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ACTIVATION OF CARBONYL B-CARBONS FOR CHEMICAL TRANSFORMATIONS

FIELD OF THE INVENTION |

[001] The present invention relates to the fields of organocatalytic activation of carbonyl f-
carbons to synthesize g-carbon nucleophiles. The present invention is further directed to the

organocatalysts used herein and their respective uses.

BACKGROUND

[002] Carbonyl compounds, such as esters, ketones, and aldehydes are essential building
blocks in organic chemistry, particularly in the field of pharmaceuticals, fine chemicals, and
materials. Thefefore, carbonyl compounds are involved in different multistage chemical
synthesis. The activation of the a-carbons of carbonyl compounds in order to generate enolate
equivalents as nucleophiles is one of the most powerful strategies and commonly used
syntheéis in- organic chemistry including aldol reactions and Mannich reactions. The
functionalization of these a-carbons is well known and can be realized via metal-based or
organic catalysts or reagents. The most relevant method is directing group-assisted metal
insertion and C-H bond activation involving the ester g-carbons using pailadium-based transition
metal catalysts. As starting material, typically the corresponding a,8-unsaturated carbonyl
compounds are used. In contrast herein, the g-carbon of saturated carbonyl compounds is
considered to be rather inert. Despite of the fundamental and practical values, direct
transformation of g-carbons of saturated carbonyl compounds to nucleophiles is still

challenging.

[003] Hence, there is a need in the art for direct activation of carbonyl g-carbons for chemical

transformations.

SUMMARY OF THE INVENTION
[004] The present invention provides a method for synthesizing a compound of Formula (1)
B O

R X7ONHC
(Rz)n
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“wherein _ _
""" is a single or a double bond, wherein if it is'a double bond nis 1 and if it is a

" single bond n is 2;
each R, and R, is independently selected from the groub consisting of hydrogen,
5 halogen, -OH, -O0H, -NH,, -NO,, -ONO,, -CHO, -CN, -CNOH, -COOH, -SH, -OSH, -CSSH, -
SCN, -SO,0H, -CONHjy, -NH-NH,, -NC, -CSH, or any organic moiety;

B is an electrophilic group; and

NHC" is’
- Rs
?%/NN
®N-7
Rs3
Ry
10  comprising:
(i) activating a compound of Formula (1)
H O
(R1)n/‘\\ru\LG (i1
(R2)n '
wherein
LG is a leaving group;
15 by reacting said compound of Formula (ll) with a compound of Formula (lll) in the

presence of a base

Ry~ _N.
\E/ N-Rs (1
Ry N~/

wherein
R3, R4, and Rs are independently from each other selected from the group consisting of
20  hydrogen, halogen, -OH, -O0QH, -NH;, -NO,, -ONQ,, -CHQ, -CN, -CNOH, -COOH, -SH, -OSH, -
CSSH, -SCN, -SO,0H, -CONHj,, -NH-NH,, -NC, -CSH, or any organic moiety; ‘

to obtain a compound of Formula (V)
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and
(i) . reacting the compound of Formula (IV) with an electrophile to obtain the compound of
Formula (I) '

[005] In another aspect the present invention is directed to compounds of Formulae (VI) and
(Vi)

N-Rs - (vn
o (v

wherein R, Ry, Rs, and R are independently from each other selected from the group

“consisting of hydrogen, halogen, -OH, -OO0H, -NHz, -NO;, -ONO,, -CHO, -CN, -CNOH, -COQH,

-SH, -OSH, -CSSH, -SCN, -SO,0H, -CONH;, -NH-NH,, -NC, -CSH, or any organic moiety.

[006] In a still further éspect the present invention relates to the use of compounds of

Formulae (V1) and (VII) for activating a compound of Formula (II).

DETAILED DESCRIPTION OF THE PRESENT INVENTION

[007] The pfeSent invention.is based on the inventors’ surprising finding that the B-carbon ofa
compound of Formula (ll) can be activated to transform the compound into a nucleophilic

compound of Formula (V) by organocatalytic activation with a triazol carbene compound of

, Formula (1) and deprotonation with a base. Without wishing to be bound to any partlcular

theory, it is believed that due to the electron-withdrawing ability of the NHC* moiety of Formula
(1) and the conjugated nature of the compound of formula (IV), the proton(s) attached to the £-
carbon become acidic. The obtained nucleophilic compound of Formula (IV) can then further be

reacted with an electrophile in order to synthesize a compound of Formula ).

[008] To obtain B-carbon functionalization, typically the corresponding a,8-unsaturated

carbony! compound is used which is subsequently transformed into the desired nucleophile by,

e.g., directing group-assisted transition metal insertion using palladium and C-H bond activation
involving the B-carbons. When the saturated compound is the starting material, a further

synthetic step is required for converting the saturated carbonyl compound into the



WO 2014/142755 PCT/SG2014/000123

corresponding a,f-unsaturated compound. Thus, to functionalize the g-carbon additional
synthetic steps involving additional chemicals are necessary and, as a result, complexity of the

synthesis procedure and costs are increased.

[009] In contrast to the existing approaches, the present invention provides a cost-effective
5 and less complex strategy for the direct activation of B-carbons of carbonyl compounds without
the need for additional synthetic steps and chemicals. The subsequent reaction of the
compound of Formula (IV) with an electrophile of interest to yield the desired compound of
Formula (1) advantageously'provides for high product yields and high selectivity, in particular

with respect to enantiomeric ratios.

10  [010] The inventive synthesis can be conducted at ambient conditions and as a simple one-
pot synthesis without purification steps between the synthesis of the compound of Formula (1V)

. and the subsequent synthesis of the compound of Formula (I).

[011] Based on this finding, in a first aspect the present invention thus relates to a method for

synthesizing a compound of Formula (1)

B O

Ry N ONHE 0

15 (RZ)n

wherein

“““ is a single or a double bond, wherein if it is a double bond nis 1 and if itis a
single bond n is 2; '

7 each Ry and R; is independently selected from the group consisting of hydrogen,
20  halogen, -OH, -O0OH, -NH,, -NO,, -ONQ,, -CHO, -CN, -CNOH, -COOH, -SH, -OSH, -CSSH, -
' SCN, -SO,0H, -CONHg, -NH-NH,, -NC, -CSH, or any organic moiety;

B is an electrophilic group; and
NHC" is

25  comprising:
(i) activating a compound of Formula (l1) .
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H O

(R XYL )
(R2)n
wherein
LG is a leaving group;
by reacting said compoUnd of Formula () with a compound of Formula (lll} in the

presence of a base

Ry~_N |
\ll\l/ N—Rs (1)
Ry~ -

wherein .
Rs, Rs, and Rs are independently from each other hydrogen, halogen, -OH, -OOH, -NH,,
-NO,, -ONO,, -CHO, -CN, -CNOH, -COOH, -SH, -OSH, -CSSH, -SCN, -S0O,0H, -CONH,, -NH-

NH,, -NC, -CSH, or any organic moiety;
to obtain a compound of Formula (1V)

) /
R’gN\(

R4
and v
(if) reacting the compound of Formula (IV) with an electrophile to obtain the’ compound of
Formula (1). '

[012] In a preferred embodiment, the compou'nd'of Formula (l) can be a saturated carbonyl
compound or its corresponding a,,B-Lmsaturated compound. Preferably, the compound of
Formula (1) is a saturated carbonyl compound meaning that the bond between the carbon atoms
to which R, and R; are attached to is a single bond and n is 2. Consequently, the a- and -
carbon atom bear two R, -and Rz‘moieties, respectively. The two R, moieties can be selected
independently from each -other. In other words, the first Ry moiety can be different from the

second R moiety. The same applies for the R, moiety.

[013] The term “any organic moiety” as used herein refefs to carbon-containing moieties.
These moieties can be linear or branched, substituted or unsubstituted, and are preferably
derived from hydrocarbons, typically by substitution of one or mare hydrogen or carbon atoms
by other atoms, such as oxygen, nitrogen, sulfur, phosphorous, or functional groups that contain
oxygen, nitrogen, sulfur, phosphorous. The organic moiety can comprise any number of carbon

atoms, for example up to up to 5000 or more (typically in case of polymeric moieties), but

5
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Apref‘erably it is a low molecular weight organic moiety with up to 100, or more preferably up to
40 éarbon atoms and, optionally, a molecular weight Mw of 1000 or less. It is preferred that the
organic moiety is cdmp'atible with the activation reaction described herein and does not
adversely affect the described reaction mechanism. Suitable groups and moieties are well
known to those skilled in the art or can be readily identified by routine experimentation.

[014] In a preferred embodiment, the organic moiety can be a linear or branched, substituted

or unsubstituted alkyl with 1 to x carbon atoms; linear or branched, substituted or unsubstituted
alkenyl with 2 to x carbon atoms; linear or branched, substituted or unsubstituted alkinyl with 2
to x carbon atoms; linear or branched, substituted or unsubstituted alkoxy with 1 to x carbon
atoms; substituted or unsubstituted cycloalkyl with 3 to x carbon atoms; substituted or
unsubstituted cycloalkenyl with 3 to x carbon atoms; substituted or unsubstituted aryl with 6 to x
carbon atoms; and substituted or unsubstituted heteroaryl with 3 to x carbon atoms; with x being

any integer of 2 or more, preferably up to 50, more preferably up to 30.

[015]. In a further embodiment of the present invention, the organic moiety can be a linear or
branched, substituted or unsubstituted alkyl with 1 to 40 carbon atoms; linear or branched,
substituted or unsubstituted alkenyl with 3 to 40 carbon atoms; linear or branched, substituted
or unsubstituted alkoxy with 1 to 40 carbon atoms, substituted or unsubstituted cycloalkyl with 5
to 40 carbon atoms; substituted or unsubstituted cycloaltkenyl with 5 to 40 carbon atoms;
s'ubstitutved or unsubstituted aryl with 5 to 40 carbon atoms; and substituted or unsubstituted

heteroaryl with 5 to 40 carbon atoms.

{016] {n another embodimént, the drganic moiety can be a linear or branched, substituted or
unsubstituted alkyl with-1 to 20 carbon atoms; linear or branched, substituted or unsubstituted
alkenyl with 3 to 20 carbon atoms; linear or branched, substituted or unsubstituted alkoxy with 1
to 20 carbon atoms, substituted or unsubstituted cycloalkyl with 5 to 20 carbon atoms;
substituted or unsubstituted cycloalkenyl with 5 to 20 carbon atoms; substituted or unsubstituted
aryl with 5 to 14 carbon atoms; and substituted or unsubstituted heteroaryl with 5 to 14 carbon

atoms.

[017] The organic moiety can aiso be a combination of any of the ahove-defined groups,

including but not limited to alkylaryl, arylalkyl, alkylheteroaryi and the like, to name only a few,

~ all of which may be substituted or unsubstituted.

[018] The term “substituted” as used herein in relation to the above moieties refers to a
substituent other than hydrogen. Such a substitutent is preferably selected from the group
consisting of halogen, -OH, -O0H, -NH,, -NQ,, -ONO,, -CHO, -CN, -CNOH, -COOH, -SH, -
OSH, -CSSH, -SCN, -SO,0H, -CONH,, -NH-NH,, -NC, -CSH -OR, -NRR', -C(O)R, -C(O)OR, -
(CONRR’, -NR'C(O)R, -OC(O)R, aryl with 5 to 20 carbon atoms, cycloalk(en)y! with 3 to 20
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carbon atoms, 3- to 8-membered heterocycloalk(en)yl, and 5- to 20-membered heteroaryl,

- wherein R and R’ are independently selected from hydrogen, alkyl with 1 to 10 carbon atoms,
“alkenyl with 2 to 10 carbon atoms, alkynyl with 2 to 10 carbon atoms, aryl with 5 to 14 carbon

atoms, bcycloalk(en)yl with 3 to 20 carbon atoms, 5- to 14- membered heteroaryl, comprising 1 to
4 heteroatoms selected from nitrogen, oxygen, and sulfur, and 5- .to 14- membered
heterocycloalk(en)yl, comprising 1 to 4 heteroatoms selected from nitrogen, oxygen, and sulfur.
Any of these substituents may again be substituted, it is however preferred that these

substituents are unsubstituted.
{019] Alkyl refers to a saturated hydrocarbon moiety, such as methyl, ethyl, and the like.

[020] Alkeny! and Alkynyl compﬁse at least one carbon-carbon double bonds or triple bonds,

- respectively, and are otherwise defined as alkyl above.

{021] Cycloalkyl refers to a non-aromatic carbocyclic moiety, such as cyclopentanyl,

cyclohexanyl, and the like.

[022] Cycloalkenyl refers to non-aromatic carbocyclic compounds that comprise at least one.
C-C double bond. |

[023) Similarly, heterocycloalk{en)yl relates to cycloalk(en)yl groups wherein 1 or more ring
carbon atoms are replaced by heteroatoms, preferably selected from nitrogen, oxygen, and

sulfur.

[024] Ary! relates to an aromatic ring that is preferably monocyclic or consists of condensed
aromatic rings. Preferred aryl substituents are moieties with 6 to 14 carbon atoms, such as

phenyl, naphthyl, anthracenyl, and phenanthrenyl.

[025] Heteroaryl refers to aromatic moieties that correspond to the respective aryl moiety
wherein one or more ring carbon atoms have been replaced by heteroatoms, such as nitrogen,

oxygen, and sulfur.

[026] All of the afore-mentioned groups can be substituted or unsubstituted. When substituted

the substituent can be selected from the above list of substituents.

[027]1 The term “at least one” as used herein relates to one or more, for example 1, 2, 3, 4, 5,

6, 7, 8, 9 or more of the referenced species.
[028] Halogen as used herein refers to F, Cl, Br, and |.

{029] In various embodiments of the present invention, the compound of formula (1) is an a.,B-

saturated compound, i.e. there is a single bond connecting the a- and B-carbon atom.

7
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[030] In various embodiments of the invention, moiety R, of Formula (1) and (ll) is an alky!

with 1 to 5, preferably 3 carbon atoms.

f031] In various other embodiments, moiety R, of Formula (1) and (1) is an aryt, selected from
the group consisting of phenyl, furane, and naphthalene, which optionally can be substituted,
preferably by halogen, alkyl with 1 to 5 carbon atoms, and/or alkoxy with 1 to 5 carbon atoms.

[0.32]‘ In a further embodiment of the present invention, the compound of Formulé (m is
selected from the group consisting of 4-Nitrophenyi 3-(para-tolyl)probanoa‘te, 4-Nitrophenyi 3-(4-
methoxyphenyl)propanoate,  4-Nitrophenyl 3-(4-fluorophenyl)propanocate, 4-Nitrophenyl 3-(4-
chiorophenyl)propanoate, 4-Nitropheny!  3-(4-bromophenyl)propanoate, 4-Nitrophenyl  3-
(naphthalen-_1 -yl)propanoate, 4-Nitrophenyl 3-(furan-2-yl)propanoate, 4-Nitrophenyl hexanoate,
4-nitrophenyl 3-(3-(cyclopentyloxy)-4-methoxyphenyl)propancate, 4-nitrophenyl butyrate, 4-

" nitrophenyl propionate, and cinammaldehyde.

[033] The term “electrophilic group” as used herein refers to a group that ‘r'e'sults from the

reaction of an electrophile, as described below, with the compound of Formula (1V).

[034] In a preferred embodiment of the present invention, the moieties R; and R, of the
compound of Formula (lll) combine to form together with the carbon atoms to which they are
attached a substituted or ‘unsubstituted 5- to 40-membered cycloalkyl, cycloalkenyl,

heteroalicyclic, aryl, or heteroaryl ring.
[035] Invarious embodiments, the compound of Formula (Ill) is a compound of Formula (V)

N
N—/

N —R5 (V)

Re

wherein Rs is as defined above and Rg is selected from the group consisting of hydrogen,
halogen, -OH, -Q0H, -NH,, -NQ;, -ONQ,, -CHO, -CN, -CNOH, -COOH, -SH, -OSH, -CSSH, -
SCN, -SO,0H, -CONHj,, -NH-NH,, -NC, -CSH, or any organic moiety.

[038] Rs can be selected from the group consisting of substituted or unsubstituted, linear or
branched alkyl with 1-20 carbon atoms; substituted or unsubstituted, linear or branched alkeny!
with 1-20 carbon atoms; substituted or unsubstituted cycloalkyl with 5 to 20 carbon atoms;
substituted or unsubstituted cycloalkeny!l with 5 to 20 carbon atoms; substituted or unsubstituted
aryl with 5—14 carbon atoms; and substituted or unsubstituted heteroaryl with 5-14 carbon
atoms. Preferably,‘Rve is selected from the group consisting of -iso-Pr, -tert-Bu, -CH,Ph, -CH,-
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iso-Pr, and -CHy-tert-Bu. More preferably, Rgis selected from the grbUp consisting of -CHo-fert-
Bu and -CHy-iso-Pr. '

[037] In one embodiment of the compound of Formula (V), Rs is aryl. Preferably Rs is selected
from the group consisting of phenyl and mesitylene, more preferably Rs is phenyl.

