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GRAPHICAL ABSTRACT

Indium-mediated diastereoselective allylation oN-tert-butanesulfinyl imines derived froma-ketoesters

Edgar Maci&®® Francisco Foubeld'* and Miguel
Yus®*
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Abstract

The indium-mediated allylation ef-aldimino and -ketimino estefswith allylic bromides proceeds with high diastereoselectivity to
yield homoallylic a-amino ester derivative$, in both THF and water as solvents. The reactions are diastereospecific, th
stereochemical outcome-en-the-configuration depending on the configuration of both the sulphur atom of the sulfinyl group an
C=N double bond—Specially-interesting Of particular interest are the reaction products using ethyl bromomethylacrylate as allyl:
reagent because amino diesters are obtained, which can be easily transformed into enantiomericalyeplyideney-
butyrolactams with an alkoxycarbonyl group on the-earbon ring bearing the nitrogen atom.

Keywords Diastereoselective addition; Allylation; Chiral sulfinyl imines; Enantioenriaiachino estersy-Methyleney-
butyrolactams

1. Introduction

The addition of an allylic organometallic compound to an imine or imine derivative is of great synthetic inter
because a homoallyl amine is formed. Importantly, if the allylation is carried out in a stereoselective fash
enantioenriched homoallylic amines would be produc@these compounds are valuable building blocks,
because along with the carbon stereogenic centre bonded to the nitrogen atom, the double bond of the .
moiety can participate in a number of further synthetically useful transformatiditaough catalytic
enantioselective allylatiofisising Lewis acids or bases as chiral inductors are the ideal method of choice -
performing these transformations, more efficient and practical protocols have been developed when
stereoselective allylations are carried out with stoichiometric amounts of chiral rehgewts,as imines
bearing a chiral auxiliary. In this context, it is worth mentioning taert-butanesulfinyl derivativéshave
found high applicability in synthesis as electrophiles because both enantiomers are accessible in large-:
processesand because the chiral auxiliary is easily removed under acidic conditions. In addition, practi
processes for recycling thert-butanesulfinyl group upon deprotection Mdtert-butanesulfinyl amines have
also been reportédRegarding With regards to this, we have described the stereoselective allylatidartf
butanesulfinyl aldiminésand ketimine$with allylindium species and the first one-psaminoallylation of
aldehydes with chiratert-butanesulfinamide, allyl bromides, and indium, which provides homoallylic amine:
with high chemo- and stereoselectivityContinuing our interest in this topic, we herein report our first
approach to the indium-mediated addition of allylic bromideBl-tert-butanesulfinyl imines derived from
ketoesters and alkyl glyoxylate esters. These imines are precurseranoho esters upon reaction with
nucleophiles: The addition of arylboronic acfdstrimethylsilane pronucleophilé$, organozint® and
organomagnesium compounidiso these imines has been already reported, the diastereoselective reductior
N-tert-butanesulfinyl imines derived fromketoesters leading @-amino acid derivatives being also kno¥n.

To the best of our knowledge, the first example of allylindium intermediate additions tiN-téue-
butanesulfinyl imine derived from ethyl glyoxylate-has-been was provided by Grigg and co-workers in tF
study of three-
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component palladium—indium-mediated diastereoseedascade allylation using allenes and aryl iegids
precursors of the allylindium intermediate (Scheth&® More recently, the indium-mediated allylation bét
same imino ester with allylic bromides was alsdfgrened in a saturated sodium bromide aqueousisealt
give the expected-amino ester derivatives in a highly diastereogileananner (Scheme 1)
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Scheme 1 Previous work on indium-mediated allylation Mftert-butanesulfinyl imines derived from ethyl
glyoxylate

2. Results and discussion

Starting sulfinyl imino ester8 were prepared according to the standard procedleassibed in the literature
by reaction of commercially availabl&){tert-butanesulfinamidd with aldehydeab or ketonec-e. Thus,
direct condensation of methy24d) or ethyl glyoxylate Zb) and §)-tert-butanesulfinamidelf, in the presence
of CuSQ in dichloromethane led to iminoest&a and3b, respectively (Scheme & Methyl glyoxylate Ra)
was prepareth situ by oxidative cleavage of (+)-dimethyl L-tartratedamsed in the condensation step without
further purification, yielding methyl iminoest8a in a moderate overall 30% yield. On the other haatlyl
imino ester3b was prepared in high yield from freshly distilleth@ glyoxylate @b) from a commercially
available 50% toluene solution. CompouBld was also accessible in almost quantitative yieltenvthe
condensation-is was performed in the presence oM@ of pyrrolidine and 4A M$® The previously
commented mentioned reaction conditions for thenédion of aldimines3a and 3b failed to provide
condensation products when ketoesg&rg were used as the reactant. Fortunately, the ugeeqglivalents of
Ti(OEt), in THF at 60 °C provided relatively high yieldsiofino ester3c-e (Scheme 2). The configuration of
the C=N bond of imine8 is very importantin-erder-to the study of thestigieoselective addition of allylic
nucleophiles to the imine group. This matter hasb@e@n commented on in detail in previous publiceti We
assumed that aldimin&s and3b exhibit E-configuration, and ketimine3d and3e Z-configuration, according
to their NMR spectra. However, the imiBe derived from ethyl pyruvate€2¢) was isolated as a 6:4 mixture of
E:Z diastereoisomers which could not be separated hymrochromatography. ThdH-NMR chemical shift
for thet-Bu group of the minor diastereocisomer is 1.25 gfirB1 ppm for the major diastereoisomer wih
configuration) and is coincident with thd&u group of3d which exhibited an exclusivel configuration.
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(R1 H, R2 = Me e) HIO,4 (1.1 equiv)
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* Overall yield based on tert-butanesulfinamide 1
Scheme 2 Synthesis oN-tert-butanesulfinyl iminoester3

The reaction oN-tert-butanesulfinyl imino esteBa derived from methyl glyoxylate2@) with allyl bromide
(4a, 3 equiv), in the presence of indium metal (1.6ie¢)q in THF for 6 hours at room temperature (Methy),

led to the formation of the homoallyl amino esteridative5aaas a single diastereocisomer (Table 1, entry 1).
Those are typical reaction conditions developedoim group for the allylation oN-tert-butanesulfinyl
imines®® Under the same reaction conditions, the ethyl ingister3b gave compoun8bain 61% vyield (Table

1, entry 4) and, when methallyl bromidéb) was used as the allylating reagent of3by compoundbbd was
obtained in 82% yield (Table 1, entry 5). Crotydatiof 3a is a more challenging process, because of the
regiochemistry of the addition at the most subtgdy-position of the crotyl indium intermediate toolkapé
through a six-membered cyclic transition statedileg to an almost 2:1 mixture eynananti-diastereocisomers
5ac (Table 1, entry 2). Unfortunately, allylation 8& and 3b with ethyl 2-bromomethylacrylatelq) did not
proceed in THF at room temperature (Method A) dnigher temperatures. Based on our previous expegie
with this allylating reagentg),?° we found that total conversion occurred when #setion was carried out in

a saturated aqueous solution of sodium bromidaamptesence of 4 equiv of indium at room tempeeator

48 hours (Method B), leading to amino diester danxes5ad and5bd in excellent yields (Table 1, entries 3
and 6). Those were the reaction conditions develdyyeXu and Lin-"2and applied previously to the allylation
of imino esteb by both the groups of Xu and Lin, and BaBUA major draw-back of this methodology is the
use of a large excess of indium (4 equiv instead.bfequiv as in Method A) which is the most expens
component of the reaction mixture. Regarding thdigaration of the newly created stereogenic cesiitdba
was assigned after comparison of the NMR spectrabaf with those reported in literature for the same
compound™ and its enantiomér?® Fhelatest entbba ene was unambiguously characterized after
transformation into the known compound D-allylglyei  Thus, we assumed that the indium mediated
allylation proceeded through the same stereochémathway in imines8a and3b, with (E,Ss) configuration,
taking-alwaysplace the addition of the allyl mgitgking always place-to at tiseface of these systems (Table
1).

