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Summary

The main focus of this thesis is the stereoselective funtaati@in of cyclopropenes
mainly via the addition of H-X (hetroatom-hydrogen) moietie®seithe strained double bond.
It is broken up into three chapters, each one devoted to different methmasg for direct
funtionalization of these uniquely interesting and highly reactive carbocycles

The first chapter is devoted to the palladium catalyzed hydrophgdatam and
hydrophosphinylation of cyclopropenes. This methodology allows for thet dirgg retentive
funtionalization of cyclopropenes with a pronucleophilic entity, whichuopl now has been
extremely scarce. Aside from the synthetic value, the methodology alsdge@ccess to highly
funtionalized stereodefined cyclopropylphosphonates which have a provénré@md as
medicinaly relevant substrates.

The second chapter focuses on intermolecular formal nucleophilicitstibss of
bromocyclopropanes. This method aims for the construction of highly funictiesha
cyclopropyl ethers via direct nucleophilic attack®based pronucleophiles ion situ generated,
highly reactive cyclopropene intermediates. The diasteredis@leof the reaction is controlled
either by sterics or through directing effects providing higstiseo-defined donor-acceptor
cyclopropanes.

Chapter three describes highly efficient and diastereoselectedium ring closures
occurring upon intramolecular attack of a tethered alkoxide nucleagthdeomocyclopropane.

The reaction proceeds via initial 1,2-dehydrobromination to produce #opoypene
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intermediate, followed by nucleophilic addition across the straire@ Bond, to produce

cyclopropane-fused medium heterocycles.



Chapter 1. The Diastereoselective Palladium Catalyzed Hydrophokprylation and
Hydrophosphinylation of Cyclopropenes

1.1. Introduction

1.1.1. Transition metal assisted additions to cyclopropenes

The rich and versatile chemistry of cyclopropenes has been welgresxplored. These
three-membered carbocycles are extremely important Jerdaiilding blocks for organic
chemistry. Their unique structural and electronic properties give risa tariety of very
interesting, characteristic transformations. The increasath tndr-density of its double bond
makes cyclopropene a very attractive substratetfacceptor transition metals and allows for
reactivity unknown for olefins, allenes and alkynes. Employment dlyst$ allows for
controlling and fine-tuning of the diastereo- and enantioselectivity dasvéle efficiency of the
reaction. Thus, several recent advances have been made in rtbi®otrametal-catalyzed
chemistry of cyclopropenes which is a quickly developing areasatie iprimary focus of many
research groups.The inherent strain of cyclopropene presents a challenge in thgn defsi
reaction processes in which the integrity of the strained carlees not sacrificed. Several
elegant metal assisted additions to cyclopropene have been redem#ioped, in which

stereodefined densely substituted cyclopropanes are efficiactlssed via hydrometalations,



hydroboration, dimetalations, carbometalations, hydroformylation, androagylation

(Figure 1).

Figure 1.
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1.1.2. Carbometalations of cyclopropenes

In 2000, Nakamura demonstrated that the use of an iron -catalgsitated
carbomagnesation of cyclopropenone acedtalith a wide range of Grignard reagents, including

aryl- and alkenylmagnesium halides (Scheme 1.).



Nakamura has also shown catalytic asymmetric carbozincatiooyadbpropenone
acetals in the presence of an iron catalyst and chiral phospdaned. Interestingly, addition of
TMEDA was necessary for achieving high enantioselectivitéess,racemic products were
obtained in the absence of this additivBoth cyclopropyl magnesiur@ and cyclopropyl zinc
species3 were efficiently trapped with a variety of electrophilesftirnish tetra-substituted

cyclopropanes.

Scheme 1.
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K ———> | 0__O - O. O 56-96% yield E = H, Alk, allyl

cat. FeCl3 A é
R
1 - 2 =

RoZn Oo. O

H

e

R

cat. FeCly/L" A

5

R z

>

E

up to 92% ee

In 2002, Fox reported a directed carbomagnesation of hydroxymetlogoygenes’ in
the presence of copper catalysts (Scheme 2). Alkyl and vimyh&d reagents reacted smoothly

in this reaction, generally providing very goodyn-selectivity. Trapping the



cyclopropylmagnesium intermediate with different electrophilesvad for easy installation of

various functional groups in the three-membered ting.

R'=H, Ph

Scheme 2.
OR! o
g R3MgX/cat Cu . R%,A\\H
R2 E+ R3 E

61-86% yield
89:11 to 100:0 dr

R?= C4Hg CgHi3
R3= Alkyl, Allkenyl, Alkynyl
E = H, SnBu3, CHO

Later in 2006 Fox demonstrated the diastereo- and enantioseleatdamegnesiation

reaction of 3-hydroxymethylcyclopropen&sin the presence of organic chiral catalys

(Scheme 3). As opposed to previous studies this method allowed foddhm®ra of a wide

variety of Grignard reagents. This highly stereoselective foanation permits rapid access to

non-racemic tri- and tetrasubstituted hydroxymethylcyclopropaRes

Scheme 3.
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R' = Ar, sylil

E=H, I, PhS, CO,R, allyl



The use of Grignard reagents in carbomagnesiation reactions ittege incompatible
with cyclopropanes bearing ester functions. In a recent study d@xonstrated the
diastereoselective carbozincation of cyclopropenes in which themiastlectivity is efficiently
directed through the ester functionality (Scheme 4). Chiral oxhaohe functions direct the
addition of a variety of nucleophiles with excellent facial cieléy. The regioselectivity is also
high for carbozincation reactions of 2-alkyl-substituted cycloprope-@arboxylate estelks.

The resulting cyclopropylzinc speciéd can be intercepted via stereospecific reactions with a

variety of electrophile8.

Scheme 4.
R3
R'. CO,R® : 0 ; , | R=Ak PhH
2_, R-Zn’o 0. R%, »COR" | R2= Alk, Ph, SIR
R2 X L A E= Me, All, |
2 l R
13 R Cu—R XZn 14
1 3
R2R ., LCO2R o
IR
E 415
61-84% yield
up to 95:5 de

Lautens very recently showcased a highly enantioselective pellazhitalyzed
carbozincation of cyclopropenes. The cyclopropyl zinc intermediages successfully trapped
with a range of electrophiles (Scheme 5). It was found tlagping of the cyclopropylzinc

intermediatel7 with carbon electrophiles required transmetalation with copfiéxe flourene



derived cyclopropend6 reacted smoothly to provide tetra-substituted cycloprop&Besith
ee’s up to 93%. However, reactions with other types of cyclopropé&meged only marginal

efficiency and selectivity.

Scheme 5.

EtZn Et
\/
ZnEty ~ ' CuCN-LiCl
Pd(MeCN),Cl, O O E-X
R-Tol-Binap 17 18

66-100% yield
>95% de
90-93% ee

E =1, RCOCI, Alk, Allyl

1.1.3. Hydrometalations/dimetalations of cyclopropenes

Gevorgyan reported on highly stereo- and regioselective transitietal-oatalyzed
hydrostannation of cyclopropenes to produce tri-, tetra-, and pentasigosti
cyclopropylstannanes in very good yields (Scheme 6). This saggtoceeded with highis-
selectively and with excellent facial selectivity controllegl steric factors. In all cases single

diastereomers of cyclopropylstannanes were obtained (Schéfe 6).



Scheme 6.
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It was also found that hydrosilylatibrof cyclopropene with trichlorosilane proceeds
smoothly from the less hinderéakte in the presence oftfallyl)PdCl], and a bulky electron rich
ligand, tris(2,6-dimethoxyphenyl)phosphine (TDMPP). Exhaustive alkylabf with MeLi
afforded the correspondingyclopropyltrimethylsilane in good overall yield. Efficient
hydrosilylation and hydrogermylation with triorganometal hydridexc@ed in the presence of
catalytic amounts of Ptglaffording cyclopropylsilanes and cyclopropylgermanasgood to
excellent yields. Steric factors efficiently govern the facild#ity of this reaction.

Gevorgyan also disclosed catalytic asymmetric hydrostannatioB,3-disubstituted
cyclopropenes (Scheme 7) in the presence of the Rh(l) comeéging a chiral diamidebased
phosphine ligand23. Good yields, high degrees of diastereo- and enantioselectivity, and
excellent functional group compatibility are the clear advantadeshis approach. This
methodology marks the first and only example of catalytic asymmetrros$tgashnation known to

date.



Scheme 7.
R1_R? Rh(l), L* R, JR? yield 73-90% o P 0

K + |V|e3Sn—H T,':P de >99% L* = NT-I HN

, It _Q709,
21 MesSn” 5, ee 88-97%
PPh, Ph,P
Sterically controlled: R' >> R?
23

It was further shown by Gevorgyan that the rhodium catalyzedrasgnm hydroboration
of 3,3-disubstituted cyclopropene®4 affords cis-cyclopropylboronates25 with perfect
diastereoselectivity and very high enantioselectivity in conttasthe sterically controlled
hydrostannation reactions, the enantio- and diastereoselectioftiéf®e hydroboration were

controlled by the directing effect of an ester or alkoxymethyl substgue

Scheme 8.

R'__R? HB(OR), R, LR2 yield 94-99%

X - & de >99%
[Rh(COD)CI], (3 mol%) ‘ ce 87-97%

3@
(R)-BINAP (6 mol%) R o5 B(OR),

Directing effect: R> = CO,Me, CH,OMe

Gevorgyan also demonstrated a highly diastereoselective Pgzedtailastannation and
distannation of cyclopropen&6 (Scheme 9). Analogous to the Pd catalyzed hydrostannation

reaction, the facial selectivity of the dimetalation was elyticontrolled by steric factors.



Remarkably, silastannation of cyclopropenes substituted at C-1 pedcedughly

regioselectively with the stannyl moiety adding to the most hindered pd¥ition.

Scheme 9.

R1 R1 _ R1 \\\R1
DX+ R%Sn-MMe, —d(OACk, RTNC \ M = Si, Sn

THF, r.t MesM SnR33
26 27

1.1.4. Hydroformylation and hydroacylation of cyclopropenes

The first catalytic diastereo- and enantioselective hydroftatioy of cyclopropenes was
demonstrated by Rubin in 2008 (Scheme’{@he reaction proceeds efficiently under very mild
conditions and low catalyst loadings providing high yields of cyclogoapboxaldehyde9.
The reaction proceeded with good diastereoselectivity controlledighrsteric factors. The
authors were also able to demonstrate an asymmetric versiois ofdction reaching ee’s up to
89%. Notably, the well known rhodium-catalyzed dimerization ofapydpene28 was avoided
via employment of electron rich-phosphine ligands. This novel methodalggresents a
convenient, atom-economic approach toward optically active cyclomanpygxaldehyde9

from readily available prochiral cyclopropenes.
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Scheme 10.

1 2 1 2
R1KR2 Rh(CO),acac, dppf RGeR RZ\\\\R R! = Me, CH,OMOM, CH,0Ac
. > +
H,/CO 1:1 150 psi A R?= Ar, CH,OMe, CO,Me
28 2gaCHO 20b CHO
major minor

64- 91% yield
up to 89% ee

Dong very recently reported an enantioselective desymmeinzet cyclopropenesia
intermolecular Rh-catalyzed hydroacylafib(Scheme 11). Cyclopropylketon& bearing
guaternary stereocenters, are produced with diastereoconpokto( 20:1) and excellent
enantiomeric excessif to 99 %ee). To achieve asymmetric induction, various chiral Josiphos
ligands 32 were screened and among those tested, the more electron-riskeacally bulky
ligands gave better yields and enantioselectivity. The obseinaew diastereoselectivity
suggests that the reaction is sterically controlled analogoushdo pteviously reported

hydroformylation of cyclopropanes.
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Scheme 11.
R_ _Ar R, sAr R, LAr )
E + ArCHO Rh(CO)yacac, L A . A L=
Ho/CO 1:1 150 psi v, AT v, _Ar Fe
30 31a (ljr 31b I (’Bu)zp\(@
R = Me, CH,OMe O H Cy2
major minor 32
81-91% yield
76-99% ee

1.1.5. Pronucleophillic additions to cyclopropenes

While a number of elegant transition metal catalyzed transta@nsaof cyclopropanes
have been developed, examples involving the addition of a pronucleophiliesbesie been
extremely scarce. Even more so are the transition metalyoadl processes in which the
integrity of the cycloropyl core is kept intact.

In 2006, Chisholm reported the addition of alkynes to cyclopropenesngifialladium
acetate and trimethylphosphonium tetrafluoroborate as a casagstriethylamine to promote
both the release of free electron-rich phosphine and formation ofydpl@ladium species.
These mild and neutral conditions permitted installation of functiaimalpg such as aldehydes,
carboxylic acids, and alcohols, which are incompatible with basicnongetallic reagents.
However, the low diastereoselectivity observed with unsymmetrgam-disubstituted
cyclopropenes33, affording a 2.5-3.5/1 mixture dfans/cis adducts34, constitutes a major

drawback of this couplidg (Scheme 12).
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Scheme 12.

R1ZR2 , Pd(OAc), R'(R?
+ R3— > 2§

[Me3PH]BF,4 [
33 NEts, THF 34 N

R'R? = Ph 63-99% yield

R' = me, R? = Ph77-82% yield
251t03.5:1dr

R3=RX where X = CN, OR, CHO, CO,H

Tenaglia reported a marked improvement to this methodology by thlyment of the
Herrmann-Beller (H-B) phosphapalladacy8léwhich catalyzed the addition of terminal alkynes
to unsymmetrical gem-disubstituted cyclopropaB®so give alkynylcyclopropane36 as single
diastereomers in good to excellent yields (Scheme'i3he stereofacial discrimination at the
approach of the bulky alkynylpalladium species is believed redpensfor the
diastereoselectivity control of the addition reaction. This was swggpdsy the addition of
deuterated alkynes in which the alkyne and the deuterium were foumel éxclusivelycis in

relation (Scheme 14).
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Scheme 13.

Rl R2 \ cat R R1GeR2 o-Tol_ o-Tol J\o—ToI\ _o-Tol
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DCE, rt % cat = Pd\ /Pd
35 36 Rs OTO

R'R? = Ph 38- 65% yield 37

R' = Me, R% = Ph 70-99 % yield
single diastereomers
R3 = RX where X = silyl, OR, CHO, OAc, SO,Ph, Ph

The authors propose plausible mechanism for the coupling of cyclopropaties w
terminal alkynes which starts with the mononuclear pallada@ytievia the dissociation of the
Herrmann-Beller phosphapalladacy8e The alkynylpalladium specie&8 could be formed in
the presence of alkyne with the loss of acetic acid. Coordinatiadheotyclopropene double
bond followed by the syn carbopalladation afforded cyclopropylpahadpecies39, which

upon protolytic cleavage with acetic acid releases the alkyrigisropane36 and regenerates

the catalytic speci€d7b (Scheme 14.).
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Scheme 14.
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The pioneering studies performed by Chisholm and Ter@gliere essentially the sole
examples of the transition metal-catalyzed pronucleophilic additto cyclopropenes with
retention of the strained cycle (Schemes 12 and 13). In contrasts® shadies, in 2006,
Yamamoto reported the palladium-catalyzed addition of carbon- and emthmsed
pronucleophiles to 3,3-dihexylcyclopropet@'* The reaction occurred at elevated temperatures
and was accompanied by ring opening, yielding olefifssimilar to those obtained through
Tsuji-Trost reactions. The proposed mechanistic rationale involved mecatdition of a Pd(0)

species into the C-C bond of cyclopropelteto give palladacyclobutene intermedid@ The
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latter, after reaction with a pronucleophile, affordedllylpalladium specied3. An alternative
suggested pathway involved oxidative addition to give Pd(ll) spediesfollowed by
hydropalladation of the strained cyclopropene double bond to give sgdamdsch undergoes a
thermally induced isomerization into theallylpalladium complex43. Reductive elimination

from the latter produced allylic produetS in moderate to good yields.

Scheme 15.
CesHy3._CeH1z
K CeHiz CeHis Nu-H CBH%CBHB
_
’ 40 épd(”) N Fa(ll)
_Nu
41 42H CeH13
—CgH13
Pd(0) ™ \"pd'Nu
43
CgH CgH H
eH13 sH13
K CeH1z_CeHi3 l
Nu-H I
~ Nu-Pd'-H - —
44 40 NuPd H CeHi3
44 J CeH13
45
Nu = PhNTs, phthalimide, HC(CN),, HC(AC)CO,Et NU

MeC(CN),, Me(CN)CO,Et, Ph(CN)CO,Et 50-86% I
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1.1.6. Cyclopropyl-Phosphorus Compounds

For many years clopropylphosphonates and cyclopropylphosphonic acids havwbéebeen
subject of interest for a variety of reasons. They have beenrepde@s mimics of 1-
aminocyclopropane carboxylic acid-ACC) with a high inhibitory activity for the ACC-
deaminase and alanine racemisas analogues of (—)-allonorcoronamic dtichs structural
moieties of nucleotidesas potential herbicides or plant growth regulators, as potential
insecticidet®, as phosphonic analogues of the antidepressant Milnatigrad as constrained
analogue of the GABA antagonist phaclopfierDerivatives of cyclopropylphosphonic acid also
make attractive targets for drug discovery, as they are meayples of such structures among
biologically active compounds (Figure 2) including antiproliferatfantiviral!®?° and anti-

malarial agent§!

Figure 2.
=N\ Me 4 =

TN k?f A

N N W ~

N=< (HO)R OH
HO),P< X (HORRY N0
(HO)2P=q NH, O % H
Antiviral agent against human Potent anti-malarial activity. Hepatitis C virus NS3

cytomegalovirus and Epstein-Barr virus. protease inhibitors



17

Cyclopropylphosphines have received attention as ligands for asymeegtlysis since
this class of ligands offer an advantageous combination of strucigidity, low molecular
weight on a well-defined and highly variable platform with unusual bemgles. Moreover,
recent improvements in the stereoselective synthesis of itigsmiake exploring the use of
cyclopropanes even more attractive. Minami and co-workers egdluayclopropyl based
diphosphine ligands in an asymmetric allylic alkylation achigvip to 61% ee (Scheme ¥6).
Later, in 2004, Molander and co-workers also evaluated cyclopropyl phodgands in the

same reaction, reaching very high yields of the prodtitis 93 % ee (Scheme 18).

Scheme 16.

L'= PPh,

Molander
. NG up to 93% ee
OAc Pd(L)

R/\/LR Nu, Base R“\)\R COH
46 @ U= ]>=PPh

Ph2P$ Minami
up to 61% ee

Rubin recently employed a novel class of chiral phosphanyl-oxaz&idi©X) ligands
with a conformationally rigid cyclopropyl backbone which wereesin the intermolecular
asymmetric Heck reaction (Scheme 17). Dramatic stereo-raarttiedivergent effects resulting

from subtle modifications to the ligand structure were observed providing ee’s up t6°98 %
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Scheme 17.

Me Me Me
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a
(R)-28a + (R)-28b 28a:28b = 1:8
(RR.S)L3 ee(28b) 87%
a: PhOTf, Pd(OACc), (6 mol %), proton sponge (2 equiv),

THF, 90 °C, 20 h (L1, L2), 48 h (L3).
1.1.7 Synthesis of cyclopropylphosphines and phosphonates

Derivatization of an existing cyclopropane scaffold includingtreas of P-nucleophiles

with cyclopropanone equivalefAt{Scheme 20) dP-electrophiles with cyclopropylmetals (
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Scheme 18§ offer routes to cyclopropyl phosphorus moieties, however, the efigief these

methods is dramatically decreased with increasing steric demand arowydldpeopyl core.

Scheme 18.

N

X R

N

M R

R,PX AR

Easily accessible bromo and iodo-cyclopropaffe such as48 readily undergo
halo/lithium exchange without rearrangement upon treatment terittbutyllithium in diethyl
ether/pentane at —78 °C, and the resulting 1-lithio-cyclopropane camapdped with various
electrophiles.Molandef® (Scheme 19) and othét$’ have utilized electrophillic trapping

chlorophosphines in the synthesis of various cyclopropyl- based phosphine ligands.

Scheme 19.

t-BulLi

—_—
| R,PCI  RyP
48 SR 49 SR

R = Alk, Ar
43-87% yield

Fadel and co-workers reported an interesting approach for rikieesys of a wide variety
of chiral aminocyclopropanephosphonic acids from readily availablemgpyl acetals50.2

The acetals serving as cyclopropanone equivalents are convadeithinium salts51 in the
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presence of a chiral amine and acid which then undergo an Arbuzowmeacth trialkyl

phosphites2 to give the corresponding phosphon&&# moderate yields (Scheme 20).

Scheme 20.

:P(OR)3
Me _ 52 O
OSiMes 1 Me ( H Me, E_OR  R=Bn
>‘ + = |D>=N / OR 95:5 dr, 35% yield.
51

N
)\Ph

The stereoselectivity was controlled through the kinetic diffexeeom of diastereotopic
faces, bulky substituents provided poor yields and good facialisgiedDecreasing the steric
demand increased yield but unfortunately dramatically dereasefddia¢ selectivity (Scheme
20).

Michael-initiated ring closure (MIRC) as well as related-dy8lizations have been
utilized in the synthesis of a wide variety of cyclopropyl phosphemfatFor example, the
reaction initiated by a Michael addition of a phosphite species antwaéo Micheal acceptds4
afforded carbanion55, which undergoes an intramolecular 1,3-cyclization to furnish

phosphonateS6 in a modified Arbuzov reaction (Scheme 21).
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Scheme 21.
o)
X s (ROORPL o EWG 2018
P(OR )3 1 _R4Br (R O)2P X
R1 — v _— > R % _— >
=7 Br R? Br R’ 9 Y
54 55 56
R; R2=H, Alk 20-76% yield
R3 = Alk
X,Y = COOR

a-Halomethyl phosphonates in the presence of base also undergo Michael addifien to
unsaturated carbonyls followed by intamolecular cyclization tonish cyclopropyl
phosphonates This methodology was utilized by Swamy via a steyeiselsynthesis of
cyclopropylphosphonates from the reaction of readily accesibldorophosphonates with alkyl
acrylates and fumarates in the presence of sodium hyfri@enilarly, in 1997 a report by
Hanessian demonstrated the stereocontrolled conjugate addition of amived ttem chiralo-
chlorophosphonamidées? to a,f-unsaturated este&s8 leading to the corresponding 3-chloro
ester adducts which undergo intramolecular expulsion of the chloone tat give constrained

analogs of the GABA antagonist PhacloptiéBcheme 223
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Scheme 22
Cl
e i
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Cyclopropyl phosphine oxides/phosphonates may also be prepared via rejate
cyclizationd® which often involve nucleophillic attack on dibromoethane by a phospha-

methylene carbanion followed by intramolecular nucleophilic displacerBehee 23).

Scheme 23.
Br
/_/ Y
B B
0 A3 G S
R-p™ - R~ R~
P EWG P EWG P EWG
R/ base R base R
ﬂ\EWG _ 1.3 cyclization
0=P-R
R

An interesting variation of this reaction was developed, for thehsgi#t of (R,2R)-1-

amino-2-methylcyclopropanephosphonic aéi@l which was achieved via the intramolecular
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cycilzation of a-methylene phosphona®1.** The use of a non-racemic sulfonate e&@r

allowed for the efficient construction of thHo-norcoronamic acid derivativ@2 in 99% ee.

Scheme 24.
Q
(MeO),HP~_-CO,t-Bu *
o 61 q o (Na
579 e | (MeO),HP 0S0;
o0/%, NaH, DME me
60 (e} OfBu
0] Na
Me e\H I N
Z‘ - | (MeO),HP-_ 0S03 NaH
\—P(0)(OMe), H W&
CO,t-Bu O~ OtBu

62
84% yield, 94% de, 99% ee

Various otherl,3-cyclizations have been report&dFor example, 2-vinyl cyclopropyl
phosphonate$4 have been prepareda the reaction oftrans-1,4-dibromo-2-butene with
phosphonate63 via an intramolecular cyclization oh situ generated alkylphosphonate anions

(Scheme 25%°



24

Scheme 25.

JJBr
Br 0 EWG

0 RO-p—
| > %
RO-p™EwG RO D\
63 64

The synthesis of cyclopropyl phosphorus moiet&s spans various modes of 2+1
cycloadditions’® One very common method for the synthesis of cyclopropanes, the metal-
catalyzed decomposition of diazocompounds in the presence of alkenest hasn extensively
applied to the synthesis of cyclopropylphosphonates. A few céppéwtheniunt® and
rhodiun?® catalyzed cycloaddions with diazomethylphosphoit@téDAMP) derivitives have

been reported (Scheme 26).

Scheme 26.

R2
65 66

R’ PORY, mL, R
jt + k\N+ — j%P(oW)z
\\N‘ R2
67
M = Cu, Ru, Rh
Reactions of diazocompounds with vinyl phosphonégare less prevaledt however,

studies have shown [2 + 3] cycloadditions with diazomethane to affordpipbrogated

dihydropyrazole$9** which upon heating provide cyclopropyl phosphon@teBeletskaya and



25
co-workers demonstrated this as a facile method accessimgeaclass of cyclopropyl
phosphonate¥. This reaction is of interest since very few methods enablesyhthesis of

cyclopropyl phosphonates in the absence of electron withdrawing groups (Scheme 27).

Scheme 27.

0
Ar N o [l
CH3N, UAF 110°C  Ar<__P(OEty)
- = P(OEty) ~—_ .~
P(OEt) f)( 2 Xylene
o 53-79% yield
68 69 70

In 2004 Davies and coworkers demonstrated the enantioselectiveesgntof
cyclopropylphosphonates3 with good yields and high enantioselectivitia metal-catalyzed
decomposition of diazo compoun@g in the presence of alken@4*® (Scheme 28). It is the
most general method for enantioselective preparation of cycldpragsphonates. Prior to this
study only one example of enantioselective intermolecular cyclopatipanwas known; the
reaction of diisopropyl diazomethylphosphonate with styrene in theepce of a Ruthenium

porphyrin complex affording marginal enantioselectivity.
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Scheme 28.
N 90-97% yield,
N, )J\z Rhy(s-biTISP), ‘ 88-92% ee
R Ar” “PO(OPY), ~ (Pri0),0P"  “Ar >98% de
71 72 73

Intramolecular versions of this transformation have also been repgitting bicyclic

fused cyclopropylphosphonat@$.*> For example, Mann and co-workers developed a simple

and expeditive route toward the synthesis of constrained cyclaaliybgues of glutamic acid
77 utilizing a rhodium catalyzed intramolecular cyclopropanation of/lvphosphonate7b.

(Scheme 29%°

Scheme 29.
o 1. HCO2H, rt, 5 h; o)
/\/\)J\ ~ /\/\)J\
(MeO),0P OtBu  2.(COCI),, CH,Cly, (MeO),0P CHN;
74 then CH,N, (75%) 75
H,N_ _CO,H o
5 mol% Rhy(OAC), (65%)
- -
PO(OMe), <—— PO(OMe),

77 76
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Hanson and co-workers have explored diastereoselective intranaolecul
cyclopropanatior’é with enantiopure allylic diazophosphonat&8, in which a double
diastereotopic differentiation strategy on a phosphonoacetate tempést described. The
approach utilizes RKOAc), catalyzed intramolecular cyclopropanation (ICP) employimgy t
(R)-pantolactone auxiliang0 in the ester functionality of the phosphonoacetate. The olefinic
diastereofacial selectivity of the bicyclic phosphon&®es governed by electronic and steric
interactions in the reacting carbene intermediate, while tbepgselectivity is dictated by the

chiral auxiliary (Scheme 30).

Scheme 30.
Q . o o
\/\O,P\O/\/ Rh(OAc), ROZC~ p//w X )\
N~ ~CO,R CH,Cl,, Rt g
78 79 80

Other modes of [2+1] cycloaddions have been employed in the synthesis of
cyclopropylphosphonates, including those involving Lewis acid activdBaheme 318 as

well as Fischer carbenes (Scheme 3ia).
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Scheme 31.
o Q
OMe _ P(OMe), _>~POMe), 4
=/ MeO™ >
CO,Me + (OC)5Cr=< > Ph
— Me
70%, 1:1 cis:trans
Q
SPh (MeO),P-__CO,(OMe), CO,Me
o T Znl, L,
Me3Si - = P(O)OMe), b
PhS” SiMe,
61% yield

Cycloadditions involving sulfur ylides have also been reported. In 2003, dftkgk
described asymmetric cyclopropanation of chiral phosphorylprglylsulfoxide 81 with ethyl

(dimethylsulfuranylidene) acetad® (EDSA)>°
Scheme 32.

"SMe,Br
O 82

S . (E10)(0)P-_S: :
(EtO)Z(O)PTS‘p o CO,CoHs _ 2 K -

81 83, 90%

Corey-Chaykovsky reactions with sulfoxonium ylides have reportedth

phosphonoacrylates. The cyclopropanation of aryl-phosphonoacrylate84  with
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dimethyloxosulfonium methylideB5 afforded trans cyclopropane derivative86 with high

diastereoselectivity (Scheme 33).

Scheme 33.

85
(EtO)ZP]/COZR Me;S(O)'r  (EtO)zP, CO,R’

NaH DMSO Ar

84 86
69-79% yield

Stable, enantiopure (phosphanyl)(silyl)carbeB@&sgenerated from the decomposition of
diazo compound@7 react efficiently with acrylates giving the correspondiyglopropanes89
in good vyields. All monosubstituted alkenes provided exclusivelgythesomer with respect to

the phosphanyl group, and the addition to disubstituted alkenes was wiwkpspecific

(Scheme 345
Scheme 34.
COoMe Ph
o, (BU {Bu = s tBu
%, N\ hv Ph/" N\ R1 R2 Ph—(\ll\l .
): P—C-SiMeg R P-C-SiMe ————~ _P_ «SiMe;
- °t /
Ph TB N2 2 Ph TB tBu » wR?
- ) CO,Me
87 88 89

R! R2=Ph, H, Ak
Up to 98% de
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Some exceptional methods have been developed including electroci&naicell
selective rearrangementsRecently Rubiff and MareR® independently reported on a novel 2,3-
rearrangement of cyclopropenylmethyl phosphinites to methyelmgropylphosphine oxides
(Scheme 35). Marek reported the reaction was thermally tadiveowever, Rubin found that in
striking contrast to the analogous rearrangement known for nonstrallyic systems, the
reaction does not proceed at all upon thermal activation; howeven, litecafficiently mediated
by Lewis bases. Unique stereoelectronic effects control tlstedeoselectivity of this
transformation, leading to predominant formation of the more stgribaidered products of
densely substituted methylenecyclopropylphosphine derivatives. Thimdodbgy represents a

valuable alternative to the existing approaches.

Scheme 35.

Ar R1 thPCl Ar \\\\\R Ar \\\\\R
> 2 \ + z \
K/OH DBU, DCM, r.t. Ph,P. thp\\:\\

\
¢} .
90 major minor

76-94% yield

While a number of methods have been developed for the preparationlabropy!
phosphonates, few methods have demonstrated broad scope, stereosextiatficiency

simultaneously. The high demand as well as the lack of genathlesig methods prompted the
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exploration of a new synthetic tool which would allow access to ide wariety of

cyclopropylphosphonates and phosphine oxides.

1.2. Results and Discussion

1.2.1. Initial studies

Investigations into possible reaction conditions towards cyclopropylphospbdregan
with different modes of possible addition of phosphonate species to cyclopropene. Thud, therm
radical and base initiated reactions between 3-methyl-3-ph@hybropene9la and 4,4,5,5-
tetramethyl-2-oxo-1,3,2-dioxaphosphola®2 were attempted and did not yield addition to the
strained double bond (Scheme 36). Intrigued by the palladium catalymmuclephillic
additions to cyclopropanes reported by Yamamoto (Scheme 15),gae bar investigations of

the ring retentive palladium catalyzed hydrophosphorylation of cyclopropenes.

Scheme 36.

Me Ph O i i
K ,P—OH > NoRxn
o

91a 92

i 100 °C, THF, ii: AIBN, CHClj iii: K;CO3, DMSO, 100 °C
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Our optimizations began with cycloprope®®a and phosphonat®2 in the presence of
various palladium sources and phosphine ligands (Table 1). Our irgdigion conditions with
Pd(OAc)/PPh in dioxane at 106C (Table 1, entry 4) provided allylphosphon@8a as the
sole product. Most catalytic systems tested provided sluggishiomsaavith mixtures of ring
retention to ring openingGratifyingly, employment of Pd(0) sources allowed for reactians
lower temperatures and provided ring retentive hydrophosphorylatiorcloipegpenes. In the
case of relatively electron rich cyclopropel®ds we were able to drive the exclusive formation
of allylphosphonate93 a-cat high reaction temperatures even in the presence of a Pd(® sourc

(Scheme 37).

Scheme 37.
Me.__Ar 0}
K p_op _Pda(dba)s-CHCly )\/\
o dppf
1,4-dioxane, 100°C
91 92
M Me
Me € 0 N /O
NN /() A / /P\
P BEN o ©°
ZAN /
o © o o 0 Cl
93a, 85% 93b, 67% 93¢, 80%

Varying the structural and electronic properties of the ligandahmadrked affect on the
outcome of the reaction. For example, TTMPP withdBg-CHCE only yielded a 13% GC

conversion to desired phosphon8& Employment of the electron-rich bidentate ligand dppf
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provided 98% GC conversion to phosphor@dgTable 1 entry 8). However only a moderate
facial selectivity of 4:1 ttans:cis) was observed. Employment of this catalytic system in the
reaction of phosphonat®2 in the presence of cycloproperElb bearing an electron
withdrawing carboxylate functionality provided nearly quantative eosion with excellent
facial selectivity of 19:1 (Table 1, entry 11), while Pd(pPprovided only 3:1 facial selectivity

(Table 1, entry 10).
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Table 1. Optimizing conditions for ring retentive hydrophosphorylation.

Pd-cat Me
P-OH i - /l\,“\ﬂ\ /O +
1,4-dioxane R /,P\ 0
50°C, 18 h ©
92 93
Me R Me., R
A O & P
/P/\i ' //P\
o o o 0
trans-94 cis-94
no. R catalyst 94, % 93,
(trans/cis} %"
1 Ph (r-allylPdCI/TTMPP 60 (2.5:1) 10
2 Ph @-allylPdCly,/ PPh 7 (N/D) -
3 Ph Pd(OAGYTTMPP 45 (15:1) 40
4 Ph Pd(OAcyPPh? 0 90
5 Ph Pd(OAcy PPh 30(4.5:1) 34
6 Ph Pddba-CHCE/TTMPP 13 (N/D) -
7 Ph Pddba- CHCh/dppe NR -
8 Ph Pddba: CHCL/dppf 98 (4:1) -
9 Ph Pd(PP4)4 89(19:1) 6
10 CO,Me Pd(PPh)4 100 (3:1) -
11 COMe Pd.dba-CHCL/dppf 97 (9:1) -

(a) Reactions performed on a 0.1 mmol scaleG@®)conversion.
(c) TTMPP - tris(2,4,6-trimethoxyphenyl)phosphin
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1.2.2. Hydrophosphorylation of cyclopropenes

We then set out to investigate the scope and limitations oédotion with the optimized
reaction conditions in hand. The installation of electron withdrawirayps at C-3 had a
significant effect on the outcome of the reaction. For examplboxgiate and carboxamide
substituted cyclopropanes did not provide allylphosphonate products evetevate@
temperatures in the presence of Pd(ll) sources. In contrast pbehgl-substituted analog, these
more stable carboxylate substituted cyclopropenes reacted smaithly within 1-2 hrs
providing densely substituted cyclopropyl phosphonates in excellent yaeldisgood facial
selectivities. 3-Carboxamide substituted cyclopropenes requirddlglgjevated temperatures

(Scheme 38).
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Scheme 38.

Rl _R? o) Pd,dbas-CHCl,
K + /P—OH >
o) dppf Kw

1,4-dioxane /,
rt o 0
91 92 94
\\\ ﬁ \\Cozﬁ 2 \\\Cozi 2 \\\Cozi
94a,95:5 86% 94b, 90:10 80% 94c, 100:0 75% 94d, 90:10 94%
EtO,C \\\suw MeO,C \\COZ Et2NOC,,,,
O
o o
94e, 71:29 99% 94f, 100:0 99% 949, 100% 94h,96:4 97%
Pri,NOC 0 NOC, _M
’// 1y e /
r2 7 \ / O ’/lg
/
/,P\
O o O o
94i, 92:8 80% 94j, 91:9 86% 94k, 100:0 99%

The diastereoselectivity of hydrophosphorylation was controlledtéycs, as evident
from the comparison of the results obtained using 1-methyl-subdtitute
cyclopropenylcarboxylate®1b-d with those of the 1-phenyl-91¢ and 1-TMS-substituted

analogs 91f). Indeed, while the reactions of cycloprope®dd-d predominantly provided
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products94a-d in a trans-configuration, introduction of the bulky phenyl substituent in the
structure 916 led to a significant deterioration of the diastereoselegti@dg. Finally,
installation of an even larger TMS-groupl{) resulted in reversal of diastereoselectivity,
affording cyclopropyl phosphona@if with the phosphorus moiety orienteid with respect to

the ester function.

1.2.3. Hydrophosphinylation

The recent advances in the development of cyclopropyl based phospjsinesfi 2
prompted us to explore the possibility of hydrophosphinylation. To ourhdelg conditions
optimized for hydrophosphorylation also proved efficient for the hydrophodptiory reaction
(Scheme 39). The reactivity pattern was similar to that obdenvéhe hydrophosphorylation
reaction. Thus, este91b underwent the transformation quickly at room temperature, while
reaction of amide91i and91l required extended heating at 50%5for complete conversion.
Importantly, in all three cases the corresponding cyclopropylphosphitkes 96a-c were

obtained in excellent yield as single diastereomers (Scheme 39).
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Scheme 39.

MeKCOR Ph H Pd,dbaz-CHCl3 Me ( «COR
+ R >
PR O dppf A _Ph
1 4-dioxane X
91 95 96 (O Ph
Me \\\\\COQMe Me \\\\\CONEtz Me \\CON(Pri)z
A _Ph A _Ph A
//P\ /,P\ ,P\/Ph
O Ph O Ph o’ Ph
96a, 93% 96b 89% 96¢, 60%

Reaction condition6la 1 h at 25°C; 61b: 48 h at 55C; 61c 78 h at 50C.

1.2.4. Investigation of the reaction mechanism

Subjection of deuterated cyclopropeféa-d, to the optimized reaction conditions
provided a mixture of two diastereomeé3da-d, and 94a-d> (Scheme 40). In both cases the
deuterium labels were found to have a relatigeelationship to each other. This is experimental

evidence that the reaction mechanism involvegaspecific concerted hydropalladation step.
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Scheme 40Hydrophosphorylation of dueterated cyclopropene

Me._ _Ph
© K _PdsdbayCHCL, Pg
D D 4 c;llppf P(O)(OR),
el 63% 34%
91a-d2 94a-d2 94a-d2

Based on these observations a plausible mechanistic ration#hésftnansformation is
proposed (Scheme 41). First, oxidative addition of palladium into thHeb®nd produces
palladium hydride specie88.  Subsequent migratory insertion of cycloprop&ieaffords
cyclopropylpalladium comple®9. The latter, upon reductive elimination (path A), produces
cyclopropylphosphonat@4. Alternatively, at higher temperatures, spe®@8swvould undergo
ring cleavage vig-carbon elimination (path B). The resultingallylpalladium specied.00,

after reductive elimination, would affordallylphosphon@Be
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Scheme 41Mechanistic rationale for the Pd-catalyzed hydrophosphorylation of cyclopmspe

RO, A L Pd(0) RO,
P n P-OH
RO 9_3\2 97 RO 92
RO O
Ln /P—V L,
A\ /"J P/\
RO \O path A RGO <0 o8
100
Ln
path B RO Pd
P \[>
RO ~0 A 91
99

This mechanism is supported by several observations. The si@nicol of the
diastereoselectivity is evidence of the hydropalladation siege soordination of cyclopropene
91 to specie98 would favor the less hindered face providing the obsetrats-selectivity.
Also, the observation that cyclopropenes bearing electron withdrafwmtgnalites did not
provide ring opening product®3 could be explained by the destabilization of the
allylpalladium specied00. It should also be noted that the installation of buiggnds around
the metal center facilitates reductive elimination therelmjiding -carbon elimination which
would furnish allyl phosphona&s.

According to the mechanistic rationale proposed in Scheme 2, therdasslectivity of
the reaction is controlled by steric factors at the hydrogatiien steP8—>99. Since this step

proceeds with release of strain energy, it should be irreversibtl, therefore, kinetically-
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controlled.  Thus, our experiments demonstrated that the diasteréogglen the
hydrophosphorylation of cycloprope®éde deteriorates at higher temperatures (Table 2), which

is consistent with the proposed reaction mechanism.

Table 2 Temperature Effect Observed in the Palladium-Catalyzed Hydrppbogation of
9le.

O
Ph_COMe ‘P—OH Pd(PPhs)s, 5 mol% COzMe COzMe
A o 14-dioxane i
O

91e 92
cis-94e trans-94e
no. temperaturéC trang/cis ratio
1 20 1.63:1
2 40 1.60:1
3 60 1.51:1

4 100 1.10:1
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1.3. Conclusion

In conclusion, a novel, efficient transition metal-catalyzed methodiéstereoselective
addition of cyclic phosphites and phosphine oxides across the strained doadlof cyclopro-
pene was developed. The formation of allylic phosphonates was avoidethflpying a
Pd(0)/bulky ligand catalyst system which facilitates redecelimination. The mechanism is
supported by experimental evidence which insists on a hydropatladstep, thus providing
insight as to the diastereoselectivity. This transformati@pgicable to a wide range of 3,3-
disubstituted cyclopropenes and is general with respect to theoaleatature of the P-H entity.
The discovered method has great potential for providing expeditioussattca series of novel

functionalized cyclopropylphosphonic acids and cyclopropylphosphines.

1.4. Experimental Procedures

1.4.1. Materials and Methods.

NMR spectra were recorded on a Bruker Avance DPX-400 instrument, eduwipibea
guadruple-band gradient probe (H/C/P/F QNP) or Bruker Avance DRX-500 av dual
carbon/proton cryoprobe (CPDUL)®C NMR spectra were registered with broad-band
decoupling. Signs (+) and (-) represent positive and negative inésneftisignals in thé’C

DEPT-135 or in phase-edited HSQC experiments. Column chromatogveghycarried out
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employing silica gel (Selecto Scientific, 63-200 um). Ryated silica gel plates (Merck
Kieselgel 60 F-254) were used for thin-layer chromatography. GGihE/ses were performed
on a Shimadzu GC-2010 gas chromatograph interfaced to a Shimadzu &@INIS mass
selective detector, and equipped with an AOC-20i auto-injector al®&r20S auto-sampler
tray (150 vials). 30 m x 025 mm x 0.25 pm capillary column, SHR5XLB,
polydimethylsiloxane, 5% Ph was employed. Helium (99.96%), additiopatified by passing
consecutively through a CRS oxygen/moisture/hydrocarbon trap (#202889) V&ClI
oxygen/moisture trap (P100-1), was used as a carrier gas.

Anhydrous methanol was obtained from commercially available H§a@e solvent by
double distillation from sodium metal chunks under inert atmosphereydfmis dioxane was
prepared by refluxing commercially available ACS-grade produitt sodium-ketyl complex,
followed by distillation in slow stream of nitrogen. Anhydrous dimkstulfoxide was purchased
form Sigma-Aldrich and used as received. Palladium complemdsphosphine ligands were

obtained from Strem Chemicals.

1.4.2. Synthesis of cyclopropene carboxylates

3-methyl-3-phenylcyclopropenéd1a®’ methyl 1-phenyl-2-cyclopropenecarboxyféte
91e ethyl 3-(trimethylsilyl)-3-cyclopropenecarboxyla@df >’ dimethyl cycloprop-2-ene-1,1-
dicarboxylate91g*° and cyclopropenylcarboxamidé$were prepared according to published
procedures. Syntheses of all other cyclopropenes are describedaliaweng section. 4,4,5,5-

Tetramethyl-1,3-dioxaphospholane-2-ox@lewas obtained from pinacol and B@ccording to
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the published proceduré. All other chemicals were purchased from commercial soumes a
used as received.

