, CDCJ)

6 193. 7 ( Qpsac)), 13616%60:PIB), 136.3 ipso-Ph), 135.70 (Ph), 135.67

(Ph), 133.7 (Ph), 129.2 (Ph), 129.05 (Ph), 129.02 (Ph), 128.7 (Ph), 127.4 (Ph), 67.6
(SCH), 55.1 (SCh), 28.2 (CH), 27.1 ((Mes), 24.4 (CH), 20.4 (CH), 19.3 CMes) (one

Ph resonance not resolved); MS (EBIz476 (M + H); HRMS (ESIl)m/zcalcd for
CogH3aNOSSi (M + HY 476. 2074, found 476.2083 (
stereochemistry of ketsulfoximinescis-181 and trans181 was assigned by analogy

with related examples

Lab book referencesH-2-46

1-[(tert-Butyldiphenylsilyl)imino] -2-(pyridine -3-carbonyl)-1 athiolan-1-onecis-183
and 1-[(tert-Butyldiphenylsilyl)imino] -2-[1-(pyridin -3-yl)ethenyl]-5-(pyridine -3-
carbonyl)-1 athiolan-1-onetrans,cis184
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( )’/,' NN N N\ ‘1, NN N
:~S\\ | :~S\\ |
oN O O ognND©

| |
TBDPS TBDPS
cis-183 trans,cis-184

Using general procedure A-TBDPS sulfoximinel46(1.00 g, 2.80 mmol, 1.0 eq;

BuLi (1.34 mL of a 2.3 M solution in hexanes, 3.08 mmol, 1.1 eq.) and Weinreb amide
179 (0.85 mL, 5.60 mmol, 2.0 eq.) in THF (28 mL) gave the crude prodhath
contained an 85:15 mixture (B4 NMR spectroscopy) of ketsulfoximinescis-183and
trans,cis184 Purification by flash column chromatography on silica with 8:2 and then

1:1 hexaneEtOAc as eluent gave kestulfoximine cis-183 (920 mg, 71%) as a \itb

solid, mp 128130 °C;Rr(1:1 hexaneEtOAc) 0.29; IR (ATR) 2930, 2856, 1688 (C=0),

1586, 1427, 1298, 1255, 1172, 1158, 1108, 869, 729, 700, 604, 500, 488HNMR

(400 MHz, CDC¥) & 9J.=2.@Hz(1d#,Ar), 8.77 (ddl=5.0, 2.0 Hz, 1H, Ar)8.39
(ddd,J=8.0, 2.0, 2.0 Hz, 1H, Ar), 7.53.49 (m, 2H, Ar), 7.497.44 (m, 2H, Ar), 7.4%

7.32 (m, 3H, Ar), 7.327.25 (m, 4H, Ar), 4.92 (ddl = 7.5, 7.5 Hz, 1H, SCH), 2.83.67

(m, 2H, SCH, CH), 2.59 (ddd,= 12.5, 10.0, 7.0 Hz, 1H, SCH), 2:=2207 (m 3H, CH),

0.77 (s, 9H, CM$; 3*C NMR (100.6 MHz, CDG) & 190. 9 ( C=0), 15
(Ar), 136.6 (Ar), 135.5 (Ar), 135.4 (Ar), 135.3%$0-Ar), 135.28 {psc-Ar), 132.4 (pso

Ar), 129.32 (Ar), 129.29 (Ar), 127.56 (Ar), 127.53 (Ar), 123.6 (Ar), 69.0 (SCH), 56.5
(SCHy), 26.7 (OVe3), 25.5 (CH), 21.8 (CH), 19.1 CMes); MS (ESI)m/z463 (M + HY';

HRMS (ESI)m/zcalcd for GeHsoN20.SSi (M + Hf 4 6 3. 1870, found 46
ppm error) and ketgulfoximinetrans,cis184(96 mg, 6%) as a white solid, mp 224

°C; Rr (1:1 hexaneéEtOAcC) 0.17; IR (ATR) 2961, 285 1683 (C=0), 1585, 1420, 1317,

1236, 1164, 1109, 909, 820, 729, 698, 500 ctH NMR (400 MHz, CDG) & 9. 29
J=2.0Hz, 1H, Ar), 8.81 (ddl= 4.5, 1.0 Hz, 1H, Ar), 8.71 (d,= 2.0 Hz, 1H, Ar), 8.68

8.64 (m, 1H, Ar), 8.398.35 (m, 1H, Ar), 7.6%47.62 (m, 2H, Ar), 7.54 (d) = 7.0 Hz, 2H,

Ar), 7.46-7.35 (m, 6H, Ar), 7.387.24 (m, 2H, Ar), 7.08 (dd] = 8.0, 5.0 Hz, 1H, Ar),

5.10 (dd,J = 8.0, 8.0 Hz, 1H, SCH), 4.54 (ddi= 8.0, 3.5 Hz, 1H, SCH), 3.42.98 (m,

1H, CH), 2.742.55 (m, 2H, CH), 2.48.35 (m, 1H, CH), 0.81 (s, 9H, CMg °C NMR

(1006 MHz,CDE) o6 192.2 (C=0), 189.2 (C=0), 15
150.1 (Ar), 136.9 (Ar), 136.2 (Ar), 135.61 (Ar), 135.52 (Ar), 135p8¢-Ar), 134.4 (pso

Ar), 131.7 {pso-Ar), 129.86 (Ar), 129.76 (Ar), 127.95 (Ar), 127.87 (Ar), 123.6 (Ar),

123.4 (Ar), ®.4 (SCH), 68.9 (SCH), 26.7 (&3), 23.6 (CH), 23.3 (CH), 19.3 CMes)
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(oneipso-Ar resonance not resolved); MS (E®h)z568 (M + H); HRMS (ESI)m/z
calcd for GoH3aNsOsSSi (M + HY 56 8. 2085, found 568. 2096
stereochemistry of ketsulfoximinescis-183andtrans,cis184was assigned by analogy

with related examples.

Lab book referencesH-2-10

N-tert-Butyl-1-[(tert-butyldiphenylsilyl)imino] -1-oxo-1 athiolane-2-carboxamide
cis-187and trans-187

o N 0 O N O
TBDPS TBDPS
cis-187 trans-187

Using general procedure A-TBDPS sulfoximinel46(179 mg, 0.50 mmol, 1.0 eqr);

BuLi (0.24 mL of a 2.3 M solution in hexanes, 0.55 mmol, 1.1 eq.) tartebutyl
isocyanate (0.11 mL, 1.0 mmol, 2.0 eq) gave the crude product which contained a 45:55
mixture Py *H NMR spectroscopy) of diastereomeric amido sulfoximiciesl87 and
trans-187. Purification by flash column chromatography on silica with 95:5 and then 9:1
hexaneEtOAc as eluent gave amido sulfoximih87a (65 mg, 29%) as a clear oR-

(1:1 hexaneEtOAc) 0.60; IR (ATR) 3355 (NH), 3070, 2962, 2856, 1685 (C=0), 1518,
1454, 1427, 1390, 1362, 1302, 1225, 1159, 1109, 821, 737, 702, 805, 50MdMMR

(400 MHz, CDC4) & 7771 (mp4H, Ph), 7.43.34 (m, 6H, Ph), 5.87 (s, 1H, NH),

3.29 (dd,J = 8.0,8.0 Hz, 1H, SCH), 2.98.79 (m, 2H, SCH), 2.42.33 (m, 1H, CH),
2.24-2.10 (m, 2H, CH), 2.062..89 (m, 1H, CH), 1.28 (s, 9H, NCN)e 1.08 (s, 9H,
SiCMes); ®*C NMR (100.6 MHz,CDG) & 163. 9 (pSoPK),)135.83i(B®d . 8 5 |
Ph), 135.69 (Ph), 135.68 (PH)29.6 (Ph), 127.8 (Ph), 68.6 (SCH), 55.3 (S¢H2.0

(NCMe3), 28.7 (NVe3), 27.2 (SiMMes), 25.5 (CH), 20.2 (CH), 19.3 (SCMe3) (two Ph

signals not resolved); MS (ESk/z 457 (M + H); HRMS (ESI) m/z calcd for
C2sH3eN20.SSi (M + H) 457.2340, found 6. 2343 (-0.8 ppm err
sulfoximine 187 (90 mg, 39%) as a clear o= (1:1 hexaneEtOAc) 0.43; IR (ATR)

3348 (NH), 2962, 2931, 2856, 1678 (C=0), 1545, 1360, 1298, 1253, 1104, 821, 732, 702,
604, 501, 489 crii *H NMR (400 MHz, CDCJ) & —7772 (m84H, Ph), 7.4%7.31 (m,

6H, Ph), 6.09 (s, 1H, NH), 3.68.50 (m, 1H, SCH), 2.72.66 (m, 2H, SCH), 2.52.41
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(m, 1H, CH), 2.352.23 (m, 1H, CH), 2.161.92 (m, 2H, CH), 1.19 (s, 9H, NCN)e1.08

(s, 9H, SiCMe); 1*C NMR (100.6 MHz, CDG) & 1 6 ¥ 13%.90@&PI9), 135.85
(Ph), 135.74 (Ph), 135.6860-Ph), 129.4 (Ph), 129.3 (Ph), 127.7 (Ph), 69.0 (SCH), 54.4
(SCH), 52.0 (NCMe3), 28.7 (NQMe3), 27.3 (SiMes), 25.7 (CH), 20.4 (CH), 19.5
(SiCMes) (one Ph resonance not resolved); MS (E813457 (M + H)"; HRMS (ESI)
m/zcalcd for GsHzsN20,SSi (M + H) 457.2340, found 457.2338 (+0.3 ppm error).

Lab book referencecH-2-27

Methyl 1-[(tert-butyldiphenylsilyl)imino] -1-oxo-1 athiolane-2-carboxylate 189

Using general procedure Al-TBDPS sulfoximinel46 (179 mg, 0.5 mmol, 1.0 eq.);

BuLi (0.22 mL of a 2.5 M solution in hexanes, 0.55 mmol, 1.1 eq.) and methyl
chloroformate (0.077 mL, 1.0 mmol, 2.0 eq.) in THF (5 mL) gave the crude product.
Purification by flash column chromatography on silica with hexane and then 9:1 hexane
EtOAc as eluent gave a 70:30 mixture (¥ NMR spectroscopy) of diastereomeric
sulfoximines189 MS (ESI)m/z416 (M + H); HRMS (ESI)m/zcalcd for G2H29NO3SSi

(M + H)" 416.1710, found 416.170— 1. 4 ppm err or HHNMR{4@0g no s t
MHz, CDCk) & 4 J3725, H5Hd, 1H, SCH), 3.93 (ddl= 7.5, 5.5 Hz, SCH).

Lab book referencesH-1-49-3

1-{[Diphenyl(trimethylsilyl)methyllimino} -2-[(methylamino)(phenyl)methyl]-1 &
thiolan-1-one 190

Using general procedure A-TBDPS sulfoximinel46(179 mg, 0.50 mmol, 1.0 eqr);
BuLi (0.24 mL of a 2.3 M solution in hexanes, 0.55 mmol, 1.1 eq.)Nabhdnzylidene
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methylamine (0.12 mL, 1.0 mmol, 2.0 eq) gave ¢h&de product. Purification by flash
column chromatography on silica with 95:5 and then 8:2 heEa®@éc as eluent gave a
single diastereomeric amino sulfoximii®0 (26 mg, 11%) as a yellow oiRr (1:1
hexaneEtOAc) 0.40; IR (ATR) 3068, 2930, 2854, 128251, 1153, 1127, 1106, 820,
736, 699, 650, 602, 558, 532, 500, 487'¢cAH NMR (400 MHz, CDCJ) & -7778 8 3
(m, 4H, Ph), 7.437.37 (m, 6H, Ph), 7.35.31 (m, 4H, Ph), 7.37.26 (m, 1H, Ph), 3.88
(d,J=10.0 Hz, 1H, PhBNH), 3.22-3.13 (m, 1H, SCH), 2.82.76 (m, 1H, SCH), 2.59
2.49 (m, 1H, SCH), 2.23 (s, 1H, NH), 2.07 (s, 3H,M#), 1.86-1.76 (m, 2H, CH), 1.59

1.41 (m, 2H, CH), 1.15 (s, 9H, CNMe3C NMR (100.6 MHz, CDG) & Ipgo®h),5 (
136.4 {pso-Ph), 136.1ipso-Ph), 135.9 (Ph), 135.6 (Ph), 129Ph), 128.7 (Ph), 128.4
(Ph), 128.0 (Ph), 127.74 (Ph), 127.70 (Ph), 70.1 (SCH), 65GHRHI), 55.9 (SCH),

34.2 (HNMe), 28.3 (Ch), 27.3 ((Mes), 20.7 (CH), 19.5 CMes) (one Ph resonance not
resolved); MS (ESIin/z477 (M + HY; HRMS (ESI)m/zcalcd forCzsHzsNOSSh (M +
HY477. 2390, found 477.2393 (-0.6 ppm erroao

Lab book referencecH-2-24

1-[(tert-Butyldiphenylsilyl)imino] -2-phenyl-1 athiolan-1-onecis-198

(.

S” 'Ph
R\
O N

TBDPS
cis-198
Preparation of a solution of CuCNCIZ8i CI i
mg, 2.0 mmol, 4.0 eq.) at rt under Ar and the resulting solution was stirred at rt for 30
min. CuCN (90 mg, 1.0 mmol, 2.0 eq.) was added to the solution and the resulting solution

was stirred at rt for 30 minnTHER give a 0.

n-BuLi (0.24 mL of a 2.3 M solution in hexanes, 0.55 mmol, 1.1 eq.) was added dropwise
to a stirred solution df-TBDPS sulfoximinel46(179 mg, 0.5 mmol, 1.0 eq.) in THF (5
mL) at 78 °C under Ar. The resulting solution was stirred7g °C for 20 min and then
CuCN-2LICI (1 mL of the freshly prepared 0.5 M solution in THF, 0.5 mmol, 1.0 eq) was
added. The resulting solution was allowed to warm3®°C and stirred at35°C for 15

min. Then, PHPFs (213 mg, 0.5 mmol, 1.0 eq.) was added. The resulting solution was

stirred at 35°C for 15 min and then allowed to warm to rt and stirred at rt for 16 h. Then,
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saturated NEClaq) (2 mL) was added and the two layers were separatedadinmeous
layer was extracted with Ed (3 x 20 mL). The combined organic layers were dried
(MgSQy) and evaporated under reduced pressure to give the crude product. Purification
by flash column chromatography on silica with 95:5 as eluent gave a single
diasereomeric phenyl sulfoximings-198(88 mg, 41%) as a white solid, mp-8® °C,
Rr(8:2 hexaneEtOACc) 0.32; IR (ATR) 3068, 2929, 2854, 1427, 1302, 1262, 1238, 1156,
1103, 821, 736, 696, 602, 498 ¢mH NMR (400 MHz, CDG) & —7764 (Mn14H,

Ph), 7.4%£7.28 (m, 11H, Ph), 4.04 (dd,= 12.0, 7.5 Hz, 1H, SCH), 3.69.93 (m, 2H,
SCH), 2.492.32 (m, 2H, CH), 2.22.17 (m, 1H, CH), 2.121.97 (m, 1H, CH), 1.00 (s,

9H, CMe); *C NMR (100.6 MHz, CDG) & 1iBs6Ph)p BE6.44ipso-Ph), 135.63
(Ph), 135.62 (Ph), 131.760-Ph), 129.8 (Ph), 129.1 (Ph), 128.6 (Ph), 128.5 (Ph), 127.5
(Ph), 70.6 (SCH), 54.8 (SCH 28.7 (CH), 27.1 ((Me3), 20.2 (CH), 19.3 CMes) (two

Ph resonances not resolved); MS (E@Iz434 (M + H); HRMS (ESI) m/zcalcd for
Co6H31NOSSi (M + HY 434.1968, found 434.1956 (+2.9 ppm error).

Crystal structure determination cis-198

Co6H3iNOSS] M = 433.67, monoclinic,a = 11.90777(15),b = 21.8687(2) ¢ =
9.87464(13)A, b =110.2919(15), U = 2411.84(6)A3, T = 110.00(10) K, space group

P2, Z = 4,g(Mo-K a ) 1.787 mmt, 9179 reflection measured4301 unique Rint =

0.0149 which were used in calculation. The final R1 vie®90( | 22 c0) and WwR
0.0769 (all data).