The allylation of ketimineSc-e did not take place with allylic bromideka-c in the presence of 1.5 equiv of
indium in THF at room temperature (Method A). Howgvit proceeded effectively to yield the expected
allylated products at a higher temperature (Met@pdThe indium-mediated allylation of ketimide, derived
from ethyl pyruvate Z¢) (isolated as a 6:4 mixture &Z stereoisomers) was performed either in a saturatec
aqueous solution of sodium bromide at room tempezgiMethod B) or in THF at 60 °C (Method C), teaga
mixture of diastereocisomefra and5ea’ 5ca;, in 75 and 62% yield, respectively (Table 2, estrl and 2).
Importantly, there is a correlation between E& isomeric ratio of the starting ketimin@g (6:4) and the
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diastereomeric mixture of the reaction products:488 and 60:40). It indicates that the allylatios i
stereospecific. The same correlation was observéuki reaction o8c with methallyl bromide4b) and
Table 1 Allylation of N-tert-butanesulfinyl imine8a,b derived from glyoxylate estefa,b

F?u pgu
O//S\N R3 Method A | 3 (1 equiv), 4 (3 equiv), In (1.5 equiv), THF, 23 °C, 6 h R3 HN/S\\O
)KWORZJ' R Br MORZ
H Method B | 3 (1 equiv), 4 (3 equiv), In (4 equiv), sat. NaBr-H,O, 23 °C, 48 h RO
3a (R? = Me) 4 5
3b (R%2 = Et)
a-Amino esteb
Entry Imino esteB Allylic bromide 4 Method  No. Structure Yield (%)
-Bu
/S\\O
1 3a 4a(R°=H, R = H) A 5aa ) 41
/\/\H/OMe
o
t—I?u
/S\\O
2 3a 4c(R*=H, R = Me) A 5ac HN 53 (66:34
AN
Me O
t—Bu
- Et0.__O _Ss o
3 3a 4d (R®* = COEt, R = H) B 5ad HN™ o 79
e
0
t—I:3u
3 _ /S\\O
4 3b 4a(R°=H, R = H) A Sba HN 61
/\/\H/OE’(
o)
t-I:3u
/S\O
5 3b 4b (R® = Me, R = H) A 5bb M(OB 82
0
t—IE%u
Et0._O /S\\o
6 3b 4d (R® = COEt, R = H) B 5bd HN oE: 93
0

2 Yield was determined after column chromatographyifipation and is based on the starting sulfinimi@e® In all cases the
allylation proceeded with high face diastereosaliigs (>95:5)-and that were determined aftdeNMR analysis of the reaction
crude.’ Diastereomerisynanti ratio is given in parenthesis.

ethylbomomethylacrylate4¢) (Table 2, entries 3 and 5). Taking into accotnet $tereochemical outcome for
aldimines3aand3b (Table 1), which exhibit exclusively configuration, we postulate that the allylation \wbu
proceed also through th8iface on the K,Ss) major isomer of the iminec, leading to the major
diastereoisomerscacd with S configuration at the 2-position (Table 2, entrde8 and 4). On the other hand, a
complex mixture of 4 diastereoisomers was obtaweét crotyl bromide 4c). In this case, along with the
stereospecific face selectivity, a second steraogmmtre is formed with low stereocontrol, leadingddition

to synanti isomers (Table 2, entry 4)}—Differently In contrasttimines3d and 3e were isolated as singlé
geometrical isomers, and we expected that theasilbyl with allyl bromide 4a) would proceed with total face
diastereoselectivity. That was the case for thprigwyl derivative3d (Table 2, entry 6). Surprisingly, the ethyl
phenylglyoxylate derivativ8e led to an almost 2:1 mixture of diastereoisontergand5ea’ 5ea'when it was
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submitted to the same reaction conditions (Tablerzry 8). Finally, we found the highest yields the
allylation of 3d and3ewith ethyl 2-bromomethylacrylatéd) when the process was carried out under solvent

Table 2 Allylation of N-tert-butanesulfinyl imine8c-e derived froma-keto ester@c-e

t—I:3u t+-Bu
N‘"S\\O R3 Method B | 3 (1 equiv), 4 (3 equiv), In (4 equiv), sat. NaBr-H,0, 23 °C, 48 h | RIR' HN/g\\O
RAKNOEt NG OFt
Method C | 3 (1 equiv), 4 (3 equiv), In (1.5 equiv), THF, 60 °C, 6 h |
o) 4 R* O
)
;Z((';_?"::) Method D | 3 (1 equiv), 4 (3 equiv), In (2 equiv), 23 °C, 6 h 5
3e (R'=Ph)
Imino a-Amino esters
Entry este3 Allylic bromide 4 Method No. Structure Yield (%)
t-Bu t—Bu
1 3c 4a(R*=H, R = H) B z : 75 (58:42%
Sca  Me HN™ SO 5ca' Me HN- S0
__OEt
2 3c 4a(R*=H, R = H) C /A>\f( Ng( 62 (60:40)
o)
t-Bu
/S\\ ' \\
3 3c | 4b(R®=Me, R =H) C Scb Me Me, HN OE? SCbM( 58 (60:40%
0
3 - Me HN~ SO 59
t-Bu t—Bu
Eto._ O /'s\\o Eto._ O /S\\o
5 3c |4d(RP=COEtR=H)| B SCdM( Scd'M‘/ 65 (60:40f
{__OEt L__OEt
0 0
t—I?u
. /S\\
6 3d 4a(R®=H, R = H) C 5da Pr, BNT O 60
o)
t-Bu
Eto._,0 /é\\o
7 3d  |4d(R*=COEL R=H) D 5dd M(OB 67
o)
t-Bu t-Bu
/S\\ ' /S\\
8 3e 4a(R®=H, R =H) C Sea Ph HN" O Sea’ PR HN" O | 45 (63:33)
M(oa _ OEt
0 0
t-Bu
Et0._ 0 /é\\o
9 3e |[4d(R*=COEt, R'=H) D Sed PhEN oFt 58
o)

2 Yield was determined after column chromatographyifigation and is based on the starting sulfinimigle” Combined yield.




Diastereomeric ratios are given in parenthesisveare determined aftéH-NMR analysis of the reaction crude.

free reaction conditions at room temperature (MetB), to give the expected amino diestddsl and 5ed,
respectively, as single diastereoisomers (Tab&nRies 7 and 9)-the. The allylation-in-the a dad aqueous
solution of sodium bromide (Method B)-being wasléms effective for these transformations.

