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The diastereoselective control in the sulfa-Michaddlition of nitroalkenes and lithium
thiolates followed by protonation was investigatddthium thiolates first added to
nitroalkenes to afford cyclic lithium-chelated oimates. The subsequent kinetic protonation
of nitronates was proved to be the stereochemi@rchinant through the chelate-controlled
six-membered half-chair transition state bearing approximately 1,2-diaxial substituents
due to stereoelectronic effect control. The stdempenic effect in the cyclic chelated
transition state was probed and verified by turtimg steric bulkiness of the corresponding
substituents. The reaction involving 1-nitrocycledee provided perfect support for the
proposed diastereoselective control model. Theeatirinvestigation provided not only
comprehensive insights into the diastereoseleatorgrol in the sulfa-Michael addition of
nitroalkenes and thiolates, but also an importal& of the stereoelectronic effect in certain
organic reactions involving cyclic chelate tramsitstates.

2015 Elsevier Ltd. All rights reserved

1. Introduction

The sulfa-Michael addition (SMA), which is considerasl
the reaction of a sulfur nucleophile and carborboarmultiple
bond electrophile activated by an conjugated edeetteficient
group, has proven to be one of the most powerfakegies in
constructing the sulfur-carbon boh@nd always plays a crucial
role in the formation of key structural motifs ofolmgically
active sulfur-containing compounfls. Meanwhile, when
appropriately disubstituted activataesystems serve as Michael
acceptors, the SMA has the potential to introduce Wemal
stereogenic centers via only one transformatiomusTlextensive
and intensive studies have been directed towardekielopment
of the diastereoselective control of this transfation for quite a

In our recent study on the preparation of variogslstituted
taurines, moderate to good diastereoselectivitigs whserved in
the tertiary amine-catalyzed SMA of thiolacetic adad o,p-
disubstituted nitroalkenes with perfect yiefdSubsequently, we
found that controlling the reaction time exertednagkable
impact on the diastereoselectivity in the trietiyilae-catalyzed
SMA between nitroalkenes and thiols. The SMA involving
thiophenol and primary alkanethiols has been prot@nbe
kinetic control at the beginning and thermodynaaantrol at the
end and linear nitroalkenes generally prodaoé-adducts as
major kinetic products due to favorable steric and
stereoelectronic effects.In our continuous interest on the
diastereoselective control in the SMA of nitroalkeméthout any
chiral auxiliary or catalysts, we have investigatatie

. 3 . .
long time. As we all know, conjugated nitroalkenes act asgjgstereoselective formation afiti-g-nitro sulfides in reactions

excellent Michael acceptors ascribing to their gty electron-
withdrawing capacity of the nitro grodpFurthermore, the nitro
group is usually considered as masked functiontditge further
converted to various useful functional groups, sashketone,
nitrile, nitrile oxide, and amino grouBsAdditionaIIy, the SMA

adductsp-nitro sulfides are particularly versatile in syetic

chemistry since they can undergo a series of &iteac
transformations to provide diverse functionafityherefore, the
diastereoselective sulfa-Michael addition aff-disubstituted
nitroalkenes and thiols has been studied for maewprsy

of nitroalkenes with sulfur nucleophiles, lithiunidfates RS Li,
followed by protonation at -78C according to literature report
due to their synthetic applicabilityAlthough Horiet al assumed
a concept of “theendo alkoxy effect” which insisted that the
substituent Ron the sulfur atom should take this position to
the nitro fragment to cover one side of the nittenplane to
minimize the repulsion between S-lone electron paird the
anion orbital in terms of computational considenati their
arguments were proposed on the basis of certainnwimanng
hypothesis involving regardless of the chelatintjtgtof lithium

Although ~ impressive ~ advances have been made iRng the steric impact of substituent grouboR the sulfur atom
organocatalyzedsymmetric SMA of nitroalkenes with thiols and (Scheme 1§* Furthermore, Apeloiget al reported that low
thiolacetic acid in recent .yea?&f the diastereoselective control (qoation barriers for adjacentbonds in carbanions stabilized by
in the sulfa-Michael addition is still one of impant issues and  the nitro group via ab initio calculatiosThus, interconversion
not clear completely. of the conformations at the stereogenic centerasbanions in
nitronate anion intermediates could take placedtgting about
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the G-C; o-bond of the nitronate anion intermediates. esters® and the geometry of the enolate anion intemediates

Therefore, the origin of the stereocontrol in thenjogate
addition reactions of sulfur nucIeophiIe@SRi to a,B-unsaturated
acyclic nitroalkenes followed by protonation at -8 still a
riddle.

(a) Kamimura and Hori's proposal: HY *

NO,
«R? R~
R2_NO, : RS L QQ _ H\C c N
| SR P P SNo, 3
Rt 78 °c SR3 )
N

~o- anti-products

R3 covered one side of the nitronate plane
(1) Ignoring the chelating ability of lithium comletely;
(2) The stereocontrol should be independent to the steric hindrance of R%;
(3) Regardless of the relative low rotation barrier of the C,-Cj; o bond.

(b) Our cyclic chelated modi W
. \ axla/

SN ﬁ
R vﬁe{w
pseudoaxla/ &{ TS-A R!

The stereoelectronic effect (equatorial S-lone pair <> o* of the Li-O bond) plays a crucial role in half-chair
conformation.
The stereoelectronic effect: diaster

The problem: how to probe stereoelectronic effec! in the chelate-controlled nitronate anion
protonation?

Scheme 1. Proposed transition state models fortedéaselective sulfa-
Michael additions of lithium thiolates and nitroafles followed by
protonation.

NOz R3S Li*

R
1 RZ‘\( “R® 780

SR3 &
Lo [©)

anti-products

In order to reveal the origin of tteti-selectivity and to find
out the dominated elements in the stereocontr@letess, we
proposed a cyclic transition staleS-A (Scheme 1) for the
protonation of nitronate anions, which will be provedbe the
stereochemical determinant in this transformationprporating
with the consideration of chelation control of litm and
stereoelectronic effect control. Althougf'S-A would be
expected to be stabilized by the stereoelectronifecte
stereoelectronic and steric requirements imposeapanoximate
1,2-diaxial substituted half-chair conformationabd to TS-A
(Scheme 1). Especially, one of two S-lone pair atbihas to
occupy the equatorial direction iInTS-A to share an
antiperiplanar relationship with th& antibonding orbital of the
Li-O bond. Nevertheless, all the experimental evidsnurovided
by literaturé®'* seem to support the prediction madeTiA.
However, the problem is thabow to further probe the
stereoelectronic  effect in the protonation reaction of the
chelate-controlled nitronate anions experimentally? We
successfully tackled the problem by extrapolatimgnf the
diastereoselective change through tuning the stendrance of

should be relatively unaffcted the stereoconttol.

To discern the stereochemical determinant in thEa-su
Michael addition of thiols to nitroalkenes, we shibapply both
(E)- and ©)-nitroalkenes as Michael acceptors. Most of the
available procedures for the synthesis of nitraadlee such as
Henry reactions involving base mediated condensaiidn
nitroalkanes with aldehydes followed by subsequehydiation,
are known to provide thermodynamically more stdbisomers,
independently of the nitro compound precursérslowever, Z
isomers can be prepared indirectly from the cooadmg E
derivatives. Treatment ofE}f-2-nitro-2-butene ¥a) and E)-2-
nitro-3-phenyl-2-propene 16) with sodium benzeneselenolate
followed by kinetically protonation with acetic acafforded
anti-nitroselenides. After pD,-promoted syn-elimination of
benzeneselenenic acif;1a and E-1b were converted into Z/E
mixtures (4:1) and (2:3) of isomeric nitroalkenes,
respectively®'®

Table 1 Diastereoselective sulfa-Michael
nitroalkenesla,b

additiof thiophenol to

Z/E mixture of isomeric nitroalkenes 1 can generate the same
diastereoselectivity via the same nitronate anion intermediates

; NO, NO,
R3S"Li* O\ﬁj"o\lri Kinetic protonation Rl _~ R2 + R! R?
EA R2 S\R3 ACOH, -78 °C SR3 SR3
ks ® ®
anti-2 syn-2
® Major products
Int
71 Only one of enantiomers was drawn in the transformation
Entry 1 R RR R ZE 2 Dr? Yield®
(antizsyn) (%)
1 Bla  Me Me Ph o1 2 o1 75
2 ZE1a pme Me Ph 41 2B o928 67°
3 Blb  pp Me pPh o1 % 7525 70
4  ZE® phoMe pPh 23 P 7624 77

2 Dr values were determined bH NMR. ° Isolated yield by column
chromatography.. The dr ratios were completely in accord with Kamieis report
[ref 10].90.22 mmol scale for the starting nitroalkenes mi2dry THF.