Esters of 1-methylcycloprop-2-ene-1-carboxylic acid wergamed according to the
modified Baird-Bolesov protocd) involving dehydrohalogenation of potassium 2-bromo-1-
methylcyclopropyl carboxylate. This approach helps to circumpeniblems associated with
low stability of the ester function towards nucleophilic attack téy-butoxide under the
relatively harsh reaction conditions required for installationhef ¢yclopropene double bond.
To a suspension of XO; (50 g, 0.36 mol) in anhydrous MeOH (250 mL) was added 2-bromo-
1-methylcyclopropanecarboxylic acito1®® (32.6 g, 0.18 mol) in 100 mL of MeOH. The
mixture was stirred overnight, filtered under pressure of dmpgen, and evaporated dry to
obtain solid potassium 2-bromo-1-methylcyclopropyl carboxylf#2 To completely remove
the remaining methanol, the solid was powdered and dried in vacuuno g 4tt90-100°C for

15 hrs.

Scheme 42: Synthesis of Cyclopropene Carboxylates

CO.K

Me CO5H K,CO4 Me t-BUOK
—_— —_—
KH Br Anh. MeOH Kw Br anh. DMSO
101 102
Me CO,K RX Me CO,R 91b: R = Me
X — 2 - X 91c: R = Allyl
91d: R =Bn

103 91
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Methyl 1-methylcycloprop-2-ene-1-carboxylate (91b): Typical procedure

Potassium 2-bromo-1-methylcyclopropyl carboxyldi@l (32.46 g, 149 mmol) was
dissolved in 150 mL of anhydrous DMSO and added rapidly via a cannaastdution of
potassium tert-butoxide (20 g, 180 mmol) in 30 mL of DMSO (the solutic pr@pared by
heating the mixture to 6% until the solid was dissolved, then cooling t0°@). The mixture
was stirred at 50C for 2 hrs. Over this time, the reaction mixture turned vesgotis and
further stirring became impossible. Then methyl iodide (37 mL, f mas added with
cooling and the liquefied mixture was stirred for 30 min, quenched waterywand extracted
with ether. Combined organic solutions were washed with water, lthiiesl over MgSQ
filtered, and evaporated. The residue was distilled in vacuum (bp. 8878 torr) to provide
8.64 g (77.1 mmol, 52%) of titled cyclopropedtb. *H NMR (400.13 MHz, CDG) & 6.98 (s,
2H), 3.63 (s, 3H), 1.37 (s, 3HI'C NMR (100.67 MHz, CDG) & 177.5, 109.9 (+, 2C), 51.9 (+),

27.7,21.7 (+).

Allyl 1-methylcycloprop-2-ene-1-carboxylate (73c)

The reaction was carried out according to the typical procedtaing from 20 g (91.4
mmol) of carboxylated 01 followed by quenching with allyl bromide (17.3 mL, 200 mol) instead
of methyl iodide, to afford the titled cyclopropene as a colodésb.p. 60-64°C/10 torr. Yield
7.83 g, (56.7 mmol, 62%).

'H NMR (400.13 MHz, CDG) & 7.01 (s, 2H), 5.90 (ddf,= 17.2 Hz, 10.6 Hz, 5.6 Hz 1H), 5.28
(dg,J = 17.2 Hz, 1.5 Hz, 1H), 5.20 (dd,= 10.6 Hz, 1.5 Hz, 1H), 4.55 (di,= 5.6 Hz, 1.5 Hz,

2H), 1.41 (s, 3H)}*C NMR (100.67 MHz, CDG) & 176.6, 132.4 (+), 117.4 (-), 109.8 (+, 2C),
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65.2 (-), 27.7, 21.6 (+). GC/MS: m/z 138 (M+) <1%, 123 (M-Me) <1%, 97 (NI-£5%, 53

(M-CO,AII) 100%.

Benzyl 1-methylcycloprop-2-ene-1-carboxylate (91d)

The reaction was carried out according to the typical procedaréngtfrom 2.0 g (9.14
mmol) of carboxylatel01 followed by quenching with benzyl bromide (1.2 mL, 10 mmol)
instead of methyl iodide, to afford the titled cyclopropene. Putifioaby preparative column
chromatography on Silica gel (eluent hexane/EtOAc 20:0,3) afforded a colorless oil, yield
687 mg (3.66 mmol, 40%).

'H NMR (400.13 MHz, CDG) § 7.43-7.31 (m, 5H), 7.04 (s, 2H), 5.13 (s, 2H), 1.46 (s, 3f0;
NMR (100.67 MHz, CDGJ)) § 176.8, 136.4, 128.4 (+, 2C), 128.9 (+), 127.7 (+, 2C), 109.8 (+,
2C), 66.2 (), 27.7, 21.7 (+); GCI/MS: m/z 188 (M+) <1%, 91 (PTK60%, 53 (M-CGBN)

100%.
1.4.3 Preparation of deuterium-labeled cyclopropene

Scheme 43

Ph_ Me Ph_ Me

A 1. n-BuLi (2.5 equiv) K
2.D,0 D D
91a 91a-d,
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94ad,: To a stirred solution of cycloproper®da (2.00 g, 15.4 mmol) in anhydrous
hexanes (20 mL) at -3 was added a solution ofbutyllithium (2.5 M in hexane, 15.4 mL,
38.5 mmol, 2.5 equiv). The mixture was stirred for 30 min‘% and quenched with deuterium
oxide (3 mL, 150 mmol, 9.7 equiv). The organic phase was separated, drreMgSe),
filtered, and concentrated. The residue was distilled in vacuum (6g D at 10 torr) to afford
62-d, as a colorless oil. Yield 1.80 g (13.6 mmol, 89%).NMR and EI MS analyses indicated

a deuterium incorporation of 80-85% at both the C1 and C2 positions.

1.4.4 Synthesis of Cyclopropylphosphonates

ph Typical procedure A. 94a: In a nitrogen filled glove box, a dry 4 ml Wheaton vial
,P:’O Me was charged with palladium tetrakis (5.8 mg, 0.05 mmol, 10 mol%) and 20 mi
dioxane. 4,4,5,5-Tetramethyl-2-o0xo0-1,3,2-dioxaphospholane (82.0 mg, 0.5 mmol)
was added and the resulting mixture was stirred for 1 minlo@yapene9la (98 mg, 0.75
mmol, 1.5 eqwas added and the reaction mixture was stirred for 1 hr athet.solvent was
removed in vacuum and purified by preparative column chromatography @ g, eluting
with hexane: EtOAc 3:2 to afford 125 mg (0.43 mmol, 86%jais-94a
Typical procedure B. All loading operations were performed in a nitrogen-filled gloveb&r.
oven-dried 2 mL Wheaton vial was charged with 1,1’-bis (diphenylphosphiranésre (dppf)
(27.7 mg, 0.05 mmol, 10 mol%), tris(dibenzylideneacetone) dipalladium chlorcddiduact

(12.9 mg, 0.025 mmol, 5 mol%), and dry dioxane (1 mL). The mixture wasdstt r.t. for 5

min, then 4,4,5,5-tetramethyl-2-oxo-1,3,2-dioxaphosphola®)e (§2.0 mg, 0.5 mmol) and
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cyclopropené1a (98 mg, 0.75 mmol, 1.5 equiv) were added. The reaction mixture wwasl st
for 18 hrs at 58C. When GC/MS analysis showed the reaction was complete,itheenwas
filtered through a short bed of silica gel and concentrated in vacUim®.residue was purified
by preparative column chromatography on silica gel, eluting witlaretOAc, 3:2 to afford
131 mg (0.45 mmol, 71%) of major {B.20) and 19 mg (0.06 mmol, 11%) of minok (RL5)
diastereomer.

Major (trans-94a): *H NMR (400.13 MHz, CDG) & 7.33-7.30 (m, 4H), 7.25-7.21 (m,
1H), 1.72 (s, 3H), 1.54 (s, 6H), 1.52-1.44 (m, 2H), 1.46 (s, 3H), 1.40 (s, 3H), 1.07 &4
Hz, 6.3 Hz, 4.8 Hz, 1H);**C NMR (100.67 MHz, CDG) & 146.1 (d3Jpc = 3.7 Hz), 128.5 (+,
2C), 127.3 (+, 2C), 126.5 (+), 87.73, 87.66, 28.420¢p = 4.4 Hz), 24.7 (3Jcp = 3.7 Hz, +),
24.5 (d,%Jcp = 3.7 Hz, +, 2C), 23.9 (dJcp = 5.9 Hz, +), 22.2 (FJcp = 5.1 Hz, +), 20.7 (dJcp
= 183.7 Hz, +), 19.6 (fJcp = 5.1 Hz, -); P NMR (161.98 MHz, CDG) & 42.1; GC/MS (R=
14.25 min)m/z 294 (1%, M), 279 (1% M-Me), 211 (40%), 130 (100%); HRMS (TOF ES)
Found 317.1286, Calculated fogg8,30sPNa (M+Na) 317.1283 (0.9 ppm). Minor  (cis
943): *H NMR (400.13 MHz, CDG) § 7.43 (d,J = 7.3 Hz, 2H), 7.32 (] = 7.3 Hz, 2H), 7.23 (t,
J = 7.3 Hz, 1H), 1.79 (dddJup = 19.7 Hz,dun = 5.8 Hz, 4.6 Hz, 1H), 1.49 (&Jup = 2.3 Hz,
3H), 1.46 (s, 3H), 1.42 (s, 6H), 1.37 (s, 3H), 1.26 (ddgh = 10.1 Hz,Juy = 9.1 Hz, 4.6 Hz,
1H), 1.01 (ddd?Jup = 5.1 Hz,Juy = 9.1 Hz, 5.8 Hz, 1H):**C NMR (100.67 MHz, CDG) &
141.4 (d,*Jpc = 5.1 Hz), 128.9 (+, 2C), 128.1 (+, 2C), 126.9 (+), 87.6, 86.9, 29854¢= 4.4
Hz, +), 29.3 (d%Jcp = 4.4 Hz), 24.7 (PJcp = 2.9 Hz, +), 24.5 (FIcp= 4.4 Hz, +), 24.4 (FIcp

= 5.1 Hz, +), 23.8 (Jcp = 6.6 Hz, +), 21.9 (d'Jcp = 185.9 Hz, +), 18.5 (dJcp = 5.1 Hz, -);
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3p NMR (161.98 MHz, CDG) & 40.6; GC/MS (R= 13.91 min)m/z 294 (1%, M+), 279 (1%

M-Me), 211 (30%), 130 (100%).

94ad,. The reaction was performed according to the typical procedstaring

Ph
i o LMe with 79 mg (0.6 mmol, 1.5 equiv) of cyclopropesizd,. The residue was purified

~,
7
+PS

H by preparative column chromatography on silica gel, eluting with hex@h&c,
3:2 to afford 77 mg (0.25 mmol, 63%) of major (R20) and 40 mg (0.13 mmol,

34%) of minor (R0.15) diastereomer.

CO,Me 94b: The reaction was performed according to the typical procedure B,

E(Me employing 91b (65mg, 0.5mmol). The crude residue was purified by
preparative column chromatography eluting with EtOAc/hexanes (B&Rdl)

0.26). Yield: 110 mg, (0.40 mmol, 80%).
'H NMR (400.13 MHz, CDG) §3.72 (s, 3H), 1.62 (s, 3H), 1.60 (m, 1H), 1.51 (s, 3H), 1.50 (s,
3H), 1.40 (s, 3H), 1.39 (s, 3H), 1.36 (m, 1H) 1.31 (m, ¥, NMR (100.67 MHz, CDG)
8174.2(d,*Jcp = 4.4 Hz), 88.4, 88.1, 53.0 (+), 24.7 tdep = 2.9 Hz), 24.6 (d®Jcp = 3.7 Hz, +),
24.5 (d,%Jcp = 4.4 Hz, +), 24.1 (FIcp = 5.9 Hz, +), 23.9 (d®Jcp = 5.9 Hz, +), 21.5 (d"Jep =
185.1 Hz, +), 21.1 (FJcp = 5.1 Hz, -), 14.8 (d3Jcp = 4.4 Hz, +); *'P NMR (161.98 MHz,
CDCly) & 38.8; GC/MS (R= 12.48 minynwz 276 (1%, M), 261 (3%, M — Me), 245 (10%, M
OMe), 162 (100%); HRMS (TOF ES) Found 277.1205, 299.1017, Calculated,Ads,GsP

(M+H) 277.1205 (0.0 ppm), £H21:0sPNa (M+Na) 299.1024 (2.3 ppm).
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94c The reaction was performed according to the typical procedure B

~F
0O employing cyclopropenedlc (70mg, 0.5mmol). The crude reaction
Me

O3P. mixture was purified by preparative column chromatography elutitiy w
H EtOAc/hexane (1:1) (0.35) to give 113 mg (0.38 mmol, 75%).

'H NMR (400.13 MHz, CDG) & 5.9 (ddt,J = 17.2 Hz, 10.9 Hz, 5.6 Hz, 1H), 5.3 (ddt,
= 17.2 Hz, 2H), 4.6 (d) = 5.6 Hz, 2H), 1.64 (s, 3H), 1.62 (m, 2H), 1.51 (s, 3H), 1.50 (s, 3H),
1.40 (s, 3H), 1.39 (s, 3H), 1.60 (s, 3H), 1.35 (m, 1#J; NMR (100.67 MHz, CDG) & 173.3
(d, ®Jcp = 5.1 Hz), 131.8 (+), 118.0 (-), 88.3, 88.1, 65.8 (-), 53.4 (+), 24.76, 24.72 (+), 24.6 (d,
3Jcp=3.7 Hz, +), 24.4 (FIcp = 4.4 Hz, +), 24.1 (FJcp = 5.1 Hz, +), 23.9 (FJcp = 5.1 Hz, +),
21.6 (d,"Jcp = 185.9 Hz, +), 21.1 (dJ)cp = 3.7 Hz, -), 14.8 (+)3'P NMR (161.98 MHz, CDG)
8 38.7; GC/MS (R= 13.22 minynz 302 (1%, M), 287 (3%, M - Me), 245 (10%, M3CzHs),
83 (100%); HRMS (TOF ES) Found 315.1133, Calculated fgi£0sP (M+H) 315.1150 (8.3

ppm).

/ \ / \ 94d The reaction was performed according to the typical proce@yre
employing cyclopropen@ld (94 mg, 0.5 mmol). The crude residue was purified by preparative
column chromatography eluting with EtOAc/Hexanes (2:1) @R0). Yield: 169 mg, (0.47

mmol, 94%).



51

'H NMR (400.13 MHz, CDG) & (m, 5H), 5.16 (dJ = 12.6 Hz), 5.14 (dJ = 12.6 Hz),1.71-

1.57 (m, 2H), 1.51 (s, 3H), 1.49 (s, 3H), 1.39 (s, 3H), 1.36 (s, 3H), 1.60 (s, 3H), 1.37-1.32 (m,
1H); *3C NMR (100.67 MHz, CDG) & (d, *Jcp = 4.4 Hz), 135.7, 128.6 (+, 2C), 128.3 (+), 127.9,

(+, 2C), 88.3, 88.2, 67.0 (-), 24.9 @cp = 2.2 Hz), 24.8 (d¥Jcp = 3.7 Hz, +), 24.5 (FJcp = 4.4

Hz, +), 24.2 (d3Jcp = 5.1 Hz, +), 23.9 (FJcp = 5.9 Hz, +), 21.7 (dJcp = 185.2 Hz, +), 21.2 (d,
2Jep= 5.1 Hz, -), 15.0 (FIcp = 4.4 Hz, +);*'P NMR (161.98 MHz, CDG) § 38.6; GC/MS (R

= 17.01 min)mz 352 (7%, M), 91 (100%, PhCH); HRMS (TOF ES) Found 375.1339,

Calculated for ggH250sPNa (M+Na) 375.1137 (0.5 ppm).

co,Me 94€ The reaction was performed according to the typical procedure B
20 employing cyclopropen®le (174 mg, 1.0 mmol). The crude residue was
separated by preparative column chromatography (eluent:
EtOAc/CHCly/hexanes 3:1:1) to afford two fractions; (®R32) and (R0.22).
Yields 119.4 mg (35 mmol, 71%) and 47.8 mg (14 mmol, 28%), respectively.
Major (trans-94e: 'H NMR (400.13 MHz, CDG) & 7.63-7.61 (m, 2H), 7.57-7.49 (m, 3H),
3.68 (s, 3H), 2.23-2.09 (m, 3H), 1.67 (s, 3H), 1.632 (s, 3H), 1.626 (s, 3H), 1.60 (S GH);
NMR (100.67 MHz, CDGJ) § 173.3, 134.2 (fJcp = 5.1 Hz), 130.8 (+, 2C), 127.90 (+), 127.85
(+, 2C), 88.2, 87.6, 53.0 (+), 34.6 fdcp = 2.9 Hz), 24.6 (¥Jcp = 3.7 Hz, +), 24.4 (FIcp = 4.4
Hz, +), 24.3 (d3Jcp = 4.4 Hz, +), 23.8 (FJep = 2.9 Hz, +), 22.9 (dJcp = 195.4 Hz, +), 19.4 (d,

2Jep = 5.1 Hz, -); *'P NMR (161.98 MHz, CDG) & 36.5; HRMS (TOF ES): Found 361.1176
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(100%), 339.1349 (30%); Calculated for78,,0sPNa (M+Na) 361.1181 (0.5 ppm)y/Ei240sP

(M+H) 339.1361 (1.2 ppm).

Minor (cis-948: 'H NMR (400.13 MHz, CDQ) §7.44-7.42 (m, 2H), 7.35-

7.29 (m, 3H), 3.71 (s, 3H), 2.19 (ddi$y = 20.0 Hz,J = 7.1 Hz, 4.3 Hz, 1H),

20 CO2Me 1.68-1.55 (m, 2H), 1.533 (s, 3H), 1.528 (s, 3H), 1.45 (s, 3H), 1.42 (s,'86);
NMR (100.67 MHz, CDGJ)) & 170.6 (d,Jcp = 7.3 Hz), 138.1 (d3Jcp = 3.7

Hz), 129.3 (+, 2C), 128.3 (+, 2C), 127.8 (+), 87.92, 87.87, 52.7 (+), 36-Jfc; 4.4 Hz), 24.6
(d,3Jcp = 3.7 Hz, +), 24.3 (FIcp = 4.4 Hz, +), 24.2 (PIcp = 4.4 Hz, +), 23.8 (Jcp = 5.9 Hz,
+), 22.7 (d,%cp = 185.2 Hz, +), 18.4 (dJcp = 4.4 Hz, -); *'P NMR (161.98 MHz, CDG) &
37.8; HRMS (TOF ES): Found 361.1166 (100%), 339.1354 (80%); Calculateg/ftuGsPNa

(M+Na) 361.1181 (1.5 ppm),@1240sP (M+H) 339.1361 (0.7 ppm).

TMS  94f. The reaction was performed according to the typical proce@jre

E(Coza employing cyclopropen@1f (92 mg, 0.5 mmol) using THF as a solvent. The
crude residue was purified by preparative column chromatographygeWitiin

EtOAc/hexanes (3:1) to give light-brown oil ;(R.31). Yield: 172 mg (0.49 mmol, 99%H
NMR (400.13 MHz, CDGJ) § 4.20-4.14 (m, 2H), 1.80 (dd&lJpy = 17.7 Hz,J = 6.1 Hz, 4.0 Hz,
1H), 1.51 (s, 3H), 1.48 (s, 3H), 1.42 (s, 3H), 1.40 (s, 3H), 1.28=(%.1 Hz, 3H), 1.15 (dddJen
= 9.9 Hz, J = 8.3 Hz, 4.0 Hz, 1H), 0.93 (ddfllpy = 6.3 Hz, J = 8.3 Hz, 6.1 Hz, 1H), 0.10 (s,
9H); 3C NMR (100.67 MHz, CDG) & 87.8, 87.4, 61.0 (-), 24.8 (8cp = 2.9 Hz, +), 24.4 (d,

3Jcp = 3.7 Hz, +), 24.3 (d¥Jcp = 4.4 Hz, +), 23.8 (Jcp = 6.6 Hz, +), 21.6 (FJcp = 5.9 Hz),
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16.5 (d,"Jcp = 184.4 Hz, +), 14.5 (d)cp = 3.7 Hz, -), 14.1 (+), -3.1 (-, 3C¥'P NMR (161.98
MHz, CDCk) 6 40.4; GC/MS (R= 13.47 minyn/'z 349 (1%, M + H), 333 (45%, M — Me), 303
(20%, M — Et), 73 (100%, MS&i); HRMS (TOF ES) Found 371.1432, Calculated for

Ci1sH260sSiPNa (M+Na) 371.1440 (3.2 ppm).

CO,Me 91g: The reaction was performed according to the typical procedure B,

’P:,O CO:Me  employing cyclopropendlg (75 mg, 0.5 mmol). The crude reaction mixture
M was purified by preparative column chromatography eluting with
EtOAc/hexane (3:1) (R0.25) to give an orange oil. Yield: 160 mg (0.5 mmol, 100%4)NMR
(400.13 MHz, CDGJ) & 3.81 (s, 3H), 3.77 (s, 3H), 1.98 (dddy = 19.2 HzJ = 7.6 Hz, 4.4 Hz,
1H), 1.78 (ddd®Jpy = 7.8 Hz,d = 9.9 Hz, 4.4 Hz, 1H); 1.67 (ddtpy = 4.2 Hz,J = 9.9 Hz, 7.6
Hz, 1H); *C NMR (100.67 MHz, CDG) & 169.5 (d,*Jcp = 4.4 Hz), 166.5 (d®Jcp = 6.6 Hz),
89.0, 88.3, 53.3 (+), 53.2 (+), 34.5 {dcp = 6.6 Hz), 24.6 (d®Jcp = 3.7 Hz, +), 24.4 (FIcp =

4.4 Hz, +), 24.1 (d®Jcp= 5.1 Hz, +), 23.9 (FJep = 5.9 Hz, +), 21.3 (d'Jcp = 185.2 Hz, +), 18.6
(d, 2Jcp = 4.4 Hz, -); *'P NMR (161.98 MHz, CDG) & 36.2; GC/MS (R= 13.63 min)n/z 321
(1%, M+ H"), 262 (30%, M- CO,CH,), 204 (100%, M (CO:Me),); HRMS (TOF ES) Found

321.1104, Calculated for,@H,,0,P (M+H) 321.1103 (0.3 ppm).
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7& 94h: The reaction was performed according to the typical procedure B,
employing cyclopropen@1h (77 mg, 0.5 mmol). The crude residue was filtered through a short
bed of silica gel eluting with EtOAc. The obtained residue afieroval of solvent was purified
by preparative column chromatography eluting with EtOAc/MeOH ((R1P.5) Yield: 154 mg
(0.485 mmol, 97%)
'H NMR (400.13 MHz, CDG)) § 3.67-3.51 (br, 4H), 3.37-3.27 (br, 4H), 1.59 (s, 3H), 151-1.47
(m, 1H), H), 1.50 (s, 3H), 1.49 (s, 3H), 1.42 (s, 3H), 1.40 (s, 3H), 1.29-1.18 (m, 2H), 1.29-1.18
(m, 3H), 1.12-1.04 (br, 3H}*C NMR (100.67 MHz, CDG) & 171.8 (d,*Jcp = 5.1 Hz), 88.3,
87.9, 41.1 (br, -), 39.0 (br. -), 27.3 @@cp = 5.12 Hz), 24.6 (FJcp = 4.4 Hz, +), 24.5 (FIcp =
4.4 Hz, +), 24.2 (d®Jcp = 5.1 Hz, +), 24.0 (®Jcp = 5.1 Hz, +), 18.3 (dJcp = 5.9 Hz, -), 18.2
(d, Wcp = 183.0 Hz, +), 17.5 (FJcp = 5.1 Hz, +), 13.8 (br, +), 12.4 (br, ¥/P NMR (161.98
MHz, CDCL) & 40.1; GC/MS (R= 12.46 min)wz 317 (1%, M), 245 (3%, M — NE%), 154
(30%, ES]NCO(Me)C=CH-CH'), 72 (100%, EN'); HRMS (TOF ES) Found 340.1649,

Calculated for @H2sNO4PNa (M+Na) 340.1654 (1.5 ppm).
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94i: The reaction was performed according to the typical procedure B,

employing cyclopropen®1li (54 mg, 0.3 mmol) The crude residue was purified by preparative
column chromatography on Silica gel eluting with EtOAg£R.23). Yield 85 mg (0.24 mmol,
82%).
'H NMR (400.13 MHz, CDG)) & 4.59 (m, 1H), 3.33 (m, 1H), 1.60 (s, 3H), 1.52 (s, 3H), 1.51 (m,
1H) 1.50 (s, 3H), 1.43 (s, 3H), 1.42 (s, 3H), 1.37 (m, 6H), 1.30 (m 2H), 1.22 (M*6HYMR
(100.67 MHz, CDGJ) 8 170.1 (d,3Jcp = 5.1 Hz), 88.3, 87.8, 48.4 (+), 45.7 (+), 29.0°(Wp =
5.1 Hz), 24.7 (d3Jcp = 3.7 Hz, +), 24.5 (Pcp = 4.4Hz, +), 24.2 (FIep = 4.4Hz |, +), 24.1 (m,
+, 2C), 20.7 (+),20.5 (+), 20.3 (+), 20.1 (+), 17.9*@p = 182.2 Hz, +), 18.1 (dJcp = 5.9 Hz, -
), 17.5 (d,2Jcp = 5.1 Hz):**P NMR (161.98 MHz, CDG) § 40.3; GC/MS (R= 14.83 min)wz
345 (1%, M), 330 (5%, M Me), 245 (35%, M N(i-Pr),), 135 (100%); HRMS (TOF ES) Found

346.2122, Calculated for@H33sNO4P (M+H) 346.2147 (7.2 ppm).

N O
—/
/O Me
P/
oo
/ ” ' 94j: The reaction was performed according to the typical procedure B

employing cyclopropen@lj (83 mg, 0.5 mmol). The crude residue was purified by preparative
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column chromatography on Silica gel (eluent: EtOAcy (R1). Yield: 142 mg (0.43 mmol,
86%).

'H NMR (400.13 MHz, CDG)) & 3.61(br. s, 8H), 1.52 (s, 3 H), 1.46-1.42 (m, 1H), 1.44 (s, 3H),
1.43 (m, 1H) 1.34 (s, 6H), 1.20-1.14 (m, 2HYC NMR (100.67 MHz, CDG) & 170.9 (d3Jcp =

5.1 Hz), 88.3, 87.9, 66.5 (-, 2C), 46.1 (br. -), 42.3 (br. -), 26.8)¢d= 4.4 Hz), 24.4 (BIcp =

3.7 Hz, +, 2C), 24.0 (f)cp = 5.1Hz, +), 23.8 (FJcp = 5.1Hz, +), 18.1 (dJcp = 183.0 Hz, +),
17.6 (d,2Jcp = 5.9 Hz -), 17.2 (d3Jcp = 5.1 Hz, +); 3P NMR (161.98 MHz, CDG) & 39.2;
GCI/MS (R = 16.847 minyn/z 331 (1% , M), 330 (5%, M- Me), 245 (50% M N(CH,CH,).0,

163 (98%), 136 (100%); HRMS (TOF ES) Found 354.1434, Calculated 1fptd8OsPNa

(M+Na) 354.1446 (3.4 ppm).

N N—
\
.0 Me
P/
o o
/ \ / \ 94k: The reaction was performed according to the typical procedure B.

employing cyclopropen@lk (80 mg, 0.5 mmol). The crude residue was purified by preparative
column chromatography on Silica gel doped with triethylaminge(el EtOAc/MeOH 3:1) (R

0.1). Yield: 172 mg (0.5 mmol, >99%).

'H NMR (400.13 MHz, CDG)) § 3.89-3.52 (m, 4H), 2.46-2.38 (m, 4 H), 2.32 (s, 3H), 1.61 (s,
3H), 1.52 (m, 1H) 1.52 (s, 3H), 1.51 (s, 3H), 1.43 (s, 3H), 1.42 (s, 3H), 1.25 (M HNMR

(100.67 MHz, CDGJ) § 170.9 (d.3Jcp = 5.1 Hz), 88.3, 88.0, 46.5 (br. -, 2C), 46.0 (+), 27.1 (d,
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2Jep = 4.4 Hz), 24.6 (PJcp = 2.9 Hz), 24.2 (BJcp = 5.9Hz), 24.0 (d?Jcp = 5.1Hz +), 18.2 (d,
1Jcp = 185.1 Hz, +), 18.0 (dJcp = 5.6 Hz -), 17.5 (d®Jcp = 5.1 Hz, +);*'P NMR (161.98 MHz,

CDCl) & 39.6.

1.4.5. Synthesis of cyclopropylphosphine oxides

COMe 96a: Typical procedure An oven dried 2 mL Wheaton vial was charged with
2

O:?<Me 1,1’-bis (diphenylphosphino)ferrocene (dppf) (27.7 mg, 0.05 mmol, 10
PH" "Ph mol%), tris(dibenzylideneacetone) dipalladium chloroform adduct (12.9 mg,
0.025 mmol, 5 mol%), and diphenylphosphine oxide (101.0 mg, 0.5 mmol) under a nitrogen
atmosphere. The mixture was then dissolved in dry dioxane (1 mBtaredi for 5 min. Then,
methyl 1-methylcycloprop-2-ene-1-carboxylate (95.8 mg, 0.55 mma)added via syringe and

the reaction was stirred for 1 hr at 25. When TLC analysis showed no starting material
remained, the reaction mixture was concentrated and the residupuvifeed by preparative
column chromatography (eluent: EtOAc/hexanes 3:1) to afford vehgelid (R 0.4). Yield:

145.0 mg (47 mmol, 92%).

'H NMR (400.13 MHz, CDQ) & 7.82-7.77 (m, 2H), 7.72-7.67 (m, 2H), 7.59-7.55 (m, 1H),
7.53-7.43 (m, 5H), 3.73 (s, 3H), 2.07 (dddhy = 17.4 Hz,J = 10.1 Hz, 7.3 Hz, 1H), 1.71 (ddd,

3Jp1 = 9.3 Hz,J = 9.4 Hz, 4.0 Hz, 1H), 1.65 (dd%ﬂpH =15.4 HzJ = 7.3 Hz, 4.0 Hz, 1H), 1.50

(s, 3H);**C NMR (100.67 MHz, CDG) & 174.5, 134.5 (d"Jcp = 104.7 Hz), 133.2 (dJcp =

104.7 Hz), 131.9 (d'Jcp = 2.9 Hz, +), 131.7 (dJcp = 2.2 Hz, +), 130.9 (fJcp = 10.2 Hz, +,
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2C), 130.7 (d¥Jcp= 9.5 Hz, +, 2C), 128.7 (QJ)cp = 11.7 Hz, +, 2C), 128.5 (@Jcp = 11.7 Hz, +,
2C), 52.5 (+), 25.6 (dJcp = 2.9 Hz), 22.7 (d'Jcp = 98.8 Hz, +), 18.7 (fJcp = 4.4 Hz, -), 14.1
(d, ®Jcp = 4.4 Hz, +)*'P NMR (161.98 MHz, CDG) & 28.4; GC/MS (R= 16.48 minywz 314
(12%, M"), 202 (100%, P#POH"); HRMS (TOF ES) Found 315.1133, Calculated fedH3,03P

(M+H) 315.1150 (5.4 ppm).

Ph 96b: The reaction was carried out according to the typical procedure,
employing cyclopropen8l1h (46 mg, 0.3 mmol).. The crude residue was purified by preparative
column chromatography eluting with EtOAc: (®15). Yield: 95 mg (0.27 mmol, 89%).

'H NMR (400.13 MHz, CDG) §8.15-8.04 (m, 2H), 7.68-7.59 (m, 2H), 7.53-7.45 (m, 3H),
7.44-7.32 (m, 3H), 3.61-3.28 (m, 4H) 1.86 (dii$y = 12.1 Hz,2J = 9.9 Hz, 6.8 Hz, 1H), 1.63
(ddd,®Jpy = 14.9 Hz,J = 6.8 Hz, 4.3 Hz, 1H), 1.53 (s, 3H) 1.43 (ddlth = 9.9 Hz,J = 8.3 Hz,

4.3 Hz, 1H), 1.14 (m, 6H);°C NMR (100.67 MHz, CDG) 8 172.0 (d.2Jcp = 2.9 Hz), 134.9 (d,
1Jep = 103.9 Hz), 133.5 (dJcp = 103.9 Hz), 131.6 (dJcp = 2.2 Hz, +), 131.2 (d'Jcp = 10.2

Hz, +, 2C), 131.2 (+), 130.4 (flcp= 9.5 Hz, +, 2C), 128.5 (QJcp = 12.4 Hz, +, 2C), 128.2 (d,
3Jcp = 12.4 Hz, +, 2C), 60.16, 40.9 (-), 38.88 (-), 28.9°0dp = 4.4 Hz), 18.8 (d'Jcp = 100.3

Hz, +), 16.5 (d3Jcp = 4.4 Hz, +), 15.6 (Jcp = 4.4 Hz, -), 13.6 (+) 12.3 (+)*)P NMR (161.98
MHz, CDCk) §30.0; GC/MS (R= 15.68 minym/z 355 (2%, M), 340 (7%, M — Me), 382
(15%, M — HNE}), 255 (42%, M — CONE}, 201 (23%, PH#O"), 154 (100%, M — Pi#PO);

HRMS (TOF ES) Found 378.1585, Calculated feHzsNO.PNa (M+Na) 378.1599 (3.7 ppm).
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96c. The reaction was carried out according to the typical procedure,

N)_ employing 91i (77 mg, 0.3 mmol).. The crude residue was purified by
O= Me
Ph  Ph
mg (0.28 mmol, 60%).

preparative column chromatography. Eluent: EtOAcXF.2). Yield 106

SN

'H NMR (400.13 MHz, CDG) & 8.11(m, 2H), 7.69 (m, 2H), 7.58-7.39 (m, 6H), 4.39 (m, 1H),
3.30 (m, 1H) 1.84 (dddJpy = 12.4 Hz,J = 9.9 Hz, 7.1 Hz, 1H), 1.61 (ddillpy = 15.2 Hz,J =

6.8 Hz, 4.3 Hz, 1H), 1.51 (s, 3H), 1.45 (m, 1H), 1.40J& 6.6 Hz, 3H)1.36 (d, J = 6.6 Hz,
3H), 1.13 (m, 6H) **C NMR (100.67 MHz, CDG) & 171.5 (d,Jcp = 2.9 Hz), 135.3, (dJcp =
103.2 Hz), 133.7 (dJcp = 103.2 Hz), 131.7 (dJcp = 2.2 Hz, +), 131.5 (+), 131.4 (+), 131.3 (+),
130.6 (d,2Jcp = 9.5 Hz, 2C), 128.6 (dJcp = 11.7 Hz, +, 2C), 128.4 (dJcp = 12.4 Hz, +, 2C),
48.6 (+), 45.7 (+), 30.4%cp= 4.4 Hz), 20.6 (+), 20.4 (+, 2C), 20.1 (+), 19.0'@dp = 100.3 Hz,

+), 16.6 (d,*Jcp = 5.1 Hz), 15.6 (d°Jcp = 4.4 Hz):*'P NMR (161.98 MHz, CDG) & 30.2;
HRMS (TOF ES) Found 368.1743, Calculated fosgHzsNO.PNa (M-Me+Na) 368.1755 (3.3

ppm).

1.4.6. Assignment of relative configuration

The obtained sample of cyclopropylphosphon&éa contained two separable
diastereomeric compounds, a less polar major fracticand a more polar minor fractidd.
Elucidation of the relative configuration was performed based orysasaf NMR spectra, as

follows. In the minor product, the carbon next to phosphorus atom (20.7 ppndemtfied
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owing to a very characteristic splitting into a doublet withrgdacoupling constant valu&lép =
185.9 Hz). The adjacent proton (1.01 ppm) was assigned based'eh'ffieHSQC experiment
(**13C NMR (CDCI3, 100.67 MHzj172.0 see Apendix A.2.). The same experiment allowed
for the assignment of protons at 1.79 and 1.26 ppm to the methylene grbepcyclopropane
ring. The well resolved signals of all three protons of thdopyopyl ring in the’H NMR
spectrum of the minor product allowed for the measurement of thlesponding spin-spin
coupling constants. Thus, a typical AMX system in 1,1,2-trisubstitoyetbpropane rings
usually gives’Juu(cis) > 3Jun(trans) > 2Jun, which is consistent with positioning of the protons
as depicted in Figure 3. In addition, the same relationship wasvetider proton-phosphorus
coupling constants (shown in greefsy(cis) > 3Jp(trans) > 2Jpy.  Protons in the spectrum of
the major diastereomer were assigned in a similar mannguré~B), even though complete
analysis of theJ-coupling was impossible due to partial overlapping of the sigmafti
spectrum of the methylene group (1.45 ppm and 1.50 ppm). The configuration ohauyate
carbons of the small rings can be assigned based on comparison ofatiséift of the protons

in CH, group. Indeed, in cyclopropyl systems the methyl substituentatipidemonstrates a
minor shielding effect omis-vicinal protons. At the same time, both phenyl and phosphoryl
groups have profound deshielding effect. These considerations allowéoefunambiguous
assignment of theis-configuration (relative R,2R) for the minor, and thé&ans-configuration

(relative 1IS2R) for the major diastereomer (Figure 3).
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Figure 3. Assignment of relative configurations of diastereomeric prodiss

Figure 4. Assignment of relative configuration of deuterium labeled compounds.

)

19.4 Hz 19.7 Hz
¢ {)

H Me H Ph
D Di Ph D Di Me

Relative configuration of the deuterium-labeled compou®dad,, obtained in the
hydrophosphorylation of cycloproped®la#d, was assigned based upon the comparison of the
'H, ?H NMR and*H-*C HSQC NMR data measured for labeled and non-labeled products (see

section A.3.). These data showed that for both diastereomeric fgadlugeuterium labels are
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located in geminal anglans-vicinal positions and no deuterium incorporation was observed into
the cisvicinal position. Also, the only spin-spin coupling remained after eieuth
incorporation was theis-proton-phosphorus interaction witbs; ~ 19-20 Hz.The obtained data
unambiguously confirmed that the described palladium-catalyzed optyolsphorylation

proceeds exclusively isyn-fashion.

Figure 5. . Overlays ofH and®H spectra of the products isolated from hydrophosphorylation of
94aand94ad,: A) *H spectrum ofrans-91-d,; B) *H spectrum ofrans-94a C)°H spectrum of
trans-94ad,; D) 'H spectrum ofis-94ad,; E) *H spectrum ofis-94a F) °H spectrum ofis-
94ad2.
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1.54
—1.46
—1.40
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Relative configuration of diastereomeric compourdde was assigned analogously.
Analysis of coupling constants for the major (less polar)teliaemer was impossible due to
severe overlapping of proton signals of the cyclopropane ringwetder, the corresponding
signals were mostly resolved in the spectrum of the minor (morar)pdiastereomer.

Simulation of the'H NMR spectrum for the cyclopropane ring AMXP-system (Figéye
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allowed for the assignments depicted in Figure 7. Assignmemelafive configurations of
diastereomeric produc®le (E =CO2Me). Configuration of the quaternary center was assigned
based on a NOESY experiment. A NOE effect between the cppglp€H group (1.58 ppm)
and the ortho-protons of the phenyl ring (7.43 ppm) was observed; accordinglgis-a
relationship between these groups was established. The@gecenfiguration (relative $2R)

was assigned to the minor (more polar) product, whitarg-configuration (relative R,2R) was

assigned to the major (less polar) diastereomer.

Figure 6. Experimental (blue) and simulated (red) spectra of the minmwre polar)
diastereomer 94e.

LI L B B B B e
2.2 21 2.0 1.9 18 17 16 15 1.4 13
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Figure 7. Assignment of relative configurations of diastereomeric products 94€(EMe).

NOE effect

In the same way, thieans-configuration (relative $2R) of compoun®4f was assigned.
Simulation of the four-spin system of phosphorylcyclopropane ring anzbthesponding values
of chemical shifts and spin-spin coupling constants are presenfEdyure 8) and (Figure 9A),
respectively. Relative configuration of the quaternary centenantliree-membered ring was
assigned based on a NOESY experiment (Figure 9B). NOE effieces detected between the

TMS-group (0.10 ppm) and the two protons in the cyclopropyl ring (0.93 ppm and 1.15 ppm).



Figure 8. Experimental (blue) and simulated (red) spect@4af
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Figure 9. Assignment of relative configurations of diastereomeric products 94{0G.Et).
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Chapter 2. Formal Nucleophilic Substitution of Bromocyclopropanes

2.1 Introduction

Cyclopropanols and cyclopropyl ethers are an important class otuhedefor both organic
synthesi&" and medicinal chemistry. They are a plethora of examples abiolugically active
natural producf§ and synthetic medicinal agefitssuch as phorb8f brenazocin& and

LY379268° (Figure 10).

Figure 10.

HO
H Et
0 : OH
HO,C X
g} N
ANk, HO
O HO CO,H
OH
phorbol LY379268 brenazocine

Although a plethora of methods have been developed for construction of oypglopr
ethers, efficient protocols that allow for direct functionalizatdra pre-existing cyclopropane
moiety are scarce. Obviously the most efficient method to acesimglich functionalizations

would involve a direct nucleophilic substitution onto cyclopropane; howevers ivell
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recognized that classical nucleophilic substitution in straindsbcgcles is highly disfavored.
Both the {land &2 pathways are much higher in energy as compared to non-stsystedhs

due to the distortion of the bond angles from 12060 (Figure 11). Also, the cyclopropyl

cation 101 generated in thex& mechanism would likely isomerize into the allyl catidR as

studies have shown that such isomerization proceeds virtually wighmeasurable activation

barrier (Scheme 44§ In fact, only a handful of examples claiming direct nucleophilic

substitutions of cyclopropanes have been reported.

Figure 11.
Nu Nu
i,.\\\ E.‘\\\ o] @\\\‘ ®,.\\\ (o]
Ry ~120° —Rd ~60 — ~120° —J ~60
LG LG
Sp2-type transition states Sp1-type cationic intermediates
Scheme 44.
-X ®
>—x 2| o | ——= A
102

101
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2.1.2. Pathways to formal nucleophilic substitution

In 1979, a direct intramoleculag substitution of bicyclic fused bromocyclopropanes was
demonstrated (Scheme 45). Reactionl168 with t-BuOK proceeded to give intramolecular
substitution with inversion of configuration with respect to the brominavighng the
corresponding spiro-oxiranel04. Interestingly, the endo-diastereomer 105 underwent
intramolecular substitution with nucleophilic attack from the more hedléace also proceeding

through inversion of configuration to provide spiro-oxird0é°’

Scheme 45

_ O
(>2><OH ﬂ» (j%“\v
Br
104

103

Br t-BuOK (>>(
% _OH ©

T

105 106

The stereochemistry of the deamination of (-)-spiropentylamine in amitievas studied
by Wiberg et al. Reaction of the chiral amine hydrochlofi@@ with nitrous acid in acetic acid
led to a mixture of 3-methylenecyclobutyl acetaid, 2-methylenecyclobutyl acetald2 and
spiropentyl acetatd09 in a 1:2:3 ratio. It was found that the major product, (-)-spiropentyl

acetate, was formed with essentially complete inversion digeoation. This suggests that it is
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formed via an @& displacement on the spiropentyldiazonium ion. However formation of 2-
methylenecyclobutyl acetate and 3-methylenecyclobutyl aceddiecates for concurrent

formation of a cyclopropyl cation, which quickly undergoes ring expanand cleavage

(Scheme 46).

