ABSTRACT

JUNG, MYUNGGI. Synthesis and Applications of-Sulfonylcyclopropanols as Modular
Cyclopropanone Equivalent@nder the direction of DVincent Lindsay.

Cyclopropanone derivatives have so far remained elusive as bsgfilihg blocks in
synthesisdue to their high ring strain and kinetic instabilitynlike with other cyclic ketones,
their nultiple decomposition pathwaymake a number of elemental organic transformations
unfeasible. Sincéhe 1960, the use of cyclopqmanone(hemi)ketak has beenestablishedisa
potentialstrategy to access cyclopropananesitu via elimination ofan alcoholleaving group.
However,hemiketal precursarstill require strong acid or base equilibrate tacyclopropanone
andarenot benchstablefor extended periods of timélerein, we report the first synthetic route
to enantioenrichedl-sulfonylcyclopropanols, which are stable though highly readtivsitu
precursors to the corresponding cyclopropano8eating from commercily available methyl
sulfones, cyclopropanation witin epoxide reagent followed nunprecedent-hydroxylation
of the resultingsulforylcyclopropaneaffords our targeted cyclopropanone precurséfs.show
that common mild bases areompetent atgenerang cyclopropanonen situ, even at low
temperature.This strategyenables for the first time a general access to enantioenriched
substituted cyclopropanone derivatives.

While doing this workwe also discovered an efficient approachtf@rapidsynthess of
Gtrainrelease reagerisAn example of such reagents;sdlifonylbicyclobutane serve as
convenientsources ofcyclobutyl groupsvia the release of strairCyclopropanation between
methyl sulfone and epichlorohydrin afforsislfonylbicyclobutane in onpot manner. This is the
most efficient route to access sulfoisylbstitutedstrainrelease reagegtusingreadily available
reagentsas starting material Importantly, using an analogous approadahiral housane (1-

sulfonyldcyclo[2.1.0]pentang wereenantiospecifically synthesized from chiral epoxide source.



Using our cyclopropanone precursors and streiease reagents, we decigtnew
synthetic disconnections toward variety of strained building blocks. Fisstwe developedhe
formation of alkylidenecyclopropanes aogclopropaneb-amino acids vidNittig olefinationof
cyclopropanoneequivalentsfollowed by conjugate additiorSecontly, the reaction between
cyclopropanone andithiated 1-sulfonybicyclobutane affords a new efficient route to
spiro[3.3]heptanones via semipinacol rearrangeme®@p>-rich  scaffolds including
spiro[3.3]heptanonare attractiveisosteresn medicinal chemistry formprovedpharmaceutical
profile. Lastly, weproposed and developexyclopropanone hydrazone precussa@s anew
source of chemical reactivityHydrazons in generalare weltknown as practical carbene
equivalens. The wique character of carbenenables a lot of modern organic reactions under
metatcatalyzed or metalfree conditions. Cyclopropanone hydrazone equivalemsre
successfully obtained and evaluatedpotential synthetic applications. Herein, we showcase the
synthesis of spiropentas@ia the formation of tpyrazolineintermediatedollowed by light-
mediatecdhitrogen extrusion.

Throughout this work, we have developegleral @plicationsof enantioenriched -1
sulfonylcyclopropana as cyclopropanone precurspdemonstrang that these reagentare
highly versatile enabling a novehdccess to many stradchiral building blocls difficult to make

by other approaches
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CHAPTER 1
Introduction to cyclopropanone equivalents

1.1 Cyclopropanone as a building block

Small ring compounsglarebroadly used in organic chemistiye totheir highring strain.
Many types of small rirgghave beerexplored and applied to varioggnthetic disconnections
driven by innate strain relea8é Cyclopropanelerivatives are part of this class asahexpand
to larger ring systemor work as 3carbon source (Figure 1).>® While cyclopropenone is
accessiblein synthetic methodslue to its aromatic charactef cyclopropanone is not
widespreadbuilding block, becaus of its extreme strain and kinetic instability resultifigm

multiple decomposition pathwayBigure 2)°

H <?

N
i) DMSO, rt
SO,Ar Q\/O\@ i) Mg, MeOH
+ =
& : Q

@ o~/ @

F

Bh Me-_-O~ _Ph
o} IPFAUNTf, (5 mol%) \

o
.
Z s J
Me
Me)% Me”™ “Ph DCE, 80 °C Bh

o

[Cp*RhCl5], (5 mol%)
/A AgNTf2 (20 mol%) pPh7 X
PIVOH 90 °C \

Figure 1. Selected examples of the use8ahembered ringystens.
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Figure 2. Strain energies of various cyclic systems

A classical method to prepare cyclopropanone consists of reacting ketene with
diazomethane, followed by distillation at la@mperature to get rid of excess ketene, and the
resulting solution must be used immediately to avoid decompoéitiQyclopropanone is
promptly decomposed or polymerized at warmer teatpee or after longer storage timeven

at low temperature@d=igure 3).

0]

A

excess ketene cyclopropanone
at—-130 °C distilled and
stored at —78 °C

I+ CHN, ———
-78°C

HO\‘ (O jOH
--------- >
—-78°Ctort n

Polymerization

Figure 3. Synthesis of cyclopropanoaed its polymerization.

1.2 Cyclopropanone precursors

Due tothe extremeinstability of cyclopropanone, precursdnave been considerdd
access cyclopropanome situ. For example, cyclopropanohemiketalsarecommon sourcesf
cyclopropanone equivalen(gigure 4a andib).1**? Although cyclopropanonaemiketalshave
beenused in organic chemistryhe poor leaving groupability of alkoxidesrequiresharsh
conditions and strong acid or baseactivate the cyclopropanone equilibriurAdditionally,

these reagents amenstable andbften volatile at room temperatutewhich also limits their



practical use as cyclopropanone equivaenn 2008, the Chen group introduck 1-
(benzensulfonyl)cyclopropanol (1) as a cyclopropanone equivalghtwhere the increased
leaving groupability of sulfinates enablesmilder conditiors for activatingthe precursor. Also,
the crystallinel-sulfonylcyclopropanol is more stablean hemiketalsyetit is a highlyreactive
cyclopropanone precursan specific basic conditions To the best of our knowledgall
precursorsincluding cyclopropanonéhemiketas have largely been reported as equigats of
achiral unsubstituted derivativesA methytsubstituted enantioenriched cyclopropanone
hemiketalwas previouslyeported, buthe synthetic method®r its synthesis (same as Figure 4b)

would not be generab accesstherderivatives:**’

a) CH,N, Q ROH HO.__OR
1 “ron — A
ROH
b) 0 1. Na, TMSCI HO_ _OR

)J\/\ K (unstable / volatile)
RO Cl 2. H+

c) PhSO,Na
HO._ _OEt HCOOH HO._ _SO,Ph

K _ K (stable / solid at room temp.)

1

Figure 4. Examples ogynthetic cyclopropam precursors

1.3. Our modified synthesis ofl-sulfonylcyclopropanol derivatives

In our lab,we developedan optimizedsynthesis of dsulfonylcyclopropand starting fran
the correspondingthyl ester(Scheme 138 Moreover, it was found in our group by Yujin Jang
that the equilibrium towards cyclopropanone could be modulated via variation of the sulfonyl

groupdbds steric and el el futher agplcatiops; a pageatytof-&8 s  ( Fi



sulfonylcyclopropanawould be evaluated to find the substrate with the proper equilibrium rate.
Too fast equilibrium results the accumulation of unstable cyclopropanone leading to loss of
substatevia polymerization On theother hand, too slow equilibrium is not efficient enough for
the desired reactien

For the synthesis ofubstituted chiral derivativethe g/clopropane ring was introduced
by SimmonsSmith cyclopropanation dhe silylketene acetaland thel-sulfonylcyclopropanols
were synthesizedia acidmediateddeprotection followed by nucleophilic attack of sulfinate
with an excessof formic acid. With this synthetic method, weere able toaccess various-2
substituted dsulfonylcyclopropanols However, the enaittselective Simmon$mith
cyclopropanation of silylketene acetals is unknown, so this appr@add not be applied to
access enantioenriched derivative$so, the yields andsubstitution ornthe cyclopropane ring
were stilllow to moderatewhich demandedin alternative synthetic method emantioenriched
1-sulfonylcyclopropanal In the following chapters, ouresearchtowards access to such

enantioenriched derivatives is described, as well as novel synthetic applicstiogshem as

substrates.
TMSCI ZnEt,
O~ OEt LDA TMSO | OEt CH,l, TMSO: :OEt
R, THF R4 R,
6N HCl in i-PrOH R,SO,Na (2 equiv) 0 0
(1 drop) HOL OBt HCOOH (10 equiv) no. ¢ R, = H, Me, Ph
K K "R,  Ry=Alk,Ar
MeOH, rt, 10 min R4 H,O,rt, 2d R (13 examples)
1
not isolated

Schemel. Modified synthesis of-sulfonylcyclopopanols(work of Yujin Jang)
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Figure 5. Structurereactivity relationshipin a pyrazole substitution (work of Yujin Jang)



CHAPTER 2

Enantioselectivesynthesis of tsulfonylcyclopropanols
Poteat, C. M; Jang, Y’; Jung, MY; Johnson, J. D.; Williams, R. G.; Lindsay, V. N. G.

Angew. Chem. Int. E@02Q 59, 1865518661.

2.1.Initial studies on the U-hydroxylation of cyclopropylsulfones

In order to access substituted and enantioenriched cycloproparemuesorsn agenera
manney an alternative synthetic method wamiagined (Scheme 2) Starting from readily
accessible enantioenrichddsulfonylcyclopropang!®?® U-hydroxylationas a key stempvould
afford our desired -sulfonylcyclopropanol.Also, the fact thatU-chiral sulfones are not
enolizable as opposed toarbonyl compours] would allow theU-stereocenter to be retained
during the processHowever, due tothe great leaving groumbility of sulfinates in basic
conditions the U-hydroxylation of sulfong usually directly leadsto corresponding ketoseas
Hwu previouslyreported(Scheme 3§* In our case, this would lead to situ cyclopropanone
formation aad decompositionTherefore, desulfonylatiomoward cyclopropanoneshould be

somehow avoidetb achievea high yield ofthe chirall-sulfonylcyclopropanol.

readily available

Scheme2. Planto accesgnantioenriched-sulfonylcyclopropanols



SO.Ph o] [o’ SOzPh] —Phso, O

R R' D X 7 )J\

R R’ R R'

Scheme3. -Huydroxylation of sulfonsto prepare ketorsereported by Hwu

We initially evaluated various electrophilic oxygen sources starting from
sulfonylcyclopropane2a (Figure 6). Al t hough Davi so oxaziridine
common for thd+hydroxylation of enolatesothwere found to be fficientin this casewith
the acylaked productfavoredin the latter casesven with bulkydiacylperoxides(Figure 6a and
6b). To avoidthe acylation product, bis(silyl)peroxides were evaluated instead. Although the
desired sulfonylcyclopropanol was not observed, a dimeric product was obtained along with
some recovered starting material (Figure 6c¢). This dimeric product is likely afisimgythe
reaction between the lithiated intermediate and the corresponding cyclopropanone, highlighting
that the deprotonated-sulfonylcyclopropanol was actually formed during the reaction, but
decomposed via the equilibrium toward cyclopropan@igure?). In order to prevent this side
reaction,we imagined that ancalic work-up with AcOH dissolved in toluene &r8 °C would

enable isolation of the-&ulfonylcyclopropanol which indeed worked to certain extdat 10%).



n-BuLi, 1 h;

i (R = Ph, cyclopropyl, 2,2-dimethylpropyl)
.0 R
O\\/p R™ 0 \”/ 0 O O oo
S \ /7 \ 7/
0] R_ _O._ _S. S.
a) V/ > \[( K Ph + R Ph
Bh THF o Ph Ph
-78°Ctort 0 o
2a <5% 40-60% only
n-BuLi, 1 h;
Ph
0 0
g }\/N—Ts QP
(0] HO S.
b) V A Ph  + 2a
THF
Ph -78°Ctort Ph
2a <5 % only
n-BuLi, 1 h;
o O Et3Si__Od Ph O
g 3¥IN0 gk, o O\\S/P cLsio O\\S//O SO,Ph
~N I ~N
c) V/ \© - P ° K Ph +
—-78°Ctort
2a <5 % <5 % 23% ; Dimer

Figure 6. Evaluation ofvarious electrophilioxygen sources

o SIEt desired
I
SO,Ph i e M -
2 n-BuLi L'Ksozph EtsSi” 0 O?gSOzPh AcOH/PhMe Zi
—_— —_—
1y _ [ — o
Ph 78 °C Ph EtSin Sl Ph 78 °C to rt Ph
2a _ 3a, 10%
_PhSO,
0
Ph SO,Ph 02  SOPh  undesired 0
— KA A
23% Dimer N Ph

Ph Li\‘ ;SOZPh Ph

Ph

Figure 7. Formation ofdimer productanddesiredproduct (acidiquench).



2.2. Preparation of substituted sulfonylcyclopropanes

The aantioselective cyclopropanatiorof alkenes leading to enantioenriched
sulfonylcyclopropanes has previously bemported in various conditionghe Iwasa group
developed Ru(ll)-Pheoxcatalyst prepad fromphenylglycinge shown to be efficiento access
enantioenriched substitutedenzensulfonylcyclopropanes(Figure 8).1° Hence, sing this

method allowed us taccess a variety of aromatic substrates with different electronic and steric

properties
N
SO,Ph O -
. \J PFg
Y = | ) (S)-Ru(ll)-Pheox (3-5 mol%) N—,
7Pt X g ""l A Ru Ph
R CH20|2, -10°C _ \
N2 5-60 min 29 (HaCCN)a
(S)-Ru-Pheox
iozph iozph iozph iozph iozph
i i “OMe i ~Cl i “CF3 Me” i
2a, 73% 2b, 94% 2c, 67% 2d, 51% 2e, 80%
95% ee (>99% ee)? 94% ee 96% ee 93% ee 96% ee

@by recrystallization, overall 53% yield

Figure 8. Enantioselective synthesis arfyl-substitutedsulfonylcyclopropanefa-2¢).

In order to access aliphatic derivatives insfemd modified T a n a k a 6 s startimgt h o d
from enantioenricheeépoxidegFigure9),2? which was previously reported on racemic epoxides.
To our delight, the transformation proceeded with complete retention of stereochemical
information undergoingsequentiaby2 reactionsn a onepot manner Interestingly this onepot
methodcould also beapplied to fused ring systexnNotably, trifluoromethytsubstitutedwas

alsosuccessfully prepared vihis approach, wher€Ot-Bu was used in the third step teadof



n-butyllithium to avoid decompositior{see experimental sectionMoreover gemdimethyl
substitued could be accessdtbm 2,2dimethylproparl,3-diol and thiophenol using a different
approach involving cyclopropyl thioether formation followed by oxidatigtih oxone(Scheme

4)2

i) n-BuLi
QP o ii) PhSO,CI S02Ph
HYS\Ph + Q""Nk | I &
H yliii) n-BuLi Alkyl
SO,Ph  SO,Ph SO,Ph SO,Ph SO,Ph SO,Ph  SO,Ph
“Me A/\Ph Me” “Me Me” Ph 6 é NCF,
2f 66% 29, 67% 2h, 30% 2i, 31% 2j, 39% 2k, 50%  2I, 58%°

>99% es 95% ee

@Sequential reaction with KOtBu for the second base

Figure 9. Onepot cyclopropanatioto accesslkyl-substituted sulfonylcyclopropanézf-2l).

PhSH
PPhg, Br2 KOtBu
HO/><\OH %72 . Br Br
MeCN DMSO
reflux, 16 h
SPh SO,Ph
Oxone
—_ >
Me MeOH, H,0 Me
Me 3 steps, 39% Me
2m

Schemed. Synthesis ofjemdimethylsubstitutedsulfonylcyclopropan€2m).

2.3. Optimization of the enantioselective synthesis of-gulfonylcyclopropanols
After initially isolating some ofthe desiredsulfonylcyclopropanolproduct 3a using

(EtsSiO) as oxidant and quenahith acetic acidat low temperatur§see section 2.1yarious
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oxidants vereevaluate using2a as model substrai@able 1) While oxaziridinereagentsavere
found to beonly moderately efficien{enties 1-2), bis(triethylsilyl)peroxide (oxidant C)aye
encouraging resulte’henboron trifluoride etheratevas used as additii@ntries 3-7). Further
investigation ofanalogougperoxides (D and Eshowedthat bis(triethylsilyl) peoxide C wasthe
most efficient(entries #10), andcanreadily be prepared via simpldis)silylation of hydrogen
peroxidefollowed by filtration onsilica gel Both DME andti-BuOMewere found to befficient
solvents in this reaction, but DMEas chosems an optimal solveribr solubility reasons, a&a

was found to be only poorly solubletiBuOMe (entries 1316).

Table 1. Evaluation of oxidants and additives for thydroxylation reaction

¥ _ _ 0,0 Additive  AcOH solution; QO
Ph/\S/K H n—BuI_Sl (I1.o (:QuIV) Ph/\SXLi Oxidant warm to rt; Ph/\SXOH
.. “I1bh _78°°\§”1 o oy 78 °C,2h sat. NH,CI N “Ioh
. o
E Phﬁ\/N—Ts Q RaSino- O sir, gg:zg:g:'\EﬂEs !
FsC O/N”S\SO E : SiR; = SiMe,tBu
A B
Entry  Oxidant (equiv.)  Additive (equiv.)  Solvent 3a ()
1 A(1.2) - THF <5
2 B (1.2) - THF 23
3 C (1.2) : THF 10°
4 C (1.5) LiClO 4 (2.0) THF <10
5 C (1.5) TiCl4 (1.0) THF <10
6 C (1.5) BCls (1.2) THF 20
7 C(1.5) BFsEt: (0.5) THF 20

11



Table 1 (continued)

8 D (1.5) BFOE®D (0.5) THF 13
9 C (2.0) BFOEDL (1.2) THF 26
10 E (2.0) BFOEDL (1.2) THF <10
11 C (2.0 BFOEDL (1.2) Et20 20
12 C (2.0) BFEL (1.2) i-Pr20 13
13 C (2.0 BF®EL (1.2) t-BuOMe 44p
14 C(1.2) BF:OEL (1.2)  t-BuOMe 45
15 C (2.0) BFs®E®b (1.2) DME 45
16 C(1.2) BF3Et2 (1.2) DME 52°

3NMR vyield using 1,3,8rimethoxybenzene as a standatsolated yield.

Further optimization showed that high concentration (up to 5.4 equiv) of boron
trifluoride, when added prior to the peroxide reagémiproved the efficiency of the reaction
(Table 2, entries-B). Gratifyingly, using an enantioenriched starting matshalwcased that the
enantioselectivity is retained during the process (entnA7darger excess oboron trifluoride
(7.0 equiv) gave a lot of starting material back (entryABo, in the case of aliphatic substrates

such agR = Me), we found that-BuOMe was drastically more efficient (entrie<l0).

12



Table 2. Optimization of enantioselective synthesis @fulfonylcyclopropanol$3a,3f).

OO0 BF3-OEt, AcOH solution; OO0
Ph/\\S’/XH n-BuLi (1.0 equiv) Ph/\\s’zu (Et3SiO), (1.2 equiv) warm to rt . /\é/XOH
IR Solvent R —78 °C, Time rt, 0.5-1 h R
—78 °C, 45 min
2 3
Entry R BFs©OEt  Solvent Conditions Yield® (%)
1 Ph 5.4 eq. DME 178°C,2h 72
2 Ph 5.4 eq. DME 178°C,1h 76
3 Ph 5.4 eq. DME 178 °C, 15 min 77
4 Ph 4.4 eq. DME 178 °C, 15 min 73
5 Ph 3.4 eq. DME 178 °C, 15 min 69
6 Ph 2.4 eq. DME 178 °C, 15 min 58
- : 77 (73Y
b 0
7 Ph 5.4 eq. DME 178 °C, 15 min >99% ee
8 Ph 7.0 eq. DME 178 °C, 15 min 12
9 Me 5.4 eq. DME 178°C,1h 47
10 MeP 5.4eq. t-BuOMe 178°C, 1h (84)°
' ' ’ >99% ee
11 Me 54eq. t-BuOMe 178°C, 15 min 76

aNMR yield using 1,3,8rimethoxybenzene as a standdigtarting materialvas

>99%ee.Clsolated yield irthe parenthesis.
2.4. Proposed mechanism di-hydroxylation

Based on our optimization experiments, revealing the necessity for boron trifluoride
addedbeforethe peroxide reagent, a mechanism via [/#jt of a peroxyborate intermediate is
proposed (Scheme 5). In order to support this mechanism, we performsghtaeaction but
using a bis(silyl)pinacol reagent instead of the peroxide, leading to the isolation of the

correspondindg}borylated sulfonylcyclopropane (Scheme 6).
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0.0 0 0
¥ H mBull \\” (i 'BFgOE, _ ¥. BFL] S8 sit,
e o\ e KN 2
Ph A A —> Ph A
',/R —78 °C "/R - Et3S|F
+
0.0 Fli Q.0 RV
¥ EZ\ o 1.2 ¥ 0. _ AcOHPhMe ¢/ oH
Ph™ S\ 00" sk, — PR N BFz —————= Ph" X
) — LiOSiEt; -78°C to rt
‘R R R
Schemes. Proposedne ¢ h a n i-tsyanoxydafion. U
OTMS
o) -BuLi (1.0 equiv
\ _Ph n-BuLi (1.0 equiv) .
0=5 BF,-OEt, (5.0 equiv)  oTms o0 €auUiv) Q
- - o~ B~ ~SO2Ph
THF rt, o/n A
Ph —78°Ctort Ph
2a 48% (brsm 99%)

Scheme6. Sy nt h e-pinasolbarde of Grsulfonylcyclopropang2a).

2.5. Scope ofaccessible sulfonylcyclopropanols

Using these optimized conditiors, we explored the scope of accessible 1-
sulfonylcyclopropana as cyclopropanone equivalen{Figure 10). Sulfonylcyclopropanes
preparedn section2.2 were thussuccessfullyutilized for the synthesis of theorresponding -1
sulfonylcyclopropanolsBoth electro-rich and poor aromatic derivatives could be acegssa
this method, with electrepoor substrates generally affording higher yieMiious substitution
patterns could be present on the cyclopropanewitigcomparable efficiengyallowing general
access to substituted cyclopropanorMesreover, the absolute and relative configuratdr8a
was confirmed by X-ray crystallographic analysisshowing that the reaction proceedgh

retentionof configurationat the hydroxylation positiofFigure 11).
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Tol/AcOH;

0.0 ) ] 0.0 BF3-OEt, (5.4 equiv) 0
A § H n-Buli (1.0 equiv) A RN (Et3Si0), (1.2 equiv)  warm to rt \s’ OH
Y N — A
“, DME or tBuOMe “R —78°C, 0.25-4 h rt, 1h
2 —78 °C, 45 min
enantioenriched
cyclopropanones
HO/, SO,Ph HO,, SO,(p-CF3CgHa) HOKSOZPh HOKSOZPh HOKSOZPh
© © L T, T
OMe Cl CF;
3a, 73% 3a', 73% 3b, 35% 3c, 84% 3d, 91%
90% ee (93)

>99% ee (>99) 99% ee (>99)

HO,,, ,SO,Ph
& HO: wSO,Ph
/© Me
Me
3e, 56% 3f, 84%
96% ee (96) >99% ee (>99)
HOKSOQPh HOKSOZPh
A% N/
3j, 80% 3k, 72%

94% ee (94) 97% ee (96)

HO,, ,SO,Ph
HOL_ .SO,Ph HO.__SO,Ph
A/\ /K\ Me™
Ph Me Me
39, 66% 3h, 80% 3i, 54%°
96% ee (95)
HO.__SO,Ph HO.__SO,Ph
K KvMe
CFs Ve
31, 68%° 3m, 65%°¢

ee of starting material in the parenthesis. PIsolated yields. °Racemic substate was used. The corresponding

cyclopropanone is achiral.