[038] In a preferred embodiment, the compound of Formula (V) is selected from the group

consisting of

4 N ?f
g\/.N—Ph

t-Bu '

et
g\(N—Ph

Ph ; and

[039] In various embodiments, the compound of Formula (Ill) or (V) is synthesized from a
compound of Formula (V1)

wheréin X is any anion and R;-R5 are as defined above.

[040] In various embodiments of the present invention, X can be selected from the group
consisting of F7, CI", B, I', OH', HSO3, SO5%, $O.*, NOz, NOs, PO,%, BF., PFs, CIO,, OTF,
acetate, citrate, formiate, glutarate, lactate, malate, malonate, oxalate, pyruvate, and tartrate. In
a preferred embodiment of the present invention, X is selected from the group conéisting of F,
Cl', Br, I, BF,, OTf, and acetate.

[041] In another embodiment, the compound of Formula (V1) is'a compound of Formula (Vi)
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N @ .
N-R
NN o

Re X

~ wherein Rs and Rg are as defined above.

[042] In still another embodiment of the present invention, the compound of Formula (VI1) is

selected from the group consisting of

=N @ _N_ @ /N’N?Ph g
N—Ph N-Ph N7 © N~
NN 6 N o X X
i-Pr X B X e Ny ,
=N @
NS

[043] In a preferred embodiment, the compound of Formula (lll) or (V) is generated in situ
from a compound of Formula (V1) or (VH).

[044] The term “in situ” as used herein means in the reaction mixture. Specifically, this means

" that the .respective compound is synthesized in the reaction mixture.

[045] The term “leaving group” as used herein refers to a moiety that is released from a
molecule it was covalently bound to by keeping the pair of electrons previously forming the
bond. A leaving group can be a single atom, a molecule, or a functional group. These groups

can be an anion or a neutral molecule. The leaving group may have a —| effect. The leaving

“group of the present invention can be any leaving group which is suitable for the described

reaction. In various embodiments, the leaving group can be selected from the group of
hydrogen, halogen, -N,", -OR;", -OS0,C4Fs, -OSO,CF;, -OSO,F, -OTs, -OMs, -OH,", -OHR", -
ONO,, -OPO{OH)Q, -SR,, -NR3, -OCOR, -NH;', and -O-CgHs-para-NO,, and R can be any
organic residue or moiety. In a preferred embodiment, the leaving group is -O-C6H4-para-N02. |

[046] The reactions can be carried out in an organic solvent. The organic solvent used in the

present invention can be any organic solvent which is suitable. In a preferred embodiment, the

10
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organic solvent is selected from the group consisting of terf-Butanol, toluene, THF, CH;CN,
CH,Cl,, dioxane, ethyl acetate, and mixtures thereof. For the different steps of (i), i.e. activating
a compound of Formula (1), and (i), i.e. reacting the compound of Formula (IV) with an

electrophile, different or the same organic solvents can be used.
[047] In various embodiments, both steps (i) and (if) are conducted in a one-pot synthesis.

[048] The term “one-pot synthesis” as used herein means that the reactions (i) and (i)
according to the present invention are carried out in the same reaction vessel without any

purification step of an intermediate.

[049] In various émbodiments, the base in the reaction mixture is present in an amount of 100
to 300 mol-%, preferably 115 to 250 mol-%, more preferably 130 to 200 mol-%, most preferably

about 150 mol-%, based on the total amount of the compound of Formula (1).
[050] “About’, as used herein, refers to the numerical value it relates to +10%.

[051] In various embodiments of the present invention, the electrophile can be any suitable
electrophile. “Electrophile”, as used herein, generally relates to any reagent, such as atom or
molecule, that is attracted to electrons and participates in the chemical reaction by accepting an
electron pair in order to bind to the nucleophilé. In various embodiments, the electrophile may
be a Lewis acid. In preferred embodiments, the electrophile is selected from the group
consisting of F,, Cl, Bry, 15, alkyl-LG, alkenyl-L.G, alkoxy-L.G, acyl-LG, aryl-LG, heteroaryl-LG,
hydrazohe, and a carbonyl compound. “LG” is a leaving group and is defined as above. The

electrophile can also be any Michael acceptor.

[052] In specific embodiments, the. electrophile is selected from the group of optionally a,8-
unsaturated, linear or branched, substituted or unsubstituted ketone; optionally a,8-unsaturated,
linear or branched, substituted or unsubstituted aldehyde; optionally a,B-unsaturated, linear or
branched, substituted or unsubstituted esters; optionally a,8-unsaturated, linear or branched,
substituted or unsubstituted trifluoroketone; optionally a,f-unsaturated, linear or branched,
substituted or unsubstituted carboxamide; optionally a,f-unsaturated, linear or branched,
substituted or unsubstituted amide; optionally a,8-unsaturated, linear or branched, substituted or
unsubstituted nitrile; optionally linear or branched, substituted or unsubstituted imine; linear or
branched, substituted or unsubstituted nitrone; linear or branched, substituted or unsubstituted
diazene, and optionally a,8-unsaturated, linear or branched, substituted or unsubstituted
hydrazone. More preferably, the electrophile is selected from the group consisting of a,8-

unsaturated, linear or branched, substituted or unsubstituted ketone, trifluoroketone, and

~ hydrazone.

11
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[053] In variousémbodiments, the base used in accordance with the present invention
contains one or more nitrogen atom(s). The base used can be any suitable base and may, for
example, be selected from the group consisting of pyrrolidine; N(CHa)s; .N(CH,CHs)z; (iso-
Propyl)zNH; 2,2,6,6-Tetramethyl-1-piperidin; LDA (Lithium diisopvropylamid); LHMDS (Lithium
bis(trimethylsilyl}amide); LTMP (Lithium tetramethylpiperidide); and 4-aminopyridine. \

[054] In a preferred embodiment, the base is an amidine. The amidine can be sélected from
the group consisting of DBU (1,8-Diazabicyclo[5.4.0lundec-7-en); DBN  (1,5-
Diazobicyclo[3.4.0]lnon-5-ene); and DABCO (1,4-Diazobicyclo[2.2.2]octan).

[055] In another embodimenfof the present invention, the base is a phosphazine. The
phosphazine can be selected from the group consisting of P1-ten‘-Bu-trié(tetramethylene); 2-tent-
Butylimino—2-diethylamiﬁo-1,3-dimethylperhydro-1,3,2-diazaphosphorine; and 1-Ethy|-2,2,4,4,4-
pentakis(dimethylamino)-2A°,4\>-catenadi(phosphazene). '

[056] In various embodiments, the reaction temperature used in steps (i) and (i) of the

method disclosed herein ranges from O’°C to 85 °C. The reaction temperature of these steps

‘can also be from 15 °C to 55 °C. Preferably, the reaction temperature used in steps (i) and (ii) is

about 20 to 30 °C, more preferably about 25°C.

[057] The reaction temperatufes of steps (i} and (ii) may be selected independently from each
other, for instance the reaction temperature of step (i) may be 25 °C whereas the reaction

temperature of step (ii) may be 40 °C.

' [058] In various embodiments of the invention, the reaction time is from 0.1 hours to 72 hours.

The reaction time can also be from 1 hour to 48 hours. In still another embodiment, the reaction

time is from 5 hours to 36 hours, preferably about 24 hours.

{059] In various embodiments of the present invention, a molecular sieve is present in the

reaction mixture, p'referably with apertures of a size of approximately 4 A.

| [060] The method disclosed herein may comprise additional reaction steps which may be

carried out after or between the reaction steps (i) and (ii) according to the present invention.
Such additional steps may include steps for catalyst regeneration, Michael reactions, aldol

reactions, lactonization, and/or decarboxylation.
[061] The present invention also encompassesra compound of Farmula (V1) or (Vi}).

[062] In various embodiments, the compound of Formula (V1) or (VIl) may be selected from
the group consisting of

12
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=N @
G\l/ N— Ph q N- Mes
=N @ =N @
/NN@ h /NN?Ph N S NSO
N o N o X X
Pl X B X . NiePr ,
=N @
N\yN*EP
X
and [-Bu

wherein X is defined as above.-

[063] Also encompassed by the present invention is the use of a compound of Formula (Vi) or

(Vll) for activating a compound of Formula (l1), wherein said compounds are as defined above.

[064] In various embodiments, for this use the compound of Formuta (V1) or (VIl) is selected
from the group consisting of

N ‘
CEdp Ciiwe SH%
- . /
N h N \//N l\alles N/ x@
_N @ _N _N &
_N @ N-Ph N-—Ph N—Ph
N o X X X
t"Bu x ; Ph ; /'Pr ; and t‘Bu

Wherein X is defined as above.

[065] By "comprising”, as used herein, is meant including, but not limited to, whatever follows
the word "comprising”. Thus, use of the term "comprising" indicates that the listed elements are

required or mandatory, but that other elements are optional and may or may not be present,

[066] The following examples are provided to better illustrate the claimed invention and are
not be interpreted in any way as limiting the scope of the invention. All specific compounds,
materials, and methods described below, in whole or in part, fall within the scope of the

invention. These specific compounds, materials, and methods are not intended to limit the

13
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invention, but merely to illustrate specific embodiments falling within the scope of the invention.
One skilled in the art may develop equivalent compounds, materials, and use without the
exercise of inventive capacity'and without departing from the scope of the invention. It is the

intention of the inventors that such variations are included in the scope of the present invention.

[067] Al references cited herein are incorporated by reference in their entirety.

14
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EXAMPLES
General information

[068] Commercially available materials purchased from Alfa Aesar or Sigma-Aldrich were
used as received. HPLC grade CH3;CN (purchased from TEDIA) was dried over 4A molecular

- sieve prior use. Toluene and DCM was dried over Pure Solv solvent purification system. THF

was distilled over sodium. Other solvents were dried over 4A molecular sieve prior use. Proton
nuclear magnetic resonance (‘H-NMR) spectra were recorded on a Bruker (400 MHz)

spectromveter.' Chemical shifts were recorded in parts per million (ppm, &) relative to

~ tetramethylsilane (6=0.00) or chloroform (3=7.26, singlet). 'H NMR spliting patterns are

designated ‘as singlet (s), doublet (d), triplet (t), quartet (q), dd (doublet of doublets); m
(multiplets), and etc. All first-order splitting patterns were assigned on the basis of the
appearance of the multiplet. Splitting patterns that could not be easily interpreted are
designated as muitiplet (m) or broad (br). Carbon nuclear magnetic resonance (130-NMR)

-spectra were recorded on a Bruker (400 MHz) (100 MHz) spectrometer. High resolution mass

spectral analysis (HRMS) was performed on Finnigan MAT 95 XP mass spectrometer (Thermo
Electron Corporation). The determination of enantiomeric excess was performed via chiral
HPLC analysis using Shimadzu LC-20AD HPLC workstation. X-ray crystallography analysis was
performed oh Bruker X8 APEX X-ray diffractionmeter. Optical rotations were measured using a
1 mL cell with a 1 dm path length on a Jasco P-1030 polarimeter and are reported as foliows:
[a]"s (c is in gm per 100 mL solvent). Analytical .thin-layer chromatography (TLC) was carried
out on Merck 60 F254 pre-coated silica gel plate (0.2 mm thickness). Visualization was

performed using a UV lamp or potassium permanganate stain.
Substrate preparation

[069] The synthesis of 4-nitrophenyl esters (1b-I) was performed by adopting known

{1]
0

Me 1b 4-Nitrophenyl 3-(para-tolyl)propanoate: White solid;
69% yield; 'H NMR (400 MHz, CDCl3) & = 2.34 (s, 3H), 2.91 (t, J = 7.6 Hz, 2H), 3.04 (t, J= 7.6
Hz, 2H), 7.12-7.25 (m, 6H), 8.22-8.26 (m, 2H); 3C NMR (100 MHz, CDCl3) 6 = 170.5, 155.4,
145.3, 136.6, 136.2, 1294, 128.3, 125.2, 122.5, 36.1, 30.4, 21.1; HRMS(ESI) calcd for
CisH16NO,4 (M+H)": 286.1079, Found: 286.1088.

procedures.
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w 0
MeO fe 4-Nitrophenyl 3-(4-methoxyphenyl)propanoate: White

solid; 88% yield; "H NMR (400 MHz, CDCl3) 6=2.90 (t, J = 7.2 Hz, 2H), 3.02 (t, J = 7.2 Hz, 2H),

3.80 (s, 3H), 6.87 (d, J = 8.8 Hz, 2H), 7.18-7.26 (m, 4H), 8.24 (d, J = 8.8 Hz, 2H); °C NMR (100

MHz, CDCl3) 6 = 170.5, 158.4, 1565.4, 145.3, 131.7, 129.4,1125.2, 122.5, 114.1, 55.3, 36.2, 30.0;

" HRMS(ESI) caled for C1H1gNOs(M+H)": 302.1028, Found: 302.1032.

NO
SO
O
1d ;
F 4-Nitrophenyl 3-(4-fluorophenyl)propanoate: White solid;

87% yield; 'H NMR (400 MHz, CDCls) 6 = 2.89-2.93 (m, 2H), 3.06 (t, J = 7.2 Hz, 2H), 6.99-7.04
(m, 2H), 7.17-7.24 (m, 4H), 8.23-8.27 (m, 2H); **C NMR (100 MHz, CDCl53) & = 170.3, 162.9,
160.5, 155.3, 145.4, 135.4, 135.3, 129.9, 129.8, 125.2, 122.4, 115.6, 115.4, 36.0, 30.0;
HRMS(ESH) caled for CrsHisFNOL(M+H)': 290.0829, Found: 290.0841.

NO,

2 Y
o R
Cl 1e 4-Nitrophenyl  3-(4-chlorophenyl)propanoate: White

solid; 90% yield; "H NMR (400 MHz, CDCl3) & = 2.90-2.94 (m, 2H), 3.05 (t, J = 7.2 Hz, 2H),
7.18-7.31 (m, 6H), 8.25 (d, J = 9.2 Hz, 2H); *C NMR (100 MHz, CDCl3) 6 = 170.2, 155.3,
145.4, 138.1, 132.5, 129.8, 128.8, 125.2, 122.4, 35.7, 30.1; HRMS(ES|) calcd for CisH13CINO,
(M+H)": 306.0533, Found: 306.0542.

‘ N
SO
WO
Br L ‘4-Nitrophenyl  3-(4-bromophenyl)propanoate: White

solid; 83% yield; 'H NMR (400 MHz, CDCl3) & = 2.90-2.94 (m, 2H), 3.03 (t, J = 7.2 Hz, 2H),
7.13-7.22 (m, 4H), 7.45 (d, J = 7.2 Hz, 2H), 8.23-8.26 (m, 2H); *C'NMR (100 MHz, CDCl5) 6 =
170.2, 155.3, 145.4, 138.7, 131.8, 130.2, 125.2, 122.4, 120.5, 35.7, 30.1; HRMS(ESI) calcd for
C1sH13BrNO,Na (M+Na)': 371.9847, Found: 371.9846.

N .
O i /©/ ;
0O
19 .
4-Nitrophenyl  3-(naphthalen-1-yl)propanoate: White

16
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solid; 83% yield; 'H NMR (400 MHz, CDCl3) 6 = 3.06 (t, J = 7.6 Hz, 2H), 3.54 (t, J = 7.6 Hz, 2H),
7.15-7.19 (m, 2H), 7.40-7.58 (m, 4H), 7.77 (dd, J = 7.2, 2.4 Hz, 1H), 7.88-7.90 (m, 1H), 8.05
(d, J = 8.4 Hz, 1H), 8.20-8.24 (m, 2H); "°C NMR (100 MHz, CDCl3) & = 170.6, 155.4, 14524,
135.7, 134.0, 131.6, 129.1, 127.6, 126.4, 126.3, 125.8, 125.6, 125.2, 123.2, 122.4, 35.3, 28.0;
HRMS(ES|) caled for CroH1sNO(M+H)': 322.1079, Found: 322.1093. |

, | | NO |
\ o ‘ 4-Nitrophenyl 3-(furan-2-yl)propanoate: White solid; 80%

yield; "H NMR (400 MHz, CDCls) & = 2.94-2.97 (m, 2H), 3.11 (t, J = 7.2 Hz, 2H), 6.10 (dd, J =
3.2, 0.4 Hz, 1H), 6.32 (dd, J = 3.2, 1.6 Hz, 1H), 7.23-7.27 (m, 2H), 7.35 (d, J = 1.2 Hz, 1H),
8.24-8.28 (m, 2H); *C NMR (100 MHz, CDCl3) & = 170.1, 155.4, 153.3, 145.4, 141.6, 125.2,
122.4, 110.4, 105.9, 33.0, 23.4; HRMS(ESI) calcd for Ci3HiNOs (M+H)": 262.0715, Found:

262.0710.