Scheme 46

NH 3Cl

(e X . X“““’o*
LX AM Ab

While direct displacements are scarcgl-Bke nucleophilic substitiutions are possible
with halocyclopropanes possessing strongly electron-donating desulvetituents (Scheme 47,
eg. 1). Formal nucleophilic substitutions may also proceed via aifw&ion to generate a
cyclopropene intermediate, followed by addition of a nucleophile athesstrained double

bond (Scheme 47, eq. 2).
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Scheme 47
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2.1.2. Nucleophilic substitution via stabilization of cyclopropyl cations.

The presence of an electron donating substituent geminal to a legeng stabilizes the
resulting carbocation intermediate, which could be trapped with vamiatleophiles. In a study
concerning the stabilities of cyclopropyl cations, de Meijemnatestrated that these reactive
cationic intermediates may be stabilized with a phenyl yhigroup and hinder the ring opening
pathway?®® For example, methanolysis of chlorocyclopropyl sulfid® led to 43% of methoxide
substitution115along with 57% of the ring opening produd6 (Scheme 48). The necessity of
a geminal stabilizing substituent was demonstrated by thieamalysis ofLl17 which underwent

exclusive ring opening to provide the corresponding didr@an 85% yield (Scheme 49).
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Scheme 48.
Me Me
Me @ Me OMe
SPh — 43% yield
Me Me M ‘\, @OMe Me SPh
e Me
Me Cl 2 eq. NaOMe 113 115
Me SPh MeOH, 80 °C Me SPh
57% vyield
112 — 2-SPh > oMe "
Me MeMe
Me
114 116
Scheme 49.
Me Ph
Me
}<C' MeOH, 65°C _ o~
Me Ph MeO®
Me Me Me
117 118
85 % yield

An a-cyclopropyl group is known to have the largest stabilizaffgct of anya-alkyl

substituent on a carbocatf8rindeed methanolysis of chloro cyclopropyldispiro derivati2®

accordingly proceeded without ring opening to yield only thehgheether 119 Exclusive
substitution also occurred in the presence of the relatively weakamlile NaOAc giving the

corresponding cyclopropyl acetdt®1in quantitive yield (Scheme 563.
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Scheme 50.

OMe _MeOH, 65 °C Cl HOAc 110°C OAc
SPh SPh NaOAc SPh
119 120 121
100% yield 100% yield

The addition of anilines t@-stabilized cationic intermediates was demonstrated by Loeppky
in 2000. Reaction of 1-bromo-1-ethoxy cyclopropa28 with various aniline nucleophilek23
in the presence of triethylamine provided aminal derivati/24$ in yields up to 78%. The
ethoxide moiety was efficiently removed by reaction with NaBi1afford the corresponding

cyclopropyl anilines.25(Scheme 513°

Scheme 51.

OEt
< R R

R OEt TEA, CHCl, N BF3 Et,0 N

X N+ [X - -
H

Br Reflux NaBH,, 0 °C
122 123 124 125
X X
X =ClI, COo,Me
R =H, Alk, Bn 51-78% yield 64-97% yield

It has also been demonstrated that both electron deficient an@relech phenold.26 serve

as nucleophilic partners in additions to stabilized cyclopropybraii27. The reactions were
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relatively sluggish and required high temperatures, nonetheless vémiotyclopropyl phenols
128 were synthesized in moderate to good yields. Subsequent reducti®#8 @fith NaBH,

provided the corresponding cyclopropyl pheri®29in modest overall yields (Scheme 52).

Scheme 52.

Msph Lithium Q

R ,
@OH . SPh AgCOj3 Tol 0 Napthalenide . 0
— I Reflux Vs -78°C =

] 128 || 129
\/\ 7\

\j

126 127
R R
R =CN, OCF3, CI,
CO,Me, OSi'Prg 35-93% vyield 66-100% yield

Stabilization of cyclopropyl cations is not limited to oxygen audfur. Vilsmaier
demonstrated that an amino moiety in silyl-protected hemiarhB@promotes the nucleophilic
substitution of the geminal OSgMyroup by stabilizing the intermediate cyclopropyl catl@i
(Scheme 53} The addition of Meldrums acid in the presence of NaOH to iminium
cyclopropane 131 affords compoundl32 via a nucleophilic addition of the enolate to
intermediate iminel31 A twofold substitution occurs in the presence of other carbamd

oxygen-based nucleophiles to provide cyclopropyl prodL@ds
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Scheme 53
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Ishihara demonstrated that stabilized cyclopropyl cations ney lze generated in the
presence of vicinal silanes and undergo ring retentive nucleoptidick’* Treatment of bicycle
135 with silver trifluorocetate afforded cyclopropyl catidi36 and after nucleophilic attack
provided intermediatel37. Loss of the halide and formation of stabilized carbocafidg
followed by nucleophilic addition gave dialkyl cyclopropyl acetaB9 in medium to high
overall yields (Scheme 54). It was also demonstrated tharésence of thg-TMS substituent
is essential to ring retentive substitution as subjection of dhresponding methyl substituted

derivative139underwent exclusive ring expansion to give cycloheplaitdScheme 555
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Scheme 54.
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Sul-type nucleophilic substitution involving stabilized cyclopropyl catimermediates
in certain cases allows for efficient ring retentive derbaion of cyclopropanes. At the same
time, cation-stabilizing functionalities introduced as requiséments in the structure of starting
materials makes this methodology very substrate dependent andttgvibekibility for process

diversification.
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An alternative route to nucleophilic substitution involves the basstedsi situ generation
of cyclopropene intermediates from the corresponding cyclopropdeisaiollowed by trapping

with an appropriate nucleophile.

2.1.3. Formal nucleophilic substitution via trapping of cyclopropene interradiates

Cyclopropenes are commonly synthesized via dehydrohalogenatioryclupropyl
halides® in the presence of base. In the event that a pronucleophile is gresbase employed
for dehydrohalogenation may also form the corresponding nucleophilie@spelcich undergoes
nucleophilic attack across the strained double bond of cyclopropene. Ungatstiyclopropyl
bromides are the simplest substrates utilized in such a pracddsave been employed in the
synthesis of a number of useful cyclopropane derivatives. For examalldation with
bromocyclopropane has been performed successfully with alcGH8lgScheme 56, eq 1, 2)
phenold’ (Scheme 56, eq. 3) and amitfeéScheme 56, eq 4, 5) in the synthesis of various

medicinally relevant structures.
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Reactions of this type have been investigated with substituted blalpiypanes as well
as dihalocyclopropanes. However, slight modifications to steric bulklextronics on the
cyclopropane moiety severely complicate the efficiency of wptidic substitution as the
formation and stability of the generated cyclopropene intermediataghly dependent on these
factors. For example, the reactivity of 1-bromo-2-(chlorométlyglopropanel4l in the
presence of NaOH and various nucleophiles was investigated by Jarutydo-workers. It
was found that simple stirring df41 with an excess of alcohols, in the presence of powdered
sodium hydroxide and triethylbenzylammonium chloride (TEBAC1) eatalyst, in DMSO, at
ambient temperature gives rise to 1-(alkoxymethylene)cyclopesp®43 in high yields
(Scheme 57). Alcohols of different structure, including aliphaticy@ic, as well as those
substituted by an aryl or heterocyclic group reacted efficieftthywas found that the reaction
indeed proceeds through cycloprop@d@aas indicated by crude NMR analysis. The authors do
not comment on the possibility of addition to aromatic resonance seuetlb, as no products
of nucleophilic addition corresponding to this species were observededtihgly, the addition
of more acidic pronucleophiles such as thiols, phenols, and nitriles gyalusive side chain
substitution product&44. In these cases formation of cyclopropene intermedé#2awas never
observed. This is due to the higher acidities of the pronucleophiles whicot allow for the

appropriate pH necessary for formatiorid®.
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Scheme 57.
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Dihalocyclopropanes also undergo elimination-addition type transfamsato provide
disubstituted cyclopropanes. It was shown that dichlorocyclopropdfen the presence of
potassium isopropoxide gave a mixture of mono- and disubstituted prdd@zsd149in 0.7

and 72 % yield respectively (Scheme &8).
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Scheme 58.
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The double bond of cycloproperiel generated from dihalocyclopropadd5 by
reaction with potassium isopropoxide, migrates to a position of eyresability to give
methylene cyclopropank47 but when excess potassium isopropoxide is present a facile addition
occurs to afford di-substituted cyclopropa¥9. Similarly, it was found that addition 8rOK
to dichlorocyclopropanel50 afforded substituted methylene cyclopropariést and 155
approximately in a 1:1 ratio. The author proposed that this reguttmeeded via an initial 1,2-
dehydrohalogenation to provide cyclopropene intermediafe which further isomerized into
methylene cyclopropants2 The latter then experienced a second dehydrohalogenation to yield
1-methyl-3-methylenecyclopropene intermedib®d Sequential addition affordézB and154in

31% andl55in 35% yield. (Scheme 59).
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Scheme 59
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The relative amounts d54and155formed reflect two opposing factors operating in the
transition state. The relative stabilities of developing charijefavor 154, but steric factors
should favorl55 Thus, the two factors appear to be of nearly equal importance \Wwhen t
nucleophile is isopropoxide ion. Interestingly the use of methoxide ionakesmucleophile,
afforded analogous product§8 and157in the ratio 2:1 respectively. It is important to note that
conversion of intermediat&52 into m-allyl species156 since it would provide exclusive

formation of157 (Scheme 60%°
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Scheme 60.
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Substitution may also occur through activated methylene cyclopropeeimediates. For
example, deMeijere demonstrated thesitu generation of conjugated methylene cyclopropanes
160 generated from bromocycloproparkb9 in the presence of base. These reactive
intermediates may be trapped by an various nucleophiles to afibsalitated cyclopropanes
161 Nitrogen and oxygen-based nucleophiles underwent clean nucleogdhiliton to give
compoundl61 in excellent yields. However lower yields were observed in tse o& carbon

nucleophiles. (Scheme 6%).



83

Scheme 61.
Br O (@] Nu O
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NaNO,: up to 96% yield
CHy,(CO,Me): 43% yield

2.1.4. Formal nucleophilic substitution via conjugated cyclopropenentermediates and
stereoselective additions.

Conjugated cyclopropenes are inherently extremely reactive rendiféicult to isolate®
This extraordinary reactivity has proven valuable in the developwiefdrmal nucleophilic
substitutions with a wider variety of pronucleophiles as compared tondneconjugated
counterparts. To date, only a handful of investigators have utilized itesmediates in formal
substitution reactions.

In an attempt to synthesize dimethyl 1-aminocyclopropane-1,2-dicdated$¥5 via the
in situ generation of Michael accept@63 it was found that MeOH addud&64 was the only
isolable product. MeOH was unavoidably introduced into the system kgl daydrolysis of
162 Indeed, intermediate63is formed and trapped by NHhowever, it quickly decomposes to
give a mixture of ring opening produéfsThe possibility of formation of a cyclopropyl cation in
this case is highly unlikely, as the carboxylate functionality @ogteatly destabilize the

intermediate. Thus, the reaction is assumed to occur via intermg@8@cheme 6
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Scheme 62.
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Conjugated intermediates suchl®3 have found limited utility in formal nucleophilic
substitutions involving dihalides. For example, it was shown that 2,2-dicltdopcopyl phenyl
sulfides of typ€el66 are unstable to alcoholysis, and in the presence of the strong basspot
tert-butoxide gives enynekb7 as illustrated in (Scheme 63). The accelerating effect dfiitier
atom is considered to be a driving force for this exocyclig opening reaction, since sulfur can

stabilize the positive charge developed in intermedia6a®
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Scheme 63.
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Expectedly, replacement of the phenylmercapto grodip@by the phenylsulfonyl group (as
in 168 destabilized the intermediate ion corresponding.@6a and provided ring retention.
Thus, subjection 0168to base in the presence of competing nucleophiles afforded disubstitution
products169 and170 in excellent yields. Interestingly,68in the presence of thiophenol and 2
equivalents of NaOEt gave exclusively the sulfide addition prddi@in quantitative yield and

no formation of the cyclopropyl ethyl ether corresponding by attackethoxide ion was

detected* (Schemes4).
Scheme 64.
PhO,S.__C3 °gpn  PhOss S o Phos O
CH; = CH, _ ~ONa _ YLCH3
2 equiv NaOEt ROH
Phs” SPh cl” cli RO” "OR
170 168 169
100% yield R = Me: 86 % yield

Et: 93% yield
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In the presence of base compounds such6&sform highly unstable reactive conjugated
cyclopropenel7l which are immediately trapped by a nucleophilic species to gigen
protonantion, intermediat&73 Sequential deprotonation affords conjugated intermediade

which undergoes nucleophilic attack to afford disubstituted cycloprod&®e§cheme 65).

Scheme 65.
N ©0,
PhO,S CHj Base L/;S// CHj ) //\ CH3
CH; ——— Ph CH; —— Ph CHs
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+ B s
PhOZS\YLCHs L QVLCHS, <= Ph CHy _ +H'

Nu~ Nu Nu Nu
175 174 173

Jonczyk has demonstrated analogous substitutions with 2,2-dichlorocyclogecagdzonitrile
176 with various nucleophiles in aqueous NaOH and tetrabutylammonium br¢hBdd3) as a
phase transfer catalyStCyclopropanel76 undergoes dehydrochlorination to give intermediate
177, which is trapped by the nucleophile. Sequential dehydrochlorinattiowed by
conjugated nucleophilic addition affords disubstituted cyclopropd®€sin modest to good
yields. Phenols, thiophenols, and alcohols reacted well under these ammndiio prove the

formation of cyclopropend77 as a transient product leading 138 cyclopropenel77 was
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generatedn situ and trapped with 2,3-dimethylbuta-1,3-diene to afford the DielgiAddiduct

181in 35% vyield (Scheme 67).

Scheme 66.
CN CN o CN
y/ 50% NaOH V/ Nu y’”
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Scheme 67
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Although addition of nucleophiles tm situ generated conjugated cyclopropenes is well
documented, until recently only a single example demonstratesbsédective addition. Wiberg
showed that bromocyclopropanE82 upon dehydrobromination with-BuOK in t-BuOH
produced a highly unstable intermedia&3. The latter once formed, immediately reacted with

thet-BuO nucleophile to affordrans-adduct185. Since intermediat&é83is planar, addition of
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tert-butoxide can occur to either face, however, a thermodynamuballgn epimerization

occurs upon heating favoring the more stakdas product185(Scheme 68%°

Scheme 68.
t-BuOK S
A -Bu A t-BuO
Br CO,Et  t-BuOH CO,Et
182 183
®
OEt H A
Bu’O"JA\'/ — BUWO0” "CO,Et
0© A .
184 185,63 %

In a remarkable expansion to this methodology Rubin recently shedca
diastereoselctive formal nucleophilic substitution of bromocycloproparmxamidegScheme
69). Various primary, secondary and tertiary alcohols reacted smowitll secondary and
tertiary cyclopropyl carboxamidds36. The use of non-competitive KOH in the presence of 18-
crown-6 (10 mol%) allowed for efficient generation of intermediE87, which is promptly
intercepted byn situ generated alkoxide or aryloxide. Remarkably the reaction conditisos a
enabled base assisted thermodynamically-driven epimerztdi affordtrans-products188 in

very high yields and excellent diastreoselectivitfes.
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Scheme 69.
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ROH (2.0 equiv)

NR'R? > — NR'R?

dry THF 0~ "NR'R?
0O 12 h, 80-110 °C o)
186 187 188
1 p2 = R = Alk, Ar
R, R™=H, Alk up to 97 % yield
up to 25:1 dr

The methodology was also expanded towards the addition of thiols and thigpihdmndh
under similar reaction conditions initially afforded a mixtoferans-189 andcis-189in a 1:1
ratio. However upon subjection t6BuOK and 10 mole % 18-crown-6 base assisted

epimerization allowed to upgrade the selectivity and affotdats-189 in excellent yields and

diastereoselectivities up to 30:1 (Scheme®70).

Scheme 70.
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RSH (2.0 equiv)
A[(NR1 R2 > &(NR’I R2
dry THF
e} 12 h,85°C e}

186 trans-189

+ cis-189

18-crown-6 (10 mol%) SR
t-BUOK (1.1 equiv)

12 h, 85°C %‘/NWRZ
trans-189
(0]
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Rubin and co-workers also developed an efficient and highly diastéeetpge formal
substitution of 2-bromocyclopropane carboxamid&$6 with secondary amides. The reaction
conditions allowed for the facile construction of a number of confoomailiy constrainedrans-

cyclopropyl-diamides derivativekd0Oas sole products in excellent yieftls.

Scheme 71.

18-crown-6
KOH/THF {5
NR'R?2 > NHB t
BrﬁJ&”/ )\ u
2
186 © >/*NH R O 190
R!' RZ=H, Alk, R3, R* = Alk, Ar
up to 94 % yield
>25:1dr

Few scattered reports exist demonstrating diastereoselentinex examples of formal
nucleophilic substitution. Diastereoselctivity in all these cadesyever, was imparted by
excessive rigidity and bulk. For example, addition tduOK to chlorocyclopropand91
afforded cyclopropyl ethet93 in poor yield as a single diastereomer (Scheme 72, &Y 1).
Analogously treatment df94 with t-BuOK provided addition to the convex face and furnished

196 as a single diastereomer (Scheme 72 €4 2).
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Scheme 72.
H tBuOk tBuO
- - > ——
“c1 -HCI < %
O C (X
192 193, 10%

single product

194 195 196
single diastereomer

2.1.5. Conventional Methods for the preparation of Cyclopropanol derivatives.

Except for the recent examples of formal nucleophilic substituiemonstrated by Rubin,
this methodology has not yet presented itself as a mainstednodni®r the preparation of
cyclopropanol derivitives. There are, however, a few powerful metfuwdde preparation of
such compounds. Discussed below are selected recent examples shtfedegtdipproaches to
cyclopropanol derivitives. The most important of these methods isyttiepropanation of enol
ethers and esters, which may be performed with severatatiffeypes of carbene equivalents.
For example Connell and coworkers recently demonstrated thalegsical Simmons-Smitff

protocol represents a facile method for the cyclopropanation of ertdtes. Treatment of
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homoallylic alcohol197 with diethyl zinc and diiodomethane gave cyclopropyl acetd®8sn

high yields and decent diastereoselectivity (Scheme#3).

Scheme 73.

OH

R )\/\‘
OAc

197

Et,Zn 2 equiv
CHoal, equiv

TFA 2 equiv

0°c

OH

e

OAc
198

R = Ar, Alk: 80-95% yield
de = 3.8-6.6:1

The base-assisted generation of dihalocarbenes in the predeoledins is one of the

widely employed methods for the construction of cyclopropanes. Thiwonwogy was recently

used in the assembly of polysachride-derived cyclopropyl scaffdidsatment of benzyl

protected enolatd99 with ag. NaOH in the presence of a chloroform and a phase dransf

catalyst afforded the corresponding cyclopropyl e#€r in 75% yield (Scheme 745.

Scheme 74.

BnO

oV OBn
BnO
n OBn
BnO “OBn

OBn
199

CHCI;
aq. NaOH

PTC., rt

Bnomm
cl
o) OBn
BnO
: OBn

BnO "OBn

OBn

200, 79% yield
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By far the most widely utilized method for the construction ofayopy! ethers is the metal
assisted cycloaddition of protected enolates and metalo-carbgeesrated from the
decomposition of diazomethane derivitives. Wertz and coworkers demedstnatsynthesis of
spiroacetals which were prepared from the corresponding cyclopetmi67 (Scheme75)*
Treatment of enol ethe?01 with diazo acetate and copper powder afforded the corresponding
donor acceptor cycloproparg9)2 in good yields. This type of cycloaddition is also the most

commonly employed in the preparation of Donor-acceptor cyclopropanes (DACS).

Scheme 75
N,CHCO,Et o o
R_/\O - R_/\ o R_/\ .
Cu Powder . - /
n
" Tol 80 °C OEt
201 202, 51-95% 203

up to 87 % yield

Intramolecular cycloadditions offer routes to useful bicycliclayyopyl ethers, which
are normally accessed through cycloadditions with cyclic etiwrs’™ Gharpure developed a
highly regio- and diastereoselective synthesis of DAZZS employing intramolecular
cyclopropanation of vinylogous carbona® with carbenes in the presence of Cu(acas)a
catalyst (Scheme 78§. These substituted DACs display high reactivity allowing for the

regioselective cleavage of the cyclopropane leading to THF deesa06.
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Scheme 76.
\ o H n-BusSnH o)
(}4 2 Cu(acac), _ WCOZE’( AIBN R\z—)(\
f AR CO,Et
rh g S COE Gl refiux  p ALK CeH, Reflux 07 Y, 2
204 205 206
R =H, Alk, R =Me: 93%

Bn, Ph: 60-79% R = CH,0Bn: 90%

Cyclopropanations of olefins with alkoxycarbene equivalents providesute to
cyclopropyl ethers and DACs, however, most of these protocols atediby the availability of
the corresponding Fisher carbenes. Nonetheless, metalo-carhames been extensively
employed in the construction of cyclopropanol scaffolds. For examyben arylcarbene
chromium complexe&08 were treated in THF at low temperatures, with one equivaleft of
aminodiene07, cyclopropane derivative®)9 were obtained, after hydrolysis with silica gel, in

moderate yield and as single diastereoisomers.



Scheme 77.
2
R OMe
)\/\Niprz + (00)sCr=
R Ar
207 208

95

Ar
1. THF
MeO
020°C _D/
2. Silica gel RT \\O
209
R', R2=H, Me

52-70% yield

The Kulinkovich reaction allows for a direct and efficient routeyolopropanol¥ in one

step from readily accessible esters. Its applicability tosrahesis of cyclopropyl ethers is

limited, since it requires alkylation of the corresponding alcoNohetheless it is a powerful

tool and has been extensively employed in the synthesis of unprotaaiegropanols. For

example, classical Kulinkovich conditions were used in the totahegis of Cyathins Aand B

from cyclopropano211 dervived from este210(Scheme 78 5

Scheme 78.
CO,Me
EtMgBr, Ti(OiPr),
iPr
iPr
210 211,75 %

W

iPr OH
Cyathin A3

iPr
Cyathin B,
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2.1.6. Synthetic utility of DACs

Cyclopropane derivatives vicinally substituted by donor and acceptopgyesa particularly
suitable for synthetic applications, since electronic effetthese substituents force activation
of the cyclopropanes towards ring opening and uncover avenues e aaviety of interesting
transformations. A number of useful protocols employing DACs have degeloped. For
example DACs serve as efficient electrophiles in nucleophiliitian reactions to provide open
chain substitution?’ This reactivity has been exploited by Charette in the additiamdaie and
phenol nucleophiles. The Lewis acid-catalyzed ring-opening of yhetH-
nitrocyclopropanecarboxylatéd 2 with amine nucleophile213 is very efficient andproceeds
at room temperature and with complete preservation of the enantomaity from the
electrophilic center of the cyclopropane to the acyclic pro@idtin good to excellent yields

(Scheme 79§%°

Scheme 79

R1\N’R2NO
H 2
Ni(ClO4),*6H50 (10 mol %
RN R2 {ER0a)2701,0 ¢ o), | N CO,Me
(o]
213 THF, 65°C 2 214
R1
ee 90-92% R' = Alk, Ar 63-94%

R2=Alk, H ee = 90-92%
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Addition of a wide variety of phenol nucleophiles2t5 in the presence of gS0O; also
proceeded efficiently to give the corresponding ring opening pro@l&sn medium to high
yields with complete preservation of the enantiomeric purity fileenelectrophilic center &12

(Scheme 803

Scheme 80
=
RZ- |
~OH N0 NOy
O CsyCO3 (2.5 equiv)
2// o - | X COgMe
R? 545 THF, 65 °C 216
R1
ee 90-95% 53-84%
ee = 90-95%

DACs also serve as all carbon 1,3 dipoles in various [3'% 4B + 3[° and [3 +
4.]"%cycloaddition reactions. Johnson and co-workers recently reportedigianefpreparation
of enantioenriched tetrahydrofuran (THF) derivati2é&8 through a dynamic kinetic asymmetric
transformation of racemic malonate-derived donor-acceptor cyclapesgl? via asymmetric

[3 + 2] cycloaddition with aldehydé&?
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Scheme 81.

MeOzC

COMe | L gl CO,Me

CO,Me 1 2

R 2 /I/H\ R'™ ~0” "R o] / \ o)
217 o "R? 218 &N NJ

48-92% yield tBy 219 *tay
up to 97:3 er

Pagenkopf demonstrated annulations between DA-cyclopro@2desith pyridines and
quinolines for the synthesis of indolizines and benzoindolizines. Despite $mitations in
substrate scope, this methodology provides convenient new pathwaysets ac variety of

indolizine scaffold222 (Schemes2) 1

Scheme 82.

, CO,Et
= RN -OMe MesSIOTF  NON AN = 1
N\ / CN + > / R
R CO,Et MnO; XN
220 221 222 R2

29-61% yield

A [3+3] cycloaddition of aromatic azomethine imirg&3 with 1,1-cyclopropane diesters

224 was achieved by Charette using Ni(@lCas a catalyst. The methodology provided access to
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unique tricyclic dihydroquinolin@25 derivatives with dr up to 6.6:1. Notably complete retention

of stereogenic information of the cyclopropane was observed (Scherfé 83).

Scheme 83.

X

@(j . H'/A\\\\COZMe Ni(CIO4), (10 mol %) N co,me
_ 1 >
N R'  Co,Me

) 2 N CO,Me
~“NBz BzN H 2

223 224 225

R'=H, OMe, CF;
R2 = Ph, Ar, Vinyl, H
up to 87% yield, up to 6.6:1 dr

Ivanova and co-workers recently developed an analogue of ghe-Blider reaction with
donor—acceptor cyclopropanes as dienophiles. This formal [4+3] cycloaddétareen 2-aryl
cyclopropane diester827 and 1,3-diphenylisobenzofura226 proceeds under mild reaction
conditions to yield two isomeric cycloaddu@28 in a combined yield of 84-926 (Scheme
84).107

Scheme 84

CO,R W
wCO, Yb(OTf)3 (5 mol %) CO,R
CO,R g

2 CH.Cl, COR

Ph
228 Ar

84-92% yield
up to 86:14 exo:endo
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DACs synthetic utility has stretched to its incorporationhm total syntheses of several
natural products. For example, the total synthesis of (x)-gonion2#i&vas accomplished in 17
linear steps with 5.2% overall yield. A synthetic highlight includee first application of a
formal [3 + 2] cycloaddition between a highly functionalized nitdled a donor-acceptor

cyclopropane to prepare an indole scaffold (Scheme 85)

Scheme 85.

CO,Et
CO,Et

. o)
Me,SiOTf B —

OMe
NC * N NBn
NBn H
229

230 (+)-Goniomitine
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2.2. Results and Discussion

2.2.1. Introduction

While investigating the base-assisted 1,2-dehydrohalogenatiol,3tisubstituted
bromocyclopropaneg3lainto 3,3-disubstituted cyclopropen@s possessing a non-conjugate
strained double bond® we noticed trace amounts &fBuOH adduct232c as a single
diastereome(Scheme 86). This was exciting since additions of oxygen-baseldophiles to
3,3-disubstituted cyclopropenes are scarce. All reported exampléss dfansformation were
performed orC,V-symmetric substrates and thus did not have a stereoseletdatgt®® We
envisioned that the facial selectivity of the nucleophilic additmrihese substrates could be
efficiently controlled by steric factors. This effect walserved in the previously reported
additions of metallic entities to cyclopropenes bearing sigmiflg different by size substituents
at C3 (Scheme 7). Also, generation of the strained interne@lidh situ would eliminate the
olefin isolation step and thus expand the range of applicable subdtrat®s most sensitive

cyclopropenes.
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Scheme 86.

Mez Ph 18-crown-6 (cat) Me. _Ph t—Bqu Me (Ph
Br t-BuOK, THF, 50 °C K AO
231a 91a 7<

232c traces
2\\\\\"“ 2.0 equiv t-BuOK

0 THF, 80 °C
232c

Sole Product

Me

2.2.2. Steric control of diastereoselectivity in the formal nuctghilic substitution of
bromocyclopropane

To obtain complete conversion trBuOK addition, we carried out the reaction of 2-
bromo-1-methyl-1-phenylcyclopropar®da with excesg-BuOK (2.0 equiv) in the presence of
catalytic 18-crown-6 ether (10 mol%) at various temperaturkswas found that at 86C
bromocyclopropan€3la was transformed int@32c as the sole product in excellent yield.
Remarkably, the addition proceeded with very high facial selggtiproducing a singlérans-
diastereomer. Similarly, the reaction of bromocyclopropanergean ethyl substituent at C3,
providedtert-butyl ether231gin high yield and excellent diastereoselectivity, thus confirming
the efficient steric control (Scheme 87.). Inspired by this resudt tested a series of more
nucleophilic primary and secondary alkoxides in the addition reactibn9da in the presence
of 1.5 equiv oft-BuOK. We were pleased to find that batkpropoxide and isopropoxide

underwent efficient addition, providing the corresponding cyclopropyl eg8aand232b as
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sole products in high yields and excellent diastereoselecsiviftzheme 87). Benzyl-
protected™ cyclopropanoR3lewas also obtained in good yield in the reaction carried ougin th
presence of benzylic alcohdD-Nucleophiles bearing additional functional groups were also
successfully employed in this transformation. Thus, 2-(dimethgl@ethanol reacted

uneventfully affording232fin high yield.

Scheme 87.

A"‘KAF 2.5 equiv -BUOK, THF, 80°C  Alk AT
B 1.5 equiv ROH - A
231 18-crown-6 (cat) 232 OR

Me._.Ph Me._.Ph Me._.Ph
\O/\/ \OJ\ \OJ< Aok

232a99%, dr 16:1  232b 96%, dr 18:1  232c 93%, dr 25:1  232d 72%, 25:1

o/\© Ao/\/'\"\’Iez ©

232e 75%, dr 25:1 232f 83%, dr 11:1 2329 93%, dr 25:1

Me

The addition of allyl alcohols tB31a was also investigated and it was found that rather
than providing the corresponding allyl eth#f, cyclopropyl enol undergoes a a base-assisted

1,3-prototropic rearrangement to provi@éh as the sole product in very high yield and
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excellent diastereoselectivity. Notably, the thermodynamiddliyen rearrangement provided

only E-isomer(Scheme 88.)

Scheme 88.

Me Ph
5 18-crown-6 _
Br t-BUOK/THF
231a AlIOH
t-BuOK

—_—
1,3~H*

Me_Ph
\O/\/

233
Me (_Ph

98%, E only
AO/\/Me dr >25:1

232h

Intrigued by this rearrangement, we investigated the addition of prdigaatpphol to

231a This reaction also was accompanied by a formal 1,3-prototropic rearramgeae

propargyl etheR35to provide the corresponding allenyl etB82iin 82% yield (Scheme 89)
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Scheme 89.

— 2.5 eq t-BuOK
+ ﬁ >
Br OH 18-crown-6
231a 234 THF, 80 °C 232i

\
\

\
W\

B:»)
H
,/K
A\t
H*

O
235

When amino alcohols were employed as competing nucleophiles, onlyoadujtthe
oxygen terminus was observed. Thus, alkoxides possessing a secamulaey functionality
reacted chemoselectively producing cyclopropyl ett#38a 236b, 236G and 236e with no
corresponding cyclopropylamine derivativé37 detected (Scheme 90). Likewise, the reaction
of 95awith amino alcohol bearing a primary amine function affordedopyolpyl ethe236d as
a sole product. The free amine is not nucleophilic enough to participdates process and
generation of the more nucleophilic amide is inefficient-BaOK is not a strong enough base.
Therefore the amine is easily outcompeted by ithaitu generated alkoxide to afford the

corresponding ethers exclusively.
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Scheme 90.
Me._Ph  18-crown-6 (cat) Me «Ph
Kw t-BuOK, THF, 80 °C A
Br . O
231a Amino Alcohol 236 (CHy)
l RHN" 20
Me.__Ph Me (_Ph
RN N
/\‘ 237 R CH
HO(CHZ)FI HO( 2)[1
Me Ph Me Ph Me . Ph Me Ph Me Ph

‘o/j ‘o/j o/j o/j |
HexHN ,/\N 0o Bu

236a 11:1, 92% 236b 12:1, 90% 236¢ 7:1, 80% 236d 13:1, 81% 236e 15:1, 82%

Considering the relatively high reactivity of phenoxides in prevousported formal
nucleophilic substitutions, and attempting to expand the range of posaitd&ophiles for this
transformation we explored the possibility of phenoxide addition inghetion between phenol
and231a Surprisingly, only traces of phenylcyclopropyl etB8@j were detected in the crude
reaction mixture; insteatbrt-butyl ether232cwas obtained as the major product (Scheme 91),
while use of KOH instead dfBuOK resulted in no reaction. The additionpamethoxyphenol
and p-nitrophenol also failed to give the corresponding aryl ethers.adapunt for this
phenomenon, two alternative mechanistic hypotheses can be cothsilecerding to the first
rationale, addition of both phenoxide anet-butoxide species to cyclopropertda is

irreversible, but the kinetic rate of the phenoxide addition mfeggntly lower than that offert-
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butoxide k.>>k;). The second hypothesis presumes that the addition of the morephilote
phenoxide is reversible; and the relatively high nucleofugality of plidg** results in the

formation of the thermodynamically favored product (Schem&92¢

Scheme 91.
k
Me Ph 48 crowns (cat). Me_ _Ph ! 0o
K%Br t-BuOK, THF A K1 J@/
X
231a 91a

t-EA;W Me._Ph X = H, OMe, NO,
Me . .Ph ks A
X" -
OBu-t \O\
232¢ 70% (GC) 232] X

To obtain additional mechanistic evidences that could support or ruldewwetond
pathway, we attempted synthesis of the aryl e#3@k However, employment of our standard
reaction conditions failed to provide necessary amoun32k. Attempts to preparg32k by
nucleophilic addition op-methoxyphenol across the C=C bond of the isolated cycloprdiene

using different base and solvent combinations, were also unsuccessful (3&)eme
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Scheme 92.

OH
/@ Mezph 2.5 equiv t-BUOK, THF, 80°C  Me Ph

MeO * 18-crown-6 (cat) AO

91a 232k

not formed OMe

In contrast, a reaction between 4-methoxyphenol and more electriicierde
cyclopropenedll, generatedn situ from the corresponding mono bromocyclopropaimethe
presence of catalytic 18-crown-6 arBuOK, in DMSO at 100°C afforded a 1:1 mixture of
phenoxide addu@42m andtert-butyl ether242e Product242mwas isolated in 20% yield and
re-subjected to the reaction witBBuOK. However no formation of thert-butyl ether242ewas
observed which ruled out the hypothesis about the reversibility gilteroxide addition, and
suggested that addition is controlled by kinetic factors. Theianfeeactivity of aryloxides
compared tdert-butoxide is opposite to that observed in the conjugate addition. Althbiggh t
phenomenon is not yet completely understood, the non-conjugate strained double bond of
cyclopropenedli apparently behaves as a relatively hard electrophile as opposkd soft

conjugate double bond in 1-cyclopropene carboxamides described above (Scheme 69).
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Scheme 93.

OH Q DMSO, t-BuOK
R N e
MeO N 100°C, 3 Days N
91l ><O 242¢
X o
Me,, /S
S N\
N
o)
/©/ 242m 20%
MeO

2.2.3. Direction control of diastereoselectivity through carboxamides

An attempt to facilitate the addition of an aryloxide specias made by carrying out the
reaction in an intramolecular fashion. Bromocycloprogziépossessing a tethered phenol was
treated with a base under the standard reaction conditions (Schemblodétheless, no
benzoxazacine produ2¥0was formed; the intermolecular additionterft-butoxide took place
instead, providin®239 as a sole product. Remarkabtys-diastereomer 0239 was obtained
exclusively, controlled by a strong chelating effect of 2h@minomethyl)phenolate moiety in

intermediate238 (Scheme 94).
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Scheme 94.
M Me
@CN/KM e 18-crown-6 (cat) @(\N%
H Y =
t-BuOK (3.5 equiv) o-K ™~
OH Br THF, 80 °C NC)
237 238 OBu!

NH M
( SO
Me OH OBu!

O
240 239

Accordingly, we probed the ability of other functional groupsdordinate to potassium
cation which serves as a delivery vehicle in the directed addfi@ikoxides from the more
sterically hindered face. Gratifyingly, it was found tlkatboxamide moiety can serve as an
excellent directing group, governing the addition of nucleophiles fronmibre hindered face.
Thus, reactions of secondary and tertiary amidd2 with excesst-BuOK afforded the
correspondingert-butyl ether242d and242ein high yield and excellemis-selectivity (Scheme
95). Analogously, high facial selectivity was observed in thetiwa of sterically hindered
secondary amides. Additions carried out in the presence of dogdkoxides, including
primary 2423 242f, 242h, and secondar242b, species revealed both very high diastereo- and
chemoselectivity. Finallycissadducts of 2-methoxyethano24?2j), 2-(dimethylamino)ethanol
(242K), and 4-pentenol2éd2h, 242l) were obtained in high yields, once again highlighting the

excellent functional group compatibility of this transformation.
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Scheme 95
(@] (@]
- - ) R'RZ2=H,OCt=a
Me NR'R2 18-crown-6 (cat), ROH ~ Me,, NR'R2 DN B
o ,Hex=b H, t-Bu=c¢c
t-BUOK/THF, 80 °C
Br RO H, CH(Ph,) =d,Et, = e
241 242 cy=f
) o) >I\ o} Ph O
N «~Me N «Me N «Me Ph)\N «Me
H H J\ H J< H J<
o " o) o o
242a 94%, dr > 25:1 242b 91%, dr > 25:1 242c 92%, dr 242d 75%, dr > 25:1
> 25:1
(0] (0] (0] (0]
. M M N
0 O/\/ O/\/\ OW
242e 87%, dr > 20:1 242f 94%, dr 14:1 2429 91%, dr 242h 92%, dr 20:1
14:1
(0] (0] (0] (@]
\M \\M \\\Me \\‘Me
EtZNJXe EtzN)Xe EtzNJX EtzNJA
H
ey ™ B ™ B Ko
242i 95%, dr 25:1 242j 89%, dr 25:1 242k 80%, 2421 89%, dr 25:1
dr 25:1

Cyclopropenylcarboxamides are slightly more reactive as aaahpa the more electron
rich 3-alkyl-3-aryl derivitives. With this in mind the addition alfyl alcohols was investigated
and it was hypothesized that at lower temperatured,8iprototropic rearrangement could be
avoided to access cyclopropyl allyl ethers. Initially remactof 241f and allylic alcohol carried
out at 80°C afforded allyl etheR43f contaminated with the correspondiBgprop-1-enyl ether

244f However when the reaction temperature was lowered t8C5the rearrangement was
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avoided and the corresponding allyl etBéBf was obtained exclusively in 91% vyield. Similarly,
other 2-bromocyclopropancarboxamides underwent efficient formal sulostito produce the
corresponding allylic ether@43c-f Interestingly reaction o241 with prenyl and geranyl
alcohols proceeded uneventfully to give eth248b and 2433 respectively (Scheme 96). It
should be noted that resubjection of bulkier allyl ett2#3c-dto the action otert-butoxide at
elevated temperatures did not cause rearrangements to enokdthéhss is hypothesized to be

due to a steric effect caused by the bulky amide functions.

Scheme 96.
i 0
R! 2 iL tBuOK :
KkNRzR3 18-crown-6 (cat) NR?R3 R NRZR?
Br £BUOK, THF. 50 °C o
5 —
4 Allylic Alcohol ST\ -R 244 NS

R4 R4

0 y Q
e/
© K “NMe, K NMe; Me., N
o Z > O~ o}
\/\( /\/

243a 89% 243b 93% 243c 88%
(0]
e/
K M n,
KQ XQ " e
/\/ /\/o

243d 95% 243e 82% 243f 91%
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Allyl alcohols also reacted smoothly with enolizable carboxamis Addition of
cinnamyl and allyl alcohols proceeded without rearrangement anallyhethers246ab were
obtained in 81% and 95% vyield, respectively. However the faciattsadg was not controlled
through directing effects providingcis-cyclopropyl allyl ethers, rather the more
thermodydnamically favoredrans adducts were obtained exclusively (Scheme 97). As
demonstrated in recent publications by Rubin,ith&tu generated conjugated cycloprop@4&
undergoes nucleophilic attack and a thermodynamically favored epatien of 248ato 248b

affords the corresponding trans adductg (Scheme 98§

Scheme 97.

o) o)
H H
K "NR?R® 18-crown-6 (cat) X NR?R3

Br KOH, THF, 50 °C O._~R
245a Allylic Alcohol 246

0 O

H 1y, ; ~N y XJ N\
©\/\/ // ’\O H / ’\O
= o /\/O\\\

246a 81% = 246b 95%
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Scheme 98
Br /\
Q o OAllyl
©
Sy o tBuO | Q2 Allylo
CONR'R? | “girected Q
directed CONR'R2
CONR'R?
245 247 H 248a
OAllyl OAllyl
I ©
“'CONR'R2 “CONR'R?
246 248b

The addition of propargylic alcohd@34 to enolizable carboxamid245b was also
investigated. It was hypothesized that in the presence of &eneake and at lower temperatures
the prototropic rearrangement could be avoided. Indeed, the rearrangeiméiné allenyl ether
did not proceed under these conditions, and the reaction afforded propathgi246cin 65%

yield and as a single isomer (Scheme 99).

Scheme 99.

0O
H i H \\\‘”\N+
KOH, 18-crown-6 — 7_\ H
N e
/KJ\H + oz oH B 0

THF, 50°C
245b 234 246¢ 65%
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2.2.4. Direction control of diastereoselectivity through carboxylates

Having had success in the formal nucleophilic substitution of carbidgamattention
was turned to the possibility of formal substitutions on non-conjugatedpropyl carboxylates.
Our attempts to add various nucleophiles to carboxfl@®aprovided no substitution and led to
quick decomposition of the starting material and formation of dagikgelt is presumed that
tert-butoxide attacked the more electrophilic carbonyl function of siver eather than the C=C
bond of cyclopropene, which ultimately led to ring opening. A putativectsire of the

decomposition produ@49is provided below(Scheme 100).
Scheme 100.

MeOOC.__Me Me., .COOMe

102a o " \/EK’ H* &O%

91a 250c
2 y OMe
tBUOP MeO” px ¢ . ﬁ
NG — = 0#—
249

It was found, however, that the corresponding diastereomeric mixiipegassium 1-methyl-2-
bromocyclopropylcarboxylated02 could be efficiently used instead of cyclopropyl esters.

Thus, it was previously demonstrated that treatmea0@fwith t-BuOK in dry DMSO at 56C
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effects 1,2-dehydroboromination to produce cyclopropene-3-carboxilitOsa The latter upon
trapping in situ with an @-active alkyl halide affords the corresponding eSterWe observed
very similar reactivity when carboxylal®2 was treated with the base and catalytic 18-crown-6
in a THF solution at 56C (Scheme 101). The corresponding cyclopropenyleStdsgR =
Me), 91c (R = Allyl), and91d (R = Bn) were produced cleanly, as judged by GC/MS'&hd
NMR analysis of the crude reaction mixtures. In contrast, debyoimination of102 carried

out at 80°C with excess-BuOK resulted in exclusive formation of sdl03a which after
subsequent treatment with methyl iodide or allyl bromide affordedcorrespondingis-esters
250b or 250e as sole products in high yield (Scheme 101). Remarkably, dyniiarthe
carboxamide function, the carboxylate moiety in intermediE?8 served as an effective

directing group for the diastereoselective nucleophilic attack.