Figure 10. Scope ofccessiblesubstitutedl-sulfonylcyclopropanol$3).2°

Figure 11. X-ray of compounda.
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2.6. Conclusion

In conclusion, we have developed a genesghthetic route for thesynthesis of
enantioenrichedl-sulfonylcyclopropanols via thékhydroxylation of sulfonylcyclopropanes.
While there are a few reports of substituted cyclopropanone precurstrasutemiketals,
mostly specific racemic examples were previously disclés&F+?° To the best of our
knowledge, this method constitutes the first general enantioselective synthesis of cyclopropanone
equivalentsThus,we expect this work to significantly expand the utility of cyclopropanones as
building blocks in organic synthesigia the development of new cyclopropandrased

rearrangements, leading to a variety of optically active scaffolds difficult to accessis¢her

2.7. Experimental

General Experimental Conditions

General: Unless stated otherwis@ll nonaqueous reactionwere performed in ovedried
glassware sealed with microwave caps or rubber septa under a nitrogen atmosphere, and were
stirred with Tefloncoated magnetic stirbaf$Liquid reagents and solvents were transferred by
syringe using standard Schlenk techniques. Tetrahydrofuran (TH&hyldiether (EO),
dichloromethane@H2Cl>), toluene (PhMe), acetonitrile (MeCN), and methanol (MeOH) were
dried by passage over a column of activated alumina (JC Meyers Solvent System). Anhydrous
1,4-dioxane, dimethyl sulfoxide (DMSOjert-butyl methyl ether ttBuOMe), and diisopropyl

ether (-Pr20O) were obtained in Sure Seal bottles from Sigma Aldrich. Anhydrous ethylene glycol
dimethyl ether (DME) was obtained in sealed bottles from Acros Organics. All other solvents
were used as received unless otherwise noted. Thin layer chromatographyv@d-ggrformed

using Silicycle silica gel 60-254 precoated plates (0.25 mm) and visualized by UV irradiation
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and anisaldehyde, CAM, potassium permanganate, or iodine stain. Sorbent silica gel (particle
sized46 3 e m) was used f odfthefiddieaseth soleentrsystana dcapmglinga@ h y
standard techniquéé.Flash chromatography was performed on a Biotage IsoleraNutear
magnetic resonance (NMR) specttdl,(*3C) were reorded on Varian or Brukespectrometers
operating at either 500, 600, or 700 MHz fét and 150 or 175 MHz fot3C experiments.
Chemical shift{ UGfgr *H NMR spectra are recorded in parts per million from tetramethylsilane
with the solvent resonance ag timternal standard (chloroformi,7.26 ppm; DMSGd6, a 2.50
ppm; or CROD , u 3.31 ppm). Data are reported as f
singlet, d = doublet, t = triplet, g = quartet, gn = quintet, m = multiplet and br = broad), coupling
constant in Hz, and integration. Chemical shifts i@ NMR spectra are recorded in parts per
million from tetramethylsilane using the central peak of GD@I77.16 ppm), DMS@i6 ( U

39.52 ppm) or CBOD (49.00 ppm) as the internal standard. $glectra were obtained with
complete proton decouplin@nly select'H and*°C spectra are reportethfrared (IR) spectra

were collected on a Thermo Scientific Nicolet iS5 FTIR instrument using attenuated total
reflectance (ATR) mode and signals are regbiih reciprocal centimeters (¢in Only selected

IR frequencies are reported. Melting points were collected on Mettler Toledo MP50 melting
point system. Highresolution mass spectral data were obtained from the NC State University
Molecular Education, T@nology and Research Innovation Center (METRIC), on a Thermo
Fisher Scientific Exactive Plus for HEGHleated Electrospray lonizatiprEnantiomeric excess

was determined by HPLC analysis (Agilent Technologies 1100 series) using a chiral stationary
phase Optical rotations were determined with a Jase20P0 polarimeter at 589 nm. Data are

reported a%8m™ domcéntrationm écin g/fLl00 L), and solvent.
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Preparation of sulfonylcyclopropanes
GENERAL PROCEDURE A: Synthesis of arytsubstituted sulfonylcyclopropanes
Ar yl Ssubstituted sul fonyl cycl opr op aatayged wer e

cyclopropanatior?

oo SO,Ph
N % (S)-Ru(ll)-Pheox (3-5 mol%)

R_: + N2§/ > A'/ N
‘7
= CH,Cl,, =10 °C, 5-60 min | g

An ovendried 50 mL rounebottomed flask equipped with a magnetic stirbar was charged with

(9-Ru(ll)-Pheox (19 mg, 0.03 mmol, 0.03 equiv) andpeap DryCH.Cl, (10 mL) was added,
followed by the olefin (5.0 mmol, 5.0 equiv) under inert atmosphere. The resulting mixture was
cooledto-10C and a s-didzamethylophenybsulford (182 mg, 1.0 mmol, 1.0 equiv)

in CH2Cl> (10 mL) was slowly added dropwise. After TLC analysis indicated complete
consumption of the starting material, the mixture was concentrated under vacuum and the crude
residue was directly purified by flash chromatographg@® EtOAc in hexanes elutionaglient)

to afford the pure sulfonylcyclopropane
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Specific procedures and characterization dataf aryl-substituted sulfonylcyclopropanes
SO,Ph ((1R,29)-2-phenylcyclopropyl)sulfonyl)benzene(2a). General procedurd was
foll owed, sdiaaomethylnpgenylvsulfore (200 mg, 1.1 mmol, 1.0
© equiv),styrene (573 mg, 5.5 mmol, 5.0 equiv) g83#Ru(ll)-Pheox (21 mg, 0.033

mmol, 0.03 equiv) iCH2CI> (20 mL) for 5 minutes, affording sulfonylcyclopropane (208 mg,
73% yield, 95% ee) as a white solid after purification by flash chromatography, eluting @@t 0
EtOAc in hexanes elution gradient. Enantiomeric excess was determined by HPLC analysis on
chiral stationary phase (Chiralcel ®U25 cm, 5%-PrOH in hexane, 1 mL/min, 23°C, 214 nm,

tr (major) 48.5 min,t(minor) 54.0 min).

HPLC trace:
fffff 3 mAU § g
120 g m 5
2 7o
100 i
. .
0 m?
o s
= m g V%@
“3 ko
6 ol
44 46 o 48 ' 50 5'2 5‘-‘ ' 56 ' 5‘5 Ll 4‘2 o 4“4 ! 4‘6 ’ ’ 4‘8 T 50 o 5': Ev‘l T 56 ’ ’ 99 """
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] % # [min] [min] [mAU*s] [mAU] %
L e e | ==mmmmeee |+==mme e e | e e e |=-nmoeeen |-emmmeae- |+=mmme - |
1 48.454 VWW R 1.0350 8894.07227 128.90565 49.9526 1 47.876 BV R 1.2953 7.90318e4  849.34161 97.4765
2 54.022 BV R 1.2203 8910.95410 108.74348 50.0474 2 56.076 MM 1.2023 2045.97595 28.36108 2.5235

Recrystallization _to _obtain_enantiopure _materiat To solution of the product (160 mg) in

CHCl2> (1.5 mL) wa addedi-PrOH (1.5 mL) and left to slowly concentrate overnight via
evaporation at room temperature without sealing. Solvent was removed to afford crystals (116
mg, 72% recrystallization yield, >99% e¢).0?P = 141.8 € 1.01, CHC}). All other analyses

were consistent with the previously reported data
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CFs 1-(((1R,29)-2-phenylcyclopropyl)sulfonyl)-4-(trifluoromethyl)benzene

Ogé/@ ( 2 aGeperalprocedure Awas f ol | owed ,-diamethyltdi ng wi
A trifluoromethylphenyl sulfone (540 mg, 2.16 mmol, &dquiv),styrene .24

ml, 10.7PS;mmoI, 5.0 equiv) and9)-Ru(ll)-Pheox (41 mg, 0.07 mmol, 0.03 equiv) in £Hp (40

mL) for 10 minutes at 10 °C, affording sulfonylcyclopropane (600 mg, 85% vyield, 93% ee) as a

white solid after purification by flashhromatography, eluting with-60% EtOAc in hexanes

elution gradient (R= 0.35, 30% EtOAc in hexanes). Enantiomeric excess was determined by

HPLC analysis on chiral stationary phase (ChiralcelHO25 cm, 10%i-PrOH in hexane, 1

mL/min, 23°C, 214 nm,,t(minor) 17.0 mint(major) 19.5 min)mp 98-100 °C.*H NMR (600

MHz, CDCk) U0 8J1=0B&2 HZ, 2H), 7.85 (d] = 8.2 Hz, 2H), 7.29.26 (m, 2H), 7.25.20

(m, 1H), 7.057.00 (m, 2H), 2.94 (dddl = 9.9, 6.7, 4.4 Hz, 1H), 2.68 (dddi= 8.3, 5.3, 4.4 Hz

1H), 1.91 (dtJ = 9.9, 5.5 Hz, 1H), 1.53 (ddd,= 8.3, 6.6, 5.6 Hz, 1H}3C NMR (150 MHz,

CDCk) U 144. 1, J=33.3Hz), 1248 B8.4} 127.5 126.7Ja; 3.7 Hz), 126.6,

123.2 (q,J = 271.7 Hz), 41.7, 24.1, 14.IR (neat) 3034, 16051497, 1459, 1403, 1316, 1307,

1295, 1147, 1126, 1105, 1060, 853, 842, 757, 705, 692, 1@BAIS (HESI) calcd for

[C16H13F30-.S+HNa]*: m/z 349.0481, found 349.0471.

HPLC trace:
2 B R
700 & 3 Y
- 1000 |
500 1
oo 00
,;; 00
200 o ‘iﬂ>
° e
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] % # [min] [min] [mAU*s ] [mAU] %
et EEEEEED [---=]--"=--- [-=-mmmme- [==mmmm-- [==-mmn-- | aee|mme--- [---=]------- [--=-mmme-- [-=-=--m--- [--=------ |
1 16.984 MM ©.4934 2.46065e4  831.22064 50.1737 1 17.482 MM 0.4771 2215.84155 77.41407 3.6657
2 19.483 MM 0.5580 2.4436le4  729.90717 49.8263 2 19.442 MM 9.6325 5.82315e4 1534.35364 96.3343
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Recrystallization to_obtain_enantiopure _material To solution of theproduct (600 mg) in

CHxCIl> (5 mL) was added-PrOH (3 mL) and left to slowly concentrate overnight via
evaporation at room temperature without sealing. Solvent was removed to afford crystals of
sulfonylcyclopropane (406 mg, 68% recrystallization yield, 2%98e).[ W2 = i51.3 ¢ 0.83,

CHC).

SO,Ph 1-methoxy-4-((1S,2R)-2-(phenylsulfonyl)cyclopropyl)benzene (2b).

) Generalprocedure Awas f ol | owe d,-diagomethyltphemyd wi t h
©\0Me sulfone (182 mg, 1.0 mmol, 1.0 equiy¥);methoxystyrene (671 mg, 5.0

mmol, 5.0 equiv) an@S)-Ru(ll)-Pheox (19 mg, 0.03 mmol, 0.03 equiv)3Gh>Cl> (20 mL) for 5

minutes, affording sulfonylcyclopropane (2Wig, 94% vyield, 94% ee) as a white solid after

purification by flash chromatography, eluting witt60% EtOAc in hexanes elution gradient (R

= 0.34, 30% EtOAc in hexanes). Enantiomeric excess was determined by HPLC analysis on

chiral stationary phase (Ghicel OJH 25 cm, 20%-PrOH in hexane, 1 mL/min, 23°C, 214 nm,

t. (major) 27.7 min,t(minor) 33.6 min)[ W%¥ =759.5 ¢ 1.00, CHC}). mp 111-112 °C.'H

NMR (600 MHz, CDC}) U -7D2 (8, @H), 7.6&.63 (m, 1H), 7.57 (ddl = 8.4, 7.2 Hz, 2H),

6.97-6.91 (m, 2H), 6.8®.75 (m, 2H), 3.76 (s, 3H), 2.85 (ddbi= 9.8, 6.6, 4.5 Hz, 1H), 2.62

2.55 (m, 1H), 1.86 (dt) = 9.7, 5.5 Hz, 1H), 1.43 (ddd,= 8.3, 6.6, 5.6 Hz, 1H}3C NMR (150

MHz, CDCk) u 158. 9, 140. 8, 133. 6, 129. 5, 1IIR 9. 4, 1

(neat) 1515, 1301, 1248, 1145, 1086, 821, ,7301, 688, 590, 552HRMS (HESI) calcd for

[C16H1603S+H]*: m/z 289.0893, found 289.0889.
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HPLC trace:

ot g S s Ao
« 'Y 1
1000 | \
| | 001
800
400 &
200 " 200 \, 2"#7‘?
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# [min] [min]  [mAU*s] [mAU] % #  [min] [min]  [mAU*s] [mAU] %
R e |- [-----e- |------ | e e [--=mm e [---m e [------- |
1 27.700 MM 1.2192 1.11233e5 1520.54175 49.0390 1 27.475 MM 1.4612 1.55492e5 1773.51843 97.0023
2 33.619 MM 1.4969 1.15593e5 1286.99524 50.9610 2 35.305 MM 0.9604 4805.16846 83.38626 2.9977
SO,Ph 1-chloro-4-((1S,2R)-2-(phenylsulfonyl)cyclopropyl)benzene (2c). General

., procedure Awas f ol | o we d -diazerhethyl phenylgsulfone (141 U

O\C| mg, 0.77 mmol, 1 equiv@-chlorostyrene (534 mg, 3.85 mmol, 5 equiv) and
(9-Ru(ll)-Pheox (15 mg, 0.023 mmol, 0.03 equiv)3dr2Cl2 (16 mL) for 10 minutes, affording
sulfonylcyclopropané151 mg, 67% vyield, 96% ee) as a white solid after purification by flash
chromatography, eluting with-60% EtOAc in hexanes elution gradient €R0.42, 30% EtOAc
in hexanes). Enantiomeric excess was determined by HPLC analysis on chiral stationary phase
(Chiralcel AD-H 25 cm, 5%i-PrOH in hexane, 1 mL/min, 23°C, 214 nm(rmajor) 31.8 min,t
(minor) 34.5 min)] W¥=156.3 ¢ 1.04, CHC}). mp 84-86 °C. *H NMR (500 MHz, CDC}) U
7.97-7.92 (m, 2H), 7.69.64 (m, 1H), 7.58 (dd] = 8.4, 7.1 Hz, 2H), 7.22.19 (m, 2H), 6.98
6.93 (m, 2H), 2.87 (ddd,= 9.9, 6.6, 4.5 Hz, 1H), 2.63 (ddil= 8.3, 5.4, 4.5 Hz, 1H), 1.89 (d&,
= 9.8, 5.6 Hz, 1H), 1.45 (ddd,= 8.3, 6.6, 5.7 Hz, 1H}3C NMR (150 MHz, CDC}) U 140. 5,
136.1, 133.8, 133.2, 129.5, 129.0, 128.1, 127.7, 42.0, 23.3, IR (heat) 1496, 1304 1287,
1144, 1086, 815, 733, 685, 578, 5BRMS (HESI) calcd for [GsH13ClIO2S+H]*: m/z 293.0398,

found 293.0397.
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HPLC trace:

mAL 3 2 & Lo 2 sh"b
2\ & 2 & 150 Ie“. &
. & ¥ 1500 o
175 \ |
150 | \ ‘15““:
125 1000
1 ’w‘i
500 8
0
20 e
. 0
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] % # [min] [min] [mAU*s] [mAU] %
e |- =-=- — e R R |- -=-===- |<-ememeee P R |
1 31.841 MM 0.7121 9497.35254 222.27444 50.2959 1 32.015 MM 0.7365 8.28018e4 1873.86353 98.0990
2 34.504 MM 0.7642 9385.58691 204.70262 49.7041 2 34.661 MM 0.7550 1604.57593 35.41914 1.9010
SO,Ph 1-((1S,2R)-2-(phenylsulfonyl)cyclopropyl)-4-(trifluoromethyl)benzene

(2d). Generalprocedure Avas f ol | o we d-diazentethyl ghenyl g wi t

©\CF3 sulfone (173 mg, 0.95 mmol, 1 equivtrifluoromethylstyrene (818 mg,
4.75 mmol, 5 equiv) an(b)-Ru(ll)-Pheox (30 mg, 0.048 mmol, 0.05 equiv)3kCl> (20 mL)
for 1.0 hours, affording sulfonylcyclopropane (158 mg, 51% yield, 93% ee) as a white solid after
purification by flash chromatography, eluting witt60% EtOAc in hexanes elution gradient (R
= 0.28, 30% EtOAc in hexanes). Enantiomeric excess was determined by HPLC analysis on
chiral stationary phase (Chiralcel @25 cm, 5%-PrOH in hexane, 1 mL/min, 23°C, 214 nm,
t (major) 19.4 min,t(minor) 22.5 min)[ W% =148.5 ¢ 1.03, CHC$).mp 90-92 °C.*H NMR
(600 MHz, CDC$) U -7B2 (0,82H), 7.77.63 (m, 1H), 7.62Z.56 (m, 2H), 7.51 (dJ = 8.1
Hz, 2H), 7.13 (d,J) = 7.9 Hz, 2H), 2.94 (ddd] = 10.4, 6.6, 4.5 Hz, 1H), 2.70 (dd#i= 8.4, 5.5,
4.5 Hz, 1H), 1.95 (dt) = 9.8, 5.7 Hz, 1H), 15(ddd,J = 8.4, 6.6, 5.8 Hz, 1H}3C NMR (150
MHz,CDCk) UG 141. 7, 14 Q=325H4),329.6927.811279, 125.8(c 3,8
Hz), 124.1 (qJ = 271.8 Hz), 42.2, 23.5, 14.4. IR (ne&B21, 1300, 1140, 1117, 1067, 1048,
832, 749, 729, 687, 556(HRMS (HESI) calcd for [GeH13F30.S+H]*: m/z 327.0661, found

327.0662.
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HPLC trace:

- g )
o ¥ ¥ oo L
s00-] o «
o] w0
300 400
20 w0
] e .
] ~ 5 F
o o: N B .
z — .
Peak RetTlme Type W"?t“ Ar(fa Height Area Peak RetTime Type Width Area Height Area
# | [min] | | [min] ‘ [mAU*s] | [mAU] | % | #  [min] [min]  [mAU*s] [mAU] %
1 19.369 MM 0.5573 2.36021e4  705.91077 47.3961 1‘ 19.406‘MM | 0.5340‘2.4096864 ! 752.03015‘ 96‘4414|
2 22.531 MM 0.6566 2.61955e4  664.94769 52.6039 2 22.728 MM 0.5689 889.14270 26.04959  3.5586

SO,Ph 1-methyl-2-((1S,2R)-2-(phenylsulfonyl)cyclopropyl)benzene (2e)  General
procedure Awas f ol | o we d ;diazemethyl phienylgulfoné (@152 mgl
Me/© 0.83 mmol, 1 equiv)2-methylstyrene (490 mg, 4.15 mmol, 5 equiv) d&+
Ru(ll)-Pheox (16 mg, 0.025 mmol, 0.03 equiv) @H2Cl> (16 mL) for 5 minutes, affording
sulfonylcyclopropan€181 ng, 80% yield, 96% ee) as a colorless oil after purification by flash
chromatography, eluting with-60% EtOAc in hexanes elution gradient €R0.41, 30% EtOAc
in hexanes). Enantiomeric excess was determined by HPLC analysis on chiral stationary phase
(Chiralcel AD-H 25 cm, 10%-PrOH in hexane, 1 mL/min, 23°C, 214 nm(rhinor) 13.9 min,
(major) 17.3 min)[ W¥=1i39.1 ¢ 1.11, CHC}). '"H NMR (500 MHz, CDC4§) G -7B3 (:,8
2H), 7.687.63 (m, 1H), 7.58 (dd] = 8.4, 7.0 Hz, 2H), 7.17.11 (m, 2H), 7.08 (dt) = 8.5, 4.2
Hz, 1H), 6.85 (d,) = 7.6 Hz, 1H), 2.92 (ddd] = 9.8, 6.7, 4.6 Hz, 1H), 2.63 (dt= 8.3, 4.9 Hz,
1H), 2.34 (s, 3H), 1.85 (df,= 9.7, 53 Hz, 1H), 1.46 (ddd] = 8.2, 6.7, 5.4 Hz, 1H}3C NMR
(150 MHz,CDC$) u 140.6, 138.2, 135.3, 133.6, 130. 3,
22.1, 19.7, 13.0R (neat)1446, 1304, 1145, 1087, 761, 731, 700, 687, 590, 575,FHI8NIS

(HESI) calcdfor [CreH1602S+H]*: m/z 273.0944, found 273.0940.
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HPLC trace:

mAU

S

Peak RetTime Type Width Area

#

[min]

13.884 MM
17.277 MM

[min] [mAU*s]

0.3130 2.21077e4
0.3969 2.23234e4

Height Area
[mAU] %

1177.09534 49.7573
937.31189 50.2427

mAL b+
4 8
R o
1600 { ‘lr‘g
I
1800 [
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[
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& \
e & | \
200 5 o | \
- 4 N
o — T —
y ; y y | y ;
1. 13 " 15 16 17 L] 19 i

Peak RetTime Type Width Area

#

1
2

[min]

13.913 MM
17.222 MM

[min] [mAU*s]

0.3174 809.31860
0.4137 4.45747e4

Height Area
[mAU] %

42.49751  1.7833
1795.56909 98.2167
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GENERAL PROCEDURE B: Synthesis of alkytsubstituted sulfonylcyclopropane$?

0
0,0 i) n-BuLi; |>"'Alk SO,Ph
\// _ =
s’ ;
Ph™ " "Me i) PhSO,CI A
iii) n-BuLi Alk

To an overdried 50 mLroundbottomed flaskcontaining a solution of methyl phenyl sulféhe
(500 mg, 3.20 mmol, 1.0 equiv) in dry THF (20 mL) undemhs addech-BuLi (1.3 mL (2.5M
solution in hexanes), 3.36 mmol, 1.05 equiv) dropwisg7&8t°C and stirred for 30 min at the

same temperaturd.o the reaction mixture was addegoxide reagnt (3.20 mmol, 1.0 equiv)

and the solution was warmed to room temperature. After the starting material was consumed (3

hours by TLC analysis), the solution was cooled back7®°C and benzenesulfonyl chloride
(0.41 mL, 3.20 mmol, 1.0 equiv) was addedpmwise. After 30 min, the reaction was warmed to

0 °C and kept at this temperatui@ 3 hours. The resulting solution was cooled 78 °C again

andn-BuLi (1.3 mL (2.5M solution in hexanes), 3.36 mmol, 1.05 equiv) was added dropwise,

and the solution wakeft to slowly warm to room temperature overnight. The resulting mixture

was quenched with 2 and extracted twice with EtOAc. The combined organic layers were

washed with brine, dried over Mg%@nd concentrated under vacuum.
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Specific procedures anctharacterization data of alkyl-substituted sulfonylcyclopropanes

SO,Ph (((1S,29)-2-methylcyclopropyl)sulfonyl)benzene (2f). General procedure Bwas
AMG followed, startingfrom methyl phenyl sulfone an{R)-(+)-propylene oxide The
productwas isolated (410 mg, 66% yield, >99% ee) as arlade oil after purification by flash
chromatography, eluting with-80% EtOAc in hexanes (elution gradient). Enantiomeric excess
was determined by HPLC analysis on chiral stationary phase (Chiralcél @B cm, 2%i-

PrOH in hexane, 1 mL/min, 23 °C, 214 ntp(minor) 18.2 min, t(major) 20.5 min)[ W%} =

+45.5 € 1.11, CHC}). All other analyses were consistent with previously reported?@&ta.

HPLC trace
1 2 g 1 £ ¢
0] .9'- .,a\ wsn-‘ I“.ﬁ A?A
“ \ [\ wsnn—f | wA\.
1000 4 |
| i
HUU*I \‘
1 |
0 |‘
400 [ \
\ \'\
200 | \ f \ 2504 o \
! / 1 g ¢ .
% B N y
v s T P DT P T P T P B 185 9 9 20 205 B 215 mi
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mau] % #  [min] [min] [mAU*s ] [mAU] o

1 18.189 BB 0.3920 3.32450¢4 1297.99207 49.9015 1 1o 51> MM 0 3824 15024937  6.63620 0. 2633
2 20.493 BV 0.4333 3.33771ed 1175.00476 50.0985 5 p 356 MM B 5995 5 7682led 1830 54448 99 7367
SO,Ph (((1S,29)-2-phenethylcyclopropyl)sulfonyl)benzene(2g). Generalprocedure B
%Ph was followed, startindrom methyl phenyl sulfon¢453 mg, 2.9 mmol, 1.0 equiv)
and(R)-2-phenethyloxiran&-*?(474 mg, 3.2 mmol, 1.1 equiv, 96% e&he product(560 mg, %
yield, 95% ee)was isolatedas a pale yellow oikfter purification by flash chromatography,
eluting with 620% EtOAc in hexanes (elution gradienBnantiomeric excess was determined
by HPLC analysis on chiral stationary phase (Chiralcell AR5 cm, 5%i-PrOH, 1 mL/min,
23 °C, 43 bar, 214 nm; (minor) 21.4 mint (major) 23.1 min)[ ©% = +18.8 € 0.58, CHC}).

IH NMR (600 MHz, CDC}) U -7B7 (8,12H), 7.667.61 (m, 1H), 7.56 (tJ = 7.8 Hz, 2H),
27



7.287.24 (m, 2H), 7.18 (t) = 7.4 Hz, 1H), 7.09 (dJ = 6.6 Hz, 2H), 2.62.53 (m, 2H), 2.27
2.21 (m, 1H), 1.841.72 (m, 1H), 1.741.62 (m, 1H), 1.641.53 (m, 1H), 1.52.46 (m, 1H), 0.90
0.84 (m,1H). 3C NMR (150 MHz, CDC¥) & 141.1, 141.0, 133.4, 12

126.2, 39.4, 35.2, 33.9, 20.1, 13R.(neat) 2923, 2857, 1446, 1305, 1146, 1088, 733, 588

HPLC trace:
& . o
2 s A &
i’ W R\ #
[
‘.\I
400
2004 2
L S A / .
...... o M B
20 il 22 23 2 25
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAT] % ¥ [min] [min] [mRU*s] [mA] %
-——=1 |-——-1 | | i R | -1 | | | === |
1 21.402 MM 0.4812 2.12471e4 735.86548 51.2508 1 20.9%03 MM 0.6486 917.11353 23.56606 2.4208
2 23.088 MM 0.5405 2.02100e4 623.21198 48.7492 2 23.036 MM 0.5600 3.69677e4 1100.204%96 97.5762
so.pnh ((cis2,3-dimethylcyclopropyl)sulfonyl)benzene(2h). Generaprocedure Bvas
o2

MeAMe followed, startingfrom methyl phenyl sulfone ants-2,3-dimethyloxirane. The

product was isolated as a whéelid (30% yield).mp 47-50 °C.*H NMR (600 MHz, CDC}) U

7.907.85 (m, 2H), 7.65.59 (m, 1H), 7.55 (dd] = 8.4, 7.1 Hz, 2H), 1.85.77 (m, 3H), 1.141

1.05 (m, 6H).13C NMR (150 MHz, CDC4) G 141. 4, 133.2, 12R.3, 12
(neat) 3059, 3010, 2929, 1450, 1183, 932, 793, 689, 614, HBMS (HESI) calcd for

[C11H140,S+H]": m/z 211.0787, found 211.0787.

SOzPh (2-methyl-3-(phenylsulfonyl)cyclopropyl)benzene (2i). Generalprocedure B

oS

The product was isolated as a white solid (31% yieftf).135136 °C.*H NMR (700 MHz,

b, Was followed, startinfdrom methyl phenyl sulfone andrethyl3-phenyloxirane.

CDClk) U -7B4 (9,8H), 7.687.62 (m, 1H), 7.607.53 (m, 2H), 7.26.20 (m, 3H), 7.06.99
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(m, 2H), 3.05 (ddJ = 10.2, 5.1 Hz, 1H), 2.59 (@,= 5.0 Hz, 1H), 2.22.14 (m, 1H), 0.93 (d] =
6.5 Hz, 3H)13C NMR (175 MHz, CDC#) 140.9, 134.2, 133.5, 129.5, 129.1, 128.6, 127.5, 127.3,
45.2,29.3, 20.7, 12.2R (neat) 1724, 1446, 1302, 1146, 1087, 781, 701, 684, 586HFRXIS

(HESI) calcd for [GeH1602S+H]": m/z 273.0944, found 273.0939.