We have observed that these indium-promoted albylat are diastereospecific and the stereochemical
pathways—is are governed by the configuration ofhbine sulfur atom of the sulfinyl group and the
configuration of the C=N double bond. For that caagwo different transition states have been psepdan
order to rationalize the observed diastereosel@esy depending on the configuration of the C=Nildle bond,
since all the sulfinyl imines exhib8s configuration. Thus, for imine3a, 3b and the major isomer @&c with
(E,Ss) configuration, the allylation would proceed thgbua six-membered Zimmerman-Traxler like ring model
I, with an attached five-membered metallacycle, Imctv indium is chelated both by the ester carbamyigen
and the nitrogen atoms of the imine moiety, whiotates theert-butanesulfinyl and the ester groups axially.
For these imines, the addition of the allyl moittlges place-to at the less hinde&diace (Figure 1). The rest
of the imines (minor isomer @c, 3d and 3e) exhibit E,Ss) configuration, and allylation should take place
through a necessarily different pathway, becausth@fopposite stereochemical outcome (a total latioe
was observed between tlieZ isomeric ratio of starting ketimine3c, and the diastereomeric mixture of
reaction productSca-cd). The nucleophilic addition to tHeeface of imines with4,S) configuration could be
explained by considering a six-membered chairdikasition statel , with where the indium is coordinated by
the nitrogen atom of the imine, and tleet-butanesulfinyl group and'Rare located at axial positions. In the
proposedl and Il models, we also consider that the imine and sulfunyts adopt the most stabgecis
conformatior® (Figure 1).

3a (R' = H, R? = Me) 3¢ minor isomer (R' = Me, R? = Et)
3b (R"=H, R? = Et) 3d (R = i-Pr, R? = Et)
3¢ major isomer (R' = Me, R? = Et) 3e (R' = Ph, RZ = Et)
_ 4 _ _
-0 OR? ¥
[N =
\ \
N =<
.-////,' | R1
_Me Me i
|
(E,Sg: Si-face addition) (Z,Ss: Re-face addition)

Figure 1. Proposed stereochemical models for the diastelexis/e allylation of N-tert-butanesulfinyl
iminoesters3

Amino diesterssdd and 5ed, derived from the allylation of imino esteBsl and 3e respectively, with ethyl
bromomethylacrylatedd), can be easily transformed intemethyleney-butyrolactam$d and6ein a one-pot,
two-step process. First, thert-butanesulfinyl unit was removed under acidic ctods to produce the
ammonium salt, and after that-the treatment woititean ethoxide promoted the intramolecular cyclaatof

the free amine. These reactions were carried owdthanol as solvent in order to avoid the formatidn
mixtures of esters by transesterification (Schemé&8mpound$ are of interest not only because they can be
transformed into the correspondingamino acid derivatives, some of them with theagén bonded to a
guaternary stereocentre, but also because thecatigiety-tr-compoundsan participate in a number of further
synthetically useful transformations, such as crossathesis, epoxidation, oxidative cleavage, Hgge
reaction, cycloaddition, hydroboration, hydroforatjdn, hydrogenation, hydration, ozonolysis, %tn
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addition, theo,p-unsaturated lactam moiety in compoudallows further structural modifications by reaction
with nucleophiles and electrophiles, leading to enaymplex molecules (Figure 2).

-Bu
Et0._ O _Ss 1.4 M HCl in dioxane, EtOH, 0 °C, 30 min o_N r
RHN"~S0 : ' , 0°C, d
j\/(WOEt 2.2 M NaOEt, EtOH, 23°C, 2 h %oa
o o]
5dd (R = i-Pr) 6d (R = i-Pr, 71%)
5ed (R = Ph) 6e (R = Ph, 74%)

Scheme 3Synthesis ofi-methyleney-butyrolactams from amino diesterSdd and5ed

t-Bu
Cross metathesis _Ss
Epoxidation R®R{HN 0 O H R _
Oxidative cleavage MOEt N Nu™ attack
Heck reaction . &, O E* attack
| R 0] 0
' 5 6

Figure 2. Potential applications as synthetic intermediatesompound$ and6

3. Conclusions

From the results shown here we conclude that tteimmmediated allylation oN-tert-butanesulfinyl imines
derived froma-keto esters takes place with high diastereoselgctiinterestingly, the configuration of the
newly created stereogenic centre is determinedhiey configuration of both the sufur atom of thest-
butanesulfinyl unit and the C=N double bond of ithée. Enantioenriched homoallylicamino esters can be
prepared following this methodology, these compaumeing synthetic intermediates of wide applicabili

4. Experimental
4.1. General

(Re)-tert-Butanesulfinamide was a gift of Medalchemy (> 98@6by chiral HPLC on a Chiracel AS column,
90:10n-hexanatPrOH, 1.2 mL/minA=222 nm). TLC was performed on silica gel 684~using aluminum
plates and visualized with phosphomolybdic acid fMtain. Flash chromatography was carried out on
handpacked columns of silica gel 60 (230- 400 mddlejting points are uncorrected. Optical rotatiovere
measured using a Jasco P-1030 polarimeter witlerantdly jacketted 5 cm cell at approximately 23
concentrationsd) are given in g/100 mL. Infrared analyses werdquared with an ATR Jasco FT/IR-4100
spectrophotometer-egquipped-with-an-ATR-componeayesnumbers are given in émLow-resolution mass
spectra (El) were obtained with an Agilent GC/MSBY&pectrometer at 70 eV; and fragment ionsilawith
relative intensities (%) in parentheses. High-resoh mass spectra (HRMS) were also carried outhen
electron impact mode (El) at 70 eM-and and-en-gaagius a Finnigan MAT95S spectrometer equippekl avit
time of flight (TOF) analyzer and the samples wierezed by ESI techniques and introduced throughlaa-
high pressure liquid chromatography (UPLC) mo8dINMR spectra were recorded at 300 or 400 MHZ'for
NMR and 75 or 100 MHz fof°*C NMR with a Bruker AV300 Oxford or a Bruker AV4Gpectrometers,
respectively, using CDglas the solvent and TMS as internal standard (Opp0). The data is being reported
as: s = singlet, d = doublet, t = triplet, q = dagrsept = septet, m = multiplet or unresolveds s broad
signal, coupling constant(s) in Hz, integratibic NMR spectra were recorded witH-decoupling at 100 MHz
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and referenced to CDCat 77.16 ppm. DEPT-135 experiments were perfortoeakssign CH, CHand CH.

All reactions requiring anhydrous conditions weszfprmed in oven dried glassware under argon. @iiser
indicated, all commercially available chemicals @purchased from Acros or Sigma-Aldrich and usetiout
purification.