Subsequently, the sulfa-Michael additions were peréa
with (E)-isomers and Z/E mixtures of nitroalkentsand1b as

substituent groups ‘RRnd R. Herein, we present our results and substrates. Not surprisingly, tB#Z mixtures provided almost the

hope that the results provide a potentially valaaglide to
analyze the stereoelectronic factors that contrdie t
diastereoselectivity in chelate-controlled additieactions.

2. Results and Discussion
2.1 The stereochemical determinant step.

The original motivation of our study was to undanst the
diastereoselectivity of conjugate addition reactioof sulfur

same diastereoselectivities comparing with theiresgonding
pureE isomers (Table 1, entriesv& 2, 3vs 4). The experimental
evidences clearly indicated that the same nitronatgon
intermediates should be generated as a pair oftienars in
each of reactions. The subsequent protonationsigoresible for
the generation of the diastereoselectivity. In otlwerds, kinetic
protonation of nitronate anions is the stereochahdeterminant
in the Michael addition of thiolates®BLi to a,p-disubstituted
nitroalkenes. That is, the diastereoselectivitgastrolled by the
subsequent protonation process rather than the Mishael

nucleophiles BSLi to a,f-unsaturated acyclic nitroalkenes. The addition step.

stepwise addition reactions consisted of two proceskstial

conjugate addition of nucleophiles to Michael atoepgave rise
to nitronate anion intermediates, which were protedaor

further trapped with other electrophiles. Inagetkal. argued that
the stereospecific conjugate addition of lithiurroghenoxides to
a,B-unsaturated carboxylic acid derivatives could tieieved via
rapid protonation prior to conformational change ihe

corresponding intermediat&However, Moriget al maintained
that the stereoselection of enolate protonationresgonsible for
the diastereoselective 1,4-conjugate additioru,fpunsaturated

2.2 Cyclic chelated TS modelsfor kinetic protonation

It is noteworthy that we are not considering aboatdtability
of nitronate anions themselves but instead of timeesponding
transition states for kinetic protonation proceshjch is quite
consistent with the Curtin-Hammett principleOn one hand, an
asymmetric center including a heteroatom-contairsinigstituent
is introduced into the substrates in the first agaie addition
step; on the other hand, an effective transfer haf thiral
information of this stereogenic center to the diemtface may be



achieved by chelation control in the presence ofiegmount of
lithium. In contrast, the conjugate addition of ydllgroups to
simple nitroalkenes proceeds in a nonstereosetectiay™ In
other words, the general poor magnitudes of diasiacel
selectivities in nitronate anions devoid of addiibheteroatoms
suggest that the potential chelation control in the-
stereochemical control for protonation Pfsulfur substituted
nitronate anions. Additionally, even catalytic amisuof Lewis
acids such as LiClthave been demonstrated to induce excellen
degree of chelation control in the Adol reactionaofenolsilane
and ana-alkoxy aldehyde® However, incorporating chelation
control factor for rationalizing the diastereoséhaty in the
conjugate addition reactions of sulfur nucleophi€SLi to
a,p-unsaturated acyclic nitroalkenes has not beerstigated.
Furthermore, the diastereoselection investigatiato ithe
chelated-controlled reaction might not be attriduselely to
steric elements, stereoelectronic consideration edsnot be
ignored. Thus,the survey of literature for chelation adition
reactions is necessary and the chelation contrgiratonation
process of nitronate anions could be extrapolatedn fthe
diastereoselectively nucleophilic addition alkoxy carbonyl
ketones or aldehydes through six-membered-ring atbe!
transition states.

Cram-Reetz chelate model

#

Nu /Bn
TiL
\0// L

— >R

——0—TiL,

N
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Scheme 2. Cram-Reetz Chelate model

The analysis of chelation control in the nucledphaktack on
the carbonyl group is of particular interest si@ram’s seminal
research on the diastereoselective addition of nungetallic
reagents to acyclic carbonyl substrates bearingrbatom-
containing substituent§.The chelation controlled transition state
model of a-chelation (the five-membered chelate ring) was
proposed to rationalize the carbomyfacial diastereoselectivity
(1,2-stereochemical control) via reacting seletyivieom the
sterically less hindered-face®® For 1,3-stereochemical control
of B-chelation (the six-membered chelate ring),
reported the synthesis sfn-1,3-diols fromp-hydroxyketones by
the treatment with tributylborane and the successadriction
with hydride through chelated pseudo boat or chelg@seudo
chair conformatiofi” Still and Schneider firstly reported th@t
alkoxy aldehydes reacted with Gilman reagent$xtaelation to
provide the chelation controlled products with higvels of
stereocontrof? Thus, a conformationally constrained six-
membered ring bearing sterically differentiated sthaeofaces
could be conceivable via metal ion chelation betweka
carbonyl group and the correspondpypeteroatom substituents.
In 1983, Reetz and Jung reported the reaction iodlcBralkoxy
aldehydes, unsubstituted at thgoosition, with the very Lewis
acidic compound CHiCl; to form Cram-type chelates, which
then converted to chelation-controlled proddétShen Reetz
proposed a half-chair chelated transition state ehd@ram-
Reetz chelate model), which would lead to a chhe-li
intermediate, to account for the diastereoselgytiBcheme 2§*
Keck and Castellino provided spectroscopic evidetizg the
favored TiC} chelate half-chair conformation positiofisalkyl
substituent in the pseudoequatorial position whee @
substituent was sterically more demanding than tatayhgroup
due to disfavored gauche interactfdn. Additionally,
stereoelectronic factors can be extrapolated frarolewphilic
addition to heteroatom-substituted six-membered g rin

3

oxocarbenium ion which exhibits a pseudoaxial canfidiion
bias for the nucleophilic attack.

The problem:
How to probe stereoelectronic effect in TS-A?

R3
H | ax'al

H 1
G 3—S. NO.
R p LN NO,
,,,,, N Yo 1 =
TN NGO | R R
1 o) /0 3
R R! Li SR
E pseudoaxial anti-2
NELe N Ts-A Ts-B major
'\" Li H s | -
RZ‘YS\R:; effect favored
EE
R! H JLi H Li
Jﬁcm’N—*\fo S NO:
50 NS JrC;Nf*\:O 1
R! %3>; (o} RTR <g o |— R i R?
At i
Ts-a R3 Ts-b syn-:
Steric hindrance J

favored

Only one of enantiomers was drawn in each of transition states.

Scheme 3. Transition state models in the protonatfmitronates

ion state ‘

‘ per projection for cyclic

+ Q *
H O NO,
H s R
/ I R
Np WY SR®
OLN/O\ anti-2
\ TS-B
R2 \R3
R! * NO;
2
R SR3
U Rs syn-2

TS-a TS-b

The antiperiplanar relationship of equatorial S-lone pair <> ¢* Li-O in TS-A and Ts-b
Only one of enantiomers was drawn in each of transition states.

Scheme 4. Newman projections for transition stabelets in the protonation
of nitronates

Inspired by the understanding of the chelation @dnin
diastereoselective nucleophilic attack at the acayboompounds,
especially Cram-Reetz chelate model which exhibitslé chair
conformation from an experimental viewpoint, foursgible

Narasakayclic chelated transition states which would cotvier the

corresponding chair-like intermediates have beessguted in
scheme 3 in order to explain the diastereofaciéérmintiation in
the protonation of nitroate anions. Meanwhile, fqossible
transition state Newman perpendicular projection rwde also
presented in Scheme 4. Presumably, the observed
diastereoselectivity of the sulfa-Michael additimndetermined
by the competing four transition states, in whickeh@atoms in
nitronate anions linked together through chelat@fithium. The
half-chair chelated transition state$ssA and TsB are
responsible for the formation ahti-2, while the corresponding
Tsa to Tsb for that ofsyn-2. On the basis of the principle of
least conformational chandg,the optimal trajectory for
electrophilic attack of proton is considered as tbhe upper
surface relative to the delocalized CaNsystem inTs-A/Ts-B
and on the lower surface of the sameplane inTs-a/Tsb
because the opposite attack can give rise to thesmonding
intermediates bearing a twist-boat conformation, Wwhig too
high in energy in kinetic control process. Althoudis-A is
almost 1,2-diaxially substituted, it is still codsred as the
favored even most stable transition state for ndte anion
protonation under chelation control of lithium dite strong
stereoelectronic effect, resulting @nti-2 as major products
kinetically. In the six-membered chelatidis-A, the substituted
group R occupies axial direction and'Rocates pseudoaxial
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orientation of the half-chair conformation. In spitof
unfavorably steric elements, the stereoelectroffiece which
provides the stabilization for the diaxial confomaed overrides
the inherent steric bias of the axial substituehaml R, may
serve as a critical factor in determining tlaati-selective
stereocontrol. When substituent fakes the axial orientation, the
sulfur lone pair orbital would stay in the equatbpasition in
TS-A, leading to the antiperiplanar relationship betw&elone
pair orbital and lithium-oxygen™ acceptor orbital. Subsequently
the donor-acceptor interaction (the effective a@ibibverlap
between S-lone pair and antibondisigLi-O) will decrease the