1 4-Nitrophenyl hexanoate: colorless liquid; 95% yield; 'H NMR -
(400 MHz, CDCl;) 6 = 0.94 (t, J = 7.2 Hz, 3H), 1.36-1.43 (m, 4H), 1.76 (q, J = 7.6 Hz, 2H), 2.60
(t, J = 7.2 Hz, 2H), 7.27-7.29 (m, 2H), 7.26 (d, J = 8.8 Hz, 2H); "*C NMR (100 MHz, CDCl3) & =
171.3, 155.6, 145.3, 125.2, 122.4, 34.3, 31.2, 24.4, 22.3, 13.9; HRMS(ESI) caled for Cq2H1gNO4
(M+H)™: 238.1079, Found: 238.1079.

oA

! 1j 4-nitrophenyl 3-(3-(cyclopentyloxy)-4-
methoxyphenyl)propanoate: yeliow oil; 90% yield; 'H NMR (400 MHz, CDCl3) 6 = 1.55-1.62
(m, 2H), 1.84-1.91 (m, 6H), 2.90 (t, J = 7.2 Hz, 2H), 3.01(t, J = 7.2 Hz, 2H), 3.84 (s, 3H), 4.73—
4.76 (m, 1H), 6.76—6.84 (m, 3H), 7.19 (d, J = 8.8 Hz, 2H), 8.25 (d, J = 8.8 Hz, 2H); °C NMR
(100 MHz, CDCl3) 6 = 170.5, 155.4, 148.9, 147.8, 145.3, 132.1, 125.2, 122.4, 120.3, 115.6,
112.2, 80.5, 56.2, 36.2, 32.8, 30.4, 24.0; HRMS(ESI) calcd for CpH2NOg(M+H)": 386.1604,
Found: 386.1603. -

Catalytic preparation
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[070] The triazolium-based compound of Formulae (lIf) and (V) (A-H) were prepared by

adopting known procedures.”?

-

N®
N NTPh

@ D
BF, EXAMPLE 1: (R)-5-Isopropyl-2-phenyl-6,7-dihydro-5H-pyrrolo{2,1-

cli1,2,4]triazol-2-ium tetrafluoroborate: White solid; [alp ** (¢ 2.0, CHsCN) = + 49.6°; "H NMR
(400 MHz, CDCl3) 6 0.91 (d, J = 6.8 Hz, 3H), 1.04 (d, J = 6.8 Hz, 3H), 2.42-2.59 (m, 2H), 2.88—
2.98 (m, 1H), 3.09-3.18 (m, 1H), 3.22-3.30 (m, 1H), 4.89-4.94 (m, 1H), 7.48-7.54 (m, 3H),
7.86 (d, J = 6.8 Hz, 2H), 10.09 (s, 1H); "*C NMR (100 MHz, CDCls) S 162.2, 136.9, 135.6,
130.7, 130.1, 120.8, 66.2, 31.1, 28.4, 21.7, 18.4, 16.2; HRMS(ESI) calcd for Ci4HqsNs(M)":
228.1501, Found: 228.1496.

=N ®
N NP
© E
BF

4 EXAMPLE 2: (R)-5-(Tert-butyl)-2-pheny!-6,7-dihydro-5H-pyrrolo[2,1-
cl[1,2,4]triazol-2-ium tetrafluoroborate: White solid; [a]p > (¢ 2.0, CHsCN) = + 45.4°; '"H NMR
(400 MHz, CDCl3) 6 1.04 (s, 9H), 2.58-2.65 (m, 1H), 2.94-3.22 (m, 3H), 4.75-4.77 (m, 1H),
7.49-7.55 (m, 3H), 7.88 (d, J = 7.2 Hz, 2H), 10.01 (s, 1H); *C NMR (100 MHz, CDCl3) 6§ 162.7,
137.5, 1355, 130.7, 130.1, 121.0, 70.5, 34.6, 29.0, 25.6, 21.7; HRMS(ESI) calcd for
C1sHaoNs(M)": 242.1657, Found: 242.1655.

BF, EXAMPLE 3: (R)-5-Isobutyl-2-phenyl-6,7-dihydro-5H-pyrrolo[2,1-
cl[1,2,4]triazol-2-ium tetrafluoroborate: White solid; [a]o ® (¢ 2.0, CH;CN) = + 40.7°; '"H NMR
(400 MHz, CDCly) 8 0.97-1.00 (m, 6H), 1.59-1.75 (m, 2H), 2.14-2.20 (m, 1H), 2.42-2.47 (m,
1H), 3.02-3.07 (m, 1H), 3.19-3.29 (m, 2H), 4.99-5.03 (m, 1H), 7.47-7.52 (m, 3H), 7.81-7.84
(m, 2H), 10.05 (s, 1H); °C NMR (100 MHz, CDCls) & 161.7, 136.6, 135.6, 130.6, 130.1, 120.8,
60.2, 42.9, 33.3, 25.2, 22.9, 21.8, 21.3; HRMS(ESI) calcd for CqsHzoNs(M)": 242.1657, Found:
242.1657.
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=N &
L Npn
© . H : ‘
BF, EXAMPLE 4: (R)-5-Neopentyl-2-phenyl-6,7-dihydro-5H-pyrrolo[2,1-

cli1,2,4]triazol-2-ium tetrafluoroborate: White solid; [alp 2 (c 2.0, CH,CN) = + 48.2°; "H NMR
(400 MHz, CDCly) & 0.99 (s, OH), 1.67 (dd, J = 13.6, 11.2 Hz, 1H), 2.36 (dd, J = 12.8, 2.0 Hz,
1H), 2.45-2.51 (m, 1H), 3.08-3.22 (m, 2H), 3.27-3.36 (m, 1H), 4.98-5.01 (m, 1H), 7.45-7.51
(m, 3H), 7.81-7.83 (m, 2H), 10.03 (s, TH); °C NMR (100 MHz, CDCl3) 5 161.4, 136.5, 135.6,
130.5, 130.1, 120.8, 59.8, 48.2, 35.8, 30.4, 29.7, 22.1; HRMS(ESI) calcd for CigHzoNs(M)":
256.1814, Found: 256.1812.

Geheral procedure of the catalytic reactions

[071] EXAMPLE 5: Reaction of esters and enones to synthesize 3 (3a as an example): A
dry 10 mL Schienk tube equipped with a mégnetic stirring bar was successively charged with
ester 1a (109 mg, 0.40 mmol), chalcone 2a (42 mg, 0.20 mmol), NHC pre-catalyst H (13.8 mg,
0.04 mmol) and 4A Molecular Sieve (200 mg). The tube was closed with a septum, evacuated,
and'reﬁlled with'nitrogen. To this mixture was added dry CH;CN (0.5 mL), followed by the
addition of DBU (46 uL, 0.30 mmol) via a micro syringe. After stirred for 24 hours at room
temperature; the reaction mixture was analyzed by 'H NMR analysis (to determine d.r.), and
then directly applied to silica gel column chromatography (1% v/v ethyl acetate in hexane) to
afford 3a as a colorless oil in 66% vield, 7:1 d.r. and 95:5 e.r..

[072] EXAMPLE 6: The synthesis of y-lactone 5a from ester 1a and trifluoroketone 4a was
performed using a procedure similar to that used in the catalytic synthesis of 3a: A dry 10 mL
Schlenk tube equipped with a magnetic stirring bar was successively charged with ester 1a (109
mg, 0.40 mmol), 2,2,2-trifluoro-1-phenylethanone 4a (28 ulL, 0.20 mmol), NHC pre-catalyst H
(13.8 mg, 0.04 mmol) and 4A Molecular Sieve (200 mg). The tube was closed with a septum,
evacuated, and refilled with nitrogen. To this mixture was added dry toluene (1.0 mL), followed
by the addition of DBU (46 L, 0.30 mmol) via a micro syringe. After stirred for 48 hours at 0 °C,-
the reaction mixture was concentrated under reduced pressure. The crude residue was
analyzed by 'H NMR analysis (to determine d.r.), and then directly applied to silica gel column
chromatography (2:1 viv hexanes/dichloromethane) to afford y-lactone products-a mixture of
diastereomers (5a, and 5a’) as a colorless oil in 54% yield with 1.3:1 d.r., 91:9 and 94:6 e.r. for

- the major and minor diastereomer respectively. For the trans- and cis-isomers, (4S, 5S)-5a and

(4S, 5R)- ba' were obtained as the major enantiomers respectively. The relative and absolute
chemistry were determined by comparing the chiral phase HPLC trace with authentic samples
prepared using literature methods.” HPLC (Chiralcel OD, 99:1 hexanes/i-PrOH, 0.7 mL/min), t,
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(5a-major) = 22.6 min, t.(5a-minor) = 42.3 min, t. (5a~-major) = 20.0 min, t, (5a-minor) = 68.7

min.

Table S1.

asymmetric reaction.

Organocatalytic approach to activate saturated ester g-carbon as nucleophile for

OAr Ph O- .O_ _Ph
20 mol.% NHC l
200 mol.% DBU o
. Ph
Ph 1a Ph 2a CH3CN (0.4 M) Ph Pn 4a
4A MS, rt 24 h ' L
(0.4 mmol) (0.2 mmol) at a-activation
B-activation product
(Ar = 4-NO2-CeHa) product (undesired)
: © BFy 4 Ar N, BF4 N, BFe |
\ - /§ - — e .
' Mes—N ) =N N7 : !
! R , R=Ph,F
K Ar=Ph, B R=i-Pr,D R i-Pr,
S A Mes,C . tBuE __ ___tBuH
Entry  Compound of 3ada 3a 3a 3a
Formula (V1) yield d.r. e.r.
1 A n.d. <5 n.d -
2 B > 20:1 85 141 ' -
3 c - 51 79 71 -
4 D > 20:1 69 111 87:13
5 E > 20:1 30 8:1 95:5
6 F 8:1 54 16:1 87:13
7 G > 201 71 12:1 91:9
8* G > 20:1 74 14:1 919 -
o* H > 20:1 70(66) 71 95.5:4.5

Unpurified reaction mixture. The enantiomeric ratio (e.r.) of 3a (major diastereomer) was
determined 'via chiral phase HPLC analysis, absolute configuration of 3a was determined via X-
ray structure of 3y. Structure of a-activation product 4a was confirmed via '"H NMR analysis.
*Reactions run with 150 moi.% DBU, yield for 3a in parentheses (entry 9) was isolated yield.
NHC, N-heterocyclic carbene. DBU, 1,8-diazabicyclo[5.4.0lundec-7-ene. MS, molecular sieve.
Mes, 1,3,5-trimethylbenzene. i-Pr, iso-propyi. £-Bu, tert-butyl.
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Table S2. Condition optimization for synthesis of y-lactone 5a and 5a' from ester 1a and

triflouroketone 4a

OsOAr o ) o @) 0
)j\ v 20 molé% H Ar F.C. O
B + Ar CF, 150 mol.% DBU F3C‘\' + 7
R Ar=Ph 4a  toluene (0.2M) L Ar
R=Ph,1a (0.2mmol) 4AMS,0°C, 48h R
(0.4 mmol). | 5a 5a
(R=Ar=Ph)
Entry " Solvent Temperature  Time (h) Yield d.r. e.r.
| | (5a+5a’)  (54:53")"
(%) |
1 CH.Cl, RT 24 61 2.1:1 77:23/79:22
2 Toluene RT 24 . 56 1.3:1 89:11/92:8
3 CH4CN RT 24 58 1.81  75:25/79:22
4 Ethyl Acetate RT 24 58 1.4:1 86:14/91:9
5 THF RT 24 57 1311 86:14/91:9
6 t-BuOH - RT 24 73 3.0:1 72:28/75:25
7 . Dioxane RT 24 49 1.4:1 87:13/90:10
8 Toluene. 0°C . 24 45 1.3:1 91:9/94:6
9 Toluene. 0°C 48 : 54 1.3:1 91:9/94:6

[a] Isolated yield. [b] Diastereomeric ratio, estimated via 'H NMR analysis of crude reaction

mixture. [c] Enatiomeric ratio of 5a and 5a' respectively, estimated via chiral phase HPLC

analysis. RT, room temperature, which is 25 °C.

[073] EXAMPLE 7: The synthesis of y-lactarh 7a and 7a' from ester 1a and hydrazone 6a
was performed using a similar procedure to that for the preparation of 6a above: A dry 10 mL
Sc‘hlenk tube equipped with a magnetic stir bar was successively charged with ester 1a (55 mg,
0.2 mmol), hydrazone 6a (22 mg, 0.10 mmol), NHC pre-catalyst H (6.9 mg, 0.02 mmol) and 4A
Molecular Sieve (200 mg). The tube was Closed with a septum, evacuated, and refilled with
nitrogen. To this mixture was added dry EA (0.5 mL), followed by the addition of DBU (23 L,
0.15 mmol) via a micro syringe. After being stirred for 48 hours at 40 °C, the reaction mixture
was concentrated under reduced pressure. The crude residue was analyzed by 'H NMR
analysis (to determine d.r.), and then was diluted with CH,Cl; (15 mL) and washed with a i:1
mixture of saturated aqueous NH,Cl and water (10 mL). The aqueous layer was extracted with
CHCl, (2 x 15 mL) and the combined organic layers were dried over anhydrous sodium sulfate,
ﬁftered, and concentrated. The oily residue was applied to silica gel column chromatography

(3:1 viv hexanes/ethyl acetate) to afford y-lactam products-a mixture of diastereomers as a
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colorless oil in 74% yield with 6 : 1 d.r., 97:3/90:10 e.r. for the major and minor diastereomers
respectively.’-The two diastereomers could also be separated for HPLC, NMR, and optical -
rotation analysis. The relative stereo’-config(Jrations of both diastereomers were determined by
comparison with literature samples, and the absolute configuration of the trans-isomer (7a)
was. determined via x-ray structure analysis. HPLC [Chiralcel 1A, 75:20:5 hexanés/(hexanes:i-
PrOH:CH;OH = 75:20:5)/i-PrOH, 0.7 mL/min], t.(7a-major) = 88.3 min, t.(7a-minor) = 110.2 min,
t: (major enantiomer of the minor diastereomer) = 66.7 min, t. (minor enantiomer of the minor
diastereomer) = 72.9 min. Optical rotation: 7a, [a]o > (c 0.94, CH,Cl,) = - 39.1°.

Table S3. Condition optimization for synthesis of y-lactam 7a from ester 1a and hydrazone 6a

OxOAr  COPh 20 mol.% H HN’CQPT;O
HN\N 150 mol.% DBU
B | y
PR " H/kcozEt 40°C, 48 h FOL .
1a 6a

(0.2 mmol) (0.1 mmol)
Entry® Solvent Yield (%)™ d.r® - er®
1 CH4CN 26 3.3:1 98:2/91:9
2 Toluene 72 5.8:1 97:3/89:11
3 . Dioxane 95 - 3.6:1 97:3/90:10
4 - Ethyl'Acetate 82(74)"! 6.0:1 97:3/90:10
5 THF 78 5.3:1 97:3/92:8
6 CH,Cl, 71 4.0:1 97:3/92:8
7 t-BuOH _ 74 2.4:1 96:4/89:11
8v Ethyl Acetate 79 6.0:1 97:3/90:10

[a] Reaction was carried out at 0.2 M concentration of 6a, with the presence of 200 mg 4A
Molecular Sieve. [b] Yields were estimated via 'H NMR yield. [¢) Diastereomeric ratio, estimated
via 'H NMR analysis of crude reaction mixture. [d] Enantiomeric ratio of the 7a and and its
diastereomer respectively, estimated via chiral phase HPLC analysis. [e] Isolated yield. {f] 20
mmol% Mg(Ot-Bu),.

Note: The corresponding racemic products (for the above three type of reactions) for chiral
phase HPLC method development were prepared using similar procedrues in presence of

achiral catalyst B or C.

EXAMPLE 8: Stereochemistry determination (3y & 7j) via X-ray crystillographic analysis.
Good quality crystal of 3y (coloriess flaky crystal) was obtained by vaporization of a hexane
solution of compound 3y. CCDC 900975 contains the supplementary crystallographic data that
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can be obtained free of charge from The Cambridge Crystallographic Data Centré via

www.ccdc.cam.ac.uk/data request/cif. ‘

Product 7j was crystallized as a coloriess crystal via vaporization of a hexane/ethyl acetate’
solution, and its absolute configuration was determined by x-ray structure analaysis. CCDC
910100 contains the supplementary crystallographic data that can be obtained free of ch'arge
from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.