4.2. Preparation of Ss,E)-methyl 2-[(tert-butanesulfinyl)imino]acetate (3a)

To a (+)-dimethyl L-tartrate (0.890 g, 5.0 mmol)judmn in diethyl ether (10 mL) was slowly addedipdic
acid (1.254 g, 5.5 mmol). The reaction mixturetiged at room temperature for 2 h and after tts, solid
was filtered off and washed with ethyl acetate (BxfiL). The organic layer was dried over anhydrous
magnesium sulfate for 30 min, and after filtratidhe solvent was evaporated (15 Torr) to give nlethy
glyoxylate @a) as a colourless oil (0.720 g), which was usethénext step without further purification. To a
solution of the crude methyl glyoxylat2g 0.720 g, 8.1 mmol), and)-tert-butanesulfinamidel( 0.787 g,
6.5 mmol) in dry dichloromethane (15 mL) under argeas added anhydrous copper(ll) sulfate (1.760Ld)
mmol) and the reaction mixture was stirred at rdemperature for 24 h. The solid was filtered ef§shed
with ethyl acetate (3x10 mL) and the organic layas evaporated (15 Torr). The resulting residue puaiied

by column chromatography (silica gel, hexane/ethgktate, 6/1) to yield pureS{E)-methyl 2-[tert-
butanesulfinyl)imino]acetate34) as a colourless oil (0.372 g, 30%}=0.60 (hexane/AcOEt 2:1)o]*% +173

(c 0.88, CHCL,); v (film) 2957, 1750, 1735, 1609, 1457, 1291, 1092'ciy 1.28 [9H, s, (Ch)3], 3.94 (3H, s,
CHz), 8.02 (1H, s, CH)ix 22.7, 53.1 (CH), 59.0 (C), 155.2 (CH), 161.6 (C); LRMS (E#)/z 135 (M'-56,
29%), 106 (9), 103 (8), 75 (7), 59 (10), 57 (1G8RMS (ESI): calculated for £1sNOsS (M*-C4Hg) 134.9990,
found134.9985.

4.3. Preparation of E,S)-ethyl 2-[(tert-butanesulfinyl)imino]acetate (3b}°

To a solution of the freshly distilled from a 50%@gion in toluene of ethyl glyoxylatelp, 0.510 g, 5.0 mmol),
and &)-tert-butanesulfinamidel{ 0.665 g, 5.5 mmol) in dry dichloromethane (15 mahyler argon was added
anhydrous copper(ll) sulfate (1.760 g, 11.0 mmal) the reaction mixture was stirred at room tempegafor
24 h. The solid was filtered off, washed with éthgetate (3x10 mL) and the organic layer was exapd (15
Torr). The resulting residue was purified by colunimomatography (silica gel, hexane/ethyl acetate) to
yield pure E,S)-ethyl 2-[tert-butanesulfinyl)imino]acetate8b) as a colourless oil (0.953 g, 93%R—=0.72
(hexane/AcOEt 2:1);c]*% +183 € 0.92, CHCL,); v (film) 2967, 2955, 1753, 1735, 1609, 1456, 128E10L
cmi; & 1.28 [9H, s, (CH)4], 1.39 (3H, tJ = 7.2 Hz, CHCHa), 4.39 (2H, gJ = 7.2 Hz, OCH), 8.02 (1H, s,
CH); & 14.5, 22.7 (CH), 58.9 (C), 62.4 (C}J, 155.9 (CH), 161.1 (C); LRMS (Eij/z149 (M'-56, 20%), 120
(12), 117 (7), 89 (10), 73 (10), 57 (100).

4.4. General procedure for the preparation of ketinmes 3c-e

To a solution of the corresponding ketoes?erd (5.5 mmol) in dry THF (15 mL) was adde&s)-tert-
butanesulfinamidel( 0.605 g, 5.0 mmol) and titanium tetraethoxide28P. g, 2.095 mL, 10.0 mmol). The
resulting mixture was stirred at 60 °C for 6 h, afigr that quenched with brine (4.0 mL), and @itLitvith
ethyl acetate (3x10 mL). The resulting suspensias Viltered through a shortspath plug of C8litend
concentrated (15 Torr). The residue was purifiedcbjymn chromatography (hexane/ethyl acetate) e¢tdyi
pure compound8c-e. Yields for these compoundsare given on Scheme 2. Physical and spectroscaeyéc d
follow.

4.4.1.(Se)-Ethyl 2-[(tert-butanesulfinyl)imino]propanoate (3c}**(60:40E:Z diastereomeric mixture) yellow
oil; Rr=0.56 (hexane/AcOEt 2:1)p]*% +151 € 0.65, CHCL,); v (film) 2980, 1725, 1629, 1458, 1365, 1275,
1087 cm®; & 1.25 [3.6H, s, (Ch)3], 1.31 [5.4H, s, (CH)3], 1.33-1.40 (3H, m, ChCHs), 2.34 (1.2H, s, Ch),
2.58 (1.8H, s, Ch), 4.27-4.34 (2H, m, OCht & 14.0, 18.4, 22.8, 25.2 (GH 59.2 (C), 62.3 (Chj, 163.4,
167.3, 167.6 (C); LRMS (En/z163 (M'-56, 95%), 145 (8), 117 (46), 89 (73), 57 (100).
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4.4.2. (Z,S9)-Ethyl 2-[(tert-butanesulfinyl)imino]-3-methylbutanoate (3d¥? yellow oil; R = 0.78
(hexane/AcOEt 2:1):0*% +262 € 0.60, CHCL,); v (film) 2975, 1735, 1625, 1459, 1364, 1251, 1089'c)
1.19 [3H, d,J = 6.9 Hz, CH(®i3)(CHz3)], 1.20 [3H, d,J = 6.9 Hz, CH(CH)(CH3)], 1.25 [9H, s, (CH)4], 1.35
(3H, t,J = 7.2 Hz, CHCH3), 2.85 [1H, sept) = 6.6 Hz,CH(CHs),], 4.29-4.34 (2H, m, OCH); & 14.0, 18.9,
19.3, 22.5, 37.1 (C¥), 58.1 (C), 61.8 (CbJ, 166.6, 174.2 (C); LRMS (Ein/z191 (M'-56, 56%), 146 (12),
143 (13), 117 (100), 70 (26), 57 (59).

4.4.3.(Z,Ss)-Ethyl 2-[(tert-butanesulfinyl)imino]-2-phenylacetate (38F2yellow oil; R =0.85 (hexane/AcOEt
2:1); [a]*% +108 € 0.80, CHCL,): v (film) 2979, 2867, 1735, 1590, 1571, 1447, 12¥M5.cm™ J 1.37 [9H,
s, (CH)3], 1.43 (3H, tJ = 7.2 Hz, CHCHs), 4.43-4.52 (2H, m, OCH), 7.28-7.55 (3H, m, ArH), 7.78-7.81 (2H,
m, ArH); & 14.0, 23.0 (CH), 59.5 (C), 62.3 (Cb), 127.9, 128.9, 132.6 (CH), 133.1, 163.3, 1658 [RMS
(El) m/z207 (M'-74, 9%), 153 (37), 152 (30), 132 (6), 104 (1008 {77), 77 (39), 51 (27).

4.5. General procedure for the allylation of imines3 in THF at 23 °C (Method A)

To a solution of the corresponding imiBg0.5 mmol) in THF (2 mL) was added the correspogdaitylic
bromide4 (1.5 mmol) and indium (0.086 g, 0.75 mmol). Theut@sg suspension was stirred at 23 °C for 6 h
and after that quenched with brine (4.0 mL), exegdavith ethyl acetate (3x10 mL) and the organyetavas
dried over anhydrous magnesium sulfate and evagbidb Torr). The resulting residue was then pedifoy
column chromatography (silica gel, hexane/ethyltate¢ to yield pure compounds Yields for these
compound$ are given on Table 1. Physical and spectroscoyte fodow.