Labbook referenceGH-2-63

[(tert-Butyldiphenylsilyl)imino](ethyl)(1 -hydroxy-1,1-diphenylpropan-2-yl)-a--

sulfanone199

Using general procedure A-TBDPS sulfoximinel49(180 mg, 0.50 mmol, 1.0 eqr);
BuLi (0.24 mL of a 2.3V solution in hexanes, 0.55 mmol, 1.1 eq.) and benzophenone
(0.25 mL of a 4 M solution in THF, 1.0 mmol, 2.0 eq.) in THF (5 mL) gave the crude
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product. Purification by flash column chromatography on silica with 95:5 hextDac

as eluent gave a singleadtereomeric alcohdl99 (198 mg, 73%) as a white solid, mp
54-56 °C;Rr(8:2 hexaneEtOAc) 0.45; IR (ATR) 3388 (OH), 2931, 2856, 1450, 1427,
1308, 1136, 1109, 740, 702, 503EH NMR (400 MHz, CDGJ) d —7769 (M22H,
Ph), 7.667.62 (m, 4H, Ph), 7.59.54 (m, 2H, Ph), 7.4@.26 (m, 10H, Ph), 7.27.15
(m, 2H, Ph), 6.29 (s, 1H, COH), 4.18 (= 7.0 Hz, 1H, SCH), 2.17 (dd,= 14.5, 7.5
Hz, 1H, SCH), 1.67 (dqg] = 14.5, 7.5 Hz, 1H, SCH), 1.45 (@3= 7.0 Hz, 3H, SCMIe),
1.04 (s, 9H, CMg, 0.91 (t,J = 7.5 Hz, 3H, SCkMe); 3C NMR (100.6 MHz, CDG) &
146.0 (pso-Ph), 145.7ipso-Ph), 136.2ipso-Ph), 135.92ipso-Ph), 135.79 (Ph), 135.71
(Ph), 129.34 (Ph), 129.31 (Ph), 128.5 (Ph), 128.3 (Ph), 44PJ§), 127.55 (Ph), 127.3
(Ph), 126.9 (Ph), 126.1 (Ph), 125.2 (Ph), 79.0 (COH), 63.0 (SCH), 51.8,)SZH3
(CMes3), 19.6 CMes), 11.7 (SCHUe), 8.9 (SCHMe); MS (ESI)m/z542 (M + HY; HRMS
(ESI) m/zcalcd for GsH3zgNO2SSi (M + H) 542.2544, found 542.259 ( - 0. 9 ppm

Lab book referencesH-2-58

2-{[(tert-Butyldiphenylsilyl)imino](oxo)phenyl-a--sulfanyl}-1,1-diphenylpropan-1-
ol 200

N OH

|
TBDPS
200

Using general procedure N;TBDPS sulfoximinel50(204 mg, 0.50 mmol, 1.0 eqr);

BuLi (0.24 mL of a 2.3 M solution in hexanes, 0.55 mmol, 1.1 eq.) and benzophenone
(0.25 mL of a 4 M solution in THF, 1.0 mmol, 2.0 eq.) in THF (5 mL) gave the crude
product which contained an 85:15 mixture {ByNMR spectroscopy) of diastereomeric
alcohds 200a and200b. Purification by flash column chromatography on silica with 99:1
and then 98:2 hexafietOAc as eluent gave a single diastereomeric alcabtd (206

mg, 70%) as a white solid, mp 28850 °C,Rr(8:2 hexaneEtOAc) 0.45; IR (ATR) 3408
(OH), 3068, 2930, 2856, 1448, 1261, 1141, 1108, 907, 732, 699, 646, 604, 566, 497 cm
114 NMR (400 MHz, CDC) & —7/-8 Bn32H, Ph), 7.52 (d,= 7.5 Hz, 2H, Ph),
7.477.40 (m, 2H, Ph), 7.4¢.36 (m, 2H, Ph), 7.32.26 (m, 1H, Ph), 7.26.20 (m, 6H,

Ph), 7.2-7.04 (m, 5H, Ph), 7.64.92 (m, 5H, Ph), 6.33 (s, 1H, CH{), 4.44 (qJ=7.0
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Hz, 1H, SCH), 1.43 (d) = 7.0 Hz, 3H, Ch¥e), 1.01 (s, 9H, CM8); 3C NMR (100.6

MHz, CDCk) o  1pdo6h),2144(9ipso-Ph), 143.1ipso-Ph), 135.73 (Ph), 135.70
(Ph), 13563 (ipso-Ph), 135.2ipso-Ph), 131.4 (Ph), 129.03 (Ph), 128.86 (Ph), 128.4 (Ph),
128.2 (Ph), 127.75 (Ph), 127.71 (Ph), 127.4 (Ph), 127.1 (Ph), 126.73 (Ph), 126.72 (Ph),
126.2 (Ph), 124.9 (Ph), 79.3 (COH), 67.9 (SCH), 27.M&, 19.4 CMes), 12.5
(SCHVe); MS (ESI)m/z590 (M + H); HRMS (ESI)m/zcalcd for GH3zgNO.SSi (M +

H)* 590.2544, found 590.2540 (+0.6 ppm error). The minor diastereomeric akfithol

was not isolated. Diagnostic signals for minor diastereomeric al@fitbt *H NMR

(400 MHz, CDC§) 8 4 . 287.0(Hg, 1H, SCH), 1.47 (d,= 7.0 Hz, 3H, CHVle).

Lab book referencecH-2-67

tert-Butyl N-[2-(hydroxydiphenylmethyl)-1-oxo-1 athiolan-1-ylidene]carbamate
cis-202

L Fren
s

O ’\,l OH

Boc
cis-202

Using general procedure N;Boc sulfoximne153(110 mg, 0.5 mmol, 1.0 eqn);BulLi

(0.22 mL of a 2.5 M solution in hexanes, 0.55 mmol, 1.1 eq.) and benzophenone (0.25
mL of a 4 M solution in THF, 1.0 mmol, 2.0 eq.) in THF (5 mL) gave the crude product.
Purification by flash column chromatograpbg silica with 95:5 hexarEtOAc to 9:1
hexaneEtOAc as eluent gave alcohtik-202 (142 mg, 71%) as a white solid, mp 200

202 °C,Rr (1:1 hexaneEtOAc) 0.43; IR (ATR) 3497 (OH), 2978, 1659 (C=0), 1449,
1366, 1280, 1247, 1152, 909, 861, 733, 702;cfH NMR (400 MHz, CDCJ) & -7 . 76
7.71 (m, 2H, Ph), 7.4¢.33 (m, 4H, Ph), 7.3¢.23 (m, 3H, Ph), 7.29.15 (m, 1H, Ph),

4.74 (dd,J = 9.0, 9.0 Hz, 1H, SCH), 4.238.16 (m, 1H, SCH), 4.11 (s, 1H, COH), 3.16
(ddd,J=13.0, 12.0, 7.5, Hz, 1H, SCH), 24131 (m, H, CH), 2.332.20 (m, 1H, CH),
2.09-1.95 (m, 1H, CH), 1.9a1.82 (m, 1H, CH), 1.50 (s, 9H, CNe *C NMR
(100.6MHz,CDGE) & 158. 4 ipsGRhD 144.4i(dsdPh), 128.71 (Ph), 128.6
(Ph), 127.9 (Ph), 127.2 (Ph), 125.9 (Ph), 125.0 (Ph), 81Me{), 78.9 (COH), 67.4
(SCH), 53.5 (SCh), 28.3 (CH), 26.7 (CH), 21.3 (CH); MS (ESI)m/z402 (M + HY;

HRMS (ESl)m/zcalcd for GoH27NO4sS (M + H) 402.1734, found 402.1727 (+1.7 ppm
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error). The stereochemistry of alcolotd-202was assigned by synthesierinN-TBDPS

sulfoximinecis-157.

Lab book referencecH-1-62-3

TBAF (0.66 mL of a 1 M solution in THF, 0.66 mmol, 2.0 eqg.) was added dropwise to a
stirred solution of theN-TBDPS sulfoximinecis-157 (178 mg, 0.33 mmol, 1.0 eq.) in
THF (5 mL) at rt °C undefr. The resulting solution was stirred at rt for 48 h. The solvent
was evaporated under reduced pressure to give the crude product. Purification by flash
column chromatography on silica with EtOAc as eluent gave NH sulfoxicrss204 (90

mg, 90%) as a wte solid, mp 186182 °C,R-(9:1 EtOAcMeOH) 0.53; IR (ATR) 3429
(NH/OH), 3323 (NH/OH), 3059, 1493, 1448, 1201, 1177, 1111, 995, 962, 909, 733, 699,
657, 551, 511 criy *H NMR (400 MHz, CDCJ) & —7769 (Mm52H, Ph), 7.547.45 (m,

2H, Ph), 7.447.35 (m, 2H, Ph), 7.37.24 (m, 3H, Ph), 7.2%7.15 (m, 1H, Ph), 5.13 (s,

1H, COH), 4.31 (ddJ = 10.5, 7.5 Hz, 1H, SCH), 3.33.28 (m, 1H, SCH), 3.13 (dd,=

13.0, 9.5, 7.5 Hz, 1H, SCH), 2.53 (s, I&H), 2.52-2.42 (m, 1H, SCH), 2.22.13 (m,

1H, CH), 2.131.97 (m, 2H, CH)!*C NMR (100.6 MHz, CDG) & ipdoPh), 1446
(ipso-Ph), 128.7 (Ph), 128.5 (Ph), 127.8 (Ph), 127.1 (Ph), 125.6 (Ph), 124.9 (Ph), 77.5
(COH), 71.3 (SCH), 57.1 (SCW 27.5 (CH), 20.6 (CH); MS (ESI)m/z302 (M + HY;

HRMS (ESI)m/zcalcd for GH1aNO.S (M + H)" 302.1209, found 302.1206 (+0.9 ppm
error). A solution of potassiutert-butoxide (44 mg. 0.39 mmol, 1.3 eq.) in THF (1 mL)
was added to a stirred solution of NH sulfoximcis-204 (90 mg, 0.30 mmol, 1.0 eq.) in
THF (1 mL) at O °C under Ar. The resulting solution was stirred at 0 °C for 30 min. Then,
a solution of BogO (131 mg, 0.60 mmol, 2.0 eq.) in THF (1.5 mL) was added. The
resulting solution was stirred at 0 °C fbh. The solution was allowed to warm to rt and
stirred at rt for 72 h. Saturated NElaqg (2 mL) was added and the two layers were
separated. The aqueous layer was extracted witfC2K3 x 10 mL). The combined
organic layers were dried (MgQ0and evaprated under reduced pressure to give the
crude product. Purification by flash column chromatography on silica with 8:2 and then
1:1 hexaneéEtOAc as eluent gave alcohn$-202 (117 mg, 95%) as a white solid.

Lab book referencesH-2-20-2
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tert-Butyl N-[2-(hydroxydiphenylmethyl)-1-oxo-1 athian-1-ylidene]carbamatecis-
203

Using general procedure A-Boc sulfoximinel54(117 mg, 0.5 mmol, 1.0 eqr);BulLi

(0.22 mL of a 2.5 M solution in hexanes, 0.55 mmol, 1.1 eq.) ancdbpbanone (0.25

mL of a 4 M solution in THF, 1.0 mmol, 2.0 eq.) in THF (5 mL) gave the crude product.
Purification by flash column chromatography on silica with 95:5 hexa@Ac and then

9:1 hexaneEtOAC as eluent gave alcohm$-203(156 mg, 75%) as a vk solid, mp 86

82 °C,Rr (1:1 hexaneEtOACc) 0.37; IR (ATR) 3497 (OH), 3288 (OH), 2977, 1652 (C=0),
1449, 1366, 1282, 1251, 1151, 908, 861, 731, 702 ¢l NMR (400 MHz, CDCJ) o
7.60-7.55 (m, 2H, Ph), 7.4 .42 (m, 2H, Ph), 7.34.28 (m, 4H, Ph), 7.25.19 (m, 2H,

Ph) 5.05 (s, 1H, OH), 4.81 (dd= 9.5, 3.5 Hz, 1H, SCH), 3.57 (dddl= 14.0, 8.5, 5.5

Hz, 1H, SCH), 3.47 (ddd,= 14.0, 5.5, 5.5 Hz, 1H, SCH), 245603 (m, 3HCH), 1.99-

1.84 (m, 2H, CH), 1.521.43 (m, 1H, CH) 1.41 (s, 9H, CMe *C NMR (100.6 MHz,
CDCk) & 157. 9 ipsoBRh)143.9ifisdPh), 228.5 (Ph), 128.4 (Ph), 127.6
(Ph), 127.3 (Ph), 126.1 (Ph), 125.9 (Ph) 80@Bl1¢:/COH), 80.36 CMes/COH), 660
(SCH), 53.2 (SCh), 28.3 (QMez), 26.6 (CH), 23.3 (CH), 22.8 (CH); MS (ESI)m/z416

(M + H)"; HRMS (ESI)m/zcalcd for GsH290NO4S (M + H)" 416.1890, found 416.1894
(-1.0 ppm error). T h eis-2@3wasrassignechby analegy with o f

related examples.

Lab book referencesH-1-61-3

Attempted synthesis of 2(Hydroxydiphenylmethyl) -1-imino-1 athian-1-onecis-

‘7, % S

S

RS\ N
O NH OH O NH
cis-205 152
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TBAF (0.24 mL of a 1 M solution in THF, 0.24 mmol, 2.0 eqg.) was added dropwise to a
stirred sdution of N-TBDPS sulfoximinecis-158 (67 mg, 0.12 mmol, 1.0 eq.) in THF (2

mL) at rt under Ar. The resulting solution was stirred at rt for 48 h. The solvent was
evaporated under reduced pressure to give the crude product. Purification by flash column
chromatography on silica with EtOAc as eluent gausibsstituted NH sulfoximinel 52

(10 mg, 63%) as a yellow oil and none of the desired praus05

Lab book referencecH-2-15

TBAF (0.75 mL of a 1 M solution in THF, 0.75 mmol, 2.0 eq.) was added dsepw a
stirred solution oN-TBDPS sulfoximinecis-158 (207 mg, 0.37 mmol, 1.0 eq.) in THF

(2 mL) at rt under Ar. The resulting solution was stirred at rt for 24 h. The solvent was
evaporated under reduced pressure to give the crude product. Purifigaflessh column

chromatography on silica with EtOAc as eluent gave none of the desired prise(@5.

Lab book referencesH-2-48

tert-Butyl N-{2-[hydroxy(phenyl)methyl]-1-oxo-1 athiolan-1-ylidene}carbamate
cis,antt208and cis,syr208

S

H H
Ph Ph

WA S\
Boc Boc

cis,anti-208 cis,syn-208

Using general procedure N;Boc sulfoximinel53(110 mg, 0.50 mmol, 1.0 eqr};BulLi

(0.24 mL of a 2.3 M solution in hexandsb5 mmol, 1.1 eq.) and benzaldehyde (0.10
mL, 1.0 mmol, 2.0 eq) in THF (5 mL) gave the crude product which contained a 50:50
mixture (by*H NMR spectroscopy) of alcohadss,anti208 andcis,syR208. Purification

by flash column chromatography on silicaw9:1 and then 8:2 hexaitftOAc as eluent
gave alcoho208a (51 mg, 31%) as a white solid, mp @8 °C,Rr (1:1 hexaneEtOAC)

0.36; IR (ATR) 3361 (OH), 2980, 1663 (C=0), 1453, 1392, 1367, 1291, 1250, 1213,
1153, 906, 856, 701 ctn'H NMR (400 MHz, CDQs) & —7733 dnp4H, Ph), 7.33

7.27 (m, 1H, Ph), 5.59 (br s, 1H, PHE; 4.90 (d,J= 2.5 Hz, 1H, CH®I), 3.64-3.55 (m,

2H, SCH), 3.363.21 (m, 1H, SCH), 2.32.22 (m, 2H, CH), 2.222.09 (m, 1H, CH),
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2.02-1.90 (m, 1H, CH), 1.50 (s, 9H, CMe *C NMR (1006 MHz, CDC) & 158.
(C=0), 140.2 ipso-Ph), 128.8 (Ph), 128.1 (Ph), 125.7 (Ph), 81GM¢3), 70.4
(PhCHOH), 67.6 (SCH), 53.8 (SCH 28.3 (0Mes3), 21.8 (CH), 21.5 (CH); MS (ESI)
m/z348 (M + NaJ; HRMS (ESl)m/zcalcd for GeH23NO4S (M + Na) 348.1240found
348. 1230 (-3. 0 p308((56mg, 3%))as aawite sofid, mpd-d38 |

°C, Re(1:1 hexane:EtOAc) 0.26; IR (ATR) 3496 (OH), 2976, 2931, 1654 (C=0), 1287,
1250, 1218, 1153, 1120, 898, 857, 703'chH NMR (400 MHz, CDCJ) 0 7740 4 4
(m, 2H, Ph), 7.397.34 (m, 2H, Ph), 7.3%7.26 (m, 1H, Ph), 5.84 (d, = 3.0 Hz, 1H,
PhH), 3.83-3.76 (m, 1H, SCH), 3.78.66 (m, 1H, SCH), 3.21 (d] = 3.5 Hz, 1H,
CHOH), 3.11 (dddJ = 13.0, 11.0, 7.0 Hz, 1H, SCH), 2:6048 (m, 1H, CH), 2.32.24

(m, 1H, CH), 2.03-1.89 (m, 2H, CH), 1.53 (s, 9H, CNe'*C NMR (100.6 MHz, CDG)

6 159. 9 ( GQusoPh), 128174Rn), 27.9 (Ph), 125.6 (Ph), 8TRI¢s), 69.4
(PhCHOH), 68.0 (SCH), 54.1 (SCH 28.3 (Mes3), 23.0 (CH), 21.1 (CH); MS (ESI)
m/z348 (M + NaJ; HRMS (ESl)m/zcalcd for GeH23NO4S (M + Na) 348.1240, found
348.155 (+4.4 ppm error). Theis stereochemistry afis,antt208 andcis,syn208 was

assigned by analogy with related examples.