Ph

Et0OC
7j

Synthetic utilities: transformation of catalytic reaction products to bioactive compounds

23



10

15

20

25

30

WO 2014/142755

PhOCHN o N
S I, EtO,Cr HaN TCOH
EtO,C* Smi, 2
2 (52 equlv) ref. $10
EtOH, 0 °C o
Ny, 15h , a ¢
cl 8
cl © (S)}Baclofen

' 7c (sing|7€2 :ﬁaijsoor'?ﬂtizeagt)é]ggmer)
[074] (64 dr, 973 1) %:4e.r EXAMPLE 9: Synthesis
of (S)-baciefon 9c: A dry 10 mL Schlenk tube equipped with a magnetic stir bar was
successively charged with y-lactam 7¢ (5:1 d.r., 97:3 e.r., 0.2 mmol). The tube was closed with
a septum, evacuated, and refillied with nitrogen. To this mixture was added a 0.1 M solution of
Sml; (5.2 equiv) in THF at 0 °C, followed by the addition of EtOH (0.5 mL) via a syrihge. After
stirring for 1.5 hours at 0 °C, the reaction mixture was concentrated under reduced pressure.
The crude residue was diluted with ethyl acetate (15 mL) and washéd with water. The aqueous
layer was extracted with ethyl acetate (2 x 15 mL) and the combined organic layers were dried

over anhydrous sodium sulfate, filtered, and concentrated. The oily residue was applied to silica

-gel column chromatography (1:100 v/ methanol/DCM) to afford trans y-lactam 8¢ as a

colorless oil in 72 % isolated yield, 96:4 e.r., and cis y-lactam with 13% isolated yield.

‘Compound 8c can be converted to (S)-Baclofen 9¢ by adopting a literature procedure.

EXAMPLE 10: Synthesis of (S)-rolipram 9i: Compound 7i-2 was prepared using a procedure

.similar to that for the synthesis of 8¢ above. Compound 7i-2 (50 mg, 0.14 mmol) was dissolved

in 5 mL THF and LiBH, (8 mg, 0.36 mmol) was added in portions. After stirring at room
temperature for 4 h, the reaction was quenched with 2 N HCI in an ice bath. The mixture was
extracted with ethyl acetaie, dried over anhydrous NaySO,, filtered, and concentrated under
reduced pressure. Purification by silicon gel column chromatography- gave the product 7i-3 as

colorless oil (43 mg, 98% yield).

Compound 7i-3 (30.5 mg, 0.1 mmol) was dissolved in 3 mL anhydrous CHCl,, and TBSCI (16.5
mg, 0.11 mmol) and DMAP (14.4 mg, 0.12 mmol) was added. After stirring at room temperature
for 3h, the reaction was quenched with 1N HCl The mixture was extracted with ethyl acetate,
dried over anhydrous Na,SO,, and concentrated under reduced pressure. The residue was
dissolved in 3 mL ahhydrous CH,Cl3, and Boc,O (24.0 mg, 0.11 mmol) and DMAP (14.4 mg,
0.12 mmol) was added. After stirring at room temperature overnight, the reaction was quenched
with 1N HC), extracted with ethyl acetate, dried over anhydrous Na,SQ,, and concentrated
under reduced pressure; The crude residue was dissolved in 3 mL anhydrous THF and AcOH
(6 wL, 0.1 mmol). TBAF (1 M in THF, 0.2 mL, 0.2 mmol) was added. The reaction was stirred at
room temperature and monitored by TLC for completion. The mixture was extracted with ethy!
acetate, washed with brine and dried over anhydrous Na,SO,, and concentrated under reduced
pressure. Purification by column chromatography on silicon gel gave the product 8i as colorless
oil (27 mg, 67% yield, 96:4 e.r.).
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Compound 8i can be converted to (S)-Rolipram 9i according to literature procedure.®

Comparison of our ester reactions with a,8-unsaturated aildehyde {enal) reactions:

[075] NHC-catalyzed reactions of ester 1a (OR ENAL 10a) with chalcone 2a (Table S4):
The four enantiomers (from two diastereomers) of product 3a and their ratios were assigned via
chiral phase HPLC analsyis. The R/S ratios of each chiral center were then calculated. The
results summerized in Table‘ S3 showed that reactions with enone 2a of from ester 1a or the

corresponding enal 10a gave very different results. Several observations are given below:
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Table S4: Comparison of enal reactions and our ester g-activation reactions (chalcone as

~ electrophile)

. carbon #2
OsOAr O._H Ph 0 {enone carbon) NHC = H, or Ph
' conditions ; Ph N BF,°
_conditions r/@\N 4
B o B + = ") N
Ph Ph Ph v N \S
ester 1a enal 10a 2a gy l
(0.4 mmol) \ (0.4 mmol) (0.2 mmol) carbon #1 ,
' : (ester/enal -carbon) |
Entry Conditions Reaction 3a Carbon Carbon
#1 #2
(RIS) (RIS)
1 20 mol% H, ester (1la) 66% vield, 7:1 d.r. _
150 mol% DBU,CHsCN 96:4 e.r.(trans-3a) 87:13 94:6
‘ (as Table 1, entry 9) 81:19 e.r. (cis-3a)
2 as entry 1 above enal 51% yield, 1.8:1
' , : (10a) ar. 44:56 66:34
57:43.e.r.(trans-3a)
88:12 e.r. (cis-3a)
3 ‘as entry 2 above enal 43% vyield, 1.2:1 )
except with'2.3 eq DBU (10a) d.r. 41:59 68:32
and 2.0 eq 4- 57:43 e.r.(trans-3a)
NO,PHOH 90:10 e.r. (cis-3a)
4 . asentry 1above ester (1a) 25% yield, 16:1 d.r.
except NHC = | 85:15 e.r.(frans-3a) 84:16 81:19
’ ‘ 26:74 e.r. (cis-3a) ,
5 as entry 4 above enal 24% vield, 1.8:1 28:72 52:48
(10a) ar.

36:64 e.r.(trans-3a)
92:8 er. (cis-3a)

(a) A comparsion of entry 1 and 2 showed that the ester reaction gave much better d.r. and e.r..
More remarkably, the enal reaction gave 3a with a much lower and even opposite e.r. For
exarhple, for carbon #1 of product 3a, the ester reaction (entry 1) favored R-configuration (87:13
R/8S), while the enal reaction (entry 2) favored S-configuration (44:56 R/S).

(b) Since the ester reaction (entry 1) released 4;N02fPhOH in the catalytic reaction; we
wondered if the difference in e.r. and d.r was caused by the phenol side proeuct. We therefore
added 2.0 equivaletns of 4-NO2-PhOH as an additive to the enal reaction (entry 3). To maintain

- a basic medium for effective reaction, 2.3 eq DBU was also added. A comparson of entry 3 and

2 showed that the additive had only very little influence on the stereo-selectivities. The R/S
ratios for each chiral carbon center remained nearly the same (e.g., for carbon #1, 44:56 R/S in
entry 2, as compared to 41:59 R/S in entry 3 when phenol additive was introduced)
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(c) A comparison of entries 1-3 suggested that that the “similar” homoenolate intermediates

obtained using the enal and our ester approaches showed different reactivities and selectivities.
More specifically, the enal homoenolate intésfmédiate' comes from addition of NHC to the
aldehyde group of enal to form a Breslow intermediate. In contrast, our ester “homoenolate” is
obtained through B-carbon deprotonation of an “enolate intermediate”. The ester “homoenolate”
intermediate with a formal nucleophilic 8-carbon may be stabilized in a different form. Additional

mechanistic studies are in progress.

(d) Similar differences between ester and enal reactions were obaserved using other conditions
and NHC catalysts. For example, with | as an NHC pre-catalsyt, the ester and enal reactions
gave opposite enantioselectivities for both trans- and cis-3a and both carbon chiral centers of
3a (entryies 4-5). Notabely, as observed by Bode previously,m the enal reaction gave cis-
cyclopetene product with high e.r., (e.g., 92:8 e.r., for cis-3a, entry 5), but trans-isomer with low
e.r. (e.g., 36:64 e.r. for {rans-3a, entry 5). These results again clearly demonstrate the practical

utiltitties of our ester activation strategy in enantioselective synthesis.

Similar results were also observed when hydrazone (Table S5) or trifluoroketone (Table

S$6) were used the electrophiles:

Table S5: Comparison of enal reactions and our ester S-activation reactions (hydrazone as

electrophile)

carbon #2 ; )
O _OAr O« __H ’ {enone carbon) " NHC =H, or lth

’ ; Q
B2HN. - condiions  BFMN o | _N_ BF,
°or b + /H\ (R)N ; I\T ®/N
Ph Ph H™  COOEt cooci ) 7. \S
ester1a | enal10a 6a ' LA ey |

(0.4 mmot) \ (0.4 mmol) (0.2 mmol) carbon #1 ;
: {esterfenal {i-carbon) |

Entry Conditions : Reaction 7a Carbon #1  Carbon
: : : (R/IS) #2
. ; : (RIS)
1 20 mol% H, ester (1a) 74% yield, 6:1 d.r.
150 mol% DBU, EA{0.2M), 97:3 e.r.(trans-Ta)  13.87 97:3
40°C, 48 h . 90:10 e.r. (cis-Ta) '
2 as entry 1 above enal (10a) 20% yield, 1:2.2 d.r.
, 40:60 e.r.(frans-Ta) 10:90 7:93
3:97 e.r. (cis-7Ta)
3 as entry 2 above enal (10a) 20% vyield, 1:1.4 d.r.
except with 2.3eq DBU 84:16 e.r.(trans-Ta) 13:87 49:51
and 2.0 eq 4-NO,PHOH 11:89 e.r. (cis-Ta)
4 . asentry 1 above ester (1a) 44% yield, 3.8:1 d.r.
except NHC = | 77:23 e.r.(frans-7Ta) 30:70 77:23

76:24 e.r. (cis-7Ta)
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5 as entry 4 above enal (10a) 5% vield, nd d.r. 28:72 17:83
35:65 e.r.(trans-7a)
10:90 e.r. (cis-7a)

Table S6: Comparison of enal reactions and our ester B-activation reactions (trifluoroketone as
5 electrophile)

) carbon #2 !
0. OAr O. H (enone carbon) { NHC = H, or E:h o
. i conditions - 'l’o o . { r/rﬁ\‘l)‘NBF‘i
p or p * PR CF, e C“{@ ! N—
Ph Ph 3 5a+5a' | & \S
ester {1a enal 10a 4a PR¥. g %"mo !
carbon #1 '
(0.4 mmol) \ (0.4 mmol) (0.2 mmol) {ester/enal ]ﬁ»carbon)i
10 - o ,
Entry Conditions Reaction S5a+5a’ Carbon #1 Carbon #2
‘ B (RIS) (RIS)
1 20 mol% H, ester (1a) 54% yield, 1.3:1 d.r.
150 mol% DBBU, 91:9 e.r.(5a) 8:92 46:54
Tol. (0.2M),07C, 48 h 94ber (52) .
2 as entry 1 above enal (10a) 38% yield, 1.4:1 d.r.
; ' 59:41 e.r.(5a) 34:66 54:46
‘ 80:20 e.r. (5a")
3 as entry 2 above enal (10a) 62% vield, 1:1.1d.r. ,
except with 2.3 eq DBU 61:39 e.r.(5a) 36.64 53:47
- and 2.0 eq 4-NO,PHOH 64:36 e.r. (5a’)
4 as entry 1 above ‘ester (1a) 17% vyield, 1.2:1 d.r.
except NHC = | . 65:35 e.r.(5a) 38:62 49:51 -
v 59:41 e.r. (52’)
5 as entry 4 above enal (10a) 19% yield, 1.5:1 d.r. 45:55 44:56

59:41 e.r. (5a)
49:51 e.r. (5a’)

CHARACTERIZATIONS OF PRODUCTS

[076] 'HNMR and ">C NMR characterization of exemplary compounds is provided in the

15  following.

Ph,,
| /@—Ph
Ph 33 ExAmPLE 11: (1R,2R)-Cyclopent-3-ene-1,2 4-triyltribenzene : [a]o = (¢

2.23, CHClp) = -138.9°% 95:5 e.r. as determined by HPLC (Chiralcel OD, 99.8:0.2 hexanesi-
PrOH, 0.3 mL/min), t.(major) = 35.8 min, t. (minor) = 46.9 min.
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" Ph,

3b

Me EXAMPLE  12: (( 1R,5R)-5-(p-Tolyl)cyclopent-3-ene-1,3-
diyl)dibenzene: lalo % (c 1.85, CH,Clp) = -133.8°% 97:3 e.r. as determined by HPLC (Chiralcel
ADH, 99.9:0.1 hexanes‘/i-P,rOH, 0.3 mL/min), t.(major) = 39.1 min, t,(minor) = 51.4 min.

Ph

3

Ph

MeQ 3¢ EXAMPLE 13: ((R,5R)-5-(4-Methoxyphenyl)cyclopent-3-ene-1,3-

dlyl)dlbenzene [alo 2 (c 2.83, CH,Cly) = -116.5°% 95:5 e.r. as determined by HPLC (Chiralcel
1A, 99.8:0.2 hexanes/i-PrOH, 0.3 mL/mm), tr(major) = 45.4 min, t.(minor) = 41.7 min.

10

'EXAMPLE 14: ((1R,5R)-54(4_-FIuorophenyl)éyclopent-S-ene-1,3-
diyldibenzene: [o]p 2 (c 1.95, CH,Cly) = -110.4% 96:4 e.r. as determined by HPLC (Chiralcel
IA, 99.8:0.2 hexanes/i-PrOH, 0.3 mL/min), t,(major) = 29.1 min, t.(minor) = 23.4 min.

Ph,,
’ Ph

O 3e
Cl EXAMPLE 15: ((1R,5R)-5-(4-Chlorophenyl)cyclopent-3-ene-1,3-
diylydibenzene: [alp *° (¢ 2.47, CH,Cly) = -117.7°; 955 e.r. as determined by HPLC (Chiralcel
1A, 99.8:0.2 hexanes/i-PrOH, 0.3 mL/min), t.(major) = 32.0 min, t,(minor) = 25.8 min.

15

20 Br 3f EXAMPLE 16: ((1R,5R)-5-(4-Br6mophenyl)cyclopent-3-ene-1,3-
diyl)dibenzene: [a]p © (c 2.46, CH,Cl,) = -127.0°%; 95:5 e.r. as determined by HPLC (Chiralcel
ODH, 99.8:0.2 hexanes/i-PrOH, 0.3 mL/min), t.(major) = 65.2 min, t,(minor) = 97.6 min.
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EXAMPLE 17: 1-((1R,5R)-3,5-Diphenyicyclopent—Z-en-1-yl)naphthalene:

colorless gum: [alp 2 (¢ 1.17, CH,Cly) = +22.3% "H NMR (400 MHz, CDCls) 6 = 2.98-3.03 (m,

1H), 3.40-3.46 (m, 1H), 3.53-3.57 (m, 1H), 4.89 (dd, J = 4.4, 2.0 Hz, 1H), 6.42 (dd, J = 4.0, 1.6

Hz, 1H), 6.71-6.75 (m, 1H), 7.23-7.45 (m, 11H), 7.59-7.61 (m, 2H), 7.64-7.79 (m, 2H), 7.85 (d,

J = 8.0 Hz, 1H); >C NMR (100 MHz, CDCl3) & = 147.0, 142.9, 136.0, 134.1, 131.8, 128.7,

128.6, 128.5, 128.5, 128.1, 127.6, 127.1, 127.0, 126.4, 125.9, 125.8, 125.7, 125.6, 125.5,

124.2, 124.0, 56.6, 52.8, 42.0; HRMS(ESI) calcd for CyrHys(M+H)™: 347.1800, Found: 347.1797;
95:5 e.r. as determined by HPLC (Chiralcel ODH, 99.8:0.2 hexanes/i-PrOH, 0.3 mlL/min), t,

(major) = 28.7 min, t,(minor) = 27.4 min.

Ph.,

Ph

.0 ‘

N\ [ 3h - , . 23
EXAMPLE 18: 2-((1R,5R)-3,5-Diphenylcyclopent-2-en-1-yl)furan: {alp

(c 2.54, CH.CI,) = -78.7°; 91:9 e.r. as determined by HPLC (Chiralcel IA, 99.8:0.2 hexanes/i-

PrOH, 0.3 mL/min), t,(major) 28.0 min, t,(minor) = 21.2 min.