45.1. (255Ss)-Methyl 2-|[N-(tert-butanesulfinyllamino]pent-4-enoate (5aa) yellow oil; R = 0.30
(hexane/AcOEt 2:1):]*b +64 (€ 0.58, CHCL,); v (film) 2980, 2953, 1735, 1363, 1272, 1221, 109H0Acm
1 & 1.25 [9H, s, (CH)4], 2.50-2.55 (2H, m, Ch), 3.75 (1H, dJ = 5.2 Hz, NH), 3.77 (3H, s, G| 4.04-4.09
(1H, m, CHN), 5.08-5.15 (2H, m, CH+G), 5.66-5.74 (1H, m, B=CH,); & 22.6 (CH), 38.1 (CH), 52.5
(CHy), 56.2 (C), 57.1 (CH), 118.8 (GH 132.4 (CH), 173.0 (C); LRMS (En/z177 (M'-56, 43%), 159 (20),
135 (39), 118 (54), 100 (55), 88 (26), 57 (100); MR (ESI): calculated for §;6NOS (M™-CO,CH)
174.0953, found 74.0955.

4.5.2.(2S,Ss)-Methyl 2-[N-(tert-butanesulfinyl)amino]-3-methylpent-4-enoate (5admajor isomer) yellow
oil; Rr=0.36 (hexane/AcOEt 2:1)u[*% +55 € 0.77, CHCL,); v (film) 2957, 2870, 1735, 1638, 1437, 1207,
1070 cm®; &; 1.02 (3H, dJ = 5.7 Hz, CH), 1.24 [9H, s, (CH)3], 2.56-2.64 (1H, m, BCHs), 3.50 (1H, d,J =
5.2 Hz, NH), 3.74 (3H, s, G} 3.85 (1H, ddJ = 6.5, 4.0 Hz, CHN), 5.00-5.10 (2H, m, CHHg)}, 5.60-5.80
(A1H, m, H=CH,); & 15.1, 22.7 (Ch), 42.0, 52.3 (CH), 56.4 (C), 62.2 (g}116.1 (CH), 138.9 (CH), 172.9
(C); LRMS (El) m/z 191 (M'-56, 46%), 173 (14), 135 (76), 114 (30), 88 (507, (800); HRMS (ESI):
calculated for gH;gNOS (M"-CO,CHs) 188.1109, found 88.1110.

4.5.3. (25,Sq)-Ethyl 2-[N-(tert-butanesulfinyl)amino]pent-4-enoate (5baj® vyellow oil; R = 0.27
(hexane/AcOEt 2:1)]*% +77 (€ 1.96, CHCI,); v (film) 2952, 2928, 1735, 1642, 1465, 1365, 11&&5.cn
L & 1.25 [9H, s, (CH)3], 1.29 (3H, tJ = 6.9 Hz, CHCH3), 2.51-2.53 (2H, m, CH), 4.04 (1H, qJ = 5.7 Hz,
CH), 4.14 (1H, dJ = 6.3 Hz, NH), 4.22 (2H, g = 7.2 Hz, OCH), 5.09-5.14 (2H, m, CH=@,), 5.70-5.77
(1H, m, GH=CH,); & 14.2, 22.6 (Ch), 38.1 (CH), 56.1 (C), 56.9 (CH), 61.8 (GM 118.8 (CH), 132.4 (CH),
172.4 (C); LRMS (EDm/z191 (M'-56, 15%), 167 (17), 149 (74), 100 (18), 97 (3%)(27), 85 (39), 83 (37),
81 (27), 71 (55), 69 (49), 57 (100), 55 (48).

4.5.4. (2S,S9)-Ethyl 2-[N-(tert-butanesulfinyl)amino]-4-methylpent-4-enoate (5bb¥ yellow oil; R = 0.22
(hexane/AcOEt 2:1):0]%% +47 € 0.88, CHCL,); v (film) 2952, 2922, 1736, 1649, 1455, 1366, 126479,
1060 cm®; J; 1.23 [9H, s, (CH)3], 1.29 (3H, t,J = 6.9 Hz, CHCHs), 1.75 (3H, s, Ch), 2.35-2.53 (2H, m,
CHy), 4.01-4.11 (2H, m, CH, NH), 4.22 (2H, §= 7.2 Hz, OCH), 4.75 (1H, br s, C=8H), 4.83 (1H, br s,
C=CHH); & 14.1, 22.1, 29.7 (C¥), 42.4 (CH), 56.2 (C and CH), 61.7 (G} 114.5 (CH), 140.3, 173.2 (C);
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LRMS (El) m/iz205 (M-56, 8%), 167 (15), 149 (63), 141 (30), 111 (21)(30), 85 (34), 83 (38), 81 (20), 71
(46), 57 (100).

4.6. General procedure for the allylation of imines3 in H,O at 23 °C (Method B)

To a suspension of the corresponding inBn@®.5 mmol) in a saturated sodium bromide aqueolgiso (5
mL) was added the corresponding allylic bromddd..5 mmol) and indium (0.232 g, 2.0 mmol). The t&sg
reaction mixture was stirred at 23 °C for 48 h aftdr that, extracted with ethyl acetate (3x10 rahjl the
organic layer was dried over anhydrous magnesiufateland evaporated (15 Torr). The resulting esidas
then purified by column chromatography (silica getxane/ethyl acetate) to yield pure compound¥ields
are given on Tables 1 and 2. Physical and specipasdata follow.

4.6.1.(2S,Sg)-5Ethyl 1-methyl 2-N-(tert-butanesulfinyl)amino]-4-methylenepentanedioate (Baorange olil;
R:=0.26 (hexane/AcOEt 2:1)ua]*°% +36 (€ 0.70, CHCL,); v (film) 2956, 2871, 1710, 1630, 1518, 1457, 1368,
1214, 1147, 1059 ¢ty & 1.21 [9H, s, (CH)3], 1.31 (3H, tJ = 6.9 Hz, CHCH3), 1-62(3H,-s,-Ch}, 2.68 (1H,
dd,J=13.8, 1.2 Hz, @H), 2.78 (1H, dd,J = 13.8, 1.2 Hz, CH), 3.76 (3H, s, Ch), 4.10-4.26 (4H, m, NH,
CHN, OCH), 5.62 (1H, br s, C=BH), 6.27 (1H, br s, C=CH); & 14.2, 22.6 (CH), 36.8 (CH), 52.5 (CH),
56.3 (C), 57.1 (CH), 61.0 (G 128.5 (CH) 135.8, 166.4, 173.2 (C); LRMS (EW)/z249 (M'-56, 7%), 190
(17), 158 (20), 135 (32), 115 (96), 87 (81), 69001 HRMS (ESI): calculated for gH,0NO3S (M*-CO,CHs)
246.1164, foun@46.1158.

4.6.2.(2S,Ss)-Diethyl 2-[N-(tert-butanesulfinyl)amino]-4-methylenepentanedioate (hbyellow oil; Rr=0.24
(hexane/AcOEt 2:1);0]*% +32 (€ 1.24, CHCly); v (film) 2979, 2943, 1713, 1631, 1474, 1301, 126832,
1060 cm™; &; 1.21 [9H, s, (CH)3], 1.26-1.34 (6H, m, 2 C¥CHs), 2.64-2.82 (2H, m, Ch), 4.11-4.26 (6H, m, 2
OCH,, CH, NH), 5.62 (1H, br s, C4dH), 6.27 (1H, br s, C=CH); & 14.0, 14.2, 22.6 (C§), 36.9 (CH), 56.3
(C), 57.0 (CH), 61.0, 61.8 (GH 128.4 (CH) 135.9, 166.4, 172.8 (C); LRMS (E1)/z263 (M'-56, 37%), 217
(80), 172 (39), 143 (85), 141 (100), 96 (25), 57)(AHRMS (ESI): calculated for gH;7NOsS (M*-C4Hg)
263.0827, foun@63.0837.