SO,Ph cis-6-(phenylsulfonyl)bicyclo[3.1.0]hexang2)). Generaprocedure Bvas followed,
6 startingfrom methyl phenyl sulfone ands-6-oxabicyclo[3.1.0]hexane. The product
was isolated as a white solid (39% yiela)p 65-67 °C.*H NMR (700 MHz, CDC})
0 7-7.87 {m, 2H), 7.65.61 (m, 1H), 7.577.53 (m, 2H), 2.22.18 (m, 2H), 2.16 (t) = 3.1
Hz, 1H), 1.851.77 (m, 4H), 1.671.60 (m, 1H), 1.090.97 (m, 1H)33C NMR (175 MHz, CDC})
a 141. 4, 133. 3,27.Q 2690, 2.4IR ®eafj 3026, 2968592983, 2858, 1449,
1286, 1144, 845, 719, 625, 54TRMS (HESI) calcd for [G2H140,S+H]": m/z 223.0787, found

223.0788.

SO,Ph cis-7-(phenylsulfonyl)bicyclo[4.1.0]heptane (2k). General procedure B was
é followed, startingfrom methyl phenyl sulfone andis-7-oxabicyclo[4.1.0]heptane.

The productwas isolated as a light brown oil (50% vyieldyd NMR (700 MHz,

CDClL) U -7B6 (02H), 7.64.59 (m, 1H), 7.55 (dd] = 8.4, 7.1 Hz, 2H), 2.18 (§ = 3.8

Hz, 1H), 1.951.85 (m, 4H), 1.66.57 (m, 2H), 1.34..23 (m, 2H), 1.171.10 (m, 2H)13C NMR

(175 MHz, CDC}) u 141. 5, 133. 2, 129 . B (nedt)22930,£2682, 4 3 .

1446, 1302, 1179, 1087, 968, 794, 690, 593, 5HRMS (HESI) calcd for [GsH1602S+H]":

m/z 237.0944, found 237.0944.
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SOzPh ((2-(trifluoromethyl)cyclopropyl)sulfonyl)benzene (2I). To an overdried flask

AL

CF3
THF (25 mL) under Nwas addedh-BuLi (2.14 mL (2.5M solution in hexanes), 5.36 mmol, 1.1

containing a solution of methyl phenyl sulfone (760 mg, 4.87 mmol, 1.0 equiv) in

equiv) ati78 °C and stirred for 30 min at the same temperatlicethe resulting solution was

added 1,Z2poxy3,3,3trifluoropropane (601 mg, 5.36 mmol, 1.1 equiv)ia8 °C and the

resulting solution was allowed to warm to room temperature and stirred foo@4. The

reaction was then cooled to°O, benzenesul fonyl chloride (623
added and the mixture was stirred for 8 hours #.0The reaction intermediate (957 mg, 2.34

mmol, 48%) was isolated by flash chromatography usi6@% EtOAc/hexanes elution gradient

(R = 0.35, 30% EtOAc in hexanes) and was added into an-dntet 50 mL rounebottomed

flask and dissolved in toluene (20 mL). To the reaction mixture was de8e@K (394 mg,

3.51 mmol, 1.5 equiv) and stirred for 3 @t room temperature. Solvent was removed under
vacuum and the resulting crude mixture was purified by flash chromatography, eluting70i¥h 0
EtOAc in hexanes elution gradient;@R0.45, 30% EtOAc in hexanes) to affahe produc(342

mg, 58%) as a hite solid.mp 62-63°C. *H NMR (600 MHz, CDC}) U -789 (8,32H), 7.70

(ddt,J = 8.7, 7.1, 1.2 Hz, 1H), 7.6A4.58 (m, 2H), 2.82 (ddd} = 9.6, 5.6, 4.5 Hz, 1H), 2.42.40

(m, 1H), 1.791.72 (m, 1H), 1.47 (dfj = 9.0, 6.2 Hz, 1H)1*C NMR (150 MHz,CDC}) & 13 9. 4,
134.3, 129.7, 127.9, 124.1 (&= 272.2 Hz), 35.9 (q] = 2.5 Hz), 21.1 (qJ = 38.7 Hz), 8.7 ()

= 2.6 Hz).IR (neat) 14121306, 1266, 1131, 1087, 735, 685, 580, 544, 528.
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SO,Ph

PPhs, Br, 1. PhSH, KOBu
HO/><\OH Br/><\Br phikinslebbntite) y
e

MeCN 2. Oxone M
reflux, 16 h ©
2m

((2,2-dimethylcyclopropyl)sulfonyl)benzere (2m).2*>3* To an overdried 50 mL round
bottomed flaskcontaining PPf(5.0 g, 19.2 mmol, 2.0 equiv) under Was added dry MeCN

(20 mL), Be (1.0 mL, 19.2 mmol, 2.0 equiv) and Zjinethyt1,3-propanediol (1.0 g, 9.6 mmol

1.0 equiv) successively at’G, and the resulting mixture was then refluxed to 90 °C for 16 hours.
After this time, the reaction was cooled to room temperature, concentrated under vacuum and
filtered through a Si®@pad using 5% EtOAc in hexanes as etuaifording the crude 2;2
dimethy}1,3-dibromopropane (1.7 g, 77% yield) that was used directly in the next step.

An ovendried 50 mL rounebottomed flask was charged wiBhSH (0.2 mL, 2.09 mmol, 1.2
equiv) and DMSO (5 mL) underoNKOt-Bu (0.6 g, 5.22 mnol, 3.0 equiv) was added and the
resulting mixture was stirred at room temperature for 5 minutes. A solution of the crude 2,2
dimethyt1,3-dibromopropane (400 mg, 1.74 mmol, 1.0 equiv) obtained in the previous step in
DMSO (1 mL) was added, and the remgt solution was stirred at room temperature for 20
hours. After this time, the reaction was diluted witfOH20 mL) and extracted wit@H.Cl,.

The combined organic layers were dried on®a and filtered through a silica plug, using
CH.CI; as eluent. The filtrate was concentrated the resulting crude product was used directly in
the next stepTo an overdried 50 mL rounébottomed flaskcontaining the crude thioether
intermediate (250 mg, 1.4@mol, 1.0 equiv) from the previous stefas added MeOH (10 mL),

H-0 (3 mL) and Oxorfe(1.3 g, 4.21 mmol, 3.0 equiv) successively, and the reaction was stirred
at room temperature for 20 hours. After this time, the reaction was diluted ¥@Xti28 mL) and

extracted twice withlCH.Cl,. The combined organic layers were dried on9@, concentrated
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and the crude residue was purified by flash chromatograpB9%o EtOAcC in hexanes, elution
gradient) to affordhe product (180 mg, 50% yield over 2 stepsp 50-54 °C.'H NMR (600
MHz, CDCk) U -78B8 (,32H), 7.65.59 (m, 1H), 7.5&.52 (m, 2H), 2.23 (dd] = 8.6, 5.3
Hz, 1H), 1.48 (tJ = 5.3 Hz, 1H), 1.46 (s, 3H), 1.11 (s, 3H), 1.09 (@&, 8.6, 5.3 Hz, 1H)}3C
NMR (150 MHz, CDC}) u 142. 3, 121.3 385.1227.0, 236920.8,,18IB. (neat)
2959, 2948, 2875, 1446, 1302, 1141, 1071, 897, 709, BBMS (HESI) calcd for

[C11H1402S+H]": m/z 211.0787, found 211.0789.
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H,O,Urea + Et3SiCl ﬂ’ Et3Si\O/O\SiEt3
0°Ctort,2h
79 %
Peroxybis(triethylsilane). To an overdried 250 mL roundottomed flaskcontaining urea
hydrogen peroxide (2.82 g, 30.00 mmol, 1.0 equiv) and DABCO (3.37 g, 30.00 mmol, 1.0 equiv)
under N was addedCH:Cl, (50 mL). The resulting solution was cooled to°O, and
chlorotriethylsilane (5.04 mL, 30.00 mmol, 1.0 equiv) was added dropwise over 30 minutes
using a syringe pump aparatus. The resulting solution was stirred for 1 additional hour at room
temperature,hiten diluted with hexanes and filtered to remove insoluble salts. The filtrate was
concentrated, filtered through a silica plug eluting with pentane (500 mL) and concentrated under
reduced pressure (60 mbar), affording peroxybis(triethylsilane) (3.10 gyiéd®pas a colorless

oil. lH NMR (500 MHz, CDC) U 0J= 8.8 Hz( 18H), 0.68 (g] = 8.0 Hz, 12H)All other

analyses were consistent with the previously reported®tlata.
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GENERAL PROCEDURE C: Synthesis of substitutedl-sulfonylcyclopropanols

n-BuLi (1.0 equiv);
BF;°OEt, (5.4 equiv)
(Et3SiO), (1.2 equiv)  HO_,SOLAr

SOzAr

R1\ "/Rz DME or t-BuOMe, —78 °C R1\ "’R2

[ACOH quench at—78°C] >99:1dr

An ovendried 5 mL microwave vial equipped with a magnetic stirbar was charged with the
sulfonylcyclopropang0.23 mmol, 1.0 equiv), capped and flushed with Nnhydrous 1,2
dimethoxyethane (DME) ot-BuOMe (0.6 mL, see specific procedures) was added and the
solution was cooled t678 °C. To the resulting solution was adde@ulLi (0.09 mL (2.5M in
hexanes), 0.23 mmol, 1.0 equiv) and the mixture was stirief8atC for 45 minutes. BHFOE®L

(0.33 mL, 1.25 mmol, 5.4 equiv) was added dropwisé7& °C, followed by a solution of
peroxybis(triethylsilane)74 mg, 0.28 mmol, 1.2 equiv) in DM&r t-BuOMe (.10 mL, see
specific procedures)he reactiormixture was stirred for the specified timei &8 °C and then
guenched by addition of a solution of acetic acid in toluene (0.25 mL, PhMe:AcOH = 5:1),
warmed and stirred for 1 h at room temperaturd® °C. To the resulting solution was added
saturated agNH4Cl and the mixture was extracted three times VEt®Ac. The combined
organic fractions were dried on Mg%@nd concentrated under vacuum to afford the crude 1
sulfonylcyclopropanol, which was purified by flash chromatography (EtOAc in hexanes

containng 0.5% AcOH) to afford the pure product.
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HOKSOZPh (1R,25)-2-phenyl-1-(phenylsulfonyl)cycloproparnt1-ol (3a). General
’© procedure C was followed, starting with  (((1R,29-2-
phenylcyclopropyl)sulfonyl)benzer{0 mg, 0.23 mmol, 1.0 equiw)-BuLi (92
uL (2.5M solution in hexanes), 0.23 mmol, 1.0 equiv)sBEL (0.33 mL, 1.25 mmol, 5.4 equiv)
and peroxybis(triethylsilane74 mg, 0.28 mmol, 1.2 equiv) in DME for 15 miniat8 °C,
affording the product(46 mg, 73% yield, >99% ee) as a white solid after purification by flash
chromatography, eluting with 10% EtOAc in hexanes containing 0.5% Adidntiomeric
excess was determined by HPLC analysis on chiral stationary pblaisal¢el AD-H 25 cm, 20%
i-PrOH in hexane + 0.1% AcOH, 1 mL/min, 23 °C, 254 np(ntinor) 7.6 min, t (major) 8.4
min).[ W% =175.3 € 0.96, MeOH).mp 155157 °C. *H NMR (700 MHz, CDC}) U -78®5 00
(m, 2H), 7.727.67 (m, 1H), 7.6&.58 (m, 2H),7.337.29 (m, 2H), 7.29.26 (m, 1H), 7.17.13
(m, 2H), 3.28 (ddJ = 10.8, 8.0 Hz, 1H), 3.00 (s, 1H), 2.04 (dd; 10.8, 6.8 Hz, 1H), 1.62 {d,=

7.4 Hz, 1H).13C NMR (175 MHz, CDC}) ua 137.1, 134. 1, 132. 9,

127.7, 73.928.4, 18.0.IR (neat) 3380, 3032, 2921, 1582, 1474, 1289, 1135, 840, 761, 580.

HRMS (HESI) calcd for [GsH140sS+NaJ: m/z 297.0556 found 297.0555.

HPLC trace:

= i Y 3

Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] % # [min] [min] ~ [mAU*s] [mAU] %

e N il il o oo R P [ P [ [ [ |
1 7.625 BB  ©.1822 3698.85889 314.87885 50.0533 1 7.691 MM @.1988 30.97209  2.70520 9.1722

2 8.355 BB 0.2035 3690.98438 279.69298 49.9467 2 8.346 BB 9.2117 1.79524e4 1315.32373 99.8278
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o) (1R,25)-2-phenyl-1-((4-(trifluoromethyl)phenyl)sulfonyl)cyclopropan

00

S
o /A \©\ -1-ol ( 3 aGeneral procedur€ was followed, starting with-(((1R,29)-
CF3

2-phenylcyclopropyl)sulfony-(trifluoromethyl)benzene (394 mg, 1.21 mmal0 equiv),n-

BuLi (482 pL (2.5M solution in hexanes), 1.21 mmol, 1.0 equiv);AB6 E(L.73 mL, 6.52
mmol, 5.4 equiv) and peroxybis(triethylsilane) (0.46 mL, 1.45 mmol, 1.2 equiv) in DME for 15
min ati78 °C, affordingthe product(300 mg, 73% vyield, 9% ee) as a white solid after
purification by flash chromatography, eluting with 12.5% EtOAc in hexanes containing 0.5%
AcOH. Enantiomeric excess was determined by HPLC analysis on chiral stationary phase
(Chiralcel ODH 25 cm, 5%i-PrOH in hexane + 0.1% AH, 1 mL/min, 23 °C, 254 nm, t
(minor) 14.8 min, (t (major) 20.5 min).[ W¥ = +10.4 ¢ 1.01, CHC}). mp 148 °C
(decomposition)H NMR (500 MHz, CDC}) U 8J=18® H{%, @H), 7.86 (m) = 8.2 Hz,

2H), 7.367.27 (m, 3H), 7.19.13 (m, 2H), 3.31 (dd] = 10.9, 8.0 Hz, 1H), 2.77 (s (br), 1H),
2.03 (dd,J = 10.9, 6.8 Hz, 1H), 1.64 (dd,= 8.0, 6.8 Hz, 1H)!}3C NMR (125 MHz, CDC§) U
140.8, 135.7 (qJ = 32.9 Hz), 132.5, 129.8, 128.8, 128187.9, 126.4 (¢J = 3.6 Hz), 123.3 (q]

= 271.3 Hz), 73.9, 28.5, 18.IR (neat) 3415, 3054, 1605, 1501, 1456, 1403, 1315, 1306, 1170,
1143, 1126, 1108, 1061, 820, 712, 698, 610, 594, 541, ARAMS (HESI) calcd for

[C16H13F303S+Na]: m/z 365.0430 foud 365.0423.

HPLC trace:
mAL %
140 o 3 E
120 g 300
100 250
80 200
60 150
a0 100
) g
] w‘l ~ S
13 6 1w 18 19 0 n
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] % # [min] [min] [mAU*s ] [mAU] %

seeefameeee | -=mefommeeee |=mmmmenes |-nmmeees |=memeees R R R oo oo oo |
1 14.806 BB 0.4680 4634.69189 154.44167 49.5529 1 15.395 MM 0.4254  68.38585 2.67920 0.4974
2 20.481 BB @.5757 4718.33203 124.21536 50.4471 2 20.196 BB 0.5399 1.36803e4 374.32828 99.5026
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HOKSOZPh (1R,29)-2-(4-methoxyphenyl)}1-(phenylsulfonyl)cyclopropan-1-ol (3b).

©\ General procedur€ was followed, starting with-methoxy4-((1S 2R)-2-

M (phenylsulfonyl)cyclopropyl)benzen®6 mg, 0.23 mmol, 1.0 equivip-

BuLi (92 pL (2.5M solution in hexanes), 0.23 mmol, 1.0 equivi®E® (0.33 mL, 1.25 mmol,
5.4 equiv) angeroxybis(triethylsilanef74 mg, 0.28 mmol, 1.2 equiv) in DME for 15 miniat
78 °C, affordingthe product(25 mg, 35% yield, 94% ee) as a white solid after purification by
flash chromatography, eluting with 12.5% EtOAc in hexanes containing 0.5% AcOH.
Enantiomeric excess was determined by HPLC analysis on chiral stationary phase (Chiralcel
AD-H 25 cm, 20%-PrOH in hexane + 0.1% AcOH, 1 mL/min, 23 °C, 254 nm{ninor) 10.9
min, t (major) 13.3 min)] W% =i5.6 € 0.94, MeOH).mp 85-88 °C.'H NMR (600 MHz,
Me OD) {7.928m,@H), 7.75.70 (m, 1H), 7.677.58 (m, 2H), 7.1.01 (m, 2H), 6.86.76
(m, 2H), 3.74 (s, 3H), 3.06 (dd,= 10.9, 7.9 Hz, 1H), 1.97 (dd= 10.9, 6.5 Hz, 1H), 1.47 (dd,
=79 65Hz, IHH®.CNMR ( 175 MHz, Me OD) ua 160. 2, 139. 1,
127.1, 114.5, 74.9, 55.6, 28.6, 18R. (neat) 3397, 2934, 2838, 1611,18; 1481, 1303, 1171,

1055, 838, 722HRMS (HESI) calcd for [GeH1604S+H]": m/z 305.0842 found 305.0841.

HPLC trace:
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] % #  [min] [min] [mAU*s] [mAU] %

come| e e B |=eemeees |=menees |=eees R e P |- | -=nmeneee |=eeeeeen |
1 10.882 MM ©8.3144 8036.50732 426.05963 49.6198 1 18.899 BB ©.2796 134.05482 7.32613 2.7900

2 13.266 MM ©.3991 8159.65381 340.75690 56.38082 2 13.265 BB ©.3516 4670.84912 202.8%024 97.2100
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HOKSOZPh (1R,25)-2-(4-chlorophenyl)-1-(phenylsulfonyl)cyclopropan-1-ol (3c).

©\ General proceduréeC was followed, starting withl-chloro-4-((1S,2R)-2-
(phenylsulfonyl)cyclopropyl)benzengs7 mg, 0.23 mmol, 1.0 equivh-

BuLi (92 pL (2.5M solution in hexanes), 0.23 mmol, 1.0 equivk®E# (0.33 mL, 1.25 mmol,

5.4 equiv) angeroxybis(triethylsilanef74 mg, 0.28 mmol, 1.2 equiv) in DME for 15 miniat

78 °C, affordingthe product{60 mg,84% vyield, 97% ee) as a white solid after purification by

flash chromatography, eluting with 10% EtOAc in hexanes containing 0.5% AcOH.

Enantiomeric excess was determined by HPLC analysis on chiral stationary phase (Chiralcel

AD-H 25 cm, 19.25%-PrOH inhexane + 0.085% AcOH, 1 mL/min, 23 °C, 254 ng{minor)

10.0 min, t (major) 10.9 min)[ W% =15.9 € 1.03, MeOH).mp 153156 °C.H NMR (600

MHz, Me ODJ.94{m, 3), 0.75.22 (m, 1H), 7.64 (t, J = 7.8 Hz, 2H), 7.25 J& 8.5

Hz, 2H), 7.14 (dJ = 7.8 Hz, 2H), 3.11 (ddl = 10.9, 7.8 Hz, 1H), 2.03 (dd,= 10.9, 6.7 Hz, 1H),

1.53 (ddJ=7.8,6.7Hz, IH)*CNMR ( 175 MHz, MeOD) U 138. 9, 135.

130.3, 130.2, 129.1, 75.1, 28.6, 18R. (neat) 33703099, 2923, 1494, 1291, 1137, 835, 719,

629.HRMS (HESI) calcd for [GsH13CIOsS-H]: m/z 307.0201 found 307.0205.

HPLC trace:
y .
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# [min] [min]  [mAU*s] [mAU] % # [min] [min]  [mAU*s] [mAU] %

1 9.995 MM @8.2632 2966.56714 187.81711 58.368 1 18.826 MM 8.2734 125.18655 7.63125 1.4896
2 18.937 MM ©.2923 2923.15820 166.66211 49.631 2 18.967 MM ©8.2917 8755.85352 588.27246 98.59%84
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HOKSOZPh (1R,29)-1-(phenylsulfonyl)-2-(4-(trifluoromethyl)phenyl)cyclopropan -
1-ol (3d). General procedur€ was followed, starting withi-((1S2R)-2-
CFs (phenylsulfonyl)cyclopropyh-(trifluoromethyl)benzene (75 mg, 0.23
mmol, 1.0 equiv)n-BuLi (92 pL (2.5M solution in heanes), 0.23 mmol, 1.0 equiv), BOEL
(0.33 mL, 1.25 mmol, 5.4 equiv) aperoxybis(triethylsilanej74 mg, 0.28 mmol, 1.2 equiv) in
DME for 15 min ati 78 °C, affordingthe product(76 mg, 91% vyield, 90% ee) as a white solid
after purification by flash domatography, eluting with 10% EtOAc in hexanes containing 0.5%
AcOH. Enantiomeric excess was determined by HPLC analysis on chiral stationary phase
(Chiralcel ADH 25 cm, 5%i-PrOH in hexane + 0.1% AcOH, 1 mL/min, 23 °C, 254 nm, t
(minor) 19.9 min, t(major) 24.7 min)[ W¥=12.5 € 0.90, MeOH).mp 118122 °C.*H NMR
(600 MHz, MedB), 2H), 7.86.7@ (m, 1H), 7.677.62 (m, 2H), 7.55 (dJ = 8.3
Hz, 2H), 7.35 (dJ = 7.8 Hz, 2H), 3.21 (ddl = 10.7, 7.8 Hz, 1H), 2.09 (dd= 10.7, 6.z, 1H),
1.63 (ddJ=7.8,6.7Hz, 1IH})*CNMR ( 175 MHz, MeOD) U 140. 5, 138.
130.2, 129.9 (q) = 32.1 Hz), 125.8 (q] = 3.8 Hz), 125.8 (qJ = 271.0 Hz), 75.4, 28.9, 18.IR
(neat) 3378, 1619, 1195, 1132, 1115, 1066, 849, 7B3. BIRMS (HESI) calcd for

[C16H13F303S+H]": m/z 343.0610 found 343.0611.

HPLC trace:
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
#  [min] [min] [mAaU*s] [mAU] % # [min] [min] [mAU*s] [mAU] %

1 19.942 BB 8.4947 213.68692 6.56666 49.9986 1 19.%07 MM 8.5377 195.52676@ 6.06024 5.0616
2 24.720 BB 8.6147 213.76695 5.30084 58.8094 2 24.660 MM 8.6873 3667.45893  88.93281 94.9384
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HOKSOQPh (1R,29)-1-(phenylsulfonyl)-2-(o-tolyl)cyclopropan-1-ol (3e). General
/@ procedure C was followed, starting with -inethyt2-((1S2R)-2-

Me (phenylsulfonyl)cyclopropyl)benzen@3 mg, 0.23 mmol, 1.0 equivh-BulLi

(92 pL (25M solution in hexanes), 0.23 mmol, 1.0 equiv)&FEL (0.33 mL, 1.25 mmol, 5.4

equiv) andperoxybis(triethylsilanef74 mg, 0.28 mmol, 1.2 equiv) in DME for 15 mini&8 °C,

affording the product(38 mg, 56% yield, 96% ee) as a white solid after purification by flash

chromatography, eluting with 10% EtOAc in hexanes containing 0.5% Adidntiomeric

excess was determined by HPLC analysis on chiral stationary phase (ChiraleeRBBRm, 20%

i-PrOH in hexane + 0.1% AcOH, 1 mL/min, 23 °C, 254 nm(nbajor) 7.7 min, (minor) 8.6

min).[ U= +61.7 € 1.00, MeOH)mp 148150 C*HNMR ( 6 00 MHz, MeIBD) U 8

(m, 2H), 7.767.71 (m, 1H), 7.64 (t) = 7.9 Hz, 2H), 7.15.04 (m, 4H), 3.13 (dd] = 10.7, 8.0

Hz, 1H), 2.26 (s, 3H), 1.96 (dd,= 10.7, 6.4 Hz, 1H), 1.59 (dd,= 8.0, 6.5 Hz, 1H)}3C NMR

(175 MHz, Me OD) a 140. 1, 139. 0, 135. 0, 133. 4,

27.4, 20.2, 17.3IR (neat) 3380, 2922, 1447, 148®@44, 1139, 846, 610, 566IRMS (HESI)

calcd for [GeH1603S+Na]: m/z 311.0712 found 311.0712.

HPLC trace:

Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] % #  [min] [min]  [mAU*s] [mAU] %
1 7.727 MM 8.2119 9669.13281 760.46692 49,9691 1 7.630 BB 8.2453 4.16358e4 2679.84155 97.8893

2 B.684 MM 8.2277 9681.09961 7068.68913 50.0389 2 B.635 MM 8.2515 932.56396 61.88463  2.1987
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HOL_ .SO,Ph  (1S,2S)-2-methyl-1-(phenylsulfonyl)cyclopropan-1-ol (3f). General procedure

AMe C was followed, starting wit(((1S,29)-2-methylcyclopropyl)sulfonyl)benzene
(45 mg, 0.23 mmol, 1.0 equivh-BuLi (92 uL (2.5M solution in hexanes), 0.23 mmol, 1.0
equiv), BRAOE®L (0.33 mL, 1.25 mmol, 5.4 equiv) amekroxybis(triethylsilane)74 mg, 0.28
mmol, 1.2 equiv) int-BuOMe for 1 h ati 78 °C, affordingthe product(41 mg, 84% vyield,
>99%ee) as a white solid after purificen by flash chromatography, eluting with 10% EtOAc in
hexanes containing 0.5% AcOH.

