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1. Introduction

As a subset of the spirocyclic oxindole family, omopyl
spirooxindoles constitute a privileged moleculachéitecture, as
they are prominent in a wide array of natural prdsluand
bioactive compounds.For example, this motif is present in
compounds that exhibit a diverse array of pharntagiodl
effects, including the inhibition of NNRT-HIV1, anticeer
activity, a treatment for diabetes and obesity, &adopressin
antagonists for the treatment of congestive heaiturg,
hyponatremia, and hypertension (Figure 2&).addition to their
biological significance, they are also syntheticallaluable
intermediates in the construction of larger spidicy
frameworks. For example, in 2000 and 2003 Carreind a
coworkers completed the total syntheses of horsfilend
spirotryprostatin B, respectively, through the Lew#xid-
me<13|iated ring expansion of a spirocyclopropyl owiled(Figure
1b):
pharmacophore, and in combination with the inheotwatlenge
of constructing the quaternary spirocyclic centan &
stereoselective fashion, the spirocyclopropyl omledcore has
inspired synthetic chemists to develop new strasegiard their
assembly and design derivatives in search of newodiaally
active small molecules. In recent decades, numerand
distinctly different approaches have been publisteedard the
construction of cyclopropyl spirooxindoles, compdsof both
transition metal-catalyzed and metal-free protatbis

In 2014, Kamal and Maurya reported a catalyst-free
cyclopropanation of electron deficient alkenes gsiathyl
diazoacetat®. Refluxing E-alkylidene oxindolesl with ethyl
diazoacetate2) in THF for 12 h resulted in the formation of
exclusively theanti-cyclopropane3 shown (Scheme 1). Several
other cyclopropanes were synthesized in excellendyi(>85%)
with comparable levels of diastereoselectivity. $itltson about
the oxindole ring was well tolerated, with no sigrafint change
in product yield regardless of the presence of &ct®n
donating or withdrawing group. Additionally, both allkgsters
and aryl ketone substituents on the oxindole alleyle
performed admirably in the formal [2+1]-cycloadditi The high
diastereoselectivity for this reaction is readilptionalized
through the alleviation of steric interactions ihet initial
conjugate addition of diazoest@rto the alkylidene inl. The
addition of diazo2 wherein the ester group orierdasti to the
carbonyl substituent on the alkylidene oxindoleTia-1 avoids

Owing to its recognition as a potent and valuablepe ynfavorable gauche interactions presenf$a2 that would

lead to thecis cyclopropane. Subsequent ring closure resulting
from displacement of the diazonium through an mtkecular
oxindole enolate addition provides the magoti-cyclopropane
diastereomer3 observed. In an attempt to broaden the
applicability of this methodology, the ester/arylogp of the
alkylidene was removed and replaced with an eleateriral
methyl group. Treatment of ethyl diazoacetate led the
anticipated anti-cyclopropane in 85% vyield as a single
stereoisomer. Interestingly, when JRDAc), was added to the

While many efficient and elegant methods toward the'€action mixture, the authors observed uniformiweo yields

transition  metal-catalyzed construction  of

cyclgpio

spirooxindoles exist,this review will focus on stereoselective,

metal-free strategies.
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Figure 1. Natural products inspired methods developmantSelected
biologically active cyclopropyl spirooxindoleb. Carreira’s Mgi mediated
ring expansion towards the total syntheses of hioesfand spirotryprostatin.

Specifically highlighted are those [2+1] strategthat employ
organocatalysts or stoichiometric organic-basedjaets’ The
cyclopropanation strategies herein are categorizgd the
following three reaction classifications: (1) mefade

cyclopropanations whereitiazo compounds are employed as the
[2+1] study wherein readily available and bench stablednahe salts

C1l component, (2) phosphorus-mediated, formal
cycloadditions, and (3) organocatalyzed cycloprapians.

2. Cyclopropanations Employing Diazo Compounds

Diazo compounds are frequently employed as singlboca
subunits in cycloadditions and cross coupling ieast These
indispensable reagents in organic synthesis hdeetiekly led
to the formation of new C-C and C=C bonds with adieeange
of coupling partners. The generation of a stahilioarbenoid
with transition metals such as Pd, Cu, Rh, Ni, Cal &rallows
for efficient and controlled catalytic reactivity wh is often
rendered stereoselective through the utilizatiorhofal ligands.
However, high levels of diastereoselectivity are ecable in the
absence of expensive and often air-sensitive tiansimetal
catalysts.

and more limited structural diversity.

/ N,CHCO,Et (2)

N

] o THF, reflux " {)\ % o
\ N
H

TS1-favored TS2-disfavored

Scheme 1Metal-free cyclopropanation of electron deficient
alkylidene oxindoles with ethyl diazoacetate.