Scheme 101.
MeCOK ¢ Buok/DMSO or [Me COZK] RX  Me. COR
A - 2T — K
Br 18-crown-6 (cat)
102 t-BUOK/THF 103 91b-d
50°C R = Me (91b); All (91¢); Bn (91d)
18-crown-6 (cat) 103
excess t-BuOK
80 °C MeKCOZK Me,, ,CO.K RX Me.,, _CO.R
. g _RX
OBu-t OBu-t
103 103a 250

R = Me (250b); All (250e)
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Directed additions of competingpropoxide and isopropoxide nucleophiles gave rise to
cis-esters250e and 250f in good overall yields and excelleats-selectivities (Scheme 102).
Benzyl-protectedcis-cyclopropanol 250b was readily produced in the presence of benzyl
alcohol. Employment of pent-4-enyl alcohol as a pronucleophile allofwedefficient

preparation of cyclopropyl ethee50cand250d possessing a terminal olefin moiety in the side

chain.
Scheme 102.
Me. _CO,K 1. 18-crown-6 (cat) Me.,, CO,R?
§ R'OH, t-BuOK/THF - 5
Br 2. R2X - OR!
102 250

0 o o} o

Me% f O/Me Me//,,, i%O/Me Me/,,,, i.LO/Me Me/,,,, i'\o/
o >NF O/\© O7< o >NNF

250a 72% 250b 82% 250c 79% 250d 68%
o) Q 0 0
= =
Me., o o Me.,,, ,\LL o F Me.,, il\o/\/ Me., ,\LL o,Me
OW O7< ow/ N
250e 68% 250f 81% 2509 76% 250h 83%

In contrast to the described above nucleophilic attack of allglkoxides on

carboxamides (Scheme 102.), the analogous addition to carboxpyd@esms accompanied by a
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facile base-assisted 1,2-migration of the double bor&bdfo afford, after electrophilic quench,
E-propenyl ethe50i (Scheme 103.). Such difference in reactivity can be attributedhighar
kinetic C-H acidity of thecis-allyloxide moiety, as a result of lower sterical hindrancerted by

the carboxylic moiety compared to a more bulky carboxamide functionality.

Scheme 103.
Me . _COOK Me,, LCOOK
Kh 18-crown-6 5
Br t-BUOK/THF O/\/

102 AlIOH 251
t-BUOK Me"’OECOOK viey  Mes, COOMe
1.3~H" o/\/Me &O&Me

252 250i 84%, E only
dr > 25:1

2.3. Conclusion

An efficient formal nucleophilic substitution of bromocyclopropane$ witygen-based
nucleophiles has been developed. This transformation proceeds via eacateergent
dehydrobromination, followed by diastereoselective addition of a nuclenpbpécies across the
strained C=C bond of a cyclopropene intermediate. This methodoldigy fsst to show stereo
selective formal nucleophilic substitutions 08,3-disubstituted cyclopropanes. The

diastereoselective addition can be efficiently controlled byeeisterics or a directing effect of
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appropriate functional groups, such as carboxamides or carboxylicT8atsmethodology also
allows access to densly substituted DACs and potentially medlicivaluable cyclopropanol

derivitives.
2.4. Experimental Procedures

2.4.1. General Information

See Chapter 1.4.1. for general remarks and list of instrunmantafinhydrous
dimethylsulfoxide was purchased form Acros Organics and usexteiwed. Anhydrous diethyl
ether and tetrahydrofuran were obtained by passing degassed gi&de€c-commercially
available solvents consecutively through two columns with activaleahirea (Innovative
Technology). All other chemicals were purchased from Sigmaekicbr Acros Organics, and
used as received.

2-bromocyclopropane carboxamid@42 were all prepared according to published
procedures®® For the preparation of 1-methyl-2-bromocyclopropane carboxalagesesgion

1.4.2. Procedures for all other monobromides are provided below.

2.4.2. Preparation of 2-Bromocyclopropanes

P

Br (2-Bromo-1-methylcyclopropyl)methylamine (252: 300 mL of 30% aqueous

ammonia solution was stirred a0 in 1000 mL Erlenmeyer flask, closed with a rubber stopper
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with one 6 mm hole. Acyl chloridg (25.0 g, 127 mmol) was added by small portions using
Pasteur pipette. Caution: the addition causes a violent exothezagton, which may be
accompanied with producing a white fog of ammonium chloride, and everhigglas the
ammonia solution. It is essential to carry out the reactionwelaventilated fume-hood. The
addition of acyl chloride must be slow. The use of an addition funmeitipractical, since it's
dropping tube and valve bore can be blocked by ammonium chloride. Aftadditeon was
complete the mixture was stirred in the open flask overnight towerthe excess of ammonia.
By this time a white solid precipitate was formed, which fileered on a Bluchner funnel. The
filter cake was washed with ice-cold distilled water, and trged: first on air, then in vacuum
desiccator over #s to obtain 2-bromo-1-methylcyclopropanecarboxamide as white powder.
Yield 13.8 g (77.5 mmol, 61%). This material (12.7 g, 71.2 mmol) withothduipurification
was stirred in anhydrous THF (100 mL) and 85Me, complex (11.4 g, 14.2 mL, 150 mmol)
was added. The resulting mixture was stirred at reflux for 40tlhen the solvent was removed
in vacuum, and the glassy residue was digested by 10% aqueous HCILR5Caution: this
process is accompanied with violent gas evolution and stench. Abpietions must be
performed under well-ventilated fume-hood. The obtained aqueous solutsowagaed with
dichloromethane (75 mL), and basified with solid NaOH 8E0 Formed oily precipitate was
extracted with dichloromethane (3 x 75 mL), washed with brine, dridd amhydrous KCO;,
filtered and concentrated. Fractionation in vacuum (bp 7G7& 16 mm Hg) gave amird as

a colorless oil. Yield 8.14 g (49.6 mmol, 70%). GC5M®9 min (minor), 5.45 min (majotH
NMR (CDCl, 400.13 MHz)$ [2.90 (dd,J = 7.8 Hz, 4.3 Hz) & 2.82 (dd} = 7.6 Hz, 4.3 Hz),

S1H], [2.90 (d,J = 13.4 Hz) & 2.55 (dJ = 13.4 Hz) Y 1H], [2.74 (d,J = 13.4 Hz) & 2.54 (d) =
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13.4 Hz),Y1H], [1.28 (s) & 1.16 (s)}.3H], 1.18 (br.s, 2H), [1.06 (dd,= 7.8 Hz, 6.4 Hz) & 0.98
(dd,J = 7.6 Hz, 6.1 Hz)Y1H], [0.76 (dd,J = 6.1 Hz, 4.3 Hz) & 0.65 (dd] = 6.4 Hz, 4.3 Hz),
Y1H]; *C NMR (CDCE, 100.67 MHz)8 49.7 (-), 49.1 (-), 28.4 (+), 27.7 (+), 23.9 (-), 23.3,
21.7,20.5 (-), 20.2 (+), 18.7 (+); HRMS (TOF ES) found 164.0080, calcd,fbi BrN (M+H)

164.0075 (3.0 ppm).

Scheme 104. Preparation of 2-{[(2-Bromo-1methylcyclopropyl) methylaminofiny&phenol
(237)

CHO M —
RO O e O
Br OH reflux Br HO
252 253 254
NaBH, Me N
—> H
MeOH
Br HO
237

2-{[(2-Bromo-1-methylcyclopropyl)methylamino]methyl}phenol (237): amine252 (500 mg,
3.05 mmol) and salicylic aldehyd253 (372 mg, 3.05 mmol) were stirred in methanol (5 mL)
for 24 hrs at room temperature. Then the solvent was removed innvaswlithe residue was
purified by preparative column chromatography on Silica gel (eloerane-EtOAc 10:1) to
obtain 2-(((2-bromo-1-methylcyclopropyl)methylimino)methyl)pherzg$4) as a yellow oil (R

0.4). Yield 595 mg (2.22 mmol, 73%). This material was dissolved ihamet (10 mL) and
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NaBH; (420 mg, 11 mmol) was added in one portion. The mixture was stitredom
temperature for 48 hrs, then methanol was removed in vacuum, the resgddissedved in 10%
aqueous HCI (25 mL) and washed with dichloromethane (20 mL). Thewukews phase was
basified with solid NaOH and the amine was extracted withAEt@ x 20 mL). The combined
organic phases were washed with brine, dried with anhydreg@©4 filtered and concentrated
to obtain the amin@37 as a colorless oll, yield 522 mg (1.93 mmol, 87%). This mateaal w
pure enough to carry out the next step without any additional purification.

'H NMR (CDCk, 400.13 MHz)5 7.22-7.18 (m, 1H), [7.03 (dl = 8.1 Hz) & 7.01 (dJ = 8.1
Hz), Y1H], [6.88 (dd,J = 8.1 Hz, 1.0 Hz) & 6.86 (dd) = 8.3 Hz, 0.8 Hz)Y'1H], 6.83-6.79 (m,
1H), [4.14 (d,J = 13.6 Hz) & 4.04 (dJ = 13.6 Hz),Y'1H], [3.97 (d,J = 13.9 Hz) & 3.94 (dJ =
13.6 Hz),Y1H], [2.97 (d,J = 12.4 Hz) & 2.67 (dJ = 12.4 Hz) Y 1H], 2.88 (dd,J = 8.1 Hz, 4.6
Hz, 1H), [2.73 (d,) = 12.4 Hz) & 2.46 (d) = 12.4 Hz)Y'1H], [1.37 (s) & 1.26 (s)¥3H], [1.29
(ps.-t,J = 6.8 Hz, 6.3 Hz), 1.07 (psd= 7.6 Hz, 6.8 Hz)y'1H], [0.85 (dd,J = 6.3 Hz, 4.3 Hz) &
0.74 (dd,J = 6.3 Hz, 4.5 Hz)Y1H]; **C NMR (CDCk, 100.67 MHz)5 158.1, 158.0, 128.8 (+),
128.7 (+), 128.4 (+), 128.3 (+), 122.5, 122.0, 119.1 (+), 119.0 (+), 116.4 (+), 116.3 (+), 55.9 (-),
55.5 (-), 52.9 (-), 52.1 (-), 27.8 (+), 27.7 (+), 22.0 (-), 21.0 (+), 20.8 (-), 19.0 (+MSHEOF

ES) found 270.0496, calcd for4Ei;/NOBr (M + H) 270.0493 (1.1 ppm).
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Scheme 1052,2-Dibromo-1-ethyl-1-phenylcyclopropane (2569)

©\H/\ CHBr3 Ti(OPr-i)4-cat
cetrimide-cat Br EtMgBr/Et,O

50% aq. NaOH Br
255 256 231g

Br

2,2-Dibromo-1-ethyl-1-phenylcyclopropang2569: To a vigorously stirred (1500 rpm)
mixture ofa-ethylstyrene 255** (1.73 g, 13.1 mmol), cetrimide (100 mg), bromoform (9.93 g,
39.3 mmol, 3.0 equiv.), and dichloromethane (5 mL) was added dropwise a 50% saqueou
solution of NaOH (10 mL). The mixture was stirred for 20 hreatn temperature, when GC
analysis showed full conversion of the starting styrene. Theureixtas quenched with water
(50 mL) and extracted with GBI, (3 x 50 mL). Combined organic phases were washed
consecutively with saturated aqueous/8H(50 mL), brine (50 mL), then dried with Mg30
filtered and concentrated in vacuum. The residue was distilled in Kugelrdho(r, oven temp.
120-130°C). Yield 3.94 g (13.0 mmol, 99%}H NMR (400.13 MHz, CDG) § 7.39 (tJ = 7.3
Hz, 2H), 7.34-7.29 (m, 3H), 2.19 (dd= 14.4 Hz, 7.3 Hz, 1H), 2.08 (d,= 7.6 Hz, 1H), 1.83
(dg, J= 14.4 Hz, 7.3 Hz, 1H), 1.76 (d,= 7.6 Hz, 1H), 0.89 (tJ = 7.3 Hz, 3H); °C NMR
(125.76 MHz, CDGJ) § 140.2, 129.5 (+, 2C), 128.1 (+, 2C), 127.2 (+), 41.0, 36.8, 33.7 (-), 32.8

(-), 11.3 (+); GC: R=9.79 min.

2-Bromo-1-ethyl-1-phenylcyclopropan@319g: To a stirred solution of dibromocyclopropane

256 (3.94 g, 13.0 mmol) and Ti(OR)Ys (37 mg, 0.13 mmol, 10 mol%) in anhydrous ether was
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added dropwise 3N solution of EtMgBr (5.2 mL, 15.6 mmol, 1.2 equiv.). The mixtase
stirred at room temperature for 1 hr, when GC analysis showed dengaeversion. The
mixture was quenched with saturated aqueoug\KLO mL), then 10% aqueous sulfuric acid
(10 mL) and diethyl ether (30 mL) were added. The organic hagsrseparated; the aqueous
phase was extracted with ether (3 x 15 mL). Combined organic phasesvashed with brine,
dried with MgSd, filtered and concentrated in vacuum. The residue was purifiedably f
column chromatography on Silica gel eluting with hexane to affbedtitle compound as
mixture of diastereomers (1.48:1, colorless 6ilDR3, 0.33). Yield 2.226 g (9.89 mmol, 76%).
'H NMR (400.13 MHz, CDG)) § 7.43-7.26 (m, 5H), [3.32 (dd,= 8.1 Hz, 4.6 Hz) & 3.16 (dd),

= 7.6 Hz, 4.3 Hz)Y'1H], [2.08-1.85 (M) & 1.42-1.25 (mY,3H], [1.60 (ps.-t] = 7.6 Hz, 6.6 Hz)

& 1.07 (dd,J = 6.1 Hz, 4.5 Hz)Y'1H], [0.95 (t,J = 7.3 Hz) & 0.88 (t) = 7.3 Hz),Y3H]; *°C
NMR (100.67 MHz, CDG)) major:5 142.6, 128.8 (+, 2C), 128.3 (+, 2C), 126.6 (+), 31.9, 30.9 (-
), 30.1 (+), 21.7 (-), 10.94 (+); minor: 140.3, 130.4 (+, 2C), 127.9 (+, 2C), 126.8 (+), 33.5, 33.4
(), 27.3 (+), 20.8 (-), 10.87 (+); GC;R8.47 min (two diastereomers are not resolved); HRMS

(TOF ES): found 145.1025, calculated fanld; 3 (M-Br) 145.1023 (1.4 ppm).

2.4.3. Additions to Alkyl Aryl bromocyclopropanes

(1R*,2S5*)-tertButyl 2-methyl-2-phenylcyclopropyl ether (2329: An oven-

\‘\\

dried 10 mL Weaton vial was charged witBuOK (2.38 mmol, 266 mg), 18-

OBu-t
crown-6 ether (0.12 mmol, 21 mg), 1-methyl-1-phenyl-2-bromocyclopropane

(2319 (1.129 mmol, 250 mg), and anhydrous THF (5 mL). The mixture waedsfior 18 hr at
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80°C, then quenched with water, and extracted with@H{(3 x 20 mL). The combined organic
phases were washed with brine, dried with Ga@ltered and concentrated in vacuum. The
residue was purified by flash column chromatography on Silicaogebtain (1-methyl-2-tert-
butoxycyclopropyl)benzene as a clear oif R0, eluent — hexane). Yield 226 mg (1.11 mmol,
93%). 'H NMR (CDCk, 400.13 MHz)5 7.35-7.31 (m, 2H), 7.25-7.18 (m, 3H), 3.32 (dd; 7.3
Hz, 4.0 Hz, 1H), 1.50 (s, 3H), 1.31 (s, 9H), 1.26 (#d, 7.3 Hz, 6.1 Hz, 1H), 0.79 (dd= 6.1
Hz, 4.0 Hz, 1H); °C NMR (CDCE, 100.67 MHz)3 146.2, 128.3 (+, 2C), 126.1 (+, 2C), 125.4
(+), 74.3, 58.8 (+), 28.1 (+, 3C), 24.6, 20.8 (-), 18.8 (J;NOE NMR (CDC}, 500.13 MHz)3
0.79 (4%) upon irradiation at 1.50 ppm; GG:F50 min; HRMS (TOF ES) found 227.1412,

calcd for G4H200ONa (M + Na) 227.1407 (2.2 ppm).

© (1R*,2S*)»-(1-Methyl-2-propoxycyclopropyl)benzene(2329: An oven-dried
A 10 mL Weaton vial was charged with t-BuOK (2.38 mmol, 266 mg), 18+crow

o "

6 ether (0.12 mmol, 32 mg), 1-methyl-1-phenyl-2-bromocyclopropadag(

(2.129 mmol, 250 mg), and anhydrous THF (5 mL). The mixture wasdtior 2 min, and then
n-propanol (1.78 mmol, 107 mg) was added. The resulting mixture sl gor 18 hr at 80
°C, then quenched with water, and extracted with@H(3 x 20 mL). Combined organic
phases were washed with brine, dried with Ga@ltered and concentrated in vacuum. The
residue was purified by flash column chromatography on Silicatgeibtain (1-methyl-2-
propoxycyclopropyl)benzene as a clear od @R5, eluent — hexane). Yield 224 mg (1.18 mmol,

99%). *H NMR (CDCk, 400.13 MHz)$ 7.34-7.30 (m, 2H), 7.26-7.18 (m, 3H), 3.61-3.52 (m,

2H), 3.37 (ddJ = 7.1 Hz, 3.8 Hz, 1H), 1.69 (sextdt= 7.1 Hz, 2H), 1.53 (s, 3H), 1.17 (dbl=
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7.1 Hz, 6.1 Hz, 1H), 1.00 (f = 7.6 Hz, 3H), 0.87 (dd] = 6.1 Hz, 3.8 Hz, 1H);*C NMR
(CDCls, 100.67 MHz)8 146.0, 128.3 (+, 2C), 126.9 (+, 2C), 125.7 (+), 73.0 (-), 64.5 (+), 26.1,
23.0 (-), 20.4 (-), 18.8 (+), 10.7 (+)*H NOE NMR (CDC}, 500.13 MHz)& 0.87 (5%) upon
irradiation at 1.53 ppm; GC:RB.54 min; HRMS (TOF ES) found 209.1769, calcd for

C13H290N (M + NHy) 209.1780 (5.3 ppm).

(1R*,2S*)-(2-1sopropoxy-1-methylcyclopropyl)benzene (232b): was obtained
A according to the procedure described for preparation of com@afalemploying
)o\ isopropanol (1.78 mmol, 107 mg) instead repropanol. Yield 217 mg (1.14
mmol, 96%), colorless oil (R0.35, hexane).*H NMR (CDCk, 400.13 MHz)8 7.34-7.31 (m,
2H), 7.26-7.19 (m, 3H), 3.70 (septdt= 6.1 Hz, 1H), 3.43 (dd] = 7.3 Hz, 3.8 Hz, 1H), 1.52 (s,
3H), 1.27 (dJ = 6.1 Hz, 3H), 1.26 (d] = 6.1 Hz, 3H), 1.19 (dd] = 7.3 Hz, 5.8 Hz, 1H), 0.85
(dd,J = 5.8 Hz, 3.8 Hz, 1H):*C NMR (CDC}, 100.67 MHz)5 146.1, 128.3 (+, 2C), 126.7 (+,
2C), 125.6, 72.3 (+), 62.5 (+), 26.1, 22.5 (+), 21.9 (+), 20.4 (-), 19.1'H-)OE NMR (CDC},
500.13 MHz)é 0.85 (3%) upon irradiation at 1.52 ppm; GG:9RL7 min; HRMS (TOF ES)

found 197.1527, calcd forigH;50LI (M + Li) 197.1518 (4.6 ppm).

@ (1R*,25*)-N,N-Dimethyl-2-(2-methyl-2-phenylcyclopropoxy)ethylamine
A (232f). was obtained according to the procedure described for preparation of
o)

H compound232a employing 2-(dimethylamino)ethanol (158 mg, 1.78 mmol)
NMe; instead ofn-propanol. Yield 215 mg (0.98 mmol, 83%), colorless ojl (RL,

EtOAC). *H NMR (CDCh, 400.13 MHz)$ 7.31 (t,J = 7.8 Hz, 2H), 7.24 (dJ = 7.1 Hz, 2H),
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7.20 (t,J = 7.3 Hz, 1H), 3.75-3.65 (m, 2H), 3.39 (dds 7.1 Hz, 3.5 Hz, 1H), 2.62-2.57 (m, 2H),
2.32 (s, 6H), 1.53 (s, 3H), 1.16 (psJt 7.1 Hz, 6.1 Hz, 1H), 0.90 (dd= 6.1 Hz, 3.5 Hz, 1H);
3¢ NMR (CDCE, 100.67 MHz)s 145.9, 128.3 (+, 2C), 126.8 (+, 2C), 125.7 (+), 69.1 (-), 64.8
(+), 58.8 (), 45.8 (+), 26.1, 20.3 (-), 18.8 (+); HRMS (TOF ES) found 242.1588| fa

C1H2:NONa (M + Na) 242.1521 (3.7 ppm).

© (1R*,25*)-2-Methyl-2-phenylcyclopropyl (1E)-prop-1-enyl ether (232h): was
A obtained according to the procedure described for preparation of comp82ad
ﬁ employing allyl alcohol (1.78 mmol, 103 mg) insteachgdropanol. Yield 222 mg
(1.18 mmol, 98%), colorless oil {R.25, hexane)'H NMR (CDCk, 400.13 MHz)
§ 7.35-7.20 (m, 5H), 6.18 (dd,= 6.3 Hz, 1.8 Hz, 1H), 4.52 (ps.-quintdt= 6.6 Hz, 1H), 3.69
(dd,J = 7.1 Hz, 3.5 Hz, 1H), 1.65 (dd,= 6.8 Hz, 1.8 Hz, 3H), 1.52 (s, 3H), 1.24 (psl+t 7.1
Hz, 6.3 Hz, 1H), 0.99 (dd] = 6.3 Hz, 3.5 Hz, 1H);"*C NMR (CDC}, 100.67 MHz)$ 145.3,
145.1 (+), 128.4 (+, 2C), 127.0 (+, 2C), 126.0 (+); 102.1 (+), 64.8 (+), 26.1, 20.1 (-), 19.2 (+), 9.2
(+); 'H NOE NMR (CDC}, 500.13 MHz)5 0.99 (5%) upon irradiation at 1.52 ppm; GG: R

9.56 min; HRMS (TOF ES) found 211.1095, calcd fagHGsONa (M + Na) 211.1099 (1.9

ppm).

@ [(1R*,2S*)-2-(Benzyloxy)-1-methylcyclopropyllbenzeng2329: An
""" 5 oven-dried 10 ml Wheaton vial was charged with potassiema
6]
/\© butoxide (113 mg, 1.05 mmol, 1.5 equiv) and of 18-crown-6 (19 mg,

11 mmol, 10 mol%), and anhydrous THF (8 mL). 2-Bromo-1-methyl-1-pbgrigpropane
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(147 mg, 0.7 mmol, 1.0 equiv) was added, followed by benzyl alcohol (113.6%gmmol, 1.5
equiv). The mixture was stirred for 13 hr at“€) when GC showed the reaction was complete.
The mixture was quenched with water (5 ml), and extracted wi\&{(4 x 10 ml). Combined
organic phases were washed with brine (10 mL), dried with Mg8@ concentrated under
reduced pressure. The residue was purified by flash column clognayalhy on silica gel (R=

0.9, Hexane/EtOAc 1:1) to afford the title compound as colorlessr@dld 125 mg (0.53 mmol,
75%). *H NMR (400.13 MHz, CDCI3}p 7.47-7.23 (m, 10H), 4.71 (d,= 11.4 Hz, 1H), 4.70 (d,
J=11.4 Hz, 1H), 3.53 (dd, = 7.1 Hz, 3.8 Hz, 1H), 1.62 (s, 3H), 1.24 (psl+ 7.1 Hz, 5.8 Hz,
1H), 0.98 (dd,) = 5.8 Hz, 3.8 Hz, 1H);*C NMR (100.67 MHz, CDG) 8145.8, 137.9, 128.4 (+,
2C), 128.3 (+, 2C), 127.9 (+, 2C), 127.7 (+), 126.9 (+, 2C), 125.8 (+), 73.4 (-), 64.4 (+), 26.3,
20.4 (-), 19.0 (+); GC: R11.43 min; HRMS (TOF ES): found 256.1705, calculated for

C17H2NO (M+NH,) 256.1701 (1.6 ppm).

© [(1R*,2S*)-2-tert-Butoxy-1-ethylcyclopropyl]lbenzene (2329: An oven-
&\ dried 10 ml Wheaton vial was charged wight-butoxide (235 mg, 2.10 mmol,
j\ 3.00 equiv), 18-crown-6 (18 mg, 0.07 mmol, 10 mol%), and anhydrous THF (8
mL). 2-Bromo-1-ethyl-1-phenylcyclopropane (147 mg, 0.70 mmol, 1.0 equiv)added via
syringe. The reaction mixture was stirred at 80 deg for 13HenwEC showed the reaction was
complete. The mixture was quenched with water (5 mL) and extiadth EtOAc (4 x 10 mL).
Combined organic phases were washed with brine (10 mL), dried wiOMdiltered and
concentrated under reduced pressure. The residue was purified bgoliasim chromatography

(R = 0.6, Hexane/EtOAc 5:1) to afford a colorless oil. Yield 130(th§6 mmol, 85%).'H
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NMR (400.13 MHz, CDCI3p 7.33 (ps.-t) = 7.8 Hz, 7.1 Hz, 2H), 7.27 (d,= 7.8 Hz, 2H), 7.21

(t, J = 7.1 Hz, 1H), 3.28 (dd] = 7.1 Hz, 4.0 Hz, 1H), 1.96 (dgd,= 14.2 Hz, 7.3 Hz, 1.8 Hz,

1H), 1.67 (dg,J = 14.2 Hz, 7.3 Hz, 1H), 1.32 (s, 3H), 1.26 (dd&; 7.1 Hz, 5.8 Hz, 1.8 Hz, 1H),

0.93 (t,J = 7.3 Hz, 3H), 0.69 (dd] = 5.8 Hz, 4.0 Hz, 1H);*3C NMR (100.67 MHz, CDG) &

144.4, 128.2 (+, 2C), 127.9 (+, 2C), 125.6 (+), 74.3, 59.0 (+), 31.4, 28.2 (+, 3C), 25.3 (-), 17.8
(-), 11.3 (+); GC: R8.76 min; HRMS (TOF ES): found 219.1748, calculated fesHgzO

(M+H) 219.1749 (0.5 ppm).

O/\\\ ((1R*,25%)-1-Methyl-2-(propa-1,2-dien-1-yloxy)cyclopropyl)benzene
(232i): Was prepared according to Typical Procedure, employingorq@o-1-
methylcyclopropyl)benzene (105 mg, 0.50 mmol, 1.00 equiv) and propargyl al@hond,
0.60 mmol, 1.2 equiv). The reaction was carried out 8€ g0r 3 hrs. Preparative column
chromatography of the residual oil on silica gel afforded theeddmpound as a colorless oik, R
0.20 (hexane). Yield 76 mg (0.41 mmol, 82%) NMR (400.13 MHz, CDG)) § 7.24-7.16 (m,
4H), 7.11 (tdd,J = 6.6 Hz, 2.5 Hz, 1.8 Hz, 1H), 6.69 Jt= 5.9 Hz, 1H), 5.38 (dd] = 8.3 Hz, 6.1
Hz, 1H), 5.34 (ddJ = 8.6 Hz, 6.1 Hz, 1H), 3.48 (dd= 7.1 Hz, 3.8 Hz, 1H), 1.40 (s, 3H), 1.16
(t, J= 6.6 Hz, 1H), 0.87 (dd] = 6.2 Hz, 3.7 Hz, 1H);"*C NMR (100.67 MHz, CDG) & 201.6,
145.2, 128.3 (+, 2C), 126.9 (+, 2C), 125.9 (+), 121.5 (+), 90.6 (-), 63.0 (+), 25.8, 20.4 (-), 18.9
(+); FT IR (NaCl, crif): 3059, 2932, 2378, 2291, 2253, 1798, 1730, 1686, 1628, 1603, 1578,

1541, 1528, 1508, 1497, 1483, 1464, 1448, 1375, 1364, 1267, 1171, 1121, 1109, 1094, 1070,
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1041, 1030, 1011, 918, 808, 764, 700, 588, HRMS (TOF ES): found 187.1119, calculated for

C.3H150 (M+H) 187.1123 (2.1 ppm)

2.4.4. Amino Alcohol Additions

Me «Ph N-Benzyl-3-((1R*,25*)-2-methyl-2-phenylcyclopropoxy)propan-1-
O/j amine (236b) (Typical Procedure): To a stirred suspensioBiiOK (141 mg,
H 1.26 mmol, 2.50 equiv), 18-crown-6 (13 mg, @@ol, 10 mol%) in anhydrous
THF (1 mL) was added (2-bromo-1-methylcyclopropyl)benzé®a)((106 mg,
0.503 mmol, 1.00 equiv), followed by 3-(benzylamino)propan-1-ol (125 mg, 0.76,mMn&dl
equiv). The mixture was stirred at 80 for 18 hrs. Then, the KBr precipitate was filtered off
on a fritted funnel and the filtrate was concentrated in vacuurepaPRative column
chromatography of a residue on silica gel doped with triethgl@fforded the title compound
as a light orange oil, {R0.30 (EtOAc). Yield 134 mg (0.45 mmol, 90%jH NMR (400.13
MHz, CDCk) & 7.48-7.21 (m, 10H), 3.88 (s, 2H), 3.78-3.69 (m, 2H), 3.41 Jdd7.1 Hz, 3.5
Hz, 1H), 2.85 (tJ = 6.9 Hz, 2H), 1.93 (quin] = 6.6 Hz, 2H), 1.57 (s, 3H), 1.21 (= 6.4 Hz,
1H), 0.90 (ddJ = 5.8 Hz, 3.8 Hz, 1H);**C NMR (100.67 MHz, CDG) & 145.7, 140.2, 128.2
(+, 2C), 128.2 (+, 2C), 128.0 (+, 2C), 126.72 (+), 126.68 (+, 2C), 125.6 (+), 69.5 (-), 64.4 (+),
53.9 (-), 46.6 (-), 30.0 (-), 25.9, 20.3 (-), 18.7 (+); FT IR tcfilm): 3338, 3061, 3026, 2951,
2828, 2870, 1589, 1495, 1454, 1447, 1360, 1169, 1119, 1092, 1028, 827, 760, 743, 698, HRMS

(TOF ES): found 318.1838, calculated fapld,sNONa (M+Na) 318.1834 (1.3 ppm).



131

Me +Ph N-(3-((1R*,2S*)-2-Methyl-2-phenylcyclopropoxy)propyl)hexan-1-amine
o (2369: Was prepared according to Typical Procedure, employiigqi@o-1-

rexiN methylcyclopropyl) benzene (111 mg, 0.52 mmol, 1.0 equiv) and 3-
(hexylamino)propanol (110 mg, 0.69 mmol, 1.3 equiv). Preparative column chroaptpgn
silica gel doped with triethylamine afforded the title compoundaagllowish oil, R 0.50
(Hexane/EtOAc 8:1). Yield 139 mg (0.48 mmol, 92%) NMR (400.13 MHz, CDG) & 7.34-
7.27 (m, 2H), 7.26-7.16 (m, 3H), 3.71-3.61 (m, 2H), 3.35 JddB.9 Hz, 3.7 Hz, 1H), 2.74 @,
= 6.9 Hz, 2H), 2.62 () = 7.2 Hz, 2H), 1.89-1.80 (m, 2H), 1.50 (s, 3H), 1.53-1.45 (m, 2H), 1.38-
1.25 (m, 7H), 1.15 () = 6.6 Hz, 1H), 0.93-0.87 (m, 3H), 0.84 (dds 5.9 Hz, 3.7 Hz, 1H);**C
NMR (100.67 MHz, CDGJ)) § 145.9, 128.3 (+, 2C), 126.8 (+, 2C), 125.7 (+), 69.8 (-), 64.5 (+),
50.1 (-), 47.4 (), 31.8 (-), 30.2 (-), 30.1 (-), 27.1, 26.1 (-), 22.6 (-), 20.4 (), 18.8 (+), 14.0 (+);
FT IR (Cm'l, film): 3319, 2955, 2928, 2870, 2856, 2816, 1497, 1458, 1447, 1364, 1292, 1240,

1171, 1132, 1090, 1070, 1028, 1013, 997, 933, 891, 827, 762, 744, 727, 698, 534, HRMS (TOF

ES): found 312.2305, calculated fofgB3:NONa (M+Na) 312.2303 (0.6 ppm).

Mez ~Ph N-(Furan-2-ylmethyl)-3-((1R*,2S*)-2-methyl-2-phenylcyclopropoxy)propan-
o 1-amine(2369: Was prepared according to Typical Procedure, employing (2-
@)
NH
<\J/\ bromo-1-methylcyclopropyl)benzene (110 mg, 0.52 mmol, 1.0 equiv) followed

by 3-((furan-2-ylmethyl)amino)propan-1-ol (124 mg, 0.80 mmol, 1.5 equivyepdPative
column chromatography of the residue on silica gel doped witihl@mine afforded the title

compound as a light orange oil; ®50 (Hex/EtOAc 5:1). Yield 119 mg (0.42 mmol, 80%H
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NMR (400.13 MHz, CDGJ) § 7.38 (dd,J = 1.8 Hz, 0.8 Hz, 1H), 7.35-7.27 (m, 2H), 7.26-7.17
(m, 3H), 6.33 (dd) = 3.2 Hz, 1.9 Hz, 1H), 6.20 (d,= 2.8 Hz, 1H), 3.82 (s, 2H), 3.66 (tdi=

6.2 Hz, 2.5 Hz, 2H), 3.35 (dd,= 7.1 Hz, 3.8 Hz, 1H), 2.77 (,= 6.9 Hz, 2H), 1.86 (quin] =

6.6 Hz, 2H), 1.57 (quin] = 6.4 Hz, 1H), 1.50 (s, 3H), 1.16 {t= 6.4 Hz, 1H), 0.84 (dd] = 5.8

Hz, 3.8 Hz, 1H)*C NMR (100.67 MHz, CDG) & 154.0, 145.9, 141.8 (+), 128.4 (+, 2C), 126.9
(+, 2C), 125.8 (+), 110.1 (+), 106.8 (+), 69.7 (-), 64.6 (+), 46.6 (-), 46.3 (-), 3026(1, 20.4 (-

), 18.8 (+); FT IR (KBr, cni): 3105, 3086, 3072, 2951, 2928, 2868, 1161, 1148, 1117, 1092,
1072, 1028, 762, 733, 700; HRMS (TOF ES): found 286.1802, calculate@gfhl00, (M+H)

286.1807 (1.7 ppm).

Meﬁh N-(2-(2-((1R*,2S*)-2-Methyl-2-phenylcyclopropoxy)ethoxy)-
O/\/\’B}'H ethyl)butan-1-amine (2369: Was prepared according to Typical
Procedure employlijng (2-bromo-1-methylcyclopropyl)benz&3id (106 mg, 0.50 mmol, 1.0
equiv) and 2-(2-(butylamino)ethoxy)ethanol (99 mg, 0.62 mmol, 1.3 equiv). Piepam@iumn
chromatography of the residue on silica gel doped with triathigka afforded the title comp-
ound as an yiellow oil, £0.50 (EtOAc/MeOH 20:1). Yield 120 mg (0.41 mmol, 82%) NMR
(400.13 MHz, CDGJ) § 7.34-7.26 (m, 2H), 7.25-7.16 (m, 3H), 3.79-3.74 (m, 2H), 3.71-3.66 (m,
2H), 3.63 (tJ = 5.3 Hz, 2H), 3.43 (ddl = 7.1 Hz, 3.5 Hz, 1H), 3.41-3.33 (m, 1H), 2.84-2.79 (m,
2H), 2.66-2.60 (m, 2H), 1.89 (br. s., 1H), 1.52 (s, 3H), 1.54-1.43 (m, 1H), 1.41-1.30 (m, 2H),
1.16 (t,J = 6.6 Hz, 1H), 0.93 () = 7.3 Hz, 3H), 0.88 (dd] = 5.8 Hz, 3.8 Hz, 1H);"*C NMR
(100.67 MHz, CDG)) § 145.8, 128.3 (+, 2C), 126.8 (+, 2C), 125.7 (+), 70.6 (-), 70.4 (-), 70.1 (-),

64.8 (+), 49.6 (), 49.3 (), 32.2 (), 26.2, 20.43 (-), 20.41 (-), 18.7 (+), 14.0 (+); FamR (
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film): 3321, 3059, 3024, 2957, 2928, 2872, 1670, 1603, 1578, 1541, 1497, 1458, 1447, 1377,
1348, 1323, 1292, 1246, 1173, 1121, 1095, 1055, 1028, 1013, 995, 951, 920, 872, 827, 762, 748,
698, 669, 650, 596, 534, 473, 409; HRMS (TOF ES): found 292.2271, calculated for

C18H30NO, (M+H) 292.2277 (21 ppm)

Me (P 3-((1R*,2S*)-2-Methyl-2-phenylcyclopropoxy)propan-1-aming236d): Was
O/j prepared according to Typical Procedure, employing (2-bromo-1-
methylcyclopropyl)benzene281g (102 mg, 0.49 mmol, 1.0 equiv) and 3-
aminopropan-1-ol (66 mg, 0.88 mmol, 1.7 equiv). Preparative column chromatograptiga
gel doped with triethylamine afforded the title compound as de peange oil, R0.50
(EtOAc/MeOH 1:1). Yield 80 mg (0.39 mmol, 81%JH NMR (400.13 MHz, CDG) & ppm
7.33-7.28 (m, 2H), 7.24-7.18 (m, 3H), 3.71-3.66 (m, 2H), 3.70 (br. s, 2H), 3.36 £06.9 Hz,
3.7 Hz, 1H), 2.94 (tJ = 6.6 Hz, 1H), 2.03-1.96 (m, 2H), 1.88 (quih= 6.5 Hz, 1H), 1.50 (s,
3H), 1.16 (app. t) = 6.9 Hz, 6.1 Hz, 1H), 0.84 (dd= 6.1 Hz, 3.8 Hz, 1H):*C NMR (100.67
MHz, CDCk) & ppm 145.6, 128.3 (+, 2C), 126.8 (+, 2C), 125.8 (+), 68.7 (-), 64.5 (+), 38.2 (-),
30.2 (-), 26.0, 20.3 (-), 18.8 (+); FT IR (mfilm): 3354, 3292, 3057, 3024, 2955, 2928, 2872,
1558, 1539, 1497, 1404, 1362, 1339, 1294, 1250, 1169, 1092, 1028, 1013, 955, 922, 829, 698,

650, 536; HRMS (TOF ES): found 206.1547, calculated fgHENO (M+H) 206.1545 (1.0

ppm).
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2.4.5. Addition to Amides

Me,,
1 N
AN 10
Bu'O HO

methyl}phenol (239: was prepared from bromocyclopropa®¥ (135 mg, 0.50 mmol) and

(1R*,2R*)-2-{[(2-tert-Butoxy-1-methylcyclopropyl)methylamino]-

BuOK (170 mg, 1.50 mmol) in the presence of 18-crown-6 (13 mg, 0.05 mmol, ¥) mdhe
mixture was stirred in anhydrous THF (5 mL) at°80for 20 hrs. The mixture was partitioned
between water and EtOAc and extracted with EtOAc (3 x 20 mihe combined organic phases
were washed with brine, dried over Mg&@ltered and concentrated. The residue was purified
by preparative column chromatography on Silica gel, eluent EtAafford yellowish oil.
Yield 91 mg (0.35 mmol, 69%)*H NMR (CsDs, 500.13 MHz)s 7.28 (dd,J = 7.3 Hz, 1.5 Hz,
1H), 7.25 (ps.-tdJ = 8.2 Hz, 6.9 Hz, 1.6 Hz, 1H), 6.97 (dik 6.9 Hz, 1.3 Hz, 1H), 6.88 (td=

7.3 Hz, 1.3 Hz, 1H), 3.77 (d,= 13.9 Hz, 1H), 3.67 (d] = 13.9 Hz, 1H), 2.83 (dd] = 6.0 Hz,

3.5 Hz, 1H), 2.67 (d) = 11.7 Hz, 1H), 2.55 (d = 11.7 Hz, 1H), 1.14 (s, 9H), 0.96 (s, 3H), 0.39
(dd, J = 5.4 Hz, 3.5 Hz, 1H), 0.30 (ps.&,= 6.0 Hz, 5.4 Hz, 1H);**C NMR (CDCE, 100.67
MHz) § 158.5, 128.5 (+), 128.1 (+), 122.9, 118.7 (+), 116.3 (+), 74.5, 56.4 (+), 53.1 (-), 53.0 (-),
28.1 (+, 3C), 21.2 (+), 19.9 (-), 19.3H NOE NMR (CDC}, 500.13 MHz)s 1.14 (5%) upon
irradiation at 2.83 ppm; HRMS (TOF ES) found 264.1957, calcd f@gHENO, (M + H)

264.1963 (2.3 ppm).
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0 (1R*,2S%)-2-tert-Butoxy-N,N-diethyl-1-methylcyclopropanecarboxamide
’IKLNEQ (2429: An oven-dried 10 mL Wheaton vial was charged with cyclopropylimem

40\ 241e(233 mg, 1.00 mmol}X-BuOK (343 mg, 3.50 mmol), 18-crown-6 (26.4 mg,
0.100 mmol, 10 mol%), and anhydrous THF (5 mL). The mixture wasdttr8°C overnight
when GC showed the reaction was complete. The mixture was quenithedater (5 mL) and
extracted with EtOAc (4 x 10 mL). Combined organic phases wasbed with brine (10 mL),
dried with MgSQ, filtered and concentrated under reduced pressure. The residue was purified by
flash column chromatography«R 0.15, Hexane/EtOAc 3:1) to afford a colorless oil, yield 197
mg (0.87 mmol, 87%).*H NMR (500.19 MHz, CDG) § 3.59 (dg,J = 14.2 Hz, 6.9 Hz, 1H),
3.53 (dg,J = 14.2 Hz, 6.9 Hz, 1H), 3.41 (d§= 14.2 Hz, 6.9 Hz, 1H), 3.24 (dd= 14.2 Hz, 6.9
Hz, 1H), 3.13 (ddJ = 3.20 (dd,) = 5.6 Hz, 3.5 Hz, 1H), 1.22 (s, 3H), 1.23-1.20 (m, 4H), 1.19 (s,
9H), 1.08 (t,J = 6.9 Hz, 3H), 0.64 (ps.-f] = 5.8 Hz, 5.6 Hz, 1H);**C NMR (125.76 MHz,

CDCl) & 171.2, 74.7, 56.6 (+), 40.7 (-), 38.2 (-), 28.0 (+, 3C), 24.6, 21.0 (-), 20.8 (+), 14.1 (+),

12.2 (+); HRMS (TOF ES) found 228.1968, calcd fesHGeNO, (M + H) 228.1964 (0.9 ppm).

0 (1R*,25*)-N,N-Diethyl-1-methyl-2-propoxycyclopropanecarboxamide (2421):
NEt2 An oven-dried 10 mL Weaton vial was charged wiBuOK (168 mg, 1.50
{ mmol), 18-crown-6 ether (26 mg, 0.10 mmol), 2-broNb-diethyl-1-methyl-
cycloprop-2-enecarboxamid&#le (248 mg, 1.00 mmolxy-propanol (112 uL, 90

mg, 1.50 mmol) and anhydrous THF (5 mL). The mixture wasedtifor 18 hrs at 86C, and

then partitioned between water and ethylacetate. The organic\whaseparated; the aqueous

layer was extracted with EtOAc (3 x 20 mL). The combined orgaiméses were washed with
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brine, dried with MgSQ filtered and concentrated. Purification of the residue by prizpara
column chromatography afforded the title compound as a colorless dd, 318 mg (0.94
mmol, 94%). *H NMR (CDCk, 400.13 MHz)$ 3.62 (dq,J = 14.2 Hz, 7.1 Hz, 1H), 3.51-3.23
(m, 5H), 3.19 (ddJ = 5.6 Hz, 3.5 Hz, 1H), 1.47 (sextdtz 6.8 Hz, 2H), 1.19 (] = 7.2 Hz, 3H),
1.19 (s, 3H), 1.16 (dd = 5.8 Hz, 3.5 Hz, 1H), 1.06 @,= 7.1 Hz, 3H), 0.82 () = 7.3 Hz, 3H),
0.56 (ps.-tJ = 5.8 Hz, 5.6 Hz, 1H)*3C NMR (CDC}, 100.67 MHz)5 170.8, 71.8 (-), 62.9 (+),
40.9 (-), 38.5 (-), 27.4, 22.7 (-), 20.5 (+), 18.3 (-), 13.9 (+), 12.2 (+), 10.5'H)INOE NMR
(CDCls, 500.13 MH2z)[1 3.19 (5%) and 0.56 (4%) upon irradiation at 1.19 ppm; HRMS (TOF

ES) found 214.1813, calcd for4Ei,4NO, (M + H) 214.1807 (2.8 ppm).