On_gram_scale: Starting with (((1S29-2-methylcyclopropyl)sulfonyl)benzeng€.0 g, 10.19

mmol, 1.0 equiv) n-BuLi (4.89 mL (2.5M solution in hexanes), 12.23 mmol, 1.2ieq
BFsf0Et solution (14.76 mL, 55.03 mmol, 5.4 equiv) apdroxybis(triethylsilane(3.21 g,
12.23 mmol, 1.2 equiv) itBuOMe (50 mL) for 1 h at78 °C, affordingthe produc{1.74 g, 80%
yield, >99% ee) as a white solid afislumn. Enantiomeric excess was determined by HPLC
analysis on chiral stationary phase (ChiralcelHDd5 cm, 5% -PrOH in hexane w/ 0.1% AcOH,

1 mL/min, 23 °C, 254 nm, t(major) 18.7 min, t(minor) 25.8 min).] W% = +29.0 € 0.95,
MeOH).mp 102-104 °C.2H NMR (700 MHz, CDC}) U 7J=9.3 Hz( 2H), 7.67 () = 7.2

Hz, 1H), 7.57 (tJ = 7.7 Hz, 2H), 3.80 (s, 1H), 2.6493 (m, 1H), 1.69 (ddl = 10.6, 6.1 Hz, 1H),
1.18 (d, J = 6.3 Hz, 3H), 0.79 (= 6.9 Hz, 1H)13C NMR (175 MHz, CDC}) U 13 7. 6,
129.2,129.0, 73.9, 19.5, 18.6, 11R.(neat) 3389, 2964, 2933, 1447, 1163, 1131, 848, 733, 571,
547.

HPLC trace:
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18 20 2 2 2% 2 i 6 18 20 2 21 2 2

Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] % # [min] [min]  [mAU*s] [mAU] %
e |--ne-mmmee R R |--mmnn-- I R o |--mneeee R |- |

1 18.743 MM 0.4886 1462.80188  49.98254 49.3737 1 18.519 MM ©.5497 3268.24951 99.89745 99.82180
2 25.818 MM 0.7142 1499.91187 35.00385 50.6263 2 26.217 MM 0.4926 5.85943 1.9826le-1 ©.1790

HO_ .SO,Ph (1S,29)-2-phenethyt1-(phenylsulfonyl)cyclopropanl-ol  (3g). General
AAPh procedure C  was  followed, starting  with (((1S29-2-

Phenethylcyclopropyl)sulfonyl)benzen®50 mg, 1.92 mmol, 1.0 equivh-BuLi (1.09 mL

(2.1M solution in hexanes), 2.30 mmol, 1.2 equiv)A8fEt (2.78 mL, 10.37 mmol, 5.4 equiv)

and peroxybis(triethylsilaneY604 mg, 2.30 mmol, 1.2 equivh t-BuOMe ©.5 mL) for 30

minutesat 1 78 °C, affording the produc{382 mg, 66% yield, 96% ee) as a white saifter

purification by flash chromatography, eluting with 10% EtOAc in hexanes containing 0.5%

AcOH. Enantiomeric excess was determined by HPLC analysis on chiral stationary phase

(Chiralcel O3H 25 cm, 19.25%-PrOH + 0.085% AcOH, 1 mL/min, 23 °C, 43 b&14 nm.t,

(major) 11.2 mint (minor) 14.3 min)[ W% = +9.1 ¢ 1.42, CHC}). mp 97-100°C. *H NMR

(600 MHz, CDC}) U -7B6 (81,2H), 7.747.63 (m, 1H), 7.55 () = 7.8 Hz, 2H), 7.28 (t) =

7.6 Hz, 2H), 7.287.16 (m, 1H), 7.167.10 (m, 2H), 3.26s, 1H), 2.652.50 (m, 2H), 1.94..86 (m,

2H), 1.771.64 (m, 2H) 0.83.78 (m, 1H)13C NMR (150 MHz, CDCY) 4 141. 3, 137.°¢F

129.2, 129.0, 128.7, 128.6, 126.3, 74.0, 35.4, 28.8, 23.9,IR8(heat) 3395, 3026, 2926, 1447,

1290, 1136, 1085, 723, B8555.

HPLC trace:
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mAU ]

Peak RetTime Type Width Area
# [min] [min] [MAU*s]

Height
[mAU]

1 11.173 MM 0.3964 1.96835=24
2 14.314 MM 0.5263 2.01256e4

HO,, ,SO,Ph (cis-2,3-dimethyl)-1-(phenylsulfonyl)cycloproparnt1-ol

MeS “Me procedure

Area

k]

827.50562 49.4448
637.28632 50.5552

C

was

Peak RetTime Type Width
[min] [mAU*s]

3 [min]

Area

Height Area
[mAT] %

1 10.83% MM
2 14.446 MM

followed,

0.560¢€ 4.41140e4 1311.60229 98.1807
0.6325 B17.42572

starting

21.54030 1.8193

(3h). General

with  ((cis-2,3

dimethylcyclopropyl)sulfonyl)benzen@8 mg, 0.23 mmol, 1.0 equivi-BuLi (92 uL (2.5M

solution n hexanes), 0.23 mmol, 1.0 equiv), #BEL (0.33 mL, 1.25 mmol, 5.4 equiv) and

peroxybis(triethylsilane74 mg, 0.28 mmol, 1.2 equiv) iRBuOMe for 15 min ati 78 °C,

affording the product(42 mg, 80% vyield) as a white solid after purification by flash

chromatography, eluting with 10% EtOAc in hexanes containing 0.5% Ao@@HL13-116 °C.

IH NMR (600 MHz, CDC4)

1H), 1.981.82 (m, 2H), 1.04€0.93 (m, 6H)13C NMR (150 MHz, CDC})

U -78B4 (,2H), 7.67.61 (M, 1H), 7.5&.53 (m, 2H), 4.06 (s,

~

u

138. 0,

128.7, 74.3, 20.0, 5.9R (neat) 3362, 2938, 2503, 1444, 1287, 1137, 769, 684, I5BRRIS

(HESI) calcd for [G1H1403S+H]": m/z 227.0736 found 227.0736.

HO., ,SO,Ph  2-methyl-3-phenyl-1-(phenylsulfonyl)cyclopropan-1-ol

A

Me™ procedure

C

was

followed,

starting

with

(30). General

(2-methylt3-

(phenylsulfonyl)cyclopropylhbenzen®3 mg, 0.23 mmol, 1.0 equivi-BuLi

(92 pL(2.5M solution in hexanes), 0.23 mmol, 1.0 equiv)z&Et (0.33 mL, 1.25 mmol, 5.4

equiv) andperoxybis(triethylsilanef74 mg, 0.28 mmol, 1.2 equiv) in DME for 2 hiat8 °C,
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affording the product(36 mg, 54% vyield) as a white solid after purificatioy Hash
chromatography, eluting with 10% EtOAc in hexanes containing 0.5% Age(PH.01-103 °C.
IH NMR (600 MHz, CDCiwi t h a dr o p-7.04f(m, PH),A V4.67 (n§ 1H), Z.60 (t,
J=7.9 Hz, 2H), 7.267.18 (m, 3H), 7.00 (d] = 7.4 Hz, 2H), 5.53 (s, 1H), 3.08 @@= 11.2 Hz,
1H), 2.462.36 (m, 1H), 1.09 (dJ = 6.6 Hz, 3H}*C NMR (150 MHz, CDC} with a drop of
TFA) a 137.1, 134. 1, 131. 8, 130. 3, IR méat) 3, 12¢

3402, 2977 1285, 1139, 739, 685, 581.

cis-6-(phenylsulfonyl)bicyclo[3.1.0]hexan6-ol (3j). General procedur€ was
HO., ,SO,Ph

& followed, starting withcis-6-(phenylsulfonyl)bicyclo[3.1.0]hexangl mg, 0.23

~NS

nw

mmol, 1.0 equiv) n-BuLi (92 pL (2.5M solution in hexanes), 0.23 mmol, 1.0

equiv), BRAOE®L (0.33 mL, 1.25 mmol, 5.4 equiv) amekroxybis(triethylsilane)74 mg, 0.28

mmol, 1.2 equiv) in-BuOMe for 4 h ati 78 °C, affordingthe product{47 mg, 80% yield) as a

white solid after purification by flash chromatography, eluting with 10% EtOAc in lesxan
containing 0.5% AcOHmp 122-125 °C.H NMR (700 MHz, CDC§) U 7J=9.3 Hz 2H),

7.65 (t,J= 7.5 Hz, 1H), 7.56 () = 7.7 Hz, 2H), 4.15 (s, 1H), 2.32 (@= 4.2 Hz, 2H), 2.08..96

(m, 2H), 1.921.83 (m, 2H), 1.78..64 (m, 1H), 1.64..50 (m, H). 3C NMR (175 MHz, CDC})

a 137. 8, 133. 7, 129. 2,IR (head 3368, 296362929, 2865,91288, , 25

1175, 1078, 682, 568, 5461RMS (HESI) calcd for [G2H1403S+H]": m/z 239.0736 found

239.0735.
cis-7-(phenylsulfonyl)bicyclo[4.1.0]heptan7-ol (3k). General procedur€ was
HOKSOZPh
followed, starting withcis-7-(phenylsulfonyl)bicyclo[4.1.0]heptan®4 mg, 0.23
3 3
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mmol, 1.0 equiv)n-BuLi (92 pL (2.5M solution in hexanes), 0.23 mmol, 1.0 equiv)sABE®L

(0.33 mL, 1.25 mmol, 5.4 equiv) aperoxybis(triethylsilanej74 mg, 0.28 mmol, 1.2 equiv) in
t-BuOMe for 15 min ai 78 °C, affordingthe produci{42 mg, 72% vyield) as a white solid after
purification by flash chromatography, eluting with 10% EtOAc in hexanes containing 0.5%
AcOH. mp 139140 °C.2H NMR (700 MHz, CDC}) U -7B9 (032H), 7.677.63 (m, 1H),
7.597.54 (m, 2H), 3.57 (s, 1H), 1.9793 (m, 2H), 1.84..84 (m, 2H), 1.53..45 (m 2H), 1.33

1.27 (m, 2H), 1.2&.19 (m, 2H).13C NMR (175 MHz, CDC}) G 137.9, 133. 7,
74.7, 21.1, 18.4, 17.2R (neat) 3387, 2942, 2855, 1446, 1285, 1141, 1086, 719,HE8MS

(HESI) calcd for [GaH1603S+H]": m/z 253.0893 foun@53.0892.

: S0,Ph  1-(phenylsulfonyl)-2-(trifluoromethyl)cyclopropan -1-ol (3. General

(trifluoromethyl)cyclopropyl)sulfonyl)benzen8 mg, 0.23 mml, 1.0 equiv) n-BuLi (92 pL

HO

CF;  procedure C was followed, starting with ((2-

(2.5M solution in hexanes), 0.23 mmol, 1.0 equiv)z8fEt (0.33 mL, 1.25 mmol, 5.4 equiv)

and peroxybis(triethylsilanef74 mg, 0.28 mmol, 1.2 equiv) iABBuOMe for 2 hours &t78 °C,

affording the product(42 mg, 68% vyield) as a white solid after purification by flash
chromatography, eluting with 10% EtOAc in hexanes containing 0.5% Ao(®H6-100 °C.1H

NMR (600 MHz, CDC}) U 7J=95 Hz 2H), 7.767.69 (m, 1H), 7.61 (t) = 7.9 Hz, 2H),

4.59 (s,1H), 2.762.60 (m, 1H), 1.97 (ddJ = 10.9, 7.2 Hz, 1H), 1.71 (§ = 7.3 Hz, 1H).1%C

NMR (150 MHz,CDC$) 0 135. 8, 134. 7 J=2r2MHz)572.0, 252094,=3 , 123

37.4 Hz), 15.1IR (neat) 3329, 3055, 2922, 1278, 1131, 1057, 731, 489.
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2,2-dimethyl-1-(phenylsulfonyl)cyclopropan-1-ol (3m). General procedur€

HO._ .SO,Ph

A\,;/'l';/le was followed, starting witlf(2,2-dimethylcyclopropyl)sulfonyl)benzen@8 mg,

0.23 mmol, 1.0 equiy)n-BuLi (92 pL (2.5M solution in hexanes), 0.23 mmol, 1.0 equiv),
BFsf0E® (0.33 mL, 1.25 mmol, 5.4 equiv) aperoxybis(triethylsilane74 mg, 0.28 mmol, 1.2

equiv) int-BuOMe for 15 min ai 78 °C, affordingthe product(34 mg, 65% vyield) as a white

solid after purification by flash chromatography, eluting with 10% EtOAc xahes containing

0.5% AcOH. mp 92-94 °C.'H NMR (700 MHz, CDC%) a 7J1=86 HZ, 8H), 7.677.63

(m, 1H), 7.56 (tJ = 7.8 Hz, 2H), 3.68 (s, 1H), 1.70 (@= 6.1 Hz, 1H), 1.45 (s, 3H), 1.23 (s, 3H),

0.96 (d,J = 6.1 Hz, 1H).13C NMR (175 MHz, CDC}) a 139. 0, 133. 7, 129. 1
25.6, 21.4, 20.1IR (neat) 3436, 1275, 1118, 1069, 687, 673, 62BRMS (HESI) calcd for

[C11H1403S+H]": m/z 227.0736found 227.0736.
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CHAPTER 3

Synthesis of alkylidenecyclopropanes and amino acid derivativé®om 1-

sulfonylcyclopropanols as cyclopropanone precursors

3.1. Uility of alkylidenecyclopropanes

Alkylidenecyclopropases (ACPs) are fascinating cyclopropanebuilding blocls, also
possessing an importarihg strain energy (40 kcal/mol}.The strainedilkenepresent in these
building blocksare thus highly reactive and usefut various transformationssuch asring
expansions,cycloadditions and ring openingrocesse®®® As selectedexampls, gold-
catalyzechydroaminationefficiently leadsto pyrrolidines,®*® Ni-catalyzedarylationaffords ring
opened product® ring expansiorwith MCPBA affordscyclobutanone$4? and various types

of cyclizations are also possil{Eigure12).43

TsNH,
Au(PPh)CI

Ph H AgOTf Ph H //[ij>
O | R
H NHTs

Toluene
85°C

Ni(PPhs),Cl, (5 mol%) Ar
ArMgBr (200 mol%) %\‘/
THF, 0 °C

Ph

Ph mCPBA
—_—
E CH,Cly, 0 °C
[CP*RhCly], (2 mol%)

O
Ph CsOAc (1 equiv.) NH
+ NHOPiv
MeOH, 30 °C Ph

Figure 12 Selectedsynthetic applicationsf akylidenecyclopropane@ACPs)

Ph
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3.2. Previous approaclesto alkylidenecyclopropanes

Over the past few decadesnumber ofipproaches to thgynthesis of ACPs ka been
explored® 444 ACPs @n be prepared from theyclopropanation ofallenes with carbene
equivalents by elimination or ring-contraction reactionsas well asby metatcatalyzed
transpositionreactionsand olefinations(Figure 13).174€4% Most casesreportedfocus on the
synthesis ofunsubstitutedACPs and are not amenable to the formation of enantioenriched
derivatives Indeed, oty afew methods tachiral ACPs have been reporté®® However, tlose

enantioenriched examplasestill limited in terms of the possible Bstituents around the ring

o)
- R [Rh, Cu, Pd] Q R
+ = -
N2
o o)
OMs Base -0
/—O
EWG._ N, EWG
N heat
74
R
OTs [Pd] — Nuc
\ —_ N\ R —_— R
R Pd Nuc

, R
[>—Pph; Br Base >—pPh, =5 I>:<R‘

Figure 13. Severaknown approaches takylidenecyclopropanes.
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K reflux A » Unsubstituted cyclopropane only

Figure 14. Wittig reaction ofcyclopropanonéemiketals

Although cyclopropanonehemiketalshave already been studied for Wittig reactiors,
these precursorswere notgenerally substituted examplesd thus cannot be used for the
production of enantioenriched ACPs and afford only matgeyields of product&50%, Figure
14).175760 The fact that tsulfonylcyclopropand are highly reactivevould produceACPsin
milder conditions. Since we now have access for the first time to a wide variety of
enantioenriched cyclopropanone equivalents (see Chapter 2), we envisioned that a simple Wittig
type olefination methodology would provide a more general access to these useful chiral
building blocksin optically active form Additionally, it would fundamentallyhelp to further

understandhe reactivityof 1-sulfonylcyclopropan@as cyclopropanone prersos in general

3.3. Wittig reactions ofphenyl-substituted cyclopropanone equivaleni3a).
Using3aas model substrate, various conditions were initially evaluated using a stabilized

Wittig reagent (Table 3)While the Wittig reaction of3a in presence ofriethylamine afforeéd

the desired produd#a), an undesirecsideproduct ba) was also formed duéo the important
nucleophilicity of the sulfinate from the starting materiafentry 1) Optimizations in two
different ways were planned to improve the reaction yield. First, side prdstucbuld betested

as intermediate towarh, wherewe eventuallyfound onepot conditiors with good yield using
potassium hydroxides additive(Scheme 7 Method A.%2 Besides,a second approach was

focused on supprasg the side reactiorvia sulfinate scavengingTable 3).Evaluation of
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different variations ofour modular cyclopropanone precursor, we found that precursor with
electronpoor sulfinate(p-CRCeHs, 3 § vas more efficientikely due to faster equilibrium
toward cyclopropanonand a less important nucleophilicity of the sulfinate leaving group
(enties 3-4). Decreasing the temperature increased the yield significantly with this substrate
(entry 5) and THF was found to be optimal as solvémt 3a (entries 68). After further
optimization, the optimal conditi@werefoundto beentry 1Q with a veryshort reaction time of

10 minutes However,some undesiredulfinate adduct was still observed(9%), and these
conditions were founthterto be not general for other substratés.we thought it was essential

to find robust and scalableonditiors without the presence ofide product we decided to
evaluate various additives that could serve to scavenge the sulfinate leaving group liberated from
the substratdenties 11-18). Methylation of the sulfinatewith methyl iodide @ not fully
suppresghe sulfinate addition, areh undesirednethylated ACRvas alsmbserved, presumably

via initial methylation of the Wittig reagenFinally, several electrophilic iodine sources gave
encouraging resultswith NIS (N-iodosuccinimide)affording compete suppression of the
undesired sid@roduct5a when the reaction was started at low temperatiunaishing 71%

yield of the desired alkylidenecyclopropatee(entry 16, Method B.

Scheme7. Onepotsynthesis ofilkylidenecyclopropanes via sulfinate add{method A)

(1.0 equiv)
PhsPs__CO,Me
0,0 T2 SOA i) KOH (2.0)  MeO,C
HO,, s’\A i) EtsN (2.0), CH,Cl, MeO,C~ & 2R DB-18-crown-6 (1.0) l
y r
R rt, 18 h R" CH,Cly, rt, 2 h R
5
ik 4a, 54% yield

one-pot dr 1.2/1
4b, 63% yield
dr1.2/1

R = (CH,),Ph, 3b'
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Table 3. Optimization ofmethod B direct approach to alkylidenecyclopropanes

N .
00 PhsP”" "CO,Me (2.0 equiv) MeO,C

HO \\s”\A Base, Additive MeO,C SOLAr
AN - I_L : A

Ph
Ph THF Ph

Ar = Ph (3a) 4a 5a
Ar = p-CF3CgH,4 (3a')

Entry  Ar Base (equiv) /?233:\\;)6 Solvent Conditions 4% (%) 5%(%)
1 Ph EtsN (0.95) - THF rt, 2 h 31 19
2 Ph EtsN (0.95) - THF rt, 30 min 33 5
3 pCFs EN(0.95) - THF rt, 30 min 39 10
4 p-CFs  EtN (0.95) - THF rt, 10 min 34 <5
5 pCFR EtN(0.95) - THF  178°C-rt, 30 min 79 15
6 pCFR EtN(0.95) - THF 178°C-0°C, 1 h 77 8
7 p-CR  EtsN (0.95) - Toluene 178°C-rt, 30 min 65 11
8 pCFR EtN(0.95) - Et:O  178°C-rt, 30 min 52 24
9 p-CFR DIPEA (0.95) - THF 1 78°C-rt, 30 min 47 52
10 p-CFs EtsN (0.95) - THF 178°C-rt, 10 min 80 9
11 Ph  EtN (0.95) Mel (3.0) THF rt, 14 h 44 10
12 p-CFs EtN(0.95) NIS(1.0) THF rt, 2 h 51 <1
13 pCR None NIS (1.0)  THF rt, 2h 52 <1
14 p-CR None 12 (1.0) THF rt, 2 h 30 <1
15°  p-CRs None NIS (1.0)  THF rt, 2 h 63 <1
16°  p-CFs3 None NIS (1.0) THF 1 78°C-rt, 30 min 71 <1
17° p-Ck  EtsN (0.95) 2 (1.0) THF  178°C-rt, 30 min 72 7
18° p-Cks None DIH®(1.0) THF  178°C-rt, 30min 60 <1

aNMR vyield usingl,3,5trimethoxybenzene as a stand&B10 equiv of Wittig regentwas used.
°DIH: 1,3-Diiodo-5,5-dimethylhydantoin
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A number of @antioenriched cyclopropanone precursors that we prepar€daipter 2
were evaluated ithe optimized conditions (Method A from Scheme 7, Method B from Table 3,
entry 16) affordingenantioenriched ACPs. Unfortunately, aromatic substitution on cyclopropane
ring led to significant racemizatioim both methods (Figure 15Presumably, this occurs via
reversible basenediated enolate formation from the corresponding enantioenriched
cyclopropanone, as this benzylic protwasquite acidic and prone tbeprotonationMeanwhile,
alkyl-substitutedenantioenriche@-CRCeH4 cyclopropanonegrecursor 8 b) @an be accessed
from enantioenriched sulfonylcyclopropargb@ yia a modified syntheticaute minimizing loss
of enantiomeric excess (ScheB)esee experimental sectiphn the evaluation of Wittig reaction
with 3 b, @ brief optimizationrevealedthat the reaction at room temperature for 2 hours in
CHJCI, as solventshowed improvedhe yield without loss ofenantiomeric excesélable 4,
entry 6). This is likely due to the absence of such an acidic benzylic pristarontrast of the
reaction with 3 a 6The best conditian of Wittig reaction vere applied to differen
cyclopropaomne precursors Wi distinct substitution pattes) and an Umethyl substituted
example was possible using a different Wittig reagemd, afford a limited scope of

alkylidenecyclopropanes for both method A and B (Figure 16).

Method A
Et;N then KOH

HO S DB-18-crown-6
X o (
Ph CF or Method B Ph

3 NIS, THF

CO,Me

3a’, >95% ee 4a, <10% ee

in both methods

____________________________________________

O B o
' Hypothesis of ase
' racemization:

____________________________________________

Figure 15. Wittig reaction of enantioenriched aigtibstituted dsulfonylcyclopropanols.
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iii) nBuLi, —78°C to rt A

Q0 i) nBuLi, ~78°C then rt Q
/\/& ¥ Me/s\©\ ii) BsCI, ~78°C to rt o=34©—m=3
Ph
CF

1. nBuLi
)N -78°Ctort 2. tBuLi 0
/\/& + Me/s\©\ then BsCI —78°C to rt O=SOCF3
Ph A
CF3 Ph/\\\“
>99% ee 2b’

53%, 99% ee

Scheme8. Optimal synthetic route tohenethyl substrai@ b).6

Table 4. Optimization of the Wittig reaction of sulfonylcyclopropar(dl b).6

PhyP” “CO,Me (3.0 equiv)

O COQMe
HO, S~ Additive
K Ar -
PR N Solvent [0.1 M] Ph
3b’ 4b
(dr 1.2/1.0)
Entry Ar Add't.'ve Solvent Condition 47 (%)
(equiv)
1 pCK NIS (1.0) THF  178%C to rt, 30 min (53F
2 p-CRs EtsN (0.95) THF 178°Ctort,2h 34
3 p-CFs NIS (1.0) THF 178Ctort,2h 50
4 p-CRs NIS (1.0) THF r, 2 h 59
EtsN (1.0)

5 p-CFs 12 (1.0) THF rt, 2 h 58
6 p-CFs° NIS (1.0) CH2Cl2 r, 2 h 65 (P%ee)
7d p-CRs NIS (1.0) CHzCl2 rt, 2 h 40

aNMR  vyield wusing 1,3,8rimethoxybenzene as a standard®solated vyield.
°Starting material is @6 ee INIS was first added, followed by Wittig reagent.
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Method A: NIS (1.0), CH,Cl,,

l \\,, rt, 2 h, dark PhsP™ "Ry EWG. Ry |
E HOK \O\ (3 equiv) _ 1 '
! EWG !
LRy Method B: Et;N (2.0), CH,Cl,, A Ry |
E (99%ee) then KOH, DB-18-crown-6  ph,p” "R, 4 !
i M, 24h (1 equiv) :
M M B M M
e0,C e0,C uO,C e0,C e fBUOzcl
Ph Ph Ph Ph
4a 4b 4c 4d 4e

A:70%; <10%ee  A:69% (65)°98%ee  A: 81%, 99%ee A: 82%, 99%ee A: 59%

dr 1.2/1 dr 1.2/1 dr 1.2/1 dr 1.5/1
B: 54%3 <10%ee B: 63%, 98%ee B: 78%, 97%ee

dr 1.2/1 dr 1.2/1 dr 1.5/1

aUse THF as solvent. 1 mmol scale.