Lab book referencesH-2-3

tert-Butyl N-{2-[hydroxy(phenyl)methyl]-1-oxo-1 athian-1-ylidene}carbamate

:::\\ :::\\

O N OH o N OH
I I
Boc Boc
209a 209b

Using general procedure N;Boc sulfoximinel54(117 mg, 0.50 mmol, 1.0 eqr};BulLi

(0.24 mL of a 2.3 M solution in hexanes, 0.55 mmol, 1.1 eq.) and benzaldehyde (0.10
mL, 1.0 mmol, 2.0 eq) in THF (5 mL) gave the crude product whicttasned a 70:30
mixture (byH NMR spectroscopy) of alcohoB0% and 20%. Purification by flash
column chromatography on silica with 8:2 and then 1:1 heEa@&c as eluent gave
alcohol20% (82 mg, 48%) as a white solid, mp 39496 °C,Rr(1:1 hexane&etOAc)

0.47; IR (ATR) 3358 (OH), 2977, 2931, 1668 (C=0), 1452, 1367, 1283, 1242, 1197,
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1152, 1098, 1065, 904, 889, 860, 707'cAtd NMR (400 MHz, CDX) & -784 (h,3

4H, Ph), 7.337.27 (m, 1H, Ph), 5.81 (s, 1H, PHE, 4.96 (s, 1H, CH®@), 4.46 (brdJ =

14.0 Hz, 1H, SCH), 2.99 (ddd,= 13.5, 12.0, 3.5 Hz, 1H, SCH), 2.90 (dd; 12.0, 3.0

Hz, 1H, SCH), 2.382.17 (m, 1H, CH), 2.18.06 (m, 1H, CH), 2.03L.93 (m, 1H, CH),
1.93-1.82 (m, 2H, CH), 1.49 (s, 9H, CMe 1.37-1.28 (m, 1H, CH)*C NMR (100.6
MHz,CDCL) & 158. 5 ips6Bhp)128.6 (PI,927D (Ph), 126.1 (Ph), 81.0
(CMe3), 68.3 (SCH), 67.1 (RBHOH), 51.1 (SCH), 28.3 (@e3), 24.4 (CH), 23.8 (CH),

22.3 (CH); MS (ESI)m/z362 (M + NaJ; HRMS (ESIl)m/zcalcd for G7H2sNO4S (M +

Na)" 362.1396, dund 362.1382 (+3.9 ppm error) and alcokoth (39 mg, 23%) as a

white solid, mp 188190 °C,Rr(1:1 hexaneEtOAc) 0.39; IR (ATR) 3297 (OH), 2942,

1670 (C=0), 1279, 1268, 1251, 1210, 1153, 904, 856, 759, 785 EMMR (400 MHz,

CDCkL) & —7735 94, Ph), 7.327.27 (m, 1H, Ph), 5.91 (s, 1H, PHY 3.71 (ddd,
J=14.5, 45, 4.5 Hz, 1H, SCH), 3.56 (ddz 10.5, 3.5 Hz, 1H, SCH), 3.38 (ddil=

14.5, 10.5, 5.5 Hz, 1H, SCH), 3.15 (s, 1H, G#)02.26-2.17 (m, 1H, CH), 2.12.08

(m, 2H, CH), 1.991.89 (m 1H, CH), 1.8#1.78 (m, 1H, CH), 1.51 (s, 9H, CN)e1.43-

1.31 (m, 1H, CH)®*C NMR (100.6 MHz,CDG) & 158 . 6 ipsGRPhP)28.6 13 9.
(Ph), 127.9 (Ph), 125.9 (Ph), 808Me3), 69.0 (PIKHOH), 65.0 (SCH), 51.6 (SCH

28.3 ((Me3), 23.14 (CH), 23.05 (CH), 21.2 (CH); MS (ESI)m/z362 (M + NaJ; HRMS

(ESI) m/zcalcd for G7H2sNOsS (M + Nay 362.1396 f ound 362. 1381 ( -

Lab book referencesH-2-4

tert-Butyl N-(2-benzyll-oxo-1 athiolan-1-ylidene)carbamatecis-210and trans-210

o N o N
Boc Boc
cis-210 trans-210

Using general procedure N;Boc sulfoximinel53(110 mg, 0.50 mmol, 1.0 égn-BulLi

(0.24 mL of a 2.3 M solution in hexanes, 0.55 mmol, 1.1 eq.) and benzyl bromide (0.12
mL, 1.0 mmol, 2.0 eq) in THF (5 mL) gave the crude product which contained an 85:15
mixture (by*H NMR spectroscopy) of benzyl sulfoximiness-210 and trans-210.
Purification by flash column chromatography on silica with 8:2 heXa@Ac as eluent

gave an 85:15 mixture of benzyl sulfoximings210andtrans-210(131 mg, 85%) as a
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clear oil,R- (1:1 hexaneEtOAc) 0.26; IR (ATR) 2975, 1653 (C=0), 1455, 1366, 3,28
1251, 1221, 1160, 895, 863, 703 EnH NMR (400 MHz, CDG) & —7729 (3n52H,
Ph), 7.287.18 (m, 3H, Ph), 3.88.79 (m, 0.85H, SCH), 3.68.57 (m, 1.7H,
SCH,CHPh), 3.723.36 (m, 0.6H, CH), 3.23 (ddd,= 13.5, 10.0, 8.0 Hz, 0.85H, SCH),
2.80 (ddJ=14.0, 11.0 Hz, 0.15H, CHPh), 2.72 (dd; 14.0, 12.0, 0.85H, CHPh), 2:32
2.12 (m, 2H, CH), 2.071.84 (m, 2H, CH), 1.52 (s, 9H, Cie*C NMR (100.6 MHz,
CDCk) o 15 9cis210( 16%3q¢C=0trans210), 137.04 i{pso-Ph, trans210),
136.99 {psoPh cis-210, 129.14 (Phcis-210), 129.05 (Phtrans210), 128.98 (Ph,
trans210), 128.94 (Phgis-210), 127.18 (Phfrans210), 127.14 (Phcis-210), 80.86
(CMe3 trans210), 80.81 CMes, cis-210), 65.9 (SCH{rans210), 63.8 (SCHcis-210),
53.5 (SCH, cis-210), 52.4 (SCH, trans-210), 34.3 (PICH>, cis-210), 33.8 (PICH, trans
210), 29.65 (CH, cis-210), 28.63 (CH, trans-210), 28.3 (QMe3, cis-210 trans-210), 21.4
(CHg, cis-210), 20.9 (CH, trans210); MS (ESI)m/z332 (M + Naj HRMS (ESI)m/z
calcd for GeH2sNOsS (M + Nay 33 2. 1291, found 332.12914
stereochemistry of benzyl sulfoximices-210was assigned by synthesis frohTBDPS

sulfoximinecis-166.

Lab book referencesH-1-84-2

tert-Butyl N-(2-benzyll-oxo-1 athian-1-ylidene)camamate2lla and 211b

O’/ (j\/Ph
O N

Boc Boc
cis-211 trans-211

Using general procedure N;Boc sulfoximinel54(117 mg, 0.50 mmol, 1.0 eqr};BulLi

(0.24 mL of a 2.3 M solution in hexanes, 0.55 mmol, 1.1 eq.) and benzyl bromide (0.12
mL, 1.0 mmol, 2.0 eq) in THES5 mL) gave the crude product. Purification by flash
column chromatography on silica with 9:1 and then 8:2 hekd@#c as eluent gave a
75:25 mixture of benzyl sulfoximineslla and211b (71 mg, 45%) as a white soliBr

(1:1 hexaneEtOAc) 0.39; IR (ATR)2933, 1655 (C=0), 1366, 1276, 1248, 1151, 907,
860, 726, 701, 646, 455 cm‘H NMR (400 MHz, CDCG) & —7729 (852H, Ph), 7.29

7.23 (m, 1H, Ph), 7.23.15 (m, 2H, Ph), 3.86.71 (m, 0.75H, SCH), 3.66 (dd= 13.5,

3.0 Hz, 0.75H, PhRB), 3.62-3.50 (m, 125H, SCH,PhH), 3.40-3.30 (m, 0.75H, SCH),

125



ChapterFour: Experimental

3.22-3.13 (m, 0.25H, SCH), 3.62.98 (m, 0.25H, SCH), 2.85 (dd,= 13.5, 11.5 Hz,
0.25H, Ph@®), 2.70 (dd,J = 13.5, 11.5 Hz, 0.75H, Pi(, 2.19-2.04 (m, 2H, CH), 2.03
1.87 (m, 1H, CH), 1.871.74 (m, 2H, CH), B3 (s, 2.25H, CM8g, 1.51 (s, 6.75H, CMg,
1.47-1.35 (m, 1H, CH)*C NMR (100.6 MHz, CDG) & 15 9211b), 1586 O,
(C=0, 211a), 136.6 {psc-Ph,211b), 136.2 {pso-Ph,211a), 129.51 (Ph211a), 129.47
(Ph,211b), 128.92 (Ph211b), 128.88 (Ph211a), 127.12 (Ph211a, 211b), 80.48 CMes,
211b), 80.39 CMes, 211a), 64.0 (SCH,211b), 61.1 (SCH211a), 50.1 (SCH, 211a),
49.6 (SCH, 211b), 31.4 (PIKH2, 211b), 31.3 (PICH,, 211a), 28.34 (®/e3, 211b), 28.29
(CMes, 211a), 26.6 (CH, 211a), 24.0 (CH, 211b), 23.8 (CH, 211b), 23.4 (CH, 211b),
23.04 (CH, 211a), 22.97 (CH, 211a) (one Ph resonance thesolved); MS (ESIn/z
324 (M + HY); HRMS (ESI)m/z calcd for G/H2sNOsS (M + H)" 324.1628, found
324.1624 (+1.3 ppm error). The stereochemistry of benzyl sulfoxir@ih&zsand211b
was assigned by analogy with related examples.

Lab book referencecH-2-12

2-Benzyll-imino-1 athiolan-1-onecis-212and trans-212

W R\
O NH O NH
cis-212 trans-212

TFA (0.19 mL, 2.4 mmol, 9.75 eq.) was added dropwise to a stirred solution of an 85:15
mixture of N-Boc sulfoximinescis-210 and trans210 (79 mg, 0.25 mmol, 0. eq.) in
CH:Cl> (1.3 mL) at rt. The resulting solution was stirred at rt for 24 h. The solvent was
evaporated under reduced pressure and the residue was dissolved in water (1.3 mL).
Saturated NECOz(aq)(2.6 mL) was added and the aqueous mixture wasatettavith
CH.Cl; (3% 20 mL). The combined organic extracts were dried@0a) and evaporated
under reduced pressure to give the crude product. Purification by flash column
chromatography on silica with EtOAc and then 9:1 EtdA@OH as eluent gave an 85:1
mixture of NH sulfoximinegis-212andtrans-212 (35 mg, 67%) as a yellow olRr (9:1
EtOAcMeOH) 0.32; IR (ATR) 3262 (NH), 3027, 2946, 1496, 1454, 1214, 1200, 1151,
1106, 994, 757, 702, 537 dm‘H NMR (400 MHz, CDGJ) & —7728 @n52H, Ph),
7.28-7.21 (m, 3H, Ph), 3.36.20 (m, 3H, SCH, Phg), 3.19-3.07 (m, 1H, SCH), 2.83

2.70 (m, 1H, Ph@), 2.47 (s, 1H, NH), 2.28.11 (m, 2H, CH), 2.241.96 (m, 1H, CH),
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1.96-1.84 (m, 0.85H, CH), 1.84..73 (m, 0.15H, CH}3C NMR (100.6 MHz, CDG) &
137.5 (pso-Ph, cis-212), 137.3 {pso-Ph,trans212), 129.1 (Phcis-212), 128.93 (Ph,
trans212), 128.89 (Phirans-212), 128.86 (Ph¢is-212), 127.03 (Phirans-212), 127.01

(Ph, cis-212), 65.9 (SCHis-212), 65.1 (SCHtrans212), 55.8 (SCH, cis-212), 54.6
(SCH, trans212), 34.4 (PICH,, trans212), 34.0 (PICH2, cis-212), 30.4 (CH, trans

212), 30.2 (CH, cis-212), 21.1 (CH, cis-212), 20.7 (CH, trans212); MS (ESI)m/z210

(M + H)*; HRMS (ESI)m/zcalcd for GiHisNOS(M+Hy210. 0955, found
3.6 ppm error). The stereochemistry of NH sulfoximines212 and trans-212 was

assigned by analogy with related examples.

Lab book referencesH-1-81-2

tert-Butyl N-(2-benzyll-oxo-1 athiolan-1-ylidene)carbamatecis-210

cis-210

TBAF (1.1 mL of a 1 M solution in THF, 1.1 mmol, 2.0 eqg.) was added dropwise to a
stirred solution oN-TBDPS benzyl sulfoximineis-166 (246 mg, 0.55 mmol, 1.0 eq.) in
THF (5 mL) at rt under Ar. The resulting solution wasretl at rt for 24 h. The solvent

was evaporated under reduced pressure to give the crude product. Purification by flash

column chromatography on silica with 1:1 hexd&t®Ac and then EtOAc as eluent gave
NH sulfoximinecis-212 (98 mg, 85%) as a yellow oRRr(9:1 EtOAecMeOH) 0.33;H
NMR (400 MHz, CDGd) & 7729 (& 52H, Ph), 7.28.21 (m, 3H, Ph), 3.33.21 (m,

3H, SCH,PhH), 3.14 (dddJ = 13.0, 9.5, 8.0 Hz, 1H, SCH), 28173 (m, 1H, Ph&),
2.28-2.13 (m, 2H, CH), 2.101.96 (m, 1H, CH), 1.961.84 (m 1H, CH);*C NMR (100.6
MHz, CDCk) &  1p80o#h),6129(1 (Ph), 128.9 (Ph), 127.1 (Ph), 66.0 (SCH), 55.8
(SCh), 34.1 (PIKH2), 30.3 (CH), 21.1 (CH). A solution of potassiurtert-butoxide (68

mg. 0.60 mmol, 1.3 eq.) in THF (1 mL) was added to aestisolution of NH sulfoximine
Cis-210 (98 mg, 0.46 mmol, 1.0 eq.) in THF (2 mL) at 0 °C under Ar. The resulting
solution was stirred at 0 °C for 30 min. Then, a solution o£L8a@200 mg, 0.92 mmol,
2.0 eq.) in THF (2 mL) was added and the resulting swilutias stirred at 0 °C for 1 h.
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The solution was allowed to warm to rt and stirred at rt for 48 h. Saturate@INi{5

mL) was added and the two layers were separated. The agueous layer was extracted with
CH2Cl> (3 x 10 mL). The combined organic layavere dried (MgS@ and evaporated

under reduced pressure to give the crude product. Purification by flash column
chromatography on silica with 8:2 and then 1:1 hexat@Ac as eluent gavi-Boc

benzyl sulfoximinecis-210 (101 mg, 71%) as a white solid, MP0-102 °C,Rr (1:1
hexaneEtOAc) 0.49; IR (ATR) 2975, 1653 (C=0), 1455, 1366, 1283, 1251, 1221, 1160,
895, 863, 703 crt 'H NMR (400 MHz, CDCJ) & —7729 (852H, Ph), 7.2§.19 (m,
3H, Ph), 3.883.78 (m, 1H, SCH), 3.68.56 (m, 2H, SCH, Phe), 3.28-3.16 (m, 1H,
SCH), 2.72 (ddJ = 14.0, 12.0 Hz, 1H, PH@), 2.30-2.21 (m, 2H, CH), 2.07..84 (m,
2H, CH), 1.52 (s, 9H, CMg 3C NMR (100.6 MHz, C[Tl) & 159. 7 ifs6G
Ph), 129.2 (Ph), 129.0 (Ph), 127.2 (Ph), 8@®¢3), 63.9 (SCH), 53.6 (SCGij 34.3
(PhCHy), 29.7 (CH), 28.3 (QVes), 21.5 (CH); MS (ESI)m/z332 (M + Naj; HRMS
(ESI) m/zcalcd for GeH23NOsS (M + Na) 332.1291, found 332286 (+1.4 ppm error).

o),

Lab book referencesH-2-49

tert-Butyl N-(2-methyl-1-oxo-1 athiolan-1-ylidene)carbamatecis-213and trans-
213

S Me S Me
S\ R\
(@] l}l (0] l}l
Boc Boc
cis-213 trans-213

Using general procedure N;Boc sulfoximinel53(110 mg, 0.5 mmol, 1.0 eqn);BulLi

(0.24 mL of a 2.3 M solution in hexanes, 0.55 mmol, 1.1 eq.) and methyl iodide (0.06
mL, 1.0 mmol, 2.0 eq) in THF (5 mL) gave the crude product. Purification by flash
column chromatography on silica with 1:1 and then 4:1 Et@éxane as eluent gave an
approx 90:10 mixture (by*C NMR spectroscopy) of methyl sulfoximineis-213 and
trans213 (66 mg, 57%) as a clear oRr (EtOAc) 0.47; IR (ATR) 2975, 2935, 1651
(C=0), 1366, 1280, 1248, 1213, 1153, 1135, 1097, 1082, 893, 862, 790, #65+tm
NMR (400 MHz,CDCl) & —-3371 (m9lH, SCH), 3.58.28 (m, 1H, SCH), 3.26.07

(m, 1H, SCH), 2.442.33 (m, 1H, CH), 2.3@.17 (m, 1H, CH), 2.141.97 (m, 1H, CH),
1.90-1.78 (m, 1H, CH), 1.521.38 (m, 12H, CMgSCHMVe); 13C NMR (100.6 MHz,
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CDCk) & 15 9cis®13( 16%10¢C=0,trans213) 80.56 CMes, cis-213), 60.3
(SCH, trans-213), 58.3 (SCHcis-213), 52.8 (SCH, cis-213), 51.8 (SCH, trans213),

31.8 (CH, cis-213), 31.2 (CH, trans213), 28.2 (Me3, cis-213), 21.4 (CH, cis-213),

20.9 (CH, trans213), 13.45 (SCh¥e, trans213), 13.37 (SCH/e, cis-213) (oneCMes

and one ®es resonance not resolved); MS (E81)z256 (M + NaJ; HRMS (ESI)m/z

calcd for GoH1sNOsS (M + Naj 256 . 09 7 8, found 256.0983
stereochemistry of sulfoximiness-213 and trans-213 was assigned by analogy with

related examples.