In 2014, Maurya and coworkers expanded upon thigirad

8 were used in place of diazoesters to obtain theesponding
cyclopropanes (Scheme %)Formation of the corresponding
diazo compoundin situ from the hydrazone vyielded an
operationally simpler protocol with a more widely essible
substrate scope. The reaction of alkylidene oxiadblwith
hydrazone salt 8 proceeded smoothly to affordrans
cyclopropanes9 in excellent yields (75-88%). Addition of
benzyltriethylammonium chloride (BTEAC) increasee tield
of the reaction by improving the solubility of thgdrazone salt
under the reaction conditions. Mechanistically, the
transformation is proposed to proceed through éralif3+2]-
cycloaddition that leads to an intermediate pyrazol
Subsequent loss of nitrogen with an overall netateda of
relative stereochemistry yields the diastereombyicanriched
cyclopropane. Although not observed spectroscopical
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mechanism involving a pyrazoline intermediate isgistent with  maleimides as electron-deficient cyclic alkenegptovide the
other comparable metal-free cyclopropanatidnsN-Tosyl corresponding highly substituted cyclopropanes itekent
hydrazone salts of aromatic aldehydes bearingreleconating vyields (78-89%) and diastereoselectivities (>19:1r). d
and withdrawing groups behaved well under the reactioMuthusamy and coworkers reported a similar apprdackthe
conditions, while varying substitution patternsoadndole 7 did cyclopropanation of diazooxindole40 with either mono-
not significantly impact product yields. All examplewere substituted or 1,2-disubstituted styrene derivatitd to yield
obtained as diastereomerically pure compoutr@d®g) and were  aryl-substituted spirocyclopropyl oxindol&§ in the absence of a
screened against three cancer cell lines: Helai(egreancer), transition metal catalyst (Scheme'4)Their work expanded the
A-549 (Lung cancer), and DU-145 (prostate cancer)ti@Be previously established substrate scope to inclugieeree and
obtained, cyclopropane3a and 9b showed the most promising other heteroaromatic substituted alkenes with eswellields and

anticancer activity when compared against doxorabici diastereoselectivities. They were able to leverage hethod to
o o establish a convergent route toward derivativesyofopropanes
R R1J/,, with known HIV-1 non-nucleoside reverse transcriptasébitor

3 ties
p R properties.
Z l:§3/§N,NTsNa s A

RZy | o R2+ | l¢] H
N BTEAC (10 mol%) XN N, A
. [ 1 1 r
. PG THF/CHZCN (4:1), 50 °C o FC R o > ar 14 Ry % 5

16 examples, 75-88% yield N neat, 90 °C N
Rz
15

(0] (0] 10
Ph///o OMe /,, NO, 23 examples, 75-95% yield
“ MeO “ dr = 70:30 to 95:5

H H wly /)
9a, 87% 9,8% A YT Al N N
) o  OMe ©\ o
N N

1Cso (1M) of 10a and 10b against human cancer cell lines. N N N
e e
Compound Hela AS49 DU-145 80% yie;ds,?jr =92:8 82% yie;‘ds,?jr =94:6 88% yie?cfilr =96:4
9a 9.332 20.12 8.709 - =
Cle N Cle CS
9b 9.54 9.332 4.897 TN o \©\ o
Doxorubicin 1.77 2.57 1.381 N N
15d 15e
Scheme 2 Addition of hydrazone salts to alkylidene 85% yield, dr = 95:5 859% yield, dr = 94:6
oxindoles. Scheme 4 Diazooxindole cyclopropanation of styrenyl
derivatives.

In 2014, Reddy published an efficient metal-free
cyclopropanation of diazooxindoles with electron ideht
alkenes in the absence of solvent (Schem¥ Reactions of
diazooxindole10 with alkenesll, including acrylonitrile and
methyl vinyl ketone, produced cyclopropang® in 83-90%
yields but comparatively low diastereoselectivit{es = 1:1 to
3:1). The authors propose a mechanism that invadweitial
[3+2]-cycloaddition between the diazo compound aticeree
followed by a stereoretentive ring contraction dnivby the
expulsion of N. The selectivity of the reaction stems from a
diastereoselective 1,3-dipole cycloaddition wheresterics
between the electron withdrawing substituent on alkehand
the arene of diazooxindold0 are minimized. VariousN-
protecting groups on

Employing an oxidative strategy to tle situ generation of
diazo compounds from trifluoroethyl ammonium chderil6, Lu
and Xiao reported the cyclopropanation of alkylidemandoles?
via a similar cycloaddition/ring contraction sequer(&heme
5)1% Formation of the corresponding cyclopropanég
proceeded with exceptional diastereoselectivitys(5) in yields
ranging from 79-99%. Halogen substitution about dkéndole
ring was well tolerated, and provided a functionahdia for
further synthetic manipulations. This protocol walto for an
operationally simple, metal-free access to medilsinglevant
CFs-substituted cyclopropands, which previously required the
use of expensive transition metal complexes derivrn
rhodium, cobalt, and irofi. Incorporation of a CfFgroup onto
carbocyclic and heterocyclic scaffolds often leaolsmproved