Tetrahedron

the delocalized C=Nt plane and is nearly vertical toz®" &
bond, seeming to play a minimal role in stereoardf kinetic
protonation for nitronates. And the experimentabenices from
literaturé® have supported this assumption. In Table 2, when
keeping vicinal alkyl group (B to nitro group and the
substituent (B on sulfur unchanged, the appropriate substituents
in the R position, such as methyl, ethyl, 1-cyclohexenyl, 1
cycloheptenyl, and phenyl groups, show similar
diastereoselectivitiesafti:syn = 91:9 in average) except for
isopropyl (which possibly followed both half-chairdatwist-boat
conformations as shown in Schemes 3 and 5 due bulikess,

energy ofTS-A and compensate for destabilized energy causingida post). However, the importance of‘Rnd R, especially the

by the steric bias. MeanwhilES-A could convert toT S-a via
ring flipping. To avoid a large swing to final tebedral
geometry, the approach angle for protonation iseetqn to be

substituent group R in TSA has not been systematically
investigated.

abuse. AlthoughTS-a seems to be more stable from the Table 2 Relationship between substituehaRd the diastereoselectivity

viewpoint of steric effect because of the equataiddstituent R
and pseudoequatorial’Ron the other hand,'Rand R are in
gauche position in TS-a rather thananti in TS-A, the steric
hindrance of pseudoequatorial Rould obstruct the approaching

of proton, resulting in the increasing repulsiveergy to

destabilize TS-a. Meanwhile, TS-b also bears the same
disfavored repulsive interaction. Therefore, thieniy for TS-A
could ascribe to two factors: 1). stereoelectronifect 2).
devoid of repulsive interaction between the pseuglmorial R
and upcoming attack of proton.

Thus, the proposed stereoelectronic effect appeaexhibit
significant role in determining diastereofacial esivity in the
sulfa-Michael addition to nitroalkenes followed pmoétion at -

» 3 N NO,

)RS LiY,rt.1h R 2

L S O

1 syn-2 anti-2

Entry R R? R® \ELZI? (antla rsyn)
1 Me Me Ph 75 91:9
2 Me Et Ph 63 91:9
3 Me 1-cyclohexenyl Ph 67 96:4
4 Me 1-cycloheptenyl Ph 58 92:8
5 Me i-Pr Ph 56 57:43
6 Me Ph Ph 79 90:10

78 °C. However, the problem provided above is thatv to
probe the stereoelectronic effect in this chelation control
protonation reaction from experimental investigations? The
stereoelectronic effect which exerts a conformatidnas, 1,2-
diaxial substituted half-chair conformation, for ofmpmation
process of nitronate anions can be extrapolatad ftee change
of diastereomeric ratio triggering by tuning therit hindrance
in both nitroalkenes and thiols. Especially, we h&veprovide
experimental evidence to prove that the substitu@htwas
constrained to occupy the axial position in thd-bhhir chelated
TS-A to meet the requirements for orbital overlap coesition
of the equatorial S-lone pair orbital agtlLi-O. Thus, theanti-
selectivity would be expected to decrease along thighincrease
the size of axial substituent ®*R Meanwhile, the
diastereoselectivity affected by the increasingtefic bulkiness
of R® can also rule out the open-chain non-chelationstton
state model in which Rwas regarded as irrelevant factdt
Additionally, the destabilized energy would be alsaréased
along with the increase steric hindrance of pseudbax

& Cited from Kamimura’s paper [10].

When keeping vicinal substituent' Rnd germinal alkyl R
relative to nitro group unchanged, the dmnt{/syn) value
generally decrease with increasing the steric ba#iénof R
(Table 3). For instance, when'RR®* = Me, the dr values
(anti/syn) decrease from 92:8 to 86:14 to 84:16 along with
increasing R from phenyl to isopropyl teert-butyl substituents
(Table 3, entries-43). Subsequently when changingdnd R to
the ethyl group, the same phenomenon was obsenfesl.di
value reduced gradually from 85:15 to 78:22 alonghwi
increasing R from phenyl totert-butyl substituents (Table 3,
entries 46). Furthermore, the obvious decreased tendentyein
dr value from 73:27 to 55:45 along with increasing fRom
phenyl to isopropyl substituent was exhibited (Tehlentries 8
and 9) when keeping’R i-Pr and R= Me. For arylsubstituted
nitroalkenes, the paradigm between the dr valuegthamd the
steric hindrance of Rwas still obvious. For instangcel,2-
diphenylnitroethenel{) showed the highest diastereoselectivity

substituent R resulting in the dr value decrease as well. Thus(dr 89:11) (Table 3, entry 11) when it reacted whiophenol,

the competitive relationship between steric effechd a
stereoelectronic effect would be demonstrated byddweasing
anti-selectivity caused by the increasing steric effeficR'. The
poorly diastereoselective outcome, ultimately, wasldgest that
the stereoelectronic effect and steric effect dmeety balanced.
Herein, we shall present our results and hope thatrélsults
provide an important guide to the understandingesedectronic
elements in controlling the diastereoselectivity tle sulfa-
Michal addition of thiols to nitroalkenes under [Et®n

while the reaction of 1-methyl-2-phenylnitroethentb)( and
thiophenol displays much higher diastereoselegtititan the
reaction oflb and isopropanethiol (Table 2, entries 12 and 13, d
76:24 vs 65:35). The results clearly indicate that the ister
hindrances of R show obvious influence on the
diastereoselectivity. Consequently, the hypothesieve about
the R group preferring to occupying the axial positidnT&-A
had been proved by the experimental results ineTakentries 1
vs 2 and 3, /s 5 and 6, 859, 12vs 13). In other words, the

conditions and to discern the relative importancé Ojnnportance of the stereoelectronic effect seemscieable in the

stereoelectronic effect and steric effect.

2.3 To probethe stereoelectronic effect in TS-A

In the most stable chelated transition state mod®IA
(Schemes 3 and 4) which incorporates the sterdoathéc effect
to control the stereochemistry, substituefif Rhich locates in

diastereoselective chelation control addition rieact

Additionally, the steric bulkiness of 'Reould also exert
significant influence on the stereochemistry beea®sakes the
pseudo-axial position iMTS-A as well (Schemes 3 and 4).
Keeping geminal methyl or ethyl {R unchanged, the
diastereoselectivity in the sulfa-Michael additfthiophenol to



nitroalkenes obviously decreased along with theeiasing steric

hindrance of R on the vicinal carbon to the nitro group. For

instance, thar values énti:syn) were generally in the range of

5

electronic effect reinforces or weakens the cytrhasition state.
The configurations of thesyn- and anti-products 2 were
determined by the coupling constants of the vicrattons and

92:8 to 85:15 when Rss methyl, ethyl, or other primary straight the *C NMR spectravia the y-gauche effect and some of the

chain alkyl group (Table 3, entries 1, 4, and 7)wideer, when
isopropyl and phenyl occupied the position of', Rhe
diastereoselective ratio falled to 73:27 (TableeBtry 8) and
76:24 (Table 3, entry 12), respectively. With thentinuous
steric increase of the 'Rgroup, such as becominigrt-butyl
substituent, the diastereoselectivity dramaticadlgcrease to
53:47 (Table 3, entry 10). Subsequently, the sMiichael
addition of isopropanethiol to variouso,p-disubstituted
nitroalkenes also exhibited the same tendency érabentries 2,
5, 9, and 13), the dr value decrease from 86:14 ViRleis the
methyl group to 55:45 when'Rs the isopropyl group. These
poor diastereoselective outcomes (Table 3, en®iesnd 10)
indicate that the stabilized energy provided by
stereoelectronic effect and the destabilized engayerated by
steric factors are closely balanced. Thus, the raxeatal results
are strongly in favor of our argument about theestelectronic

known products were confirmed by the reported datghim
literature®™° The y-gauche effect demonstrates that the chemical
shifts of the*®C atoms in the methylene (or methyl) group in the
syn-productssyn-2 are in the slightly higher field than those in
the correspondingnti-ones>®

We wonder whethesyn-2 could serve as major products,
while inherent steric hindrance overrides the swesironic
effect. When Rand R still remained steric increasing, the steric
effect may be dominated the stereocontrol process h2-
diaxial substituted S-A may incline to flip to steric favoretis-a
(Schemes 3 and 4), which were expected to offer saver
stereoselectivity. Thus, several special nitroadiserbearing a

thebulky group on R position were screened to react with bulky

secondary or tertiary thiols in order to verify oassumption.
However, the turnover in diastereoselectivity had heen
observed. And it is really puzzled that the similaoderate dr

effect inTS-A and we can probe the stereoelectronic effect fronvalue (approximatelanti:syn = 80:20) had been provided when

the dr value change by tuning steric effect.