Lab book reference&sH-2-7

tert-Butyl N-(2-methyl-1-oxo-1 athian-1-ylidene)carbamatecis-214and trans-214

S Me S Me
\\ S5\
(@] l}l (@] l}l
Boc Boc
cis-214 trans-214

Using general procedure N;Boc sulfoximinel54(117 mg, 0.5 mmol, 1.0 eqn);BulLi
(0.22 mL of a 2.5 M solution in hexanes, 0.55 mmol, 1.1 eq.) and methyl iodide (0.06 ml,
1.0 mmol, 2.0 eq.) in THF (5 mL) gave thea@eyproductvhich contained a 55:45 mixture
(by H NMR spectroscopy) of sulfoximinesPurification by flash column
chromatography on silica with 9:1 to 1:1 hexdft©Ac as eluent gava55:45mixture
of methyl sulfoximinestrans-214 and cis-214 (75 mg, 61%) Rr (1:1 hexaneEtOAC)
0.27; IR (ATR) 2981, 2935, 1656 (C=0), 1278, 1250, 1159, 894 érm NMR (400
MHz, CDCk) & —4407 (@ny 0.58, SCH), 3.81 (dddJ = 14.0, 4.5, 4.5 Hz, O5H,
SCH), 3.443.34 (m, 0.8H, SCH), 3.293.14 (m, 1H, SCH), 3.00 (ddd,= 14.0, 11.0,
3.5 Hz, 0.58, SCH),2.14-1.77 (m, 5H, CH), 1.651.58 (m, 1H, CH), 1.49 (€.99,
CMes3), 1.48 (s, 4.05HCMe), 1.45 (d,J = 7.0 Hz, 165, CHMe), 1.43 (d,J = 7.0 Hz,
1.35H CHMe); *C NMR (100.6 MHz, CDG) & 1 5 9tra@s21¢4)Cl58® (CO,
cis-214), 80.4 CMe;3, trans214), 80.3 CMes, cis-214), 55.9 (SCH), 49.7 (SChHicis
214), 49.1 (SCH, trans214), 31.4 (CH, trans214), 30.4 (CH, cis-214), 28.38 (M/e3,
trans-214), 28.35 (MMe3, cis-214), 24.0 (CH, trans-214), 23.2 (CH, cis-214), 23.1 (CH_,
cis-214), 20.4 (CHy, trans214), 12.3 (CHMe, trans214), 12.1 (CHVe, cis-214) (one
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SCH resonance not resolved); MS (E®Wz270 (M + NaJ; HRMS (ESl)m/zcalcd for
C11H2:NO3S (M + Na) 270.1134, found 270.1134 (0.0 ppm error).

Lab book referencesH-1-66-2

1-Imino-2-methyl-1 athian-1-onecis-215a andtrans-215

N Me SN Me

O NH O NH
cis-215 trans-215

TFA (0.20 ml, 2.5 mmol, 9.75 eq.) was added dropwise to a stirred solution of a
unknown mixtureof N-Boc methyl sulfoximine<is-215 and trans-215 (65 mg, 0.25
mmol, 1.0 eq.) in CkCl> (1.3 mL). The resulting solution was stirred at rt for 24 h. The
solvent was evaporated under reduced pressure and water (1.3 mL) and saturated
NaCOszaq)(2.6 mL) were added. The aqueous layer was extracted witRIECEB x 20

mL) and the combined organic layers were driecb8a) and evaporated under reduced
pressure to give the crude product which contained a 60:40 mixturéH(WyMR
spectroscopy) of NH sulfoximindsans-215 and cis-215. Purification by flash column
chromatography on silica with 95:5 and then 9:1 Et&MeOH as eluent gave NH
sulfoximinetrans215 (16 mg, 42%) as a yellow oiRr (9:1 EtOAcMeOH) 0.18; IR
(ATR) 3535 (NH), 3266 (NH), 2933, 2861, 1648 (C=0), 1453, 1238, 1194, 1177, 1098,
986, 722, 469 crii 'H NMR (400 MHz, CDCd) & 3 . JI=74.Q, 35 215 Hz, 1H,
SCH), 3.123.01 (m, 1H, SCH), 2.92.86 (m, 1H, SCH), 2.24 (br s, 1H, NH), 2-2201

(m, 2H, CH), 1.991.89 (m, 1H, CH), 1.94L.78 (m, 1H, CH), 1.78..67 (m, 1H, CH),
1.54-1.42 (m, 1H, CH), 1.32 (d,= 7.0 Hz, 3HSCHMVe); *C NMR (100.6 MHz, CDG)

6 58. 8 ( SCH,32.7 (GH, 2572 (CHE 246 (CH), 11.6 (Me); MS (ESIn/z

148 (M + HY; HRMS (ESI)m/zcalcd for GH1aNOS (M + HY 148.0791, found 148.0790
(+0.3 ppm error) and NH sulfoximineis-215 (13 mg, 34%) as a yellow oilRr (9:1
EtOAcMeOH) 0.12; IR (ATR) 3527 (NH), 3267 (NH), 2934 , 2861, 1654 (C=0), 1454,
1233, 1202, 1173, 992, 715 ¢pH NMR (400 MHz, CDCG)) & -3307 (h0LH, SCH),
3.03-2.87 (m, 2H, SCH), 2.60 (br s, 1H, NH), 2-2000 (m, 2HCH), 2.06-1.93 (m, 1H,
CH), 1.96-1.74 (m, 2H, CH), 1.521.42 (m, 1H, CH), 1.34 (dl = 7.0 Hz, 3H, CHe);
B3CNMR (100.6 MHz,CDG) & 59. 1 ( S35 (CHy,24.58CHY), 330 H
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(CHp), 11.4 (Me); MS (ESIin/z148 (M + H)'; HRMS (ESI)m/zcalcdfor CsH1aNOS (M
+ H)* 148.0791, found 148.0787 (+2.4 ppm error).

Lab book referencesH-1-70-3

2-(Hydroxydiphenylmethyl) -1-(methylimino)-1 athiolan-1-onecis-216

cis-216

Using general procedure A-Me sulfoximinel55 (67 mg,0.5 mmol, 1.0 eq.)-BulLi

(0.22 mL of a 2.5 M solution in hexanes, 0.55 mmol, 1.1 eq.) and benzophenone (0.25
mL of a 4 M solution in THF) in THF (5 mL) gave the crude product. Purification by
flash column chromatography on silica with 9:1 and then 1xhmeEtOAc as eluent

gave alcohotis-216 (129 mg, 82%) as a white solid, mp 3446 °C,R-(1:1 hexane

EtOAc) 0.12; IR (ATR) 3428 (OH), 3064, 2942, 2871, 2802, 1493, 1449, 1253, 1224,
1091, 703 c; *H NMR (400 MHz, CDCJ) & —779 (Mm42H, Ph), 7.46.42 (m, 2H,

Ph), 7.367.30 (m, 2H, Ph), 7.3@.24 (m, 2H, Ph), 7.24.18 (m, 1H, Ph), 7.28.13 (m,

1H, Ph), 5.06 (s, 1H, COH) 4.33 (dbk 9.5, 8.5 Hz, 1H, SCH), 3.43.34 (m, 1H, SCH),

2.89 (dddJ=12.5,11.5, 6.5 HSCH), 2.49 (s, 3H, NMe), 2.32.25 (m, 1H, CH), 2.7

2.07 (m, 1H, CH), 2.041.85 (m, 2H, CH)**C NMR (100.6 MHz, CDG) & 1ipdo5. 8 (
Ph), 145.0ipso-Ph), 128.6 (Ph), 128.5 (Ph), 127.4 (Ph), 126.9 (Ph), 126.0 (Ph), 125.1
(Ph), 78.1 (COH), 68.9 (SCH), 83(SCh), 30.0 (NMe), 27.7 (Ch), 20.9 (CH); MS

(ESI) m/z316 (M + H)Y; HRMS (ESI)m/zcalcd for GeH21NO-S (M + H)" 316.1366,
found 316.1367 (-0.3 ppm eras@l6yas asfigned st e

by analogy with related examples.

Lab bookreferenceGH-1-69-2

2-(Hydroxydiphenylmethyl) -1-(methylimino)-1 athian-1-onecis-217and trans-217
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(ot (A0
S . [-Ph S Ph
IW % A\

o l}l OH o l}l OH
Me Me
cis-217 trans-217

Using general procedure A-Me sulfoximinel56 (74 mg, 0.5 mmol, 1.0 eq.);BulLi

(0.24 mL of a 2.3 M solution in hexas, 0.55 mmol, 1.1 eq.) and benzophenone (0.25
mL of a 4 M solution in THF, 1.0 mmol, 2.0 eq) in THF (5 mL) gave the crude product
which contained a 50:50 mixture (Bid NMR spectroscopy) of alcohotis-217 and
trans-217. Purification by flash column chmatography on silica with 8:2 hexaB#OAc

and then 1:1 as eluent gave alcohbfa (60 mg, 36%) as a white solid, mp 3480 °C

Rr (1:1 hexaneéEtOACc) 0.26; IR (ATR) 3063, 2929, 2880, 1492, 1448, 1230, 1211, 1132,
1096, 831, 750, 705, 691 dm'H NMR (400MHz, CDCk) & 7. 74 ( s+ 1H,
7.68 (m, 2H, Ph), 7.54.49 (m, 2H, Ph), 7.39.26 (m, 4H, Ph), 7.27.14 (m, 2H, Ph),
3.95 (ddJ=12.0, 3.0 Hz, 1H, SCH), 3.43.38 (m, 1H, SCH), 2.92.83 (m, 1H, SCH),
2.64 (s, 3H, NMe), 2.32.23 (m, 1H, CH), 2.0-1.73 (m, 4H, CH), 1.52.37 (m, 1H,
CH); 3C NMR (100.6 MHz, CDG) & 1 4ifsoP#h)5145.37ipso-Ph), 128.56 (Ph),
127.61 (Ph), 127.0 (Ph), 126.8 (Ph), 126.2 (Ph), 124.9 (Ph), 79.1088};166.5 (SCH),
50.5 (SCH), 27.8 (NMe), 27.6 (Ch), 25.1 (CH), 24.5 (ChH); MS (ESI)m/z330 (M +

H)*; HRMS (ESIl)m/zcalcd for GoH2aNO.S (M + H)" 330.1522, found 330.1515 (+2.2
ppm error) and sulfoximingl7b (70 mg, 43%) as a white solid, mp 33862 °C,R-(1:1
hexaneEtOAc) 0.14; IR (ATR) 3058, 2929, 2807, 144@3%, 1216, 1107, 864, 730, 699
cml; IH NMR (400 MHz, CDGY) & —7/23 (fn&2H, Ph), 7.44.40 (m, 2H, Ph), 7.38
7.21 (m, 6H, Ph), 3.99 (dd,= 12.0, 2.0 Hz, 1H, SCH), 3.28.19 (m, 1H, SCH), 2.88
2.77 (m, 1H, SCH), 2.53 (s, 3H, NMe), 2-2614 (m, 1H, CH), 2.03..84 (m, 4H, CH),
1.49-1.35 (m, 1H, CH)*C NMR (100.6 MHz, CDG)) &  1pdo#h),7142(2ipso

Ph), 128.4 (Ph), 127.6 (Ph), 127.4 (Ph), 127.1 (Ph), 80.7 C&¢H, 70.1 (SCH), 53.8
(SCH), 28.2 (NMe), 27.0 (Ch), 26.0 (CH), 23.5 (CH) (two Ph resonances not
resolved); MS (ESIin/z330 (M + H); HRMS ESI) m/zcalcd for GoH23sNO2S (M + H)
330.1522, found 330.1521 (+0.5 ppm error).

Lab book referencesH-1-76
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2-[Hydroxy(phenyl)methyl] -1-(methylimino)-1 athiolan-1-onecis,anti218and
cis,syn218
[ ’
Ph Ph
S [S_\\)Qr
o 'T' OH o 'T' OH
Me Me
cis,anti-218 cis,syn-218

Using general procede A, N-Me sulfoximine155 (67 mg, 0.5 mmol, 1.0 eq.);BulLi

(0.22 mL of a 2.5 M solution in hexanes, 0.55 mmol, 1.1 eq.) and benzaldehyde (0.10
mL, 1.0 mmol, 2.0 eq.) in THF (5 mL) gave the crude product which contained a 75:25
mixture (by*H NMR spectracopy) of alcoholsis,anti218andcis,syn218 Purification

by flash column chromatography on silica with EtOAc as eluent gave alcishanhtt

218 (68 mg, 60%) as a white solid, mp 3386 °C,Rr (9:1 EtOAcMeOH) 0.33; IR
(ATR) 3455 (OH), 3186, 2946, 28, 2802, 1451, 1216, 1138, 1101, 842, 70Z;ciH

NMR (400 MHz, CDCd) & 7733 @nl14H, Ph), 7.3%7.26 (m, 1H, Ph), 5.46 (s, 1H,
CHOH), 3.87 (dJ=2.5 Hz, 1H, CH®!), 3.42-3.30 (m, 2H, SCH,SC#), 2.98-2.89 (m,

1H, SCH), 2.89 (s, 3H, NMe), 2.42.34 (n, 1H, CH), 2.262.16 (m, 1H, CH), 1.951.80

(m, 2H, CH);°C NMR (100.6 MHz, CDG) & 1pgo®h),3L28(7 (Ph), 127.9 (Ph),
125.7 (Ph), 70.0 (RBHOH), 66.8 (SCH), 52.2 (SGH 30.5 (NMe), 22.8 (Ch), 21.4
(CHz); MS (ESI)m/z240 (M + H); HRMS (ESI)m/z calcd for GoH17NOS (M + H)
240.1053, found 240.1053 (-0. 2 pigsym218r r or )
andcis,anti218(24 mg, 20 mg (17%) afis,syn218and 4 mg (3%) ofis,anti218) as a
white solid, mp 136138 °C,Rr(9:1 EtOAcMeOH) 028; IR (ATR) 3440 (OH), 3061,
2928, 2808, 1453, 1228, 1140, 1108, 863, 841, 703 &rhNMR (400 MHz, CDGJ)

for cis,syn218%6 7-7.32(@m, 5H, Ph), 4.83 (d,= 9.5 Hz, 1H, GIOH), 3.91 (s, 1H,
CHOH), 3.43-3.33 (m, 2H, SCH), 3.02 (ddd,= 12.5, 10.5, 5 Hz, 1H, SCH), 2.84 (s,