4.6.3. (25,Ss)-Ethyl 2-[N-(tert-butanesulfinyl)amino]-2-methylpent-4-enoate (5cajmajor diastereoisomer)
yellow oil; Ri=0.31 (hexane/AcOEt 2:1)p]*’% +31 € 0.72, CHCL,); v (film) 2980, 1734, 1633, 1457, 1364,
1218, 1069 cit; & 1.16 [9H, s, (CH)3], 1.22 (3H, t,J = 7.2 Hz, CHCH3), 1.47 (3H, s, Ch), 2.55-2.61 (2H,
m, CH,), 4.08-4.16 (3H, m, OCHNH,), 5.05-5.09 (2H, m, CH=4,), 5.68-5.82 (1H, m, B=CH,); & 13.2,
21.6, 23.1 (CH), 28-#, 44.1 (Ch), 55.1 (C), 60.6 (Ch), 60.8 (C), 118.8 (Ch), 131.1 (CH), 172.3 (C); LRMS
(El) m/z 205 (M'-56, 18%), 187 (13), 163 (10), 132 (100), 114 (48),(19); HRMS (ESI): calculated for
CoH1eNOS (M'-CO,CH,CHjz) 188.1109, found88.1110.

4.6.4.(2R,Se)-Ethyl 2-[N-(tert-butanesulfinyl)amino]-2-methylpent-4-enoate (5calminor diastereoisomer)
yellow oil; Ri=0.36 (hexane/AcOEt 2:1)u]*°% +46 € 0.79, CHCL,); v (film) 2981, 2870, 1732, 1640, 1457,
1364, 1220, 1071 cth J; 1.16 [9H, s, (CH)4, 1.22 (3H, tJ = 7.2 Hz, CHCH3), 1.52 (3H, s, Ch), 2.43-2.49
(2H, m, CH), 4.10-4.17 (3H, m, OCHINH,), 5.01-5.06 (2H, m, CH=a;), 5.55-5.69 (1H, m, B=CH,); &
13.1, 21.7, 23.2 (Ch), 28-#, 43.5 (ChH), 55.0, 60.1 (C), 60.7 (GH 118.3 (CH), 131.1 (CH), 173.0 (C);
LRMS (EI) m/z 205 (M'-56, 18%), 187 (13), 163 (6), 132 (100), 114 (B9, (19), 57 (25); HRMS (ESI):
calculated for gH1gNO,S (M*-CO,CH,CHs) 188.1109, found 88.1110.

4.6.5. (2S,Ss)-Diethyl 2-[N-(tert-butanesulfinyl)amino]-2-methyl-4-methylenepentanedte (5cd) (major
diastereoisomer) orange oi® = 0.34 (hexane/AcOEt 2:1)p[*°% +16 € 0.57, CHCL,); v (film) 2981, 1718,
1626, 1531, 1457, 1368, 1214, 1197, 1024'c@); 1.20 [9H, s, (Ch)3], 1.23-1.31 (6H, m, 2 C¥CHs), 1.62
(3H, s, CH), 2.79 (1H, dJ = 13.8 Hz, ®iH), 2.92 (1H, dJ = 13.8 Hz,CHH), 4.00-4.18 (4H, m, 2 OCH{

4.54 (1H, s, NH), 5.81 (1H, br s, CHE), 6.31 (1H, br s, C=CH); & 14.0, 22.5, 22.6, 24.1 (GH 42.6
(CHy), 55.3, 57.4 (C), 61.2, 61.7, 130.3 (§H35.3, 167.4, 172.9 (C); LRMS (EW/z277 (M-56, 2%), 227
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(12), 204 (87), 186 (20), 163 (95), 140 (27), 184)( 87 (50), 69 (100); HRMS (ESI): calculated for
C11H1NOsS (M*-C4Hg) 277.0984, foun@77.0986.

4.6.6. (2R,Sq)-Diethyl 2-|N-(tert-butanesulfinyl)amino]-2-methyl-4-methylenepentanedte (5cd’) (minor
diastereoisomer) orange oi = 0.30 (hexane/AcOEt 2:1)p[*% +25 € 1.24, CHCL,); v (film) 2981, 1720,
1630, 1530, 1457, 1368, 1214, 1200, 1024'c@); 1.17 [9H, s, (CH)3], 1.23-1.31 (6H, m, 2 CCHs), 1.53
(3H, s, CH), 2.58 (1H, dJ = 13.8 Hz, ®iH), 2.98 (1H, dJ = 13.8 Hz,CHH), 4.13-4.32 (4H, m, 2 OCH{
4.30 (1H, s, NH), 5.60 (1H, br s, CH®#), 6.28 (1H, br s, C=CH); & 14.0, 22.0, 22.6, 24.1 (GH 42.6
(CH,), 55.3, 56.4 (C), 61.2, 61.8, 130.3 (§H35.3, 167.2, 174.0 (C); LRMS (EW/z277 (M'-56, 3%), 232
(7), 204 (87), 186 (20), 163 (94), 140 (25), 114)(487 (50), 69 (100); HRMS (ESI): calculated for
C11H190NOsS (M*-C4Hg) 277.0984, foun@77.0983.

4.7. General procedure for the allylation of imines3 in THF at 60 °C (Method C)

To a solution of the corresponding imiBg0.5 mmol) in THF (2 mL) was added the correspogdaitylic
bromide4 (1.5 mmol) and indium (0.086 g, 0.75 mmol). Theutsg suspension was stirred at 60 °C for 6 h
and after that, the reaction mixture was cooled rdoguenched with brine (4.0 mL), extracted withyeth
acetate (3x10 mL) and the organic layer was drigl @anhydrous magnesium sulpfate and evaporated (1-
Torr). The resulting residue was then purified lbjumn chromatography (silica gel, hexane/ethyl @egtto
yield pure compounds. Yieldsare given on Table 2. Physical and spectroscopa fddow.

4.7.1. (2S5,Ss)-Ethyl 2-[N-(tert-butanesulfinyl)amino]-2,4-dimethylpent-4-enoate ). (major
diastereoisomer) yellow oiR; = 0.40 (hexane/AcOEt 2:1)p[*% +25 (€ 0.60, CHCL,); v (film) 2921, 1719,
1644, 1421, 1360, 1221, 1063, 736 &ndy; 1.22 [9H, s, (Ch)3], 1.30 (3H, tJ = 7.2 Hz, CHCHz), 1.60 (3H, s,
CHs), 1.67 (3H, br s, ChJ, 2.50-2.62 (2H, m, C}), 4.02 (1H, s, NH), 4.16-4.26 (2H, m, OgH4.74 (1H, br s,
C=CHH), 4.86 (1H, br s, C=CH); & 14.0, 22.7, 23.5, 25.0 (GH 31.9 (C), 47.8 (CH}, 56.0 (C), 61.8, 115.6
(CH,), 140.2, 174.6 (C); LRMS (En/z219 (M'-56, 18%), 191 (9), 163 (80), 157 (20), 146 (1AB0Q (90),
117 (41), 109 (18), 89 (92), 55 (17); HRMS (ESkiculated for GgH20NOS (M'-CO,CH,CHz) 202.1266,
found202.1267.