H
Rt N> ~ewe 11 R N‘EEWG lipophilicity, binding selectivity,_and metabolidability when
: '>=o J \©\ ) compared to the non-GFsubstituted analodd. The authors
N, neat, 80 °C N, leveraged this method in the synthesis of the-sbstituted
10 12 cyclopropanel8a analog of a known HIV-1 NNRT inhibitor in
22 examples, 78 90% yield one step from commercially available materialsetestingly,
......................................................................................... during their optimization studies, the authors doé& unusual
anti EWG 1,3-H shift from the intermediate [3+_2]-cyc|oadduv_.\lhen
N, N,!“ N, 4 DABCO was used as the base to provide the-sibstituted
VEWG 11 Ny / “““ EwG splrop_yrazollne ox[nqlole 19. _ This observation prowdes
\ OTQ\N o —— y o] comphme.ntary reactivity, allowing for thPT syntheef_soxmdoles
R R bearing either a spirocyclopropane or spiropyrazoli
10 13 12 major isomer

Scheme 3Cyclopropanations of electron deficient alkenes
with diazooxindoles.

the diazooxindole, such a¢-benzyl, N-Boc, andN-allyl, as
well as bromo- and chloro-substituents at the CStipas were
well tolerated with no significant decrease in vyiela
diastereoselectivity. The reaction also proceedati Wiphenyl
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Scheme 5Incorporation of Ck-substituted spirooxindole
cyclopropanes.

biphilic carbene-like reactivity
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Scheme 7Formal [4+1]-cycloadditions between £and 1,2-
dicarbonyls.

He and Ashfeld in 2014 independently reported the
exploitation of the inherent biphilic reactivity af2-dicarbonyls
in the presence of phosphoramides in the synthesis
cyclopropyl spirooxindole§’ He and coworkers described the
efficient and diastereoselective cyclopropanatibn-&eto esters
26 or a-keto amides with P(NMg and an acyl alkylidene
oxindoles7/20 (Scheme 8§ The corresponding cyclopropanes
27 were obtained in moderate to high yields (40-99%) a
diastereoselectivities (dr = 5:1 to 20:1). The awthproposed
that the spirocyclic core is formed from a sequantbnjugate
addition/intramolecular 2 reaction, resulting in acis
orientation of the aryl rings across the cycloproparhe favored
cis configuration is due to the minimization of steiri¢eractions

Han and Chen reported a comparable approach toward tonveen the phosphonium cation and carbonyl oxydethe®

synthesis of cyclopropanes21l bearing difluoromethyl
substituents via the oxidativen situ generation of the
corresponding diazo compound derived from readitgilable
F,HCCH,NH, (Scheme 6)° The resulting difluoromethyl-

substituted cyclopropanezl are of medicinal relevance as the
acidic RC—H bond serves as a bioisostere of functional group

such as alcohols and thidfsThe biological relevance of the
products obtained was demonstrated through a preliyi
evaluation of their activity against human prostesmcer cells
(PC-3) and lung cancer cells (A549). While cyclomo@21b
showed comparable activity to cis-platin againstP@Csy: 25.7
UM vs 23.7 uM), several others exhibited moderattvigy,
thereby highlighting the potential of this scaffoldr the
development of new anticancer therapeutics.

R20,C
/1 o~
RZ—/ | 1. F,HC™ “NH,, 'BUONO, AcOH
X N CH,Cly, 70 °C, 10 min; then
R’ 20,1t 48 h
20 2. PhMe, 110 °C, 2 h

20 examples
60-99% yield, dr = 85:15 to 99:1

21a
92% yield, 89:11 d.r.

21b
99% yield, 87:13 d.r.

21c
99% yield, 85:15 d.r.