Table 3 Substituent effect of And R on diastereoselectivity

R? R3S LY, rt.1h RH/NLOZQ R! ’;1022

R%Noz 2) AcOH, -78 °C SR? o \é;\R

ot scate anz otz
Entry 1 R! R? R® Product Yés/:g’ an?lrsb/n
1 la Me?® Me?® Ph 2a 77 92:8
2 la Me Me i-Pr 2c 27  86:14
3 la Me Me t-Bu 2d 12 84:16
4 1c Et Et Ph 2e 50 85:15
5 1c Et Et i-Pr 2f 66  77:23
6 1c Et Et t-Bu 2g 54 = 78:22
7 d n-hex Et Ph 2h 41 8515
8 le i-Pr Me Ph 2i 37 7327
9 le i-Pr Me i-Pr 2 7 5545
10 I t-Bu Me Ph 2k 10 5347
1 19 Ph Ph Ph 2l 78  89:11
12 1b Ph® Me® Ph 2b 77 7624
13 1b Ph Me i-Pr 2m 70 65:35
14 1la Me Me 4-MeOGHs 2n 67  88:12
15 la Me Me 4-GNCHs 20 31 955

2 Dr values were determined by bdth NMR and™C NMR.? Isolated yield by
column chromatographyZ/E = 4:1 for 2-nitro-2-butenel§) andZ/E = 2:3 for 2-
nitro-3-phenyl-2-propenel)

It would be interesting to look into influence offfdrent
substituents on the aromatic ring in ArSLi on
diastereoselectivity. Arenethiols witlpara electron-donating
MeO and electron- withdrawing N@roups were evaluated with

very bulky substituents occupy the positions 6faRd R (Table
4, entries £3). Additionally, in the sulfa-Michael addition of
tert-butanethiol totert-butyl substituted nitroalkene,EX-4,4-
dimethyl-2-nitropent-2-ene 1f), no desired product could be
monitored by the analysis of TLC aréh-NMR from really
complex reaction mixture. And how to rationalize thteresting
results in these bulky steric cases?

Table 4 Bulky substituent effect of Bnd R on the diastereoselectivity

NO
R? )R Li*, rt. 1h R N022 RL_~ ;2
Tt )
R%NOQ 2 o 3 ¥ SR®
1 ) AcOH,-78°C, 1h SR+ ®
3,57132 anti-2
1 1 2 3 Yield,a Dr b

Entry R R R Product (%) anti:syn
1 le ipr Me tBu 2p 10 80:20
2 ¥ tBu Me iPr 2q 11 77:23
3 1b Ph  Me tBu 2 69 79:21
4 ¥ tBu Me t-Bu 2s N.D.°

2Dr values were determined by bd#h NMR and™C NMR.
P |solated yield by column chromatograpfyot detected

In the investigation of chelation control in Lewisic
promoted Mukaiyama aldol rections of chird-hydroxy
aldehydes and achiral unsubstituted enolsilanesn&argued
that boat chelates were responsible for the stertmtdased on
the semiempirical calculations (PM3)Thus, it is logical to
hypothesize that 1,2-diaxidlS-A would be potential to flip to
the corresponding lower energy twist boat geomesather than
standard boat conformation because the standardt boa
conformation locates in relatively higher potentadergy than

thethe twist boat on& due to steric factors reinforced by bulky

substituents (Scheme 5). Although the twist boat@mométion of
TSA was deemed to be lack of the stereoelectronic efifeist

(E)-2-nitro-2-butenea) (Table 3, entries 14 and 15). The resultsfavored solely from the viewpoint of steric factdispecially,

reveal that the electron-deficient 4-nitrothiophlesloows better
diastereoselectivity than the electron-rich 4-mgtisiophenol
possibly because the sulfur atom in 4-nitrothioglida harder
acid than that in 4-methoxythiophenol, favorablymbnating
with hard base lithium cation. The electronic effect
substituents on the aromatic ring of thiophenolsaffect the
stereocontrol, attributing to the stereoelectroniteraction
between S-lone pair orbital and lithium-oxygen acceptor
orbital in the proposed cyclic transition state dese the

substituents Rand R occupied the bowsprit and stern positions
in the twist-boat conformation, respectively, whildlogen and
lone-pair orbital of oxygen atom tend to take up flagstaff
positions. And proton would attack from unhinderggpraach
(exo side)(as shown in Scheme 5) to affamti-2 mainly. It is
reasonable to conclude that the steric factors awags dominate
element in the twist-boat chelae transition state Kmetic
protonation of nitronate anions when the stereosdnitt effect
could not balance the destabilizing energy providgapposing
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steric factors in the half-chalfS-A. When R and R are both
tert-butyl group, no targep-nitro sulfide could be monitored
because too much angle and torsional strain wouldnpesed
even in twist-boat conformation and prevent the qration

process, even sulfa-Michael addition due to heaibess.

[The twist BOAT conformation of TS'

I:!+T:xial -
/:. s LIH/O\ +-0"
H Y ring flippin 3 / }
2): \\N\\T o, R\Sﬁ\// favored
R' i © r
pseudoaxial / Rz H'
Ts-A

+
H* gisfavored
Only one of enantiomers was drawn in each of transition states.

Scheme 5. Twist boat conformation BE-A for protonation of nitronates
with two heavily bulky substituents.

Our stereoelectronic controlled transition state ehdds-A
also could be applied to cyclic system with confdioral
restriction. In literature reports, exposure of ittatyclohex-1-
ene to thiophenol under standard procedure resutedhe
formation of cis-1-nitro-2-(phenylthio)cyclohexane
exclusively’®*! However, no convincing explanation was
provided for the priority of formatiortis-product which was
always considered to be less thermodynamically etdbl this
case, the most stable transition stBfA, which would convert
to cis-decalin-like intermediate followed transformatiom the
corresponding product inis-configuration, inclined to adopt a
chair/half-chair conformation which is favored by eth
stereoelectronic effect. However, it is unfavorablermously
for protonation wherilf S-A flips to its conformerT S-a which
would be responsible fortrans-product because of steric
hindrance (Scheme 6). The preference for approdgbraion
from the lower surface of C=N plane is strongly blocked by the
cyclohexane ring.

Stereoelectronic interaction:
between S-lone pair <»c* Li-O antibonding orbital

.-

Not detected

H* disfavored
Ts-a
Only one of enantiomers was drawn in each of transition states.

Scheme 6. Transition state model in the protonaifdhe cyclic nitronate.

Our stereoelectronic controlled cyclic chelate titzors state
model TS-A can be applied to rationalize the
diastereoselectivities in sulfa-Michael additiomsdlving both
linear and cyclic nitroalkenes, even other Michaédlitions, in
which both donors and acceptors possess coordinatorgs in
appropriate positions in the presence of metal inrike reaction
system. However, the Kamimura and Hori's model coralylet
ignored the stereoelectronic effect and chelatiorthie sulfa-
Michael additions. They considered repellency betw8done
pair orbitals and p orbital in C=N bond only in theiodel. They
mentioned that Rdid not impact the diastereoselectivity on the
basis of their model. In fact, °R does affect the
diastereoselectivity according to our experimemedults. Our
proposed stereoelectronic controlled cyclic chelagnsition
state model was verified by tuning the steric budkm of the
corresponding substituents.