Ph,,
M)

3i  EXAMPLE 19: ((1R,5R)-5-Propyicyclopent-3-ene-1,3-diyl)dibenzene: [a]p
2 (c 0.62, CH,Cly) = -24.0°; 91:9 e.r. as determined by HPLC (Chiralcel 1A, 99.8:0.2 hexanes/i-
PrOH, 0.3 mUmin), t,(major) = 16.0 min, t,(mmor) =13.7 min. '

Ph,, ‘
/@\Ph

3 EXAMPLE 20: ((7R,5R)-5-Methylcyclopent-3-ene-1,3-diyl)dibenzene:
colorless gum; [alp *° (¢ 0.63, CH,Cl,) = +48.2°; *H NMR (400 MHz, CDCly) § = 1.17 (d, J = 6.4
Hz, 3H), 2.86-2.93 (m, 1H), 2.98-3.07 (m, 2H), 3.17-3.24 (m, 1H), 6.11-6.12 (m, 1H), 7.20-
7.34 (m, 8H), 7.45-7.47 (m, 2H); °C NMR (100 MHz, CDCl,) & = 145.8, 140.0, 136.4, 130.8,
128.4, 128.3, 127.5, 1271, 126.1, 1256, 53.3, 49.4, 42.2, 19.9; HRMS(ESI) calcd for
C18H19(M+H)+Z 235.1487, Found: 235.1500; 94:6 e.r. as determined by HPLC (Chiralcel 1A,
99.9:0.1 hexanes/i-PrOH, 0.3 mL/min), t.(major) = 15.9 min, t.(minor) = 14.0 min.
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Q’—Ph
Ph ‘ 3k - EXAMPLE 21: "Cycldpent-3-ene-1,3-diyldibenzene : colorless gum; 'H

NMR (400 MHz, CDCl3) & = 2.64-2.69 (m, 1H), 2.83-2.88 (m, 1H), 2.99-3.01 (m, 1H), 3.18
(ddd, J = 9.2, 2.4, 1.2 Hz, 1H), 3.62-3.67 (m, 1H), 6.22 (dd, J = 4.0, 2.0 Hz, 1H), 7.18-7.34 (m,
8H), 7.47 (dd, J = 4.0, 1.2 Hz, 2H); "°C NMR (100 MHz, CDCl3) & = 147.2, 141.5, 136.4, 128.5,
128.4, 127.1, 127.0, 126.0, 125.6, 124.8, 43.5, 42.0, 41.8; HRMS(ES!) calcd for CrrHyr(M+H)':
221.1330, Found: 221.1342. '

Me\©
[ >~

Ph 3l EXAMPLE 22: ((3R,4R)-4-(p-Tolyl)cyclopent-1-ene-1,3-
diyl)dibenzene: colorless gum; [alo @ (¢ 1.13, CHyCly) = -147.4°% "H NMR (400 MHz, CDCly) 6
=2.33 (s, 3H), 2.96-3.02 (m, 1H), 3.29-3.44 (m, 2H), 4.09-4.12 (m, 1H), 6.25 (dd, J = 3.6, 2.0
Hz, 1H), 7.09-7.38 (m, 12H), 7.52-7.54 (m, 2H); "*C NMR (100 MHz, CDCl3) & = 145.0, 142.4,
142.2, 136.1, 135.8, 129.2, 128.5, 128.4, 128.2, 127.5, 127.4, 127.2, 126.4, 125.8, 60.8, 54.2,
421, 21.1; HRMS(ESI) calcd for CygHa(M+H)'": 311.1800, Found: 311.1798; 95:5 e.r. as
determined by HPLC (Chiralcel OD, 99.8:0.2 hexanes/i-PrOH, 0.3 mL/min), t. (major) = 29.9

min, t,(minor) = 37.9 min.

Ph 3m  EXAMPLE 23: ((3R,4R)-4-(4-Chlorophenyl)cyclopent-1-ene-1,3-
diyl)dibenzene: colorless gum; [alo 2 (¢ 1.27, CH,Cl,) = -116.3°; '"H NMR (400 MHz, CDCl;) &
= 2.93-2.99 (m, 1H), 3.29-3.42 (m, 2H), 4.05-4.07 (m, 1H), 6.24 (dd, J = 3.6, 2.0 Hz, 1H),
7.11-7.39 (m, 12H), 7.51-7.54 (m, 2H); °C NMR (100 MHz, CDCl3) & = 144.5, 143.8, 142.1,
135.8, 132.0, 128.7, 128.6, 128.6, 128.5, 128.0, 127.7, 127.4, 126.6, 125.8, 60.9, 54.0, 41.9;

. HRMS(ESI) calcd for CasHigCI(M+Na)": 353.1073, Found: 353.1060; 95:5 e.r. as determined by

HPLC (Chiralcel 1A, 99.8:0.2 hexanes/i-PrOH, 0.3 mi/min), t, (major) = 31.8 min, t. (minor) =
25.1 min. ‘

RS
e
Ph 3n  EXAMPLE 24: ((3R,4R)-4-(4-Bromophenyl)cyclopent-1-ene-1,3-
diyl)dibenzene: colorless gum; [alp (c 2.42, CH.Clp) = -117.1°; 'H NMR (400 MHz, CDCl3) &
=2.96 (dd, J = 15.2, 7.2 Hz, 1H), 3.32-3.41 (m, 2H), 4.05-4.07 (m, 1H), 6.24 (dd, J = 3.6, 2.0

Hz, 1H), 7.10-7.42 (m, 12H), 7.52-7.54 (m, 2H); "*C NMR (100 MHz, CDCl;) 6 = 144.5, 144.4,
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1421, 1_35.8, 131.6, 129.1, 128.6, 128.5, 128.0, 127.7, 12‘7.4, 126.6, 125.8, 120.0, 60.9, 54.1,
41.8; HRMS(ESI) calcd for CosHzBr(M+H)": 375.0748, Found: 375.0728; 955 er. as
determined by HPLC (Chiralcel 1A, 99.9:0.1 hexanes/i-PrOH, 0.3 mL/min), t}(major) = 37.4 min,
t-(minor) = 27.6 min. ‘ |

e

_ Ph 30  EXAMPLE 25: {(3R,4R)-4-(4-Nitrophenyl)cyclopent-1-ene-1,3-
diyl)dibenzene: colorless gum; [alo © (c 1.61, CH,Cly) = -104.4°; 'H NMR (400 MHz, CDCl3) &
= 3.02 (dd, J = 16.0, 7.2 Hz, 1H), 3.37-3.44 (m, 1H), 3.53-3.57 (m, 1H), 4.10-4.12 (m, 1H),
6.27 (dd, J = 3.6, 2.0 Hz, 1H), 7.11-7.13 (m, 2H), 7.24-7 42 (m, 8H), 7.53—7.55 (m, 2H), 8.13-
8.17 (m, 2H); ">C NMR (100 MHz, CDCl3) 6 = 153.2, 146.7, 144.0, 142.1, 135.5, 128.7, 128.6,
128.2, 127.9, 127.8, 127.4, 126.9, 1259, 123.9, 70.0, 54.4, 41.7; HRMS(ESI) calcd for
CoH2oNOo(M+H)": 342.1494, Found: 342.1500; 95:5 e.r. as determined by HPLC (Chiralcel 1A,
99:1 hexanes/i-PrOH, 0.3 mL/min), tr(inajor) = 86.5 min, t,(minor) = 46.4 min.

OzN/© ’:@ph

Ph 3P EXAMPLE 26: ((3R,4R)-4-(3-Nitrophenyl)cyclopent-1-ene-1,3-
diyl)dibenzene: colorless gum; [alp (¢ 1.03, CH,Cl,) = -53.4°; "H NMR (400 MHz, CDCl3) § =
2.98-3.04 (m, 1H), 3.37-3.43 {m, 1H), 3.53-3.59 (m, 1H), 4.11—4.14 (m, 1H), 6.26 (d, J = 1.2
Hz, 1H), 7.12-7.45 (m, 9H), 7.53 (d, J = 7.6 Hz, 3H), 8.06-8.09 (m, 1H), 8.14 (d, J = 2.0 Hz,
1H); "°C NMR (100 MHz, CDCly) 6 = 148.5, 147.4, 144.0, 142.0, 135.5, 133.8, 129.5, 128.8,
128.7, 128.6, 127.9, 127.4, 126.9, 125.9, 122.2, 121.6, 60.8, 54.2, 41.8; HRMS(ES]I) calcd for -
Cz3H19N02Na(M+Na)+: 364.1313, Found: 364.1298; 96:4 e.r. as determined by HPLC (Chiralcel
ADH, 99:1 hexanes/i-PrOH, 0.3 mL/min), t,(major) = 72.1 min, t.(minor) = 48.4 min.

S
O

Ph 3 EXAMPLE 27:  ((3R,4R)-4-(2-Nitrophenyl)cyclopent-1-ene-1,3-
diyl)dibenzene: colorless gum; [a]p ** (¢ 1.0, CH,Cl,) = -55.0°; 'H NMR (400 MHz, CDCl3) 6 =

2.89-2.95 (m, 1H), 3.50-3.56 (m, 1H), 3.89-3.95 (m, 1H), 4.22 (dd, J = 5.6, 2.4 Hz, 1H), 6.30

(d, J = 2.0 Hz, 1H), 7.11-7.39 (m, 9H), 7.52-7.57 (m, 3H), 7.65-7.69 (m, 2H); °C NMR (100
MHz, CDCl3) & = 150.1, 143.8, 142.1, 140.1, 135.5, 132.8, 128.7, 128.6, 128.5, 128.0, 127.9,
127.3, 127.1, 126.9, 125.9, 123.8, 60.4, 47.7, 42.4; HRMS(ES!) calcd for CagHigNONa(M+Na)':
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364.1313, Found: 364.1318; 96:4 e.r. as determined by HPLC (Chiralcel 1A, 99.9:0.1 hexanes/i-
PrOH, 0.3 mL/min), t.(major) = 63.8 min, t.(minor) = 56.3 min.

/S
— /”
Ph

Ph 3 EXAMPLE 28: 2-((1R,2R)-2,4-Diphenylcyclopent-3-en-1-yl)thiophene:
l[alo 2 (¢ 2.56, CH,Clp) = -70.8°; 94:6 e.r. as determined by HPLC (Chiralcel IA, 99.8:0.2

hexanes/i-PrOH, 0.3 mUmin), t-(major) = 29.0 min, t,(minor) = 25.5 min. .

Ph/,' O
JORY
Ph 3s EXAMPLE 29: 2-((3R,4R)-3,4-Diphenylcyclopent-1-en-1-yl)furan: [a]p 2.

(c 1.66, CH,Cl;) = -127.4°; 94:6 e.r. as determined by HPLC‘{(Chi'raIcel 0D, 99.8:0.2 hexanes/i-
PrOH, 0.3 mU/min), t,(major) = 34.4 min, t,(minor) = 49.9 min.

diyl)dibenzene: colorless gum; [a]o ** (¢ 1.00, CHzCly) = -112.4% "H NMR (400 MHz, CDCl3) &
= 2.37 (s, 3H), 2.96-3.02 (m, 1H), 3.29-3.46 (m, 2H), 4.10-4.13 (m, 1H), 6.20 (t, J = 1.6 Hz,
1H), 7.13-7.31 (m, 12H), 7.42-7.49 (m, 2H); 130» NMR (100 MHz, CDCl;) § = 145.6, 145.1,
142.1, 137.4, 133.2, 129.2, 128.5, 1284, 127.5, 127.3, 127.1, 126.4, 126.3, 125.7, 60.8, 54.5,
42.0, 21.3; HRMS(ESI) caled for CagHas (M+H): 311.1800,‘ Found: 311.1804; 955 e.r. as
determined by HPLC (Chiraicel IA, 99.8:0.2 hexanes/i-PrOH, 0.3 mL/min), t.(major) = 26.1 min,

t;(minor) = 24.2 min.

Ph 3U EXAMPLE 31: ((1R,2R)-4-(4-Chlorophenyl)cyclopent-3-ene-1,2-
diyl)dibenzene: colorless gum; [alb 3 (c 2.14, CH,Cl,) = -89.5°; "H NMR (400 MHz, CDCl3) 6 =
2.94-3.01 (m, 1H), 3.26-3.34 (m, 1H), 3.42-3.48 (m, 1H), 4.11-4.14 (m, 1H), 6.24 (dd, J = 3.6,
2.0 Hz, 1H), 7.12-7.34 (m, 12H), 7.43-7.46 (m, 2H); °C NMR (100 MHz, CDCl;) & = 145.1,
144.6, 141.1, 134.5, 133.2, 128.9, 128.6, 128.5, 128.5, 127.4, 127.3, 127.1, 126.5, 126.4, 60.8,
54.5, 42.0; HRMS(ESI) calcd for CasHyoCH(M+H)': 331.1254, Found: 331.1277; 955 er. as
determined by HP!_C (Chiralcel 1A, 99.8:0.2 hexanes/i-PrOH, 0.3 mL/min), t,(major) = 31.4 min,

t.(minor) = 29.3 min.

Ph,,

33
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Ph,, '
o=
Ph™ ‘ 3V EXAMPLE 32:° ((1R,2R)-4-(4-Bromophenyl)cyclopent-3-ene-1,2-

diyl)dibenzene: [a], % (c 2.78, CH,Cl,) = -87.5% 96:4 e.r. (1R, 2R)- isomer as determined by
HPLC (Chiralcel 1A, 99.9:0.1 hexanes/i-PrOH, 0.3 mL/min), t, (major) = 35.2 min, t. (minor) =
32.4 min.

C'@ 5 Oy
3w EXAMPLE 33: 4,4 -((1R,5R)-5-Phenylcyclopent-3-ene-1,3-

diyl)bis(chlorobenzene): [a] 2 (c 2.5, CH,Cly) = -94.4°; 95:5 e.r. isomer as determined by
HPLC (Chiralcel 1A, 99.8:0.2 hexanes/i-PrOH, 0.3 mLU/min), t, (major) = 49.5 min, t (minor) =
38.1 min.

Br\©
Ph 3X  EXAMPLE 34: 4,4'-((1R,5R)-5-Phenylcyclopent-3-ene-1,3-

diyl)bis(bromobenzene): colorless gum; [alo ** (c 3.45, CH,Cl,) = -68.8°; "H NMR (400 MHz,
CDClg) 6 = 2.89-2.96 (m, 1H), 3.25-3.27 (m, 1H), 3.30-3.43 (m, 1H), 4.03—4.05 (m, 1H), 6.23
(d, J = 1.6 Hz, 1H), 7.08-7.49 (m, 13H); "°C NMR (100 MHz, CDCl3) & = 144.2, 144.0, 141.1,
134.7, 131.7, 131.6, 130.7, 129.1, 128.9, 128.6, 1274, 126.7, 121.5, 120.1, 60.9, 54.1, 41.8;
HRMS(ESI) calcd for CasH1gBra(M+H)": 452.9854, Found: 452.9868; 95:5 e.r. as determined by
HPLC (Chlralcel 1A, 99.8:0.2 hexanes/i-PrOH, 0.3 ml/min), t, (major) = 59.2 min, t, (mmor)
46.3 min,

: O a
S

MeO % EXAMPLE  35:  1-((1R,2R)-4-(4-Chlorophenyl)-2-(4-

" methoxyphenyl)cyclopent-3-en-1-yl)naphthalene: [o]p » (¢ 3.0, CH,Cl,) = -124.4°; 973 e.r.

as determined by HPLC (Chiralce! OD, 98:2 hexanes/i-PrOH, 0.3 mL/min), t.(major) = 59.8 min,

t- (minor) = 38.4 min.
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Note: For the products characterized as below, the two diastereomers (e.g., 5a and 5a") were

isolated as a mixture.

@] ' 0O
Ph, O F,C O
FoC" * pp
Ph Ph
trans-5a Ccis-5a°  EXAMPLE 36: 4,5-Diphenyl-5-(trifluoromethyl)dihydrofuran-

5 2(3H)-one: 91:9 e.r. (5a), 94:6 e.r. (5a") as determined by HPLC (Chiralcel OD, 99:1 hexanes/i-
PrOH, 0.7 mL/min), t,(5a-major) = 23.1 min, t,(5a-minor) = 44.0 min, t.(5a"-major) = 19.8 min, t,

(5a"-minor) = 71.3 min.

0
N AN
- (D
‘ " Ph
trans-5b - cis-5b* EXAMPLE 37: 4-phenyl-5-(p-tolyl)-5-

10 (trifluoromethyl)dihydrofuran-2(3H)-one: 93:7 e.r. (5b), 95:5 e.r. (5b") as determined by
HPLC (Chiralcel OD, 99.8:0.2 hexanes/i-PrOH, 0.7 mL/min), t; (5b-major) = 30.5 min, t, (5b-
minor) = 81.3 min, t,(5b"-major) = 34.5 min, t,(5b"-minor) = 106.5 min.

Cl

Ph

frans-5¢ cis-5¢’ EXAMPLE 38: 5-(d-chlorophenyl)-4-phenyl-5-
15 (trifluoromethyl)dihydrofuran-2(3H)-one: 94:6 e.r. (5¢), 94:6 e.r. (5¢") as determined by
HPLC (Chiralcel 1A, 99:1 hexanes/i-PrOH, 0.7 mL/min), t. (Sc-major) = 18.2 min, t (5¢c-minor) =

38.5 min, t.(5¢’-major) = 19.4 min, t,(6¢’-minor) = 69.2 min.