Figure 16. Short scope of alkylidenecyclopropariés

3.4. Synthess  eamindacid derivatives via 1,4addition to alkylidenecyclopropanes

Structural diversity of amino acid derivatives contributesunderstanding peptide
structure, exploring pharmaceutically active moieties and the access to unnatural amino acid
analoguesCyclopropane amino acids, especially, induce structural rigiditthe sidechain,
sometimedeading to conformational charfgend block vulnerablenetabolic degradatiosites
to improve stabilit* The gener al synt h-aminosacide fs alreadyc webth pr o p a
known via diastereoselectRreor enantioselectiV€® cyclopropanation or viaa Strecker
reaction ofcyclopropanonéetal’®l n a d d i-aminmasidstheoexplbration of cyclopropane

b-amino acid should be of high interegue tothedistinct structuref the resulting peptide

' H H
R. CO,R N N CO,R’
N - i - 2
NTK RKCoR S vl
a-cyclopropyl B-cyclopropyl o,B-cyclopropyl

-amino acid B-amino acid B-amino acid
Figure 17. Three possible structures of cyclopropydmino acids.
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There are three possibilitied structures that can be defineday c | opramp@ane b
acids. The o/clopropyl group could beat the U- o r -pobition for the amino groupor be
incorporate in the main chaimt theU ,-psitiors to form cis/transc y ¢ | o p-andnp wcié b
(Figure 17)The s y mmet r i ¢  scyynct| hoepsanusp woid arfiltransy c | op-r opy |
amino acid are already reported in several research gfddpslo we v er |, t he- synth
cycl o p-anmimatid isbnot generally developed yet. Also, synthetic mettmdgcess
cycl op rammaacie hate so faonly affordedunsubstituted cyclopropaser a limited
number of e n-amno iacdeWerenvisibneddthabthe products obtained froum
Wittig reaction could be useful electrophgieto accessb-c y ¢ | o p r-amina maas vié
conjugate addition of amino nucleophilddsing this approach which also eliminates the
diastereoselectivity problenf the Wittig reaction,dlescopic 1,4ddition ofamines to the crude
alkylidenecyclopropane affordegood overallyields in a stereospecific manner (Figurg).1
Diverse substitutions on cyclopropanone precursors prepared in chapter aceessedand
several nucleophiles such as amine, phthalimide, amino acid estems lmrzyl alcohol were
successfullyadded We showcased an example sfnthesis of a pseuddpeptide via
deprotectiorfollowed by HBTU amide coupling (Schemn@g). Furthermore, RitatalyzedC1 H
functionalization/ cycloadditiorf® using the crude alkylidenecyclopromawas also achieved

without loss of enantiomeric excess (Scheme 9b).
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1. NIS (1.0)

HO,, LS rt, 2 h, dark S
£ e e
R R CF, (3.0 equiv) (telescoped) R1 R2

2 2. Nuc
(99%ee) 6
BnoN L o BnoN L o Bn,yN BnoNL o
2INSco,Me 2N Sc0,Bu 2 A CO,Bn 2NN e
Ph Ph Ph Ph”
6a 6b 6c 6d
58%, 98% ee 66%, 98% ee 45%, 99% ee 43%, 99% ee
Bn,N,, Bn,N Bn,N BnyN,,
2 fcoztBu 2 A CO,tBu 2 A CO,Bn 2 ﬁCOztBu
Me Me Me
6e 6f, 24% 69, 42% 6h, 76%
60%, 95% ee
BnzN,, Bn,N Bn,N
CO,tBu N2 /KCoztBu N2 KCone
FsC Ph
6i, 33% 6j, 29% 6k, 39%?
H
PhthN N o BnO
A CO,Me  Et0,c~ A Co,Bu A CO,tBu
Ph Ph”
6l 6m 6n
55%, 94% ee 59%, 98% ee 30%, 99% ee

Figure 18. Telescopic synthesis ofy ¢ | o p ramipcanids®).b

a)
EtO,C 20% TFA in CH,Cl,, rt, 3 h
£ oo, LTINS, m%AWWMe
phe N ii) HBTU (1.0), DIPEA (5.0)
H-L-Phe-OMe-HCI (1.0) Ph™ “Ph
60 THF, rt, o/n 6p
71%, 99% ee
b) o
tBuO,C 0 [Cp*RhCl,],
l + N/OPiV CsOAc, MeOH NH
ph” H 30°C,2h CO,tBu
PR
4c (crude) 6q

66% (2-steps yield from 2b")
dr 1.5/1, 99% ee

Schemef. Further applicationg&) amide couplingp) CT H f u n c t iamdoyeldadditiom.t i 0 n
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3.5. Conclusion

In conclusion, wehavedeveloped new synthetioethod of alkylidenecyclopropanes via
Wittig reactionof cyclopropanone precursorsurthermore, alkylidenecyclopropanaee used
for conjugate addition of amines in telescopic manner, which affayetlopropylb-amino acid
derivatives. Chirality of enaitienriched alkysubstituted cyclopropanone precursisreetained
over this sequential method, which enabled the access of a variety of enantioebriched
cyclopropyl b-amino acid derivatives. We expectthat this work enables access to
enantioenriched alkylidenecyclopropanes as chiral building block, and contributes to expand the

library of cyclopropyl amino acids.

3.6. Experimental

General Experimental Conditions

General: Unless stated otherwis@ll nonaqueous reactionwere performd in ovendried
glassware sealed with microwave caps or rubber septa under a nitrogen atmosphere, and were
stirred with Tefloncoated magnetic stirbaf$Liquid reagents and solvents were transferred by
syringe using standard Schlenk techniques. Tetrahydrofuran (THF), diethyl eth@), (Et
dichloromethane@H2Cl>), toluene (PhMe), acetonitrile (MeCN), and methanol (MeOH) were
dried by passage over a column of activated alumina (JC Meyers Solvent System). Anhydrous
1,4-dioxane, dimethyl sulfoxide (DMSOjert-butyl methyl ether ttBuOMe), and diisopropyl

ether (-Pr20O) were obtained in Sure Seal bottles from Sigma Aldrich. Anhydrous ethylene glycol
dimethyl ether (DME) was obtained in sealed bottles from Acros Organics. All other solvents
were used as received unless otherwise noted. Thin layer chromatographyv@d-ggrformed

using Silicycle silica gel 60-254 precoated plates (0.25 mm) and visualized by UV irradiation

57



and anisaldehyde, CAM, potassium permanganate, or iodine stain. Sorbent silica gel (particle
sized46 3 e m) was used f odfthefiddieaseth soleentrsystana dcapmglinga@ h y
standard techniquéé.Flash chromatography was performed on a Biotage IsoleraNutear
magnetic resonance (NMR) specttdl,(*3C) were reorded on Varian or Brukespectrometers
operating at either 500, 600, or 700 MHz fét and 150 or 175 MHz fot3C experiments.
Chemical shift{ UGfgr *H NMR spectra are recorded in parts per million from tetramethylsilane
with the solvent resonance ag timternal standard (chloroformi,7.26 ppm; DMSGd6, a 2.50
ppm; or CROD , u 3.31 ppm). Data are reported as f
singlet, d = doublet, t = triplet, g = quartet, gn = quintet, m = multiplet and br = broad), coupling
constant in Hz, and integration. Chemical shifts i@ NMR spectra are recorded in parts per
million from tetramethylsilane using the central peak of GD@I77.16 ppm), DMS@i6 ( U

39.52 ppm) or CBOD (49.00 ppm) as the internal standard. $glectra were obtained with
complete proton decouplin@nly select'H and*°C spectra are reportethfrared (IR) spectra

were collected on a Thermo Scientific Nicolet iS5 FTIR instrument using attenuated total
reflectance (ATR) mode and signals are regbiih reciprocal centimeters (¢in Only selected

IR frequencies are reported. Melting points were collected on Mettler Toledo MP50 melting
point system. Highresolution mass spectral data were obtained from the NC State University
Molecular Education, T@nology and Research Innovation Center (METRIC), on a Thermo
Fisher Scientific Exactive Plus for HEGHleated Electrospray lonizatiprEnantiomeric excess

was determined by HPLC analysis (Agilent Technologies 1100 series) using a chiral stationary
phase Optical rotations were determined with a Jase20P0 polarimeter at 589 nm. Data are

reported a%8m™ domcéntrationm écin g/fLl00 L), and solvent.
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GENERAL PROCEDURE C: Synthesis of substitutedl-sulfonylcyclopropanols

n-BuLi (1.0 equiv);
BF;°OEt, (5.4 equiv)
(Et3SiO), (1.2 equiv)  HO_,SOLAr

SOzAr

R1\ "/Rz DME or t-BuOMe, —78 °C R1\ "’R2

[ACOH quench at—78°C] >99:1dr

An ovendried 5 mL microwave vial equipped with a magnetic stirbar was charged with the
sulfonylcyclopropang0.23 mmol, 1.0 equiv), capped and flushed with Nnhydrous 1,2
dimethoxyethane (DME) ot-BuOMe (0.6 mL, see specific procedures) was added and the
solutionwas cooled ta 78 °C. To the resulting solution was adde@ulLi (0.09 mL (2.5M in
hexanes), 0.23 mmol, 1.0 equiv) and the mixture was stirief8atC for 45 minutes. BHFOE®L

(0.33 mL, 1.25 mmol, 5.4 equiv) was added dropwisé7& °C, followed by a shlution of
peroxybis(triethylsilane)74 mg, 0.28 mmol, 1.2 equiv) in DM&r t-BuOMe (.10 mL, see
specific procedures)he reaction mixture was stirred for the specified timg7& °C and then
guenched by addition of a solution of acetic acid in tolugn25 mL, PhMe:AcOH = 5:1),
warmed and stirred for 1 h at room temperaturd® °C. To the resulting solution was added
saturated aq. NXCI and the mixture was extracted three times Vt®Ac. The combined
organic fractions were dried on Mg%@nd concentrated under vacuum to afford the crude 1
sulfonylcyclopropanol, which was purified by flash chromatography (EtOAc in hexanes

containing 0.5% AcOH) to afford the pure product.
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o) (1R,25)-2-phenyl-1-((4-(trifluoromethyl)phenyl)sulfonyl)cyclopropan

00

S
o /A \©\ -1-ol ( 3 aGeneral procedur€ was followed, starting with-(((1R,29)-
CF3

2-phenylcyclopropyl)sulfonyii-(trifluoromethyl)benzene (394 mg, 1.21 mmol, 1.0 equiv),

BuLi (482 pL (2.5Msolution in hexanes), 1.21 mmol, 1.0 equiv),sB80 E(L.73 mL, 6.52
mmol, 5.4 equiv) and peroxybis(triethylsilane) (0.46 mL, 1.45 mmol, 1.2 equiv) in DME for 15
min ati78 °C, affordingthe product(300 mg, 73% vyield, 99% ee) as a white solid after
purification by flash chromatography, eluting with 12.5% EtOAc in hexanes containing 0.5%
AcOH. Enantiomeric excess was determined by HPLC analysis on chiral stationary phase
(Chiralcel OBH 25 cm, 5%i-PrOH in hexane + 0.1% AcOH, 1 mL/min, 23 °C, 254 nm, t
(minor) 14.8 min, (t (major) 20.5 min).[ W¥ = +10.4 ¢ 1.01, CHC}). mp 148 °C
(decomposition)H NMR (500 MHz, CDC}) U 8J=18® H{%, @H), 7.86 (m) = 8.2 Hz,

2H), 7.367.27 (m, 3H), 7.19.13 (m, 2H), 3.31 (dd] = 10.9, 8.0 Hz, 1H), 2.77 (s (br), 1H),
2.03 (dd,J = 10.9, 6.8 Hz, 1H), 1.64 (dd,= 8.0, 6.8 Hz, 1H)!}3C NMR (125 MHz, CDC§) U
140.8, 135.7 (q) = 32.9 Hz), 132.5, 129.8, 128.8, 128.8, 127.9, 126.4 (3.6 Hz), 123.3 (qJ

= 271.3 Hz), 73.9, 28.5, 18.IR (neat) 3415, 3054, 1605, 1501, 1456, 1403, 1315, 1306, 1170,
1143, 1126, 1108, 1061, 820, 712, 698, 610, 594, 541, ARAMS (HESI) calcd for

[C16H13F303S+Na]: m/z 365.0430 found 365.0423.

HPLC trace:
mAL %
140 o 3 E
120 g 300
100 250
80 200
60 150
a0 100
) g
] w‘l ~ S
13 6 1w 18 19 0 n
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] % # [min] [min] [mAU*s ] [mAU] %

seeefameeee | -=mefommeeee |=mmmmenes |-nmmeees |=memeees R R R oo oo oo |
1 14.806 BB 0.4680 4634.69189 154.44167 49.5529 1 15.395 MM 0.4254  68.38585 2.67920 0.4974
2 20.481 BB @.5757 4718.33203 124.21536 50.4471 2 20.196 BB 0.5399 1.36803e4 374.32828 99.5026
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o 2-phenethyt1-((4-

\ 7/

0
HOK8\©\ (trifluoromethyl)phenyl)sulfonyl)cyclopropan -1-ol (3bd) .

PR CFs

General procedure C was followed, starting with((2-
phenethylcyclopropyl)sulfonyd-(trifluoromethyl)benzeng1.73 g, 4.88 mmol, 1.0 equiv) in
anhydroust-BuOMe (24 mL),n-BuLi (2.25 mL (2.2 M solution in hexanes), 4.88 mmol, 1.0
equiv), BBOEt2(7.00 mL, 26.36 mmol, 5.4 equip), and peroxybis(triethylsiléh&B8 mL, 5.86
mmol, 1.2 equiv), affording theroduct (0.83 g, 46% vyield, >99:1 dr) as a white solid after
purification by flash chromatography-(%% EtOAc in hexanes containing 0.5% AcOH)p
68-75°C H NMR (600 MHz, Chloroformad) i 7-7.8% 8m, 2H), 7.3%7.27 (m, 2H), 7.2&.19
(m, 3H), 7.177.11(m, 2H), 2.98 (s, 1H), 2.62.62 (m, 1H), 2.62.54 (m, 1H), 1.99.88 (m,
2H), 1.741.61 (m, 2H), 0.80 (dd] = 7.2, 6.3 Hz, 1H)!*3C NMR (150 MHz, Chloroforrad)
141.0, 13% (g, J = 33.0 Hz), 129.5, 128.7, 128.5, 126.3, B@}, J = 3.8 Hz), 123.3 (gJ =
273.3 Hz), 74.0, 35.2, 28.5, 24.0, 18%& NMR (564 MHz, Chloroforrd ) -63i16 IR (neat)
3335, 2923, 1405, 1319, 1292, 1131, 1292, 1131, 1062, 1033, 1013, 839, 698, 66IRMEG2.

(HESI)m/z [M+Na]* Calcdfor CigH17Fs0sSNa 393.07427 found393.07358

Enantioenriched compound (9986) was obtained by the same procedure, usHi1S,29)-2-
phenethylcyclopropyl)sulfonyd-(trifluoromethyl)benzeng1.0 equiv, 99% ee)Enantiomeric
excess was determined by HPLC analysis on chirabstaty phase (Chiralcel[H 25 cm,5%
i-PrOH and 0.1% AcOHn hexane, 1 mL/min23 °C, 214 nm, t (major) 12.0 min, t; (minor)
15.3min).

HPLC trace
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N

2500 .4 E‘sé” "““i ey
50 ] \ 1200
mnc-f
1500
1250 AUCE‘
] &
. zuc{ 3 ;P
L S N o o
i

Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area

#  [min] [min] [mAU*s] [mAU] % #  [min] [min] [mAU*s] [mAU] %
R e | -oeeeeees | -mmeeee e |-eeeeen e P |--eeeeees | -mnnnee |-oeeees |

1 11.82% MM 0.5021 6.22264e4 2065.50806 48.4756 1 11.998 MM ©.4563 4.40277e4 1608.11884 99.4397

2 14.748 MM 8.6156 6.61400e4 1790.60193 51.5244 2 15.333 MM ©.3631 248.05989 11.38621 0.5603

2-methyl-1-((4-(trifluoromethyl)phenyl)sulfonyl)cyclopropan -1-ol

N\ 7/

HO_ S . .
/A \©\ ( 3 ¢ Gdneral procedure C was followed, starting with((2-
Me F :
CFs methylcyclopropyl)sulfonyb4-(trifluoromethyl)benzeng0.21 g, 0.78

mmol, 1.0 equiv) in mhydroust-BuOMe (2.5 mL),n-BuLi (0.40 mL (2.1 M solution in
hexanes), 0.83 mmol, 1.1 equiv), #PEt> (1.10 mL, 4.29 mmol, 5.4 equiv), and
peroxybis(triethylsilanef0.32 mL, 0.95 mmol, 1.2 equiv), affording the prod(@tl2 g, 52%
yield, >99:1 dr) as a white solid after purification by flash chromatograptiyp¥% EtOAC in
hexanes containing 0.5% AcOHp 73-79 °C *H NMR (600 MHz, Chloroforrrd)it 8 . 0 6
= 8.2 Hz, 2H), 7.83 (d] = 8.3 Hz, 2H), 4.54 (s, 1H), 2.a669% (m, 1H), 1.70 (ddJ = 10.6, 6.2
Hz, 1H), 1.18 (d,J = 6.3 Hz, 3H), 0.84 (dd) = 7.7, 6.1 Hz, 1H)33C NMR (150 MHz,
Chloroformd)d 14 1. 0,J=3330%2)4129(4q126.2 (d,= 3.8 Hz), 123.2 (¢J = 273.1
Hz), 73.8, 19.5, 18.8, 11.28F NMR (564 MHz, Chloroformd ) -63i24 IR (neat) 3367, 2981,
1405, 1316, 1290, 1124, 1005, 841, 714, 662, BRMS (HESI) m/z [M+Na]" Calcd for
C11H11F303SNa 303.02732found303.02689

Enantioenriched compour(@9% ee was obtained by the same procedure, usHlR,2R)-2-
methylcyclopropyl)sulfonyba-(trifluoromethyl)benzene(1.0 equiv, 99% ee)Enantiomeric

excess was determined by HPLC analysis on chiral stationary phase (CHWExEERS cm, 5%
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MeOH and 0.1% Ac@ in hexane, 1 mL/mirR3°C, 214 nm, t (major)12.2min, t; (minor) 11.7

min).
HPLC trace
] 3 g o
= N 4

1204 120 ‘f_‘

100 [ 100

80 0

60 60

40 40

&

20 =] )a\"l

. g} i o ) - -

it 12 14 e e 12 122 124 126 138 min 1 1z 14 s 18 2 122 124 126 138 ‘min
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area

# [min] [min]  [mAU*s] [mAU] % #  [min] [min]  [mAU*s] [mAU] %

ceeef e S P |-memmen e | wemmmnnee [— e P N P |-nmmmnnees |wmemeenee- |-mnneee- |
1 11.642 BV 0.2119 1940.48059 143.25189 49.9555 1 11.701 MM 0.2177 15.86901 1.21504 0.7680
2 12.200 VB 0.2314 1943.93884 130.99649 50.0445 2 12,197 MM 0.2432 2050.34570 140.54001 99.2320

2,3-dimethyl-1-((4-(trifluoromethyl)phenyl)sulfonyl)cyclopropan -1-

\ 7/

HO,, LS
ﬁ. \©\ ol ( 3 d General procedur€ was followed, starting withl-((2,3
/Me CF3

K

Me'
dimethylcyclopropyl)sulfonyb4-(trifluoromethyl)benzend0.71 g, 2.55

mmol, 1.0 equiv) in anhydrousBuOMe (12 mL),n-BuLi (1.10 mL (2.3 Msolution in hexanes),
2.55 mmol, 1.0 equiv), BFOEt2(3.6 mL, 13.78 mmol, 5.4 equiv), and peroxybis(triethylsilane)
(0.98 mL, 3.06 mmol, 1.2 equiv), affording the prod(fx82 g, 43% yield, >99:1 dr) as a white
solid after purification by flash chromatagphy (515% EtOAc in hexanes containing 0.5%
AcOH). mp 141-144°C 'H NMR (600 MHz, Chloroforrad) i 8 . 0 58.3(Hd,,2H), 7.83 (d,

J = 8.4 Hz, 2H), 4.26 (br, 1H), 1.9690 (m, 2H), 1.10.89 (m, 6H) 13C NMR (150 MHz,
Chloroformd) i 14 1. 6 ,J=332%z)3129(30126.3 (4,= 3.8 Hz), 123.4 (¢ = 273.1
Hz), 74.4, 20.3, 5.4°%F NMR (564 MHz, Chloroforrd ) -63i21 IR (neat) 3330, 2940, 1322,
1281, 1128, 1060, 1033, 840, 735, 596, 5HRMS (HESI) m/z [M+Na]* Calcd for

C12H13F303SNa 317.04297 found317.04260
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0,0 6-((4-(trifluoromethyl)phenyl)sulfonyl)bicyclo[3.1.0]hexan-6-o0l ( 3 e 0 )
HO,, S
& \©\ General procedure C was followed, starting with 7-((4-
I CF
NS °

(trifluoromethyl)phenyl)sulfonyl)bicyclo[4.1.0]heptari@.58, 2.00 mmol,

1.0 equiv) in anhydrousBuOMe (10 mL),n-BuLi (0.87 mL @.3 M solution in hexanes), 2.00
mmol, 1.0 equiv), BEOEt2 (2.80 mL, 10.79 mmol, 5.4 equiv), and peroxybis(triethylsilane)
(0.76 mL, 2.40 mmol, 1.2 equiv), affording the product (0.22 g, 35% yield, >99:1 dr) as a white
solid after purification by flash chmatography (85% EtOAc in hexanes containing 0.5%
AcOH). mp 112119°C H NMR (600 MHz, Chloroforrad) i 8 . 0$68.2(Hd, 2H), 7.83 (d,

J = 8.2 Hz, 2H), 3.70 (s, 1H), 2.3631 (m, 2H), 2.111.99 (m, 2H), 1.84.82 (m, 2H), 1.77

1.68 (m, 1H),1.62-1.51 (m, 1H) *3C NMR (150 MHz, Chloroforrd) i 141 . 3,J=135.
33.2 Hz), 129.5, 126.3 (d,= 3.8 Hz), 123.3 (q) = 273.2 Hz), 76.6, 29.9, 25.7, 2418 NMR

(564 MHz, Chloroforred ) -63122 IR (neat) 3347, 2957, 1402, 1320, 1280, 1128, 168@8,

712, 643, 586, 54HRMS (HESI) m/z [M+Na]* Calcdfor Ci3H13Fs0sSNa 329.04297 found
329.04254

2-(trifluoromethyl) -1-((4-
0

0

HOK\S//\Q\ (trifluoromethyl)phenyl)sulfonyl)cyclopropan-1-ol ( 3 f &eéneral
FaC” CF3  procedureC was followed, starting withl-(trifluoromethyl)-4-((2-
(trifluoromethyl)cyclopropyl)sulfonyl)benzen@.53 g, 1.66mmol, 1.0 equiv) in anhydrous
BuOMe (6 mL),n-BuLi (0.73 mL (2.3 M solution in hexanes), 1.66 mmol, 1.0 equivi®Et2
(2.38 mL, 8.96 mmol, 5.4 equiv), and peroxybis(triethylsil§@eéy4 mL, 1.99 mmol, 1.2 equiv),
affording the product (0.14 g, 27%eld, brsm 29%, >99:1 dr) was isolated as a white solid after
purification by flash chromatography-%% EtOAc in hexanes containing 0.5% AcOHip

126:130°C 'H NMR (600 MHz, Chloroforrd) i 8 . 08 8.2(Hd,,2H), 7.89 (d] = 8.3 Hz,
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2H), 4.13 (s1H), 2.732.65 (m, 1H), 1.96 (dd] = 11.1, 7.4, 1H), 1.74 (1l = 7.4 Hz, 1H)3C
NMR (150 MHz, Chloroforrd) i 1 3 9 . 5 ,J = B336Hz)3129.9¢ 126.6 (d,= 3.7 Hz),
123.6 (qJ = 273.1 Hz) 123.2 (q] = 273.3 Hz), 71.9 (q] = 2.2 Hz), 25.1 () = 37.5 Hz), 15.3
(g, J = 2.2 Hz).1% NMR (564 MHz, Chloroformd ) -61130,-63.32 IR (neat) 3391, 2973,
1405, 1317, 1287, 1106, 1057, 1015, 839, 506, 581, HRMS (HESI) m/z [M+Na]* Calcdfor

C11HgFeO3SNa 356.99906 found356.9982.
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Preparation of alkylidenecyclopropanesand cyclopropaneb-amino acid derivatives

Y NIS R
o AT
s CH,Cl, W
Ri dark 1
GENERAL PROCEDURE D: Synthesis ofAlkylidenecyclopropanes
To an overdried flask containing the solution o€yclopropanone precursdd.0 equiv)in
CH.CI> (10 mL / mmol of cyclopropanone precursor) was added Wittig reagent (3.0 equiv),
followed by N-iodosuccinimide (1.0 equiv). The reaction flask was covered with aluminum foll
and stired at room temperature for 2 houfse reaction was quenched by the addition of water
and aqg. sat. N&QO; (1:1), and vigoursly stirred for 1 min. The resulting solution was extracted
with CHxCl,, dried over MgSQ@ filtered though Si@ plug and concenttad under vacuum.

Alkylidenecyclopropane was isolated by the flash chromatograptip%2 EtOAc in hexanes).

Each diastereomer can be separated by the flash chromatography.

HO, Qé,P i. NIS, CH,Cly, dark BN v~
K A+ PhaP Ry A 2

o ii. Bn,NH, MeOH Ry
1

GENERAL PROCEDURE E: Synthesis ofb-Cyclopropane b-Amimo acid derivatives

[First stage] To an overdried flaskcontaining the solution ofyclopropanone precurs¢t.O
equiv) and Wittig reagent (3.0 equiv) were added>CH (10 mL / mmol of cyclopropanone
precursor), followed byN-iodosuccinimide (1.0 equiv). The reaction flask was covered with

aluminum foil and stirred at room temperature for 2 holie reaction was quenched by the
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addition of water and aq. sat. #&:; (1:1), and vigoursly stirred for nin. The resulting
solution was extracted with GBI», dried over MgS@ and concentrated under vacuum.