Scheme 6Installation of CHEsubstituted cyclopropanes.
3. Phosphorus-Mediated Cyclopropanations

One biphilic C1 carbene surrogate that has drawniderable
interest recently arises from the addition of a gpmrus(lil)
reagent to a 1,2-dicarbonyl compound. Since itsadisry in the
1960s, Kukhtin-Rameriz reactivity has become arnspehsable
tool in organic synthesis. The addition of a trérgl phosphorus
compound to a 1,2-dicarbongP results in the formation of a
penta-coordinate dioxaphosphorane addi®&twhich exists in
equilibrium with the corresponding phosphonium et®l24
(Scheme 7§/ The equilibrium shifts from the closed
phosphorane to the more reactive oxyphosphoniunaenwith
the use of sterically bulky ligands on phosphorusniore polar
solvents:™*® The biphilic reactivity of phosphorus addu@s
and 24 mirrors that of an acyl carben@5), which has been
leveraged in the assembly of highly substitutedapropanes.

oxindole in the subsequenty® displacement as shown in
transition state30". In an effort to evaluate the utility of this
method over conventional Rh(ll)-catalyzed cyclopmogtions,
the authors compared the cyclopropanation of elecfoor
alkenes with methyl phenyl diazo ester and,(RWAc),. Not
surprisingly, the reactions routinely produced eptex mixture
of products, indicating that the phosphorus-mediapproach
showed considerable promise to promote the cycl@maiion of
this challenging class of substrates.

EWG COEt
p Ar==__EWG
o] ;
= P(NMe,)s, CH,Cl % 4
L ] o+ (WMo, CH:Cle RZOZO
X N Ar” TCO,Et -78°C —» 1t N N
R1 R1
23: EWG = COR33 2 24 exi?nples-
*EWG = CO.R 40-99% yield, dr = 5:1 to 20:1
proposed mechanism: o MeO,C,
0 TR A
)]\ - > X OPL; +
Ph”” CO,Et Ph o)
26 28 OFt Mo 29
/;@ MeO,C. g H COEt
Me0,C -\ P LOPLs Ph CORE Ph=%—~CO,Me
7 “CO.Et = o |—
NFO TNMe! N °
Me O—Pés Me
30 30° 27

Scheme 8 P(NMe&)s-mediated alkylidene oxindole
cyclopropanations employingrketo esters.

Subsequently, work from our lab revealed that theeggtion
of dioxaphospholenes from 1,2-dicarbonyls and P(NMe
resulted in the efficient cyclopropanation of aBfalkylidene
oxindoles 31 without the need for an additional electron
withdrawing B-ester  substituent (Scheme '#). The
corresponding cyclopropane®2 were obtained in modest to
excellent yields and diastereoselectivities (u@8®). A variety
of functional groups substituting the oxindole @&eing were
well tolerated. In contrast to the diastereoseléts observed
by He and coworkers, the presence of-aryl substituent in
place of an alkyl ester on thealkylidene oxindole resulted in
formation of an epimeric major diastereon®2 wherein the
oxindole arene anfi-aryl groups reside in aanti-orientation of
the aryl rings across the cyclopropane. The sthial
outcome of the cyclopropanation proved heavily deleat on
the starting geometry of the alkylidene oxindoler Example,
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when the corresponding-alkylidene was employed, the major unsaturated este&d6 followed ring closure of the ester enolate
diastereomer was found to be #ym-cyclopropane with respect 40 via the indicated path. However, Lewis acid activation of the
to the 1,2-dicarbonyl aryl substituent and the aresf the cyano groups il promotes a second conjugate addition event

oxindole.

This complementary stereochemical outcome is likklg to
the chemoselectivity of the initial conjugate aidit of the
oxyphosphonium enolate to the alkylidene oxindble proposed
that in the presence of an alkylidefeester substituent that
nucleophilic attack occurs in a stereoselectivefashion to the
alkyl ester at C3 of the oxindole. In contrastyitiene oxindole
31 with an aryl substituent at*Rundergoes 1,4-addition at the
exocyclic B-position resulting in oxindole enolat@da34c via
the three most likely transition stat83a-G in which the initial

? CN EtO,C
: : ; 7 PPhs, PhMe, 60 °C
C-C bond formation event has a direct impact on thenz—<\lﬁr‘$:o"EtogcJ%VkCN3—> AN,
X N Rz—\l /=0
N

stereoselectivity of the cyclopropanation. Gaucheractions are
minimized in transition stat@3a and subsequent intermediate
34a compared to those present in transition st8&¥34b and
33d34¢ leading to a preferential formation of theans
cyclopropane2aover32b/c Minimization of unfavorable steric
interactions betweef@-alkylidene oxindole substituent and aryl

group on the 1,2-dicarbonyl appear to govern the
diastereoselectivity observed.
R3 gone
/ A — WwR3
7 o P(NMey)s, CH,Cl, %
R =0+, N o Zscan — P L ~©
A N Ar” “CO,Me -78°C >t X N,
R
32
19 examples:

40-99% yield, dr = 2:1 to 299:1

) MeOZC:_
Ar==_ R
favored Y
=0
[R] N
Me
®
32a major
MeO,C

disfavored
e — >

32b minor

MeO,C

disfavored

32c minor

Scheme 9P(NMe)s-mediated cyclopropanations @faryl
substituted alkylidenen oxindoles.
In 2017, Xu reported a
cyclopropanation between isati®s and electron deficient dienes
36 (Scheme 103° Xu and coworkers exploited the embedded
keto amide framework of isatin derivatives and caretiit with
an electron deficient alkene. A wide array of isatiwere
employed that provided the desired cyclopropa&iem good to
excellent yields (52-96%) and diastereoselectiwitenging from
6:1 to >20:1. However, it is notable that the cyctanation
event proved sensitive to varying electronic subtin patterns
across the electrophilic alker®s. For example, while electron
rich aryl substituents afforded products in higtelgs, the
corresponding electron poor aryl substitution undet
cyclopropanation in diminished yields. During optzation
studies, the authors noted that the addition oéexd.iCl led to
exclusive formation of cyclopenten®8 in good to excellent
yields. Cyclopropane37 is proposed to arise from an initial
conjugate addition of oxyphosphonium enol&@to the a,p-

H
triphenylphosphine-mediated@ﬁz/;o
N

by excess PRMhat then enables the resulting nitrile enol2¢o
undergo an intramolecular nucleophilic addition tie
spirocyclopropyl oxindole, with concomitant phosphon
cation displacement, to form the spirocyclpentemsihdole 43.
Alternatively, further stabilization of the allyl @m in 40 by the
Lewis acidic Li may promote a thermodynamically controlled
cyclopentane formation directly via pdih

CN

Ar%CN

Ar
36

R1

1
35 37 R
14 examples

52-96% yield, dr = 6:1 to 20:1

PPhg, LiCl, PhMe, 60 ‘C

Scheme 10PPh-mediated cyclopropanations employing
isatins.

The welwitindolinone alkaloids, known for their widengge of
biological activity, have challenged synthetic cligs for
decades in the construction of their highly functiized
tetracyclic scaffold, characterized by the bicydl8[1]decane
ring system. En route to 45 a precursor of N-
methylwelwitindolinone C isothiocyanate that bears ttatural
product’s entire carbon skeleton, Wood and coworkezated
enoate43 with isopropyl triphenylphoshorane and methyl iedid
to cleanly and selectively furnish cyclopropadgScheme 113
Saponification of the ester with LiOH followed by andic work
up provided the corresponding acid in 79% yieldrdeer steps.

PPh

Et0,C Et0,C_  Me
1. Me” "Me
THF,0°C - t Me 15 steps
2. Mel

N
Me

46
: N-methylwelwitindolinone ;
\ C isothiocyanate

Scheme 11Cyclopropanation of enoae towards the
synthesis o#i5.
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4. Organocatalyzed Cyclopropanations

The development of organocatalyzed reaction prese$sr
the synthesis of complex molecules continues taiberea of
interest and growth as more organocatalysts thatlentiae ready
generation of optically enriched small moleculestttdrapeutic
value become commercially availabfeAs a result, it is not
surprising that many groups have sought
enantioselective, organocatalyzed strategies #®rfahmation of
cyclopropyl oxindoles in an effort to avoid the us& more
expensive and potentially toxic chiral transitioetal complexes.
To that end, Shanmugam and coworkers demonstrate@0d6
the utility of isatin derived Morita-Baylis-Hillmaadducts47 to
undergo reductive cyclizations to provide spiroopcbpyl
oxindoles50 (Scheme 123 Addition of methyl acrylate tiN-
methyl isatin in the presence of catalytic DABCO relilin
formation of allyl alcohol47, which underwent ionization and
subsequent netyd" bromination in the presence of HBr to give
alkylidene oxindolet8 as a mixture oZ/E isomers in a 2:1 ratio.
Treatment of this mixture with NaBHbrovided cyclopropang0,
alsoin a 2:1 ratio of diastereomers. The diastereoteigc of
the reductive cyclization event proved indepenaénie starting
olefin geometry of48 The observation that the same ratio of
cyclopropane diastereomers was produced regardfessioh
alkene isomer was subjected to the reductive cyabizavould
indicated the common mechanistic intermed#eThis method
effectively promoted cyclopropane formation in diag yields
(86-98%) from N-benzyl and N-propargyl isatins and
acrylonitrile Morita-Baylis-Hillman adducts of isatiHowever, a
notable limitation of this strategy is the relianoe the use of
isatin derivatives to provide the correspondinglaympanes as
Morita-Baylis-Hillman adducts derived from aryl aldeles
failed to undergo cyclopropanation.

CO,Et
COZEt _ NaBH, THE

48, Z/E 2:1
H
EtOZC b COLE
Rl [ =o
\ g N/—
N R!

8 examples
86-98% yield, dr = 1.5:1 to 2.5:1

Scheme 12Reductive cyclization of oxindole allyl bromides.