0
FiC O
s
) Ph
Ph  Br o
trans-5d cis-5d’, EXAMPLE 39: 5-(4-bromophenyl)-4-phenyl-5-

20 (trifluoromethyl)dihydrofuran-2(3H)-one: colorless oil; "H NMR (400 MHz, CDCl3) 6 = 2.74-
2.81 (trans, m, 1H), 2.95-2.97 (cis, m, 1H), 3.17-3.32 (cis, m, 1H), 3.34-3.39 (trans, m, 1H),
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3.93 (cis, t, J = 9.6 Hz, 1H), 4.26 (frans, dd, J = 9.6, 5.2 Hz, 1H), 6.84—6.87 (trans, m, 2H), 7.01
(trans, d, J = 8.4 Hz, 2H), 7.13-7.16 (trans, m, 3H), 7.27-7.33 (trans+cis, m, 4H), 7.39-7.42
(cis, m, 5H), 7.56-7.58 (cis, m, 2H); "°C NMR (100 MHz, CDCl3) 8 = 173.4(trans), 172.7(cis),
137.4(trans),134.5, 133.2, 132.0, 131.1, 130.5, 129.3, 129.0, 128.9, 128.9, 128.8; 128.7, 128.3,
128.1, 127.3, 127.3, 125.7, 124.1, 123.4, 122.9, 88.2 (q, J = 290 Hz)(trans), 87.3 (g, J = 260
Hz)(cis), 51.6(cis), 45.7(trans), 36.8(frans), 35.1(cis); HRMS(ESI) caled for
C17H1302F :Br(M+H)": 385.0051, Found: 385.0055; 93:7 e.r. (5d), 94:6 e.r. (5d') as determined
by HPLC (Chiralcel IB, 98:2 hexanes/i-PrOH, 0.5 mL/min), t,(5d-major) = 22.1 min, t,(5d-minor)
= 44.7 min, t. (5d’-major)= 24.3 min, t,(6d"-minor) = 74.6 min. '

0
FsC O

S NN
@ Ph

trans-5e cis-5e’ EXAMPLE ~ 40:  4-phenyl-5-(thiophen-2-yl)-5-
(trifluoromethyl)dihydrofuran-2(3H)-one: 90:10 e.r. (Se), 91:9 e.r. (5e') as determined by
HPLC (Chiralcel OD, 99:1 hexanes/i-PrOH, 0.7 mL/min), {,(5e-major) = 41.6 min, t,(5e-minor) =
70.5 min, t.(5e"-major) = 26.6 min, t,(5e"-minor) = 87.1 min.

trans-5f cis-5f' EXAMPLE 41 5-phenyl-4-(p-tolyl)-5-
(trifluoromethyl)dihydrofuran-2(3H)-one: colorless oil; '"H NMR (400 MHz, CDCl;) 6 = 2.21
(trans, s, 3H), 2.39 (cis, s, 3H), 2.71-2.77 (frans, m, 1H), 2.90 (cié, q, J = 8.8 Hz, 1H), 3.14 (css,
dd, J = 18.0, 10.0 Hz, 1H),3.26-3.33 (trans, m, 1H), 3.97 (cis, t, J = 5.2 Hz, 1H), 4.25 (trans, dd,
J =92, 5.6 Hz, 1H), 6.71 (trans, d, J = 8.0 Hz, 2H), 6.91 (trans, d, J = 8.0 Hz, 2H), 7.12-7.22
(trans+cis, m, 10H), 7.44 (trans, dd, J = 6.4, 3.6 Hz, 2H), 7.53-7.54 (cis, m, 2H); 3C NMR (100
MHz, CDCl3) 6 = 173.9(trans), 173.4(cis), 138.6(cis), 137.6(trans), 135.6(cis), 134.4(trans),
131.3(trans), 130.7(cis), 129.5, 129.4, 129.2, 128.8, 128.7, 128.3, 127.8, 127.0, 126.9, 126.0,
125.6, 125.3, 123.2, 122.5, 88.5 (q, J = 280 Hz)(trans), 87.4(q, J = 280 Hz)(cis), 51.2(cis),
45.5(trans), 36.8(trans), 35.3(cis), 21.1(cis), 21.0(trans); HRMS(ESI) caled for
C1gHig02F3(M+H)": 321.1102, Found: 321.1101; 92:8 e.r. (5f), 95:5 e.r. (5f") as determined by
HPLC (Chiraicel OD, 95:5 hexanes/i-PrOH, 0.7 mL/min), t, (5f-major) = 19.5 min, t, (5f-minor) =
34.7 min, t,{5f-major) = 14.8 min, t,(5f-minor) = 40.3 min.
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trans-5g  cis-5¢’ EXAMPLE 42: 4-(4-fluorophenyl)-5-phenyl-5-
(trifluoromethyl)dihydrofuran-2(3H)-one: colorless oil; 'H NMR (400 MHz, CDCl3) 6 = 2.70—

/2.76 (m, 1H), 3.29-3.37 (m, 1H), 4.28 (dd, J = 9.6, 5.6 Hz, 1H), 4.03-4.05 (m, 1H), 6.80 (d, J =

6.8 Hz, 4H), 7.11-7.22 (m, 5H), *C NMR (100 MHz, CDCl3) & = 173.5, 163.3, 160.8, 133.4,
133.3, 131.1, 130.1, 130.0, 129.0, 128.0, 126.8, 115.6, 115.4, 88.4 (q, J = 290 Hz), 45.2, 36.8;
HRMS(ESI) calcd for Cq7H130F(M+H)": 325.0852, Found: 325.0852; 95:5 e.r. (5g), 92:8 e.r.
(5g") as determined by HPLC (Chiralcel OD, 99:1 hexanes/i-PrOH, 0.7 mL/min), t- (5g-major) =
28.5 min, t,(5g-minor) = 26.1 mi'n, t- (5g'-maijor) = 23.1 min, t,(5g'-minor) = 39.8 min.

Br

trans-Sh cis-5h’ EXAMPLE 43: 4-(4-bromophenyl)-5-phenyl-5-

(trifluoromethyt)dihydrofuran-2(3H)-one: colorless oil; *H NMR (400 MHz, CDCl;) 6 = 2.67—

2.74 (trans, m, 1H), 2.93-2.96 (cis, m, 1H), 3.06-3.09 (cis, m, 1H), 3.29-3.67 (ftrans, m, 1H),
3.97 (cis, t, J = 9.2 Hz, 1H), 4.25 (trans, dd, J = 9.6, 5.2 Hz, 1H), 6.71 (trans, d, J = 8.8 Hz, 2H),
7.12-7.26 (trans+cis, m, 10H), 7.44-7.46 (trans, m, 2H), 7.50-7.56 (cis, m, 4H); ">C NMR (100
MHz, CDCl3) 6 = 173.3(trans), 172.8(cis), 136.7(trans), 135.2(cis), 133.0, 132.0, 131.7, 131.0,
130.9, 130.0, 129.7, 129.2, 128.9, 128.1, 126.8, 126.8, 125.9, 125.5, 123.0, 122.9, 121.9, 88.9
(a, J = 280 Hz)(trans), 87.6 (q, J = 280 Hz)(cis), 51.0(cis), 45.4(trans), 36.7(trans), 35.1(cis);
HRMS(ESI) calcd for C17H1202F3BrNa(M+N_a)+: 406.9870, Found: 406.9860; 94:6 e.r. (5h), 96:4
e.r. (5h') as determined by HPLC:(Chiralcel OD, 99:1 hexanes/i-PrOH, 0.7 miL/min), t. (5h-
major) = 52.9 min, t,(5h-minor) = 114.9 min, t,(5h’"-major) = 41.4 min, t,(5h"-minor) = 130.2 min.
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trans-5i cis-5i° EXAMPLE 44; 4-(furan-2-yl)-5-phenyl-5-
{trifluoromethyf)dihydrofuran-2(3H)-one: 84:16 e.r. (5i), 84:16 e.r. (5i') as determined by
HPLC (Chiralcel OJ-H, 95:5 hexanes/i-PrOH, 0.5 mL/min), t; (5i-major) = 18.9 min, t.(5i-minor) =
28.9 min, t,(5i-major) = 74.1 min, t.(5iminor) = 62.6 min.

PhYO
HN\N
EeooC” V.

Ta EXAMPLE 45: (2R,3R)-ethyl 1-benzamido-5-o0x0-3-phenylpyrrolidine-2-
carboxylate: colorless oil; [alo 2 (c 0.94, CH,Cl2) = - 39.1°. "H NMR (400 MHz, CDCl3) 6 0.81 (t,
J =72 Hz, 3H), 2.92 (d, J = 8.8 Hz, 2H), 3.64-3.72 (m, 1H), 3.77-3.85 (m, 1H), 4.10-4.17 (m,
1H), 4.96 (d, J = 8.8 Hz, 1H), 7.25-7.36 (m, 5H), 7.45 (t, J = 8.0 Hz, 2H), 7.56 (t, J = 7.6 Hz, 1H),
10 7.83(d, J = 8.0 Hz, 2H), 8.29 (s, 1H). HRMS(ESI) calcd for CzoHzoN2O4(M+H)": 353.1501,
Found: 353.1496; 97:3 e.r. as determined by HPLC [Chiralcel A, 75 : 20 : 5
“hexanes/(hexanes:-PrOH:CH;OH = 90:5:5)/i-PrOH, 0.7 mL/min)], t. (major) = 110.2 min, t,

(minor) = 88.3 min.

Ph\(o o

HN\N

Et00C

b F EXAMPLE 46: (2R,3S)-ethyl-benzamido-3-(4-fluorophenyl)-5-

oxopyrrolidine-2-carboxylate: yellow oil; [alp *° (c 1.95, CH,Cl,) = - 44.9°; 'H NMR (400 MHz,
.CDCl3) 6 =1.23 (t, J=7.2 Hz, 3H),2.63 (dd, /= 17.6 Hz, 9.6 Hz, 1H), 3.04 (dd, J=17.6 Hz, 9.6
Hz, 1H), 3.56-3.61 (m, 1H), 4.17-4.29 (m, 2H), 4.68 (d, J = 5.2 Hz, 1.H), 7.09 (t,J = 8.4 Hz, 2H),
7.41-7.49 (m, 4H), 7.55 (t, J = 7.2 Hz, 1H), 7.85 (d, J = 7.2 Hz, 2H), 8.61 (bs, 1H); 3C NMR

20 (100 MHz, CDCl3) 6 = 172.5, 170.8, 166.1, 163.5, 161.0, 137.3 (d, J = 3.0 Hz), 132.7, 131.2,
128.9 (d, J = 9.0 Hz), 128.7, 1275, 116.0 (d, J = 21.0 Hz), 67.3, 62.0, 39.9, 36.8, 14.1;
HRMS(ESI) caled for CagHaoN,OF(M+H)': 371.1407, Found: 371.1410; 97:3 e.r. as determined '
by HPLC [Chiralcel 1A, 75 : 20 : 5 hexanes/(hexanes:i-PrOH:CH;OH = 90:5:5)/i-PrOH, 0.7
mL/min)], t-(major) = 127.3 min, t,(minor) = 105.4 min.

15
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Tc Cl EXAMPLE 47: (2R,3S)-ethyl1-benzamido-3-(4-chlorophenyl)-5-
oxopyrrolidine-2-carboxylate: yellow oil; [alo ® (¢ 1.89, CH,Cl,) = - 67.2°; "H NMR (400 MHz,

' CDCls) 6 = 1.23 (t, J = 7.2 Hz, 3H), 2.64 (dd, J = 17.6 Hz, 6.4 Hz, 1H), 3.06 (dd, J = 17.6 Hz, 9.6
'Hz, 1H), 3.56-3.61 (m, 1H), 4.15-4.30 (m, 2H), 4.67 (d, J = 5.6 Hz, 1H), 7.37-7.45 (m, 6H),
7.52(t, J=7.6 Hz, 1H), 7.84 (d, J = 7.2 Hz, 2H), 8.83 (bs, 1H); "°C NMR (100 MHz, CDCl3) 6 =
' 172.7, 170.7, 166.1, 140.0, 133.6, 132.6, 131.1, 129.3, 128.7, 128.6, 127.6, 67.1, 62.0, 40.0,

36.7, 14.1; HRMS(ESI) calcd for CzoHz0N204Cl (M+H)™: 387.1112, Found: 387.1112; 97:3 er. as
determined by HPLC [Chiralcel IA, 75 : 20 : § hexanes/(hexanes:i-PrOH:CH;0OH = 90:5:5)/i-

"PrOH, 0.7 mU/min)], t,(major) = 136.0 min, t.(minor) = 112.0 min.

Ph O
,I{N

EtooC

d Br  EXAMPLE 48: (2R,3S)-ethyl1-benzamido-3-(4-bromophenyl)-5-
oxdpyrrolidiné-2—carboxylate: yellow oil; [alo 2 (c 2.49, CH,Cl,) = - 61.8° "H NMR (400 MHz,
CDCl3) 6 = 1.21 (t, J = 7.2 Hz, 3H), 2.64 (dd, J=17.6 Hz, 6.4 Hz, 1H), 3.11 (dd, J=17.6 Hz, 9.6
Hz, 1H), 3.56-3.61 (m, 1H), 4.15-4.26 (m, 2H), 4.68 (d, J = 5.6 Hz, 1H), 7.34-7.54 (m, 7H),
7.84 (d, J = 7.2 Hz, 2H), 9.49 (bs, 1H); "*C NMR (100 MHz, CDCl3) § = 173.4, 170.7, 166.0,
140.4, 132.5, 132.2, 130.9, 129.0, 128.6, 127.6, 121.7, 67.1, 62.0, 40.1, 36.8, 14.1; HRMS(ESI)
calcd for CyHooN2O4Br™: 431.0606, Found: 431.0606; 97:3 e.r. as determined by HPLC
[Chiralcel A, 75:20:5 hexanes/(hexanes:-PrOH:CH;0H = 90:5:5)/i-IPrOH, 0.7 mUmin)}, t
(major) = 142.7 min, t,(minor) = 118.4 min. '
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Ph\(o o

N~

EtooC”

Te
Me EXAMPLE 49: {2R,3S)-ethyl 1-benzamido-5-0x0-3-(p-

tolyl)pyrrolidine-2-carboxylate: yellow oil; [a]o B (c2.41, CH.Cl,) = - 46.8°; "H NMR (400 MHz,
CDCl3) 6 = 1.22 (t, J = 7.2 Hz, 3H), 2.36 (s, 3H), 2.65 (dd, J = 17.6 Hz, 9.6 Hz, 1H), 3.02 (dd, J
= 17.6 Hz, 9.6 Hz, 1H), 3.53-3.59 (m, 1H), 4.15-4.28 (m, 2H), 4.70 (d, J = 6.0 Hz, 1H), 7.20 (d,
J = 7.6 Hz, 2H), 7.35-7.44 (m, 4H), 7.53 (t, J = 7.2 Hz, 1H), 7.85(d, J = 7.2 Hz, 2H), 8.67 (bs,
1H); "*C NMR (100 MHz, CDCls) 8 = 172.9, 171.0, 166.0, 138.3, 137.4, 132.5, 131.3, 129.8,
128.7, 127.6, 127.1, 67.4, 61.9, 40.3, 36.8, 21.1, 14.1;HRMS(ESI) calcd for C,1H23N,04 (M+H)™:
367.1658, Found: 367.1657; 97:3 e.r. as determined by H_PLC [Chiralcel 1A, 75 : 20 : 5
hexanes/(hexanes:-PrOH:CH,OH = 90:5:5)/i-PrOH, 0.7 mlL/min)], t, (major) = 108.1 min, ¢,

{minor) = 86.0 min.