3. Conclusions

The stereoelectronic effect plays an extremely irgoa role
in the diastereoselective sulfa-Michael addition twaen
nitroalkenes and thiols under chelation conditiadslithium.

Tetrahedron

Firstly, the experimental results clearly indicaltet nitronate
protonation serves as the stereochemical determimarthis

chelation control reaction. Subsequently, half-chaix-

membered chelate ring transition stdiearing a nearly 1,2-
diaxial substituents was proposed for nitronategsration on the
basis of the stereoelectronic effect control (theatorial S-lone
pair orbital shares an antiperiplanar relationshigth the

antibonding orbital of the Li-O bond). The stereatienic effect
was verified through the change of diastereoselggctdy tuning

the steric bulkiness of 'Rand R. Especially, Roccupying the
axial position or S-lone pair taking the equatodakction has
been proved to be rational by the decreasing destelectivity
along with the steric increasing of °>R Meanwhile, the
diastereoselectivity also decreases obviously wihicsincrease
of the substituent located in the vicinal olefirdarbon to the
nitro group because it possesses a pseudoaxidioposi the

half-chair conformation. The poor diastereoselectoutcomes
indicate that the stereoelectronic effect and ojmgpsteric effect
are closely balanced. When the steric hindrancib$tituent R

and R increases continuouslyTS-A inclines to flip to the
corresponding twist boat conformation which generatederate
anti-selectivity dominated by steric effect exclusivelyhe

reaction of nitrocyclohexene and thiophenol suppothe

proposed cyclic chelate transition state model gotif. As a

consequence, stereoelectronic control elementsotdenignored
in diastereoselective chelate-controlled additesrctions.

4, Experimental section

4.1 General

Dry tetrahydrofuran (THF) was refluxed under nitrogeith
sodium wire and benzophenone as an indicator, aeshlir
distilled prior to use. Melting points were obtainad a Yanaco
MP-500 melting point apparatus and are uncorrectéa@nd**C
NMR spectra were recorded on a Bruker AV 400 (400 MHz) i
CDCl; with TMS as the internal standard and the chensikiis
(o) are reported in ppm. IR spectra were taken directi a
Nicolet AVATAR 330 FT-IR spectrometer with KBr. HRMS
spectra were obtained with an Agilent LC/MSD TOF mass
spectrometer. TLC analysis was performed on sifjeb GRs,
plates. Spots were visualized with UV light or iodi@alumn
chromatography was performed on silica gel zcx DOE300
mesh) with a mixture of petroleum ether (PE) (603-90d ethyl
acetate (EA) as an eluent with gradient elution.

4.2 General procedurefor the synthesis of nitroalkenes 1

Nitroalkenesl in Table 3-4 were prepared by dehydration of
the corresponding vicinal nitro alcohols accordiogliterature
procedur® and 1-nitrohexane was prepared by referring the
Corey’'s methotf andtheir analytical data are identical to those
reported previously.

4.3 General procedure for the synthesis of p-nitro sulfides 2'°

To a solution of thiophenol or alkanethiol (1.2 nijria 2.0
mL of dry THF was addea-butyllithium (2.4 M, 45@L, 1.1
mmol) at below 0C, and the resultant mixture was continued to
be stirred for 30 min at the same temperature umiteogen
atmosphere. Subsequently,3-disubstituted nitroalkend (1.0
mmol) was added via a syringe in one portion 8€pand the
mixture was stirred for 1 h at room temperature. Kioetic
protonation process of nitronate anion intermedigite resulting
solution was required to cool at -78, excess AcOH (0.3 mL)
was added and the resulting solution was stirred foat -78°C.



After warming to room temperature, the solution wasrpd into
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m; 1H), 1.68 (ddgy) = 3.6, 14.0, 7.2 Hz, 1H), 1.89-1.71 (m,

water (10 mL) and extracted with EA (10 mL x 3). The2H), 1.12 (tJ = 7.2 Hz, 3H), 0.96 (] = 7.2 Hz, 3H).*C NMR

combined extracts were washed with brine (15 mL) anedd
over NaSQ, and concentrated in vacuo to afford crideitro

sulfide. Finally, subjecting the mixture directly purification on
silica gel chromatography (PE/EA) afforded the dssbiproduct
2.

4.3.1 2-Nitro-3-phenylthiobutane (2a) °*°

Colorless oil, 163 mg, 77%,;R 0.47 (PE:EA = 20:1yN) ,
mixture of anti- and syn-2a. Anti-2a: ‘H NMR (400 MHz,
CDCly) o: 7.48—7.45 (m, 2H), 7.37-7.31 (m, 3H), 4.50 (de;
7.6, 6.7 Hz, 1H), 3.52 (dd, = 7.6, 6.9 Hz, 1H), 1.68 (d,= 6.7
Hz, 3H), 1.34 (dJ = 6.9 Hz, 3H).Syn-2a: '"H NMR (400 MHz,
CDCL) 6: 7.48-7.45 (m, 2H), 7.37—7.31 (m, 3H), 4.55 (dc;
5.7, 6.7 Hz), 3.82 (dqg] = 5.7, 7.0 Hz, 1H), 1.57 (d,= 6.7 Hz,
3H), 1.29 (d,J = 7.0 Hz, 3H).

4.3.2 2-Nitro-3-phenyl-3-phenylthiopropane (2b) **°

Yellowish oil, 211 mg, 77%, R 0.48, 0.50 (PE:EA = 20:1, v/v),
mixture of anti- and syn-2b. Anti-2b: 'H NMR (400 MHz,
CDCl,) 6: 7.29-7.10 (m, 8H), 7.19-7.08 (m, 2H), 4.95 (A
9.39, 6.6 Hz, 1H), 4.56 (d,= 9.39 Hz, 1H), 1.82 (dl = 6.6 Hz,
3H). “C NMR (101 MHz, CDGJ) &: 136.5, 133.7, 132.4, 129.0,
126.6, 128.4, 128.2, 128.1, 86.9, 57.3, 1&n-2b: 'H NMR
(400 MHz, CDCJ) &: 7.29-7.10 (m, 8H), 7.19-7.08 (m, 2H),
4.95 (dg,d = 9.38, 6.7 Hz, 1H), 4.57 (d,= 9.38 Hz, 1H), 1.41
(d, J = 6.7 Hz, 3H)*C NMR (101 MHz, CDC}) &: 136.5, 134.0,
132.1, 129.0, 128.7, 128.5, 128.3, 127.9, 86.3,56...5.

4.3.3 3-Isopropylthio-2-nitrobutane (2c) °

Colorless oil, 48 mg, 27%,:R 0.28 (PE:diethyl ether = 40:1,
vIv), mixture ofanti- andsyn-2c. Anti-2c: '"H NMR (400 MHz,
CDCly) §: 4.50 (dg,d = 7.0, 6.7 Hz, 1H), 3.29 (dd,= 7.0, 6.9
Hz, 1H), 2.987 (hept] = 6.7 Hz, 1H), 1.64 (d] = 6.7 Hz, 3H),
1.35 (d,J = 6.7 Hz, 3H), 1.30 (d] = 7.0 Hz, 3H), 1.25 (d] = 6.9
Hz, 3H).**C NMR (101 MHz, CDG)) J: 87.6, 42.5, 35.5, 23.8,
23.5, 20.1, 16.35yn-2c: 'H NMR (400 MHz, CDCJ) d: 4.63 (dq,
J=5.8, 6.7 Hz, 1H), 3.42 (dd,= 5.8, 7.0 Hz, 1H), 2.994 (het,
= 6.7 Hz 1H), 1.57 (d) = 6.7 Hz, 3H), 1.32 (d] = 6.7 Hz, 3H),
1.27 (d,J = 7.0 Hz, 3H), 1.26 (d] = 6.7 Hz, 3H)*C NMR (101
MHz, CDCL) : 86.7, 41.4, 35.4, 23.6, 23.3, 16.7, 13.9.