Subsequently, Du and coworkers employed oxindol
derivatives, namely 3-chlorooxindoleésl, as the nucleophilic
component in a cascade conjugate addition/alkyiatio
cyclopropanation of arylidene pyrazolong8 (Scheme 133!
Upon exposure to base, the resulting 3-chlorooxméololatess
underwent are-face selective addition to pyrazolors2. A
subsequent intramolecular displacement of chloride
intermediate56 provided the cyclopropane diastereond&in
diastereoselectivities ranging from 5:1 to 25:1eTgyrazolone
scaffold was targeted as it is an important motihileiting
significant  anti-inflammatory, antiviral, antitumor and
antibacterial properti€s. The reaction tolerates various aryl-
substituted pyrazolones and electron deficienirisdérivatives
to give the desired cyclopropanes in 75-99% vyiekh
enantioselective variant of this strategy was deyesdo that
employed a bifunctional squaramide catalydt Treatment of
chlorooxindoles 51 and arylidene pyrazoloness2 with
squaramide catalystt4 and KCO; led to formation of
cyclopropanes 53 bearing three contiguous stereocenters
including two vicinal quaternary centers, with modiestels of
enantioinduction £74% ee), excellent yields (91-99%), and
modest diastereoselectivity (€6.7:1).

to develop

Tetrahedron Letters

% j_< condmons
/?I/J IProNEt, CH,Cly: 22 examples

75-99% yield
54

dr=>5:1to 25:1

54 (cat.) 8 examples
K>COg3, MeCN: 971-99% yield
dr=24:1t06.7:1

OMe 40-74% ee

Proposed Mechanism:

Cl

52
\/Oe\;‘

NN

Re face attack

55

Scheme 13Synthesis of pyrazolone spirooxindole
cyclopropanes.

Melchiorre and coworkers exploited a comparable aesc
process with 3-chlorooxindolesl and dienalsb7 catalyzed by
proline derivative 58 (Scheme 143° This method is a rare
example of a highly selective, asymmetric 1,6-addito 2,4-
dienals. The exclusived-site selectivity of this addition is
controlled by the presence of a directing groughatp-dienal
position. Various arene substitutions on the 3-addgindole51
were well tolerated, as were variations at tﬁep%ition of the
2,4-dienal 57, giving cyclopropanes9 in good to excellent
yields of 52-91%, d.r. from 6:1-13:1, and excellent
enantioselectivies between 92-9@&6

Ph
Ph

s OTMS 58
O,
|:{1_/ | o +R NCHO (20 mol%)
S N R2 Na,CO3, PhMe, rt
H

57
12 examples, 52-91% yield
dr=6:1to 15:1, 92-99% ee

&Scheme 14Cyclopropanations of 2,4-dienals.

Similarly, Lu and coworkers showed that the additan3-
chlorooxindoles51 to nitroolefins 60 in the presence of the
bifunctional chiral Bronsted acid/base catal§&tefficiently led
to formation of optically enriched nitro-substitdteyclopropanes
61 after treatment with sodium formag8cheme 15§’ An initial
conjugate addition of the C3-oxindole anion@0 presumably
leads to formation of the azatho-xylylene intermediat&3 that

then undergoes chloride displacement to provide dasired

spirocyclopropyl oxindole$1 in modest to excellent yields (41-
96%), excellent diastereoeselectivity (>25:1) aighHevels of
enantiocontrol stereocontrol (86-99%e). Variations in the
electronics of the nitroolefin, including both ef@m donating
and withdrawing groups and heteroaromatic rings, weed

tolerated. Halogen substitution at the 5- and 6tpors of the

oxindole also provided the spirocyclopropanes iadggields and
stereoselectivity. Impressively, this methodology the first

report of an intramolecular trapping of an aw#ho-xylylene

intermediate, whereas previous reports employedredtearbon
or heteroatom nucleophiles.
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R2 mixture of the spirocyclopropyl oxindolg2 and uncyclized
cl wNO; Michael adduct 73 were observed, although the desired

R1_/| 0 + g N\NO; 1.63 (5 mol%), PhMe _ ., I‘:KO spirocyclopropane was the major product. However,
™ N 2. HCO,Na, DMSO N N

unsymmetrical, unsaturated 1,4-diketones led to formation of a

51" 60 169xamplese141:60/ Jold single reglioiso_mer. In e.ach case, the dgsired py;:hnnes?Z

v dr >25:1. 86-99% ce were obtained in good yields (58-81%), diastereatigley (dr =

oMo /25 8:1 to 20:1), and enantioselectivitx87% ee). Uncyclized
R2 products73 could be converted to a mixture of cyclopropane

H—N c NO, diastereomers2ab in the presence of cataly3tl and base,

N | o] albeit sluggishly, indicating the importance castflyubstrate

interactions during the cascade reaction.