3H, NMe), 2.162.06 (m, 1H, CH), 1.981.87 (m, 1H, CH), 1.841.76 (m, 2H, CH)**C

NMR (100.6 MHz, CDQ) for cis,syr2180 1 4ipso-Ph), 128.9 (Ph), 128.7 (Ph),
126.9 (Ph), 73.9 (RBHOH), 67.8 (SCH), 53.8 (SGH 30.6 (NMe), 8.5 (CH), 21.4
(CH2); MS (ESI)m/z240 (M + H); HRMS (ESI)m/zcalcd for GoH17NO2S (M + H)
240.1053, found 240.1050 (+0.9 ppm error). The stereochemistry of atus}awiti218

was assigned by-Xay crystallography and that of alcolm$,syr218 wasassigned by

analogy with related examples.
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Crystal structure determination cf,anti218

Ci12H17NO2S, M = 239.32 monoclinic,a = 8.7992(3) b = 18.9535(6)c = 7.1301(2)A, b
=09.909(4}, U = 1171.38(7)A3, T = 110.00(10) K, space group#Z =4, (Mo-K a )
2.336mm?, 3823reflection measure®087unique Rint = 0.0269 which were used in
calculation. The final R1 wa30371( | =22 o) a n0dDo6A(&l Batayv a s

Lab bookreferenceGH-1-71

2-[Hydroxy(phenyl)methyl] -1-(methylimino)-1 athian-1-onetrans,syr219and

21%
oA Ph H Ph
S S
NS\ NS\

o N OH O N OH
| |
Me Me
trans,syn-219 219a

Using general procedure Al-Me sulfoximinel56 (74 mg, 0.50 mmol, 1.0 eqn;BulLi

(0.24 mL of a 2.3 M solution in heras, 0.55 mmol, 1.1 eq.) and benzaldehyde (0.10
mL, 1.0 mmol, 2.0 eq) in THF (5 mL) gave the crude product which contained a 75:25
mixture (by*H NMR spectroscopy) of alcoholsans,syr219and21%. Purification by

flash column chromatography on silicatvB:2 and then 1:1 hexaf#OAc as eluent

gave alcohotrans,syr219 (70 mg, 55%) as a white solid, mp 3388 °C,Rr (EtOACc)

0.58; IR (ATR) 3245 (OH), 2925, 2860, 1452, 1240, 1227, 1213, 1166, 1137, 1098, 1063,
869, 825, 768, 713, 699, 667, 4615tH NMR (400 MHz, CDCJ) & —7732 (#n]4H,

Ph), 7.297.24 (m, 1H, Ph), 5.95 (s, 1H, PhCHY 5.77 (s, 1H, PhBOH), 3.63-3.54

(m, 1H, SCH), 2.88.78 (m, 2H, SCH), 2.78 (s, 3H, NMe), 2-2713 (m, 1H, CH),
2.02-1.92 (m, 1H, CH), 1.941.76 (m, 2H, CH), 1.75L..66 (m, 1H, CH), 1.341.16 (m,

1H, CH);®*C NMR (100.6 MHz, CDG) & ipgo®h),328( (Ph), 127.6 (Ph), 126.2
(Ph), 67.9 (PBHOH), 67.0 (SCH), 48.4 (SCH 28.0 (NMe), 24.4 (Ch), 24.3 (CH),

22.6 (CH); MS (ESI)m/z254 (M + HY; HRMS (ESI)m/zcalcdfor Ci3H1aNO.S (M +
H254. 1209, found 254. 12 1209 (L0, 8%) ap gpwhitee r r 0
solid, mp 136132 °C,Rr(1:1 hexaneEtOAc) 0.58; IR (ATR) 3215 (OH), 2926, 2861,
1453, 1233, 1214, 1167, 1138, 1106, 1058, 865, 769, 702 #NMR (400 MHz,
CDCk) & —7727 (#n25H, Ph), 5.13 (d,= 9.0 Hz, 1H, Ph&OH), 3.55-3.48 (m, 1H,

134



ChapterFour: Experimental

SCH), 3.17 (dddJ = 9.0, 7.5, 3.0 Hz, 1H, SCH), 2.86 (s, 3H, NMe), 2255 (m, 1H,
SCH), 2.061.91 (m, 2H, CH), 1.841..70 (m, 1H, CH), 1.67..55 (m, 1H, CH)1.3%+

1.20 (m, 2H, CH)*3C NMR (100.6 MHz, CDG) & 1p8o%h),6128(7 (Ph), 128.5
(Ph), 127.6 (Ph), 72.7 (SCH), 65.8 (FHiOH), 50.5 (SCH), 28.5 (NMe), 26.0 (CH),

24.7 (CH), 23.3 (CH); MS (ESI) m/z 254 (M + H); HRMS (ESI) m/z calcd for
Ci13H1aNO2S (M + H)™ 254.1209, found 254.1208 (+0.5 ppm error). The stereochemistry

of alcoholtrans,syr219was assigned b¥-ray crystallography
Crystal structure determination wans,syR219

C13H1aNO2S, M = 253.35 monoclinic,a = 15.4721(5)b = 5.42359(16)c = 30.2011(7)

A, b=90° U=2534.31(12A3 T = 110.6(10) K, space group R2Z =8, ¢(Mo-Ka ) =
2.188mmt, 4998reflection measured147unique Rint = 0.0220) which were used in
calculation. The final RIwa03®bB7( | =22 0) a ndMBW& datayv a s

Lab book refeence:GH-2-5

2-Benzyt1-(methylimino)-1 athiolan-1-onecis-220

Using general procedure Al-Me sulfoximinel55 (67 mg, 0.50 mmol, 1.0 eqn;BulLi

(0.24 mL of a 2.3 M solution in hexanes, 0.55 mmol, 1.1 eq.) and beraylide (0.12

mL, 1.0 mmol, 2.0 eq) in THF (5 mL) gave the crude product. Purification by flash
column chromatography on silica with EtOAc and then 99:1 EtDI&ROH as eluent
gave benzyl sulfoximineis-220(42 mg, 38%) as a clear di¥-(9:1 EtOAcMeOH) 037;

IR (ATR) 2929, 2800, 1496, 1454, 1223, 1137, 1098, 859, 754, 726, 701, 529, 463 cm
H NMR (400 MHz, CDG) & —7728 (Bn42H, Ph), 7.26.21 (m, 3H, Ph), 3.48.25

(m, 3H, SCHPhH), 2.93 (dddJ = 13.0, 10.0, 7.5 Hz, 1H, SCH), 27871 (m, 1H,
PhCH), 2.74 (s, 3H, NMe), 2.22.12 (m, 2H, CH), 1.99..79 (m, 2H, CH)!*C NMR
(100.6 MHz, CDGE) & 1p8oPh),8.29(2 (Ph), 128.9 (Ph), 127.0 (Ph), 63.5 (SCH),
51.7 (SCH), 35.2 (PI€H>), 30.5 (NMe), 30.3 (Ch), 21.5 (CH); MS (ESI)m/z224 (M

+ H)"; HRMS (ESI)m/zcalcd for G2H17NOS (M + H) 224.1104, found 224.1103 (+0.4
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ppm error). The stereochemistry of bghsulfoximinecis-220was assigned by analogy

with related examples.

Lab book referencecH-2-16

2-Benzyl1-(methylimino)-1 athian-1-one22laand 221

W W

(@] l}l (0] l\ll
Me Me
221a 221b

Using general procedure A-Me sulfoximinel56 (74 mg, 0.5 mmol, 1.0 eq.);BuLi

(0.24 mL of a 2.3 M solution in hexanes, 0.55 mmol, 1.1 eq.) and benzyl bromi@e (0.1
mL, 1.0 mmol, 2.0 eq) in THF (5 mL) gave the crude product which contained a 50:50

mixture (by*H NMR spectroscopy) of benzyl sulfoximin2g1a and221b. Purification

by flash column chromatography on silica with EtOAc as eluent gave benzyl sulfoximine

221a (35 mg, 30%) as a clear o= (9:1 EtOAcMeOH) 0.45; IR (ATR) 3027, 2923,
2872, 2801, 1454, 1443, 1239, 1224, 1131, 1098, 872, 826, 756, 699, Z6HMMR
(400 MHz, CDC) & —7727 @n32H, Ph) 7.2§.21 (m, 1H, Ph), 7.27.16 (m, 2H,
Ph), 3.51 (ddJ = 13.5, 3.0 Hz, 1H, Phd), 3.473.39 (m, 1H, SCH), 3.02.95 (m, 1H,
SCH) , 2.892.79 (m, 1H, SCH), 2.83 (s, 3H, NMe), 2.69 (dd; 13.5, 11.5 Hz, 1H,
Ph(H), 2.02-1.84 (m,3H, CH), 1.841.71 (m, 2H, CH) 1.361.22 (m, 1H, CH)*C

NMR (100.6 MHz, CDG)) &  1p8oPh),5129(5 (Ph), 128.8 (Ph), 126.9 (Ph), 64.5

(SCH), 48.5 (SCh), 31.8 (PICH2), 29.9 (CH), 28.5 (NMe), 24.5 (Ch), 24.4 (CH); MS
(ESI) m/z238 (M + HY; HRMS (ESI) m/zcalcd for GsHieNOS (M + H) 238.1260,

found238. 1263 (—-1.2 ppm er22i (3D mgaab®) abaedeary |
oil, Rr (9:1 EtOAcMeOH) 0.41; IR (ATR) 3027, 2929, 2870, 2802, 1454, 1237, 1209,

1163, 1135, 1104, 866, 755, 701, 463:1cthi NMR (400 MHz, CDG)) & —7727 (813
2H, Ph) 7.257.20 (m, 1H, Ph), 7.28.16 (m, 2H, Ph), 3.61 (dd,= 13.5, 3.0 Hz, 1H,
PhaH), 3.33-3.25 (m, 1H, SCH), 3.18.08 (m, 1H, SCH), 2.90 (s, 3H, NMe), 2-8576
(m, 1H, SCH), 2.66 (dd) = 13.5, 12.0 Hz1H, PhGH), 2.06-1.85 (m, 2H, CH), 1.87

1.66 (m, 3H, CH) 1.391.25 (m, 1H, CH)*3C NMR (100.6 MHz, CDG) & 1pS7 . 2

Ph), 129.5 (Ph), 128.8 (Ph), 126.7 (Ph), 63.0 (SCH), 50.3 {SGB.0 (PICH>), 29.1
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(NMe), 27.4 (CH), 23.8 (CH), 23.7 (CH); MS (ES) m/z238 (M + H)'; HRMS (ESI)
m/zcalcd for GsH1oNOS (M + H) 238.1260, found 238.1259 (+0.4 ppm error).

Lab book referencesH-1-83

2-Methyl-1-(methylimino)-1 athiolan-1-onecis-222and trans-222

S Me S Me
5\ R\
(0] N (@] l}l
Me Me
cis-222 trans-222

Using general procede A, N-Me sulfoximinel55 (67 mg, 0.50 mmol, 1.0 eqn);BulLi

(0.24 mL of a 2.3 M solution in hexanes, 0.55 mmol, 1.1 eq.)naetthyl iodide(0.06

mL, 1.0 mmol, 2.0 eq) in THF (5 mL) gave the crude product which contained a 90:10
mixture (by '*H NMR spectoscopy) of methyl sulfoximinesis-222 and trans-222
Purification by flash column chromatography on silica with EtOAc and then 9:1 EtOAc
MeOH as eluent gave a 90:10 mixture of methyl sulfoximgie®22 andtrans-222 (46

mg, 63%) as a clear oRr(9:1 EtOAc-MeOH) 0.18; IR (ATR) 2935, 2800, 1451, 1413,
1217, 1136, 1098, 1056, 1020, 867, 839, 70%;ctd NMR (400 MHz,CDCJ) & -3 . 3 4
3.26 (m, 1H, SCH), 3.268.10 (m, 1H, SCH), 2.82.78 (m, 1H, SCH), 2.80 (s, 3H,
NMe), 2.352.26 (m, 1H, CH), 2.282.11 (m,1H, CH), 2.021.88 (m, 1H, CH), 1.79

1.67 (m, 1H, CH), 1.33 (d,= 7.0 Hz, 2.7H, SCMe), 1.31 (dJ= 7.0 Hz, 0.3H, SCMIe);

13C NMR (100.6 MHz, CDG) 60 57 .c&223, SE€MH(SCH, trans222), 51.3
(SCH,, trans-222), 50.2 (SCH cis-222), 31.9 (CH, cis-222), 30.5 (NMecis-222), 29.2

(CHy, trans-222), 28.5 (NMetrans222), 23.8 (CH, trans222), 21.4 (CH cis-222), 14.6
(SCHMg, trans222), 13.8 (SCH\le, cis-222); MS (ESI)m/z148 (M + H); HRMS (ESI)

m/z calcd for GH13NOS (M + H) 148.0791, found 1810788 (+1.9 ppm error). The
stereochemistry of methyl sulfoximies-222was assigned by synthesis frohfTBDPS

sulfoximinecis-172

Lab book referencesH-2-17

2-Methyl-1-(methylimino)-1 athiolan-1-onecis-222
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TBAF (1.76 mL of a 1 M solution in THF, 1.76 mmol, 2.0 eqg.) was added dropwise to a
stirred solution oN-TBDPS methyl sulfoximineis-172(327 mg, 0.88 mmol, 1.0 eq.) in
THF (7 mL) at rt under Ar. The resulting solution was stirred at rt for 24 h. The solvent
was evaporated under reduced pressure to give the crude product. Purification by flash
column chromatography on silica with EtOAc and then 99:1 Et®IROH as eluent
gave NH sulfoximineis-223(112 mg, 95%) as a yellow oR-(9:1 EtOAcMeOH) 0.16;

'H NMR (400 MHz, CDCGJ) & 3. J2=Q2.5 &5¢4d0,Hz, 1H, SCH), 343102 (m,

2H, SCH), 2.432.32 (m, 1H, CH) 2.22.12 (m, 1H, CH), 2.1:2.00 (m, 1H, CH), 1.85

1.73 (m, 1H, CH), 1.34 (d = 7.0 Hz, 3H, SCIle); 3C NMR (100.6 MHz, CDG) &
59.3 (SCH), 55.3 (SCh, 32.0 CHz), 21.3 (CH), 12.7 (SCHWe). A solution of
paraformaldehyde (30 mg, 1.0 mmol, 1.2 eq.) and NH sulfoxigigi223 (112 mg, 0.84
mmol, 1.0 eq.) in formic acid (2 mL) was stirred and heated at 120 °C for 36 h. The
solution was allowed to cool to rt anctbolvent was evaporated under reduced pressure.
The residue was dissolved in 2 M$uaq) (5 mL) and the aqueous layer was extracted
with CH2Cl2 (3 x 20 mL). The aqueous layer was basified by the addition of 2 M NgaOH
until pH 12 was reached. The ague mixture was extracted with @El> (3 x 30 mL).

The combined organic layers were dried (Mgjsahd evaporated under reduced pressure
to give the crude product. Purification by flash column chromatography on silica with
EtOAc and then 9:1 EtOAMeOH as @&ent gave methyl sulfoximineis-222 (100 mg,

81%) as a clear oiR-(9:1 EtOAcMeOH) 0.18; IR (ATR) 2934, 2873, 1451, 1267, 1217,
1178, 1135, 1098, 1057, 1020, 867, 838'cHi NMR (400 MHz, CDC) & -3%6 3 4
(m, 1H, SCH), 3.283.10 (m, 1H, SCH), 2.82.78 (m, 1H, SCH), 2.80 (s, 3H, NMe),
2.35-2.26 (m, 1H, CH), 2.222.11 (m, 1H, CH), 2.062..88 (m, 1H, CH), 1.79..67 (m,

1H, CH), 1.33 (dJ = 7.0 Hz, 3H, SCMle); 1°C NMR (100.6 MHz,CDG) & %H), 2 ( S
50.2 (SCH), 31.9 (CH), 30.5 (NMe), 21.4 (Ch), 13.8 (CHMe); MS (ESI)m/z148 (M

+ H)"; HRMS (ESl)m/zcalcd for GH13NOS (M + H) 148.0791, found 148.0787 (+2.7

ppm error).

Lab book referencesH-2-52
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2-Methyl-1-(methylimino)-1 athian-1-one224and 2,6-dimethyl-1-(methylimino)-

1 athian-1-one225

S Me Me S Me

R\ S\
(0] N (@] l}l
Me Me
224 225

Using general procedure A-Me sulfoximinel56 (74 mg, 0.5 mmol, 1.0 eq.);BulLi

(0.24 mL of a 2.3 M solution in hexanes, 0.55 mmol, 1.1 eq.) and methyl iodide (0.06
mL, 1.0 mmol, 2.0 eq) in THF (5 mL) gave the crude product. Purification by flash
column chromatography on silica with EtOAc then 9:1 EtDA&OH as eluent gave a
complex mixture of sulfoximind56, methyl sulfoximine224and dimethyl sulfoximine

225 (40 mg)as a colourless oil. It was not possible to determine the ratio froftthe
NMR spectrum. Evidence for methyl sulfoximiB24and dimethyl sulfoximin@25was
provided by MS data.