7f

OMe EXAMPLE 50: (2R,3S)-ethyl1-benzamido-3-(4-methoxyphenyl)-5-
oxopyrrolidine-2-carboxylate: yellow oil; [alo 2 (¢ 2.2, CH,Cl) = - 69.9°%; 'H NMR (400 MHz,
CDCl3) 6 = 1.23 (t, J= 7.2 Hz, 3H), 2.65 (dd, /= 18.0 Hz, 6.8 Hz, 1H), 2.99 (dd, J = 17.6 Hz, 9.6
Hz, 1H), 3.51-3.57 (m, 1H), 3.82 (s, 3H), 4.16-4.29 (m, 2H), 4.68 (d, J = 5.6 Hz, 1H), 6.93 (d, J
= 8.8 Hz, 2H), 7.39-7.47 (m, 4H), 7.55 (t, J = 7.2 Hz, 1H), 7.85 (d, J = 7.2 Hz, 2H), 8.42 (bs,
1H); "*C NMR (100 MHz, CDCl3) 6 = 172.6, 171.0, 166.0, 159.1, 133.5, 132.6, 131.4, 128.8,
128.2, 127.5, 114.5, 67.5, 61.9, 55.3, 39.9, 36.8, 21.8, 14.2; HRMS(ESI) calcd for Cp1H23N205
(M+H)": 383.1607, Found: 383.1608; 97:3 e.r. as determined by HPLC [Chiraice! 1A, 70 : 20 : 10
hexanes/(hexanes:i—PrOH:CH3OH = 90:5:5)/i-PrOH, 0.7 mL/min)], t. (major) = 82.2 min, t;

(minor) = 73.0 min,

Ph\(o 0
HN<

£100¢ O

79 EXAMPLE 51: (2R,3S)-ethyl1-benzamido-3-(naphthalen-1-yi)-5-

oxopyrrolidine-2-carboxylate: yellow oil; [a}p © (¢ 2.08, CH,Cl3) = - 11.1°; 'H NMR (400 MHz,
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CDCl3) 6 =1.15 (4, J=72Hz, 3H), 2.79(dd, J = 17.2 Hz, 5.6 Hz, 1H), 3.21 (dd, J=17.6 Hz, 5.6
Hz, 1H), 4.16~4.26 (m, 2H), 4.43-4.48 (m, 1H), 5.02 (d, J = 4.8 Hz, 1H), 7.44 (t, J = 7.6 Hz, 2H),
7.52-7.61 (m, 4H), 7.83-7.94 (m, 5H), 8.11 (d, J = 8.4 Hz, 1H), 8.70 (bs, 1H); *C NMR (100
MHz, CDCl3) 6 = 172.8, 171.3, 166.2, 136.8, 134.1, 132.6, 131.4, 130.9, 129.3, 128.7, 128.3,
127.6, 126.6,' 126.0, 125.8, 1226, 66.4, 62.1, 36.3, 14.0; HRMS(ES!) calcd for
Cz4H23N204(M+H)+: 403.1658, Found: 403.1659; 97:3 e.r. as determined by HPLC [Chiralcel IA,
90 : 10 hexanes/i-PrOH, 0.7 th/min)], t:(major) = 93.4 min, t,(minor) = 78.9 min.

Ph O
O

ANy

Et00C”

= EXAMPLE 521  (2R,3R)-ethyl  1-benzamido-3-(furan-2-yl)-5-
oxopyrrolidine-2-carboxylate: colorless oil; [a]o 2 (¢ 1.55, CH,Clz) = - 40.8%; 'H NMR (400

7h ©

MHz, CDCl3) 6 = 1.26 (t, J = 7.2 Hz, 3H), 2.80-2.95 (m, 2H), 3.74 (dd, J = 15.2 Hz, 7.2 Hz, 1H),

4.19-4.31 (m, 2H), 4.80 (d, J = 6.4 Hz, 1H), 6.36-6.39 (m, 2H), 7.43 (t, J = 7.6 Hz, 3H), 7.53 (,
J=7.6Hz, 1H), 7.83 (d, J = 7.6 Hz, 2H), 8.48 (bs, 1H); "*C NMR (100 MHz, CDCl3) 8 = 172.1,
170.4, 165.8, 152.5, 142.4, 132.6, 131.3, 128.7, 127.5, 110.6, 106.8, 64.7, 62.1, 34.4, 33.6,
14.1, HRMS(ESI) calcd for CigHigNOs(M+H)": 343.1294, . Found: 343.1295; 95:5 er. as
determined .by HPLC [Chiralcel IA, 70 : 20 : 10 hexanes/(hexanes:i-PrOH:CH;OH = 90:5:5)/i-
PrOH, 0.7 mL/min)], t-(major) = 63.7 min, t.(minor) = 56.4 min.

Ph\‘//o 0
HN<

Ti - OMe EXAMPLE 53: (2R,3S)-ethyl1-benzamido-3-(3-(cyclopentyloxy)-4-
met_hoxyphenyl)-s-oxopyrrolidine-2-carbo'xylate: yellow oil; [a]p % (c 0.63, CH,Clp) = -66.3"
'H NMR (400 MHz, CDCl5) 8= 1.24 (t, J = 7.2 Hz, 3H), 1.61-1.63 (m, 2H), 1.86-2.02 (m, 6H),
2.63(dd, J = 17.2 Hz, 6.0 Hz, 1H), 2.99 (dd, J = 17.2, 6.0 Hz, 1H), 3.48-3.53 (m, 1H), 3.85 (s,
3H), 4.18-4.29 (m, 2H), 4.69 (d, J = 4.8 Hz, 1H), 4.90-4.92 (m, 1H), 6.86 (d, J = 8.0 Hz, 1H),
6.96 (d, J = 8.0 Hz, 1H), 7.06 (s, 1H), 7.46 (t, J= 7.6 Hz, 2H), 7.56 (t, J = 7.6 Hz, 1H), 7.84 (d, J
= 7.2 Hz, 2H), 8.28 (bs, 1H); "*C NMR (100 MHz, CDCl;) & = 173.1, 171.0, 166.1, 150.7, 147.3,
134.2, 132.5, 128.6, 127.6, 119.3, 115.1, 110.7, 80.6, 67.5, 51.9, 56.4, 40.2, 36.9, 32.9, 241,
14.2,; HRMS(ESI) caled for CaeHazN,Og (M+H): 467.2182, Found: 467.2813; 96:4 e.r. as
determined by HPLC (Chiralcel 1A, 93:7 hexanes/i-PrOH, 0.7 mL/min), t, (major) = 94.6 min, t
(minor) = 73.1 min. : '
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c
o .
\©Y 0

HN.
HN

Eooc” %, |
7j EXAMPLE 54: (2R,3S)-ethyl1-(4-chlorobenzamido)-5-0xo0-3-

phenylpyrrolidine-2-carboxylate: white solid, frans: cis = 7: 1, 70% vyield of both isomers, {a]p
2 (¢ 1.25, CH,Cl,) = - 26.8°. "H NMR (400 MHz, CDCls) 6 = 1.22 (t, J = 7.2 Hz, 3H), 2.72 (dd, J
= 17.6 Hz, 6.8 Hz, 1H), 3.09 (dd, J = 17.6 Hz, 9.6 Hz, 1H), 3.59-3.64 (m, 1H), 4.15-4.28 (m,
2H), 4.70 (d, J = 5.6 Hz, 1H), 7.32-7.48 (m, TH), 7.77 (d, J = 8.8 Hz, 2H), 9.19 (bs, 1H); °C
NMR (100 MHz, CDCl3) 8§ = 173.4, 170.8, 164.9, 141.2, 129.2, 129.0, 128.9, 127.8, 127.2, 67.3,
61.9, 40.6, 36.8, 14.1; HRMS(ESI) calcd for CaoHzoN204CI(M+H)™: 387.1112, Found: 387.1111;

96:4 e.r. as determined by HPLC [Chiralcel 1A, 73 : 20 : 7 hexanes/(hexanes:i-PrOH:CH;0H =

90:5:5)/i-PrOH, 0.7 mL/min)], t.(major) = 125.9 min, t.(minor) = 100.0 min.

F
0}
0
HN‘N
Zelo : |
7k EXAMPLE 55: (2R,3S)-ethyl 1-(4-fluorobenzamido)-5-o0xo0-~3-

phenyipyrrolidine-2-carboxylate: White solid, trans: cis = 5: 1, 61% yield of both isomers;
[ao™(c 1.0, CHCl3 )= -59.6 ; 'H NMR (400 MHz, ‘CDCIB) J 9.19 (s, 1H), 7.89-7.86 (m, 2H),
7.50~7.40 (m, 4H), 7.35-7.27 (m, 1H), 7.09-7.01 (m, 2H), 4.72 (d, J = 5.6 Hz, 1H), 4.36-4.10
(m, 2H), 3.65-3.60 (m, 1H), 3.10 (dd, J = 17.6, 10.0 Hz, 1H), 2.93 (dd, J = 17.2, 6.4 Hz, 1H),
1.22 (t, J = 7.2, 3H); °C NMR (100 MHz, CDCly) 6 173.6, 171.0, 166.8, 165.0, 164.3, 141.5,
130.3 (d, J = 9.0 Hz), 129.3, 128.0, 127.5 (d, J = 13.0 Hz), 116.0 (d, J = 22.0 Hz), 69.6, 62.1,
40.8, 37.0. 14.3; HRMS for CyHyoN20O4 [M+1]" Calculated: 371.1407, Found: 371.1398; 96:4
e.r. as determined by HPLC ([Chiralcel 1A, 75 : 20 : 5§ hexanes/(hexanes:i-PrOH:CH;OH =
90:5:5)/i-PrOH, 0.7 mL/min)]; t,(major) = 146.8 min, t,(minor) = 111.6 min.

Br
N.
H '\é
Et00C

7 Ph EXAMPLE 56: (2R,3S)-ethyl 1-(3-bromobenzamido)-5-0x0-3-
phenylpyrrolidine-2-carboxylate: White solid, trans: cis = 5: 1, 59% yield of both isomers; [a]p
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% (¢ 1.1, CHCly) =-453, "H NMR (400 MHz, CDCl3) § 9.09 (s, 1H), 7.97 (s, 1H), 7.77 (d, J =
8.0Hz, 1H), 7.65(d, J= 84 Hz, 1H), 7.47(d, J= 7.6 Hz, 2H), 7.40 (t, J = 7.6 Hz, 2H), 7.34-
7.26 (m; 2H), 471 (d, J=5.6 Hz, 1H), 4.31-4.09 (m, 2H),"3.63—3.58 (m, 1H), 3.06 (dd, J = 17.2,
9.6 Hz, 1H), 2.70 (dd, J=17.6, 6.8 Hz, 1H), 1.22 (t, J = 7.2, 3H); "*C NMR (100 MHz, CDCl3) &
173.3,171.0, 164.7, 141.5, 135.6, 133.2, 131.1, 130.4, 129.3, 127.9, 127.4, 126.2, 123.1, 67 .4,
62.2, 40.8, 36.9, 14.3; HRMS for CzH2oN204Br [M+1]" Calculated: 431.0606, Found: 431.0609;
HPLC énalysisi 96:4 e.r. as determined by HPLC [Chiralcel {A, 75 : 20 : 5 hexanes/(hexanes:i- |
PrOH:CH3OH = 90:5:5)/i-PrOH,‘0.7 mbL/min}}, t,(major) = 47.4 min, t.(minor) = 52.9 min.

MeQ
_0
0
HN.
N
Eooc” V. |
m EXAMPLE 57: (2R,3S)-ethyl 1-(4-methoxybenzamido)-5-0x0-3-

phenylpyrrolidine-2-carboxylate: White solid, trans: cis = 5: 1, 70% yield of both isomers; [alp
2 (¢ 0.3, CHCl3) = - 58.3; "H NMR (400 MHz, CDCls) & 8.44 (s, 1H), 7.81-7.79 (m, 2H), 7.47 (d,

~J=7.6Hz, 2H), 7.39 (t, J = 7.2 Hz, 2H), 7.32-7.25 (m, 1H), 6.93-6.88 (m, 2H), 4.71 (d, J = 5.6

Hz, 1H), 4.29-4.10 (m, 2H), 3.84 (s, 3H), 3.59~3.54 (m, 1H), 3.02 (dd, J = 17.6, 10.0 Hz, 1H),

2.67 (dd, J = 17.6, 6.8 Hz, 1H), 1.20 (t, J = 7.2, 3H); "°C NMR (100 MHz, CDCl;) § 173.0, 171.2,

165.8, 163.3, 141.7, 129.7,.129.3, 127.9, 127 .4, 123.8, 114.2, 67.5, 62.1, 55.7, 40.8, 37.0, 14.4;
HRMS for CpHa3N,05 [M+'1]+ Calculated: 383.1607, Found: 383.1637; HPLC analysis: 97:3

e.r. as determined by HPLC [Chiralcel 1A, 65 : 30 : 5 hexanes/(hexanes:-PrOH:CH;OH = .
90:5:5)/i-PrOH, 0.7 mL/min)], t,(major) = 96.6 min, t.(minor) = 103.0 min. '

Br
0]
o)
HN.
N
ooc” \,
7n EXAMPLE 58: (2R,3S)-ethyl 1-(4-bromobenzamido)-5-0xo-3-

phenyipyrrolidine-2-carboxylate: White solid, trans: cis = 5: 1, 65% yield of both isomers; [a]p
% (c 0.2, CHCI3) = - 10; 'H NMR (400 MHz, CDCl3) 6 8.91 (s, 1H), 7.68 (d, J = 8.4 Hz, 2H), 7.53
(d, J = 8.4 Hz, 2H), 7.46 (d, J = 7.6 Hz, 2H), 7.39-7.25 (m, 3H), 4.69 (d, J = 5.6 Hz, 1H), 4.29-

4.10 (m, 2H), 3.62-3.56 (m, 1H), 3.05 (dd, J = 17.6, 9.6 Hz, 1H), 2.69 (dd, J = 17.6, 6.4 Hz, 1H),

1.21 (t, J = 7.2, 3H); °C NMR (100 MHz, CDCl3) § 173.2, 171.0, 165.3, 141.5, 132.2, 130.2,
129.4, 129.3, 128.0, 127.7, 127.4, 67.5, 62.2, 40.8, 36.9, 14.3; HRMS for CxHzoN-0,Br [M+1]*
Calculated: 431.0606, Found: 431.0626; 95:5 e.r. as determined by HPLC [Chiralcel IA, 65 : 30
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: 5 hexanes/(hexanes:i-PrOH:CH;OH = 90:5:5)/i-PrOH, 0.7 mL/min)], t. (major) = 66.1 min, t,

(minor) = 60.0 min.

(o

0]
HN.
N
Eooc” V.
7o EXAMPLE 59: (2R,3S)-ethyl 1-(1-naphthamido)-5-0x0-3-

phenylpyrrolidine-2-carboxylate: White solid, frans: cis = 6: 1, 71% yield of both isomers; [a]p
23 (¢ 0.9, CHCl3) = - 15; 'H NMR (400 MHz, CDCl3) & 8.48 (d, J = 8.0 Hz, 1H), 8.00 (d, J = 8.0
Hz, 1H), 7.90 (d, J= 7.6 Hz, 1H), 7.79 (d, J = 6.8 Hz 1H), 7.62-7.41 (m, 7H), 7.36- 7.34 (m, 1H),
4.85(d, J = 5.6 Hz, 1H), 4.29-4.18 (m, 2H), 3.65-3.59 (m, 2H), 3.03 (dd, J = 17.6, 8.0 Hz, 1H),
2.74 (dd, J = 17.6, 6.8 Hz, 1H), 1.24 (t, J = 7.2 Hz, 3H); "°C NMR (mixture of both isomers, 100
MHz, CDCl3) 6 172.6, 171.1, 168.3, 141.5, 133.9, 132.1, 130.7, 130.5, 129.4, 128.7, 128.6,
128.0, 127.8, 127.4, 127.0, 126.4, 125.5, 125.2, 124.8, 124.7, 67.5, 62.2, 62.0, 40.9, 36.9. 14.4;
HRMS for CasH23N,04 [M+1]" Calculated: 403.1658, Found: 403.1643; 95:5 e.r. as determined
by HPLC [Chiralcel 1A, 75 : 20 : 5 hexanes/(hexanes:i-PrOH;CH,OH = 90:5:5)/i-PrOH, 0.7
mUmin)], t,(major) = 107.2 min, t, (minor) = 120.6 min,

O
HN

EtOoOC"

8c Cl EXAMPLE 60: (2R,3S)-ethyl 3-(4-chlorophenyl)-5-oxopyrrolidine-2-
carboxylate: yellow oil; [a]o 2 (c 0.67, CH,Cl,) = - 66.6°; 'H NMR (400 MHz, CDCls) & = 1.27 (¢,
J = 7.2 Hz, 3H), 2.49 (dd, J = 17.6 Hz, 6.8 Hz, 1H), 2.86 (dd, J = 17.2, 9.6 Hz, 1H), 3.68-3.74
(m, 1H), 4.17-4.27 (m, 3H), 6.14 (bs, 1H), 7.23 (d, J = 8.0 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H); "°C
NMR (100 MHz, CDCls) 6 = 176.6, 171.1, 140.3, 133.3, 129.2, 128.4, 62.9, 61.9, 43.3, 38.0,
14.1; HRMS(ES!) caled for Cy3H15NO5Cl (M+H)": 268.0740, Found: 268.0743; 96:4 e.r. as
determined by HPLC [Chiralcel 1B, 95 : 5 hexanes/i-PrOH, 0.7 mL/min)], t. (major) = 60.4 min, t,

(minor) = 53.8 min.
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0
NN
£100C" : Q
g
7i-2