4.7.2. (2R,Sg)-Ethyl  2-[N-(tert-butanesulfinyl)Jamino]-2,4-dimethylpent-4-enoate  ®): (minor
diastereoisomer) yellow oiR; = 0.44 (hexane/AcOEt 2:1)p[*°% +18 € 1.00, CHCL,); v (film) 2924, 1732,
1644, 1457, 1375,1204, 1073, 895 ¢&ndy; 1.24 [9H, s, (Ch)3], 1.29 (3H, tJ = 7.2 Hz, CHCH3), 1.63 (3H, s,
CHj3), 1.70 (3H, br s, ChJ, 2.70-2.58 (2H, m, Chj, 4.09 (1H, s, NH), 4.14-4.25 (2H, m, OgH4.80 (1H, br s,
C=CHH), 4.96 (1H, br s, C=CH); & 14.1, 22.7, 23.5, 24.6 (GH 31.9 (C), 49.4 (Ch), 56.3 (C), 61.5 (Ch,

116.6 (CH), 140.4, 175.3 (C); LRMS (Ein/z219 (M'-56, 18%), 191 (9), 163 (100), 157 (50), 146 (930

(97), 117 (41), 109 (18), 89 (92), 55 (37); HRMSS(E calculated for GHNOS (M'-CO,CH,CHs)

202.1266, foun@02.1266.

4.7.3. (2S,Sg)-Ethyl 2-[N-(tert-butanesulfinyl)amino]-2,3-dimethylpent-4-enoate &) (major
diastereoisomer) yellow oiR; = 0.44 (hexane/AcOEt 2:1)p[*% +55 € 0.61, CHCL,); v (film) 2924, 1730,
1642, 1458, 1368, 1201, 1068, 894 &ndy; 0.99 (3H, d,J = 6.9 Hz, CH), 1.25 [9H, s, (Ch)3], 1.29 (3H, tJ =
7.2 Hz, CHCHj3), 1.55 (3H, s, Ch), 2.40-2.55 (1H, m, CH), 4.17-4.25 (2H, m, OgH.33 (1H, br s, NH),
5.06-5.13 (2H, m, CH=B,), 5.60-5.74 (1H, m, B=CH,); & 14.1, 19.2,22.5-22.6, 22.8 (QH29-7(CH),

47.4 (CH), 56.1 (C), 61.7 (G} 63.1 (C) 117.4 (Ch), 137.8 (CH), 174.5 (C); LRMS (Et/z 219 (M'-56,

5%) 203 (6), 164 (8), 146 (100), 128 (19), 98 (ZB,(5), 55 (9); ; HRMS (ESI): calculated fogH,0NOS
(M*-CO,CH,CHjz) 202.1266, foun@02.1262.

4.7.4.(2S,Ss)-Ethyl 2-[N-(tert-butanesulfinyl)amino]-2-isopropylpent-4-enoate (&d yellow oil; Ry = 0.48
(hexane/AcOEt 2:1);o*% +26 € 0.61, CHCL,); v (film) 2961, 2923, 1725, 1366, 1220, 1072 tm}; 0.98
[3H, d,J = 6.8 Hz, CH(®3)(CHs)], 1.04 [3H, d,J = 6.8 Hz, CH(CH)(CH53)], 1.26 [9H, s, (CH)3], 1.27-132
(3H, m, CHCHg), 2.23-2.32 [1H, m, B(CH3),], 2.74-2.77 (2H, m, C}), 4.17-4.25 (2H, m, OC}), 4.41 (1H,



13

s, NH), 5.05-5.14 (2H, m, CH3&), 5.63-5.72 (1H, m, B=CH,); & 14.2, 16.7, 17.8, 22.6 (GH 31.6(CH).
36.9 (CH), 38.5 (Ch), 57.0 (C), 61.5 (Ch), 69.1 (C), 118.8 (ChJ, 133.1 (CH), 172.6 (C); LRMS (Eijn/z233
(M™-56, 2%)190 (22), 161 (15), 160 (100), 144 (23), 126 (€2A)7 (40), 100 (27), 72 (8), 70 (15); HRMS
(ESI): calculated for GH1dNOsS (M*-C4Hsg) 233.1086, foun@33.1090.

4.7.5. (25,Ss)-Ethyl 2-[N-(tert-butanesulfinyl)amino]-2-phenylpent-4-enoate (5ea)major diastereocisomer)
yellow oil; Ri=0.50 (hexane/AcOEt 2:1)u]*°% +44 € 0.50, CHCl,); v (film) 3011, 2933, 1728, 1638, 1366,
1225, 1117, 1072 cth & 1.20 [9H, s, (CH)3], 1.19-1.22 (3H, m, CkCH3), 3.23 (2H, dJ = 7.2 Hz, CH),
4.05-4.25 (2H, m, OC}), 4.68 (1H, s, NH), 5.14-5.20 (2H, m, CHHg), 5.74-5.83 (1H, m, B=CH,), 7.26-
7.38 (5H, m, ArH);& 14.0, 22.7 (Ch), 40.9 (CH), 56.4 (C), 62.0 (Ch), 67.0 (C), 120.3 (Ch), 126.7, 128.1,
128.4, 131.7 (CH), 140.0, 172.7 (C); LRMS (Bijz 267 (M"-56, 20%), 204 (57), 203 (100), 175 (24), 157
(25), 135 (35), 131 (75), 129 (55), 91 (23), 57)(4ARMS (ESI): calculated for GHi;7NOsS (M'-C4Hs)
267.0929, foun@67.0945.

4.7.6.(2R,Se)-Ethyl 2-[N-(tert-butanesulfinyl)amino]-2-phenylpent-4-enoate (5ea(minor diastereoisomer)
yellow oil; Ri=0.42 (hexane/AcOEt 2:1)p]*% +52 (€ 0.58, CHCl,); v (film) 3010, 3002, 2934, 1726, 1638,
1362, 1225, 1117, 1070 €md; 1.20 (3H, tJ = 7.2 Hz, CHCHs), 1.23 [9H, s, (CH)4], 3.13 (2H, dJ = 7.2
Hz, CH), 4.13-4.22 (2H, m, OCH| 4.68 (1H, s, NH), 5.18-5.24 (2H, m, CHHg), 5.70-5.80 (1H, m,
CH=CH,), 7.26-7.42 (5H, m, ArH)Z: 14.1, 22.7 (CH), 41.2 (CH), 56.7 (C), 62.2 (Ch), 67.3 (C), 120.0
(CHp), 126.7, 128.3, 128.5, 132.2 (CH), 139.8, 172.% (RMS (El) m/z267 (M'-56, 30%), 204 (40), 203
(100), 175 (45), 157 (25), 135 (35), 131 (75), 139), 91 (30), 57 (40); HRMS (ESI): calculated for
C13H17NO3S (M+-C4H8) 267.0929, foun@67.0932.