0 (1R*,25*)-2-Butoxy-N,N-diethyl-1-methylcyclopropanecarboxamide (2429:
NEL \vas obtained according to the procedure described for com@d2fcemploying
Oj n-butanol (137 pL, 11 mg, 1.50 mmol) insteachgiropanol. Yield 220 mg (0.91
mmol, 91%), colorless oil.*H NMR (CDCk, 400.13 MHz)$ 3.63 (dqg,J = 14.2
Hz, 7.1 Hz, 1H), 3.49-3.34 (m, 4H), 3.24 (dgz 14.2 Hz, 7.1 Hz, 1H), 3.20 (dd= 5.6 Hz, 3.5
Hz, 1H), 1.48-1.40 (m, 2H), 1.33-1.25 (m, 2H), 1.200 &, 7.1 Hz, 3H), 1.19 (s, 3H), 1.17 (dH,
= 5.8 Hz, 3.5 Hz, 1H), 1.06 @,= 7.1 Hz, 3H), 0.85 (J = 7.3 Hz, 3H), 0.57 (ps.-§,= 5.8 Hz,
5.6 Hz, 1H); *C NMR (CDCk, 100.67 MHz)5 170.8, 70.0 (-), 62.9 (+), 40.9 (), 38.5 (-), 31.5
(), 27.4, 20.5 (+), 19.2 (-), 18.3 (-), 14.0 (+), 13.8 (+), 12.2 (+); HRMS (TOFf&ES)d

226.1817, calcd for GH24NO, (M - H) 226.1807 (4.4 ppm).
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0 (1R*,2S%)-1-{[1-Methyl-2-(pent-4-enyloxy)cyclopropyl]carbonyl}pyrrolidine
&'\D (242h): was obtained according to the procedure described for com@#aid

\oj employing bromocyclopropan241f (237 mg, 1.00 mmol) and 4-penten-1-ol

= (155 pL, 129 mg, 1.50 mmol). Yield 218 mg (0.92 mmol, 92%). 0RO
(hexane-EtOAc 2:3)'H NMR (CDCk, 400.13 MHz)5 5.74 (ddtJ = 16.9 Hz, 10.1 Hz, 6.6 Hz,
1H), 4.95 (dgJ = 16.9 Hz, 1.5 Hz, 1H), 4.91 (dd= 10.1 Hz, 1.5 Hz, 1H), 3.84-3.79 (m, 1H),
3.47-3.35 (m, 5H), 3.15 (dd,= 5.6 Hz, 3.5 Hz, 1H), 2.00 (ps.-@|= 7.8 Hz, 6.8 Hz, 1H), 1.94-
1.83 (m, 2H), 1.81-1.74 (m, 2H), 1.55 (ps.-quinfet 7.6 Hz, 6.6 Hz, 2H), 1.21 (s, 3H), 1.18
(dd, J = 5.8 Hz, 3.5 Hz, 1H), 0.55 (ps.d,= 5.8 Hz, 5.6 Hz, 1H)**C NMR (CDC}, 100.67
MHz) & 169.9, 138.1 (+), 114.6 (-), 69.4 (-), 62.2 (+), 46.3 (-), 45.9 (-), 30.1 (-), 2823,
26.2 (-), 24.1 (-), 19.3 (+), 17.7 (-); HRMS (TOF ES) found 238.1805, calcd,§pbMBI0, (M

+ H) 238.1807 (0.8 ppm).

o (1R*,25*)-1-Methyl-N-octyl-2-propoxycyclopropanecarboxamide (2423):
&H was prepared from bromocyclopropd#lb (250 mg, 0.861 mmol) according
(@]
H to the procedure described for compo@4®f. Yield 218 mg (0.810 mmol,

94%), colorless oil.*H NMR (CDCk, 400.13 MHz)5 6.48 (br.s, 1H), 3.50 (t,
J= 6.8 Hz, 2H), 3.31 (dd] = 6.6 Hz, 4.3 Hz, 1H), 3.26-3.17 (m, 2H), 1.62 (sextet,7.3 Hz,
2H), 1.49-1.42 (m, 2H), 1.30-1.25 (m, 10H), 1.20 (s, 3H), 1.11Xdd5.1 Hz, 4.3 Hz, 1H), 0.94
(t, J = 7.3 Hz, 3H), 0.91 (ps.-fl = 6.4 Hz, 1H), 0.88 (&) = 7.1 Hz, 3H);"*C NMR (CDCE,

100.67 MHz)$ 173.5, 73.2 (-), 64.8 (+), 39.3 (), 31.7 (-), 29.5 (-), 29.22 (-), 29.15 (-), 27.0 (-),
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25.0, 22.64 (-), 22.58 (-), 22.1 (-), 20.0 (+), 14.0 (+), 10.5 (+); HRMS (TOFf&S8)d

270.2427, calcd for £gH3.NO, (M + H) 270.3433 (2.2 ppm).

0 (1R*,2S*)-N-Hexyl-2-isopropoxy-1-methylcyclopropanecarboxamide

Kk H (242b): was prepared from bromocyclopropa2#la (250 mg, 0.954 mmol)
o)

)\ according to the procedure described for compow#®f employing

isopropanol (110 pL, 86 mg, 1.43 mmol) insteachqdropanol. Yield 209 mg (0.868 mmol,
91%), colorless oil."H NMR (CDCk, 400.13 MHz)5 6.54 (br.s, 1H), 3.76 (septet= 6.1 Hz,

1H), 3.31 (ddJ = 6.6 Hz, 4.5 Hz, 1H), 3.27-3.12 (m, 2H), 1.48-1.41 (2H), 1.30-1.24 (m, 6H),
1.21 (d,J = 6.1 Hz, 3H), 1.19 (s, 3H), 1.18 @z 6.1 Hz, 3H), 1.07 (ddl = 5.8 Hz, 4.5 Hz, 1H),

0.90 (ps.-tJ = 6.6 Hz, 5.8 Hz, 1H), 0.86 @,= 7.1 Hz, 3H); **C NMR (CDC}, 100.67 MHz)5

173.5, 73.0 (+), 62.5 (+), 39.2 (-), 31.4 (), 29.4 (-), 26.6 (-), 24.9, 22.5 (-), 22.1 (-), 22.0 (+), 21.6
(+), 20.0 (+), 19.9 (+); HRMS (TOF ES) found 242.2122, calcd feHENO, (M + H)

242.2120 (0.8 ppm).

o} (1R*,2S*)-2-tert-Butoxy-N-(tert-butyl)-1-methylcyclopropanecarboxamide
K\H (2429: was prepared from bromocyclopropa¥lc (100 mg, 0.43 mmol) and

/T\ BuOK (96 mg, 0.85 mmol) according to the procedure described for prieparat
of compound242f Yield 89 mg (0.39 mmol, 92%), colorless oitH NMR (CDCk, 400.13
MHz) § 6.57 (br.s, 1H), 3.27 (dd, = 6.8 Hz, 4.6 Hz, 1H), 1.34 (s, 9H), 1.31 (s, 9H), 1.18 (s,
3H), 1.03 (dd, = 6.1 Hz, 4.6 Hz, 1H), 0.94 (ps.&~= 6.8 Hz, 6.1 Hz, 1H)*C NMR (CDCE,

100.67 MHZz)5 173.5, 76.2, 58.3 (+), 50.3, 28.8 (+, 3C), 27.6 (+, 3C), 24.4, 23.0 (-), 19 H(+);
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NOE NMR (CDC§, 500.13 MHz)51.18 (5%) upon irradiation at 3.27 ppm; HRMS (TOF ES)

found 228.1973, calcd for,gH26NO, (M + H) 228.1963 (4.4 ppm).

o )P\h (1R*,25*)-N-Benzhydryl-2-tert-butoxy-1-methylcyclopropanecarboxamide
KLH t Ph (2420): was prepared from bromocyclopropald (206 mg, 0.50 mmol)-
BuOKO?ZUOl mg, 1.50 mmol), and 18-crown-6 (16 mg, 0.06 mmol) according toypiealt
procedure. The crude product was purified by Flash column chroraphygion silica gel,
eluent hexane-EtOAc 5:1. Yield: 151 mg (0.45 mmol, 75%). NMR (CDCk, 400.13 MHz)%

7.42 (d,J = 7.3 Hz, 1H), 7.34-7.23 (m, 10H), 6.27 {d= 7.3 Hz, 1H), 3.35 (dd] = 6.8 Hz, 4.5

Hz, 1H), 1.25 (s, 3H), 1.23 (dd,= 6.4 Hz, 4.5 Hz, 1H), 1.10 (s, 9H), 1.05 (psl+, 6.8 Hz, 6.4

Hz, 1H); *C NMR (CDCE, 100.67 MHz)s 173.5, 142.3, 142.2, 128.6 (+, 2C), 128.4 (+, 2C),
127.8 (+, 2C), 127.3 (+), 126.94 (+), 126.89 (+, 2C), 76.4, 58.5 (+), 56.7 (+), 27.4 (+, 3C), 24.0,
23.4 (-), 19.8 (+); 'H NOE NMR (CDC}, 500.13 MHz)s 1.25 (7%) upon irradiation at 3.35
ppm; HRMS (TOF ES) found 360.1935, calcd fepgHz;NO.Na (M + Na) 360.1940 (1.4 ppm).

28.1 (+, 3C), 24.1 (+), 14.3 (-); HRMS (TOF ES): found 236.1627, calculated #d5:8O,Na

(M+Na) 236.1626 (0.4 ppm).

o " (1S*,2R*)-2-(benzyloxy)-N,N-diethyl-1-methylcyclopropane-
e
EtzN&O carboxamide (242i): Typical Procedure: Bromocyclopropariile
(70.2 mg, 1.00 eq, 0.30 mmol) was added to a mixture of 66.6 mg of t-
BuOK (2.0 eq, 0.60 mmol) and 7.8 mg of 18-crown- 6 ether (10%n38l). Then 49 mg of

Benzyl alcohol ( 1.5 eq, 0.45 mmol) was added and the reaction mixture was stirregdiroash
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THF (1 mL) overnight at 80 deg. The reaction mixture was partitivedaleen water (10ml),
brine and EtOAc (X 20ml). The combined organic phases were dried witts0a filtered and
concentrated. The residue was filtered through a short bed ad §dic(EtOAc) to afford the

titte compound as colorless oil. Yield 74 mg (0.28 mmol, 95%). NMR (400.13 MHz,
CDCl) § 7.36-7.24 (m, 5H), 4.58 (d,= 12.1 Hz, 1H), 4.49 (d] = 11.9 Hz, 1H), 3.69 (dg] =

14.4 Hz, 7.3 Hz, 1H), 3.54-3.37 (m, 2H), 3.31 (d& 5.8 Hz, 3.5 Hz, 1H), 3.31 (dd,= 14.2

Hz, 7.1 Hz, 1H), 1.32 (dd, = 5.8 Hz, 3.5 Hz, 1H), 1.24 (s, 3H), 1.22J& 7.3 Hz, 3H), 1.10 (t,
J=7.1Hz, 3H), 0.66 (t) = 5.9 Hz, 1H); *C NMR (100.67 MHz, CDG) § 170.7, 138.1, 128.2

(+, 2C), 127.5 (+, 2C), 127.4 (+), 72.3 (-), 62.7 (+), 41.1 (-), 38.6 (-), 27.8, 20.6 (+), 18.5 (), 14.0
(+), 124 (+); FTIR (CﬁJI, film): 2990, 2980, 1713, 1623, 1433, 1364, 1259, 1223, 1159, 1132,
1090, 1047, 1003, 910, 733, 698, 648, 530; HRMS (TOF ES): found 262.1817, calculated for

C16H24NO, (M+H) 262.1807 (38 ppm)

0
~Me
EtZNJX
O/\/OCH3

propanecarboxamid€242k): Was prepared according to Typical Procedure, employingdsrom

(1R*,25*)-N,N-Diethyl-2-(2-methoxyethoxy)-1-methylcyclo-

cyclopropane24le (117 mg, 1.00 eq, 0.50 mmol) and ethylene glycol monomethyl ether (57
mg, 1.0 eq, 0.5 mmol). Preparative column chromatography on Silicaffgedied the title
compound as a clear oil; R.40 (hexane/EtOAc 3:1). Yield 102 mg (0.44 mmol, 89%).
NMR (400.13 MHz, CDGJ) & 3.72-3.56 (m, 2H), 3.53 (ddd,= 10.9 Hz, 4.9 Hz, 3.5 Hz, 1H),

3.47-3.35 (m, 4H), 3.29 (s, 3H), 3.28-3.21 (m, 2H), 1.20-1.18 (m, 1H), 1.18 (s, 3H), 118 (t,
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7.2 Hz, 3H), 1.04 (t) = 7.1 Hz, 3H), 0.59 (ps.-t] = 5.9 Hz, 1H); *C NMR (100.67 MHz,

CDCly) § 170.6, 71.6 (-), 69.6 (-), 63.2 (+), 58.9 (+), 41.0 (-), 38.5 (-), 27.6 (+), 20.5, 18.2 (-),
13.9 (+), 12.2 (+); FT IR (cth film): 2968, 2934, 2874, 2824, 2737, 1722, 1634, 1518, 1427,
1379, 1364, 1348, 1323, 1304, 1259, 1219, 1200, 1167, 1128, 1101, 1067, 1030, 957, 920, 903,

860, 800, 760; HRMS (TOF ES): found 229.1677, calculated f#t,gNOs; (M*) 229.1678 (0.4

ppm).

~Me
/

o (1S*,2R*)-2-(2-(Dimethylamino)ethoxy)-N,N-diethyl-1-
EtZNJAM
o™\

methylcyclopropanecarboxamid€42k): Was prepared according to
Typical Procedure VI, employing bromocycloprop&@#d.e (117 mg, 1.00 eq, 0.50 mmol) and
2-N,N-dimethylaminoethanol (67 mg 1.5 eq, 0.75 mmol). Preparative column dograyzhy

on Silica gel to afford the titled compound as a clear giD.R0 (EtOAc). Yield 97 mg (0.40

mmol, 80%). *H NMR (400.13 MHz, CDG) & 3.62-3.53 (m, 2H), 3.52-3.39 (m, 2H), 3.37-3.21

(m, 2H), 3.15 (ddJ = 5.7 Hz, 3.7 Hz, 1H), 2.31 (#=5.8 Hz, 2H), 2.11 (s, 6H), 1.11 &= 7.1

Hz, 3H), 1.10 (s), 1.11-1.09 (m, 1H), 0.97Xt 7.1 Hz, 3H), 0.49 () = 5.9 Hz, 1H); *C NMR

(100.67 MHz, CDGJ) & 170.6, 68.7 (-), 63.1 (+), 58.2 (-), 45.7 (+, 2C), 41.0 (-), 38.5 (-), 27.4,
20.4 (+), 18.1 (-), 13.9 (+), 12.3 (+); FT IR (¢nfilm): 2970, 2934, 2874, 1637, 1462, 1427,
1381, 1364, 1348, 1323, 1304, 1219, 1200, 1167, 1128, 1101, 1067, 1030, 957, 903, 473; HRMS

(TOF ES): found 243.2080, calculated fogld,7/N,O, (M+H) 243.2073 (2.9 ppm).
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0
Me
EtzN)x
OW

panecarboxamide(242i): Was prepared according to Typical Procedure, employing bromo

(1S,2R)-N,N-Diethyl-1-methyl-2-(pent-4-enyloxy)cyclopro-

cyclopropane241i (117 mg 1.00 eq, 0.50 mmol) and 4-pentenel-ol (87 mg, 1.00 eq, 0.50
mmol). Preparative column chromatography on Silica gel to chffioe titted compound as a
yellowish oil, R 0.50 (hexane/EtOAc 2:1). Yield 117 mg (0.49 mmol, 899).NMR (400.13

MHz, CDCk) 8 5.75 (ddtJ = 17.2 Hz, 10.1 Hz, 6.6 Hz, 1H), 4.97 (dgs 17.2 Hz, 1.7 Hz, 1H),

4.92 (ddt,J = 10.1 Hz, 2.0 Hz, 1.3 Hz, 1H), 3.63 (dbF 14.3 Hz, 7.1 Hz, 1H), 3.50-3.33 (m,
4H), 3.24 (dgJ = 13.6 Hz, 7.1 Hz, 1H), 3.20 (dd,= 5.6 Hz, 3.5 Hz, 1H), 2.06-1.98 (m, 2H),
1.60-1.50 (m, 2H), 1.20 (8,= 7.1 Hz, 3H), 1.19 (s, 3H), 1.17 (diiz 5.8 Hz, 3.5 Hz, 1H), 1.07

(t, J= 7.1 Hz, 3H), 0.57 () = 5.8 Hz, 1H); 3C NMR (100.67 MHz, CDG) & 170.7, 138.2 (+),
114.6 (-), 69.4 (-), 62.9 (+), 40.9 (-), 38.5 (-), 30.2 (-), 28.6 (-), 27.4, 20.5 (+), 18.3 (-), J4.0 (+
12.3 (+); FT IR (crit, film): 3078, 2970, 2935, 2872, 1641, 1462, 1443, 1425, 1258, 1219,
1165, 1128, 1090, 1005, 960, 912, 636; HRMS (TOF ES): found 262.1774, calculated for

Ci14H25NOoNa (M+Na) 262.1783 (3.4 ppm).

(@)
&
O
OW

yl)methanone(242h): Was prepared according to Typical Procedure, employifgq@o-1-

((1S*,2R*)-1-Methyl-2-(pent-4-enyloxy)cyclopropyl)(pyrrolidin-1-

methylcyclopropyl)(pyrrolidin-1-yl)methanon41f) (250 mg, 1.07 mmol) and pent-4-en-1-ol

(138 mg, 1.61 mmol, 1.50 equiv). Preparative column chromatography oflaeresi silica gel
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afforded the title compound as a yellow oil, R30 (hexane/EtOAc 2:3). Yield 219 mg (0.98
mmol, 92%). *H NMR (400.13 MHz, CDG)) & 5.76 (ddtJ = 17.0 Hz, 10.3 Hz, 6.7 Hz, 1H),

4.97 (ddt,J = 17.2 Hz, 1.8 Hz, 1.5 Hz, 1H), 4.92 (ddt= 10.4 Hz, 2.2 Hz, 1.2 Hz, 1H), 3.83
(ddd,J = 10.1 Hz, 6.2 Hz, 3.7 Hz, 1H), 3.50-3.36 (m, 5H), 3.17 (dd,5.8 Hz, 3.5 Hz, 1H),

2.02 (q,d = 7.3 Hz, 2H), 1.96-1.74 (m, 4H), 1.56 (quir 7.0 Hz, 2H), 1.23 (s, 3H), 1.19 (d,

= 6.1 Hz, 3.5 Hz, 1H), 0.57 (dd,= 6.1 Hz, 5.8 Hz, 1H);**C NMR (100.67 MHz, CDG) &

170.0, 138.2 (+), 114.6 (-), 69.4 (-), 62.2 (+), 46.3 (-), 45.9 (-), 30.2 (), 28.6 (-), 28.2, 26.2 (),
24.1 (-), 19.3 (+), 17.7 (-); FT IR (chnfilm): 3076, 2937, 2874, 1774, 1726, 1614, 1529, 1344,
1252, 1157, 1090, 1040, 912, 874, 731, 644, 503; HRMS (TOF ES): found 238.1815, calculated

for C1aH24NO, (M+H) 238.1807 (3.4 ppm).

O (1S*,2R*)-2-(Allyloxy)-N-hexyl-1-methylcyclopropanecarboxamide

TGN . . .
Kiﬂ\/) (2439: Was prepared according to Typical Procedure, employing 2-

bromo-N-hexyl-1-methylcyclopropanecarboxamid{d (79 mg, 0.30

M
/\/O

mmol) and allylic alcohol (35 mg, 0.60 mmol, 2.0 equiv). The reaction ami®d out at 66C

for 12 hr. Preparative column chromatography of a residue on silicaffgeded the title
compound as a colorless oil; ®25 (hexane-EtOAc 5:1). Yield 59 mg (0.25 mmol, 82%.

NMR (400.13 MHz, CDGJ)) & 6.37 (br. s., 1H), 5.91 (ddi,= 17.2 Hz, 10.4 Hz, 5.8 Hz, 1H),
5.30 (dqg,J = 17.2 Hz, 1.5 Hz, 1H), 5.23 (dd,= 10.4 Hz, 1.3 Hz, 1H), 4.12-3.99 (m, 2H), 3.36
(dd, J = 6.6 Hz, 4.0 Hz, 1H), 3.25-3.16 (m, 2H), 1.50-1.39 (m, 2H), 1.34-1.22 (m, 6H), 1.20 (s,
3H), 1.16 (dd,) = 6.3 Hz, 4.3 Hz, 1H), 0.94 (1,= 6.6 Hz, 6.3 Hz, 1H), 0.87 (3,= 6.7 Hz, 3H);

13C NMR (100.67 MHz, CDG) § 173.2, 133.3 (+), 117.9 (-), 72.3 (-), 64.5 (+), 39.3 (-), 31.5 (-),
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29.5 (), 26.7 (-), 25.2, 22.5 (), 22.1 (-), 20.0 (+), 14.0 (+); FT IR (Nalgi, &m?): 3360,
3080, 2957, 2930, 2858, 1645, 1537, 1462, 1445, 1344, 1331, 1211, 1169, 1101, 1043, 991, 922;

HRMS (TOF ES): found 240.1969, calculated faHz¢NO, (M+H) 240.1964 (2.1 ppm).

O ((15*,2R*)-2-(Allyloxy)-1-methylcyclopropyl)(piperidin-1-yl)-
KLI\O methanone (243h): Was prepared according to Typical Procedure,
A0
employing  (2-bromo-1-methylcyclopropyl)(piperidin-1-yl) methanone
(241h) (79 mg, 0.30 mmol) and allylic alcohol (35 mg, 0.60 mmol, 2.0 equiv). Huotioa was
carried out at 66C for 12 hr. Preparative column chromatography of a residue ioa gil
afforded the title compound as a colorless 0ilQR0 (hexane-EtOAc 3:1). Yield 61 mg (0.27
mmol, 91%). 'H NMR (400.13 MHz, CDG) 6 5.87 (ddddJ = 17.2 Hz, 10.4 Hz, 5.9 Hz, 5.1
Hz, 1H), 5.23 (dgJ = 17.2 Hz, 1.8 Hz, 1H), 5.14 (dd,= 10.4 Hz, 1.5 Hz, 1H), 4.03 (ddt,=
13.1 Hz, 5.1 Hz, 1.8 Hz, 1 H), 3.96 (ddt= 13.1 Hz, 5.9 Hz, 1.3 Hz, 1H), 3.68-3.54 (m, 3H),
3.54-3.43 (m, 1H), 3.30 (dd,= 5.8 Hz, 3.5 Hz, 1H), 1.69-1.51 (m, 6H), 1.23 (s, 3H), 1.20Jdd,
= 6.1 Hz, 3.5 Hz, 1H), 0.63 (app.X= 6.1, 5.8 Hz, 1H)!}*C NMR (100.67 MHz, CDG) &
169.9, 134.5 (+), 116.4 (-), 71.2 (-), 62.9 (+), 46.7 (-), 43.0 (-), 27.3, 24.7 (-), 2018.0)(+);
FT IR (NacCl, film, le): 3080, 2999, 2934, 2854, 1730, 1643, 1516, 1439, 1350, 1310, 1277,
1256, 1236, 1209, 1163, 1132, 1126, 1090, 1043, 1014, 989, 955, 924, 854, 758, 689, 604, 532,

507, 417; HRMS (TOF ES): found 224.1653, calculated fgHENO, (M+H) 224.1651 (0.8

ppm).
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((1S*,2R*)-2-(Allyloxy)-1-methylcyclopropyl)(morpholino)methanone
(2439: Was prepared according to Typical Procedure, empl@4dhgpmo-1-methylcyclo-
propyl)(morpholino)methanone419 (74 mg, 0.30 mmol) and allylic alcohol (35 mg, 0.60
mmol, 2.0 equiv). The reaction was carried out at°60for 12 hr. Preparative column
chromatography of a residue on silica gel afforded the thepound as a colorless oil; ®23
(hexane-EtOAc 1:1). Yield 59 mg (0.26 mmol, 88%H NMR (400.13 MHz, CDG) & 5.85
(dddd,J = 17.2 Hz, 10.4 Hz, 5.8 Hz, 5.1 Hz, 1H), 5.23 (dg,17.2 Hz, 1.7 Hz, 1H), 5.15 (dd,

= 10.4 Hz, 1.4 Hz, 1H), 4.03 (ddt= 12.6 Hz, 5.1 Hz, 1.5 Hz, 1H), 3.95 (ddtr 12.6 Hz, 5.8

Hz, 1.3 Hz, 1 H), 3.79-3.53 (m, 7H), 3.41-3.31 (m, 1H), 3.29 Jdd5.8 Hz, 3.5 Hz, 1H), 1.23

(s, 3H), 1.21 (dd)J = 6.1 Hz, 3.5 Hz, 1H), 0.65 (app.X= 6.1 Hz, 5.8 Hz, 1H);*C NMR
(100.67 MHz, CDGJ) 5 170.0, 134.2 (+), 116.8 (-), 71.3 (-), 67.3 (-), 66.9 (-), 62.5 (+), 46.3 (),
42.5 (), 26.8, 20.2 (+), 17.7 (-); FT IR (KBr, film, &n 3269, 3182, 3080, 2962, 2926, 2899,
2858, 2359, 2125, 1732, 1614, 1514, 1429, 1358, 1310, 1242, 1204, 1198, 1161, 1113, 1068,
1034, 991, 945, 926, 858, 847, 804, 690, 621, 559, 515; HRMS (TOF ES): found 226.1438,

calculated for GH2o0NO3z (M+H) 226.1443 (2.2 ppm).

(1S*,2R*)-2-(allyloxy)-N,N, 1-trimethylcyclopropanecarboxamide

(243f): Was prepared according to Typical Procedure, employing or2doN,N,1-
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trimethylcyclopropanecarboxamid24(1g (103 mg, 0.50 mmol) and allylic alcohol (35 mg, 0.60
mmol, 2.0 equiv). The reaction was carried out alGdor 12 hr. Preparative column
chromatography of a residue on silica gel afforded the thepound as a colorless oil; &35
(hexane-EtOAc 2:1). Yield 93.8 mg (0.46 mmol, 919 NMR (400.13 MHz, CDG) & ppm

5.84 (ddddJ = 17.3 Hz, 10.4 Hz, 5.8 Hz, 5.1 Hz, 1H), 5.19 (de, 17.3 Hz, 1.6 Hz, 1H), 5.11
(dg,J = 10.4 Hz, 1.5 Hz, 1H), 4.01 (ddk= 13.1 Hz, 5.1 Hz, 1.5 Hz, 1H), 3.94 (ddt 13.1 Hz,

5.8 Hz, 1.3 Hz, 1H), 3.27 (dd,= 5.8 Hz, 3.5 Hz, 1H), 3.13 (s, 3H), 2.92 (s, 3H), 1.22 (s, 3H),
1.16 (dd,J = 6.1 Hz, 3.5 Hz, 1H), 0.60 (app.X= 6.1, 5.8 Hz, 1H);**C NMR (100.67 MHz,
CDCL) & ppm 171.4, 134.4 (+), 116.3 (-), 71.2 (-), 62.5 (+), 37.1 (+), 35.4 (+), 27.2, 20.0 (+),
17.9 (-); FT IR (NaCl, film, Cr'ﬁ): 3547, 3464, 3080, 3001, 2959, 2934, 2872, 1643, 1634, 1497,
1454, 1396, 1379, 1350, 1265, 1167, 1124, 1101, 1086, 1059, 1043, 991, 964, 926, 858, 704,
606, 575, 569, 517, 492; HRMS (TOF ES): found 206.1156, calculated;#bih/8O,Na

(M+Na) 206.1157 (0.5 ppm).

y 0 (1S*,2R*)-N,N,1-Trimethyl-2-((3-methylbut-2-en-1-yl)oxy)-
G/KLO NMe2 cyclopropanecarboxamid€243h): Was prepared according to Typical
\/Y procedure, employing 2-bromé:N,1-trimethylcyclopropanecarboxamide
(2419 (62 mg, 0.30 mmol) and 3-methylbut-2-en-1-ol (28 mg, 0.33 mmol, 1.1 equik T
reaction was carried out at 80 for 12 hrs. Preparative column chromatography of a residue on
silica gel afforded the title compound as a colorless @i0.® (hexane-EtOAc 2:3). Yield 59
mg (0.28 mmol, 93%)*H NMR (400.13 MHz, CDG) & ppm 5.25 (t-sept] = 6.9 Hz, 1.3 Hz,

1H), 4.03-3.91 (m, 2H), 3.22 (dd,= 5.8 Hz, 3.5 Hz, 1H), 3.11 (s, 3H), 2.92 (s, 3H), 1.71 (s,
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3H), 1.64 (s, 3H), 1.21 (s, 3H), 1.16 (dds 5.8 Hz, 3.5 Hz, 1H), 0.59 ({,= 5.8 Hz, 1H); *C
NMR (100.67 MHz, CDGJ) § ppm 171.5, 136.5, 120.8 (+), 66.9 (-), 62.2 (+), 37.2 (+), 35.4 (+),
27.2, 25.7 (+), 20.1 (+), 17.97 (-), 17.96 (+); FT IR (NaCl, film;%n8082, 2962, 2932, 1643,
1448, 1394, 1157, 1126; HRMS (TOF ES): found 212.1653, calculated 465,80, (M+H)

212.1651 (0.9 ppm).

o (1S*,2R*)-2-(((E)-3,7-Dimethylocta-2,6-dien-1-yl)oxy)-N,N,1-

Me,,
Yy NM . .
KL /iz)\/\)\ trimethylcyclopropanecarboxamide(2439: Was prepared

¢}
according to Typical Procedure, 2-bromgN,1-trimethylcyclopropanecarboxamid24lg (102

mg, 0.60 mmol) and geraniol (93 mg, 0.66 mmol, 1.1 equiv). The reaction wiasl cat at 60

°C for 12 hrs. Preparative column chromatography of a residueica gl afforded the title
compound as a colorless oil; 40 (hexane-EtOAc 2:3). Yield 149 mg (0.53 mmol, 89%).

NMR (400.13 MHz, CDGJ) § 5.31-5.22 (m, 1H), 5.11-5.03 (m, 1H), 4.00 Jd 6.8 Hz, 2H),

3.23 (dd,J = 5.8 Hz, 3.5 Hz, 1H), 3.12 (s, 3H), 2.92 (s, 3H), 2.13-1.97 (m, 4H), 1.67 (s, 3H),
1.64 (s, 3H), 1.59 (s, 3H), 1.21 (s, 3H), 1.17 (@, 5.8 Hz, 3.5 Hz, 1H), 0.59 (4, = 5.8 Hz,

1H); 3C NMR (100.67 MHz, CDG) & 171.5, 139.8, 131.5, 123.9 (+), 120.6 (+), 66.9 (-), 62.2
(+), 39.5 (-), 37.2 (+), 35.4 (+), 27.2, 26.2 (-), 25.6 (+), 20.1 (+), 18.0 (-), 1Y.6G3 (+); FT

IR (KB, Cm'l): 2964, 2928, 2872, 2858, 1645, 1495, 1450, 1394, 1360, 1126, 1101, 1084, 1041,
986; HRMS (TOF ES): found 302.2084, calculated feHzNO,Na (M+Na) 302.2096 (4.0

ppm).
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2.4.6. Addition to Carboxylates

(1R*,2S*)-Allyl 2-tert-butoxy-1-methylcyclopropanecarboxylate (250f):
K\ N Typical procedure, A mixture dfBuOK (14.5 g, 129 mmol, 2.6 equiv), 18-
4\ crown-6 (1.32 g, 5 mmol), and potassium 1-methyl-2-bromocyclopropane

carboxylate (10.85 g, 50 mmol) in anhydrous THF (200 mL) was statr80
°C for 8 hrs, then cooled down to room temperature and freshly distij¢d@mide (13 mL,
18 g, 150 mmol, 3 equiv.) was added dropwise. The resulting mixtwetimaed for 1 hr, then
poured in ice-cold water (300 mL) and extracted with diethylref®ex 100 mL). Combined
ethereal extracts were washed with brine (50 mL), dried witBMgfiltered and concentrated.
The residue was distilled in vacuum to afford allylte®-butoxy-1-methylcyclopropane-
carboxylate as colorless oil, bp 8L (1 mm Hg). Yield 8.61 g (40.6 mmol, 81%JH NMR
(CDCl3, 400.13 MHz) 5.93 (ddtJ = 17.2 Hz, 10.6 Hz, 5.8 Hz, 1H), 5.34 (ddit; 17.2 Hz, 1.5
Hz, 1.5 Hz, 1H), 5.20 (ddf, = 10.6 Hz, 1.5 Hz, 1.5 Hz, 1H), 4.65-4.53 (m, 2H), 3.24 {dd,
7.1 Hz, 4.8 Hz, 1H), 1.74 (dd,= 6.1 Hz, 4.8 Hz, 1H), 1.25 (s, 3H), 1.18 (s, 9H), 0.87 Jdd,
7.1 Hz, 6.1 Hz, 1H);*C NMR (CDCE, 100.67 MHz)5172.0, 132.4 (+), 117.7 (-), 74.9, 65.1 (-),
60.5 (+), 27.7 (+, 3C), 26.1, 20.2 (-), 18.7 (3} NOE NMR (CDC4, 500.13 MHz)5 1.25 (8%)
upon irradiation at 3.24 ppm; TLCj;B.7 (hexane-EtOAc 1:1); GC:;R.80 min; HRMS (TOF

ES) found 213.1491, calcd for4E,:03 (M + H) 213.1491 (0.0 ppm).
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0 (1R*,2S*)-Methyl 2-tert-butoxy-1-methylcyclopropanecarboxylate (2509: was
’,Kko/ obtained according to the protocol described for preparatia2b0f employing

/T\ methyl iodide (7 mL, 16 g, 112 mmol, 2.24 equiv) instead of allyl bromideldY
7.38 g (39.68 mmol, 79%), colorless oil, bp°64(7 mm Hg).'H NMR (CDCk, 400.13 MHz)$
3.70 (s, 3H), 3.25 (dd} = 7.3 Hz, 5.1 Hz, 1H), 1.74 (dd,= 6.1 Hz, 5.1 Hz, 1H), 1.25 (s, 3H),
1.20 (s, 9H), 0.89 (dd} = 7.3 Hz, 6.1 Hz, 1H);**C NMR (CDC}, 100.67 MHz)s 172.9, 74.9,
60.6 (+), 51.6 (+), 27.8 (+, 3C), 26.2, 20.1 (-), 18.7 (+); GCI7.B4 min; HRMS (TOF ES)

found 209.1147, calcd forigH50sNa (M + Na) 209.1154 (3.3 ppm).

0 (1R*,2S*)-Methyl 1-methyl-2-propoxycyclopropanecarboxylate (250h): A
"Kko/ mixture of t-BuOK (193 mg, 1.72 mmol, 1.5 equiv), 18-crown-6 (30 mg, 0.11

OH mmol), and potassium 1-methyl-2-bromocyclopropane carboxylate (250.4fg,
mmol) in anhydrous THF (5 mL) was stirred overnight at’8Q then quenched
with methyl iodide (180 uL, 411 mg, 2.88 mmol). The mixture was paratl between water
and diethyl ether, the ethereal phase was washed with brine, dtledMgSQ,, filtered and
concentrated. Methyl B-propoxy-1-methylcyclopropanecarboxylate; (R9, hexane-EtOAc
1:1) was purified by flash column chromatography on silica gelld 163 mg (0.95 mmaol,
83%). *H NMR (CDCk, 400.13 MHz)5 3.70 (s, 3H), 3.45 (dfl = 9.4 Hz, 6.6 Hz, 1H), 3.32 (dt,
J = 9.4 Hz, 6.6 Hz, 1H), 3.27 (dd,= 6.6 Hz, 4.5 Hz, 1H), 1.77 (dd,= 5.8 Hz, 4.5 Hz, 1H),

1.55 (sextet) = 6.8 Hz, 2H), 1.25 (s, 3H), 0.89 {t= 7.3 Hz, 3H), 0.86 (ps.-f, = 6.6 Hz, 5.8

Hz, 1H); **C NMR (CDCk, 100.67 MHz)§ 172.6, 73.1 (-), 66.1 (+), 51.9 (+), 25.8, 22.6 (-),
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20.5 (-), 19.0 (+), 10.6 (+); GC:(R.46 min; HRMS (TOF ES) found 173.1179, calcd for

CoH1703 (M + H) 173.1178 (0.6 ppm).

o (1S*,2R*)-Methyl2-(benzyloxy)-1-methylcyclopropanecarboxylate

MG/KL O/Me (250b): Was prepared according to the Typical Procedure employing

O/\© benzyl alcohol (83 mg, 0.77 mmol, 1.5 equiv) and Mel (83213 mg,
1.50 mmol, 3.00 equiv). Preparative column chromatography on silicaffgedeal the title
compound as a clear oil; R.40 (hexane/EtOAc 10:1). Yield 100 mg (0.41 mmol, 82%).
NMR (400.13 MHz, CDGJ) § 7.39-7.30 (m, 5H), 4.53 (d,= 11.6 Hz, 1H), 4.48 (dl = 11.6 Hz,
1H), 3.71 (s, 3H), 3.36 (dd,= 6.6 Hz, 4.5 Hz, 1H), 1.85 (dd,= 5.9 Hz, 4.7 Hz, 1H), 1.27 (s,
3H), 0.90 (tJ = 6.6 Hz, 5.9 Hz, 1H);*C NMR (100.67 MHz, CDG) (1 172.4, 137.1, 128.4 (+,
2C), 128.1 (+, 2C), 127.9 (+), 73.4 (-), 65.6 (+), 52.0 (+), 26.1, 20.7 (-), 19.0 (+)R Eilnh,
cm): 3088, 3030, 3005, 2907, 2872, 1960, 1880, 1728, 1497, 1454, 1437, 1385, 1356, 1329,
1286, 1269, 1254, 1194, 1155, 1107, 1045, 1028, 993, 943, 903, 866, 833, 795, 737, 698, 606,

554, 490, 451; HRMS (TOF ES): found 221.1188, calculated fgfl;NOs (M+H) 221.1178

(4.5 ppm).
o (1S*,2R*)-Methyl1-methyl-2-(pent-4-en-1-yloxy)cyclopropane-
Me, 4y O/
K; P carboxylate(250d): Was prepared according to the Typical Procedure

employing pent-4-en-1-ol (64.5 mg, 0.75 mmol, 1.5 equiv) and Mej(9213 mg, 1.50 mmol,
3.00 equiv) was added dropwise. Preparative column chromatographgsafiae on silica gel

afforded the title compound as a colorless oilDRRO (hexane/EtOAc 20:1). Yield 71 mg (0.36
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mmol, 72%). *H NMR (400.13 MHz, CDG) & 5.81 (ddt,J = 17.1 Hz, 10.3 Hz, 6.7 Hz, 1H),

5.03 (dq,J = 17.1 Hz, 1.7 Hz, 1H), 4.97 (ddk= 10.2 Hz, 2.1 Hz, 1.2 Hz, 1H), 3.72 (s, 3H), 3.51
(dt,J= 9.3 Hz, 6.6 Hz, 1H), 3.38 (d,= 9.3 Hz, 6.4 Hz, 1H), 3.28 (dd= 6.8 Hz, 4.5 Hz, 1H),
2.16-2.01 (m, 2H), 1.77 (dd,= 5.9 Hz, 4.7 Hz, 1H), 1.64 (quid,= 7.0 Hz, 2H), 1.27 (s, 3H),

0.87 (app. tJ) = 6.8 Hz, 5.9 Hz, 1H)**C NMR (100.67 MHz, CDG) § 172.5, 138.1 (+), 114.8

(), 70.7 (), 66.1 (+), 51.9 (+), 30.2 (-), 28.6 (-), 25.9, 20.6 (-), 19.1 (+); F{eAR, film):

3081, 2949, 2939, 1734, 1437, 1364, 1352, 1329, 1194, 1157, 1107, 1043, 995, 945, 912, 858,
557, 444; HRMS (TOF ES): found 221.1164, calculated feHGOsNa (M+Na) 221.1154 (4.5

ppm).

O

Me,, /\LL
” O/\/

OW (1S*,2R*)-Allyl1-methyl-2-(pent-4-en-1-yloxy)cyclopropanecarboxylate
(2509: Was prepared according to the Typical Procedure emplg@eng4-en-1-ol (65 mg,
0.75 mmol, 1.5 equiv) and allyl bromide (13D, 182 mg, 1.50 mmol, 3.00 equiv). Preparative
column chromatography of a residual oil on silica gel affordeditleecompound as a clear oil,
Rr 0.40 (hexane/EtOAc 20:1). Yield 76 mg (0.34 mmol, 68%).NMR (400.13 MHz, CDG)

§ 5.94 (dddd,) = 17.0 Hz, 10.5 Hz, 6.6 Hz, 5.6 Hz, 1H), 5.79 (ddt, 17.0 Hz, 10.3 Hz, 6.7 Hz,
1H), 5.35 (dgJ = 17.3 Hz, 1.6 Hz, 1H), 5.23 (dd= 10.5 Hz, 1.4 Hz, 1H), 5.02 (ddt= 17.2
Hz, 2.0 Hz, 1.5 Hz, 1H), 4.96 (da&= 10.2 Hz, 2.0 Hz, 1.4 Hz, 1H), 4.62 (dt; 5.6 Hz, 1.4 Hz,
2H), 3.50 (dtJ = 9.1 Hz, 6.6 Hz, 1H), 3.38 (di,= 9.4 Hz, 6.6 Hz, 1H), 3.29 (dd= 6.6 Hz, 4.5
Hz, 1H), 2.12-2.03 (m, 2H), 1.78 (ddi= 5.8 Hz, 4.6 Hz, 1H), 1.63 (quid,= 6.9 Hz, 2H), 1.28

(s, 3H), 0.87 (1) = 6.5 Hz, 2H); *°C NMR (100.67 MHz, CDG) & 171.6, 138.0 (+), 132.3 (+),
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117.9 (-), 114.7 (-), 70.7 (), 66.2 (+), 65.3 (), 30.1 (-), 28.6 (-), 25.9, 20.6 (-), D9.CF+IR
(film, cm™): 3078, 3005, 2962, 2937, 2874, 1730, 1641, 1462, 1441, 1385, 1364, 1321, 1261,
1155, 1105, 1043, 1032, 989, 914, 858, 795, 768, 635, 557, 505; HRMS (TOF ES): found

247.1304, calculated for;€H,00sNa (M+Na) 247.1310 (2.4 ppm).