4.3.4 3-tert-Butylthio-2-nitrobutane (2d)°

Colorless oil, 24 mg, 12%,:R 0.36 (PE:diethyl ether = 40:1,
v/v), mixture ofanti- andsyn-2d. Anti-2d: '"H NMR (400 MHz,
CDCly) 6: 4.45 (dq,J = 7.2, 7.2 Hz, 1H), 3.21 (d§,= 7.2, 6.8
Hz, 1H), 1.63 (d,) = 6.8 Hz, 3H), 1.33 (s, 9H), 1.40 @= 7.2
Hz, 3H).**C NMR (101 MHz, CDG)) §: 87.9, 44.0, 40.9, 31.2,
22.5, 16.49yn-2d: *H NMR (400 MHz, CDCJ)) &: 4.66 (dq,J =
5.2, 6.7 Hz, 1H), 3.40 (dd,= 5.2, 7.1 Hz, 1H), 1.54 (d,= 6.7
Hz, 3H), 1.36 (s, 9H), 1.28 (d,= 7.1 Hz, 3H)"*C NMR (101
MHz, CDCk) ¢: 87.5, 44.3, 39.9, 31.0, 18.2, 13.4.

4.3.5 3-Nitro-4-phenylthiohexane (2¢) °

Colorless oil, 121mg, 50%, ;R= 0.40 (PE:EA = 40:1, v/v),
mixture ofanti- andsyn-2e. Anti-2e: 'H NMR (400 MHz, CDC}))

51 7.45-7.42 (m, 2H), 7.35-7.29 (m, 3H), 4.39 (diid, 3.2, 9.2,
10.8 Hz, 1H), 3.28 (ddd} = 3.6, 9.2, 9.2 Hz, 1H), 2.27 (ddyj=
3.2, 14.4, 7.2 Hz, 1H), 1.99 (ddd,= 10.8, 14.4, 7.2 Hz, 1H),
1.68 (ddg,J = 3.6, 14.6, 7.2 Hz, 1H), 1.49 (ddbs 9.2, 14.6, 7.2
Hz, 1H), 1.15 (tJ = 7.2 Hz, 3H), 0.93 (tJ = 7.2 Hz, 3H).*C
NMR (101 MHz, CDC)) &: 133.2, 133.0, 129.2, 128.0, 93.7,
53.8, 25.2, 24.5, 11.2, 10.8yn-2¢: H NMR (400 MHz, CDC))

5: 7.45-7.42 (m, 2H), 7.35-7.29 (m, 3H), 4.45 (d#i&, 4.0, 7.2,
10.8 Hz, 1H), 3.39 (ddd] = 3.6, 7.2, 10.0 Hz, 1H), 2.13-2.02 (

(101 MHz, CDC})) o: 133.2, 132.8, 129.2, 127.9, 92.5, 53.7,
22.9,22.8, 115, 10.8.

4.3.64-1sopropylthio-3-nitrohexane (2f)

Colorless oil, 135mg, 66%, ;R= 0.46 (PE:EA = 40:1, v/v),
mixture ofanti- andsyn-2f. Anti-2f: '"H NMR (400 MHz, CDC))

J: 4.37 (dddJ = 2.8, 9.2, 10.8 Hz, 1H), 2.94 (dd#i= 3.4, 9.2,
8.8 Hz, 1H), 2.93 (hepd = 6.8 Hz, 1H), 2.25 (ddd), = 14.8, 2.8,
7.3 Hz, 1H), 2.06 (ddqg] = 14.8, 10.8, 7.3 Hz 1H), 1.66 (ddbs
14.4, 3.4, 7.2 Hz, 1H), 1.47 (dd@j= 14.4, 8.8, 7.2 Hz,1H), 1.30
(d,J = 6.8 Hz, 3H), 1.26 (d] = 6.8 Hz, 3H), 1.06 (J = 7.3Hz,
3H), 0.97 (t,J = 7.2 Hz, 3H).*C NMR (101 MHz, CDC)) ¢:
94.2, 49.3, 36.3, 25.9, 24.8, 24.0, 23.5, 10.76.18yn-2f: 'H
NMR (400 MHz, CDC}) §: 4.47 (ddd,] = 10.2, 6.6, 3.3 Hz, 1H),
2.98 (ddd,J = 9.7, 6.6, 3.6 Hz, 1H), 2.96-2.87 (m, 1H), 2.03—
1.98 (m, 1H), 1.91 (dddl,= 14.8, 3.2, 7.2 Hz, 1H), 1.77 (ddbz
14.4, 3.6, 7.2 Hz, 1H), 1.52-1.40 (m, 1H), 1.30J¢; 6.8 Hz,
3H), 1.25 (dJ = 6.8 Hz, 3H), 1.04 (] = 7.2 Hz, 3H), 1.01 (] =
7.2 Hz, 3H)."*C NMR (101 MHz, CDCJ) é: 94.1, 49.0, 36.3,
24.1, 23.8, 23.4, 23.0, 11.0, 10.8. IR (©H) v (cm?): 2970,
1550, 1398, 1368. HRMS (ESI) calcd. for fragmenHGS'
[M+H-47u]" or [M+H-HONOJ" m/z 159.1202, found 159.1200.

4.3.74-tert-Butylthio-3-nitrohexane (2g)

Colorless oil, 118mg, 54%, ;R= 0.35 (PE:EA = 40:1, viv),
mixture ofanti- andsyn-2g. '"H NMR (400 MHz, CDCJ) J: 4.36
(ddd,J = 11.3, 8.8, 2.9 Hz, 1H), 2.99 (dd#i= 8.8, 7.2, 4.4 Hz,
1H), 2.26 (ddg,]) = 14.8, 2.9, 7.3 Hz, 1H), 1.98 (dd#= 14.8,
11.3, 7.3 Hz, 1H), 1.72 (ddd, = 14.7, 4.4, 7.2 Hz, 1H), 1.58
(ddq,J = 14.7, 7.2, 7.2 Hz, 1H), 1.33 (s, 9H), 1.04)(t 7.3 Hz,
3H), 0.96 (t,J = 7.2 Hz, 3H).”C NMR (101 MHz, CDG)) :
93.6, 46.7, 44.1, 31.5, 27.4, 25.0, 10.8, 1B:2NMR (400 MHz,
CDCly) ¢: 4.52 (ddd,J = 10.6, 5.2, 3.0 Hz, 1H), 3.03-2.97 (m,
1H), 2.50 (ddg,) = 14.8, 10.6, 7.2 Hz, 1H), 1.89 (ddh= 14.8,
3.0, 7.2 Hz, 1H), 1.79 (ddd,= 14.4, 3.6, 7.2 Hz, 1H), 1.65-1.54
(m, 1H), 1.36 (s, 9H), 1.04 @,= 7.2 Hz, 3H), 0.98 (t] = 7.2 Hz,
3H). *C NMR (101 MHz, CDGJ) J: 94.8, 47.5, 44.1, 31.2, 23.9,
21.4, 11.3, 11.2. IR (Ci€l,) v (cmi'): 2970, 1551, 1400, 1366.
HRMS (ESI) calcd. for fragment ,@,,S" [M+H-47u]" or
[M+H-HONO]" nvz: 173.1358, found 173.1352.

4.3.8 3-Nitro-4-phenylthiononane (2h) °

Yellowish oil, 117 mg, 41%, &= 0.56, 0.58 (PE:EA = 40:1, v/v),
mixture of anti- and syn-2h. Anti-2h: 'H NMR (400 MHz,
CDCL) d: 7.44-7.42 (m, 2H), 7.32—7.31 (m, 3H), 4.37 (diid,
3.2, 9.2, 10.8 Hz, 1H), 3.31 (ddd= 3.6, 7.2, 9.2 Hz, 1H), 2.24
(ddg,J = 3.2, 14.8, 7.2 Hz, 1H), 1.98 (ddh= 10.8, 14.4, 7.2 Hz,
1H), 1.77-1.68 (m, 1H), 1.60-1.57 ( m, 1H), 1.53—-1m42H),
1.34-1.25 (m, 4H), 0.93 (,= 7.2 Hz, 3H), 0.89 () = 7.2 Hz,
3H). *C NMR (101 MHz, CDG)) 6: 133.3, 133.1, 129.2, 128.4,
93.6, 52.2, 31.3, 31.2, 26.3, 25.2, 22.4, 13.95.18yn-2h: 'H
NMR (400 MHz, CDC)) §: 7.46-7.42 (m, 2H), 7.35-7.27 (m,
3H), 4.43 (dddJ = 4.0, 6.8, 10.0 Hz, 1H), 3.46 (ddb= 3.2, 6.8,
10.4 Hz, 1H), 2.12-1.80 (m, 2H), 1.77-1.68 (m, 1H)041657
(m, 1H), 1.53-1.44 (m, 2H), 1.34-1.25 (m, 4H), 0.99 & 7.2
Hz, 3H), 0.90 (tJ = 7.2 Hz, 3H)*C NMR (101 MHz, CDG)) ¢:
133.1, 132.8, 128.9, 127.9, 92.6, 51.9, 31.3, 2964, 25.2,
22.6,13.8, 10.8.