[Second stage] To the concentrated crude was added in MeOH (10 mL / mmol of
cyclopropanone precursor), followed by dibenzylamine (2.0 equiv). The solution was stirred at
room temperatured(  for enantioenriched substratdésj 18 hours. The reaction was quenched

by watr, extracted with CkCl,, dried over MgSQ filtered though Si@plug and concentrated
under vacuum. Cyclopropaffeamimo acid derivativavas isolated by the flash chromatography

(2-10% EtOAcC in hexanes).
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Specific procedures and characterization dat&or alkylidenecyclopropanes

MeOZC

.

methyl 2-(2-phenylcyclopropylidene)acetate (4a). To an overdried flask containing the

COzMe

Ph

solution of 2-phenytl-((4-(trifluoromethyl)phenyl)sulfonyl)cyclopropafrol 3 a @4 mg, 0.1

mmol, 1.0 equiv) i n THF (1 mL ) was and ocadded! ethyl o 178
(triphenylphosphoranylidene)acetd610 g, 0.3 mmol, 3.0 equiv) amdliodosuccinimide (22.5

mg, 0.1 mmol,1.0 equiv). The reaction was warmed to room temperature and stirred for 30
minutes with aluminum foil covelhe reaction was quenched by the addition of water and aq.

sat. NaSQ; (1:1), and vigorously stirred for 1 min. The resulting solution was ertlagith

EtO, dried over MgSQ filtered through Si@ plug, and concentrated under vacuum. The
diastereomeric mixturél3 mg, 70% vyield, cis/trans = 1.2/1)0was isolated as colorless oil after
purification by the flash chromatography, elutind@6EtOAc in hexanese{ution gradient *H

NMR (600 MHz, Chloroforred) O 7-7.28 @m, 2H), 7.2&.19 (m, 1H), 7.19.15 (m, 1H),

7.147.11 (m, 1H), 6.38 (q] = 1.9 Hz, 1H), 3.80 or 3.66 (s, 3H), 3.66 (s, 2H), 2% (M, 1H),

2.792.76 (m, 1H), 2.12.09(m, 1H), 1.881.84 (m, 1H), 1.68..62 (m, 1H), 1.46..43 (m, 1H).

13C NMR (150 MHz, Chloroforred) i’ ( 16 6. 6, 166. 0) , (148. 6, 148
128.5), (126.8, 126.6), (126.6, 126.4), (111.8, 111.6), (51.6, 51.5), 21.6, 19.4, 15.8R12.5.

(neat) 2949, 2920, 1759, 1716, 1436, 1272, 1196, 1174, 843, 746 HEMS (HESI) m/z

[M+H] " Calcdfor C12H1302: 189.091Q, found189.09064
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CO,Me

methyl 2-(2-phenethylcyclopropylidene)acetate(4b). General procedur® was followed,
using 2-phenethyl-((4-(trifluoromethyl)phenyl)sulfonyl)cyclopropatrol 3 b 70 mg, 1.0
mmol, 1.0 equiv)in CHxCl> (10 mL), nethyl (triphenylphosphoranylidene)acetdte0 g, 3.0
mmol, 3.0 equiv) andN-iodosuccinimide (225 mg, 1.0 mmol, 1.0 equiv), affording cis product
(76 mg) and trans product (64 mg) (total%5yield, cis/trans = 1.2/1)0as colorless oilafter
purification by the flash chromatography, eluting witl2-10% EtOAc in hexanes (elution

gradient).Diastereomers are determined by NOE.

[cis product] *H NMR (600 MHz, Chloroforred) ' 7-7.28 Qm, 2H), 7.24.16 (m, 3H), 6.18

(9,3 = 1.9 Hz, 1H), 35 (s, 3H), 2.79 (t) = 7.8 Hz, 2H), 2.28.18 (m, 1H), 1.83..75 (m, 1H),
1.441.40 (m, 1H), 1.44..36 (m, 1H), 0.94.90 (m, 1H)13C NMR (150 MHz, Chloroforrad) U
166.6, 150.9, 142.0, 128.6, 128.5, 126.0, 110.8, 51.5, 35.0, 33.7, 17IR @eéat) D22, 1756,
1713, 1436, 1339, 1265, 1194, 1172, 1040, 834, 745 HRMS (HESI) m/z [M+H]* Calcd

for C14H1702: 217.12231found217.12215

[trans product] *H NMR (600 MHz, Chloroforrad) U 7-7.2F {m, 2H), 7.2&.14 (m, 3H),

6.08 (q,d = 2.1 Hz, 1H);3.74 (s, 3H), 2.72.70 (m, 2H), 1.82..74 (m, 1H), 1.7€..63 (m, 1H),
1.601.57 (m, 2H), 1.17.13 (m, 1H).3C NMR (150 MHz, Chloroforrd) i 16 0. 6, 150
141.6, 128.6, 128.6, 126.1, 110.3, 51.5, 35.6, 34.3, 14.7, 11.2.

Enantioenriched compound8® ee was obtained by the same procedure, using enantioenriched

starting material (1.0 equiv, 99% eEnantiomeric excess was determined by HPLC analysis on
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chiral stationary phase (ChiralceDeH 25 cm,1% i-PrOH in hexane, 1 mL/mid0 °C, 214 nm,

cis produt t; (major) 9.6 min, t; (minor) 8.0 min, trans product, (major) 13.1 min, t, (minor)

16.1min).

HPLC trace

mAU | E \b}\‘:a; . \@\»\
1000+ o E’\é‘w

1 12 13 1 15 18 min

Peak RetTime Type Width Area Height
# [min] [min] [mAU*s] [mAu] %

ceeefamanee R PR |<eeeeeees | -mmneneeee | |

1 12.447 MM ©.2242 1.53188e4 1138.78687 49.7427

2 15.074 MM ©.2841 1.54773e4 907.85553 5@.2573

o 8 ﬁf
1750 o &
1000
500
250
. 7 75 8 3.5 8 as5 n
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
R R R R |---mmmmnee |- |---mnno |
1 7.902 MM 9.3134 2.37145e4 1261.33142 ©50.9379
2 9.227 MM ©.1817 2.28412e4 2094.70142 49.0621

mAU E &
2000 2
1750 "f
1500
1250
750
500 #
20 g7
[ E‘.Pi
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
ol R |--ee|-memee |- e |=emmeeeeee | =eee |
1 13.856 MM ©.2660 3.52567e4 2209.11450 98.9773
2 16.874 MM ©.3028 364.30051 20.05258 1.0227
| g 0
2500 ” wﬁ
| &
2000
1500
1000
500 (;ff.‘@
ﬁ i
75 a 85 1] 95 mi
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
NI EEREER | = mneee |-meemmeeee | ememmees [ mmeees |
1 7.995 MM 0.1672 526.78210 52.49529 1.1436
2 9.568 MM 0.2667 4.55379e4 2846.06201 98.8564
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tBUOzC COZtBU

.

ph” ph”

tert-butyl 2-(2-phenethylcyclopropylidene)acetatg4c). General procedur® was followed 2-
phenethy1-((4-(trifluoromethyl)phenyl)sulfonyl)cyclopropatrol 3 b @7 mg, 0.1 mmol, 1.0
equiv) in CHxCI> (1 mL), tert-butyl (triphenylphosphoranylidene)acetg@11 g, 0.3 mmol, 3.0
equiv) andN-iodosuccinimide (22.5 mg, 0.1 mmol, 1.0 equiv), affording the diastereomeric
mixture (20 mg, 77% yield, cis/trans = 1.2/1)0as colorless oilafter purification bythe flash
chromatography, eluting witB-10% EtOAc in hexanes (elution gradient! NMR (600 MHz,
Chloroformd) 0 7-7.2B 8m, 2H), 7.24.19 (m, 3H), 6.08 (¢qJ = 1.9 Hz, 1H), 2.82.72 (m,

2H), 2.352.25 (m, 1H), 1.82.73 (m, 1H), 1.72.55 (m, 1H), 1.52 (s] = 1.8 Hz, 9H), 1.40

1.31 (m, 1H), 1.17.14 or 0.920.88 (m, 1H).13C NMR (150 MHz, Chloroforrd) i ( 165 . 7,
165.4), (148.8, 148.4), (141.9, 141.6), 128.5, (128.4, 128.3), (125.9, 125.8), (112.8, 112.0), 79.9,
(35.5, 34.9), (34.2, 33.6), (28.3, 28.2), 171@.2, 10.9, 8.3IR (neat) 2976, 1698, 1454, 1366,
1293, 1149, 750, 6984RMS (HESI) m/z [M+Na]* Calcdfor Ci7H2:0:Na: 281.15120 found
281.15062

Enantioenriched compound (998¢ was obtained by the same procedure, using enantioenriched
starting mateal (1.0 equiv, 99% eeEnantiomeric excess was determined by HPLC analysis on
chiral stationary phase (Chiralcel®l 25 cm,1% MeOH in hexane0.5mL/min, 23 °C, 214 nm,

cis producttr (major) 8.9 min, tr (minor) 9.8 mirttans productr (major) 14.2 min, tr (minor)

12.9 min).

HPLC trace
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12373

o A o0 8 Wq-.h”
‘Aﬁ ?‘l’r 00
2000 200
500 e &
200 H "tl‘
o o &
2 122 124 26 128 13 132 134 136 min 125 1275 13 1325 135 1375 14 1425 145 1475
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] % # [min] [min] [mAU*s] [mAU] %
ceefseeee el e | oo |-oomeneoee |--eee- R e R |+eeees R |+ eeees |
1 12.373 MF 0.3091 4.80666e4 2591.58179 48.6058 1 12.943 MM 0.2166 259.12799 19.93594  ©.4818
2 13,110 FM 0.3472 5.08239e4 2439.97900 51.3942 2 14.201 MM 09.5363 5.35220e4 1663.32593 99.5182
Ay 5 : o s i
2500 “ & w""\
w
1000 o
) L
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] % #  [min] [min] [mAU*s] [mAU] %
R e EERR R <o eeeee | =meeeeeee |- R R R |-mmemeneee < | --=emees |
1 8.598 BB ©.2251 3.82119e4 2793.08887 44.4318 1 8.883 MM 0.2441 4.09091e4 2793.04565 99.2627
2 9.308 MM 0.2904 4.77894e4 2742.71582 55.5682 2 9.799 MM 9.1679 303.86978 30.15532 0.7373
MeO,C._ _Me Me CO,Me
Ph Ph

methyl 2-(2-phenethylcyclopropylidene)propanoate(4d). General proedureD was followed,
using cyclopropanone precursor 2-phenethyl-((4-
(trifluoromethyl)phenyl)sulfonyl)cyclopropafol 3 b (@4 mg, 0.2 mmol, 1.0 equivi CHxCI>
(2 mL), methyl 2(triphenylphosphoranylidene)propano@e?1 g, 0.6 mmol, 3.0 equiv) am
iodosuccinimide (45 mg, 0.2 mmol, 1.0 equiv), affording the diastereomeric m{@@ireg, 82%
yield, cis/trans = 1.5/1)0were isolated as colorless oil after purification by the flash
chromatography, eluting witB-10% EtOAc in hexanes (elution gradienti! NMR (600 MHz,
Chloroformd) 0 7-7.18 8m, 2H), 7.147.06 (m, 3H), 3.67 (s] = 1.8 Hz, 3H), 2.62.67 (m,

2H), 2.142.09 (m, 1H), 1.95 or 1.93 (s, 3H), 1:883 or 173-1.68 (m, 1H), 1.26..23 (m, 1H),
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1.231.17 (m, 1H), 1.08..04 or 0.78.71 (m, 1H) 3C NMR (150 MHz, Chloroforrad) U
(168.3, 168D), (143.3, 18.0), (142.2, 1419), (1286, 128.5, (128.5, 128.% (126.0, 125.9
(1178, 1178), (51.7, 51.6, (35.7, 35.0, (33.9, 338), (18.5,15.2), (7.1, 17.0, (12.2, 8.3. IR

(neat) 2923, 2359, 2341, 1712, 1435, 1297, 1273, 1134, 74%-R00S (HESI) m/z [M+Na]*
Calcdfor C1sH1g02Na: 253.11990found253.11957

Enantioenriched compound (998¢ was obtained by the same procedure, using enantioenriched
starting material (1.0 equiv, 99% eEnantiomeric excess was determined by HPLC analysis on
chiral stationary phagghiralcel Q-H 25 ¢cm,2% i-PrOH in hexane, InL/min, 40 °C, 214 nm,

cis productt, (major) 7.7 min, t; (minor) 7.1 min, Chiralcel Q-H 25 cm,1% MeOH in hexane,

0.5mL/min, 23°C, 214 nm, trans product; (major) 17.0min, t; (minor) 15.3min).

HPLC trace
wAU g E
o) 2 -
50
£l
150
n 100
w0 50
165 17 75
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] % #  [min] [min] [mAU*s] [mAU] %
R RECRE R | -meemmnees | -emmmmeee |--mmeee [ P R |-mmeemeee e e |
1 15.306 BB 0.2413 807.66962 52.308206 48.1005 1 15.322 BB 09.2317 30.61500 2.05%06  ©.5489
2 17.024 BB 9.2994 871.45990 44.87074 51,8995 2 17.009 BB ©.2808 5546.77441 306.82999 99.4511
Al g
1200 " o !
N w
800
600
00
200 F A
0 h’?‘“
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] % #  [min] [min] [mAU*s] [mAU] %

1 7.354 BB ©.1317 1.18397e4 1385.85205 49.8826 1 7.125 MM 0.1234 81.93374 11.06964 ©.4426
2 8.872 BV ©.1877 1.18954e4  917.17548 50.1174 2 7.696 MM 0.2004 1.84288e4 1532.70435 99.5574
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CO,Bu tert-butyl 2-cyclopropylideneacetate(4e). General procedur® was followed,1-
£ ((4-(trifluoromethyl)phenyl)sulfonyl)cyclopropaft-ol (53 mg, 02 mmol, 1.0 equiv)

in CHxCl2 (2 mL), tert-butyl (triphenylphosphoranylidene)acetg@22 g, 06 mmol, 3.0 equiv)
andN-iodosuccinimide 45 mg, 02 mmol, 1.0 equiv), affording thproduct(18 mg, 5% yield)

as colorless oilafter purification bythe flashchromatography, eluting witB-10% EtOAc in
hexanes (elution gradiend NMR (600 MHz, Chloroformd ) a 6.14 ( m, 1H),
1.461.38 (m, 2H), 1.22.14 (m, 2H).3C NMR (150 MHz, Chloroforrrd) U 165. 8,
112.7, 80.1, 28.4, 4.5, 1.IR (ned) 2977, 2931, 2360, 1760, 1700, 1367, 1345, 1284, 1153,

1070, 955, 920, 821, 733.

Specific procedures and characterization data fob-cyclopropaneb-amino acid derivatives
B”ZNA\‘\\COZMe Methyl 2-(-1-(dibenzylamino)-2-phenethylcyclopropyl)acetate (6a).
ph General procedureE was followed, using 2-phenethyl-((4-
(trifluoromethyl)phenyl)sulfonyl)cyclopropatrol 3 b (87 mg, 0.1 mmol, 1.0 equivi CH.Cl>
(1 mL), methyl (triphenylphosphoranylidene)aceta(6.1 g, 0.3 mmol, 3.0 equiv)N-
iodosuccinimide (22.5 mg, 0.1 mmol, 1.0 equiv), dibenzylarhirg28 2Znimol, 20 equiv) and
MeOH (1 mL), affording the produ¢24 mg, 58% yield) ascolorless oilafter purification bythe
flash chromatography, eluting with-10% EtOAc in hexanes (elution gradientt NMR (600
MHz, Chloroformd) & 3@-7.25 (m, 10H), 7.237.16 (m, 3H), 7.17.02 (m, 2H), 3.85 (dJ =
14.0 Hz, 2H), 3.76 (s, 3H), 3.69 (@= 13.6 Hz,2H), 2.93 (d,J = 14.7 Hz, 1H), 2.4R.34 (m,
2H), 2.27 (dJ = 14.7 Hz, 1H), 1.511.45 (m, 1H), 1.28.21 (m, 1H), 0.9D.79 (m, 2H), 0.32 (t,
J=4.9 Hz, 1H)*3C NMR (150 MHz, Chloroforrd)ti 17 4. 0, 142. 4, 140. 3,

128.1, 126.9, 125,%6.4, 51.8, 45.2, 35.6, 32.9, 31.90, 28.8, 2[R4(neat) 3026, 2360, 2341,
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1734, 1495, 1454, 1028, 748, 7THRMS (HESI) m/z [M+H] " Calcdfor CogHzoNO»: 414.24276
found414.24243

Enantioenriched compound (988§ was obtained by the sampeocedure, using enantioenriched
starting material (99% ee)"®Stage ran at 0 for 18 hours to minimize the loss of chirality.
Enantiomeric excess was determined by HPLC analysis on chiral stationary phase (Chiralcel

OD-H 25 cm,2% i-PrOH in hexane, 1 dmin, 23 °C, 214 nm, t (major) 6.2 min, t, (minor) 8.3

min).
HPLC trace
F B & y W i
1400 w"? :f;,,rﬁ 700 s *
E [ 600 |
1UUUE | 1 500
a0 | '_ 100
600 300
200 1
i 100 3 <
3 ! = ! 0] - . - - ol S
5 55 6 65 7 75 8 85 ‘ 55 5 65 ] 75 & 85 iy
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] % # [min] [min] [mAU*s ] [mAU] %

L ] P |=nmmmnnnee |-ommmmeeee |-mmmmmmeee R I P |-mmmmmnnes |-ememenne |-nmmmeee |
1 6.157 MM ©.1806 1.86000e4 1716.15002 49.3939 1 6.206 MM 0.1696 8535.24023 B838.82819 99.1038
2 8.117 MM ©.2335 1.90564e4 1360.46045 50.6061 2 8.324 MM 0.2018 77.18166 6.37321 08.8962

BN tert-Butyl 2-(1-(dibenzylamino)-2-phenethylcyclopropyl)acetate
PR N (6b). General procedurd was followed, using2-phenethyl-((4-
(trifluoromethyl)phenyl)sulfonyl)cyclopropatrol 3 b (87 mg, 0.1 mmol, 1.0 equivi CH.Cl>
(1 mL), tertbutyl (triphenylphosphoranylidenadetate(0.11 g, 0.3 mmol, 3.0 equiv)\N-
iodosuccinimide (22.5 mg, 0.1 mmol, 1.0 equdipenzylamind 3 8 2Znimol, 20 equiv) and
MeOH (1 mL), affording the produ¢B0 mg, 66% yield) ascolorless oilafter purification bythe
flash chromatography, eluting with-10% EtOAc in hexanes (elution gradientd NMR (600
MHz, Chloroformd) &  7-7.24 §m, 10H), 7.20.17 (m, 2H), 7.14.12 (m, 1H), 7.077.03 (m,

2H), 3.87 (d,J = 13.5 Hz, 2H), 3.68 (d] = 13.5 Hz, 2H), 2.86 (d = 14.5 H, 1H), 2.382.28 (m,
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2H), 2.13 (d,J = 14.5 Hz, 1H), 1.50 (s, 9H), 1.4439 (m, 1H), 1.24..16 (m, 1H), 0.8D.71 (m,
2H), 0.330.30 (m, 1H)3C NMR (150 MHz, Chloroforrd) i 172. 9, 142.5, 140.
128.3, 128.1, 126.8, 125.7, 80.6, 56.6,3435.6, 34.0, 31.8, 29.1, 28.4, 28.4, 28.3, 2RO

(neat) 2974, 1720, 1453, 1366, 1142, 953, 745, B8RMS (HESI) m/z [M+H]* Calcd for
C31H3sNO»: 456.28971found456.28882

Enantioenriched compound (988§ was obtained by the same procedure, usmantioenriched
starting material (99% ee2"? stage ran at 0 for 18 hours to minimize the loss of chilrality.
Enantiomeric excess was determined by HPLC analysis on chiral stationary phase (Chiralcel

OD-H 25 cm,1% i-PrOH in hexane, 1 mL/mirg3 °C, 214 nm, t (major) 6.9 min, t, (minor) 6.1

min).
HPLC trace
mAU %.-\t’ o maud % o
1400 5 ) \ 600 7
1200 2 OQ'D? | 00 h
10003 o 1200
1000

a0
N 800
b 600
400 400 &
200 200 8 ;CS)

04 S 0 ‘:"{a _ . -

5 ‘75 k 625 !‘-I’- 4‘-'7"- ; T Iﬁ 7‘5 7 ‘75 min 55 575 [ 625 -‘?I."; [ ‘T."; |7 7!“" 7"‘ 7!1"

Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s] [mAU] % #  [min] [min] [mAU*s ] [mAU] %

e [ |omnmmmneee |=eememee- |=mnneee- - N E— |- |=mmmeeen |
1 6.376 MM 0.3350 2.16456e4 1076.77283 50.2291 1 6.130 MM 0.2056 230.88817 18.71575 1.0259
2 7.227 MM 0.2207 2.14482e4 1619.88525 49.77@9 2 6.869 MM 9.2081 2.22754e4 1784.25073 098.9741

BnoN (. Benzyl 2(1-(dibenzylamino)-2-phenethylcyclopropyl)acetate (6c).
A CO,Bn
Ph General procedureE was followed, using 2-phenethyl-((4-
(trifluoromethyl)phenyl)sulfonyl)cyclopropattrol 3 b (87 mg, 0.1 mmol, 1.0 equivip CH2Cl>
(1 mL), benzyl (triphenylphosphoranylidene)aceta(@.12 g, 0.3 mmol, 3.0 equiv)N-
iodosuccinimide (22.5 mg, 0.1 mmol, 1.0 equdipenzylamind 3 8 2Znimol, 20 equiv) and

MeOH (1 mL), affording the produ¢22 mg, 45% yield) ascolorless oilafter purification bythe
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flash chromatography, eluting with-10% EtOAc in hexanes (elution gradientf NMR (600

MHz, Chloroformd) U 7-7.3%4 8m, 5H), 7.267.23 (m, 6H), 7.2Z.15 (m, 7H), 7.097.00 (m,

2H), 5.19 (dJ = 2.2 Hz, 2H), 3.80 (dj = 13.6 Hz, 2H), 3.64 (d] = 13.6 Hz, 2H), 2.96 (d] =

14.7 Hz, 1H), 2.32.32 (m, 2H), 2.30 (dJ = 14.8 Hz, 1H),1.491.43 (m, 1H), 1.24..20 (m,

1H), 0.850.72 (m, 2H), 0.32 (dd] = 6.0, 4.6 Hz, 1H)*C NMR (150 MHz, Chloroforrad) U

173.4, 142.4 140.3, 135.9, 129.1, 128.7, 128.7, 128.5, 128.4, 128.4, 128.1, 126.8, 125.8, 66.6,
56.4, 45.3, 35.6, 33.1, 31.9, 28.8.2 IR (neat) 3027, 2360, 2341, 1729, 1494, 1453, 1147,
1028, 744, 696dRMS (HESI) m/z [M+H] " Calcdfor C34H3sNO2: 490.27406found490.27325
Enantioenriched compound (998¢ was obtained by the same procedure, using enantioenriched
starting materia{99% ee)Second stage ran at 0 for 18 hours to minimize the loss of chirality.
Enantiomeric excess was determined by HPLC analysis on chiral stationary phase (Chiralcel O

H 25 cm,2% i-PrOH in hexane, 1 mL/mir0 °C, 214 nm, t (major) 13.1 min, t, (minor) 18.9

min).
HPLC trace
U“ § Al % &
|=uc—i g m\‘_m, 800 - o
E'-Ew 800
400 . 200+ g ,ﬁ\{h
_ R el s
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] % # [min] [min] [mAU*s ] [mAU] %
R ROCE R |--emneeee |-ommmeeee |-=memeee I |- -mm--- |---oeeee |---mee - R |
1 13.e44 MM 1.1520 1.24181e5 1796.55664 48.4813 1 13.090 MM 1.8754 6.1493%e4 953.83027 99.5878
2 18.965 MM 1.8943 1.31961e5 1161.80684 51.5187 2 18.920 MM 9.5541 3084.16187 9.14926 9.4922
2-(1-(Dibenzylamino)-2-phenethylcyclopropyl)acetonitrile (6d). General
anNA\\\\CN
NN procedure E was followed, using  2-phenethyl-((4-

(trifluoromethyl)phenyl)sulfonyl)cyclopropattol 3 b (@4 mg, 0.2 mmol, 1.0 equivip CH2Cl>
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(2 mL), (triphenylphosphoranylidene)acetonitril¢0.18 g, 0.6 mmol, 3.0 equiv)N-
iodosuccinimide (45 mg, 0.2 mmol, 1.0 equivilibenzylaming77¢ | 4 mr@ol, 2.0 equiv) and
MeOH (2 mL), affording the produ€83 mg, 43% yield) ascolorless oilafter purification bythe

flash chromatography, eluting with-10% EtOAc in hexanes (elution gradientf NMR (600

MHz, Chloroformd) & 7-7.22 Om, 12H), 7.1&.15 (m, 1H), 7.09°.04 (m, 2H), 3.88 (dJ =

13.6 Hz, 2H), 3.77 (d) = 13.6 Hz, 2H), 2.59 (d] = 17.7 Hz, 1H), 2.51 (dJ = 17.8 Hz, 1H),
2.502.45 (m, 2H), 1.571.52 (m, 1H), 1.24..24 (m, 1H), 0.990.93 (m, 1H), 0.84 (dd) = 9.7,

5.3 Hz, 1H), 0.24 (dd] = 6.5, 5.3 Hz, 1H)3C NMR (150 MHz, Chloroforred) i 14 1. 8, 139
129.1, 1285, 128.4, 128.3, 127.2, 126.0, 119.7, 56.3, 44.1, 35.7, 31.5, 28.7, 21IR (iteat)

3026, 2360, 2341, 1495, 1450, 700 HRMS (HESI) m/z [M+Na]" Calcdfor Co7HzsN2Na:
403.21447found403.21380

Enantioenriched compound (998¢ was obtained by the same procedure, using enantioenriched
starting material (99% ee™ stage ran at 0 for 18 hours to minimize the loss of chirality.
Enantiomeric excess was determined by HPLC analysis on chiral stationary phase (Chiralcel

AD-H 25 cm,2% i-PrOH in hexane).5 mL/min, 23 °C, 214 nm, t (major) 16.8 min, t; (minor)

22.5min).
HPLC trace
é é &f g "
2000 L3 .F‘@ o0 ‘56
1500 -
1000 1000
500 500 ; Bg:ﬁ\\
P I - " ] _ & -
1! IIC IIT |IB |ID o0 2 2‘1 2‘3 2‘4
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] % #  [min] [min] [mAU*s ] [mAU] %

S R R |- emees |-=mmmeneee D |--nnne |-oo]esennes |-meeeeees |=mmmmeeeee |-eeees |
1 16.579 MM ©.3879 5.70611e4 2451.63110 46.1705 1 16.829 MM 0.3784 5.44410e4 2397.66431 99.3908
2 22,157 MM 0.4966 6.65268e4 2232.78906 53,8295 2 22.494 MM 0.4599 333.71326 12.09412 0.6092
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ani’g\ co,me tert-Butyl  2-(1-(dibenzylamino)-2-methylcyclopropyl)acetate  (6e).