4.8. General procedure for the allylation of imines3 under solvent free reaction conditions (Method D

A mixture of the corresponding imirg (0.5 mmol), ethyl bromomethylacrylatdd, 0.290 g, 0.210 mL, 1.5
mmol) and indium (0.116 g, 1.0 mmol) was stirred28t°C for 6 h. After that, the reaction mixtureswa
guenched with water (50 mL), extracted with ethggtate (3x10 mL) and the organic layer was drieér ov
anhydrous magnesium sulfate and evaporated (19.Tidme resulting residue was then purified by calum
chromatography (silica gel, hexane/ethyl acetateyiéld pure compounds. Yields are given on Table 2.
Physical and spectroscopic data follow.

4.8.1.(2S,Ss)-Diethyl 2-[N-(tert-butanesulfinyl)amino]-2-isopropyl-4-methylenepemtadioate (5dd)orange
oil; Ri=0.45 (hexane/AcOEt 2:1)p[*°% -8.5 € 0.50, CHCLy); v (film) 2959, 2928, 1716, 1625, 1456, 1366,
1260, 1155, 1026 ¢t d; 1.07 [3H, d,J = 6.9 Hz, CH(®13)(CHs)], 1.08 [3H, d,J = 6.8 Hz, CH(CH)(CH3)],
1.24 [9H, s, (CH)3], 1.26-1.32 (6H, m, 2 C}CH3), 2.36 [1H, sept) = 6.9 Hz, Gi(CH);], 2.88-2.94 (2H, m,
CH,), 4.05-4.24 (4H, m, 2 OC} 4.34 (1H, s, NH), 5.83 (1H, br s, CHE#), 6.31 (1H, br s, C=CH); & 14.0,
14.1, 16.6, 18.0, 22.9 (GH 35.4 (CH), 38.0 (Ch), 57.3 (C), 61.0, 61.4 (G 69.3 (C), 129.1 (Ch), 135.8
(C), 167.6 (C), 172.6 (C); LRMS (Ei/z305 (M'-56, 39%), 287 (29), 259 (60), 214 (27), 185 (AB3 (92),
174 (52), 168 (36), 145 (100), 144 (73), 138 (3®7 (27), 117 (28), 57 (64); HRMS (ESI): calculafed
C13H23NOsS (M*-C4Hg) 305.1297, foun®05.1301.

4.8.2. (25,Ss)-Diethyl 2-|N-(tert-butanesulfinyl)amino]-4-methylene-2-phenylpentanedte (5ed) orange
oil; Rr=0.43 (hexane/AcOEt 2:1)u[*% -6.0 € 0.70, CHCl,); v (film) 3008, 2931, 1719, 1620, 1455, 1366,
1250, 1155, 1014 cth &; 1.16-1.28 (6H, m, 2 C}€Hs), 1.23 [9H, s, (Ch)a], 3-50(2Hd3=13.8 Hz CH);
3.45 (1H, d,J = 14.0 Hz, GiH), 3.54 (1H, dJ = 14.0 Hz, CHH), 4.02-4.22 (4H, m, 2 OGH 4.80 (1H, s,
NH), 6.03 (1H, dJ = 1.5 Hz, C=GiH), 6.36 (1H, dJ = 1.5 Hz, C=CH), 7.33-7.39 (5H, m, ArH))¢ 13.8,
14.1, 22.8 (CH), 37.5 (CH), 56.6 (C), 60.9 (Ch), 61.9 (CH), 66.8 (C), 127.2, 128.2, 128.3 (CH), 131.3
(CHy), 135.0, 139.4, 167.2, 172.5 (C); LRMS (Bi)z339 (M'-56, 30%), 294 (10), 266 (30), 221 (37), 185
(71), 179 (100), 168 (36), 144 (43), 136 (38), 129), 77 (24); HRMS (ESI): calculated fordB,1NOsS (M'-
C4Hg) 339.1140, foun®39.1157.
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4.9. General procedure for the preparation ofx-methyleney-butyrolactams 6

To a solution of the corresponding amino diesteivdgve 5 (0.2 mmol) in ethanol (0.5 mL) was added a 4 M
HCI dioxane solution (0.1 mL, 0.4 mmol) at 0 °C.teékf 30 min of stirring at the same temperature, M 2
sodium ethoxide ethanol solution (0.25 mL, 0.5 mms added, and the resulting mixture was stifoe@ h

at 23 °C. After that, it was-hydrelyzed diluted kvivater (10 mL), extracted with EtOAc (3 x 10 md)jed
over anhydrous magnesium sulfate, and evaporatedl¢tr). The resulting residue was then purified by
column chromatography (silica gel, hexane/ethyltateg to yield pure compound® Yields are given on
Scheme 3. Physical and spectroscopic data follow.

4.9.1. (9)-5-Ethoxycarbonyl-5-isopropyl-3-methylenepyrroliti2-one (6d) yellow oil; R = 0.25

(hexane/AcOEt 2:1):0]%% -9.5 € 1.50, CHCL,); v (film) 2965, 2926, 1733, 1702, 1660, 1463, 137262,

1041, 928 cm; & 1-62-1.08 0.89 [3H, dJ = 6.9 Hz, CH(Gs)(CHs)], 1.20-1.33 [6H, m, ChCHg,

CH(CHg)(CH3),], 2.14 [1H, sept) = 6.9 Hz, GI(CH)3], 2.83 (1H, dtJ = 17.7, 2.4 Hz, @H), 3.14 (1H, dtJ =

17.7, 2.4 Hz, €H), 4.22 (2H, g, = 7.2 Hz, OCH), 5.38 (1H, br s, C=BH), 6.01 (1H, t,J = 2.7 Hz,
C=CHH), 6.25 (1H, br s, NH)¢: 14.2, 16.0, 17.0 (Ch)\, 29.7 (CH), 35.8 (CH), 61.8 (Ch), 65.8 (C), 116.8
(CHy), 138.0, 169.2, 172.9 (C); LRMS (E1)/z183 (M'-28, 100%), 175 (20), 144 (60), 131(30), 102 (ZB),
(67); HRMS (ESI): calculated forg8l;oNO3 (M*-C3H-;) 168.0661, found 68.0667.

4.9.2.(S)-5-Ethoxycarbonyl-3-methylene-5-phenylpyrrolidin-@ne (6e) orange oil;R:=0.22 (hexane/AcOEt
2:1); [0]*% -2.7 € 0.80, CHCL): v (film) 3014, 2924, 1710, 1670, 1437, 1360, 122100, 734, 701 ci; &
1.20-1.30 (3H, m, CpCH3), 3.01 (1H, dtJ =17.1, 2.4 Hz, €H), 3.81 (1H, dtJ = 17.1, 2.3 Hz, €@H), 4.19-
4.25 (2H, m, OCH), 5.41 (1H, br s, C=BH), 6.07 (1H, br s, C=CH), 6.81 (1H, br s, NH), 7.37-7.40 (5H, m,
ArH); o 14.0, 39.6, 62.4 (Ch), 65.2 (C), 117.9 (Ch), 124.4, 128.4, 129.0 (CH), 137.1, 141.0, 16972.3
(C); LRMS (El)m/z218 (M'-28, 100%), 172 (80), 159 (8), 144 (10), 129 (10¢ (12), 91 (5), 77 (7); HRMS
(ESI): calculated for GH10NO (M*-CO,CH,CHs) 172.0762, found72.0768.
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