4.3.9 4-Methyl-2-nitro-3-phenyithiopentane (2i) °*°

Colorless oil, 90 mg, 37%,;R 0.23, 0.28, mixture ofnti- and
syn-2i. Anti-2i: '"H NMR (400 MHz, CDC)) 6: 7.45-7.42 (m,
2H), 7.36-7.27 (m, 2H), 7.27-7.20 (m, 1H), 4.80 (tg,9.6, 6.8
Hz, 1H), 3.46 (ddJ = 4.4, 9.6 Hz, 1H), 1.91 (dhept= 4.4, 6.8
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Hz, 1H), 1.63 (dJ = 6.8 Hz, 3H), 1.16 (d] = 6.8 Hz, 3H), 1.04
(d, J=6.8 Hz, 3H).®C NMR (101 MHz, CDCJ) 6: 135.8, 131.3,
129.2, 127.3, 86.14, 61.2, 30.3, 21.3, 17.7, 195-2i: 'H NMR
(400 MHz, CDCY) ¢: 7.45-7.42 (m, 2H), 7.36-7.27 (m, 2H),
7.27-7.20 (m, 1H), 4.70 (dd,= 8.4, 6.8 Hz, 1H), 3.48 (dd,=
4.4, 8.4, 1H), 2.13 (dhepd,= 4.4, 6.8 Hz, 1H), 1.16 (d,= 6.8
Hz, 3H), 1.11 (d,J) = 6.8 Hz, 3H), 0.99 (d] = 6.8 Hz, 3H)°C
NMR (101 MHz, CDC)) ¢: 135.5, 131.1, 129.0, 127.4, 86.7,
59.9, 29.1, 21.7,17.5, 17.1.

4.3.10 3-1sopropylthio-2-methyl-4-nitropentane (2j) °

Colorless oil, 16 mg, 7%, ;R= 0.31, 0.37 (PE: diethyl ether =
40:1, v/v), mixture ofanti- and syn-2j. Anti-2j: *H NMR (400
MHz, CDCk) J: 4.65 (dg,J = 9.5, 6.7 Hz, 1H), 2.98 (dd,= 3.4,
9.5 Hz, 1H), 2.81 (hepfl = 6.7 Hz, 1H), 2.06 (dhepl,= 3.4, 6.7
Hz, 1H), 1.60 (dJ) = 6.7 Hz, 3H), 1.25 (d] = 6.6 Hz, 3H), 1.20
(d,J = 6.7 Hz, 3H), 1.11 (d] = 6.6 Hz, 3H), 0.85 (d] = 6.7 Hz,
3H). *C NMR (101 MHz, CDGJ) J: 86.3, 55.8, 37.5, 30.1, 23.9,
23.6, 21.1, 17.6, 17.5yn-2j: '"H NMR (400 MHz, CDCJ)
4.68 (dg,J = 8.9, 6.6 Hz, 1H), 2.94 (dd, = 4.5, 8.9 Hz, 1H),
2.87 (heptJ = 6.6 Hz, 1H), 1.75 (dhep8, = 4.5, 6.6 Hz, 1H),
1.70 (d,J = 6.6 Hz, 3H), 1.30 (d] = 6.6 Hz, 3H), 1.26 (d] = 6.8
Hz, 3H), 1.06 (d,J) = 6.6 Hz, 3H), 0.96 (dJ = 6.8 Hz, 3H).C
NMR (101 MHz, CDCJ) ¢: 88.2, 54.5, 37.4, 28.4, 23.9, 23.4,
21.5,17.8, 16.84.

4.3.11 4,4-Dimethyl-2-nitro-3-phenyithiopentane (2k) °

Colorless oil, 26 mg, 10%, ;R= 0.23 (PE:EA = 40:1yvN),

mixture of anti- and syn-2k. Anti-2k: ‘H NMR (400 MHz,
CDCL) 6: 7.41-7.38 (m, 2H), 7.33—-7.21 (m, 3H), 4.87 (dc;

3.8, 6.7 Hz, 1H), 3.83 (dl = 3.8 Hz, 1H), 1.70 (dJ = 6.7 Hz,
3H), 1.14 (s, 9H)*C NMR (101 MHz, CDG)) d: 136.2, 131.3,
129.1, 127.2, 83.8, 64.7, 36.7, 28.4, 1Bf-2k: 'H NMR (400

MHz, CDCk) &: 7.48-7.45 (m, 2H), 7.33—-7.21 (m, 3H), 4.91 (dg,

J=3.3,6.8 Hz, 1H), 3.4 (d,= 3.3 Hz, 1H), 1.74 (d] = 6.8 Hz,
3H), 1.21 (s, 9H)*C NMR (101 MHz, CDG)) d: 136.9, 130.9,
129.3, 127.0, 83.7, 63.6, 36.8, 28.3, 16.5.

4.3.12 1-Nitro-1,2-diphenyl-2-phenylthioethane (21) °

Colorless crystals, 262 mg, 78%, m.p. (fnti-2l) 160-162°C,
R = 0.24, 0.26 (PE:EA = 40:1, v/v), mixture arfti- andsyn-2l.
Anti-2: '"H NMR (400 MHz, CDCJ) §: 7.62—7.60 (dJ = 6.8 Hz,
2H), 7.44-7.36 (m, 3H), 7.28-7.25 (m, 5H), 7.17)(t 7.2Hz,
1H), 7.10-7.07 (1) = 7.2 Hz, 2H), 6.99-6.97 (d,= 7.2 Hz, 2H),
5.89 (d,J = 11.7 Hz, 1H), 5.03 (d] = 11.7 Hz, 1H)*C NMR
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35.7, 2313, 23.06, 17.8R (CH,Cl,) v (cmi*): 2960, 2925, 1552,
1451, 1385, 1357. HRMS (ESI) calcd. for,lgNO,S" [M+H] "
m/z: 240.1053, found 240.1054.

4.3.14 anti-2-(4-Methoxyphenylthio)-3-nitrobutane (anti-2n)

The reaction was performed on a 0.5-mmol scale. &sto oil,
81 mg, 67%, R= 0.45 (PE:EA = 20:1y/v). 'H NMR (400 MHz,
CDCly) 6: 7.41 (d,J = 8.8 Hz, 2H), 6.87 (d] = 8.8 Hz, 2H), 4.45
(dg,J = 6.7, 6.7 Hz, 1H), 3.81 (s, 3H), 3.33 (dgs 6.9, 6.9 Hz,
1H), 1.70 (dJ = 6.7 Hz, 3H), 1.29 (d] = 6.9 Hz, 3H)*C NMR
(100 MHz, CDC})) ¢: 160.3, 136.8, 132.6, 114.7, 87.2, 55.3,
47.5, 18.3, 17.4. IR (film, KBry cmi' 1549, 1493, 1388, 1286,
1248, 1173, 1030. HRMS (ESI) calcd. for fragmentHz0S
[M+H-47u] or [M+H-HONOT mvz. 195.0838, found 195.0836.

4.3.15 anti-2-Nitro-3-(4-nitrophenylthio)butane (20)

The reaction was performed on a 0.5-mmol scale. Broiy0
mg, 31%, R= 0.42 (PE:EA = 20:1v/v). H NMR (400 MHz,
CDCly) 6: 8.17 (d,J = 8.9 Hz, 2H), 7.51 (d] = 8.9 Hz, 2H), 4.62
(dg,J = 6.8, 6.8 Hz, 1H), 3.91 (dd,= 6.9, 6.9 Hz, 1H), 1.67 (d,
J = 6.8 Hz, 3H), 1.47 (d] = 7.0 Hz, 3H).*C NMR (100 MHz,
CDCly) d: 146.6, 143.3, 130.3, 124.2, 86.5, 45.9, 18.73.1R
(film, KBr) v cm* 1551, 1508, 1339, 1315, 1106, 1077. HRMS
(ESI) calcd. for fragment Hi,NO,S [M+H-47u] or [M+H-
HONOJ Mz 210.0583, found 210.0574.