Me General procedure E was followed, using 2-methytl-((4-
(trifluoromethyl)phenyl)sulfonyl)cyclopropattol 3c6 (28 mg, 0.1 mmol, 1.0 equivih CH.Cl>

(1 mL), tertbutyl (triphenylphosphoranylidene)aceta(6.11 g, 0.3 mmol, 3.0 equiv)N-
iodosuccinimide (22.5 mg, 0.1 mmol, 1.0 equdipenzylamir (38¢ | 2 mrloal, 2.0 equiv) and
MeOH (1 mL), affording the produ¢22 mg, 60% yield) ascolorless oilafter purification bythe

flash chromatography, eluting with-10% EtOAc in hexanes (elution gradientf NMR (600

MHz, Chloroformd) &  7-7.22 @m, 8H), 7.2.19 (m, 2H), 3.88 (d] = 13.6 Hz, 2H), 3.70 (d,
J=13.5 Hz, 2H), 2.81 (d] = 14.6 Hz, 1H), 2.19 (d] = 14.6 Hz, 1H), 1.53 (s, 9H), 0.77 @z

5.5 Hz, 3H), 0.79.69 (m, 2H), 0.2®.22 (m, 1H)13C NMR (150 MHz, Chloroforred)ti 17 3. 1,
140.5, 129.1, 128.0, 126.8, 80.5, 56.6, 45.0, 33.7, 28.3, 23.1, 20.9|R4r&at) 2929, 2360,
2342, 1719, 1454, 1366, 1144, 747, 699, 66RMS (HESI) m/z [M+H]* Calcdfor Co4H32NOx:
366.24276found366.24225

Enantioenriched compound (998¢ was obtained by the same procedure, using enantioenriched
starting material (99% ee$econd stage ran at O for 18 hours to minimize the loss of chirality.
Enantiomeric excess was determined by HPLC anatysishiral stationary phase (Chiralcel
OD-H 25 cm,0.0%% i-PrOH in hexane.5 mL/min, 40 °C, 214 nm, t (major) 19.9 min, t;
(minor) 27.9min).

HPLC trace




Peak RetTime Type Width Area Height Area  Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] % #  [min] [min] [mAU*s ] [mAU] %
S P S |-mmmneees |--nmneeee |=mmnee- [ P [N [ Pt R |-mnneee |
1 21.948 MM 1.1094 3.48315e4 523.27924 46.6766 1 19.886 BB 1.1059 9.14302e4 1064.02344 99,4992
2 28.269 MM 1.7742 3.97915e4 373.79819 53.3234 2 27.857 BB 1.0792 460.18420 5.28122 0.5008

Bn,N tert-Butyl  2-(1-(dibenzylamino)cyclopropyl)acetate (6f). General

K\\COZtBu

(trifluoromethyl)phenyl)sulfonyl)cyclopropan@3 mg, 0.2 mmol, 1.0 equiw) CHCl> (2 mL),

procedure E was followed, using 1-((4-

tertbutyl (triphenylphosphoranylidene)acetg@23 g, 0.6 mmol, 3.equiv), N-iodosuccinimide

(45 mg, 0.2 mmol, 1.0 equivilibenzylaming77¢ | 4 mi@al, 2.0 equiv) and MeOH (2 mL),

affording the product(17 mg, 24% vyield) as colorless oil after purification bythe flash
chromatography, eluting with-10% EtOAc in hexanes (elution gradienktermediate crude

was carefully concentrated due to volatile alkylidenecyclopropafe¢. NMR (600 MHz,
Chloroformd) U 7-7.22 Bm, 8H), 7.27.16 (m, 2H), 3.79 (s, 4H), 2.54 (s, RH.48 (s, 9H),

0.540.49 (m, 4H) 3C NMR (150 MHz, Chloroforrd) i 172. 2, 140.3, 129.1
80.6, 56.7, 41.3, 37.5, 28.2, 15IR (neat) 2976, 2360, 2342, 1720, 1454, 1367, 1147, 747, 699.

HRMS (HESI)m/z [M+H]* Calcdfor CasHaNOy: 352.2271, found352.22649

BnZNA\\\\C 0,8n Benzyl 2(1-(dibenzylamino)cyclopropyl)acetate(6g). General procedure
E was followed, usind-((4-(trifluoromethyl)phenyl)sulfonyl)cyclopropanol
(53 mg, 0.2 mmol, 1.0 equivh CHCl> (2 mL), benzyl(triphenylphosphoranylidene)acetate
(0.24 g, 0.6 mmol, 3.0 equiviN-iodosuccinimide (45 mg, 0.2 mmol, 1.0 equidihenzylamine
(77¢ 1 4 m@al, 20 equiv) and MeOH (2 mL), affording the prod82 mg, 42% yield) as
colorless oilafter purification bythe flashchromatography, eluting witli-10% EtOAc in
hexanes (elution gradienfH NMR (600 MHz, Chloroforrad) U 7-7.28 %m, 5H),7.17-7.06
(m, 10H), 5.06 (s, 2H), 3.64 (s, 4H), 2.57 (s, 2H), @4D (m, 4H) 13C NMR (150 MHz,
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Chloroformd)u 172. 7, 140. 2, 135. 9, 129. 1, 128. 7,
36.7, 15.2IR (neat) 3028, 2360, 2342, 1729, 1494, 1454312149, 1023, 745, 696IRMS

(HESI)m/z [M+Na]* Calcdfor CogH27NO:Na 408.19340found408.19306

ani/"&\ o0 tert-Butyl 2-(1-(dibenzylamino)-2,3-dimethylcyclopropyl)acetate(6h).
Me Me General procedure E was followed, using 2,3-dimethyk1-((4-
(trifluoromethyl)phenyl)sulfonyl)cyclopropatrol 3 d (@29 mg, 0.1 mmol, 1.0 equivi CH2Cl>
(1 mL), tertbutyl (triphenylphosphoranylidene)aceta(6.11 g, 0.3 mmol, 3.0 equiv)N-
iodosuccinimide (22.5 mg, 0.1 mmol, 1.0 equdipenzylaming38¢ | 2 mral, 2.0 equiv) and
MeOH (1 mL), affording the produ¢29 mg, 76% yield aswhite solid after purification bythe
flash chromatography, eluting with-10% EtOAc in hexanes (elution gradientyp 70-73

IH NMR (600 MHz, Chloroformad) i 7-7.28 fm, 8H), 7.27.17 (m, 2H), 3.84 (s, 4H), 2.43 (s,
2H), 1.55 (s, 9H), 0.88.83 (m, 2H), 077-0.73 (M, 6H)X3C NMR (150 MHz, Chloroforrad) G
173.2, 140.9, 129.0, 128.0, 126.7, 80.5, 56.6, 46.6, 32.2, 28.3, 24.[R §reeat) 2974, 2360,
2342, 1728, 1455, 1365, 1323, 1210, 1135, 751, 740,RRIS (HESI) m/z [M+H]* Calcd

for C2sH3aNO2: 380.25841 found380.25785

Bn,N,, co,By tert-Butyl 2-(6-(dibenzylamino)bicyclo[3.1.0]hexar6-yl)acetate(6i).
6 General procedure E was followed, using  6-((4-
(trifluoromethyl)phenyl)sulfonyl)bicyclo[3.1.0]hexa#ol 3 e (61 mg, 0.2
mmol, 1.0 equivin CHxCI2> (2 mL), tertbutyl (triphenylphosphoranylidene)acetg®22 g, 0.6
mmol, 3.0 equiv)N-iodosuccinimide (45 mg, 0.2 mmol, 1.0 equiv), dibenzylangifiee | 4 O .

mmol, 2.0 equiv) and MeOH (2 mL), affording the prod(@® mg, 33% vyield) aswhite solid
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after purification bythe flashchromatography, eluting witth-10% EtOAc in hexanes (elution
gradient)mp 83-86 .'H NMR (600 MHz, Chloroforrd) i’ 7 . 193.1(Hd, 8H), 7.14 (ddd,

J=7.6, 4.5, 2.2 Hz, 2H), 3.78 (s, 4H), 2.50 (s, 2H), LB (M,3H), 1.631.53 (M, 3H), 1.52

(s, 9H), 1.391.35 (m, 2H) 3C NMR (150 MHz, Chloroforrd) i 173. 1, 140.8, 12
126.6, 80.4, 56.8, 49.4, 35.1, 31.0, 28.4, 28.2, 26.4, IB.Gheat) 2972, 2911, 2360, 2342, 1728,

1455, 1365, 1322, 1154, 1117, 10991, 751, 740, 6964RMS (HESI) m/z [M+H]" Calcdfor

C26H34NO2: 392.25841found392.25790

aniKCOZtBU tert-Butyl 2-(-1-(dibenzylamino)-2-

FsC (trifluoromethyl)cyclopropyl)acetate (6j). General procedureE was
followed, using2-(trifluoromethyl)1-((4-(trifluoromethyl)phenyl)sulfonylcyclopropanl-ol 3 f 6
(33 mg, 0.1 mmol, 1.0 equivi) CHCI> (1 mL), tertbutyl (triphenyphosphoranylidene)acetate
(0.11 g, 0.3 mmol, 3.0 equiv)\-iodosuccinimide (22.5 mg, 0.1 mmol, 1.0 equiv), dibenzylamine
(38¢ | 2 m@xal, 2.0 equiv) and MeOH (1 mL), affording the prod{i@ mg, 2% yield) as
colorless oilafter purification bythe flashchromatography, eluting witd-10% EtOAc in
hexanes (elution gradientd NMR (600 MHz, Chloroforrad) i 7-7.28 2m, 5H), 7.25 (d] =

7.3 Hz, 5H), 3.93 (dJ = 13.8 Hz, 2H), 3.78 (d] = 13.8 Hz, 2H), 3.04 (dd}= 15.5,1.4 Hz, 1H),
2.38 (d,J = 15.6 Hz, 1H), 1.57 (s, 9H), 1.8756 (m, 1H), 1.29 (] = 6.4 Hz, 1H), 1.23.18 (m,
1H). 13C NMR (150 MHz, Chloroforrd) i 17 1. 3, 139. 3, 129. 0, 128. 3
J=2.5Hz), 3% (q, J = 2.4 Hz), 29.3 (qJ = 35.6 Hz), 28.4 (dJ = 17.8 Hz), 28.2, 17.8 (d,=

2.7 Hz) %F NMR (564 MHz, Chloroformd ) -6@i62.IR (neat) 2981, 2360, 2341, 1728, 1369,
1265, 1132, 1055, 1033, 1014, 742, 7THRMS (HESI) m/z [M+H]" Calcdfor CoaH29F3NOo:

420.21449found420.21376
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BN, come Methyl 2-(1-(dibenzylamino)-2-phenylcyclopropyl)acetate (6k). To an
Phﬁ\ ovendried flask containing the solution of 2-phenytl-((4-
(trifluoromethyl)phenyl)sulfonyl)cyclopropafrol 3 a(68 mg, 0.2 mmoll.0 equiv)in THF (2

mL) was ¢ o o,larsddcddedaethyl (friphenylphosphoranylidene)acet&®e20 g, 0.6

mmol, 3.0 equiv) andN-iodosuccinimide (45 mg, 0.2 mmol, 1.0 equiv). The reaction was
warmed to roomemperature and stirred for 30 minutes with aluminum foil colee. reaction

was quenched by the addition of water and aq. saB®g1:1), and vigoursly stirred for 1 min.

The resulting solution was extracted with.@&t dried over MgS® and concentrate under
vacuum. To the resulting cruseas added in MeOH (2 mL), followed by dibenzylamine 7B ,

0.4 mmol, 2.0 eqwi). The reaction was stirred at room temperature for 18 hours. The resulting
solution was quenched by water, extracted with@} dried over MgSQ, filtered though Si@

plug and concentrated under vacuum. The product (30 mg, 39% vyield) was isolated as white
solid after purification by the flash chromatography, elutint0% EtOAc in hexaneslution
gradien). mp 91-94 .'H NMR (600 MHz, Chloroforrad) 7.287.14 (m, 13H), 7.147.00 (m,

2H), 3.83 (d,J = 14.0 Hz, 2H), 3.74 (s, 3H), 3.67 @@= 13.6 Hz, 2H), 2.91 (d] = 14.7 Hz, 1H),
2.442.33 (m, 2H), 2.25 (dJ = 14.7 Hz, 1H), 1.49.43 (m, 1H), 1.271.20 (m, 1H), 0.9@.77

(m, 2H), 0.30 (t,J = 4.9 Hz, 1H).23C NMR (150 MHz, Chloroforrd) i 174 .0, 142. 4,
129.1, 128.4, 128.4, 128.1, 126.9, 125.8, 56.4, 51.8, 45.2, 35.6, 32.9, 31.9, 28R 20edt)

2941, 2360, 2341, 1720, 1453, 1321, 1224, 1130, 1028, 744, 736HBRATS (HESI) m/z

[M+H] " Calcdfor C2eH2eNO2: 386.21146found386.21100
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o Methyl 2-(1-(1,3-dioxoisoindolin-2-yl)-2-

N
A CO,Me
0/’\\\‘ general procedure D using 2-phenethyl-((4-

phenethylcyclopropyl)acetate(6l). To the reaction crudprepared by

Ph (trifluoromethyl)phenyl)sulfonyl)cyclopropaf+ol (37 mg, 0.1mmol,

1.0 equiv) was added DMF (1 mL), potassium phthalimide (37 mg, 0.2 mmol, 2.0 equiv)-and 18

crown6 (53 mg, 0.2 mmol, 2.0 equiv). The reaction was stirred at room temperature for 18 hours.

The resulting solution was diluted with @El>, washed with 1INNaOH, washed again with 1N
HCI, dried over MgS®@and concentrated under vacuum. The pro@2@tmg, 55% vyield) was
isolated as white solid after purification by the flash chromatography, eluti29%0EtOAC in
hexanesdlution gradient mp 71-74 .'H NMR (600 MHz, Chloroforrd) i 7 . 8J2=5.4,d d ,
3.1 Hz, 2H), 7.70 (dd] = 5.4, 3.0 Hz, 2H), 7.29.24 (d,J = 7.4 Hz, 3H), 7.2.12 (m, 2H),

3.61 (s, 3H), 2.92.83 (m, 2H), 2.71 (d] = 14.1 Hz, 1H), 2.58 (d] = 14.2 Hz, 1H), 2.02.02

(m, 1H), 1.731.67 (m, 1H), 1.441.31 (m, 2H), 0.80.79 (m, 1H) 3C NMR (150 MHz,
Chloroformd)t 171 . 5, 168. 3, 142. 1, 134. 1, 131. 9,
33.0, 31.7, 24.6, 17.9R (neat) 2923, 2360, 2341, 1737, 1704, 1376, 1276, 1148, 108,77/ 1B,
698.HRMS (HESI)m/z [M+Na]* Calcdfor C22H21NOsNa: 386.13628found386.13571
Enantioenriched compound (948 was obtained by the same procedure, using enantioenriched
starting material (99% eeEnantiomeric excess was determined by HPLC analysis on chiral
stationary phase (ChiralcalD-H 25 c¢cm,10% i-PrOH in hexane, 1 mL/mir0 °C, 214 nm, %
(major)12.0min, t; (minor) 13.7min).

HPLC trace
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T,
4
T,

400

200 200 'Ei
_ _ o = -
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] % # [min] [min] [mAU*s] [mAU] %
R R R e e [-mmmmn ERER EEEEEES R R e |---cmme - [----m- \
1 12.863 MM ©.8195 5.83365e4 1186.41943 46.9864 1 11.951 MM 9.5076 2.81782e4 925.18598 96.9144
2 13.742 MM 0.9666 6.58195e4 1134.91174 53.0136 2 13.637 MM 9.4901 897.14563 308.50686 3.8856
H Ethyl 3-((1-(2-(tert-butoxy)-2-oxoethyl)-2-
N W
Et0,C~ A\\COQtBu _ _
PN phenethylcyclopropyl)amino)propanoate (6m). To the reaction
Ph N

crude prepared by general procedure D using 2-phenethyll-((4-
(trifluoromethyl)phenyl)sulfonyl)cyclopropafirol (37 mg, 0.1 mmol, 1.0 equiv) was added
MeOH (1 mL), b-alanine ethyl ester hydrochloride (30 mg, 0.2 mmol, 2.0 equiv) and
triethylamine (2&l, 0.2 mmol, 2.0 equiv). The reaction was stira room temperature for 18
hours. The reaction was quenched by water, extracted withQBHdried over MgS® and
concentrated under vacuum. The prod2& mg, 59% yield) was isolated as colorless oil after
purification by the flash chromatography, @hgt 1020% EtOAc in hexaneslution gradient

IH NMR (600 MHz, Chloroforrad) i~ 7-7.3 6m, 2H), 7.37.22 (m, 3H), 4.19 (q] = 7.1 Hz,

2H), 3.0:2.89 (m, 2H), 2.82.70 (m, 2H), 2.58.42 (m, 4H), 2.30 (br, 1H), 1.8B76 (m, 1H),
1.54 (s, 9H)1.541.52 (m, 1H), 1.32 ( = 7.1 Hz, 3H), 1.040.99 (m, 1H), 0.86 (ddl = 9.3, 4.7

Hz, 1H), 0.19 (dd)] = 6.2, 4.7 Hz, 1H)*3C NMR (150 MHz, Chloroforrd) i 172 . 7, 172
142.3, 128.5, 128.4, 125.9, 80.7, 60.4, 41.1, 40.2, 36.1, 36.0, 35.7, 32,(2%8,319.8, 14.7

IR (neat) 3706, 2981, 2360, 2341, 1725, 1368, 1144, 1055, 1033, 1016, 748R888. (HESI)

m/z [M+H]" Calcdfor C22H34NO4: 376.24824found376.2474.

Enantioenriched compound (988§ was obtained by the same procedure, using ermramiched
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starting material (99% eeEnantiomeric excess was determined by HPLC analysis on chiral
stationary phase (ChiralcAlD-H 25 cm,2% i-PrOH, 0.05% butylaminen hexane, 1 mL/min,

40°C, 214 nm, t (major)6.5min, t; (minor) 8.8 min).

HPLCtrace
AL 3 & o * WK
© ER e
30 ?}’QF ‘;‘QP " S
2% 500
200 A7
= f;}b
00 5
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] % #  [min] [min] [mAU*s ] [mAU] %
S P [N P | -nnneeee |=nneeeee |--oneees [ [ [ E— | mmeeennes |-meeeeee |
1 6.423 MM 9.1612 3897.93066 402.96823 43.5269 1 6.524 MM 8.1914 6361.45996 553.80488 98.7516
2 8.658 MM 0.2437 5057.28418 345.92236 56.4731 2 8.811 MM 08.1555 80.42229 8.62231 1.2484

E;noz\\\\coztsu tert-Butyl 2-(1-(benzyloxy)2-phenethylcyclopropyl)acetate (6n).
Ph” N\ The reaction crudevas prepared by general procedule using 2-
phenethyl-((4-(trifluoromethyl)phenyl)sulfonyl)cyclopropafrol 3 b 87 mg, 0.1 mmol, 1.0
equiv). To another vial containing BnOH (0.2 mmol, 2.0 equiv) in anhydrous THF (1 mL) under
N2 was added NaH (0.2 mmol, 2.0 equivPat and kept the same tempéaure for 30 minutes.
The resulting suspension was transferred to alkylidenecyclopropane cfudeaand st i rr ed
6 hours.The reaction was quenched by water, extracted withQBHdried over MgS® and
concentrated under vacuum. The prod2& mg, 306 yield) was isolated as colorless oil after
purification by the flash chromatography, elutind% EtOAc in hexanelution gradient *H
NMR (600 MHz, Chloroforrd) i 7-7.28 {m, 7H), 7.247.14 (m, 3H), 4.49 (q) = 11.1 Hz,
2H), 2.72 (tJ = 7.8 Hz, 2H), 2.682.63 (m, 1H), 2.48 (d] = 15.0 Hz, 1H), 1.87.75 (m, 1H),
1.44 (s, 9H), 1.41 (dd} = 14.8, 7.0 Hz, 1H), 1.22.17 (m, 1H), 1.141.02 (m, 1H), 0.38.30 (m,
1H). 33C NMR (150 MHz, Chloroforrd) i 17 0. 9, 142. 1, 13878, 128.
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127.5, 126.0, 80.7, 69.2, 63.3, 37.6, 35.8, 32.2, 28.3, 24.6, IRB.@eat) 3707, 2973, 2360,
2341, 1733, 1054, 1033, 1013, 669RMS (HESI) m/z [M+Na]" Calcd for Cz4H3003Na:
389.20872found389.20787

Enantioenriched compound (998¢ was obtaind by the same procedure, using enantioenriched
starting material (99% eeEnantiomeric excess was determined by HPLC analysis on chiral
stationary phase (Chiralc€JH 25 cm,2% i-PrOH in hexaneQ.5 mL/min, 23 °C, 214 nm, %

(major)17.4min, t, (minor) 19.1min).

HPLC trace
% E \@«%"t & @@”
300 ‘;@B 2 3 800 ®
2504 E‘@i’q
200 600
1504 00
:_ 200 & @g"’
0 » 0 ";’_'wm
185 A 85 i 175 7 185 0 95 . \‘0 II‘J 0
Peak RetTime Type Width Area Height Area  Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] % # [min] [min] [mAU*s ] [mAU] %

S [t [ P |wmmmmmnnae |- | -eeeees RN P [ P |-mmmeneee- |-mmmmnneee |-mmneees |
1 16.799 MF 0.6686 1.50596e4 375.42227 50.5330 1 17.437 MM ©.8368 5.07349e4 1010.53204 99.5023
2 18.755 FM 0.9636 1.47419e4 254.97035 49.4670 2 19.167 MM ©.2882 253.76370 13.21191 0.4977

i. NIS, DCM
HOL_ «SOLAr Ph3P§/COZtBU EtO.C z i. 20% TFA in CH,CI H H\j.J\
A 2N z\\COZtBu : 272 EtOZCvNA“\\n/N v~ “OMe
Ph” ii. H-Gly-OEtHCI 5 A\ ii. H-L-Phe-OMe-HCI [ o~ 0 =
_ Et;N, MeOH HBTU, DIPEA, THF Ph
Ar = p-CF3 60 6p

tert-Butyl 2-(1-((2-ethoxy-2-oxoethyl)amino)2-phenethylcyclopropyl)acetate(60).

To the reaction crudeprepared by general procedur® using 2-phenethyl-((4-
(trifluoromethyl)phenyl)sulfonyl)cyclopropatt+ol 3 b (87 mg, 0.1 mmol, 1.0 equiv) was added
MeOH (1 mL), glycine ethyl ester hydrochloride (28 mg, 0.2 mmol, 2.0 equiv) and triethylamine

(28 €1, 0.2 nmol, 2.0 equiv). The reaction was stirred at 40for 18 hours.The reaction was
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guenched by water, extracted with £Hp, dried over MgS®@and concentrated under vacuum.
The product6o (23 mg, 64% yield) was isolated as colorless oil after purificatiothbyflash
chromatography, eluting 120% EtOAc in hexaneselution gradient 'H NMR (600 MHz,
Chloroformd) Ui 7-7.25 &m, 2H), 7.1§.16 (m, 3H), 4.16 (q) = 7.1 Hz, 2H), 3.48.36 (m,
2H), 2.742.66 (m, 2H), 2.61 (br, 1H), 2.36 (4,= 16.1 Hz, 2H).1.751.69 (m, 1H), 1.511.47
(m, 1H) 1.47 (s, 9H), 1.26 (3,= 7.1 Hz, 4H), 1.09.99 (m, 1H), 0.86 (dd] = 9.2, 4.8 Hz, 1H),
0.14 (t,J=5.4 Hz, 1H)13C NMR (150 MHz, Chloroforrd) i 17 2. 5, 171. 6, 142.
128.4,125.9, 80.9, 60.87.6, 39.8, 36.4, 36.1, 31.9, 28.3, 26.0, 19.8,.1R Ineat) 3705, 2973,
2360, 2341, 1732, 1152, 1055, 1033, 1013, 66BMS (HESI) m/z [M+Na]" Calcd for

C21H31NOsNa 384.21453found384.21432

Methyl (2-(1-((2-ethoxy-2-oxoethyl)amino)-2-phenethylcydopropyl)acetyl)-L -
phenylalaninate (6p).

The solution of compounéo (23 mg, 0.06 mmol1.0 equiv)in CHxCI, (0.48 mL) was added
trifluoroacetic acid (0.12 mL), and the reaction was stirred at room temperature for 3 hours and
monitored by TLC (20% EtOAc in hexanes containing a drop #d)EThe reaction mixture was
concentrated, diluted with toluene (1 mL) ammhcentrated under vacuum. To the resulting crude
in anhydrous THF (0.6 mL) was added HBTU (24 mg, 0.06 mmol, 1.0 equpehylalanine
methyl ester hydrochloride (14 mg, 0.06 mmol, 1.0 equiv) and diisopropylethylamine (0.05 mL,
0.3 mmol, 5.0 equiv)The resulting solution was stirred at room temperature for 18 ours. The
reaction was quenched by the addition of water, extracted with EtOAc, dried oversNagO
concentrated under vacuum. The prodbgt(22 mg, 74% vyield) was isolated as colorless oil

after purification by the flash chromatography, eluting-2® EtOAc in hexanes (elution
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gradient).'"H NMR (600 MHz, Methanet4) i 7-7.12 9m, 10H), 4.71 (dd] = 9.4, 5.2 Hz,

1H), 4.16 (qJ = 7.1 Hz, 2H), 3.68 (s, 3H), 3.36 (@= 17.0 Hz, 1H), 3.29 (d] = 17.0 Hz, 1H),

3.19 (dd,J = 13.9, 5.2 Hz, 1H), 2.95 (dd,= 13.9, 9.4 Hz, 1H), 2.68.54 (m, 2H), 2.29 (dJ =

2.7 Hz, 2H), 1.58..53 (m, 1H), 1.5@.41 (m, 1H), 1.26 (t) = 7.1 Hz, 3H), 0.88.85 (m, 1H),

0.70 (dd,J = 9.5, 5.1 Hz, 1H)0.130.05 (m, 1H)3C NMR (150 MHz, MethaneH4)ti 17 4. 6,
173.6, 173.5, 143.3, 138.2, 130.2, 129.5, 129.5, 129.3, 127.9, 126.8, 61.9, 55.0, 52.7, 47.6, 41.5,
38.4, 36.8, 36.4, 32.6, 26.3, 19.5, 14R. (neat) 3706, 2981, 2360, 2341, 1737, 1652, 1197,
1055, 1033, 1016, 745, 698IRMS (HESI) m/z [M+Na]" Calcdfor Co7H34N2OsNa: 489.23599
found489.23486

Enantioenriched compour{é9% ee)was obtained by the same procedure, using enantioenriched
starting material (99% eeEnantiomeric excess was determirtd HPLC analysis on chiral
stationary phase (Chiralc€D-H 25 cm,5% i-PrOH in hexane, 1 mL/mi0 °C, 214 nm, t

(major)31.5min, t, (minor) 41.6min).