MG/KOOMG (1R*,25%)-Methyl1-methyl-2-((E)-prop-1-enyloxy)cyclopropane-
0/\/Me carboxylate (250i): Was prepared according to the Typical Procedure
employing allyl alcohol (51L, 44 mg, 0.75 mmol, 1.5 equiv) and Mel (88, 213 mg, 1.50
mmol, 3.00 equiv). Preparative column chromatography of a residue @gsali@afforded the

title compound as a colorless oik, ®38 (hexane/EtOAc 20:1). Yield 71 mg (0.42 mmol, 84%).
'H NMR (500.13 MHz, CDG)) § 5.96 (dq,J = 6.0 Hz, 1.6 Hz, 1H), 4.45 (ps.-quintdt 6.9 Hz,

6.0 Hz, 1H), 3.67 (s, 3H), 3.54 (ddl= 6.6 Hz, 4.4 Hz, 1H), 1.85 (dd,= 6.0 Hz, 4.4 Hz, 1H),
1.51 (dd,J = 6.9 Hz, 1.6 Hz, 3H), 1.27 (s, 3H), 0.91 (psl-& 6.6 Hz, 6.0 Hz, 1H)}*C NMR
(125.76 MHz, CDG)) 6 171.7, 144.0 (+), 103.2 (+), 65.5 (+), 51.9 (+), 25.9, 20.0 (-), 18.8 (+),
9.0 (+); FT IR (NaCl, film, Crﬁ): 2949, 2873, 1729, 1641, 1462, 1437, 1362, 1329, 1261, 1194,

1157, 1107, 1045, 995, 945, 912, 858, 793, 528, HRMS (TOF ES): found 171.1016, calculated

for CoH1s0s (M+H) 171.1021 (2.9 ppm).
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2.4.7. Addition to Enolizable Substrates

GNTF“'AOM

o ((1R,2R)-2-(Allyloxy)cyclopropyl)(piperidin-1-yl)methanon€246bh):

An oven-dried 10 mL Weaton vial was charged with (2-bromocyclopry®ridin-1-
yl)methanone245g (70 mg, 0.3 mmol, 1.0 equiv) and allylic alcohol (19.9 mg, 0.36 mmol, 1.2
equiv). 18-crown-6 (13 mg, 5@mol, 10 mol%), powdered KOH (62 mg, 1.1 mmol, 2.2 equiv.),
and anhydrous THF (5 mL). The mixture was stirred at@%or 12 hrs, then filtered through a
fritted funnel and concentrated. The residue was purified blg ftaromatography on silica gel,
eluting with hexane/EtOAc 2:1,;R.40. Yield 59 mg (0.29 mmol, 95%).

'H NMR (400.13 MHz, CDG) & 5.91 (ddt,J = 17.3 Hz, 10.4 Hz, 5.8 Hz, 1H), 5.28 (db=

17.3 Hz, 1.6 Hz, 1H), 5.19 (dg,~= 10.4 Hz, 1.3 Hz, 1H), 4.07 (ddt= 12.6 Hz, 5.6 Hz, 1.3 Hz,

1H), 4.02 (mJ = 12.6 Hz, 5.8 Hz, 1.5 Hz, 1H), 3.63 (ddd; 6.3 Hz, 3.8 Hz, 2.3 Hz, 1H), 3.62-

3.52 (m, 4H), 1.97 (ddd} = 9.5 Hz, 5.9 Hz, 2.0 Hz, 1H), 1.71-1.58 (m, 4H), 1.58-1.49 (m, 2H),
1.29 (td,J = 6.3 Hz, 5.9 Hz, 5.3 Hz, 1H), 1.14 (ddts 9.5 Hz, 5.3 Hz, 3.9 Hz, 1H}°C NMR

(100.67 MHz, CDGJ) 5 169.4, 134.0 (+), 117.5 (-), 72.0 (-), 60.2 (+), 46.7 (-), 43.1 (-), 26.6 (-),
25.5 (-), 24.6 (-), 19.3 (+), 14.9 (-); FT IR (KBr, ¢n 3081, 2935, 2854, 1632, 1454, 1445,
1352, 1250, 1225, 1169, 1136, 1128, 1094, 1053, 1014, 943, 924, 874; HRMS (TOF ES): found

210.1496, calculated for;&H,0NO, (M+H) 210.1494 (1.0 ppm).
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SV

methanone (2469: Was prepared according to procedure 2d6a employing (2-bromo-

(|)
O~ ““\J\l\(j
((1R*,2R*)-2-(Cinnamyloxy)cyclopropyl)(piperidin-1-yl)-

cyclopropyl)(piperidin-1-yl)methanone2459 (62 mg, 0.30 mmol, 1.0 equiv) and cinnamyl
alcohol (44 mg, 0.36 mmol, 1.2 equiv). The reaction was carried out &€ 66r 12 hrs.
Preparative column chromatography of a residue on silica getlatf the title compound as a
colorless oil, R0.40 (hexane/EtOAc 2:3). Yield 69 mg (0.24 mmol, 81%) NMR (400.13
MHz, CDCk) & 7.43-7.37 (m, 2H), 7.37-7.30 (m, 2H), 7.30-7.23 (m, 1H), 6.63 £d15.9 Hz,
1H), 6.30 (dtJ = 15.9 Hz, 6.2 Hz, 1H), 4.27 (dddi= 12.5 Hz, 5.9 Hz, 1.3 Hz, 1H), 4.20 (ddd,
= 12.4 Hz, 6.4 Hz, 1.4 Hz, 1H), 3.71 (ddds 6.4 Hz, 4.0 Hz, 2.0 Hz, 1H), 3.66-3.47 (m, 4H),
2.02 (dddJ =9.6 Hz, 5.9 Hz, 2.1 Hz, 1H), 1.70-1.49 (m, 6H), 1.33 (ddd 6.4 Hz, 5.9 Hz, 5.3
Hz, 1H), 1.19 (dddJ = 9.5 Hz, 5.3 Hz, 3.9 Hz, 1H)**C NMR (100.67 MHz, CDG) & 169.5,
136.4, 132.9 (+), 128.5 (+, 2C), 127.8 (+), 126.5 (+, 2C), 125.2 (+), 71.6 (-), 60.3 (+), 46.7 (-),
43.1 (-), 26.6 (-), 25.5 (), 24.6 (-), 19.5 (+), 14.9 (-); FT IR (KBr;'En8059, 3024, 2935,
2855, 1634, 1446, 1225; HRMS (TOF ES): found 286.1801, calculated dds,80, (M+H)
286.1807 (2.1 ppm).

O
\\\/OW.\\\\”\Nk

H (1R*,2R*)-N-(tert-Butyl)-2-(prop-2-yn-1-yloxy)cyclopropane-

carboxamide(2469: Was prepared according to procedure Zé6h, employing 2-bromaN-
(tert-butyl)cyclopropanecarboxamide459 (66 mg, 0.30 mmol, 1.0 equiv) and propargyl

alcohol (21 mg, 0.32 mmol, 1.2 equiv). The reaction was carried out @ €& 3 hrs.
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Preparative column chromatography of a residual oil on silicaffgeded the title compound as

a colorles oil, R0.30 (hexane/EtOAc, 4:1). Yield 46 mg (0.23 mmol, 78%). NMR (500.13

MHz, CDCk) & 5.46 (br. s., 1 H), 4.24-4.19 (m, 1H), 4.19-4.14 (m, 1H), 3.71 (@#dd6.4 Hz,

4.0 Hz, 2.2 Hz, 1H), 2.46 (8,= 2.5 Hz, 1H), 1.55 (ddd, = 9.6 Hz, 6.0 Hz, 2.0 Hz, 1H), 1.35 (s,

9H), 1.24 (g,J = 6.0 Hz, 1H), 1.10 (ddd] = 9.5 Hz, 5.6 Hz, 4.1 Hz, 1H)*C NMR (100.67

MHz, CDCk) & 170.0, 79.3, 74.7 (+), 59.4 (+), 58.2 (-), 51.3, 28.9 (+, 3C), 23.5 (+), 13.6 (-); FT

IR (NacCl, le): 3308, 3078, 2968, 2930, 2870, 1724, 1643, 1549, 1537, 1479, 1454, 1394,
1364, 1331, 1256, 1227, 1202, 1153, 1097, 1061, 1043, 1026, 995, 986, 955, 926, 910, 893, 878,
764, 737, 665, 635, HRMS (TOF ES): found 196.1341, calculated fii.4510, (M+H)

196.1338 (1.5 ppm).
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2.4.8. Adition of Phenoxides

O

Me OMe
KLY
O

Preparation of  (1R*,2S*)-N,N-Diethyl-2-(4-methoxyphenoxy)-1-methylcyclopropane-
carboxamide (242m). An oven dried 5 mL Wheaton vial was charged with bromocyclopropane
241e(117 mg, 0.50 mmol), 4-methoxyphenol (62 mg, 0.50 mmol), potagerhutoxide (29

mg. 0.50 mmol), 18-crown-6 (14 mg, 0.05 mmol, 10 mol%), and anhydrous THF (2 Thk).
mixture was stirred at 86C for 20 hrs, after which time GC analysis indicated ca. 40%
conversion of the intermediate cyclopropene into a 1:1 mixture of(242m) and tert-butyl
(2429 ethers. Attempts to achieve complete conversion by extendingoredicne and/or
increasing reaction temperature resulted in significant decotigposi the phenol ethé242m
Accordingly, the reaction was stopped at partial conversion and vestied with water (10
mL) and extracted with EtOAc (3 x 5 mL). Combined organicaetsrwere dried with MgSQO
filtered, and concentrated in vacuum. The residue was purifiedlbyno chromatography on
Silica gel, eluting with hexane/EtOAc (1:1). The titled compounad wbtained as colorless oil,
yield 28 mg (0.10 mmol, 20%).

'H NMR (400.13 MHz, CDCI3}p 6.87 (d,J = 9.1 Hz, 2H), 6.81(d] = 9.1 Hz, 2H), 3.77 (s, 3H),
3.69 (ddJ = 5.8 Hz, 3.5 Hz, 1H), 3.61-3.48 (m, 2H), 3.39-3.28 (m, 2H), 1.35 (s, 3H), 1.31 (dd, J
= 6.1 Hz, 3.5 Hz, 1H), 1.30 (§,= 7.3 Hz, 3H), 1.16 (t) = 7.3 Hz, 3H), 0.93 (ps.-§,= 6.1 Hz,

5.8 Hz, 1H); 3C NMR (100.67 MHz, CDG) §169.9, 154.1, 152.3, 115.8 (+, 2C), 114.4 (+,
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2C), 60.6 (+), 55.7 (+), 41.0 (-), 38.6 (-), 27.5, 20.4 (+), 19.5 (-), 14.1 (+), 12.3'#+NOE
NMR (500.13 MHz, CDCI3p 1.35 (7%) and 0.95 (5%) upon irradiation at 3.68 ppm; 1.31 (7%),
1.35 (3%), 3.68 (2%) upon irradiation at 0.95 ppm; GCLRE9 min; HRMS (TOF ES): found

278.1763, calculated for,gH,4NO3; (M+H) 278.1756 (2.5 ppm).

Scheme 106Thermodynamic reversibility of phenoxide addition

O O
M OMe - N M
Et,N wMe 18-crown-6 (cat.) Et,N e
t-BUOK/THF J<
0] 0]
242m 242¢

An oven-dried 1.0 mL Wheaton vial was charged with phenoxycycloprdpézrma (17
mg, 60 umol), t-BuOK (17 mg, 150 pmol), 18-crown-6 (1.6 mg, 6 umol, 10 mai¥g
anhydrous THF (300 pL). The mixture was stirred at@®or 48 hrs. No reaction occurred as
judged by GC analysis. Then the temperature was raised t(C1@Md stirring was continued
for another 48 hrs. Notable decomposition of the starting mateoél place; however, no

formation oftert-butyl ether242ewas detected (eq 18).
2.4.9. Studies on Formal Substitution with Hydroxide and Silanolate

These experiments were performed in order to asses the pyssibdirect addition of

wateren route to cyclopropanoR57 (
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Schemel07). Also, addition of sylanolate species was testerbute to cyclopropyl silyl ether
258 Two sets of conditions were tested with each pronucleophile, t8o0@K and KOH,

respectively. It was found that in the presence of watest(landTest 2), no reaction between
bromocyclopropan@23laand a base to generate intermediate cyclopropéaevas observed,

suggesting that moisture adversely affected the first step, 1,2-dehydnoitiomreaction. (

Schemel07).

Scheme 107Addition of hydroxide species

B 18-crown-6
r THF/H,0

In the presence of anhydrous lithium sylanolate, the 1,2-dehydrobramirft?31a
proceeded smoothly with both bases affording cyclopro@ee However, no addition of
sylanolate nucleophile to the cyclopropene was detected. ThusA\Bu&)K was employed as
a base, nucleophilic attack té@rt-butoxide resulted in the formation of prod@32c (Test 3,
whereas in the presence of KOH the cyclopropene either remataetior slowly decomposed

at higher temperature$¢st 4).
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Scheme 108Attemted addition silanolates

TMSOLI O
Me {-BUOK or KOH Me  1yso® Me
- ey,

18-crown-6

Br OTMS
THF
A ’ t+BuOK @ ,,,,, :Me
OBu-t
259 232c

Test 1. An oven-dried 2 mL Wheaton vial was charged with bromocyclopropaha (63 mg,
0.30 mmol),t-BuOK (50 mg, 0.45 mmol, 1.5 equiv), 18-crown-6 (7.9 mg, 30 umol, 10 mol%),
water (11 pL, 0.60 mmol, 2.0 equiv), and anhydrous THF (1 mL). The mw@asestirred at 80

°C overnight. According to the GC/MS analysis of the crude iggantixtures, no reaction took
place, and bromocyclopropa@8laremained intact.

Test 2. An oven-dried 2 mL Wheaton vial was charged with bromocyclopropaha (63 mg,
0.30 mmol), KOH (25 mg, 0.60 mmol, 2.0 equiv), 18-crown-6 (7.9 mg, 30 pumol, 10 mol%),
water (11 pL, 0.60 mmol, 2.0 equiv), and anhydrous THF (1 mL). The mwasestirred at 80

°C overnight. According to the GC/MS analysis of the crude icgantixtures, no reaction took
place, and bromocyclopropa@8laremained intact.

Test 3. An oven-dried 2 mL Wheaton vial was charged with bromocyclopropaha (63 mg,
0.30 mmol),t-BuOK (50 mg, 0.45 mmol, 1.5 equiv), 18-crown-6 (7.9 mg, 30 umol, 10 mol%),

lithium trimethylsylanolate (48 mg, 0.60 mmol, 2.0 equiv), and anhydrous (IHRL). The
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mixture was stirred at 8 overnight. According to the GC/MS analysis of the crude ieact
mixtures,tert-butyl ether232cwas formed as a sole product.

Test 4. An oven-dried 2 mL Wheaton vial was charged with bromocyclopropaha (63 mg,

0.30 mmol), KOH (25 mg, 0.60 mmol, 2.0 equiv), 18-crown-6 (7.9 mg, 30 umol, 10 mol%),
lithium trimethylsylanolate (48 mg, 0.60 mmol, 2.0 equiv), and anhydrous (IHRL). The
mixture was stirred at 68C overnight. According to the GC/MS analysis of the crude imact
mixtures, cyclopropen8la was formed as the sole product. The temperature was gradually
increased to 108C, at which point cycloisomerization of cyclopropene into 3-methifidene

(32) took place; while no desired addition products were detected.

2.4.10. Assignment of Relative Configuration

Relative configurations of product242¢ were assigned based on 1D NOEDIFF

experiments. Relative configurations of other products were assignedlbgyaressignment of

the relative configuration of produ2é2cis provided in Figure 12 and Figure 13.
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Figure 12 Observed NOEs upon irradiation at 3.27 ppm (blue), 1.03 ppm (red), 0.95 ppm
(green) for compoun@d42c For color-coded spectral charts corresponding to these exp&sjme
see Figure 13
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Figure 13 1D NOEDIFF spectra dt42c Chemical shifts of the irradiated multiplets are listed
at the right side of each chart.
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Chapter 3. Intromolecular fomal nucleophilic substitution of bromocyclopropanes as a
method for the synthesis of medium size cyclopropyl fused heterodgs

3.1. Introduction

The formal substitution of bromocyclopropars8 with O- and N-based nucleophiles
allows for the efficient diastereoconvergent assembly of vauabighly functionalized
cyclopropyl scaffolds. In this transformation, bromocycloprop2b®undergoes dehydrobrom-
ination to produce a highly reactive cyclopropene intermed&® which once formed is
immediately trapped by an external nucleophile to afford cyclopdpar cyclopropylamine
derivative260 (Scheme 109, eq 1).

We envisioned the intramolecular mode (Scheme 109, eq 1,2) of thismeaxt useful
tool for the construction of novel types of medium heterocycles amdnaenient probe
investigating challenging nucleophilexo- andendo-trig medium ring closures. It was expected
that stringent enthalpic and entropic requirements would be mbisirtyclization as the rigid
cyclopropyl moiety in the molecule backbone would endow the systetim suifficient
constraints, whereas the strain energy release would allowffémtiee ring closure via the
nucleophilic attack of a tethered heteroatom moiety (Scheme 1@9,33q Thus, generation of
cyclopropene specie62 from bromocyclopropan€61 bearing a pronucleophilic moiety
tethered through the quaternary carbon would invokexaitrig cyclization, leading to bicyclic
scaffold263 (Scheme 109, eq 2). On the other hand, a more exwkietrig mode can be real-

ized by subjecting to the reaction a substrate of @€ possessing a tertiary-carbon. In
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contrast to cycloproperi262 with a nucleophilic entity attached to C3 (Scheme 109, eq 2), the
corresponding unstable, non-isolable, conjugate strained @6frsuitable for theendo-trig

cyclization possesses a Cl-linked nucleophile (Scheme 109, eq 3).

Scheme 109.

A e |A] A (1)
Br Nu
258 259 260
Br \_/1v Nu
261 262 263
exo-trig
O\ O\
©)
H NuH Lase, '~ NuH| —
Br Br
264 265 3)
2 i
1A Nu | — @
2%/ Nu
269 270
endo trig

The potential synthetic and medicinal value of this unique transfiomaas quickly

realized as it could allow access to several important edasg compounds including
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cyclopropyl fused heterocycles which up to this point have beentetimito
oxabicyclo[3.1.0]hexane and heptane derivatives (Figure 14).

Incorporation of light weight isosteric cyclopropane fragmentls unusual bond angles
into the structure of biologically active compounds is used to fine temggeometry of small
molecules without affecting its binding ability and solvent affififywhich becomes very
practical in investigation of binding mechanists.

The steric constraints imparted by a cyclopropane ring coulbée to restrict rotational
freedom and reinforce binding conformations, which helps achieve setgetive interactions
between the ligand and the receptdr'® The innate, high metabolic stability of the
cyclopropyl-based molecules as compared to the open-chain ar@nds used to improve the

in vivo pharmaceutical profile of a drug candidHte.

Figure 14.
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Over the last decade, cyclopropyl fused ethers have beesuliject of intense study as
potential nucleoside mimic8%*?* metabotropic glutamate receptor 4 (mGIuR4) positive
allosteric modulator¥? and mGIluR2,3 agonists (Figure 14). However, only a handful of
methods have emerged allowing for access to medium sized cyclbpuspy heterocycles.
Accordingly, there is a pressing need for the development of adltermautes towards these
heterocycles.

Aside from the potential of this methodology for furnishing functiaeali oxabicyclo
derivatives, the transformation serves as a possible pathwaydiormsize conformationaly
restricted lactam derivatives. The abundance of medium sizegimscin nature and their
position in drug discovery research, particularly3garn andp-strand peptidomimetics (Figure
15)** generate an increasing demand for efficient synthetic appmatdveards there

construction.
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While the incorporation of cyclopropyl scaffolds into small hetgeles has been an area
of intense research and a plethora of biologically active compousds leen synthesized,
examples of medium and large cyclopropane fused heterocycles rbaaned virtually
unexplored. However, recent investigations have revealed potentiagx&onple, cyclopropyl

fused heterocycles of tyfd were found to be potent HCV protease inhibitors (Figure"?6).
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Figure 16.
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3.1.1. Synthetic approaches for the synthesis of cyclopropyl fused ethers

The synthetic methods employed for the construction of cyclopropyl
oxabicyclo[3.1.0]hexane derivatives) span a variety of cyclopropanegaetionswith cyclic
enol ether§® However, it is generally recognized that efficient stezksmsive cyclopropanation
of enol ethers represents a challenging t45&yclopropanation reactions are generally sensitive
to sterics and do not allow access to highly funtionalized cyclopeopmits. Most of the
cyclopropanation reactions involved in formation of cyclopropyl fusiers are restricted by
the availability of the corresponding dihydrofuran or dihydropyranivdives. Notably
cyclopropanation reactions involving dihalocarbenes, which are one ofosteuseful reactions
for the synthesis of functionalized cyclopropane derivatives, ofteasticannot be utilized as
corresponding enol ether undergoes ring opetfihghe synthesis of cyclopropyl fused cyclic
ethers of ring size greater than six utilizing cyclopropanagactions requires the preparation

of medium sized cyclic enol ethers which poses a seperate $ynthetlenge. Some recent



169

examples employing classic cyclopropanation reactions asas/é¢tiose which providing access
to medium size scaffolds are discussed below.

Metal-catalyzed carbene transfer from diazo compounds to olsfiasstraightforward
method for preparation of cyclopropanes, and much effort has beenedewtards the
development of highly effective steroselective cyclopropanatfdrdeveral methods have been
developed involving [2+1] cycloadditions of diazo acetate derivatives frians?® however,
most of the methods are limited in terms of substrate scope, asiisty to sterics leads to
decreased yields and stereoselectivity (Scheme 110."84Nonetheless, recent advances have
emerged allowing for the preparation of enantiomerically purebioyelo cyclopropane

derivatives (Scheme 110., eq.'3).

Scheme 110.
MeOZCIO} Cu(l)-ligand (1 mol%) MeO,C._ o
> H
H / N,CHCO,Me Y | (1)
CHoCly rt, 12 h. H CO,Me
36-45% yield
45-91% ee
0]
)Nﬁ % O R @)
H CO5tBu 1 mol% Ir-Salen P
|_=| CO,tBu
R =H: 76 % yield >99% ee
R = H: 42 % yield >99% ee
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The Simmons-Smith reactibfi is a powerful tool for the preparation of cyclopropane
derivatives from alkenes. Similar to methods based on diazo canzarséets, this protocol
allows for access to cyclopropyl fused ethers upon reactioncyitit enol ethers; however, it is
less sensitive to sterics and often times provides excellesteckaselectivities. This method is
often employed in the synthesis of conformationally restrictedensile analogues: For
example dihydrofuran 272 underwent diastereoselctive cyclopropanation to afford
conformationally restricted sugaé73 in high yields. The most serious drawback of this
methodology for the construction fused cyclopropyl scaffolds islisrent inability to carry out

a transfer of functionalized carbenoid equivalents (Scheme 111).

Scheme 111.
OBn
O { O
BnO | CHaly, Et,Zn '
O > (@] O
toluene, 0° C
OJ( OJ( ) OJ(
272 273, 91% 274,1.5%

Similarly, the Corey-Chaykovsky reactidh utilizing trimethylsulfoxonium iodide
provides a facile and stereoselective method for preparation afpecgplyl fused heterocycles

through cycloadditions involving cyclic enol ethers. (Scheme ¥£2).
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Scheme 112.

© (CH3)3S0lI
ol NH  NaOH, DMF

)

275 276, 82% yield

As mentioned above, the exploration of oxabicyclocyclopropane degwvitis medicinal
agents has, up to this point, been limited to oxabicyclo[3.1.0]hexane armhéeplerivatives,
since [2+1] cycloadditions are primarily executed on dihydrofurandamgtropyran scaffolds.
There are only a handful of efficient methods available thatafbicycles of ring sizes greater
than six. Rousseau and co-workers took advantage of easily aceasidhium lactoneg77
which were converted to enol eth@& and subsequently were reacted in the presenicesttti
generateccarbenes to furnish medium size cyclopropyl fused heterocg@@sThis protocol
allowed for the construction of synthetically useful 6, 7, 8, 9, and I6bme=d heterocycles in

good yields (Scheme 113).
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Scheme 113
@) : M
LDA OSlMeg R OSi es
O CISiMes, THF >0  NaN(SiMes);
B CRHCly/pentane n= 1-;1 '
: n pentane, -15 °C n 82-94% yield
277 278 279
O
R | (@) thermolysis
n+1
280

It was demonstrated that stannyl substituted ac2&ilsare effective for intramolecular
cyclopropanation vian situ transacetalization (Scheme 11#) For example, the treatment of
281 with Lewis acids such as TMSOTf and 8FEt in the presence of olefinic alcoh2882 gave
rise to facile formation of bicyclic cyclopropar#85 in good vyields. The reaction seems to
proceed by the initial transacetalization 281 with 282 to give mixed aceta283 which then
undergoes acid promoted elimination of the ethoxy group to generatgbstituted carbocation
284 (Scheme 114). The carbocation adds to the carbon-carbon double bond and the ubseque
elimination of tin to achieve the intramolecular cyclopropanatiorchvhaiforded 5, 6, 7, and 8

membered ring285in good to excellent yields.



Scheme 114.
OFEt = TMSOTf =
BU3Sn—< + /(\/\ >
OEt R™ "OH R” "O~TOEt
281 282 SnBus
283
/(\& @
284 SnBu3 285
up to 94% yield
up to 99:1 dr

3.1.2. Known approaches towards medium size heterocycles
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One of the most exciting aspects of the development of anokeaular nucleophilic

substitution (Scheme 109, eq 2, 3) is the potential for construction ofimeze heterocycles.

Not only are they of medicinal and synthetic value, high yieldingteliaoselective non metal-

assisted intramolecular substitutions present a rare cldassngformations. Medium and large

ring closure is typically achieved via radical cyclizatidhgScheme 115, eq 1), transition

metald®® (Scheme 115, eq 2), and lactonizatidhgScheme 115, eq. 3). While these are

valuable tools, there is still much to be explored in the realnmedium ring closure as

formation of these are generally unfavored, since the free yerwdrguch cyclizations are

typically positive due to a significant increase in the ringistand loss of conformational

freedom.
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Scheme 115.

R
X X
(\ o)
e
n OH ;
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Intramolecular nucleophilic attack by tethered pronucleophilic egtis possible in the
presence of transition metals or a Lewis acid activator amdpiewerful tool in the synthetic
arsenal available for construction of medium size heteroc}te®vhile the enthalpic
requirements for medium ring closure present serious challengesc Kiaetiers for direct
intramolecular nucleophilic addition to unactivated olefins, epoxidesaluytl halides do not
allow for efficient ring closure. However, in the presence anfgition metals botk- and N-
pronucleophiles add across olefins and alkynes. An excellent exaphptbis type of
methodolology involving hydroamination was recently reported by $cheftho prepared a

zirconium precatalyst with excellent reactivity for intranoolar hydroamination of alkenes.
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This methodology furnishe&membered cyclic amine&87 via efficient 7-exo-trig cyclizations

of unactivated olefin86 (Scheme 116)*

Scheme 116.

Me”
286 287

76%

NH, Zr(NMe)L _ hd Pﬁ e
> L= N_ _NHHN_ N
2 100°C, hex \< \([)f 7(])/ j/

Unless certain conformational restraints are present iniag@recursors, the generation
of medium- and large-sized ring compounds greater than 7 is commonlynpatibleThus, it
was shown that decreasing the degrees of rotational freedomlizatioth rotationally restricted
tethers such as amides allows for intramolecular cyclizatbmsedium size heterocycles. For
example, intramolecular copper catalyzed addition to ynami®Ssgeneratedin situ via
nucleophilic attack of conformationaly restricte@-and N- pronculeophiles 288 furnished a

variety of highly functionalized medium and large heterocy@@8(Scheme 1173*
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Scheme 117.
O 0
N NsTs, cul H
CLIT e (0 ceilg
X NEts, CHCl, x-© I n
OH 288 290 NTs
\ 0 / n =2-5, 76-83 % yield
= 0, i
N/\\\\ X =CHo,, 87 % yield
H
[ :[ X‘Q-/ NTs
H
289

Metal-assisted intramolecular nucleophilic cyclizations invgviinherently more
activated substrates such as carbonyls and epoxides are morercounuki and co-workers
developed an efficient method toward the stereoselective constrottimedium-sized cyclic

ethers292 by cyclization of hydroxy epoxide®91 promoted by Eu(fod)**®

Stereochemistry
was easily controlled since the reaction proceeds viayanrechanism. The efficiency of the
method was proven by employing it in the successful total systloégt)-obtusenyne via an

efficient 9-exo-tet cyclization (Scheme 118§/

Scheme 118.

OMPM
1. Eu(fod)s, toluene, ~MPMO

__ OBn
TBSOM 2 AcOH, THF, H,0  HO

OH

291 292 OBn

70% (two steps)



177

Direct non metal-assisted transformations involving nucleophaliacks are less
common, since oftentimes these methods involvertlsgu generation of a nucleophilic species
followed by 2 substitution, which is entropically unfavored. For example, tetheredidiés
293 in the presence of one equivalent of,8lAl,O3 first generate the corresponding sulfide
which may then undergo an intramolecula® Substitution to afford oxathian@294 of various
sizes (Scheme 114)° Unfortunately, these intramolecular cyclizations suffered from patasyi

due to intermolecular dimerization which is a common problem among such cyclizations

Scheme 1109.
H H
E)/\T\/\| NayS/AI,O5 Ct'( S
. | °c . )
o HMPA, 100 °C 5
H H
293 294, 70 % yield
H H
Ctlfvl NayS/ALO; CI\;S)
Lo, HMPA100°C o
H H
295 296, 60 % yield

The necessity of restricting conformational freedom in suchzeyions is evident in the
following example. The reaction of the trialkylstannyl etheetals 297 in the presence of 2
equivalents of TiC4 gives intramolecular cyclizations furnishing vinyl cyclic etloé type 298

(Scheme 12). The reaction works very well for the formation of mpylerivatives however



178
formations of rings larger than six required the incorporation oycdoleexane ring into the
carbon back bone which enhanced the chemical yie98from 8 % to 30 % via decreasing

the flexibility of the acyclic precursor.

Scheme 120.

(\/\(O T|CI3 (O'Pr)
O/\LO

SnBu3
297
m TiCl3(O'Pr)
07 MN\_oH
%z 0
SnBu3 H H
299 300, 30% yield

3.2. Results and Discussion

3.2.1. Scope and limitations

We embarked on our investigation of intramolecular formal nucleoulbstitution by

first inquiring into the possible structure, length, and rigidity of the tetheadty as all of these

factors greatly influence the outcome of the reaction. It wgseaed that due to the
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conformational restraints imposed by the cyclopropane moiety d@hwloyment of

conformationaly unrestricted tethers would be possible.

Scheme 121

KoH \/\Br O/m 1. BH3THF, 0 °C ,JK\O/j
—_— T .
Br

301 NaH Br 302 2. NaOH, H202 Br HO
303
0]
18-crown-6 (cat) 3
| Koy —— A
t-BUuOK/THF rt-100 °C 0

304
not observed

Thus, bromocycloproparZ03was synthesized fror801via a simple protocol shown in
(Scheme 121). Disappointingly subjection3®3 to our optimized conditions developed for the
intermolecular mode of this reaction did not yield cyclization 2@%lwas not detected (Scheme
121). Surprisingly attempts to induce intermolecular nucleophilic katbd¢-BuOK to in situ
generated intermedia@®94 failed to give conclusive results. Increasing the reactiopéeature
only yielded a complex mixture as observed by GC/MS analysis. tidwldif 1.1 equivalents
BuOK at room temperature generated trace amoun8)4fnonetheless attempts at isolation

failed.



180

It was hypothesized that the installation of an amide or caré@xfiinctionality into the
tether would provide additional conformational restraint in acyclicyrsars 306 thereby
circumventing possible entropic factors hindering intramoleculdaclkat and providing

heterocycles of typ808 (

Scheme 122). The directing effects of carboxylate and amide daatties observed in the
intermolecular addition of nucleophiles (Scheme 94) were also expaxtgreatly effect the
outcome of cyclization by not only providing rotational constaints, laat @l serve as part of a
preorganized templatd07 for cyclization. This template would be based on coordination of
potassium to both the carboxylate functionality anditheitu generated tethered nucleophile

(Scheme 122).

Scheme 122.
5 xw )
X 18-crown-6 (cat) _ o ZAO . : X
t-BUOK/THF u—/( oK
Br HO © O\j
re-organization
206 p ganizatl 308

307

To test this hypothesis, monobromocycloprop@® was synthesized from the

corresponding acid chloride313 While it was observed that ester containing
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bromocyclopropanes undergo decomposition upon subjection-BoOK, intramolecular
nucleophilic addition was expected to outcompete the additiarBafOK to the carboxylate.
Surprisingly, intramolecular addition did take place, however attackroed at the carbonyl
rather than to the cyclopropene providing ylide&8fElb in 68 % NMR vyield via proposed
intermediate311 (Scheme 123). Unfortunately attempts to avoid this rearrangemeatiaiis
temperatures and obtain dioxacan@i® via an 8exo-trig cyclization were unsuccessful. To
address this issue we substituted the ester function with a eecwon-rich carboxamide
functionality. It has previously shown that 2-bromocyclopropylcarb@@sncan be readily
converted into the corresponding cyclopropenes in the presence of nuaemagents with

complete preservation of the amide function.

Scheme 123.
(0]
© ©)
Me SN 18-crown-6 (cat) (O ,/—\ 0 Q
(0] OH
> Me Me o)

Br»ﬁ t-BUOK/THF O/\) > K%A

309 310

311
8-exo-trig * ll
0]

< BYe

312 311b, 68% NMR yield
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3.2.2. Medium Ring Closures

Accordingly, we set out to synthesis a library of ethanolamimk @opanol amine
derived acyclic precursors which upon cyclization would provide oxazepar{one 1) and
oxazacanones (n = 2) via and8-exo trig cyclizations respectively. All amino alcohols reacted
chemoselectively with acid chlorid&l3 in the presence of triethyl amine to furnish acyclic

precursorgl14a-ein reasonable yields (Scheme 124).

Scheme 124.
O 0
MXJ\CI NHR(CHa)OH _ M’e/XJ\N,R
Et3N, THF, rt
Br Br keﬁOH
313 314
i i BONS e
Me
MjKLN/\Q MTXJ\N MjKJ\N XN O
Br f Br ﬁ Br f Br /H O
HO
OH OH OH
314a, 85 % 314b, 75 % 314c, 85 % 314d, 64 %

i e
MXLN/\ MiXJ\N
Br H OH Br H

OH OH

314e, 80 % 314f, 65 %
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We performed test reactions employing 2-ethanolamine-deruesdrates 314e-f. To our
delight, the corresponding oxazepanones 316e-f were formed as adletprin high yield
(Scheme 125). In both cases the cis-fused isomer was formediexgldsom a mixture of
diastereomers. Notably no traces of the intermolecular additiadrBaDK were detected by
GC/MS analysis or by crude NMR analysis. Expectedly, thetiomatimes were shorter as
compared to the intermolecular reaction. However, substdferequired heating to 8% in
order to efficiently form cyclopropene intermedidtb.

Inspired by these results we set out to investigate the pagmbiB-exo trig cyclizations
employing acyclic precursor814a-c Upon reaction of acyclic precursodd4a-c with 2-2.5
equiv. of t-BuOK in the presence of 18-crown-6 in THF, oxazacanone derivaiees all
obtained in good yields as single diastereomers. Interestiagilyracenyl acycyclic precursor
314dalso reacted uneventfuly to provide oxazacargi6ein 92% vyield as a single diastreomer

(Scheme 125).
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Scheme 125.

0]
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N > ||H+|l n — >
| ( )n
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o o) o)
316a, 76% 316b, 84% 316c, 89% 316d, 92%
v v
N/\ N
316e, 72% 316f, 91%

The 8-exo-trig cyclizations were especially intriguing since classicdb®a’s rules do

not encompass ring closures larger thafi®and we wondered if this preorganized template

proposed could induce cyclizations of longer tethers. Indeed oxazan&@i@usasnd318ewere
obtained as single diastereomers from acyclic precur8ti& and 317e via 9-exo-trig

cyclizations. Remarkably acyclic precurs8is/a-cunderwentlO-exo-trig cyclizations affording
oxazecanone818a-c(Scheme 125), and dioxazecan@i8b in excellent yieldsAll described
transformations proceeded in a highly diastereoselective fashiamdiag cis-fused bicyclic

products starting from a diastereomeric mixture of bromocyclopropanes.
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Scheme 126.
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The high degree of diastereoselectivity was observed even md9tCamembered ring
closures of very flexible substrates, possessing no additionabsédectivity-inducing elements
in the tether. Remarkably, the reactions did not require highatikiand afforded consistently
high yields in preparatively convenient 0.05-0.2 M concentration rarfge.umique feature of
this sequential transformation, in which the reactive intermedsatgenerated in very low
guantities, permitted carrying out the reaction at such unusualtyforgmedium ring closure
concentrations. It should be mentioned that, despite the efficisetna/ of 7-10 membered

heterocycles we failed to obtain 11 and 12-membered rings via this approach.
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Having met success with tleo-trig ring closure, we tested a correspondengo-trig
cyclization**” Our attempts to enable aefido-trig ring closure were unsuccessful; however, 2-
bromocyclopropylcarboxamide819 cyclized smoothly via an 8ado-trig pathway upon
exposure to powdered KOH in the presence of 18-crown-6 ether, tohgiveotresponding
oxazacanone820b-chigh yields (Scheme 127). Furthermore, under similar conditicoradsr
cyclopropaned19abearing a tethered phenoxide pronucleophile, provided oxazac320aen
excellent yield. &ndo-trig cyclization via319 producedcis-fused heterocycles exclusively as
equilibration to thetrans-fused diastereomer824 is unfavored unlike in the corresponding

intermolecular nucleophilic additions to substrates of 8f@(Scheme 127).
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Scheme 127
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3.2.3. Construction of chiral bicycles

To further showcase the synthetic potential of this methodology, ewgored
intramolecular addition of tethered chiral alcohols en route to nemracbicyclic products
(Scheme 128). Acylation of chiral amino alcohols with a racemmyt ehloride 313 provided
amides 325 and 326 as mixtures of four diastereomers, which were subjected to the

dehydrobromination conditions. Gratifyingly, both reactions exhibitefdgtesite selectivity: the
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intramolecular nucleophilic attack of the alkoxides in the cydpene intermediate325’ and
326’ proceeded at only one of the diastereotapfecarbon atomsa), efficiently producing the

corresponding bicyclic oxazepinon&27a, band328as sole products.

Scheme 128.
Me._ COCI
R A,
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HO/\(?} Br
R=Ph, Bn NH; | (R,R)-pseudoephedrine,
NEts, THF l | NEts, THF
92% 97%
Me O
R) Me Ph,, Me
OH Br
326
18-crown-6 (cat) 18-crown-6 (cat)
t-BuOK, THF, 80 °C t-BuOK, THF, r.t.
R O Me O
(R Me Ph,, (B Me
PR
0o a b 0o a b
325' 326'
Me
Me N-°
) (s ”;( (s Me
F’h“‘(‘R)
o R OR)
327a, 71%, R=Ph 328, 82%, single

327b 78%, R =Bn diastereomer
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It was rationalized that the observed excellent diasteretisglecesults from a
significant preference of the thermodynamically more favor#talesition statelf S327awith
pseudo-equatorial orientation of the bulky substituents (Figure 1¥. geometry of this
transition state is very close to the most stable conformatidheobbtained cyclic product,
established by both NMR analysis and X-ray crystallogrdpigure 17)**® To further examine
how the structure of the acyclic precursor affects thre@temical outcome of the reaction, (+)-
Ephedrine was employed as a tether to ptovide acyclic prec@28br which upon cyclization

gave329as a single diastereomer in 90% yield. (Figure 18).

Figure 17. Thermodynamically most favored geometry of transition St&@&27a(AM1) and X-
ray structure oB27asee Appendix Figure 28

TS 327a



Figure 18.
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In conclusion, we have developed a very facile and geeardtig cyclization of seven-

through ten-membered rings, achieved as a result of highlyieeffipre-organization of

conformationally constrained precursors and the strain energ@aseel The described

transformation can be carried out in a highly diastereoselefetsigon, affording a singleis-

fused bicyclic product starting from a diastereomeric mixtfréoromocyclopropanes.

being the case even for relatively flexible tethered substrigading to [9.1.0] and [10.1.0 ]

bicyclic systems. The developed transformation also involves a Bewelo-trig nucleophilic

cyclizations and it was demonstrated that this reaction proceghly Hfficiently with both

alkoxides and phenoxide nucleophiles.

This
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3.4. Experimental Procedures

3.4.1. General Information

See Chapter 1.4.1. for general remarks and list of instrumentaftiohydrous
triethylamine was obtained by distillation of ACS-grade comuia#ly available materials over
calcium hydride in a nitrogen atmosphere. 3-Benzylamino-1-pmpat-benzylamino-1-
butanol, 5-benzylamino-1-pentanol, and 2-cyclohexylamino-1-ethanol weskegsed from TCI
America and used as received. All other commercially availeddgents were purchased from
Sigma-Aldrich or Acros Organics. 2-Bromo-cyclopropanecarbony! icld8rand 2-bromo-1-
methylcyclopropanecarbonyl chlori€, Bromocyclopropane801 and 302 were prepared
according to published procedures. Preparation of other non-comitgeasiailable starting

materials is described below.
3.4.2. Preparation of Amino Alcohols

H 3-Cyclohexylamino-1-propanot*® Three neck round bottom flask (250
O/ OH mL) equipped with a reflux condenser, a thermometer, and addition funnel
(100 mL) was charged with LiAIH(1.30 g, 38.4 mmol, 1.50 eq) and anhydrous THF (30 mL).
The resulting suspension was stirred at°® and a solution of methyl 3-(cyclohexyl-
amino)propanoaté® (4.40 g, 23.2 mmol, 1.00 equiv) in dry THF (50 mL) was added drop wise

over 30 min. Once addition was complete the mixture waedtat reflux overnight, then
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quenched at GC consecutively with water (20 mL) and a concentrated aqueousosolfti
NaOH (5.0 g in 5 mL of water). The resulting suspension was dilutg water (30 mL) and
THF (50 mL) and filtered through a fritted funnel. The filter cales washed with THF (3 x 20
ml), and the washing liquids were combined with the filtrate. Téw®lting solution was
saturated with NaCl and extracted with THF (3 x 20 ml). Thebtoed organic phases were
dried with NaSQ,, filtered, and concentrated. The crude product was purified by vacuum
distillation (bp 60°C at 15 torr) to afford the titled compound as colorless oil, soiidjfupon
standing. Yield 2.4 g (15.1 mmol, 65%).

'H NMR (400.13 MHz, CDG) & 3.80 (t,J = 5.2 Hz, 2H), 2.89 (t) = 5.7 Hz, 2H), 2.41 (tt) =
10.3 Hz, 3.6 Hz, 1H), 2.05 (br. s, 2H), 1.97-1.79 (m, 2 H), 1.77-1.52 (m, 5H), 1.31-1.38/m
1.11-0.99 (m, 2H);**C NMR (100.67 MHz, CDG) & 64.5 (-), 56.6 (+), 46.9 (-), 33.4 (-, 2C),
31.2 (-), 26.0 (-), 24.9 (-, 2CIH NMR (400.13 MHz, CDG) § 3.77 (t,J = 5.6 Hz, 2H), 2.84 (t,
J=5.8 Hz, 2H), 2.57 (t) = 7.1 Hz, 2H), 1.67 (quinl = 5.6 Hz, 2H), 1.44 (quinl = 7.1 Hz, 2H),
1.35-1.19 (m, 6H), 0.86 (§,= 6.5 Hz, 3H); *C NMR (100.67 MHz, CDG) & 64.1 (-), 49.9 (-),

49.8 (-), 31.6 (), 30.7 (-), 29.8 (), 26.9 (-), 22.5 (-), 13.9 (+);

O 3-((Anthracen-9-ylmethyl)amino)propan-1-df* To a stirred
O N/\/\OH solution of anthracene-9-carbaldehyde (2.0 g, 9.6 mmol) in methanol
O (200 mL) was added 3-aminopropanol (800 mg, 10.7 mmol, 1.1

equiv.). The mixture was stirred for 30 min at room temperature, ¢bheled to 0°C, and

NaBH, (547 mg, 14.4 mmol, 1.50 equiv) was added by small portions over 5 min.orfinedf

suspension was stirred for 3 hrs, then most of the solvent was renmovaduum, and the
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residue was quenched with 2% aqueous KOH and extracted with ditigtbrane (4 x 20 mL).
Combined organic phases were dried with MgSO4, filtered and concentfidte obtained
yellow solid was recrystallized from hexane-EtOAc 10:1 mixtarefford the title compound as
yellow needles, mp 82-8&, yield 1.8 g (6.78 mmol, 71%).