4.3.16 3-tert-Butylthio-2-methyl-4-nitropentane (2p)°

Colorless oil, 22 mg, 10%,:R 0.31 (PE: diethyl ether = 40:1,
v/v), mixture ofanti- andsyn-2p. Anti-2p: '"H NMR (400 MHz,
CDCl,) 6: 4.65 (dg,J = 8.8, 6.8, Hz, 1H), 3.03 (dd,= 4.4, 8.8
Hz, 1H), 1.81 (dhept) = 4.4, 7.2 Hz, 1H), 1.69 (d,= 6.8 Hz,
3H), 1.32 (s, 9H), 1.05 (d = 7.2 Hz, 3H), 0.96 (dJ = 7.2 Hz,
3H). **C NMR (101 MHz, CDCJ) 6: 86.0, 52.6, 43.6, 32.0, 30.9,
21.1, 18.0, 17.95yn-2n: *H NMR (400 MHz, CDC)) J: 4.67
(dg, J = 6.4, 6.8 Hz, 1H), 3.16 (dd, = 4.4, 6.4 Hz, 1H), 1.97
(dhept,J = 4.4, 6.8 Hz, 1H), 1.62 (d] = 6.8 Hz, 3H), 1.33 (s,
9H), 1.01 (dJ = 6.8 Hz, 3H), 0.95 (d] = 6.8 Hz, 3H)*C NMR
(101 MHz, CDCY) o: 88.3, 51.7, 43.7, 31.4, 28.1, 21.7, 19.0,
15.1.

4.3.17 anti-3-1sopropylthio-4,4-dimethyl-2-nitropentane (anti-2q)
Colorless oil, 19 mg, 8.5%,;R 0.35 (PE: diethyl ether = 40:1,
viv). "H NMR (400 MHz, CDC)) &: 4.89 (dg,J = 3.6, 6.8 Hz,
1H), 2.90 (hept) = 7.0 Hz 1H), 2.78 (d] = 3.6 Hz, 1H), 1.71 (d,
J = 6.8 Hz, 3H), 1.31 (d) = 7.0 Hz, 3H), 1.29 (d] = 7.0 Hz,

(101 MHz, CDC}) ¢: 137.4, 134.4, 132.3, 132.1, 130.4, 128.9,3H), 1.07 (s, 9H)°C NMR (101 MHz, CDGC) 4: 84.9, 58.7,

128.7, 128.6, 128.3, 128.2, 127.8, 94.7, 56yh-2: '"H NMR
(400 MHz, CDC}) 6: 7.49 (d,J = 6.8 Hz, 2H), 7.44-7.35 (m,
3H), 7.30-7.23 (m, 5H), 7.17-6.97 (m, 5H), 5.86)(,12.2 Hz,
1H), 5.03 (dJ = 12.2 Hz, 1H)*C NMR (101 MHz, CDC)) :
137.3, 135.2, 131.1, 130.5, 129.8, 129.1, 128.8.6,2128.3,
128.2, 127.6, 94.2, 56.2.

4.3.13 2-nitro-3-isopropyl thio-3-phenyl propane (2m)
Colorless oil, 168 mg, 70%, ;R 0.51 (PE:EA = 10:1, v/v),
mixture of anti- and syn-2m. Anti-2m: 'H NMR (400 MHz,

38.0, 36.4, 28.2, 23.7, 23.3, 18.3. IR (CH) v (cm): 2964,
2951, 1552, 1453, 1386, 1364. HRMS (ESI) calcd.fifagment
CyH2:S" [M+H-47u]” or [M+H-HONOJ nvz 173.1358, found
173.1357.

4.3.18 syn-3-1sopropylthio-4,4-dimethyl -2-nitropentane (syn-2q)
Colorless oil, 6 mg, 2.5%, ;R 0.41 (PE: diethyl ether = 40:1,
viv). '"H NMR (400 MHz, CDC)) ¢: 4.88 (dg,J = 3.5, 6.6 Hz,
1H), 3.31 (dJ = 3.5 Hz, 1H), 2.75 (hepd,= 6.7 Hz 1H), 1.63 (d,
J=6.6 Hz, 3H), 1.25 (d) = 6.6 Hz, 3H), 1.18 (dJ = 6.7 Hz,

CDCly) : 7.36-7.34 (m, 2H), 7.33-7.29 (m, 2H), 7.28-7.23 (m,3H), 1.09 (s, 9H)3C NMR (101 MHz, CDC) &: 84.0, 59.6,

1H), 4.82 (dg,J) = 9.2, 6.6 Hz, 1H), 4.36 (d,= 9.2 Hz, 1H), 2.63
(hept,J = 6.8, 1H), 1.73 (d) = 6.6 Hz, 3H), 1.24 (d] = 6.8 Hz,
3H), 1.14 (d,J = 6.8 Hz, 3H).*C NMR (101 MHz, CDG)) :
138.4, 128.7, 128.4, 128.1, 87.8, 52.3, 35.3, 224), 17.65n-
2m: 'H NMR (400 MHz, CDCJ)) §: 7.37-7.34(m, 2H), 7.32-7.29
(m, 2H), 7.28-7.23 (m, 1H), 4.82 (d§j= 9.5, 6.7 Hz, 1H), 4.30
(d,J=9.5 Hz, 1H), 2.71 (hepd,= 6.8, 1H), 1.35 (dJ = 6.7 Hz,
3H), 1.22 (dJ = 6.8 Hz, 3H), 1.14 (d] = 6.8 Hz, 3H)*C NMR

(101 MHz, CDC})) o: 137.8, 128.9, 128.2, 128.1, 87.3, 51.8,

37.5, 36.0, 30.9, 28.3, 23.6, 16.0. IR (CH) v (cm?): 2965,
2950, 1551, 1452, 1385, 1366. HRMS (ESI) calcd flagment
CiH2S" [M+H-47u]" or [M+H-HONOJ mvz 173.1358, found
173.1359.

4.3.19 3-tert-Butylthio-2-nitro-3-phenyl propane (2r)

Colorless oil, 175 mg, 69%, ;R 0.43 (PE:EA = 10:1, v/v),
mixture ofanti- andsyn-2r. Anti-2r: *H NMR (400 MHz, CDCJ)
d: 7.40 (d,J = 7.6 Hz, 2H), 7.31 (t) = 7.4 Hz, 2H), 7.27-7.20



(m, 1H), 4.71 (dgy) = 8.1, 6.6 Hz, 1H), 4.40 (d,=8.1 Hz, 1H),
1.67 (d,J = 6.6 Hz, 3H), 1.22 (s, 9H)°C NMR (101 MHz,
CDCl) 6: 140.4, 128.6, 128.3, 127.8, 88.1, 51.1, 44.6] 316.6.
3C NMR (101 MHz, CDGJ) §: 140.4, 128.6, 128.3, 127.8, 88.1,
51.1, 44.6, 31.1, 16.8yn-2r: *H NMR (400 MHz, CDC))
7.40 (d,J = 7.4 Hz, 2H), 7.35-7.29 (m, 2H), 7.27-7.22 (m, 1H),
4.74 (dgJ = 9.3, 6.6 Hz, 1H), 4.33 (d,= 9.3 Hz, 1H), 1.32 (d]
= 6.6 Hz, 3H), 1.21 (s, 9H)°C NMR (101 MHz, CDG)) :
139.4, 128.7, 128.6, 127.9, 87.6, 50.3, 44.8, 3105. IR

(CH.Clp) v (cmi®): 2960, 1552, 1494, 1452, 1386, 1357, 750, 701.

HRMS (ESI) calcd. for GH,NO,S" [M+H]" miz. 254.1209,
found 254.1202.

4.3.20 anti-3-tert-Butylthio-2-nitro-3-phenyl propane (2r)

Colorless oil, 138 mg, 55%,;R 0.43 (PE:EA = 10:1, v/iVJH
NMR (400 MHz, CDC}) 6: 7.40 (d,J = 7.6 Hz, 2H), 7.31 () =
7.4 Hz, 2H), 7.27-7.20 (m, 1H), 4.71 (db= 8.1, 6.6 Hz, 1H),
4.40 (d,J = 8.1 Hz, 1H), 1.67 (dJ = 6.6 Hz, 3H), 1.22 (s, 9H).
¥C NMR (101 MHz, CDCJ) ¢: 140.4, 128.6, 128.3, 127.8, 88.1,
51.1, 44.6, 31.1, 16.6°C NMR (101 MHz, CDG) d: 140.4,
128.6, 128.3, 127.8, 88.1, 51.1, 44.6, 31.1, 1R6(CH.CI,) v
(cm’l): 2961, 1553, 1495, 1451, 1387, 1359, 751, 702. BRM
(ESI) caled. for GHNO,S™ [M+H]" miz 254.1209, found
254.1205.
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