Lab book referencesH-2-8

{[2-(Hydroxydiphenylmethyl) -1-oxo-1 athiolan-1-ylidene]amino}formonitrile cis-
226 andtrans-226 and{[2,5-Bis(hydroxydiphenylmethyl)-1-oxo-1 athiolan-1-

ylidene]amino}formonitrile cis,cis227and trans,cis227

Q %Ph WPh Ph§ O %Ph Phyo %Ph

R\
(0] N (0] I}l OH HO O N
CN CN CN CN
Cis-226 trans-226 cis,cis-227 trans,cis-227

Using geneal procedure AN-CN sulfoximine68 (72 mg, 0.50 mmol, 1.0 eqs);BulLi

(0.24 mL of a 2.3 M solution in hexanes, 0.55 mmol, 1.1 eq.) and benzophenone (0.25
mL of a 4 M solution in THF, 1.0 mmol, 2.0 eq) in THF (5 mL) gave the crude product.
Purification ty flash column chromatography on silica with 8:2 hexBt®Ac and then
EtOAc as eluent gave a 70:30 mixture of disubstituted sulfoxinoresis227 and
trans,cis227(30 mg, 12%) as a white soliz (4:1 EtOAchexane) 0.59; IR (ATR) 3524
(OH), 3060, 293, 2192 (CN), 1492, 1449, 1235, 1160, 1049, 1033, 907, 729, 697, 523
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cmt; 'H NMR (400 MHz, CDG) & 71=77® HZ, @6H, Ph), 7.66 (d,= 7.5 Hz,
2.8H, Ph), 7.59 (d] = 7.5 Hz, 0.6H, Ph), 7.49.40 (m, 4H, Ph), 7.4@.15 (m, 12H, Ph),
4.91 (s, 0.8, COH), 4.894.82 (m, 1.7H, SCH), 4.37 (dd~= 12.0, 6.0 Hz, 0.3H, SCH),
3.87 (s, 0.3H, COH), 3.72 (s, 1.4H, COH), 2256 (m, 1.4H, CH), 2.42.37 (m, 0.6H,
CH), 2.05-1.86 (m, 2H, CH)**C NMR (100.6 MHz, CDG) & ipgo#h,t@ans(cis
227), 143.2 (ipso-Ph, cis,cis227), 143.66 (psoPh, cis,cis227), 143.4 {pso-Ph,
trans,cis227), 142.9 {pso-Ph,trans,cis227), 142.4 (pso-Ph,trans,cis227), 129.5 (Ph,
trans,cis227), 129.2 (Phtrans,cis227), 129.1 (Phgis,cis227), 128.85 (Phgis,cis227),
128.82 (Phtrans,cis227), 128.79 (Phtrans,cis227), 128.7 (Phtrans,cis227), 128.40
(Ph, trans,cis227), 128.35 (Phjtrans,cis227), 128.3 (Ph,cis,cis227), 127.74 (Ph,
trans,cis227), 127.68 (Phgis,cis227), 125.8 (Phfrans,cis227), 125.4 (Phtrans,cis
227), 125.12 (Phgis,cis227), 125.07 (Phgis,cis227), 125.0 (Phtrans,cis227), 124.8
(Ph, trans,cis227), 111.8 (CN,cis,cis227), 110.3 (CN,trans,cis227), 79.8 (COH,
cis,Cis227), 78.6 (COH{rans,cis227), 77.6 (COHtrans,cis227), 73.5 (SCH{rans,cis
227), 72.7 (SCHtrans,cis227), 72.1 (SCHcis,cis227), 25.6 (CH, cis,cis227) 23.7
(CHy, trans,cis227), 22.9 (CH, trans,cis227); MS (ESI)m/z509 (M + H); HRMS

(ESI) m/zcalcd for GiH2eN20sS (M +HY509. 189 3, found 509.

and a 90:10 mixture of monosubstituted sulfoximioes226 and trans-226 (18 mg,
11%) as a white solid, mp 18082 °C,Rr (4:1 EtOAchexane) 0.41; IR (ATR) 3533
(OH), 2928, 2192, 1494, 1449, 1235, 1180, 106131088, 807, 787, 730, 703 ¢niH
NMR (400 MHz, CDCd) & —7766 (Mm]11.8H, Ph), 7.64.60 (m, 0.2H, Ph), 7.45.36
(m, 3.7H, Ph), 7.357.27 (m, 3.2H, Ph), 7.23.17 (m, 1.1H, Ph), 4.69 (dd~= 10.0, 8.0
Hz, 0.9H, SCH), 4.50 (dd,= 10.0, 8.0 Hz, 0.1HSCH), 3.78 (ddJ = 13.0, 6.0 Hz, 0.9H,
SCH), 3.72 (s, 0.9H, COH), 3.58.47 (m, 0.2H, SCH), 3.21 (dddi= 13.0, 6.5, 6.5 Hz,
0.9H, SCH), 2.542.40 (m, 1H, CH), 2.38.24 (m, 1H, CH), 2.141.94 (m, 2H, CH);
13C NMR (100.6 MHz, CDG) 0  lpdoPh, 8is-226), 143.2 {pso-Ph, cis-226),
129.21 (Ph¢is-226), 129.17 (Phtrans-226), 129.08 (Phtrans-226), 128.8 (Phgis-226),
128.4 (Phgis-226), 127.6 (Phgis-226), 125.5 (Phtrans226), 125.4 (Phgis-226), 125.0
(Ph, cis-226), 124.9 (Phtrans226), 112.1 (CN,cis-226) 78.54 (COH,cis-226), 71.1
(SCH, trans226), 69.1 (SCHcis-226), 56.6 (SCH, trans226), 55.1 (SCH, cis-226),
27.6 (CH, cis-226), 27.1 (CH, trans226), 20.8 (CH, trans-226), 20.7 (CH, cis-226)

(two ipso-Ph, two Ph, one CN and o@OH signal not resolved for sulfoximineans
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226); MS (ESI)m/z327 (M + H); HRMS (ESI)m/zcalcd for GgH1eN202S (M + H)'
372.1162, found 372.1163 (-0.5 ppm error

4

Lab book referencesH-1-90

({2-[Hydroxy(phenyl)methyl] -1-oxo-1 athiolan-1-ylidene}amino)formonitrile 228

H
Ph

228

Using general procedure A-CN sulfoximine68 (72 mg, 0.5 mmol, 1.0 eq.jp-BuLi

(0.24 mL of a 2.3 M solution in hexanes, 0.55 mmol, 1.1 eq.) and benzaldehyde (0.10
mL, 1.0 mmol, 2.0 eq) in THF (5 mlgave the crude product. Purification by flash
column chromatography on silica with 8:2 and then 1:1 heka@&c as eluent gave one
unassigned diastereomer of sulfoxim®8a (25 mg, 20%) as a white solid, mp 14

116 °C,R-(EtOAC) 0.61; IR (ATR) 3350 (Ol 2952, 2188 (CN), 1240, 1186, 1067, 817,
736, 703 crit; *H NMR (400 MHz, CDCd) & —7736 (#n]14H, Ph), 7.35.30 (m, 1H,

Ph), 5.54 (ddJ = 4.0, 2.0 Hz, 1H, Phd), 3.71:3.57 (m, 2H, SCH), 3.28 (ddd= 13.0,

10.5, 8.0 Hz, 1H, SCH), 3.19 (d= 4.0 Hz 1H, CHH), 2.58-2.45 (m, 1H, CH), 2.45

2.35 (m, 1H, CH), 2.1:3..98 (m, 2H, CH)**C NMR (100.6 MHz,CDG) & 1S9 . 1 (
Ph), 129.0 (Ph), 128.5 (Ph), 125.6 (Ph), 112.7 (CN), 69.CHIPh67.3 (SCH), 52.7
(SChH), 22.0 (CH), 20.6 (CH); MS (ESI)m/z273 M + Na)"; HRMS (ESIl)m/zcalcd

for C1oH1aN2 O, S(M+Nay273. 0668, found 273.0669 (-0.
mixture of sulfoximine28, 228, 228 and228 (42 mg, 34%) as a white solid, mp
116-118 °C,Re(EtOAC) 0.53; IR (ATR) 3361 (OH), 2946193 (CN), 1243, 1192, 823,
772,730, 703 crii *H NMR (400 MHz, CDCJ) & —7734 (#n34H, Ph), 7.33.27 (m,

1H, Ph), 5.55 (dd) = 3.5, 2.5 Hz, 0.15H, PH{q 2280), 5.52 (ddJ = 4.0, 2.0 Hz, 0.05H,
PhH, 2289, 5.10 (ddJ = 10.0, 4.0 Hz, 0.2H, PH{€ 228&), 4.98 (ddJ = 10.0, 4.0 Hz,

0.6H, Ph®, 228h), 3.8:-3.41 (m, 2.6H, SCH,CHB), 3.64 (d,J = 4.0 Hz, 0.2H,
CHOH), 3.52 (dJ=4.0 Hz, 0.6H, CH®), 3.29 (ddd,)=13.5, 11.0, 7.5 Hz, 0.6H, SCH),
2.51-2.34 (m, 0.4H, CH), 2.3@.97 (m, 1.8H, CH), 1.924.71(m, 1.8H, CH)*C NMR

(100.6 MHz, CDG) &  1pSoPh, 228, (228&), 139.5 {pso-Ph, 228, 22&), 139.3
(ipso-Ph,228), 129.3 (Ph228&), 129.2 (Ph228&0), 128.9 (Ph228&, 228&d), 128.46 (Ph,
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228, 22&), 128.42 (Ph228c, 22&d), 126.9 (Ph22&), 126.7 (Ph228&, 22&), 125.8
(Ph, 228, 228d), 125.7 (Ph228, 22&d), 112.9 (CN,228&:, 228d), 112.5 (CN,228),

112.2 (CN,228c, 22&), 72.9 (SCH CHOH, 228&:, 22&), 72.7 (SCH CHOH, 228,

228d), 72.3 (CHOH,22&), 71.6 (SCH228&), 70.1 (SCH228&:, 22&d), 68.2 (CHOH,
228, 228&d), 54.8 (SCH, 228), 54.5 (SCH, 228c, 228&), 53.4 (SCH, 228c, 228&), 28.3
(CHp, 2280), 27.7 (CH, 228, 22&), 22.4 (CH, 228, 228&d), 21.2 (CH, 22&), 20.7
(CHo, 228&c, 22&d), 20.5 (CH, 228, 228) (signals for228a not resolved); MS (ESin/z
252 (M + H); HRMS (ESI)m/z calcd for GoHisN202S (M + H)' 251.0849, found
251.0850 (-0.5 ppm error).

Lab book reference&sH-2-6

[(2-Benzyll-oxo-1 athiolan-1-ylidene)amino]formonitrile cis-229 andtrans-229
and [(2,5-Dibenzyl-1-oxo-1 athiolan-1-ylidene)amino]formonitrile ciscis-230and

trans,cis230

[SB/,,/Ph [QVPh Ph\‘\\\zsxx,,,/Ph Ph\/Q/,,,/Ph

W A\ W A\
(0] l}l 0] l}l (0] N (0] 'Tl

CN CN CN CN
cis-229 trans-229 cis,cis-230 trans,cis-230

Using general procedure A-CN sulfoximine68 (72 mg, 0.50 mmol, 1.0 eqs);BulLi

(0.24 mL of a 2.3 M solution in hexanes, 0.55 mmol, 1.1 eq.) and benzyl bromide (0.12
mL, 1.0 mmol, 2.0 eq) in TH (5 mL) gave the crude product. Purification by flash
column chromatography on silica with 1:1 EtOAexane and then 4:1 EtOAexane as
eluent gave an unknown mixture of disubstituted sulfoximaigsis230andtrans,cis
230(55 mg, 34%) as a clear gB:(4:1 EtOAchexane) 0.70; IR (ATR) 3037, 2930, 2188
(CN), 1496, 1455, 1233, 1177, 832, 756, 699, 540, 464 H#NMR (400 MHz, CDGJ)

60 7-7.%8&m, 6H, Ph), 7.25.19 (m, 4H, Ph), 3.83.35 (m, 4H, SCH/Phg), 2.96-

2.60 (m, 2H, Ph@), 2.29-1.92 (m,3H, CH), 1.841.65 (m, 1H, CH)*C NMR (100.6

MHz, CDCkE) & 1iBs&Ph)p B35.84ipso-Ph), 135.49ipso-Ph), 135.42ipso-Ph),
129.22 (Ph), 129.18 (Ph), 129.17 (Ph), 129.12 (Ph), 129.02 (Ph), 127.69 (Ph), 127.66
(Ph), 127.61 (Ph), 112.46 (CN), 112.@N), 68.18 (SCHtrans,cis230), 65.08 (SCH,
trans,cis230), 64.86 (SCHgis,cis230), 34.63 (PRH,, trans,cis230), 33.95 (PRH.,
trans,cis230), 33.79 (PRH., cis,cis230), 28.03 (CH, trans,cis230), 27.81 (CH,
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trans,cis230), 26.52 (CH, cis,cis230); MS (ESI)m/z325 (M + H)Y HRMS (ESl)m/z

calcd for GoHooN2OS(M+HY325. 1369, found 325.1369 (-
mixture (by*H NMR spectroscopy) of monosubstituted sulfoximinss229 andtrans

229(37 mg, 32%) as a clear gBk(4:1 EtOAchexane) 0.39; IR (ATR) 2938, 2188 (CN),

1496, 1455, 1233, 1192, 819,5/502, 540 crk; *H NMR (400 MHz, CDC) 0 -7.38
7.26 (m, 3H, Ph), 7.25.20 (m, 2H, Ph), 3.748.68 (m, 0.7H, SCH), 3.68.57 (m, 1H,

SCH), 3.553.37 (m, 1.6H, PhB, SCH), 3.26 (ddd] = 13.5, 10.0, 8.0 Hz, 0.7H, SCH),

2.90 (ddJ=15.0, 11.0 Hz, 0.3H, R), 2.80 (ddJ = 14.0, 10.0 Hz, 0.7H, Pi{), 2.4%

2.23 (m, 2H, CH), 2.231.86 (m, 2H, CH)**C NMR (100.6 MHz,CDG) & 1p$5. 8 (
Ph, trans229), 135.5 {pso-Ph, cis-229, 129.21 (Phgcis-229), 129.18 (Phtrans229),

129.09 (Phcis-229), 129.01 (Phfrans229), 127.69 (Phgis-229), 127.63 (Phirans

229, 112.50 (CN,trans229), 112.46 (CN,cis-229), 67.05 (SCHtrans229), 64.76
(SCH,cis-229), 53.64 (SCH, cis-229), 52.42 (SCH trans229), 33.86 (PEH>, cis-229),

33.00 (PICH2, trans229), 29.94 (G2, cis-229), 29.12 (CH, trans-229), 21.22 (CH, cis-

229), 20.44 (CH, trans229); MS (ESI)m/z235 (M + H); HRMS (ESI)m/zcalcd for
C12H14N20S (M + H) 235.0900, found 235.0899 (+0.1 ppm error).

Lab book referencesH-1-89

[(2-Methyl-1-0x0-1 athiolan-1-ylidene)amino]formonitrile 231 and [(2,5-Dimethyl-

1-oxo-1 athiolan-1-ylidene)amino]formonitrile 232

S Me Me S Me
A\ S\
(0] N (0] l}l
CN CN
231 232

Using general procedure A-CN sulfoximine68 (72 mg, 0.50 mmol, 1.0 eqs);BulLi

(0.24 m_ of a 2.3 M solution in hexanes, 0.55 mmol, 1.1 eq.) and then methyl iodide
(0.06 mL, 1.0 mmol, 2.0 eq) in THF (5 mL) gave the crude product. Purification by flash
column chromatography on silica with 4:1 EtQBAexane and then EtOAc as eluent gave

a compéx mixture of diastereomermmonosubstituted sulfoximin&3land disubstituted
sulfoximines232 (25 mg) as a clear oiR- (EtOAc) 0.33; IR (ATR) 2940, 2185 (CN),

1451, 1225, 1186, 817, 724, 539 tMMS (ESI)m/z181 [(M + Na)] HRMS (ESI)m/z

calcd forCsHio0N2.OS (M+Naj18 1. 0406, found 181.0410 ( -
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m/z195 [(M + Na)] HRMS (ESl)m/zcalcd for GH12N2>0OS (M + Naj 195.0568, found
195.0567 (-1.0 ppm error).