'H NMR (400.13 MHz, CDG) § 8.44 (s, 1H), 8.31 (dl = 8.8 Hz, 2H), 8.03 (d] = 8.3 Hz, 2H),
7.59-7.54 (m, 2H), 7.50-7.47 (m, 2H), 4.76 (s, 2H), 3.84 (agp= 6.2 Hz, 2H), 3.15 (app.d,=
5.7 Hz, 2H), 2.05 (br. s, 2H), 1.79 (quih= 5.6 Hz, 2H); *C NMR (100.67 MHz, CDG) &

131.4 (2C), 130.7, 130.2 (2C), 129.2 (+, 2C), 127.4 (+), 126.2

Ho” >"NH 3-(Hexylamino)propan-1-ot>* Three neck round bottom flask (250 mL)
equipped with a reflux condenser, a thermometer, and addition funnel ()L0O0 m
was charged with LiAlk (1.50 g, 38.4 mmol, 1.5 equiv) and anhydrous THF (30 mL). The
resulting suspension was stirred &) a solution of methyl 3-(hexylamino)propandat¢4.80
g, 25.6 mmol, 1.00 equiv) in dry THF (50 mL) and was added dropwise over 30Q@mice
addition was complete the mixture was stirred at reflux overnightd then quenched
consecutively with water (20 mL) and a concentrated solution of N& g in 5 ml of water)
at 0°C. The mixture was diluted with THF (50 mL) and of water (30 and the resulting
suspension was filtered through a fritted funnel. The filter egk® washed with THF (3 x 20
mL), and the washing liquid was combined with the filtratéie Tesulting filtrate was saturated
with NaCl and extracted with THF (3 x 20 mL). The combined orgphases were dried with
NaSQO,, filtered and concentrated. The resulting yellowish oil was ipdrifoy vacuum

distillation to afford the titled compound as colorless oil. Yield 2.84%9 mmol, 62%)'H
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NMR (400.13 MHz, CDQJ) & 3.77 (t,J = 5.6 Hz, 2H), 2.84 (t) = 5.8 Hz, 2H), 2.57 () = 7.1
Hz, 2H), 1.67 (quin) = 5.6 Hz, 2H), 1.44 (quin] = 7.1 Hz, 2H), 1.35-1.19 (m, 6H), 0.86 Jt
6.5 Hz, 3H); **C NMR (100.67 MHz, CDG) & 64.1 (-), 49.9 (-), 49.8 (-), 31.6 (-), 30.7 (-), 29.8

(), 26.9 (-), 22.5 (-), 13.9 (+);

HO O 2-(2-(Butylamino)ethoxy)ethanot™ A two neck round bottom
flask equipped vl\4/ith a reflux condenser and addition fummel (30 mL)chaged with neat-
butylamine (7.00 g, 9.46 mL, 96.7 mmol, 3.00 equiv), and a 2-(2-chloroethoxy)ethab®Iig(
32.1 mmol, 1.00 equiv) in MeOH (20 ml) was added dropwise over 10 min. Qdit®@a was
complete, the mixture was heated at reflux for 18 hrs. The solventen@ved in vacuum; the
resulting salt was washed with hexane<(BO mL) and dissolved in a solution of KOH (1.89 g,
33.7 mmol) in water 10 (mL). The resulting slurry was partitiondd/éen THF (10 mL) and
brine (10 mL) and extracted with THF 320 mL). The combined organic phases were dried
with NaSQ,, filtered and concentrated to obtain the title compound as colorlepsi@ enough
to be used in further transformation without additional purificatidield 3.60 g (22.8 mmol,
71%). 'H NMR (400.13 MHz, CDG)) & 3.68 (t,J = 4.6 Hz, 2H), 3.58 (t) = 5.2 Hz, 2H), 3.55
(t, J = 4.6 Hz, 2H), 2.77 () = 5.2 Hz, 2H), 2.58 (t) = 7.3 Hz, 2H), 1.54 (quir} = 7.3 Hz, 2H),

1.31 (sxt,J = 7.3 Hz, 2H), 0.89 () = 7.3 Hz, 3H);"*C NMR (100.67 MHz, CDG) & ppm 72.6

(), 70.1 (), 61.5 (-), 49.5 (), 49.3 (-), 32.0 (), 20.4 (-), 14.0 (+);

WH/\/\OH 3-((Furan-2-ylmethyl)amino)propan-1-of>° To a stirred solution of
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furfural (5.00 g, 52.0 mmol, 1.00 equiv) in MeOH (30 mL) was added 3-aminopropb(*D0
g, 53.3 mmol, 1.00 equiv), and the mixture was stirred for 30 min at roopetature, then
cooled to C and NaBH (2.90 g, 76.6 mmol, 1.50 equiv) was added by small portions over 10
min. The suspension was stirred for 4 hrs at room temperaturbesdlvent was removed in
vacuum. An aqueous solution of KOH (5.00 g, 47.8 mmol, 1.7 equiv in 20 mL of watsr)
added and the solution was partitioned between EtOAC and brine. The admgmusias
extracted with EtOAc (3 x 30 mL). The combined organic phasae dried with NgSO,,
filtered, and concentrated. The resulting crude oil was distilled {C30to afford the title
compound as a colorless viscous oil. Yield 7.50 g (48.4 mmol, 93%).

'H NMR (400.13 MHz, CDG))  7.32 (ddJ = 1.8 Hz, 0.8 Hz, 1H), 6.27 (dd= 3.2 Hz, 1.9 Hz,
1H), 6.14 (dJ = 3.0 Hz, 1H), 3.74 (s, 2H), 3.71 {t= 5.6 Hz, 2H), 2.78 () = 6.1 Hz, 2H), 1.66
(quin,J = 5.9 Hz, 2H); **C NMR (100.67 MHz, CDG) & 153.2, 141.7 (+), 110.0 (+), 106.9 (+),

63.0 (-), 48.0 (-), 45.7 (-), 30.9 ();

HO_~_~yy 4-Hexylamino-1-butanol*® Two neck round bottom flask equipped with a
reflux condenser was charged with nedtexylamine (5.60 g, 55.2 mmol,
3.00 equiv), and a solution of 4-chlorobutan-1-ol (2.00 g, 18.4 mmol 1.00 equiv) and (260
mL) was added dropwise over 30 min. Once addition was completeixtheenwas heated at
reflux for 12 hr. The solvent was removed in vacuum and the resultingvasiltvashed with
hexane (3 x 10 ml) and dissolved in a solution of KOH (3.10 g, 55.2 mmol, 3.00 equiader
(20 mL). Then the mixture was partitioned between THF (20 ml) aine 20 ml) and the

agueous phase was extracted with THF (3 x 20 ml). The combined op}esies were dried
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with NaSQ,, filtered, and concentrated. The resulting crude material waeguly vacuum
distillation (100°C at 1 torr) to afford the titled compound as colorless oil. IdYie6 g (9.2

mmol, 50 %).

'H NMR (400.13 MHz, CDG) & 3.75 (br.s, 2H), 3.55 (i = 6.0 Hz, 2H), 2.64 () = 5.8 Hz,
2H), 2.59 (tJ = 7.3 Hz, 2H), 1.88-1.80 (m, 2H), 1.67-1.59 (m, 4H), 1.48 (qLin7.3 Hz, 2H),
1.31-1.24 (m, 4H), 0.86 (8,= 7.3 Hz, 3H); *°C NMR (100.67 MHz, CDG) & 62.5 (-), 49.6 (-),
49.5 (), 32.6 (-), 31.7 (-), 29.6 (-), 28.8 (-), 26.9 (-), 22.5 (-), 14.0 (+);

fo7

4-(Phenethylamino)butan-1-of”" Two neck round bottom flask

HO\/\/\H equipped with a reflux condenser was charged with neat 2-
phenylethanamine (13.4 g, 110 mmol, 3.00 equiv), and a solution of 4-chlorobutan-1-aj,(4.00
36.8 mmol, 1.00 equiv) in MeOH (30 mL) was added dropwise over 30 min. Onceaddis
complete the mixture was heated at reflux for 12 hr. The solventrevaoved in vacuum, the
resulting salt was washed with hexane (3 x 10 mL) and dissolvedatution of KOH (6.2 g,
110.4 mmol, 3 equiv) in water (30 mL). The resulting mixture wastipaeed between THF (20
ml) and brine (20 ml) and extracted with THF (3 x 20 ml). The condborganic phases were
dried with NaSQ,, filtered, and concentrated. The resulting greenish oil was mllfieracuum
distillation (110°C at 1 torr) to afford the titled compound as colorless oil. Yée@D g (31.1
mmol, 85 %).

'H NMR (400.13 MHz, CDG) 5 7.33-7.25 (m, 2H), 7.24-7.07 (m, 3H), 3.57)& 5.3 Hz,

2H), 2.90-2.84 (m, 2H), 2.84-2.77 (m, 2H), 2.64)& 5.8 Hz, 2H), 1.72-1.52 (m, 4H)*C
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NMR (100.67 MHz, CDG) & 139.4, 128.5 (+, 2C), 128.3 (+, 2C), 126.1 (+), 62.2 (-), 50.3 (-),

49.3 (-), 35.7 (-), 32.1 (-), 28.2 (-);

H 5-(Cyclohexylamino)pentan-1-a1°® A two neck round bottom flak equipped
O/ HO with a reflux condenser was charged with neat cyclohexylar8iGé ¢, 33.7
mmol, 3.00 equiv), and a solution 5-chloropentan-1-ol (1.53 g, 12.5 mmol, 1.00 equiv) i MeO
(10 ml) was added dropwise over 10 min. Once addition was completextueenwas heated at
reflux for 18 hrs. The solvent was removed in vacuum, the resultihgvaa washed with
hexane (3 x 10 ml) and dissolved in a solution of KOH (1.89 g, 33.7 mmuiater 10 (mL).
The resulting mixture was partitioned between THF (10 mL) and l§tidenlL) and extracted
with THF (3 x 20 mL). The combined organic phases were dried wits®a filtered, and
concentrated. The resulting oil was distilled (bp @5t 1 torr) to afford the title compound as

colorless oil. Yield 1.39 g (20.2 mmol, 60%).

'H NMR (400.13 MHz, CDG) & 3.64 (t,J = 6.4 Hz, 2H), 2.65 (t) = 7.1 Hz, 2H), 2.42 (it) =
10.6 Hz, 3.7 Hz, 1H), 2.05 (br. s., 2H), 1.97-1.83 (m, 2H), 1.80-1.68 (m, 2H), 1.68-1.48 (m, 4H),
1.48-1.38 (m, 4H), 1.32-1.02 (m, 4H)*C NMR (100.67 MHz, CDG) & 62.4 (-), 56.9 (+), 46.6

(), 33.4 (-, 2C), 32.4 (-), 29.7 (-), 26.1 (-), 25.1 (-, 2C), 23.5 (-):

2-(2-(Benzylamino)ethoxy)ethant™> A soluton  of  2-(2-

N
~"0o chloroethoxy)ethanol (5.0 g, 40.1 mmol) in methanol (30 mL) was added to
HO

stirred neat benzylamine (12.9 g, 120.4 mmol, 3.0 equiv). The mixturdeeded at reflux
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(bath temperature 108C) for 24 hr, then solvent was removed in vacuum. The obtained
crystalline residue was washed with hexane (3 x 50 mL) and dissolved in watek \3@asified

with solid KOH (6.5 g), and extracted with EtOAc (3 x 80 mL). ®orad organic phases were
dried with NaSGO;, filtered, and concentrated in vacuum. The residue was distilledcuum,

bp 110 oC (0.5 torr). Yield 4.23 g (21.7 mmol, 54%).

'H NMR (400.13 MHz, CDG) & 7.37-7.21 (m, 5H), 3.79 (s, 2H), 3.68 (appl £, 4.6 Hz, 2H),
3.59 (app. tJ = 5.2 Hz, 2H), 3.54 (app. §,= 4.6 Hz, 2H), 2.80 (app. §,= 5.2 Hz, 2H); °C
NMR (100.67 MHz, CDGJ) 8 ppm 139.6, 128.3 (+, 2C), 128.1 (+, 2C), 126.9 (+), 72.4 (-), 70.0

(-), 61.3 (), 53.6 (-), 48.4 (-).

J< 2-((tert-Butylamino)methyl)phenof*®®* A solution of salicyl aldehyde (1.22
©\/O\HH g, 10.0 mmol, 1.00 equiv.) anért-butyl amine (1.46 g, 20.0 mmol, 2.00
equiv.) was stirred in dry MeOH (40 mL) for 1 hr. NaB00 mg, 16.0 mmol, 1.60 equiv.) was
added causing a color change from yellow to clear over the coudd® rofn, after which the
reaction was quenched with 5% aqueous HCI (15 mL). The resultirtureniwas then
partitioned between ED (25 mL) and brine (25 mL). The aqueous layer was extractdd wi
ether (3 x 20 mL). The combined organic layers were dried wititS®, filtered and

concentrated. The obtained crystalline material was pure enougé tised for the following

transformations without additional purification. Yield 1.45 g (8.01 mmol, 81%).
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'H NMR (400.13 MHz, CDG)) § 7.17 (td,J = 8.0 Hz, 1.8 Hz, 1H), 6.98 (d,= 7.3 Hz, 1H),
6.84 (dd,J = 8.1 Hz, 1.0 Hz, 1H), 6.79 (td,= 7.4 Hz, 1.1 Hz, 1H), 3.92 (s, 2H), 1.23 (s, 9H);
%C NMR (100.67 MHz, CDG) & ppm 158.3, 128.2 (+), 127.7 (+), 123.4, 118.6 (+), 116.2 (+),
50.8, 45.8 (-), 28.3 (+); HRMS (TOF ES): found 180.1383, calculated 4t 8O (M+H)

180.1388 (2.8 ppm).

3.4.3. Syntheses of Bromocyclopropanes

0

K\O/\/\OH

Br 3-Hydroxypropyl 2-bromo-1-methylcyclopropanecarboxylg@09: To a
stirred solution of 1,3-propanediol (532, 551 mg, 7.24 mmol, 5.00 equiv) in anhydrous
pyridine (2 mL) was added dropwise 2-bromo-1-methylcyclopropabens chloride (20QuL,

286 mg, 1.45 mmol). The mixture was stirred for 2 hr &€ Othen quenched with water (20
mL) and extracted with EtOAc (X 10 mL). Combined organic phases were washed
consequitively with 10% aqueous HCI (10 mL), saturated aqueous NaHOOnL) and brine
(10 mL), dried with MgSQ@ filtered and concentrated in vacuum. Preparative column
chromatography of a residue (eluent hexane/EtOAc, gradient fronio4i1l) afforded two
fractions. Less polar fraction (.50, eluent hexane/EtOAc 4:1) contained a mixture of
diastereomeric propane-1,3-diyl bis(2-bromo-(methyl)cyclopropabeggates) as a yellowish

oil, yield 115 mg (0.29 mmol, 40%). More polar fraction (50, eluent hexane/EtOAc 1:1)
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represented a colorless oil which was identified as a tttlepound. Yield 200 mg (0.84 mmol,
58%). *H NMR (400.13 MHz, CDG) § [4.34-4.22 (m) & 4.19 () = 6.3 Hz),>2H], [3.69 (t,

J=6.1 Hz) & 3.65 () = 6.1 Hz),>2H], [3.48 (dd,J = 8.1 Hz, 5.3 Hz) & 2.94 (dd}, = 7.6 Hz,

5.6 Hz),Y1H], 2.43 (br. s, 1H), 1.91-1.74 (m, 3H), [1.44 (s) & 1.36 Y8H], [1.23 (ddJ = 7.6

Hz, 6.6 Hz) & 0.99 (app. fl = 6.1 Hz, 5.6 Hz)Y1H]; *C NMR (100.67 MHz, CDG) & major:

173.5, 62.1 (-), 58.77 (-), 31.5 (-), 28.7 (+), 25.1 (), 23.7, 16.7 (+); minor: 171.3, 62.1 (-), 58.84
(), 31.6 (-), 26.6, 25.9 (+), 22.5 (-), 19.6 (+); FT IR (NaCl, film;§n8427, 2961, 2887, 1726,
1429, 1398, 1369, 1350, 1250, 1205, 1178, 1155, 1099, 1051, 922, 905, 590; HRMS (TOF ES):

found 258.9952, calculated fogld;3BrNaO; (M+Na) 258.9946 (2.3 ppm).

3-((2-bromo-1-methylcyclopropyl)methoxy)propan-1-ol (303):

s

In a 2-neck 50 mL flask containing a stirred solutior8@2 (1.8g, 8.7 mmol) in 20 mL of THF
under N at 0°C was added 660 pL (8.8 mmol) of BBMe. The solution was stirred for 2 hr at
room temp when a solution of 1g of NaOH (3 equiv) in 2 mL of THF wide@ dropwise over 5
min. Finally 3 mL of HO, was added via syring over 5 min &t@ The reaction was allowed to
stir for one hour and 5 ml of water was added. The solution was textraith 20 mL of EtOAC
(20 mL) 3 times, washed with MaO;s, dried with MgSQ and filtered. The residue was purified
by preparative column chromatography eluting with 3:1 EtOAC/hexafiekl: 1.64 g, 85%

yield.
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'H NMR (400.13 MHz, CDG)) § [3.75-3.62 (m) Y3H], [3.61-3.65 (m)Y2H], [3.56-3.50 (m),
S2H], 4.44 (br. s, 1H), 3.3 (dd, 1.72 Hz) [3.2-3.17 (m), 1H], [2.97-2.92 m, 1H); 2.83-2.82 (m)
1H; 1.85-1.74 m, 3H; 1.26 s, 3H; 1.15, s 3H; 1.13-1.08 m, 1H; 0.9% (7.1 Hz 1H); 0.77 (tJ

= 7.5 Hz); 0.64 (tJ = 6.8 Hz.X*C NMR (100.67 MHz, CDG) & major: 76.16 (+), 76.1 (+), 70.0

(+), 69.52, (+) 67.77 (+), 32.05 (+) 27.57 (-), 28.48 (-), 27.20 (-), 20.92, 20.54 (-), 19.38 (+);
HRMS (TOF ES): found 245.01.0153, calculated feHEBrNaO; (M+Na) 245.01460 (2.3

ppm).

o 2-Bromo-N,N-bis(2-hydroxyethyl)-1-methylcyclopropanecarboxamide
BMXE/\OH (31d): To a stirred solution of 2,2-diethanolamine (1.17 g, 11.2 mmol, 2.2
f OH equiv) in dry THF (4 mL) was added dropwise a solution of 2-bromo-1-
methylcyclopropanecarbonyl chloride (1.00 g, 5.1 mmol, 1.0 equiv) in diy BHmL). The
mixture was stirred for 1 hr, then quenched with brine and eattagith EtOAc (3 x 25 mL).
Combined organic phases were dried with MgS{iered, and concentrated in vacuum. Crude

residue was purified by preparative column chromatography @a gjél (eluting with EtOAC)

to afford the title compound. Yield 1.09 g (4.08 mmol, 80%).

'H NMR (400.13 MHz, CDG) & 4.32 (br.s, 2H), 4.06-3.28 (m, 8H), [3.37 (dds 8.2 Hz, 5.1
Hz) & 2.99 (dd,J = 6.9 HZ, 4.7 Hz)E1H], [1.66 (ps.-t] = 8.2 Hz, 6.9 Hz) & 1.54 (dd} = 6.0

Hz, 4.7 Hz) =1H], [1.47 (s) & 1.43 (s)£3H], [1.19 (ps.-tJ = 6.9 Hz, 6.0 Hz) & 0.89 (app.d,=
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6.9 Hz, 5.1 Hz)21H]; *C NMR (100.67 MHz, CDG) & major: 174.0, 60.0 (-), 59.2 (-), 51.1 (-

), 48.6 (-), 27.9, 25.9 (+), 21.5 (-), 19.6 (+); minor: 172.5, 60.1 (-), 59.7 (-), 51.5 (-), 48.9 (-), 27.9
(+), 25.7, 22.2 (-), 21.8 (+); FT IR (chfilm): 3421, 2988, 2941, 2908, 2876, 2837, 2658,
2621, 2442, 2363, 2332, 2230, 1757, 1610, 1290, 1232, 1213, 1132, 1088, 1020, 928, 862, 831,
712, 685, 650, 604, 523, 473; HRMS (TOF ES): found 266.0388, calculatedHeNO4Br

(M+H) 266.0392 (1.5 ppm).

o O 2-Bromo-N-cyclohexyl-N-(2-hydroxyethyl)-1-methylcyclopropane-
Me/XLN carboxamide(3149: To a stirred solution of 2-(cyclohexylamino)ethanol
o HOH (158 mg, 1.10 mmol, 1.10 equiv) and triethylamine (422308 mg, 3.00
mmol, 3.00 equiv) in dry THF (10 mL) was added (dropwise over 10 min)udicsolof 2-
bromo-1-methylcyclopropanecarbonyl chloride (200 mg, 1.01 mmol, 1.0 equivy iRHF (10
mL). The resulting suspension was stirred for 30 min at room tamope and then filtered
through a fritted funnel. The filter cake was washed with EtQ8Ag 10 mL). The combined
organic solution was concentrated in vacuum. Preparative column cbgramty of a crude
residual oil on silica gel afforded the title compound as a diéaR; 0.30 (hexane-EtOAc, 1:2).
Yield 196 mg (0.65 mmol, 65 %).
'H NMR (400.13 MHz, CDG) & [3.99 (br. s.) & 3.83-3.68 (m) & 3.67-3.43 (m) & 3.39-3.25
(m), =5H], [3.11 (dd,J = 8.2 Hz, 4.9 Hz) & 2.99 (dd] = 7.5 Hz, 4.7 Hz)g1H], [2.05 (d,J =
11.4 Hz) & 1.81 (br. s.) & 1.73-1.58 (m) & 1.58-1.50 (m) & 1.49-1.27 @)H], [1.38 (s) &

1.31 (s),=3H], [1.22-1.00 (m) & 0.86 (dd] = 6.8 Hz, 5.1 Hz, 1H)x2H]; **C NMR (100.67

MHz, CDCk) & 173.4, 171.6, 62.6 (-), 62.5 (-), 57.4 (+), 57.2 (+), 45.5 (-), 44.8 (), 32.6 (-), 31.9
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(), 31.6 (), 31.4 (-), 28.1, 27.0 (+), 25.8, 25.7 (-), 25.6 (-), 25.52 (-), 25.47 (-), 25.3 (+), 25.04 (-
), 25.02 (), 23.0 (), 21.6 (+), 21.2 (), 19.5 (+); FT IR {crfilm): 3402, 2932, 2856, 1618,
1470, 1454, 1423, 1375, 1319, 1298, 1197, 1163, 1144, 1074, 1053, 894, 731, 623, 509; HRMS

(TOF ES): found 304.0913, calculated fogld;sNOBr (M+H) 304.0912 (0.3 ppm).

/O 2-Bromo-N-cyclohexyl-N-(3-hydroxypropyl)-1-methylcycloprop-

”KLK/\ anecarboxamide (3149: To a stirred solution of 3-(cyclohexyl-

amino)propan-1-ol 4c) (580 mg, 3.80 mmol, 1.10 equiv) and
triethylamine (1.45 mL, 1.06 g, 10.5 mmol, 3.00 equiv) in dry THF (25 mL) @tisol of 2-
bromo-1-methylcyclopropanecarbonyl chloride (620 mg, 3.14 mmol, 0.90 equiv) in(AHF
mL) was added dropwise over 10 min. The resulting suspension wad §ir 30 min at room
temperature and then filtered through a fritted funnel. The Ghke was washed with EtOAc (3
x 10 ml). The combined filtrates were concentrated in vacuum. Rt@a column
chromatography of the residual crude oil on silica gel affotdeditle compound as a yellowish
crystalline solid, R0.45 (hexane-EtOAc 1:1). Yield 946 mg (2.90 mmol, 85 %).
'H NMR (500.13 MHz, CDG) & 3.96-3.76 (m, 2H), 3.61-3.38 (m, 3H), 3.34-3.22 (m, 1H),
[3.13 (dd,J = 8.2 Hz, 4.7 Hz) & 3.02 (dd] = 7.6 Hz, 4.7 Hz)g1H], 1.94-1.79 (m, 2H), 1.79-
1.64 (m, 4H), 1.64-1.48 (m, 4H), [1.43 (s) & 1.35 &3H], 1.48-1.42 (m, 1H), 1.41-1.33 (m,
1H), 1.13 (tt,J = 13.0 Hz, 3.7 Hz, 1H), 0.90 (dd,= 6.6 Hz, 5.4 Hz, 1H)**C NMR (125.76
MHz, CDCk) 6 major 172.8, 59.0 (-), 57.6 (+), 37.9 (-), 33.2 (-), 32.1 (-), 31.8 (), 27.2 (+), 26.1,
26.0 (-), 25.8 (-), 25.3 (-), 21.4 (-), 19.8 (+); minor: 170.9, 59.0 (-), 58.0 (+), 38.33(4 (-),

33.2 (), 32.4 (s, 1 C), 28.5 (+), 26.0, 25.3 (-), 24.4 (), 23.6 (), 22.0 (-), 19.8 (+)R [,
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film): 3400, 2932, 2856, 1616, 1472, 1454, 1425, 1369, 1350, 1325, 1298, 1269, 1240, 1197,
1157, 1144, 1059, 986, 933, 897, 870, 756, 733, 623, 509; HRMS (TOF ES): found 340.0886,

calculated for g4H»4NO,BrNa (M+Na) 340.0888 (0.6 ppm);

o 2-Bromo-N-hexyl-N-(3-hydroxypropyl)-1-methylcyclopropane-

MiKLNK/\ carboxamide(314b): To a stirred solution of 3-(hexylamino)propan-1-
o ol (500 mg, 3.15 mmol, 1.00 equiv) and triethylamine (1.30 mL, 950 mg,

9.50 mmol, 3.00 equiv) in dry THF (25 ml) a solution of 2-bromo-1-methydpyopane-
carbonyl chloride (620 mg, 3.14 mmol, 0.90 equiv) in dry THF (20 mL was addedideopver
10 min. The resulting suspension was stirred for 30 min at room tatape and then filtered
through a fritted funnel. The filter cake was washed with Et@3\¢ 10 ml), and the combined
filtrates were concentrated in vacuum. Preparative column ckwgraghy of the residual crude
oil on silica gel afforded the title compound as a colorless @iD.#0 (hexane-EtOAc, 1:1).
Yield 736 mg (2.30 mmol, 73%).
'H NMR (400.13 MHz, CDG) & 3.66 (br. s., 1H), 3.63-3.52 (m, 1H), 3.52-3.31 (m, 4H), 3.19
(dd,J = 8.2 Hz, 4.9 Hz, 1H), 1.75-1.67 (m, 3H), 1.66-1.57 (m, 2H), 1.49 (s, 3H), 1.36 (m, 7H),
0.99-0.84 (m, 4H);™*C NMR (100.67 MHz, CDG) & 173.2, 58.2 (-), 47.5 (-), 40.3 (-), 31.5 (-),
30.2 (-), 28.4 (-), 27.4, 26.6 (+), 26.0 (), 22.5 (-), 21.6 (), 19.8 (+), 13.9 (+)RKani?, film):
3410, 2934, 2874, 1614, 1497, 1472, 1454, 1427, 1379, 1358, 1325, 1298, 1271, 1236, 1184,
1078, 1057, 1030, 1001, 933, 870, 825, 739, 698, 625, 573, 544, 490, 463; HRMS (TOF ES):

found 342.1043, calculated forfEl,6NO-BrNa (M+Na) 342.1045 (0.6 ppm);
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0 N-Benzyl-2-bromo-N-(3-hydroxypropyl)-1-methylcyclopropane-

MX'\CE carboxamide(3149: To a stirred solution of 3-(benzylamino)propan-1-

Br OH
ol (850 mg, 5.10 mmol, 1.02 equiv) and triethylamine (2.06 mL, 1.50 g, 15.0 mmol, 3.00 equiv)
in dry THF (25 mL) a solution of 2-bromo-1-methylcyclopropanecarbohiricle (1.0 g, 5.0
mmol, 1.0 equiv) in dry THF (20 mL) was added dropwise over 10 min. Téatire
suspension was stirred for 30 min at room temperature and fitten@egh a fritted funnel. The
filler cake was washed with EtOAc (3 x 10 mL). The combimedanic filtrates were
concentrated in vacuum. Preparative column chromatography of amgsaritide oil on silica
gel afforded the title compound as a colorless ailDR0O (hexane-EtOAc, 1:3). Yield 1.30 g
(4.00 mmol, 80%)
'H NMR (400.13 MHz, CDG) § 7.39-7.15 (m, 5H), [5.12 (d,= 16.9 Hz) & 4.71 (dJ = 16.4
Hz), =1H], [4.66 (d,J = 16.4 Hz) & 4.45 (dJ = 16.9 Hz),=1H], 4.00-2.90 (m, 5H), 1.75-1.57
(m, 3H), [1.49 (s) & 1.33 (sE3H], [1.21 (ps.-t) = 7.3 Hz, 6.8 Hz) & 0.92 (dd} = 6.8 Hz, 5.1
Hz), £1H]; **C NMR (100.67 MHz, CDG) & 173.5, 172.1, 135.7, 135.6, 128.9 (+, 2C), 128.8
(+, 2C), 127.7 (+), 127.5 (+), 126.6 (+, 2C), 126.5 (+, 2C), 58.3 (-), 58.2 (-), 50.4 (-, 2C), 40.9 (-
), 40.7 (), 29.3 (-), 29.2 (-), 28.0, 27.0 (+), 25.9 (+), 25.8 (+), 22.4, 21.7 (+), 211® B)(-);
FT IR (Cm'l, film): 3400 (br), 3075, 2985, 1624, 1421, 1265, 1186, 894, 739, 704; HRMS (TOF

ES): found 246.1501, calculated fofs8,0NO, (M-Br) 246.1494 (2.8 ppm).

C N-(Anthracen-9-ylmethyl)-2-bromo-N-(3-hydroxypropyl)-1-

o QQ methylcyclopropanecarboxamidé14d): To a stirred solution of 3-

MEXLN
Br K/\OH
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((anthracen-9-ylmethyl)amino)propan-1-ol (295 mg, 1.11 mmol, 1.11 equiv)riatisylamine
(420puL, 307 mg, 3.03 mmol, 3 equiv.) in dry THF (20 mL) was added dropwise a sobditiadn
bromo-1-methylcyclopropanecarbonyl chloride (200 mg, 1.01 mmol, 1 equiv) i HdliFy (10

mL). The mixture was stirred overnight, then concentrated in vaculime residue was
guenched with brine and extracted with EtOAc (3 x 15 mL). Combineghmrgphases were
dried with MgSQ, filtered and concentrated. Preparative column chromatography cesideal

crude oil on silica gel afforded the title compound as yellowisiad,sBf 0.15 and 0.35 (hexane-
EtOAc 1:1). Yield 276 mg (0.65 mmol, 64%).

'H NMR (400.13 MHz, CDG)) § [8.51 (s) & 8.41 (s)£1H], 8.26 (d,J = 8.8 Hz, 2H), [8.06 (d

= 8.8 Hz) & 7.98 (d,) = 8.1 Hz),22H], 7.60-7.43 (m, 4H), [5.93 (d,= 14.4 Hz) & 5.88 (dJ =

15.4 Hz),21H], [5.72 (d,J = 14.4 Hz) & 5.65 (dJ = 15.4 Hz) >1H], 3.43-2.96 (m, 5H), [1.86-

1.82 (m) & 1.71-1.57 (m)E3H], [1.82 (s) & 1.37 (s)£3H], [1.44 (app. tJ = 7.1 Hz) & 1.28

(app. t,J = 7.1 Hz),21H]; *C NMR (100.67 MHz, CDG) & major: 170.5, 131.2 (2C), 130.9
(2C), 129.1 (+, 2C), 128.2 (+), 127.3, 126.3 (+, 2C), 125.0 (+, 2C), 124.3 (+, 2C), 59.9 (-), 43.1
(), 40.3 (-), 32.1 (-), 28.3, 25.9 (+), 23.3 (s, 1 C), 21.9 (+); minor: 172.2, 131.6 (2C), 131.2
(2C), 129.5 (+, 2C), 129.2 (+), 127.0 (+, 2C), 125.1 (+, 2C), 124.4, 123.4 (+, 2C), 58.1 (-), 44.5
(-), 40.3 (-), 31.6 (-), 28.5, 25.9 (+), 23.9 (-), 21.7 (+); FT IR¥cfilm): 3397, 3053, 2957,
2932, 2876, 1718, 1672, 1626, 1614, 1429, 1377, 1285, 1229, 1173, 1159, 1095, 1055, 932, 854,

735, 700; HRMS (TOF ES): found 448.0894, calculated fogH&ENO.BrNa (M+Na) 448.0888

(1.3 ppm);
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o 2-Bromo-N-hexyl-N-(4-hydroxybutyl)-1-methylcyclopropane-
Me
,,XLN carboxamide(3179: A 25 ml round-bottomed flask was charged with 4-

Br
y (hexylamino)butan-1-ol (88 mg, 0.56 mmol, 1.1 equiv), triethylamine

o]
(212 L, 154 mg, 1.53 mmol, 3.00 equiv), and dry THF (5 mL). The mixture waedstiand a
solution of 2-bromo-1-methylcyclopropanecarbonyl chloride (100 mg, 0.541,mMn@0 equiv) in
THF (5 mL) was added dropwise over 5 min. The resulting suspenamstikred for 30 min at
room temperature, then filtered through a fritted funnel. The Gh&e was washed with EtOAc
(3 x 10 ml). The combined filtrates were concentrated in vacuumepaRitive column
chromatography of a residue on silica gel afforded the tithepound as a colorless oil; 2
(Hexane-EtOAc 1:1). Yield 128 mg (0.38 mmol, 75%).
'H NMR (400.13 MHz, CDG) & ppm 3.77-3.61 (m, 2H), 3.48-3.29 (m, 3H), 3.28-3.11 (m, 2H),
2.42 (br. s, 1H), 1.71-1.43 (m, 8H), 1.45 (s, 3H), 1.41-1.31 (m, 3H), 1.28 (br. s., 2H), 0.98-0.81
(m, 4H); *C NMR (100.67 MHz, CDG) & major: 171.7, 62.1 (-), 47.5 (-), 44.2 (-), 31.5 (-),
29.5 (-), 28.5 (-), 27.5 (+), 26.6 (-), 26.0, 23.6 (-), 22.5 (-, 2C), 21.4 (-), 14.0 (+);:rdifbe,
62.1 (-), 47.0 (), 44.4 (-), 31.5 (-), 29.9 (-), 28.5 (-), 27.7 (+), 27.0 (-), 26.0, 24.9 (-), 223),(-,
21.4 (-), 19.7 (+); FT IR (Cf‘h film): 3418, 3404, 2932, 2860, 1622, 1462, 1429, 1377, 1325,
1178, 1130, 1082, 1068, 1034, 615; HRMS (TOF ES): found 334.1388, calculated for

C1sH2NO,Br (M+H) 334.1382 (1.8 ppm);

o 2-Bromo-N-(4-hydroxybutyl)-1-methyl-N-phenethylcyclo-

Me
/KLN propanecarboxamid€317d): To a stirred solution of 4-(phenethyl-
Br K/\

OH
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amino)butan-1-ol (250 mg, 1.29 mmol, 1.00 equiv) and triethylamine (550 pL, 40G.9&g,
mmol, 3.0 equiv) in dry THF (10 ml) a solution of 2-bromo-1-methyloyabpanecarbonyl
chloride (260 mg, 1.29 mmol, 1.00 equiv) in dry THF (10 mL) was added dsepwier 10 min.
The resulting suspension was stirred for 30 min at room temperature aretifttirough a fritted
funnel. The filter cake was washed with EtOAc (3 x 10 mL). Gbmbined filtrates were
concentrated in vacuum. Preparative column chromatography aifuitie residual oil on silica
gel afforded the title compound as a colorles 0ilOR0 (hexane-EtOAc, 1:1). Yield 300 mg
(0.85 mmol, 66%), mixture of diastereomers 1:1).

'H NMR (400.13 MHz, CDG) & 7.37-7.21 (m, 5H), 3.72-3.58 (m, 4H), 3.45-3.11 (m, 2H),
2.90-2.85 (m, 2H), 1.84 (br. s, 1H), 1.73-1.55 (m, 6H), [1.44 (s) & 1.4288}], 0.90-0.84 (m,
1H); *C NMR (100.67 MHz, CDG) & ppm 171.9, 171.6, 138.8, 137.6, 128.7 (+, 4C), 128.6 (+,
2C), 128.3 (+, 2C), 126.8 (+),126.3 (+), 61.9 (-), 61.8 (), 48.8 (), 47.5 (), 46.1 (), 484.%),
(), 33.2 (), 29.7 (+), 29.4 (+), 27.4, 27.2, 25.9 (-), 25.8 (-), 24.7 (-), 23.4 (-), 1AL (),
19.6 (+, 2C); FT IR (ci, film): 3416, 2935, 2870, 2361, 2341, 1622, 1454, 1427, 1171, 1068,
1032, 750, 700; HRMS (TOF ES): found 354.1060, calculated feH,6NO.Br (M+H)

354.1069 (2.5 ppm);

o 2-Bromo-N-cyclohexyl-N-(5-hydroxypentyl)-1-methylcyclopropane-
MX‘\N carboxamide (3179, mixture of diastereomers, 1.1:1. 25 ml round-
o o bottomed flask was charged with 5-(cyclohexylamino)pentan-1-ol (122

mg, 0.66 mmol, 1.10 equiv) and triethylamine (246179 mg, 1.77 mmol, 3.00 equiv), and dry

THF (5 mL). A solution of 2-bromo-1-methylcyclopropanecarboribide (116.5 mg, 0.59
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mmol, 1.00 equiv) in THF (5 mL) was added dropwise over 5 min. Theirgsalispension was
stirred for 30 min at room temperature, and then filtered througtieddffunnel. The filter cake

was washed with EtOAc (3 x 10 mL). The combined filtratesewancentrated in vacuum.
Preparative column chromatography of a residue on silica gedetf the title compound as a
colorless oil, R0.30 (Hexane-EtOAc 1:2). Yield 143 mg (0.41 mmol, 70%).

'H NMR (400.13 MHz, CDG) & [3.85-3.70 (m) & 3.62 (t) = 6.4 Hz), 3.28-3.09 (m) & 3.09-

2.97 (m),=7H], [2.11 (d,Jd = 13.1 Hz) & 1.93-1.78 (m) & 1.78-1.66 (m) & 1.62-1.53 (m),
$10H], [1.42 (S) & 1.34 (s)£3H], [1.52-1.41 (M) & 1.39-1.33 (M) & 1.27-1.23 (M) & 1.21-1.09
(m) & 0.91-0.81 (M)=8H]; *C NMR (100.67 MHz, CDG) & 171.2, 169.4, 62.0 (-), 61.9 (-),
57.3 (+), 57.0 (+), 42.7 (-), 42.2 (-), 32.6 (-), 32.1 (-), 31.98 (-), 31.96 (-), 31.7 (-), 312B.6),

(-), 28.4, 28.3 (-), 28.2 (+), 27.2 (+), 25.9 (-), 25.8 (-), 25.7 (-), 25.6 (-), 25.4, 25.2 (-\-R5.1
23.3 (-), 23.3 (), 23.0 (-), 21.8 (+), 21.1 (-), 19.5 (+); FT IR tciiim): 3434, 2978, 2934,
2860, 2797, 2642, 2621, 2492, 1732, 1614, 1568, 1553, 1539, 1454, 1423, 1385, 1306, 1188,
1161, 1084, 764, 613, 579, 519, 471; HRMS (TOF ES): found 368.1209, calculated for

Ci16H2sBrNO,Na (M+Na) 368.1201 (2.2 ppm).

N-Benzyl-2-bromo-N-(5-hydroxypentyl)-1-methylcyclopropane-

o carboxamide(417g: To a stirred solution of 5-(benzylamino)pentan-1-ol

Me
N
/KL K/j (700 mg, 3.60 mmol, 1.10 equiv) and triethylamine (1.47 mL, 1.07 g, 10.6

Br

HO mmol, 3.00 equiv) in dry THF (25 mL) a solution of 2-bromo-1-

methylcyclopropanecarbonyl chloride (640 mg, 3.20 mmol, 1.00 equiv) ifHlFy(20 mL) was

added dropwise over 10 min. The resulting suspension was stirred forin3@tnnoom
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temperature and filtered through a fritted funnel. The filter eedke washed with EtOAc (3 x 10

ml). The combined filtrates were concentrated in vacuum. Pteacalumn chromatography

of the residual crude oil on silica gel afforded the title compownd aolorless oil, R0.20
(hexane-EtOAc, 1:3). Yield 882 mg (2.50 mmol, 78%).

'H NMR (400.13 MHz, CDG) § [7.47-7.34 (m) & 7.34-7.19 (mE5H], [5.09 (d,J = 17.2 Hz)

& 4.86 (d,J = 15.2 Hz) =1H], [4.50 (d,J = 16.9 Hz) & 4.48 (dJ = 15.2 Hz) 21H], [3.80 (dddd,
J=13.9 Hz, 9.6 Hz, 5.8 Hz, 1.2 Hz) & 3.57-3.51 (@)H], 3.61 (t,J= 6.6 Hz) & 3.57 (tJ =

6.6 Hz),=2H], [3.25 (dddJ = 14.1 Hz, 11.4 Hz, 4.8 Hz) & 2.77 (dd#i= 13.5 Hz, 9.8 Hz, 5.3

Hz), £1H], 2.95 - 3.10 (m, 1H), 2.18 (br. s., 2H), 1.87-1.72 (m, 1H), 1.72-1.46 (m, 4H), [1.41 (s)
& 1.31 (s),=3H], 1.37-1.26 (m, 1H), 1.26-1.11 (m, 1H)C NMR (100.67 MHz, CDG) &

major: 170.7, 136.5, 128.7 (+, 2C), 127.4 (+), 126.6 (+, 2C), 62.4 (-), 50.6 (-), 45.3 (-), 32.2 (9),
27.9, 26.0 (-), 25.9 (+), 23.1 (-), 22.4 (-), 21.7 (+); minor: 170.6, 137.1, 128.3 (+, 2C), $28.0 (
2C), 127.1 (+), 62.3 (-), 47.5 (-), 46.7 (-), 32.2 (-), 28.0 (-), 27.9, 25.9 (+), 23.3 (-), 22.5 (-), 21.8
(+); FT IR (cn, film): 3412, 2934, 2849, 1628, 1495, 1452, 1427, 1373, 1358, 1323, 1300,
1236, 1205, 1184, 1076, 1041, 1030, 1003, 957, 939, 735, 698, 609, 461; HRMS (TOF ES):

found 376.0888, calculated for f£1,,NO.BrNa (M+Na) 376.0888 (0.0 ppm);

N-Benzyl-2-bromo-N-(2-(2-hydroxyethoxy)ethyl)-1-methylcyclo-

Q propanecarboxamide(317h): mixture of diastereomers 1.1:1. 25 mL
(o

5 round bottomed flask was charged with 2-(2-(benzylamino)ethoxy)ethanol
r

o~ (110 mg, 0.56 mmol, 1.1 equiv), triethylamine (152 mg, 1.50 mmol, 3.0
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equiv) and anhydrous THF (5 mL). A solution of 2-bromo-1-methylcyclopegabonyl
chloride (100 mg, 0.51 mmol, 1.0 equiv) in dry THF (5 mL) was added dropveel0 min.