HPLC trace
mAU g Lo A 2
500 - ;ﬁ\ 00
400 \
0]
20 200
100 o
g ¥
o4 — e
5 “A) \JI 5 .‘sl.’: s Jlﬂ 425 ﬂ‘.’\ 475 n 75 a0 w5 25 a5 40 _1;: 5 a5 475 min

Peak RetTime Type Width Area Height Area  peak RetTime Type Width Area Height Area

#  [min] [min]  [mAU*s] [mAU] % #  [min] [min]  [mAU*s] [mAU] %

S R R |-eeeees |-enna |- R Pt [ Pt P |- |-eeees |
1 30.755 VW R 1.8747 7.15808e4 559.42291 49.2625 1 31.452 BV R 1.8787 7.86267e4 564.86188 99.4369
2 42.730 MM 2.7958 7.37240e4 439.49515 50.7375 2 41.593 MM ©.6880 445.24005 10.78546 0.5631
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tBuO,C o [Cp*RNhCl5]>
l opiy, CSOAC, MeOH NH
+ NI iv
. 30°C,2h CO,tBu
PR N (j H § 2
Ph” N
4c crude 6q

tert-Butyl 1'-oxo-2-phenethyt2’,3'-dihydro-1'H-spiro[cyclopropane-1,4-isoquinoline]-3'-
carboxylate (69)*3

To the reaction crudeprepared by general procedur® using 2-phenethyl-((4-
(trifluoromethyl)phenyl)sulfonyl)cyclopropafrol 3 b (87 mg, 0.1 mmol, 1.0 equiv) was added
MeOH (1 mL),[Cp*RhClz]2 (1.2 mg, 0.002 mmol, 0.02 equiW-(pivaloyloxy)benzamid€22

mg, 0.1 mmol, 1.0 equiv) and CsOAc (19 mg, 0.1 mmol, 1.0 equiv). The resulting mixture was
stirred at 30 for 2 hours.To the reaction was added silica gel, concentrated, and loaded as
samplefor the flash chromatography to afford the diastereomeric prodimet®r 15 mg/minor

10 mg, 66% yield, dr 1.5/1) as colorless oil, eluting78% EtOAc in hexane®lution gradient

Rt for major = 0.5, minor = 0.45 (Hx : EtOAc = 1:1 on silica TLC).

[major] *H NMR (600 MHz, Chloroforrad) i 8-8.0D 8m, 1H), 7.44.41 (m, 1H), 7.327.24

(m, 3H), 7.187.14 (m, 3H), 6.78 (t) = 7.4 Hz, 1H), 6.4%.45 (m, 1H), 3.73.61 (m, 1H), 2.81

2.76 (m, 2H), 2.07..95 (m, 1H), 1.84..78 (m, 1H), 1.78.70 (m, 1H),1.27 (s, 9H), 1.04.04

(m, 1H), 0.950.92 (m, 1H)3C NMR (150 MHz, Chloroforrd) Ui 127166.% 141.6, 141.4,
132.9, 128.8, 128.5, 128.4,8DP 1264, 126.1, 121.0, 88, 57.2, 358, 33.0, 322, 27.9, 25.7,

164. IR 3705, 2973, 2865, 2360, 2341, 162455, 1033, 1013, 66HRMS (HESI) m/z
[M+Na]™ Calcdfor CosH27NOsNa: 400.18831found400.18716

[minor] *H NMR (600 MHz, Chloroforrad) i 8 . Q6 7.6 Hz, 1H), 7.4%.40 (m, 1H),

7.337.27 (m, 3H), 7.25.20 (m, 3H), 6.92 (d] = 7.4 Hz, 1H), 6.40 (d) = 4.4 Hz, 1H), 3.65 (d,
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J = 4.9 Hz, 1H), 2.86 () = 7.4 Hz, 2H), 2.38.31 (m, 1H), 2.02.98 (m, 1H), 1.53.49 (m,
1H), 1.23 (s, 9H), 0.98.88 (m, 1H), 0.83 (ddj = 8.8, 5.0 Hz, 1H)3C NMR (150 MHz,
Chloroformd) G 1 6.2, 144.8, 1411.8, 132.8, 128.6, 188.28.2, 126.5, 126.1, 12&].82.5,
59.6, 36.0, 31.6, 27.8, Z6.245, 21.7.

Enantioenriched compounds (99%€ were obtained by the same procedure, using
enantioenriched starting material (99% eehantiomeric exceswas determined by HPLC
analysis on chiral stationary phase (ChiralsBl-H 25 ¢cm,10% i-PrOH in hexane, 1 mL/min,
23 °C, 214 nm, Major t; (major) 30.2 min, t, (minor) 39.5min, Minor t: (major) 24.7 min, t;

(minor) 27.7min).

HPLC trace
mAu 5 e 2 wAU 8
s «\f\\ Ev@ & Z:: i‘ b_‘?
125 o
100 400
% 300
50 200
100 5
= g
[ o .5;{'@
-100
30 2 3 36 38 40 m 30 el 36 k] 40
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] % # [min] [min] [mAU*s] [mAU] %
R R |-emnneees |+mmnneees |--emeee- I |=emefomee e s [-mmomeeee |moeee |
1 30.023 MM 0.9259 1.13115e4 203.60735 49,9715 1 30.222 MM 1.8334 5.09811e4 822.21472 99.5971
2 39.184 MM 1.1112 1.13244e4 169.8517@ 5@.8285 2 39.459 MM 9.3810 206.25145 9.02325 0.4029
. B e o | B
0 A E o 00 I
s S 1 o
200 400
" a0
ZJJj
mé >
50 2 {;,"
;}V‘vp
5 ] P % p - .b - - - - -100 % p + + - - 2.7 - - - "
Peak RetTime Type Width Area Height Area  peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] % #  [min] [min]  [mAU*s] [mAU] %

coee e R |oeemnees |+mmmneees e O P [N R |=emmmneee |+smmmneees |-moeee |
1 24.388 MM 0.7242 1.19731e4 275.54440 49.5925 1 24.687 MM 0.7819 2.908338e4  618.85468 99.1032
2 27.884 MM 0.8875 1.21699%4 228.54855 50.4075 2 27.6586 MM 8.3176 262.73383 13.78582 8.8968
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CHAPTER 4

Preparation of strain -release reagents and their application with cyclopropanone
precursors
Jung, M.;Lindsay, V. N. GJ. Am. Chem. So2022 144, 47644769

Jung, M.;Muir, J. E.;Lindsay, V. N. GTetrahedror2023, 134, 133296

4.1.Introduction to strain -release reagents

Strainreleaseconstitutes a powerfudriving forceleadingto important compounds via
atomeconomic reactionsStrainrelease reagents are highly strained structures (>50 kcal/mol)
including bicyclo[1.1.0]butane$"? bicyclo[2.1.0]pentan€$ (housanes),
tricyclo[1.1.1.0]pentanés (TCP or propellanes) and-azabicyclo[1.1.0]butané% (ABB). In
2016,the Baran groupn collaboraton with Pfizer popularized the use sifilfonylsubstituted
strainreleasereagents possessing an appropriate balance of bestahility and reactivity
Since then, #&arge numbeof methods were appliedith these reagensuch aghe adlition of
nucleophiles, radicak’”"® as well as cycloadditiomeactions’® where the sulfonyl grouperved
as a key moiety for further functionalization (Scheme 10° While 1-
sulfonylbicyclo[1.1.0]butanes are useful building blocks, irthgeneral synthesis is still
challenging, typically requiring six steps from sulfonyl chloridé$8? While performingthe
synthesis of sulfonylcyclopropanes@hapter 2, we found thd-sulfonylbicyclo[1.1.0]butane/(
sulfonylBCB) can be accessed from methyl sulfoneonepot from epichlorohydrin (Scheme

11).
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@7802R .

_ . base, X7;

Nu or  Nu ——— Nu{}SOzR —— Nu{>ix
[H]

Cyclobutylation
Schemel0. Use ofl-sulfonylbicyclobutangas a straifrelease reagest

0]
0,0 o) iy n-BuLi (1.0 equiv) ey SO,Ar
+ > +
Me™ ™ Ar Cl i) Phso,CI (1.0 equiv)
10equiv i) n-BuLi (1.0 equiv) Cl
Ar = p-CF3 35% 7 (24%)

Schemell Onepot cyclopropanatioprocedurenith epichloohydrin.

4.2. One-pot synthesis of sulfonyBCBs and housanes

Our serendipitous discoveassumed thahe one-pot cyclopropanationsedin chapter 2
could be extenatdto the onepot synthesis obicyclobutane. Specifically and after more careful
analysis the reaction between the methyl sulfone and epiohialrin affording7 went througha
cyclobutanol intermediate, which indicated thatduivaleits of the base were needed for the
first addition stageCommercially available ieh-butylmagnesium base was found as optimal
base(Table 5, entry2) and benzenesulfonyl chloride was the most efficiantivating agent
(entries 3-4). Further optimization led to 77%ield, in onepot mannerwithoutanyintermediate
left (entry 7). These conditiors could be applied to grasscale withsimilar efficiencyandto a
number of differenmethyl sulfonesMethyl sulfones were purchased from commercial sources
and used asecdved, or were synthesized via oxidation of the corresponding thio&théa
coppercatalyzed crossoupling®, via iodinemediated CH sulfonylation® or via mesylation of
piperidiné®. The fact that inexpensive epichlorohydrin and easyesanethyl sulfones are the
key starting materials makes our gm& procedure very efficierdnd accessibleAlso, the
widespreadgenerality of the sulfonyl part including electrodonating, electrowithdrawing,

heterocycles, alkyls and sulfonamielghancethe value of this ongpot procedureRigure D).
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Table 5. Optimization of the ongot synthesis of-sulfonylbicyclo[1.1.0]butané€?).

i. Base 1 (x equiv);

) ¢ ﬁ\/ol (1 equiv) TR RS0:Cl (y equiv SOR
RS Me  THF, -78°Ctort iil. Base 2 (z equiv)
SMgo ~78°C to rt H
Intermediate 7
Entry Base 1(x) RSQCI (y) Base2(z) 7% Int (%)
1 n-BuLi (2.0) MsCl (1.0)  KOt-Bu(3.0) 42 22
2 (n-Bu),Mg (1.0) MsCI (1.0) KOt-Bu (3.0) 51 24
3 nBuMg(l.0) MsCI(1.0) n-BuLi(1.0) 32 24
4 n-Bu,Mg (1.0) PhSQCI (1.0) n-BuLi (1.0) 62 (63) 5
5  nBuMg(1.0) PhSQCI(1.0) KOt-Bu(3.0) 45 34
6 n-Bu,Mg (1.0)  PhSQCI (1.0) KOt-Bu (1.5 64 (63) 5

7 n-Bu,Mg (1.0) PhSQ.CI (1.3) n-BuLi(1.2) 77 (77) <5

aMR yields in CDC4 with an internal standardlsolated yields in the parenthesf)se
agueous worup crude for KQ-Bu step.
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i) nBu,Mg in ether/hex (1.0 equiv)

i) PhSO,CI (1.3 equiv)
ii) nBuLi (1.2 equiv)
THF

[one-pot]

~

___________________________________________________________________________

7a, 77% (76)?

\\ //

Qﬁﬂ

7e, 60%°

\\ //

P

7i, 50%

\\ //

ses

7b, 73%

\\ //

e

OMe
7c, 86%

\\ //

Jop B eg

7f, 63%°

\\ //

7g 69%°

\\ //

Jon-Ben-

7j, 49%¢

\\ //

Cgﬂ

7m, 50%°

\ 7/

MeYS\§
Me
7p, 52%°

All yields correspond to yields of isolated product on a 0.5 mmol scale of methyl sulfones.
3solated yield of gram scal6.4 mmol)in parentheses$t-BuLi (1.2 equiv) was used in the third

stage °First and third stageswepe r f or me d

7k, 63%°

\\ //

g

e
OMe
7d, 59%°

\\//
7h, 61%°

\\ //

e

71, 36%

\//

Me/\/s\§

7n, 21%°f 70, 37%°
O\\//O \\//
Me S
ve | T SR
Me
7q, 48% 7r, 60%

at

T 78 “10equitneBuliva® AC

used in the third stageKOt-Bu (1.52.5 equiv) was used in thhird stage after aqueous workup.
TTHF/HMPA (9:1) was useds sovent instead of pure THF.

Figure 19. Scope otheonepotsynthesis ofl-sulfonylbicyclo[1.1.0]butare(7).
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In addition, we envisioned that the same procedureapplied to substituted
epichlorohydris would lead to substituted ZsulfonylIBCBs (Scheme 2). 1-Substituted
epichlorohydrin affordethe bridge substituted BCBbut however proved less efficiethitie toits
reducedelectrophilicity. Furthermore,-gulfonylbicyclo[2.1.0]pentarsx(1-sulfonylhousanesB),
andher fascinating strairelease reagent, could be accedsesh an extendeépichlorohydrin
like reagentUsing 1-chloro-3,4-epoxybutanas electrophilea similar protocoled toa scope of
1-sulfonylhousanesvith commercially availablentBu)(s-Bu)Mg used as bas&]MPA additive
andt-BuLi for the last annulation step. (Figu26). Notably,two examples of chirdlousanere

synthesized enantiospecifically, starting with chiralhloro-3,4-epoxybutan€Scheme 13)

_ SO,Ph
Vi ., o Me 1. n-BusMg;
Ph”™ " "Me Cl i, PhSO,CI
. iii. n-BuLi Me
(1 equiv)
7s, 75%
N SO,Ph
O 0O i. n-Bu,Mg;
W (0] 219,
¢ e Oy Ve
Ph™""Me Me ii. PhSO,CI
. iii. n-BuLi H
(1 equiv)

7t, 28% (dr 10:1)

Scheme 12 Onepot synthesis of 1-sulfonylbicyclo[1.1.0]butanes with substituted
epichlorohydrirs.
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i) (nBu)(sBu)Mg in hex (1.0 equiv)

0 0 0 10% HMPA in THF 0,0 ;
\ 7/ + S 1
_S. - H.
8 L\/\m R \ﬁ, :

i) PhSO,CI (1.3 equiv)

(1.0 equiv) iii) tBuLi (1.2) .
[one-pot]
Q\S/P Q\S/P Q\S/P 0\\8/9
: MeO : ; : OMe
OMe
8a, 69% (62)7 8b, 62% 8¢, 57% 8d, 29%
Q\S/P O\\S/,O - Q\S/,O Qé/P
F;C” i F- i \Q/ i :F
F
8e, 49%" 8f, 47%° 8g, 51%” 8h, 57%°
QL QL QL0 QL0
T 7 @
Cl
8i, 40%" 8j, 28% 8k, 45% 81, 36%

All yields correspond to yields of isolated product on a 0.5 mmol scale of methyl sulfones.

3solated yieldof gram scale (6.4 mmoi parenthese§F i r st st age was perfor
(then0°C, 1 h)andthirdtay e at T 78 C“ABuMgo (il2®® qAiIG.v) dvims used
the first stage instead af-Bu)(s-Bu)Mg (withoutHMPA).

Figure 20. Scope othe onepotsynthesis ofi-sulfonylhousang(8).

i. (n-Bu)(s-Bu)Mg (1 equiv);
SOQAr

ﬁ\/\ (1 equiv) ii. PhSO,CI (1.3 equiv)
Q0 cl >95% ee G 0°Ctort HﬁSOzAr

A S Me THF / HMPA (9:1) iii. +BuLi (1.2 equiv)

_20 c,C;, 18 h, 0 oC, 1 h CIMg()\\ _78 tO _20 oC
Ar = p-F3CCgH, or N . )
3,5-F2-CeHs (-)-89, 43%, 99% ee

(-)-8h, 45%, >99% ee
Schemel3. Synthesis of chiral housanes.
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4.3. Synthesis of spiro[3.3]heptanones

In the development of new drug candidatég, structual designis aimed to improvea
leadc ompoundds profile of not only its affinit.y
Aromatic rings are often attached fetronger affinity of hit compound bwtilizing strong” -
interaction and occupying space with flat structure. However, too many benzenearirigad
the compound tde toohydrophobicand sometimes metabolically unstaldausingoroblematic
pharmacokinetic profiles such as low water solubility, undesired siteraction and fast
metabolism via ring oxidatiorsp*-rich cyclic moieties are often found as improveddusteres
of aromatic rings with better chemical and pharmacokinetic proffie¥. For example,the
spiro[3.3]hepane motif is akey element fom number ofpharmaceutical compounds in recent
applicationgFigure21).88

Key synthetic methods in previous synthesis of spiro[3.3]hepsaaee via Meinwald
rearrangementfter epoxidation of cyclopropylidené€®° (semi)pinacol rearrangement of 1
cyclopropylcyclobutanofé or the [2+2]cycloaddition of ketere  with
methylenecyclobane®?°3% These approaches are well developed foe synthesis of
spiro[3.3]heptaneitself (parent compound)but the access tcsubstituted enantioenriched
derivativess still limited.

The Wipf group recently reported thgrghesis of spiro[3.4]octanones via the addition of
lithiated sulfonyiBCB to cyclobutanorg followed by semipinacol rearrangement (Scheme
14a) % The Aggarwal group have shown the synthesisanflogousspiro compound using
azabicyclo[1.1.0]butanes vasimilaraddition/semipinacol approaéhinspired from their work,
we thought our cyclopropanone precursor could be applitidetsame synthetic disconnection

with sulfonylBCBs,accessible via the method described ali®obheme 4b).
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Figure 21. Selected pharmaceutical compounds contaitiiagpiro[3.3]heptane moiety.
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Schemel4. Synthetic plario accesspiro[3.3]heptanone®)i nspi red from Wipf ds

Table 6. Optimization for the addition of lithiated BCBs to cyclopropanone

HO.__SO,Ar PhO,S nBuli ~ PhO2S
K + jg OH
THF

3 7 (0.1 M)
Entry Ar nBuLi Conditions NMR vyield (%)
1 Ph 2.0 equiv 178 , 2 h 57
2 Ph 2.3 equiv 178 , 2 | <5
3 Ph 2.3 equiv 120 , 1 | <10
4 Ph 2.3 equiv 17 8 thenrt, 30 min 67
5 Ph 2.3 equiv 178 then 1 68
6 Ph 2.3 equiv 178 then 1 57
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Table 6 (continued)

7 Ph 2.3 equiv 17 8 t he20ht 60
8 Ph 2.5 equiv 178 then r 65
9 p-CFs 2.3 equiv 178 t hen r 53
10 p-OMe 2.3 equiv 178 then r 56

Based orour previous work, isulfonylcyclopropanols3) and sulfonylbicyclobutane
(7) were prepared and used for optimizatiaf the addition stegTable 6). We evaluated
different reaction conditions and equivatof n-BuLi (entries 1-8), as well assarious electronic
environmers on thel-sulfonylcyclopropanol tadentify the ideal cyclopropanone source (entry
9-10). The £mipinacol rearrangemewasefficient with catalytic amourgof MsOH, similarto
Wi pf 6 s < Buthdérmorejtavas found that @elescopic protocaoin two steps was more
practical and similarly efficienthan sequential reacti@with a purified intermediate, while
onepot protocol was not optimal and needed excess amount of MsOH for full conversion

(Scheméls).

nBuLi (2.3 equiv) 0

-78°C;rt,0.5h
a) Hozsofh + Ph028\§ - : No conversion with
) PhO,S 2.5 equiv of MsOH

then MsOH (4.0 equiv

rt, 0.5 h 37%
one-pot
HO. _SO,Ph  PhO,S. i) nBuLi (2.3 equiv) "N02S ii) MsOH (5 mol%) 0
b) * jg — OH|———
K THF DCM, rt, 1h  PhO3S
-78°C;rt,0.5h
crude 69% (2-step yield)
(telescoped) dr1.2/1.0

Schemel5. Evaluation of more practical protocols.
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Various sulfonyFBCBs were successfully applied tthe telescopic method, including
aromatic, aliphatic, and saturated sulfonamide (Figur@).2Enantioenriched cyclopropanone
precursors affored semipinacol rearrangement prodweth complete regiocontip but some
loss ofenantiomeric excess wadbserved (85% eekEvaluationof other Brgnsted and Lewis

acidsidentified AICl 3z as a viablalternative for stereospecific results (Table 7).

Table 7. Screening of acids for the semipinacol rearrangement

HO._SOPh  Ar0,S i)fggo% (ti'?t,egb)'nm ] ArOZS>Q<O> H><><O>
Me\v‘K ' \S\H i) [H'], CHyCly ] H ! ' Ar0,S !
99%ee Ar = p-OMe condition Me Me
(telescoped unless noted) Products
Entry 2"d step [H] Condition  Product (%) dr® (% ee)
1 MsOH (5 mol%) rt, 1 h (75) 1.2 (88):1.0(98)
2 1M HCI (telescoped) rt, 2 h 62 1.2:1.0
3 1M HCI (one-pot) rt, 3h 55 1.5(85):1.0(97)
4 MsSOH (5mol%) 720 , 65 1.2 (85) : 1.0 (93)
5 TEA (5 mol%) 0 18h 65 1.4 (89) : 1.0 (99)
6  Al(OTf 3 (5 mol%) rt, 2 h 71 1.0 (84) : 1.0 (97)
7 Sc(OTf)s (5 mol%) rt, 2 h 68 1.0 (87) : 1.0 (95)
8 Mg(OTf) 2 (5 mol%) rt, 2 h <50 1.1 (94):1.0 (97)
9 AICI 3 (5 mol%) rt, 2 h (63) 1.1 (96) : 1.0 (97)
10 TiCl 4 (5 mol%) rt, 2 h (55) 1.3 (93) : 1.0 (97)
11 ZnCl2 (5 mol%) rt, 2 h (65) 1.2 (84) : 1.0 (98)
12 ZnF2 (5 mol%) rt, o/n 69 (62) 1.5(90) : 1.0 (97)
13 Zn(OAC)2 (5 mol%) rt, 3 days <5 n/a
14 AICI3 (5 mol%) rt, 1 h 77 1.3 (90) : 1.0 (98)
15 AIClI3 (5 mol%) rt,3h 60 1.0 (96) : 1.0 (97)
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H
HO.__SO,Ph i) n-BuLi (2.3 equiv)
+
“R i) MsOH (5 mol%)
H or AICI3 (5 mol%)
7

3 (telescoped) Spiro[3.3]heptan-1-ones (
o % oY (j
. o MeO N .
o _ o o
9a, 69% (75%)? ' 9b, 81%, 1.2:1 dr 9¢, 64%, 1.9:1 dr
1.2:1dr [X-ray]
MeO O\\S/Q ! >‘/\\// Q
9d, 50%, 2:1 dr 9e, 47%, 1.5:1 dr 9f, 85%, 1.1:1 dr 9g, 76%, 1.2:1 dr
Mel\\] ' H o\\s//o H Q\s’p H
SN OSSN G g
N MeO N MeO N Ph
0 0 Me 0
9h, 51%, 1.4:1 dr 9i, 63%, 1.1:1 dr® 9j, 42%, 2.2:1 dr?
96% ee 97% ee

32 mmol scalePAICl;s (5 mol%) was used instead of MsOH.

Figure 22. Scope of the telescopic synthesis of spiro[3.3]heptan@hes (

An interesting fact was that this reaction usually ghel.0 ratio of diasteromers of the
spiro[3.3]heptanone products. This is a quite important since the analogous reaction with
cyclobutanone was fully d°Akesytfactorénoosirechse which v e
could explain such a disparity is the formation of a cyclopropylcarbinidrcan the mechanism

of semipinacol rearrangement, which is known to be a relatively stable andivietg
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carbocation, presumably allowing time for bond rotation where both diastereomers of

spiro[3.3]heptanone can be formed (Figudg 2

1.2:1.0
PhO,S " o ( ) 0
oH . PhO,S % N H %
H PhO,S
H+l T [1.2] T [1.2]
PhO,S OH PhO,S ., PH o H ., oH

Long-lived cyclopropylcarbinyl cation

Figure 23. Cyclopropylcarbinyl cation rotamers leading to diastereomeric mixtures.

4.4, Conclusion

In conclusion, we have developé¢ke synthesis ofl-sulfonylbigyclobutanes and -1
sulfonyl housanes in one pot mann8copes of both products contain a variety of sulfonyl
substitutions. Furthermore, selection of substituted epichlorohydrin affords substituted
sulfonylbicyclobutanes in one pot as well as chirathloro-3,4-epoxybutane affords chiral
housanes in same manner. To our best knowledge, this method is the most practical method for
sulfonyl strainrelease reagents. In addition, we have developed the synthesis of spiroheptanones
starting with tsulfonylbicycldutanes and cyclopropanone precurs@s. expect this work to

be applied in the synthesis of a variety of pharmaceutical scaffolds.

4.5. Experimental
General Experimental Conditions

General: Unless stated otherwis@ll nonaqueous reactionwere performed in ovedried
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