Lab book referencésH-1-91-7
Attempted synthesis of2-Benzyl1-[(tert-butyldiphenylsilyl)imino] -2-(pyridine -3-
carbonyl)-1 athiolan-1-one237

LHMDS (0.55 mL of a 1 M solution in hexanes, 0.55 mmol, 1.1 eq.) was added dropwise
to a stirred solution dN-TBDPS ketesulfoximinecis-183 (231 mg, 06 mmol, 1.0 eq.)

in THF (5 mL) at 78 °C under Ar. The resulting solution was stirred & °C for 20

min. Then, benzyl bromide (0.12 mL, 1.0 mmol, 2.0 eq) was added dropwise. The
resulting solution was stirred af8°C for 1 h and then allowed to warmit. Then water

(5 mL) was added and the two layers were separated. The aqueous layer was extracted
with CH.Cl> (3 x 20 mL). The combined organic layers were dried (MgS&hd
evaporated under reduced pressure to give the crude product. Purificateshibgofumn
chromatography on silica with 7:3 and then 1:1 hexar@®@Ac as eluent gave no

identifiable products and no starting material tByNMR spectroscopy).

Lab book referencesH-2-13

Attempted synthesis ofl-[(tert-Butyldiphenylsilyl)imino] -2-(pyri dine-3-carbonyl)-
1 athiolan-1-one238

PhOH/l 2 2
\NZB/,, ~UN ~UN
S S S
oN© onN © oN ©

| | |
TBDPS TBDPS TBDPS
238 cis-183 trans-183

LHMDS (0.55 mL ofa 1.0 M solution in hexanes,3 mmol, 1.1 eq.) was added

dropwise to a stirred solution DfFTBDPS ketesulfoximinecis-183(231 mg, 0.50 mmol,
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1.0 eq.) in THF (5nL) at 78 °C under Ar. The resulting solution was stirred & °C

for 20 min. Then, benzaldehyde (0.10 mL, 1.0 mmol, 2.0 eq) was added dropwise. The
resulting solution was stirred af8°C for 1 h and then allowed to warm to rt. Then, water

(5 mL) wasadded and the two layers were separated. The aqueous layer was extracted
with CH2Cl: (3 x 20 mL). The combined organic layers were dried (MgS&hd
evaporated under reduced pressure to give the crude product which contained a 75:25
mixture (by 'H NMR spetroscopy) of ketesulfoximines cis-183 and trans-183
Purification by flash column chromatography on silica with 7:3 and then 1:1 hexane
EtOAc as eluent gave kesulfoximinetrans-183(50 mg, 22%) as a white solid, mp 1.2

115 °C,Rr (1:1 hexaneéEtOAc) 0.35; IR (ATR) 3070, 3049, 2930, 2891, 2856, 1687
(C=0), 1586, 1427, 1300, 1256, 1154, 1108, 998, 821, 731, 699, 603, 500, #8FHcm

NMR (400 MHz, CDCf) & 9J=113% HZ, tH, Ar), 8.758.70 (m, 1H, Ar), 8.12

8.04 (m, 1H, Ar), 7.787.67 (m, 4H, Ph), A3-7.34 (m, 6H, Ph), 7.23 (dd,= 8.0, 5.0

Hz, 1H, Ar), 4.64 (ddJ = 8.0, 5.5 Hz, 1H, SCH), 3.62.90 (m, 1H), 2.882.80 (m, 1H),
2.76-2.68 (m, 1H), 2.342.26 (m, 1H, CH), 2.22.09 (m, 2H, CH), 1.08 (s, 9H, CN)e

13C NMR (100.6 MHz, CDG) & 1 90}, 153.9 (Arf; £50.5 (Ar), 136.6 (Ar), 135.68

(Ar), 135.63 (Ar), 135.48ifs0-Ar), 135.44 (pso-Ar), 132.2 (pso-Ar), 129.7 (Ar), 127.89

(Ar), 127.84 (Ar), 123.5 (Ar), 69.3 (SCH), 56.5 (SgH27.1 ((Me3), 25.5 (CH), 21.4

(CHy), 19.4 CMes) (one Ar resoance not resolved); MS (ES1/z463 (M + H)'; HRMS
(ESI)m/zcalcd for GeHzoN20.SSi(M+HY46 3. 1870, found 463. 18
and ketesulfoximine cis-183 (157 mg, 68%) as a white solid. The stereochemistry of

keto-sulfoximinescis-183andtrans-183was assigned by analogy with related examples.

Lab book referencesH-2-19

Attempted synthesis of2-benzoylt2-benzyt1-[(tert -butyldiphenylsilyl)imino] -1 &
thiolan-1-one 242and 2,5-dibenzoyt1-[(tert -butyldiphenylsilyl)imino] -1 athiolan-

1l-onetrans,cis-239

Ph
O\} (L (L

_Ph v, Ph s, _Ph Phw/,, Ph
S S S S
SN W g/ S\ ”/ W ”/
O N O N

. . o N © ©on?®
TBDPS TBDPS TBDPS TBDPS
242 trans-180 cis-180 trans,cis-239
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LHMDS (0.55 mL of a 1.0 M solution in hexanes, ®.5amol, 1.1 eq.) was added
dropwise to a stirred solution dFTBDPS sulfoximinecis-180(231 mg, 0.50 mmol, 1.0

eq.) in THF (5 mL) at 78 °C under Ar. The resulting solution was stirred & °C for

20 min. Then, benzyl bromide (0.12 mL, 1.0 mmol, 2.pwgs added dropwise. The
resulting solution was stirred af8°C for 1 h and then allowed to warm to rt. Then, water

(5 mL) was added and the two layers were separated. The aqueous layer was extracted
with CH2Cl> (3 x 20 mL). The combined organic layensere dried (MgS®@ and
evaporated under reduced pressure to give the crude product which contained a 70:20:10
mixture (by 'H NMR spectroscopy) of monosubstituted sulfoximitns-180,
disubstituted sulfoximinetrans,cis239 and monosubstituted sulfoximineis-180.
Purification by flash column chromatography on silica with 95:5 and then 9:1 hexane
EtOAc as eluent gave a 50:50 mixture of sulfoximiciesl 80, andtrans,cis239(43 mg,

19 mg (8%) otis-180and 22 mg (8%) dfans,cis239) as a white solidR-(8:2 hexane

EtOAc) 0.36; IR (ATR) 3069, 2930, 2856, 1682, 1327, 1299, 1154, 1108, 728, 701, 603,
501 cm*; *H NMR (400 MHz, CDGJ) for trans,cis2398  8-8.107m, 2H, Ph), 7.69

7.64 (m, 2H, Ph), 7.6.29 (m, 12H, Ph), 7.25.14 (m, 4H, Ph), 5.16 (dd,= 8.0, 8.0

Hz, 1H, SCH), 4.62 (dd] = 8.0, 3.5 Hz, 1H, SCH), 3.33.01 (m, 1H, CH), 2.6&8.52

(m, 2H, CH), 2.462.35 (m, 1H, CH), 0.80 (s, 9H, CN)e3C NMR (100.6 MHz, CDG)

for trans,cis2398 193. 1 ( C=0), ©b®eh), 1364ipse™), 1358 36 . 6
(Ph), 135.7 (Ph), 134.9ps0-Ph), 134.1 (Ph), 133.6 (Ph), 129.8 (Ph), 129.6 (Ph), 129.1
(Ph), 128.8 (Ph), 128.7 (Ph), 127.8 (Ph), 127.7 (Ph), 69.0 (SCH), 68.7 (SCH), 26.2
(CMes), 24.0 (CH), 23.7 (CH), 19.3 CMes3) (two Ph resonances not resalyeMS (ESI)

m/z566 (M + H); HRMS (ESI)m/zcalcd for G4H3sNOsSSi (M + H) 566.2180, found
566.2183 (-0.7 ppntraresi80(@09 g, 47f06Ylas a whitefsolick i mi n

Lab book referencesH-2-22

Attempted synthesis of2,5-Dibenzoy}1-[(tert-butyldiphenylsilyl)imino] -1 &
thiolan-1-one 242
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Ph

OY’“ @th

R S

O N O O N O
TBDPS TBDPS
242 trans-180

KHMDS (1.1 mL of a 0.5 M solution in toluene, 0.55 mmol, 1.1 eq.) was added dropwise
to a stirred solution of a 75:25 mixtureN{TBDPS ketesulfoximinescis-180andtrans

180 (231 mg, 0.50 mmol, 1.0 eq.) in THF (5 mL) at8 °C under Ar. The resulting
solution was stirred at78 °C for 20 min. Then, benzyl bromide (0.12 mL, 1.0 mmol, 2.0
eq) was added dropwise. The resulting solution was stirred&fC for 1 h and then
allowed to warm to rt. Then, water (5 mL) was added and the two layers were egparat
The aqueous layer was extracted with.CH (3 x 20 mL). The combined organic layers
were dried (MgS@ and evaporated under reduced pressure to give the crude product

which contained only ketsulfoximinetrans-242 (by *H NMR spectroscopy).

Lab bookreferenceGH-2-33

Attempted synthesis of 2Benzoyt1-[(tert-butyldiphenylsilyl)imino] -2-methyl-1 a
thiolan-1-one 243

LHMDS (0.55 mL of a 1.0 M solution in THF, 0.55 mmol, 1.1 eq.) was added dropwise
to a stirred solution of a 75:25 mixtureN{TBDPS ketesulfoximinescis-180andtrans

180 (231 mg, 0.50 mmol, 1.0 eq.) in THF (5 mL) at8 °C under Ar. The resulting
solution was stirred at78 °C for 20 min. Then, methyl iodide (0.06 mL, 1.0 mmol, 2.0

eq) was added dropwise. The resulting solution was stirred&fC for 1 h and hen
allowed to warm to rt. Then, water (5 mL) was added and the two layers were separated.
The aqueous layer was extracted with,CH (3 x 20 mL). The combined organic layers
were dried (MgS®@ and evaporated under reduced pressure to give the crudetprodu
Purification by flash column chromatography on silica with 98:2 and then 95:5 hexane

EtOAc as eluent gave a single unassigned diastereomeric sulfoX@d8r{@4 mg, 6%)
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as a white solidRr (8:2 hexaneEtOAc) 0.35; IR (ATR) 3069, 2956, 2928, 2855, 1680
(C=0), 1427, 1306, 1263, 1142, 1109, 737, 702, 502; ¢mh NMR (400 MHz, CDCJ)

5 8-8.09%m, 2H, Ph), 7.87.77 (m, 3H, Ph), 7.4§.32 (m, 10H, Ph), 3.28.14 (m,
1H, SCH), 2.922.82 (m, 1H, SCH), 2.62.58 (m, 1H, CH), 2.22.08 (m, 1H, CH),
1.97-1.85 (m, 1H, CH), 1.791.69 (m, 1H, CH), 1.74 (s, 3H, Me), 1.17 (s, 9H, GMe
13C NMR (100.6 MHz, CDG) & 196. 1 ips6Rh))135.9 (P19,6.353 (Ph),
135.7 (pso-Ph), 134.9 (Ph), 132.5 (Ph), 130.1 (Ph), 129.52 (Ph), 129.51 (Ph), 128.2 (Ph),
127.78(Ph), 127.76 (Ph), 74.1 (3/e), 57.8 (SCH), 36.6 (SB/e), 27.3 (Mes), 25.0
(CH), 20.1 (CH), 19.8 CMe3) (oneipso-Ph resonance not resolved); MS (E®8Ix476

(M + H)*; HRMS (ESI)m/zcalcd for GgH33sNO.SSi (M + H) 476.2074, found 476.2083

( = 1. 9rrop,mmB0:4@ mixture (byH NMR spectroscopy) of ketsulfoximinescis-
180andtranscis-239(70 mg, 39 mg (17%) afis-180and 31 mg (11%) dfans,cis239
and ketesulfoximinetrans-180(130 mg, 56%).

Lab book referencesH-2-36

KHMDS (1.1 mL of a B M solution in toluene, 0.55 mmol, 1.1 eq.) was added dropwise
to a stirred solution of a 75:25 mixtureN{TBDPS ketesulfoximinescis-180andtrans

180 (231 mg, 0.50 mmol, 1.0 eq.) in THF (5 mL) at8 °C under Ar. The resulting
solution was stirred at78 °C for 20 min. Then, methyl iodide (0.06 mL, 1.0 mmol, 2.0
eq) was added dropwise. The resulting solution was stirred&fC for 1 h and then
allowed to warm to rt. Then, water (5 mL) was addad the two layers were separated.
The aqueous layer was extracted with,CH (3 x 20 mL). The combined organic layers
were dried (MgS® and evaporated under reduced pressure to give the crude product.
Purification by flash column chromatography on siligith 97:3 and then 95:5 hexane
EtOAc as eluent gave a single unassigned diastereomeric sulfoX@d8r{@2 mg, 5%)

as a white solid and a 70:30 mixture tblyNMR spectroscopy) of ketsulfoximinescis-
180andtrans,cis239(69 mg, 45 mg (20%) afis-180and 24 mg (8%) dfrans,cis239

and ketesulfoximinetrans180 (135 mg, 58%).

Lab book referencesH-2-37

NaHMDS (0.28 mL of a 2.0 M solution in toluene, 0.55 mmol, 1.1 eqg.) was added

dropwise to a stirred solution of a 75:25 mixturdNeT BDPS ketesulfoximinescis-180
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andtrans-180 (231 mg, 0.50 mmol, 1.0 eq.) in THF (5 mL) at8 °C under Ar. The
resulting solution was stirred a8 °C for 20 min. Then, methyl iodide (0.06 mL, 1.0
mmol, 2.0 eq) was added dropwise. The resulting solution was stirr@@ &€ for 1 h
and then allowed to warm to rt. Then, water (5 mL) was addedhe two layers were
separated. The aqueous layer was extracted witfCI2KB3 x 20 mL). The combined
organic layers were dried (MgS0and evaporated under reduced pressure to give the
crude product. Purification by flash column chromatography orasitith 97:3 and then
95:5 hexand&etOAc as eluent gave a single unassigned diastereomeric sulfox@dine
(2 mg, 1%) as a white solid, and a 65:25:10 mixture'kbiMR spectroscopy) of keto
sulfoximinestrans-180, cis-180, andtranscis-239(189 mg, 120 m@§52%) oftrans-180,

46 mg (20%) otis-180and 22 mg (8%) afrans,cis239).

Lab book referencesH-2-38

NaH (0.022g of 60% in mineral oil, 0.55 mmol, 1.1 eq.) was added to a stirred solution
of a 75:25 mixture oN-TBDPS ketesulfoximinescis-180 andtrans-180(231 mg,0.50
mmol, 1.0 eq.) in THF (BnL) at 78 °C under Ar. The resulting solution was stirred at

78 °C for 20 min. Then, methyl iodide (0.06 mL, 1.0 mmol, 2.0 eq) was added dropwise.
The resulting solution was stirred at8°C for 1 h and then allowetd warm to rt. Then,
water (5mL) was addedand the two layers were separated. The aqueous layer was
extracted with CLCl> (3 x 20 mL). The combined organic layers were dried (MgSO
and evaporated under reduced pressure to give the crude product. Purification by flash
column chromatography on s#iovith 97:3 and then 95:5 hexaB8OAc as eluent gave

a single unassigned diastereomeric sulfoxin2ad (10 mg, 4%) as a white solid, and a
65:25:10 mixture (byH NMR spectroscopy) of ketsulfoximinestrans-180, cis-180and
transcis-239 (200 mg, 127 md55%) oftrans180 49 mg (21%) otis-180and 24 mg

(8%) oftrans,cis239).

Lab book referencesH-2-39

n-BuLi (0.65 mL of a 2.3 M solution in hexane, 1.5 mmol, 1.0 eq) was added dropwise

to a stirred solution of diisopropylamine (0.21 mL, 1.5 mmdl,€q) in THF (1 mL) at O
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°C under Ar. The resulting solution was stirred at 0 °C for 30 min. This gave a freshly

prepared solution of LDA in THF.

Freshy prepared LDA (0.68 mL of a 0.8 M solution in THF, 0.55 mmol, 1.1 eq.) was
added dropwise to a stirrelution of a 75:25 mixture df-TBDPS ketesulfoximines
cis-180andtrans-180(231 mg, 0.50 mmol, 1.0 eq.) in THF (5 mL) &8 °C under Ar.