X
% o \n/ 3 H 63
S presumptive aza-ortho-xylylene
TBDPSO Me intermediate
CF 7 o
62 3 i N 67 (10 mol%)
R 0 A" “NaHCO,, PhMe
N
Boc ©
69 70 72
10 examples, 53-81% yield

P H dr =8:1to 20:1, 53-87% ee
OMe /Z/j
H N

61a 61b 61c 61d Y NH

95% yield 91% yield 77% yield 82% yield N_—
dr>25:1,95% ee  dr>25:1,94% ee  dr>25:1,95% ee  dr>25:1,97% ee S "NH E&loc 73
Scheme 15Synthesis of nitro cyclopropyl oxindoles. 71 TS = 1011012

FsC CF4

Employing alkylidene oxindole$4, Malkov demonstrated ... i s e e ee e oo oo e oo
that impressive levels of stereocontrol could b&aioled in the O Q . 0 o
formation of cyclopropane€7 with ethyl 2-chloroacetoacetates N R 67 (10 mol%) Ar
65 by employing the quinine-derived thiourea catalBf _ O ~eRCo_ P Rt R
(Scheme 16%° Various substitution patterns on the oxindole R‘—\ | N o 96 h R'; N R‘—\ I N o
arene o4 were well tolerated to provide addué@in excellent Boc 82886 =103 Boc Boc

r=23:1, 86% ee 722 72b

yields (82-97%), diasetereoselectivity (91:9-97:3)and 73

enantioselectivities (87-97%ee). The reaction mechanism Scheme 17Cyclopropanations of 3-chlorooxindoles.
follows a familiar path that includes an initial fogate addition
of the enolate derived from65 to exocyclic B-carbon of Pyridinium salts75 as precursors to pyridinium ylid@3 were
alkylidene oxindole64, generating two stereogenic centers inysed in conjunction with 3-phenacylidendoxindol@4 to
intermediate 68, which is followed by a stereoselective, synthesizeanti-cyclopropaned6 by Yan and coworkers in 2013
intramolecular chloride displacement. The authappse that (Scheme 18§° Both p-nitrobenzyl pyridinium 758 and N-
the catalyst66 favors si facial attack through a well-defined diethylcarbamoylmethyl pyridinium bromideg5() proceeded to
oxindole N-acyl group, while the pendant quinuclidine good to excellent yields (54-88%). A conjugate ddditof the
deprotonates th@-dicarbonyl nucleophile. pyridinium ylide 77 to the 3-positon of the 3-
phenylacylideneoxindole74 preceded an intramolecular C-
alkylation of the resulting enolafé8 to provide the anticipated
cyclopropane76. Interestingly, whenN-phenacyl pyridinium
bromides 75c were employed, 3-(2-hydroxyfuran-3(2H)-

Boc ylidene)oxindoles were produced as significant bgipats. The
67 ‘ formation of these furanyl oxindoles likely proceeda initial

H R e R L conjugate addition of the pyridinium ylide to thexoeyclic

OMe Z carbon atom of the 3-phenacylideneoxindole thah timitiates

W/ sequential pyridine elimination of pyridine and lwamium ion
ring closure to form the C=C bond. Similar readtivinas been
seen in the addition of malonitrile to the exo-ny&he atom of
3- phenacylideneoxindoles, as reported by Otorffasu.

R20,C

/ o}
=z o z
R1_\ | o+ Rsﬂ\rcozw 62(10mole) _ o
N cl
65

NaHCOj, CHCl,
Boc
64

|
N~

Ar

facial selectivity: 2

66 only si face attack observed o ) r R o
N_Br
. . =z + °
Scheme 160-Chloroketones as single carbon components in R | o @ EGNEORS0 C_

N

7a M A

the cyclopropanation of alkylidene oxindoles.

Ar

75a: R2 = Ar
75b: R2= C(O)NEt, 25 examples, 48-88% yield
75¢: R2 = C(O)Ar single diastereomer

In 2014, Kanger and coworkers reported an enanéoted S oS-ttt i
cyclopropanation of N-Boc protected 3-chlorooxindole§9 ~ F7oPosed Mechanism:
employing an unsaturated 1,4-diketori® in the presence of o R2
chiral thiourea catalysf1 (Scheme 175’ In a mechanistically v/ /‘Zf@r
similar fashion to that proposed by Malkov, chlotibalole 69 o |g\ —
undergoes a conjugate addition to unsaturated iketeshe 70, N Z
followed by a intramolecular nucleophilic chloridesglacement 74 M 77
to provide cyclopropan&2. With symmetrical 1,4-diketones, a
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Scheme 18Pyridinium ylide-mediated cyclopropanations.