OMe EXAMPLE 61: (2R,3S)-ethyl3-(3-(cyclopentyloxy)-4-‘methoxyphenyl)-
5-oxopyrrolidine-2-carboxylate: yellow oil; [a]p ® (¢ 1.42, CH,Cl;) = -38.2% "H NMR (400
MHz, CDCl3) 8 = 1.27 (d, J = 7.2 Hz, 3H), 1.60-1.66 (m, 2H), 1.81-1.92 (m, 6H), 2.51 (dd, J =

- 17.2 Hz, 6.4 Hz, 1H), 2.84 (dd, J = 17.2, 6.4 Hz, 1H), 3.62-3.68 (m, 1H), 3.84 (s, 3H), 4.184.27

(m, 3H), 4.75-4.78 (m, 1H), 6.17 (bs, 1H), 6.80-6.85 (m, 3H); '*C NMR (100 MHz, CDCly) § =
176.4, 171.3, 149.5, 148.0, 134.3, 119.0, 113.8, 112.3, 80.6, 63.1, 61.8, 56.1, 43.5, 37.9, 32.8,

24.0, 14.2; HRMS(ESI) caled for CigHeNOs (M+H)+'.:348.1811, Found: 348.1813; 96:4 e.r. as

determined by HPLC [Chiralcel 1A, 90 : 10 hexanes /i-PrOH, 0.7 mL/min)], t,(major) = 28.2 min,

t,(minor) = 24.6 min.

eyl

7i-3 . OMe EXAMPLE 62: . (4S,5R)-4-(3-(cyclopentyloxy)-4-methoxyphenyl)-5-
(hydroxymethyl)pyrrolldln-2-one: colorless oil; [alp % (¢ 0.52, CH,Clp) = -14.6°; "H NMR (400
MHz, CDCls) 6 =1.59 (dd, J = 7.0, 5.1 Hz, 2H), 2.02-1.69 (m, 6H), 2.53 (dd, J = 17.2, 8.8 Hz,
1H), 2.77 (dd, J = 17.2, 9.3 Hz, 1H), 3.36~3.12 (m, 1H), 3.50-3.55 (m, 1H), 3.76 (d, J = 7.3 Hz,
2H), 3.81 (s, 3H), 4.14 (brs, 1H), 4.76 (dd, J = 5.9, 2.7 Hz, 1H), 6.86 — 6.60 (m, 3H), 7.46 (brs,
1H), *C NMR (100 MHz, CDCls) 6 = 24.0, 32.79, 32.82, 39.4, 42.0, 56.2, 64.0, 64.4, 80.6,
112.3, 114.3, 119.3, 133.9, 147.9, 149.3, 178.0; HRMS(ESI) calcd for Cy7HNO, (M+H)":

 306.1705, Found: 306.1705.

0
Boc\N
OH o
8i OMe

EXAMPLE 63: (2R, 35)-tert-buty|3-(3 (cyclopentyloxy)-4
methoxypheny})-2- (hydroxymethyl) 5-oxopyrrolidine-1-carboxylate: coloriess oil; [a]D (c

0.4, CH,Cly) = -8.5°; 'H NMR (500 MHz, CDCl3) & = 1.48 (s, 9H), 1.60—1.63 (m, 2H), 1.82~1.94
(m, 6H), 2.53 (dd, J = 17.3, 9.0 Hz, 1H), 2.79(dd, J = 17.3, 9.3 Hz, 1H), 3.22 (dd, J = 16.5, 9.0
Hz, 1H), 3.83 (s, 3H), 3.85-3.87 (m, 1H), 3.94 (dd, J = 11.0, 6.0 Hz, 1H), 4.25 (dd, J = 11.5, 3.0
Hz, 1H), 4.76—4.78 (m, 1H), 6.77 (dd, J = 12.0, 2.0 Hz, 2H), 6.82 (d, J = 8.5 Hz, 1H); *CNMR
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(125Hz, CDCl,): 6 = 24.0, 27.7, 32.8, 38.7, 42.6, 56.1, 60.8, 68.0, 80.6, 82.9, 112.3, 113.9,
119.3, 133.1, 148.1, 149.5, 153.3, 176.2; HRMS(ESI) calcd for CyH3,NOg (M+H)": 406.2230,
Found: 406.2236. 96:4 e.r. as determined by HPLC [Chiralcel IA, 90 : 10 hexanes /i-PrOH, 0.7

mi/min)), t.(major) = 15.7 min, t.(minor) = 11.3 min.

© [077} While particular preferred and alternative embodiments of the present invention have

been disclosed, it will be apparent to one of ordinary skill in the art that many various
modifications and extensions of the above described technology may be implemented using the
teaching of this invention described herein. All such modifications and extensions are intended
to be included within the true spirit and scope of the invention as discussed in the éppended

claims.
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CLAIMS

1. Method for synthesizing a compound of Fo_rmula -

B O
: Q)
(RonJ\/LLNHC@
(RZ)n

"~ wherein

is a single or a double bond, wherein if it is a double bond nis 1 and if it

is-a single bond nis 2;

each | Ry and R; is independently selected from the group consisting of
hydrogen, halogen, -OH, -OOH, -NH,, -NO, -ONO, -CHO, -CN, -CNOH, -COOH, -SH,
-OSH, -CSSH, -SCN, -SOZOH,_ -CONHy, -NH-NH,, -NC, -CSH, or any prganic n‘ioiety;

B is an electrophilic group; and

NHC" is
Rs
\ff\'rN\N
@AN-7
Rj i
4 ’
comprising:
(i activating a compound of Formula (1) i}
H O
)
R~ Y LG
. '(R2)n
wherein

LG is a leaving group;
by reacting said compound of Formula () with a compound of Formula (lll) in the

presence of a base

R N
RN~/
3 .*
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wherein

Rs;, R4, and Rs are independently from each other selected from the group
consisting of hydrogen, halogen, -OH, -OOH, -NH,, -NO,, -ONO,, -CHO, -CN, -CNOH, -
COOH, -SH, -OSH, -CSSH, -SCN, -SO,0H, -CONH,, -NH-NH,, -NC, -CSH, or any
organic moiety;
to obtain a compound of Formuia (IV)

ON_s (Iv)
/
R
* Ry
and
(ii) reacting the compound of Formula (IV) with an electrophile to obtain the

compound of Formula (1).

Method according to claim 1, wherein the orga‘nic moiety is independently selected from
the group consisting of linear or branched, substituted or unsubstituted C;-C alkyl;
linear or branched, substituted or unsubstituted alkenyl with 2 to x carbon atoms; linear
or branched, substituted or unsubstituted alkinyl with 2 to x carbon atoms; linear or
branched, substituted or unsubstituted alkoxy'with 1 to x carbon atoms; substituted or
unsubstituted cycloalkyl with 3 to x carbon atoms; substituted or unsubstituted
cycloalkenyl with 3 to x carbon atoms; substituted or unsubstituted aryl with 6 to x

_carbon atoms; and substituted or unsubstituted heteroaryl with 3 to x carbon atoms; with

x being any integer of 2 or more, preferably up to 50, more preferabl'y up to 30.
Method according to claim'1 or 2,' wherein R; and R, combine to form together with the
carbon atoms to which they are attached a substituted or unsubstituted 5- to 40-

membered cycloaikyl, cycloalkenyl, heteroalicyclic, aryl, or heteroaryl ring.

Method according to claim 3, wherein compound of Formula (llt) is a compound of

~ Formula (V)
=N,
N "R5
N
~ )
Rs
wherein

Re is hydrogen, halogen, -OH, -O0OH, -NH,, -NO,, -ONO,, -CHO, -CN, -CNOH, -
COOH, -8H, -OSH, -CSSH, -SCN, -SO,0H, -CONH,, -NH-NH,, -NC, -CSH, or any

organic moiety.
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Method accdrding to claim 4, wherein Rg is selected from the group consistihg of
substituted or unsubstituted, linear or branched alkyl with 1 to 20 carbon atoms;
substituted or_ unsubstituted, linear or branched alkenyi with 1 to 20 carbon atoms;

~ substituted or unsubstituted cycloalkyl with 5 to 20 carbon atoms; substituted or

unsubstituted cycloalkenyl with 5 to 20 carbon atoms; substituted or unsubstituted aryl
with 5 to 14 carbon atoms; and substituted or unsubstituted heteroaryl with 5 to 14

carbon atoms.

Method according to claim 5, wherein R; is selected from the group consisting of -iso-
Pr, -tert-Bu, -CH,Ph, -CHs-iso-Pr, and -CH»-tert-Bu.

Method according to claim 6, wherein Ry is selected from the group consisting of -CH,-

: tért-Bu and -CHj-iso-Pr.

Method according any one of claims 4 to 7, wherein Rs is a substituted or unsubstituted

aryl.

Method according to claim 8, wherein Rs is selected from the group consisting of phenyl

and mesitylene.
Method according to claim 9, wherein Rs is phenyl.

Method according to any one of claims 4 to 10, wherein the c6mpound of Formula (V) is

selected from the group consisting of

</\|/ ‘N-Mes

t—Bu
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12. Method according to any one of claims 1 to 11, wherein the compound of Formula (ill)
~or (V) is synthesized from a compound of Formula (V1) ‘

Re—=N @
Y N-Rsg (V1)

N
R S)
3 X
. wherein
X is any anion.

13. Method according to claim 12, wherein X is selected from the group consistingbf F, Cr,
10 ' Br, I', BF,, OTf, and acetate.

14. Method according to claim 12 or 13, wherem the compound of Formula (VI) is a

compound of Formula (Vi)
/N\ @
N- @5 (VI
X .
Re

15

15. Method according to any one of claims 12 to 14, wherein the compound of Formula (VHI)

is selected from the group consisting of '
O/ N— Ph Cr N~ Mes ~
N
N | N = h /N‘N®Ph
. @ L@ ‘ N-P -
_N-Ph ~ N-Ph N7 o N7 ©
X
20 P X el . Ph . NPy ,
N ® |
N—Ph
N ©
X
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19.

20.

21.

22.

23.

24.

25.
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‘Method according to any one of claims 1 to 15, wherein the compound of Formula (Jil)
. or Formula (V) according to any one of claims 1 to 11 is generated in situ from a

compound according to claims 12 to 15.

Method according to any one of claims 1 to 16, wherein the Vleaving grdup is selected
from the group consisting of hydrogen, halogen, -N,’, -OR,", -OS0,C4Fg, -OSO,CF;, -
OSO.F, -OTs, -OMs, -OH,", -OHR", -ONO,, -OPO(OH),, -SR,, -NR;, -OCOR, -NH,",

and -0O-CgH4-para-NO,, and R can be any organic residue.
Method according to claim 17, wherein the leaving group is -O-CgH4-para-NO,.

Method according to claims 1 to 18, wherein the method is carried out in a solvent
selected from the group consisting of fert-Butanol, toluene, THF, CHiCN, CH,Cl,,

dioxane, ethyl acetate, and mixtures thereof.

Method according to any one of claims 1 to 19, wherein the base is present in an

amount of 100 to 300 mol-% based on the total amount of the compound of Formula (i).

Method according to claim 20, wherein the base is present in an amount of 115 to 250

mol-% based on the total amount of the compound of Formula (1).

Method according to claim 20 or 21, wherein the base is present in an amount of 130 to
200 mol-% based on the total amount of the compound of Formula (1).

Method according to any one of claims 20 to 22, wherein the base is present in an

amount of about 150 mol-% based on the total amount of the compound of Formula (1).

Method according to any one of claims 1 to 23, wherein the electrophile is selected from
the group consisting of F,, Cly, Bry, |y, alkyl-LG, alkenyl-LG, alkoxy-LG, acyl-LG, aryl-
LG, heteroaryl-LG, hydrazone, and a carbonyl compound, wherein LG is a leaving

group.

Method according to claim 24, wherein the electrophile is selected from the group of
optionally a,ﬂ-unéaturated, linear or branched, substituted or unsubstituted ketone;
optionally a,8-unsaturated, linear or branched, substituted or unsubstituted aldehyde;
optionally a,f-unsaturated, linear or branched, substituted or unsubstituted esters;
optionally a,B-unsaturated, linear or branched, substituted or unsubstituted
trifluoroketone; optionally a,8-unsaturated, linear or branched, substituted or

unsubstituted carboxamide; optionally a,8-unsaturated, linear or branched, substituted
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26.

27.

28.

29.

30.

.

32.

33.

34.

35.

or unsubstituted amide; optionally a,B-unsaturated, linear or branched, substituted or
unsubstituted nitrile; and optionally a,8-unsaturated, linear or branched, substituted or

unsubstituted hydrazone.

.Method accordihg to claim 24 or 25, wherein the electrophile is selected from the group

consisting of a,B-unsaturated, linear or branched, substituted or unsubstituted ketone,

trifiluoroketone, and hydrazone.

Method according to any one of claims 1 to 26, wherein the base contains one or more

nitrogen atom(s).

Meth'od aCcording to claim 27, wherein the base is selected from the group consisting of’
pyrrolidine; N(CHs)s; N(CH,CHa)s; (iso-Propyl).NH; 2,2,6,6-Tetramethyl-1-piperidin; LDA
(Lithium diisop_ropylamid); LHMDS (Lithium bis(trimethylsilyl)amide); LTMP (Lithium

tetramethylpiperidide); and 4-aminopyridine.

Method according to claim 27, wherein the base is an amidine.

Method according to claim 29, wherein the amidine is selected from the group
consisting of DBU (1,8-Diazabicycio[5.4.0}lundec-7-en), DBN (1,5-
Diazobicyclo[3.4.0]non-5-ene); and DABCO (1,4-Diazobicyclo[2.2.2]octan).

Method according to claim 27, wherein the base is a phosphazine.

Method according to claim 31, wherein the phosphazine is selected from the group
consisting of Pj-tert-Bu-tris(tetramethylene);  2-tert-Butylimino-2-diethylamino-1,3-

dimethylperhydro-1,3,2-diazaphosphorine; and 1-Ethyl-2,2,4,4,4-

pentakis(dimethylamino)-2A°,4A°-catenadi(phosphazene). ‘ v

Method according to any one of claims 1 to 32, wherein the reaction temperature of
steps (i) and (ii) is from 0 °C to 85 °C.

Method according to claim 33, wherein the reaction temperature of steps (i) and (i) is
from 15 °C to 55 °C.

Method according to claim 33 or 34, wherein the reaction temperature of steps (i) and
(i) is about 25 °C.
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Method according to any one of claims 1 to 35, wherein the reaction time is from 0.1

hours to 72 hours.
Method according to claim 36, wherein the reaction time is from 1 hour to 48 hours.

Method according to claim 36 or 37, wherein the reaction time is from 5 hours to 36

hours.

Methad according to any one of claims 36 to 38, wherein the reaction time is about 24

hours.

Method according to any one of claims 1 to 39, wherein a molecular sieve is present

" during the reaction.

Method according to claim 40, wherein the molecular sieve has apertures of a size of

approximately 4 A.

Method according to any one of claims 1 to 41, wherein the méthod comprises further
reaction steps selected from catalyst regeneration, michael reaction, aldol reaction,

lactonization, and/or decarboxylation.

Compound of Formula (VI)

R4 /N\ ®

Y N—Rsg (Vh
RN~

3 X

or Formula (V1)

/N\ @
N-R
N7 @5 (Vil)
X ' .
Rg |

wherein Ri, Ry, Rs, and Rg are independently from each other selected from the
group consisting of hydrogen, halogen, -OH, -OOH, -NH,, -NO,, -ONO,, -CHO, -CN, -
CNOH, -COOH, -SH, -OSH, -CSSH, -SCN, -S0,0H, -CONH;, -NH-NH,, -NC, -CSH, or
any organic moiety; and

X is any anion.
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Compound according to claim 43, wherein the compound is selected from the group

consisting of

=N @ N @ ' /N‘Nci)Ph
X
X ; X i-Pr ;
/N\ @ /N\ @ /N\ @
_N N—Ph N-Ph N—Ph
\N@—)Ph N © Nz © N @)
N © X X X
t-B X - Ph - I-Pr and (-Bu

wherein

X is any anion.

Compound of claim 43 or 44, wherein X is selected from the group consisting of F’, Cl’,
Br, I, BF4, OTf, and acetate.

Use of a compound of Formuia (V1) and (V1) according to any one of claims 43 to 45 for

activating a compound of Formula (i1)

H O
D)
Ry~ Y LG

(R2)n

wherein

""" is a single or a double bond, wherein if it is a double bond n is 1 and if it

is a single bond nis 2;

each Ry and Ry Is independently selected from the group consisting of
hydrogen, halogen, -OH, -OOH, -NH,, -NO,, -ONO,, -CHO, -CN, -CNOH, -COOH, -SH,
-OSH, -CSSH, -SCN, -SO,0H, -CONHj;, -NH-NH,, -NC, -CSH, or any organic moiety;
and

LG is a leaving group.
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