The resulting solution was stirred at8 °C for 20 min. Then, methyl iodide (0.06 mL,

1.0 mmol, 2.0 eq) was addielropwise. The resulting solution was stirred £8°C for 1

h and then allowed to warm to rt. Then, water (5 mL) was added and the two layers were
separated. The aqueous layer was extracted witfCI2KB3 x 20 mL). The combined
organic layers were drigdgSQs) and evaporated under reduced pressure to give the
crude product which contained an 85:15 mixture #HyNMR spectroscopy) of keto

sulfoximinestrans-180andcis-180

Lab book referencesH-2-60

1-[(tert-Butyldiphenylsilyl)imino] -2-(hydroxydiphenylmethyl)-5-methyl-1 &

thiolan-1-onecis,cis244

cis,cis-244

Using general procedure N; TBDPS sulfoximinecis-172(186 mg, 0.50 mmol, 1.0 eq.),
n-BuLi (0.24 mL of a 2.3 M solution in hexanes, 0.55 mmol, 1.1 eq.) and benzophenone
(0.25 mL of a 4 M solution in THF, 1.0 mmol, 2.0 eq) in THF (5 mL) gave the crude
product. Purification by flash column chromatography on silica with 98:2 hext#Dac

as eluent gave disubstituted sulfoximtis,cis244 (197 mg, 71%) as a white solid, mp
58-60 °C; Rr(9:1 hexaneEtOAc) 0.5; IR (ATR) 3433 (OH), 3068, 2930, 2855, 2194,
1449, 1427, 1310, 1240, 1107, 730, 700, 644, 605, 531 ¢hNMR (400 MHz, CDGJ)

0 7-7.B/3m, 2H, Ph), 7.A7.73 (m, 2H, Ph), 7.67.56 (m, 2H, Ph), 7.5¢.36 (m,

6H, Ph), 7.367.25 (m, 6H, Ph), 7.25.14 (m, 2H, Ph), 5.20 (s, 1H, COH), 4.43 (dd,

8.5, 8.5 Hz, 1H, SCH), 2.7/2.66 (m, 1H, SCH), 2.2&€.05 (m, 2H, CH), 1.851.68 {n,

2H, CH), 1.07 (s, 9H, CMg#, 0.95 (d,J = 7.0 Hz, 3H, CHe); 3*C NMR (100.6 MHz,
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CDCk) & 1ipsbPhp €45.%7 ipso-Ph), 136.3 ipso-Ph), 136.1 ipso-Ph), 135.8

(Ph), 135.7 (Ph), 129.32 (Ph), 129.26 (Ph), 128.41 (Ph), 128.37 (Ph), 127.7 (Ph), 127.5
(Ph), 127.1 (Ph), 126.7 (Ph), 126.3 (Ph), 125.1 (Ph), 78.5 (COH), T@HOSH), 62.3
(SCHMe), 29.0 (CH), 27.1 (QVies), 24.3 (CH), 19.3 CMes), 13.5 (SCHUe); MS (ESI)

m/z554 (M + H); HRMS (ESI)m/zcalcd for GaHzsNO2SSi (M + H) 554.2544, found
55642%2 (-1.6 ppm error). The st ercig@s@R4de mi st

was assigned by analogy with related examples.

Lab book referencesH-1-87-2

1-[(tert-Butyldiphenylsilyl)imino] -2-(hydroxydiphenylmethyl)-6-methyl-1 athian-

() e
SN LPh

Me' S\\
O,\Il OH
TBDPS

cis,cis-245

1-onecis,cis245

Using general procedure A-TBDPS methyl sulfoximineis-174 (193 mg, 0.5 mmol,
1.0 eq.),n-BuLi (0.24 mL of a 2.3 M solution in hexanes, 0.55 mmol, 1.1 eq.) and
benzophenone (0.25 mL of a 4 M solution in THF, 1.0 md), eq) gave the crude
product. Purification by flash column chromatography on silica with 95:5 hex#Dac
as eluent gave disubstituted sulfoximtis,cis245(231 mg, 81%) as a white solid, mp
108-110 °C,Rr(9:1 hexaneEtOAcC) 0.47; IR (ATR) 3286 (OH)RB055, 2932, 2856, 1255,
1155, 1106, 909, 729, 698, 610, 492%cAH NMR (400 MHz, CD.) & —7769 @12
6H, Ph), 7.457.22 (m, 14H, Ph), 3.88 (dd,= 12.0, 1.5 Hz, 1H, SCH), 2.92.82 (m,
1H, SCH), 2.382.15 (m, 1H, CH), 1.931..85 (m, 1H, CH), 1.841.64 (m, 3H, CH), 1.4%
1.28 (m, 1H, CH), 0.91 (s, 9H, CN)e0.49 (dJ= 7.0 Hz, 3H, SCMle); 1*C NMR (100.6
MHz, CDCk) & Ipdgo®Ph),442(LipsoPh), 136.2ipso-Ph), 136.0 (Ph), 135.7 (Ph),
135.40 {pso-Ph), 129.33 (Ph), 129.25 (Ph), 128.9 (Ph), 328h), 127.69 (Ph), 127.66
(Ph), 127.5 (Ph), 127.4 (Ph), 127.3 (F88,2 (COH), 74.7 (SBCOH), 64.4 (SEIMe),
33.2 (CH), 28.6 (CH), 26.9 (Me3), 26.5 (CH), 19.6 CMes), 12.7 (SCHe) (one Ph
resonance not resolved); MS (ESiyz 568 (M + H); HRMS (ESI) m/z calcd for
CssHa1NO.SSi (M + H) 568.2700, found 568.2687 (+2.4 ppm error).
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Lab book referencesH-2-64-2

2-Benzyl1-[(tert-butyldiphenylsilyl)imino] -5-methyl-1 athiolan-1-onecis,cis-246

cis,cis-246

Using general procedure N; TBDPS sulfoximinecis-172(186 mg, 0.50 mmol, 1.0 eq.),
n-BuLi (0.24 mL of a 2.3 M solution in hexanes, 0.55 mmol, 1.1 eq.pandyl bromide

(0.12 mL, 1.0 mmol, 2.0 eq) gave the crude product. Purification by flash column
chromatography on silica with 95:5 and then 9:1 hexa@Ac as eluent gave
disubstituted sulfoximineis,cis246(198 mg, 86%) as a clear viscous Bi(8:2hexane

EtOAc) 0.63; IR (ATR) 3068, 2930, 2855, 1322, 1247, 1145, 1107, 821, 736, 701, 605,
500 cm'; *H NMR (400 MHz, CDCGJ) & —7772 (8104H, Ph), 7.4%7.32 (m, 6H, Ph),
7.25-7.14 (m, 3H, Ph), 6.94.88 (m, 2H, Ph), 3.02.88 (m, 3H, SCHPhCH), 2.57

2.47 (m, 1H, Ph8&), 2.07#1.95 (m, 1H, CH), 1.88L.77 (m, 1H, CH), 1.75L.58 (m, 2H,

CH), 1.17 (d,J = 7.0 Hz, 3H, SCMe), 1.8 (s, 9H, CMe); 1*C NMR (100.6 MHz,
CDCk) & 1p8So®h),336(86ipso-Ph), 136.80ipso-Ph), 135.78 (Ph), 135.75 (Ph),
129.23 (Ph), 129.20 (Ph), 129.1 (Ph), 128.6 (Ph), 127.63 (Ph), 127.61 (Ph), 126.6 (Ph),
65.1 (3CHCH2Ph), 60.0 (EHMe), 33.9 (PRH>), 28.0 (CH), 27.3 (Me3), 25.7 (CH),

19.4 CMe3), 12.8 (SCHile); MS (ESI)m/z462 (M + H); HRMS (ESI)m/zcalcd for
CogH3sNOSSi(M+HY46 2. 2281, found 462.2285 (-0.7

of disubstituted sulfoximineis,cis246was assignelly analogy with related examples.

Lab book referencesH-2-28

2-Benzyt1-[(tert-butyldiphenylsilyl)imino] -6-methyl-1 athian-1-onecis,cis247

\\O’/,'/Ph

Me® S
S\
o
TBDPS

cis,cis-247
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Using general procedure N;TBDPS sulfoximinecis-174(193 mg, 0.5 mmol, 1.8q.),
n-BuLi (0.24 mL of a 2.3 M solution in hexanes, 0.55 mmol, 1.1 eq.) and benzyl bromide
(0.22 mL, 1.0 mmol, 2.0 eq) gave the crude product. Purification by flash column
chromatography on silica with 95:5 hexaf#Ac as eluent gave disubstituted
sulfoximine cis,cis247 (202 mg, 85%) as a white solid, mp 122 °C,R-(9:1 hexane
EtOAc) 0.39; IR (ATR) 3068, 2931, 2854, 1346, 1277, 1159, 1106, 759, 733, 701, 648,
603, 493 crit; 'H NMR (400 MHz, CDCJ) & —7781 @np4H, Ph), 7.45.33 (m, 6H,

Ph), 7.247.14 (m, 3H, Ph), 6.84.77 (m, 2H, Ph), 3.36 (dd= 13.5, 2.5 Hz, 1H, PhE),
2.94-2.79 (m, 2H, SCH), 2.46 (dd= 13.0, 12.0 Hz, 1H, PH€), 1.87-1.59 (m, 5H, CH),
1.35-1.22 (m, 1H, CH), 1.18 (d} = 7.0 Hz, 3H, SCMle), 1.10 (s, 9H, ®les); 1°C NMR
(100.6 MHz, CDG) &  1p80oPh),9136(9 ipbso-Ph), 136.5 ipso-Ph), 135.79 (Ph),
135.74 (Ph), 129.5 (Ph), 129.1 (Ph), 128.5 (Ph), 127.61 (Ph), 127.55 (Ph), 126.5 (Ph),
67.2 (SCH), 61.6 (SCH), 32.8 (GH31.5 (PIEH>), 29.0 (CH), 27.3 ((Me3), 25.0 (CH),

19.9 CMe3), 12.2 (SCHUe) (one Ph resonance not resolved); MS (E&QB476 (M +

H)*"; HRMS (ESI)m/zcalcd for GoH3z/NOSSi (M + H) 476.2438, found 476.2428 (+2.0
ppm error). The stereochemistry of distituted sulfoximineis,cis-247was assigned by

analogy with related examples.

Lab book referencesH-2-65-2

1-{[Diphenyl(trimethylsilyl)methyl]imino} -2-[hydroxy(phenyl)methyl]-5-methyl-
1 athiolan-1-onecis,cis,anti248and cis,cis,syA248 andl1-phenyl-1-pentanol 249

O<H/Ph " ph
A\ o\
Me® °s > Me® °s OH
:::\\ - :::\\ )\/\/
Ph

TBDPS TBDPS
cis,cis,anti-248 cis,cis,syn-248 249

Using general procedure N; TBDPS sulfoximinecis-172(186 mg, 0.50 mmol.0 eq.),
n-BuLi (0.24 mL of a 2.3 M solution in hexanes, 0.55 mmol, 1.1 eq.) and benzaldehyde
(0.10 mL, 1.0 mmol, 2.0 eq) in THF (5 mL) gave the crude product which contained a
60:25:15 mixture (byH NMR spectroscopy) of alcohatss,cis,anti248, cis,cis,syn248

and Xphenytl-pentanol249 i.e. a 70:30 mixture of alcoholsis,cis,anti248 and
cis,cis,syr248 Purification by flash column chromatography on silica with 97:3 and then

95:5 hexand&tOAc as eluent gave an 85:15 mixture of alcahis/cis,anti248 and t
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ChapterFour: Experimental

phenyt1-pentanol49 (161 mg, 152 mg (64%) ais,cis,anti2Z48and 9 mg (10%) of-1
phenytl-pentanol49 as a white solid, mp 882 °C,Rr(9:1 hexaneEtOAc) 0.26; IR
(ATR) 3479 (OH), 3068, 2930, 2855, 1451, 1427, 1313, 1244, 1132, 1103332698,

607, 499 crit; 'H NMR (400 MHz, CDQJ) for cis,cis,anti2488  7-7.82m, 2H, Ph),
7.77-7.74 (m, 2H, Ph), 7.34.34 (m, 6H, Ph), 7.25.18 (m, 3H, Ph), 6.96.92 (m, 2H,

Ph), 5.07 (brs, 1H, PH@OH), 4.04 (d,J = 2.0 Hz, 1H, PhCH®), 3.05-2.94 (m, 2H,
SCH), 2.242.13 (m, 1H, CH), 2.142.01 (m, 1H, CH), 1.79..67 (m, 1H, CH), 1.64

1.53 (m, 1H, CH), 1.26 (d,= 7.0 Hz, 3H, SCMle), 1.11 (s, 9H, CM#; °C NMR (100.6
MHz, CDCE) for cis,cis,anti2480 1 4iflso-Ph), 136.34ipso-Ph), 136.31ipso-Ph),
135.68 (Ph), 135.63 (Ph), 129.46 (Ph), 129.38 (Ph), 128.31Ph);7 (Ph), 127.71 (Ph),
127.3 (Ph), 125.5 (Ph), 69.0 (SCH), 68.5 ¢PIOH), 61.1 (SCH), 28.8 (Ch, 27.2
(CMe3), 19.5 (CH), 19.3 CMes), 11.7 (SCHUe); MS (ESI)m/z478 (M + HY; HRMS
(ESI) m/zcalcd for GgH3sNO,SSi(M+HY 478 . 2231, f o vdppgmedor)8. 2 2
and alcoholcis,cissyn248 (53 mg, 22%) as a white solid, mp 3@2 °C,Rr (9:1
hexaneEtOAc) 0.18; IR (ATR) 3472 (OH), 3068, 2930, 2855, 1454, 1427, 1310, 1242,
1136, 1107, 821, 767, 732, 700, 606, 500cthl NMR (400 MHz, CDG)) & 7774 7 9
(m, 4H, Ph), 7.447.35 (m, 6H, Ph), 7.34.27 (m, 3H, Ph), 7.24.20 (m, 2H, Ph), 4.83
(dd,J =9.5, 3.0 Hz, 1H, PhHEOH), 4.06 (dJ = 3.0 Hz, 1H, PhCH@), 3.26-3.18 (m,

1H, SCH), 2.962.86 (m, 1H, SCH), 2.649.99 (m, 1H, CH), 1.741.56 (m, 3H, CH),
1.13 (d,J= 7.0 Hz, 3H, SCie), 1.10 (s, 9H, ®le3); 1°C NMR (100.6 MHz, CDG) &
140.4 {pso-Ph), 136.29ipso-Ph), 136.23ipso-Ph), 135.8 (Ph), 129.4 (Ph), 128.7 (Ph),
128.4 (Ph), 127.7 (Ph), 127.6 (Ph), 127.1 (Ph), 74.6fH), 70.5 (SCH), 62.1 (SCH),
29.1 (CH), 27.2 (QVles3), 24.7 (CH), 19.3 CMes), 13.3 (SCHUe) (two Ph resoances

not resolved); MS (ESh/z478 (M + H); HRMS (ESI)m/zcalcd for GsgHzsNO.SSi (M
+H)478. 2231, found 478.2234 (-0.7 ppm err

cis,cis,anti248andcis,cis,syr248was assigned by analogy with related examples

Diagnostic signals for-phenytl-pentanoR49H NMR (400 MHz,CDCG)) & 4. 67 (
J=17.5, 6.0, 3.5 Hz, 1H, POH) 0.89 (t,J = 7.0 Hz, 3H, CHMe); *C NMR (100.6

MHz, CDCk) & Ipdo®h),128( (Ph), 127.5 (Ph), 126.0 (Ph), 74.7 (PhCOH), 39.0
(PhCOHCHy), 28.1 (MeCHCHy), 22.7 (M&CH»), 14.1 (Me). Spectroscopic data are

consistent with those reported in the literatifre.

Lab book referencesH-2-18
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Abbreviations
Ar
BINAP
Boc
Bu
Bz
CPME

DCE
dba
DME
DPH
dr

E+

esp
eq.
HMDS
HMPA
HOBt
Hz

KHMDS
LHMDS

mCPBA
M*

Me

min

MP

MS

argon

2 , -l@s(diphenylphosphine] , -dinaphthalene
tert-butoxycarbonyl

butyl

benzoyl

cyclopentyl methyl ether

doublet

1,2-dichloroethane
Dibenzylideneacetone
1,2-Dimethoxyethane
O-(2,4-dinitrophenyl)hydroxylarme
diastereomeric ratio

electrophile

a, a ,-Tetramethyll,3-benzenedipropionic acid
equivalent

hexamethyldisilizane
hexamethylphosphoramide
hydroxybenzotriazole

Hertz

infra-red

coupling constann Hz

potassium hexamethyldisilazide
lithium hexamethyldisilazide
multiplet

molar

3-chloroperbenzoic acid
molecular ion

methyl

minute

melting point

mass spectrometry
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Abbreviations

MSH O-mesitylsulfonylhydroxyhmine
m/z mass to charge ratio

NBS N-bromosuccinimide

NCS N-chlorosuccinimide

NFSI N-fluorobenzenesulfonimide
NMR nuclear magnetic resonance
Ns para-nitrobenzenesulfonyl

Ph phenyl

PIDA (diacetoxyiodo)benzene

PMB p-methoxybenzyl

rt room temperatie

S singlet

SES trimethylsilylethylsulfonyl
TBAF tetrabutylammonium fluoride
TBDPS tert-butyldiphenylsilyl

TBHP tert-butyl hydroperoxide

TFE tetrafluoroethylene

TMS trimethylsilyl

Ts tosyl

X-Phos 2-dicyclohexylphosphin® ' ,-4' | 6 '

triisopropylbipheyl
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