In 2018, Bhat reported an intriguing catalyst-cold
annulation reaction between 3-methyleneoxind@#and isatin-
derived Morita-Baylis-Hillman carbonate®9, resulting in a
formal [2+1]-cycloaddition in the presence of DABCO[8#2]

adducts with DMAP to access two architecturally di$tinc

spirooxindole frameworks (Scheme £9).Both conditions
afforded the corresponding spirocyclopropyl oxird@0 or
cyclopentenyl bis-spirooxindole81, respectively, in excellent
yields (70-98%) and diastereoselectivity (>20:1)eTeaction is
proposed to proceeda an allylic displacement of BocO by the
nucleophilic amine in any&” fashion or9 followed by nitrogen
ylide formation and a conjugate addition to endide At this
stage, an intramolecular C-alkylation provides egcbpaned0,
whereas the cyclopentenyl bis-spirooxind@# undergoes an
additional intramolecular Michael addition, followdxry a 1,3-
proton shift leading to product after catalyst aske The cause
for this catalyst dependent regioselective alkgtatis unknown
at present and constitutes an additional avenespmbration into
this intriguing cyclization event. However, the cdialis were
quite tolerant to mild electronic perturbations abthe oxindole
core, which also had no observable impact on theltieg
diastereoselectivities.

O DABCO (10 mol%)
—
Ar PhMe, rt
/
=
R'— | 0
X N 5 12 examples
. R 70-85% yield, dr =20:1
7 |
.
BocO
z COzMe
R3T | o
A N, DMAP (10 mol%)
7% PhMe, rt

20 examples
81-98% yield, dr 220:1

Scheme 19Divergent synthesis of spirocyclopropyl
oxindoles and cyclopentenyl bis-spirooxindoles.

Bartoli and Bencivenni reported a chiral base-media
tandem conjugate addition/alkylation sequence ffier ane-step
synthesis of enantioenriched cyclopropyl spirooried 85 and
88 with three contiguous stereocenters from nitroalkasu@dN-
acyl-alkylidene oxindoles82 (Scheme 20). The bifunctional
nature of catalyst84 and87 employed was critical to achieving
high levels of stereoselectivity and product vyieldsy
simultaneously activating thé-acyl oxindole via hydrogen
bonding, as shown in transition st&@ while the tertiary amine
activated the halonitroalkan@&8 and 86 as nucleophiles in the
conjugate addition step. The reaction of alkylidexédole 82
with bromonitromethane8@) led to formation of cyclopropane
85 in moderate to excellent yields (52-99%), goocexuellent
diastereoselectivities (dr = 3:1 to >19:1), and resgive

enantiocontrol €98% ee). Notably, the opposite enantiomer of

85 could be obtained by utilizing cataly®7, the pseudo-
enantiomeric form of 84. In contrast, employing
bromonitroethane8) led to the formation of highly substituted
cyclopropanes88 in high yields (65-91%) and optical purity (92-
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99% ee) with moderate diastereoselectivity (dr = 1.5:5tb) for

the assembly of two adjacent stereocenters in desaopgration.

R2
‘NO,
Br/\N02 83 R‘—/ I o
84 (10 mol%), Na,CO3 X N
Boc MTBE, rt Boc
85
13 examples, 52-99% yield
dr=3:1to 19:1, 82-98% ee
e R2 Me
No2 86 e E 202
87 (10 mol%) N82003 X N
TBE, r Boc
88

5 examples, 65-91% yield
dr=1.5:1to05:1, 92-99% ee

84 OMe

Br‘7 O Et

Proposed substrate activation

by the bifunctional catalyst: OMe

BuO

89

Scheme 20Construction of nitro-bearing cyclopropanes via a

bifunctional activation modality.
5. Conclusion

The pharmaceutical potential of spirooxindole frameks,
specifically those bearing a spirocyclopropyl rit@s led to a
dramatic increase in the number of methods to csetectively
assemble these motifs in recent years. This reviavers those
transition metal-free synthetic approaches that lude
cyclopropanations starting from diazo compoundsysphorus-
mediated cycloannulations, and organocatalyzed tegjies.
Despite the absence of a well-defined transition hwmplex,
the methods highlighted here provide the desiredopyopane
bearing scaffolds with significant diastereoselegtjvand in
those cases that employ a chiral
enantioselectively. The ready availability of marsgarting
materials, employment of mild reaction conditioasd modest
operational cost of these methods should resudhiincrease in
both academic and industrial use of these apprsatth@ccess
high-value spirooxindole cyclopropanes. Despite ddiile
advances over a relatively short period of timeyarpunities for
future work in this area include outstanding congilns in
product distribution and substrate diversificatmrtside specific
well-tolerated aryl and alkyl substitution patterrGiven the
translational relevance of cyclopropyl sprirooxitetlny the
development of new and complementary strategies tier
stereoselective assembly of highly functionalizefiiuects will
likely draw the attention of synthetic chemists years to come.
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