The resulting suspension was stirred for 30 min at room temperatut then filtered through a
fritted funnel. The filter cake was washed with EtOAc (3 xll. The combined filtrates were
concentrated in vacuum. Preparative column chromatography oflaeem silica gel afforded

the title compound as a colorless oil, 25 (Hexane-EtOAc 1:1). Yield 89 mg (0.25 mmol,
50%).

'H NMR (400.13 MHz, CDG)) & 7.40-7.27 (m, 3H), 7.20-7.16 (m, 2H), [4.86-4.76 (M) & 4.52-
4.45 (m),=2H], 3.72-3.67 (m, 2H), 3.63-3.57 (m, 2H), 3.54-3.45 (m, 4H), 3.26-3.20 (m, 1H),
2.27-2.18 (m, 1H), 1.80-1.73 (m, 1H), 1.51 (m, 3H), 0.96-0.91 (m, ‘f8)NMR (100.67 MHz,
CDCly) & ppm 172.8 (2C), 137.2, 136.3, 128.9 (+, 2C), 128.6 (+, 2C), 127.6 (+, 4C), 126.6 (+,
2C), 72.4 (-), 72.2 (), 68.3 (), 67.9 (), 61.7 (-, 2C), 51.6 (-), 47.6 (-), 46.5 (-), 4428.6)(+),

27.2 (+), 26.0, 25.8, 21.6 (-, 2C), 19.7 (+, 2C); FT IR tcfilm): 3435, 2926, 1634, 1452,
1423, 1188, 1124, 1070, 1030, 737, 698, 625, 604, 571, HRMS (TOF ES): found 356.0862,

calculated for GH23BrNO3; (M+H) 356.0861 (0.3 ppm).

OH

Br HN N-Benzyl-2-bromo-N-(3-hydroxypropyl)cyclopropanecarboxamide
© (3199: To a stirred solution of (3-benzylamino)propane-1-ol (550 mg,
3.3 mmol, 1.1 equiv) and triethylamine (610 mg, 6 mmol, 2 equiv) in

dry THF (30 mL) was added 2-bromocyclopropanecarbonyl chloride (55@.gnmol). The
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mixture was stirred for 1 hr at room temperature, then the solastemoved in vacuum. The
residue was partitioned between 10% aqueous HCI (20 mL) and EtOAcL)20'ne organic

layer was separated and washed consecutively with 10% aqueous3 HC1Q( mL) and 4N
aqueous NaOH (5 mL), dried with Mg®Qiltered, and concentrated. The title compound was
obtained as colorless oil, mixture of diastereomers, 2:1. This ialateas pure enough to be
used for the following transformations without additional purificationel®i690 mg (2.22
mmol, 74%).

'H NMR (400.13 MHz, CDG)) & ppm [7.48-7.36 (m) & 7.36-7.27 (m) & 7.26-7.19 (rB5H],

[4.74 (d,d = 17.2 Hz) & 4.65 (dJ = 14.9 Hz),£1H], [4.66 (d,J = 17.4 Hz) & 4.54 (d) = 14.9

Hz), =1H], 3.88 (br. s., 1 H), 3.71-3.42 (m, 4H), [3.30 (ddd; 7.6 Hz, 4.6 Hz, 3.0 Hz) & 3.27
(ddd,J = 7.8 Hz, 4.8 Hz, 3.0 Hz)}1H], [2.37 (dddJ = 9.2 Hz, 5.9 Hz, 3.0 Hz) & 2.17 (dddi=

9.2 Hz, 5.9 Hz, 3.2 Hz}1H], [1.83 (tt,J = 7.1 Hz, 6.1 Hz) & (1.78-1.64 (my,3H], [1.37 (ddd,
J=9.4 Hz, 5.6 Hz, 4.8 Hz) & 1.33 (ddd= 9.1 Hz, 5.6 Hz, 4.8 Hz}1H]; *C NMR (100.67

MHz, CDCk) & major: 171.9, 136.0, 128.9 (+, 2C), 127.8 (+), 126.2 (+, 2C), 58.2 (-), 51.0 (-),
42.8 (-), 29.8 (-), 22.6 (+), 19.9 (+), 18.3 (-), minor; 170.4, 137.3, 128.4 (+, 2C), 127.9 (+, 2C),
127.3 (+), 58.9 (-), 49.0 (-), 43.9 (-), 31.5 (-), 22.3 (+), 20.2 (+), 18.1 (-); FTIRI(Kimg cm?)

3387, 2930, 2874, 1620, 1450, 1215, 1055, 731, 698, 581; HRMS (TOF ES): found 334.0217,

calculated for g4H1gNO.BrNa (M+Na) 334.0419 (0.6 ppm);

OH 2-Bromo-N-hexyl-N-(3-hydroxypropyl)cyclopropanecarboxamide

’”%( U (319b): mixture of diastereomers, 5:1. To a solution of (3-
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hexylamino)propan-1-ol (350 mg, 2.2 mmol, 1.1 equiv) and triethylamine (410 gymdD, 2.0
equiv) in dry THF (15 mL) stirred at fC was added a solution of 2-bromocyclopropane-
carbonyl chloride (370 mg, 2.0 mmol, 1.0 equiv.) in dry THF (15 mL). Theumaxwas stirred
for 5 hr at RT, then the solvent was removed in vacuum. The res@sigartitioned between
10% aqueous HCI (20 mL) and EtOAc (20 mL). The organic layerseparated and washed
consecutively with 10% aqueous HCI (3 x 10 mL) and 4N agueous NaOH (5dnd with
MgSQ,, filtered, and concentrated. The title compound was obtained as coluljaascture of
diastereomers, 5:1. This material was pure enough to be usthe fimilowing transformations
without additional purification. Yield 527 mg (1.72 mmol, 86%).

'H NMR (400.13 MHz, CDG)) § 3.90 (br. s., 2H), [3.68 (8= 5.7 Hz) & 3.56 (sxt]) = 6.8 Hz)

& 3.49 (td,J = 6.1 Hz, 2.3 Hz) & 3.44 (t) = 5.3 Hz) & 3.41-3.34 (M) & 3.34-3.23 (m) & 3.20
(ddd,J = 7.8 Hz, 4.7 Hz, 3.2 Hz),7H], [2.26 (dddJ = 9.2 Hz, 5.9 Hz, 3.0 Hz) & 2.12 (dddi=

9.2 Hz, 6.0 Hz, 3.0 HzE1H], [1.85 (quinJ = 6.3 Hz) & 1.77-1.56 (M) & 1.56-1.43 (MY)5H],
1.43-1.19 (m, 7H), [0.89 (] = 7.1 Hz) & 0.86 (tJ = 6.8 Hz),=3H]; *C NMR (100.67 MHz,
CDCl;) & major: 171.2, 58.0 (-), 48.2 (), 42.6 (-), 31.3 (-), 30.2 (-), 29.4 (-), 26.4 (-),(2R.5
22.4 (-), 19.9 (+), 18.1 (-), 13.9 (+); minor: 169.7, 59.0 (-), 46.7 (-), 44.7 (-), 32.81(5 (-),
27.6 (-), 26.5 (-), 22.4 (+), 22.3 (-), 20.2 (+), 17.8 (-), 13.9 (+); FT IR (N&@l, ém') 3408,
2955, 2930, 2858, 1620 1462, 1377, 1229, 1190, 1057, 725, 588; HRMS (TOF ES): found

328.0887, calculated for;6H,,BrNO,Na (M+Na) 328.0888 (0.3 ppm);
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(\/OH 2-Bromo-N-(furan-2-ylmethyl)-N-(3-hydroxypropyl)cyclo-
Br”ﬂ%(N propanecarboxamide(319d: To a stirred solution of 3-((furan-2-

0 &/o ylmethyl)amino)propan-1-ol (282 mg, 1.81 mmol, 1.10 equiv) and
triethylamine (686 pL, 500 mg, 4.95 mmol, 3.00 equiv) in dry THF (5 mkplation of 2-
bromo-1-methylcyclopropanecarbonyl chloride (300 mg, 1.65 mmol, 1.00 equdvy iftHF (5
mL) was added dropwise over 10 min. The resulting suspension wad §ir 30 min at room
temperature, and then filtered through a fritted funnel. Ther filhke was washed with EtOAc
(3 x 10 ml). Combined organic solution was concentrated in vacuum. Rnepam@lumn
chromatography of a crude residue on silica gel afforded teetimpound as a colorless oik, R
0.50 (DCM-EtOACc, 3:1). Yield 310 mg (1.02 mmol, 62%), mixture of two diastereomers, 2:1.

'H NMR (400.13 MHz, CDG)) § [7.36 (S) & 7.29 (s)£1H], [6.35-6.28 (m) & 6.25 (dJ = 3.0

Hz) & 6.19 (d,J = 3.0 Hz),22H], [4.59 (d,J = 16.9 Hz) & 4.53 (dJ = 15.4 Hz) & 4.53 (dJ =

16.9 Hz) & 4.48 (dJ = 15.4 Hz),32H], [3.63-3.53 (M) & 3.54-3.44 (m) & 3.40 (t= 5.6 Hz) &

3.20 (ddd,J = 7.5 Hz, 4.7 Hz, 2.9 Hz}4H], [2.35 (ddd,J = 9.1 Hz, 5.9 Hz, 3.2 Hz) & 2.28
(ddd,J = 9.1 Hz, 5.9 Hz, 3.2 HzE1H), [1.76 (quinJd = 6.5 Hz) & 1.69-1.55 (m)$3H], [1.34

(dt, J = 9.1 Hz, 5.6 Hz, 1H) & 1.29 (df = 9.1 Hz, 5.3 Hz)z1H); *C NMR (100.67 MHz,
CDCl)  major: 171.5, 149.5, 142.6 (+), 110.3 (+), 108.2 (+), 58.0 (-), 44.7 (), 42.8 (-), 29.8 (-),
22.6 (+), 19.7 (+), 18.1 (-); minor; 170.1, 150.6, 141.9 (+), 110.2 (+), 108.4 (+), 58.6 (-), 44.3 (-
), 42.1 (-), 31.4 (-), 22.1 (+), 20.1 (+), 18.0 (-); FT IR (NaCl, film,"cr8414, 3117, 2932,

2876, 2341, 1626, 1504, 1477, 1454, 1373, 1356, 1229, 1188, 1072, 1055, 1013, 922, 741, 598,
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586; HRMS (TOF ES): found 302.0391, calculated fesHgNO3sBr (M+H) 302.0392 (0.3

ppm);
2-Bromo-N-(tert-butyl)-N-(2-hydroxybenzyl)cyclopropanecarboxamide

mg, 975 uL, 7.00 mmol, 3.50 equiv), and 2€t-butylamino)-

o)
XN%N\\Br
(3199 A solution of MgSiCl (261 mg, 2.40 mmol, 1.20 equiv), NE708
OH

methyl)phenol (394 mg, 2.20 mmol, 1.10 equiv) was stirred in dry THF (30xrdthight under

a nitrogen atmosphere. Then cyclopropylmonobromo acid chloride (367 mgoR equiv)
was added and allowed to stir for 3 hours. The solvent was removedaby evaporation and
then partitioned between 10 mL 5% HCI & 10 mL EtOAc. The orgayerlwas washed with
5% HCI (3 x 15 mL) then dried with MgS(¥iltered, and concentrated. The obtained crystalline
material (mp 165-168C) was pure enough for the following transformation with no additional

purification. Yield 583 mg (1.78 mmol, 89%).

'H NMR (500.13 MHz, CROD) § ppm 7.04 (d,) = 7.6 Hz, 1H), 6.99 () = 7.6 Hz, 1H), 6.76

(t, J= 7.6 Hz, 1H), 6.69 (d] = 8.2 Hz, 1H), 4.67 (d] = 19.2 Hz, 1H), 4.62 (d] = 19.2 Hz, 1H),

3.04 (ddd,J = 7.6 Hz, 4.4 Hz, 3.2 Hz, 1H), 1.88 (ddds 9.0 Hz, 6.0 Hz, 3.0 Hz, 1H), 1.41 (ddd,
J=7.6 Hz, 6.0 Hz, 5.0 Hz, 1H), 1.29 (s, 9H), 1.09 (U 9.5 Hz, 5.0 Hz, 1H);'3C NMR
(125.76 MHz, CROD) 5 ppm 174.0, 155.4, 129.2 (+), 127.7 (+), 126.6, 120.8 (+), 116.0 (+),
59.3, 45.4 (-), 28.8 (+, 3C), 26.6 (+), 20.4 (+), 18.6 (-); FT IR (NaCl, fim%):c8800,
2964,2930,1622,1595,1456,1427,1364, 1227, 1192, 754; HRMS (TOF ES): found 325.0670,

calculated for GH20BrNO, (M) 325.0677 (2.2 ppm).
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Scheme 129.Synthesis of 326

Me.__COCI H,N_ .Ph o
N 2 j(\;\?} NEt3 Me N{'R)\

KBr HO dry THF 5 H  OH

313 326
O =
N~ OH
H
Br 2-Bromo-N-((R)-2-hydroxy-1-phenylethyl)-1-methylcyclopropane-

carboxamide (R)-phenylglycinol (871 mg, 6.35 mmol) and triethylamine (2.55 mL, 1.84 g, 18.2
mmol) were stirred in anhydrous THF (20 mL) at room temperaturé a solution of racemic
acylchloride5 (1.26 g, 6.35 mmol) in dry THF (35 mL) was added dropwise. Theioract
mixture was stirred for 2 hrs, followed by filtration through a lwer funnel. The precipitate
was rinsed with THF, dissolved in water and extracted with EtOMge organic phases were
combined with THF filtrate and concentrated in vacuum. Preparadienn chromatography
on Silica gel eluting with hexane-EtOAc 1:1 afforded threetifvas (R 0.38, 0.19, and 0.13;
eluent hexane-EtOAc 1:3). NMR spectra were recorded feetimividual fractions. For
further transformation the fractions were combined to afford aumgxof four diastereomeric
amides as white crystalline material, 1.74 g (5.84 mmol, 92%).M&RTOF ES) found

298.0439, calcd for gH17/BrNO, (M+H) 298.0443 (1.3 ppm).
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Fraction 1: R; 0.38 (eluent: hexane-EtOAc 1:1fH NMR (CDCk, 400.13 MHz)s 7.41-7.38

(m, 2H), 7.35-7.31 (m, 1H), 7.31-7.32 (m, 2H), 6.63 (b}.4,6.1 Hz, 1H), 5.05 (df] = 6.1 Hz,

5.1 Hz, 1H), 3.90 (dJ = 5.1 Hz, 2H), 3.55 (dd] = 8.1 Hz, 5.3 Hz, 1H), 2.33 (br.s, 1H), 1.88 (dd,

J = 8.1 Hz, 5.6 Hz, 1H), 1.58 (s, 3H), 0.95 (ps}-t 5.6 Hz, 5.3 Hz, 1H)**C NMR (CDCE,
100.67 MHz)5 172.7, 138.8, 129.0 (+, 2C), 128.0 (+), 126.5 (+, 2C), 66.4 (-), 56.1 (+), 29.1 (+),
24.5 (-), 24.0, 17.2 (+);

Fraction 2: R; 0.19 (eluent: hexane-EtOAc 1:1}4 NMR (CDCk, 400.13 MHz)s 7.43-7.39

(m, 2H), 7.36-7.32 (m, 1H), 7.32-7.30 (m, 2H), 6.60 (b#.4,6.8 Hz, 1H), 5.05 (df] = 6.8 Hz,

5.1 Hz, 1H), 3.90 (dJ = 5.1 Hz, 2H), 3.52 (dd} = 8.1 Hz, 5.3 Hz, 1H), 2.36 (br.s, 1H), 1.91 (dd,

J = 8.1 Hz, 5.8 Hz, 1H), 1.58 (s, 3H), 0.98 (p3.t 5.8 Hz, 5.1 Hz, 1H);**C NMR (CDCE,
100.67 MHz)5 172.7, 138.7, 129.0 (+, 2C), 128.0 (+), 126.5 (+, 2C), 66.5 (-), 56.2 (+), 29.0 (+),
24.7 (-), 24.0, 17.1 (+);

Fraction 3: R; 0.13 (eluent: hexane-EtOAc 1:1}H NMR (CDCk, 400.13 MHz)$ 7.40-7.29

(m, 5H), 6.58-6.56 (br.m, 1H), 5.16-5.08 (m, 1H), 3.93-3.89 (m, 2H), [2.94)(dd.6 Hz, 5.1

Hz) & 2.93 (dd,J = 7.6 Hz, 5.1 Hz)$£1H], 2.60 (br.s, 1H), [1.74 (dd,= 6.6 Hz, 5.1 Hz) & 1.70
(dd,J = 6.6 Hz, 5.1 Hz)g1H], 1.44 (s, 3H), 1.24-1.19 (m, 1H}*C NMR (CDCE, 100.67 MHz)

§ [170.5 & 170.3], [138.9 & 138.8], [128.78 (+) & 128.73 (¥RC], 127.8 (+), [126.8 (+) &
126.7 (+),22C], 66.2 (-), [56.2 (+) & 56.0 (+)], 27.8, [25.32 (+) & 25.27 (+)], [21.6 (-) & 21.5 (-

)], [20.9 (+) & 20.8 (+)].
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Scheme 130Synthesis of Pseudoephedrine analog 326

Me O Me
Me._COCI HN_ Me NEt, Me *  Ph
K + jf) — > N(R 7
Br * dry THF '
HO™ "Ph Br Me OH
319 326

2-Bromo-N-((1R,2R)-1-hydroxy-1-phenylpropan-2-yl)N,1-dimethylcyclopropanecarbo-
xamide (326): (RR)-(-)-pseudoephedrine (1.00 g, 6.05 mmol) and triethylamine (2.55 mL, 1.84
g, 18.2 mmol) were stirred in anhydrous THF (20 mL) at room temperaand solution of
racemic acylchloridés (1.26 g, 6.35 mmol) in dry THF (35 mL) was added dropwise. The
reaction mixture was stirred for 2 hrs, and then filtered thromgBuchner funnel. The
precipitate was rinsed with THF, dissolved in water and exmaatith EtOAc. The organic
phases were combined with THF filtrate and concentrated inumac Preparative column
chromatography on Silica gel eluting with hexane-EtOAc 1:1 @pats are resolved:;:R.42,
0.29, eluent hexane-EtOAc 1:3) afforded 1.91 g (5.85 mmol, 97%) of mixtureuf f
diastereomeric amides as colorless glass. G@3R8 min, 13.32 min, 13.36 min (three peaks
are resolved)*H NMR (CDCk, 400.13 MHz)5 7.55-7.28 (m, 5H), 4.78-4.14 (m, 2H), 3.75-2.98
(m, 1H), [3.07 (s) & 2.97 (S), & 2.92 (s), & 2.86 (8BH], 1.87-0.89 (m, 3H), [1.47 (S) & 1.39

(s), & 1.37 (s), & 1.35 (s)S3H], [1.19 (s) & 1.18 (s), & 1.17 (s), & 1.15 (3H]; *C NMR
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(CDCls, 100.67 MHz)5 [173.2 & 173.0, & 172.7, & 172.2], [141.97 & 141.95, & 141.9, &

141.6], 128.4, 128.3, 128.03, 127.98, 127.9, 127.3, 127.2, 127.0, 126.3, 126.0, 125.9, 125.8,
75.4, 75.3, 74.8, 74.7, 58.3 (br), 57.64, 57.59, 56.9 (br), 32.0, 29.4, 28.1, 28.0, 27.5, 27.3, 26.9,
26.6, 26.1, 25.8, 25.70, 25.67, 25.5 21.7, 21.5, 21.2, 20.3, 20.0, 19.7, 18.3, 15.4, 15.0, 13.8, 13.7,

13.5; HRMS (TOF ES) found 326.0757, calcd fagH;:BrNO, (M+H) 326.0756 (0.3 ppm).

O Me

Me : _Ph
MKL'.“ s
Me OH

Br 2-bromo-N-((1S,2R)-1-hydroxy-1-phenylpropan-2-yl)-N,1-
dimethylcyclopropanecarboxamide (326b): D-ephedrine (500 mg, 6.05 mmol) and
triethylamine (766 mg, 7.6 mmol) were stirred in anhydrous TMFn(L) at room temperature,
and solution of racemic acylchloride (418mg, 2.53 mmol) in dry THF (20 mL) was added
dropwise. The reaction mixture was stirred for 2 hrs, and therefiltthrough a Buchner funnel.
The precipitate was rinsed with EtOAc, and concentrated in vacutmeparative column
chromatography on Silica gel eluting with hexane-EtOAc 2:kélspots are resolved; R43,
0.30, 0.2 eluent hexane-EtOAc 2:1) afforded 536 mg (5.85 mmol, 65%) of mbdticar
diastereomeric amides as a white powddrNMR (CDCk, 400.13 MHz)$ 7.42-7.23 (m, 5H),
4.65 (d,J = 7.0 Hz, 1H), 4.13 (br, 1H), 3.05 (m, 1H), 2.95 (s, 3H), 1.59Jed4.8 Hz, 6.95 Hz,
1H), 1.26 (dJ = 6.8 Hz, 1H), 1.26 (d] = 6.8 Hz, 3H)}*C NMR (CsDe, 100.67 MHz)5 172.4,
142.3, 128.2 (+, 2C), 127.22 (+), 126.14 (+), 75.86 (+), 58.3 (-), 28.46, 25.95 (+), 21.86 (),
20.34 (+), 13.96 (+); HRMS (TOF ES) found 348.0567, calcd fogs8,0NO;Na (M + Na)

348.0575 (2.3 ppm) FT IR (¢hnfilm): 3382, 3226, 3045, 1633, 1384, 891, 784, 709.



220

'H NMR (CDCk, 400.13 MHz)5 7.43-7.21 (m, 5H), 4.67 (d,= 7.0 Hz, 1H), 4.21 (br, 1H), 3.10

(s, 3H), 3.10 (ddJ = 4.3 Hz, 7.2 Hz, 1H), 1.59 (dd= 4.8 Hz, 6.9 Hz, 1H), 1.32 (s, 3H) 1.12 (d,

J= 6.8 Hz, 3H), 0.99 (m, 1H) 0.86 (@= 4.8 Hz 6.7 Hz, 1H);**C NMR (CGsDs, 100.67 MHz)
171.75, 142.0, 128.4 (+, 2C), 127.72 (+), 126.59 (+), 75.83 (+), 58.02 (-) 28.36, 25.90 (+), 21.87
(-), 20.66 (+), 13.0 (+).

'H NMR (CDCk, 400.13 MHz)5 7.45-7.22 (m, 5H), 4.64 (d,= 7.2 Hz, 1H), 4.52 (br, 1H), 3.06

(s, 3H), 2.98 (ddJ = 4.7 Hz, 7.4 Hz, 1H), 1.57 (dd= 4.6 Hz, 6.8 Hz, 1H), 1.35 (s, 3H) 1.13 (d,
J=6.9 Hz, 3H), 1.01 (m, 1H) 0.88 (@= 5.3 Hz 6.8 Hz, 1H);**C NMR (CGsDs, 100.67 MHz)5
171.77, 141.9, 128.41 (+, 2C), 127.45 (+), 126.58 (+), 75.91 (+), 58.1 (-) 27.45, 25.87 (+), 21.89

(), 20.69 (+), 14.07 (+).

3.4.4. Medium Size Ring Cyclizations

0 (1R,4R,7S)-7-methyl-4-phenyl-2-oxa-5-azabicyclo[5.1.0]octan-6-one
HN Me
®\ © (327b): A mixture of bromocyclopropang&25a (mixture of four diastere-

()
omers, 100 mg, 0.34 mmol), 18-crown-6 (8.9 mg, 0.03 mol, 10 mol%),
and potassiuntert-butoxide (120 mg, 1.07 mmol, 3.2 equiv.) was stirred in dry THF (2.5 inL) a
80 °C overnight. The mixture was quenched with brine (10 mL) andaatravith EtOAc (3 x

10 mL). Combined organic phases were dried with Mg3ittered and condensed in vacuum.

Column chromatography on Silica gel (eluent hexane-EtOAc 1:1D.23) afforded the title
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compound as a colorless solid material, yield 51 mg (0.23 mmol, 71#6)NMR (CDCl,
500.13 MHz)$ 7.43 (t,J = 7.5 Hz, 2H), 7.39 () = 7.3 Hz, 1H), 7.34 (d] = 7.2 Hz, 2H), 5.91
(br.s, 1H), 5.00 (dt) = 11.7 Hz, 5.4 Hz, 1H), 3.85 (dd= 11.0 Hz, 5.1 Hz, 1H), 3.66 (ps.dt=
11.4 Hz, 1H), 3.19 (dd] = 6.0 Hz, 2.8 Hz, 1H), 1.34 (s, 3H), 1.22 (dd&: 6.6 Hz, 2.8 Hz, 1H),
0.89 (ps.-t) = 6.3 Hz, 1H)*C NMR (CDCk, 125.76 MHz)5 174.1, 135.7, 129.3 (+, 2C), 128.9
(+), 127.1 (+, 2C), 71.4 (-), 56.8 (+), 55.0 (+), 26.1, 17.88 (+), 17.85 (+); HRMS @®)F

found 218.1181, calcd for@H16NO, (M + H) 218.1181 (0.0 ppm)a]*s = +43.2 (c 0.5,

CH2C|2);
0

W (1R,4R,7S)-4-benzyl-1-methyl-3-azabicyclo[5.1.0]octan-2-ong827h):
o A mixture of amide325b (100 mg, 0.32 mmol}x-BuOK (72 mg, 0.64

mmol, 2.0 equiv), 18-crown-6 ether (9 mg, 0.03 mmol, 10 mol%) was stir@chydrous THF

(4 mL) at 60°C overnight. Then the mixture was partitioned between water (10 mL) and EtOAc
(10 mL), and extracted with EtOAc (3 x 5 mL). Combined organic gshagere dried with
NaSQy, filtered and concentrated. Preparative column chromatographyica &l afforded

the title compound as yellowish oil; 1 (hexane-EtOAc 2:3). Yield 58 mg (0.25 mmol, 78%).
'H NMR (400.13 MHz, CDG)) & 7.33-7.22 (m, 5H), 6.64 (d, = 5.3 Hz, 1H), 4.22-4.12 (m,
1H), 3.69 (dd, = 10.9 Hz, 4.5 Hz, 1H), 3.39 @,= 11.1 Hz, 1H), 3.02 (dd, = 6.1 Hz, 2.8 Hz,

1H), 2.79 (dJ = 7.1 Hz, 2H), 1.28-1.23 (m, 1H), 1.20 (s, 3H), 1.12 (d 6.6 Hz, 2.7 Hz, 1H);

13C NMR (100.67 MHz, CDG) 5 174.9, 136.6, 128.6 (+, 4C), 126.9 (+), 70.5 (-), 56.7 (+), 51.5
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(+), 36.3 (), 26.2, 17.8 (-), 17.6 (+); HRMS (TOF ES): found 232.1335, calculated f

C14H1sNO, (M+H) 232.1338 (13 ppm)

Me (1R,3R,4R,7S)-4,5,7-trimethyl-3-phenyl-2-oxa-5-azabicyclo[5.1.0]-
Meﬁ;\l /(\SgMe octan-6-one(328): the mixture of bromocycloproparg28b (200 mg,
©\ o® 0.61 mmol), 18-crown-6 (16.1 mg, 0.06 mmol, 10 mol%), and
potassiuntert-butoxide (144 mg, 1.28 mmol, 2.0 equiv.) was stirred in anhydrous THF (8 mL) at
room temperature for 12 hrs. The mixture was filtered and coateatin vacuum to afford the
title compound as a yellowish viscous oil. Yield 123 mg (0.50 mmol, 82%)NMR (CsDs,
400.13 MHz)$ 7.29-7.21 (m, 5H), 4.59 (dd,= 10.6 Hz, 7.1 Hz, 1H), 4.22 (d= 10.6 Hz, 1H),
3.08 (dd,J = 6.3 Hz, 2.8 Hz, 1H), 2.87 (s, 3H), 1.47 (dds 6.3 Hz, 2.8 Hz, 1H), 1.18 (s, 3H),
0.76 (d,J = 7.1 Hz, 3H), 0.63 (ps.-§, = 6.3 Hz, 6.3 Hz, 1H);*C NMR (GsDs, 100.67 MHz)5
172.9, 138.4, 129.0 (+, 2C), 128.58 (+), 128.55 (+, 2C), 80.2 (+), 54.0 (+), 51.4 (+), 26.9 (+),
26.5, 19.4 (-), 18.0 (+), 14.7 (+); HRMS (TOF ES) found 268.1310, calcd: kIO, (M +

H) 268.1313 (0.8 ppm)o]*°s = +18.6 (c 1.32, MeOH);

Me
Me o

N
(E)( é_,lvle
Ph%s) 0 (i . .
(S (1R,3S,4R,7S)-4,5,7-trimethyl-3-phenyl-2-oxa-5-azabicyclo[5.1.0]octan-6-
one (329: the mixture of bromocyclopropar828b (100 mg, 0.31 mmol), 18-crown-6 (8 mg,

0.03 mmol, 10 mol%), and potassident-butoxide (72 mg, .65 mmol, 2.0 equiv.) was stirred in

anhydrous THF (4 mL) at room temperature for 12 hrs. The meixwas filtered and
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concentrated in vacuum. Preparative column chromatography on Silicdfgeled the title
compound as white powder; &2 (hexane-EtOAc 1:1). Yield 66 mg (0.27 mmol, 90%).

'H NMR (CsDe, 400.13 MHz)5 7.46-7.35 (m, 5H), 4.82 (dd,= 10.8 Hz, 7.0 Hz, 1H), 4.22 (d,
=10.8 Hz, 1H), 3.08 (dd} = 6.2 Hz, 2.8 Hz, 1H), 2.96 (s, 3H), 1.37 (s, 3H), 1.18 & 7.0 Hz,

3H), 1.11 (dd,) = 6.5 Hz, 2.8 Hz, 1H), 0.83 (ps= 6.4 Hz); °C NMR (CsDs, 100.67 MHz)5

173.7, 137.2, 129.0 (+, 2C), 128.85 (+), 128.16 (+, 2C), 80.2 (+), 53.6 (+), 51.4 (+), 27.3 (+),
26.4,19.1 (-), 18.1 (+), 15.0 (+); HRMS (TOF ES) found 268.1310, calcd:ét480, (M +

Na) 268.1313 (1.1 ppm) FT IR (chfilm): 3389, 2955, 1643, 1274, 763, 750.

0 (1S*,7R*)-5-(2-Hydroxyethyl)-7-methyl-2-oxa-5-azabicyclo[5.1.0]octan-

N"\~OH 6.0one(316d: To a mixture ot-BuOK (155 mg, 1.38 mmol, 2.00 equiv),

o]
18-crown-6 ether (18.2 mg, 0.70 mmol, 10 mol%) in THF (5 mL) was

added bromocyclopropargd4d (186 mg, 0.70 mmol, 1.00 equiv). The mixture was stirred for 1
hr at 40°C. Then the mixture was partitioned between water (10ml) and E{®@wl), and
extracted with EtOAc (3 x 10 ml). The combined organic phases werd dith NaSQ,,
filtered and concentrated. No further purification was necessary. Yield 98.5@gmmol, 72%).

'H NMR (400.13 MHz, CDG) & 4.16 (dddJ = 15.4 Hz, 12.6 Hz, 5.1 Hz, 1H), 3.75-3.73 (m,
2H), 3.67 (ddJ = 11.1 Hz, 5.1 Hz, 1H), 3.56 (dt= 14.2 Hz, 5.8 Hz, 1H), 3.48 (dt= 14.4 Hz,

4.8 Hz, 1H), 3.22 (dd] = 15.2 Hz, 4.6 Hz, 1H), 2.97 (dd= 5.8 Hz, 2.8 Hz, 1H), 1.24 (s, 3H),
1.06 (dd,J = 6.8 Hz, 2.8 Hz, 1H), 0.82 (ps.&= 6.8 Hz, 5.8 Hz, 1H);**C NMR (100.67 MHz,

CDCly) § 174.3, 64.2 (+), 61.7 (+), 56.5 (-), 50.3 (+), 47.1 (+), 26.3, 18.1 (+), 17.8 (-);RFT |
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(cm, film): 3389, 2955, 2920, 2866, 1626, 1481, 1439, 1371, 1209, 1153, 1097, 1056, 1040,

789, 700, 660; HRMS (TOF ES): found 229.1677, calculated f#t,gNO3 (M*) 229.1678 (0.4

ppm);

0 (1S*,7R*)-5-Cyclohexyl-7-methyl-2-oxa-5-azabicyclo[5.1.0]octan-6-one
Tj‘l@ (3169: To a mixture ot-BuOK (82 mg, 0.73 mmol, 2.4 equiv), 18-crown-6
° ether (13.2 mg, 0.03 mmol, 10 mol%) in THF (3 mL) was added
bromocyclopropan814e(92 mg, 0.3 mmol, 1.0 equiv). The mixture was stirred for 4 hrs at 80
°C. The KBr precipitate was filtered off on a fritted funnel ahd solvent was removed in
vacuum. Flash column chromatography of the residue through a silicanpkt@Ac afforded

the title compound as a yellowish oil, Yield 60 mg (0.27 mmol, 91%).

'H NMR (400.13 MHz, CDG)) 5 ppm 4.38 (tt,) = 12.0 Hz, 3.6 Hz, 1H), 3.80 (dddi= 15.4 Hz,
12.6 Hz, 4.8 Hz, 1H), 3.71 (dd,= 11.0 Hz, 4.9 Hz, 1H), 3.56 (ddd= 12.4 Hz, 11.1 Hz, 4.5
Hz, 1H), 3.21 (ddJ = 15.3 Hz, 4.7 Hz, 1H), 2.92 (dd,= 6.1 Hz, 2.8 Hz, 1H), 1.83-1.60 (m,
4H), 1.44-1.22 (m, 6H), 1.20 (s, 3H), 1.09-1.02 (m, 1H), 0.80 #,6.2 Hz, 1H); **C NMR
(100.67 MHz, CDGJ) 6 ppm 172.1, 66.4 (-), 56.5 (+), 51.6 (+), 39.7 (-), 30.5 (-), 26.6, 25.5 (),
25.32 (-), 25.29 (+), 17.8 (-); FT IR (nfilm): 2930, 2856, 1645, 1472, 1423, 1379, 1366,
1329, 1263, 1236, 1211, 1196, 1157, 1140, 1092, 1040, 789, 665; HRMS (TOF ES): found

246.1441, calculated for,€H,;NO,Na (M+Na) 246.1470 (2.4 ppm).
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: 0 (1S*,8R*)-6-Cyclohexyl-8-methyl-2-oxa-6-azabicyclo[6.1.0Jnonan-7-one
/O (3169: To a mixture ot-BuOK (139 mg, 1.25 mmol, 2.5 equiv), 18-crown-6
ether (13 mg, 0.05 mmol, 10 mol%) in dry THF (5 mL) was added
bromocyclopropan814c¢ (160 mg, 0.5 mmol, 1.0 equiv). The mixture was stirred for 12 hrs at
80 °C. The KBr precipitate was filtered and the solvent was remavegcuum. Preparative
column chromatography on silica gel afforded the title compound @dodess oil, R 0.30

(hexane-EtOAc 2:1). Yield 105 mg (0.45 mmol, 89%).

'H NMR (400.13 MHz, CDG) & 4.38 (ddt,J = 15.1 Hz, 7.7 Hz, 3.6 Hz, 1H), 4.09 (dbk 12.5

Hz, 5.2 Hz, 1H), 3.80 (dd),= 15.7 Hz, 9.9 Hz, 1H), 3.61 (td= 12.7 Hz, 3.2 Hz, 1H), 3.42 (dd,
J=15.7 Hz, 7.3 Hz, 1H), 3.18 (dd,= 7.2 Hz, 3.9 Hz, 1H), 2.02-1.84 (m, 3H), 1.84-1.54 (m,
5H), 1.51-1.28 (m, 4H), 1.18 (s, 3H), 1.12 (dd; 6.4 Hz, 3.9 Hz, 1H), 0.75 (@,= 6.8 Hz, 1H);

13C NMR (100.67 MHz, CDG) § 172.1, 72.8 (-), 67.7 (+), 53.8 (+), 41.8 (-), 33.4 (-), 31.5 (-),
30.3 (-), 27.9, 26.0 (-), 25.7 (-), 25.6 (-), 20.1 (+), 16.8 (-); FT IRY(ditm): 2932, 2856, 2360,

2351, 1612, 1458, 1421, 1325, 1198, 1057, 986; HRMS (TOF ES): found 238.1804, calculated

for C14H24NO, (M+H) 238.1807 (1.3 ppm);

. o (1S*,8R*)-6-Hexyl-8-methyl-2-oxa-6-azabicyclo[6.1.0]Jnonan-7-one
@/\/j (316b): To a mixture oft-BuOK (72.9 mg, 0.65 mmol, 2.0 equiv), 18-

© crown-6 ether (8.6 mg, 0.033 mmol, 10 mol%) in THF (3 mL) was added
bromocyclopropan814b (103 mg, 0.33 mmol, 1.0 equiv). The mixture was stirred for 12 hrs at

80°C. The KBr precipitate was filtered off on a fritted funaat the solvent was removed in
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vacuum. Preparative column chromatography on silica gel afforded the tif®gocdhas a clear

oil, Rf 0.35 (hexane-EtOAc 1:1). Yield 65.3 mg (0.27 mmol, 84%).

'H NMR (400.13 MHz, CDG)) & 4.08 (dd,J = 12.6 Hz, 5.3 Hz, 1H), 3.97 (dd= 15.3 Hz, 10.5

Hz, 1H), 3.93-3.78 (m, 1H), 3.61 (td= 12.7 Hz, 3.2 Hz, 1H), 3.27 (dd,= 15.2 Hz, 7.1 Hz,

1H), 3.15 (dd,) = 7.3 Hz, 3.8 Hz, 1H), 2.73 (ddd= 13.6 Hz, 8.2 Hz, 5.9 Hz, 1H), 1.92 (dddd,
=15.1 Hz, 12.7 Hz, 10.1 Hz, 5.3 Hz, 1H), 1.62 (dbd,15.2 Hz, 7.1 Hz, 3.0 Hz, 1H), 1.58-1.46

(m, 2H), 1.26 (br. s., 6H), 1.19 (s, 3H), 1.09 (dd; 6.6 Hz, 3.8 Hz, 1H), 0.90-0.79 (m, 3H),
0.68 (t,J = 6.9 Hz, 1H); **C NMR (100.67 MHz, CDG) & ppm 171.9, 72.6 (-), 67.5 (+), 46.1 (-

), 45.7 (), 31.5 (), 30.5 (-), 27.4 (-), 27.3, 26.4 (-), 22.4 (-), 19.7 (+), 16.7 (-), 13.FHR

(Cm'l, film): 2955, 2930, 2858, 1637, 1481, 1464, 1441, 1423, 1364, 1325, 1250, 1203, 1150,
1132, 1103, 1070, 1045, 1009, 733, 559, 500, 424; HRMS (TOF ES): found 262.1785,

calculated for g4H»sNO,Na (M+Na) 262.1783 (0.8 ppm);

0
VU\N/\Q (1S*,8R*)-6-benzyl-8-methyl-2-oxa-6-azabicyclo[6.1.0]nonan-7-one
OJ 7crown-6 ether (13.2 mg, 0.05 mmol, 10 mol%) in THF (5 mL) was added

bromocyclopropande (163 mg, 0.50 mmol, 1.00 equiv). The mixture was stirred for 2 hrs at 80
°C. The KBr precipitate was filtered off on a fritted funnel ahd solvent was removed in
vacuum. Filtration of the residue through a silica plug in EtOAardéfd the title compound as a
crystalline solid, Yield 93 mg (0.38 mmol, 76%).

'H NMR (400.13 MHz, CDQ) & 7.37-7.20 (m, 5H), 5.32 (d, = 14.9 Hz, 1H), 4.13 (dd] =

12.8 Hz, 5.4 Hz, 1H), 3.96 (dd,= 15.7 Hz, 10.9 Hz, 1H), 3.90 (d= 14.9 Hz, 1H), 3.64 (td]

= 12.7 Hz, 3.2 Hz, 1H), 3.28-3.18 (m, 2H), 2.07-1.86 (m, 1H), 1.59 @dd]5.2 Hz, 7.1 Hz,
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3.0 Hz, 1H), 1.29 (s, 3H), 1.21 (d#i= 6.8 Hz, 3.8 Hz, 1H), 0.79 {@,= 6.9 Hz, 1H); *C NMR

(100.67 MHz, CDGJ) 8 172.6, 137.5, 128.5 (+, 2C), 127.7 (+, 2C), 127.2 (+), 72.6 (-), 67.5 (+),
48.3 (-), 45.3 (), 29.9 (-), 27.1, 19.7 (+), 16.8 (-); FT IR tefilm): 2982, 2962, 2943, 2908,

2874, 1738, 1697, 1636, 1479, 1423, 1393, 1373, 1300, 1244, 1103, 1047, 1001, 916, 849, 733,
700, 648, 635, 608, 461; HRMS (TOF ES): found 246.1490, calculated dd80, (M+H)

246.1494 (1.6 ppm).

(1S*,8R*)-6-(Anthracen-9-ylmethyl)-8-methyl-2-oxa-6-azabi-
0

N O cyclo[6.1.0]nonan-7-ong€3160d): To a stirred suspension BBUOK (62

OJ ' mg, 0.55 mmol, 2.5 equiv), 18-crown-6 (6.0 mg,1220l, 10 mol%) in
anhydrous THF (3 mL) was added bromocyclopropai¥d (94 mg, 0.22 mmol, 1.0 equiv).
The resulting dark-brown mixture was stirred for 6 hrs &t@&0The KBr precipitate was filtered
off and the filtrate was concentrated in vacuum. PreparatW@mn chromatography of a
residue on silica gel afforded the title compound as an orange soli(Rhexane-EtOAc 1:1).
Yield 70.0 mg (0.20 mmol, 92%).

'H NMR (400.13 MHz, CDG) 5 ppm 8.48 (s, 1H), 8.33 (d,= 8.8 Hz, 2H), 8.05 (d] = 8.3 Hz,
2H), 7.55 (ddd,) = 8.4 Hz, 6.6 Hz, 1.5 Hz, 2H), 7.49 (db= 7.3 Hz, 6.8 Hz, 2H), 6.33 (d,=
15.2 Hz, 1H), 5.10 (dJ = 15.2 Hz, 1H), 4.12 (dd] = 12.6 Hz, 5.1 Hz, 1H), 3.64 (dd,= 15.5
Hz, 10.0 Hz, 1H), 3.56 (td,= 12.9 Hz, 3.0 Hz, 1H), 3.20 (dd= 7.2 Hz, 3.7 Hz, 1H), 2.91 (dd,
J=15.7 Hz, 7.3 Hz, 1H), 2.23-2.09 (m, 1H), 1.48 (@d,16.5 Hz, 6.9 Hz, 1H), 1.37 (dd= 6.6
Hz, 3.8 Hz, 1H), 1.14 (s, 3H), 0.83 Jt= 6.8 Hz, 1H); **C NMR (125.76 MHz, CDG) & 172.6,

131.5 (2C), 131.4 (2C), 129.2 (+, 2C), 128.24 (+), 128.17, 126.5 (+, 2C), 125.1 (+, 2C), 124.0 (+,
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2C), 72.7 (), 67.7 (+), 43.3 (-), 39.1 (-), 30.5 (-), 27.9, 19.5 (+), 16.8 (-); FT IR, (iim):
2957, 2928, 2868, 1634, 1445, 1423, 1362, 1312, 1244, 1202, 1188, 1146, 1109, 1070, 966, 928,
891, 854, 762, 737; HRMS (TOF ES): found 346.1806, calculated f¢#,4810, (M+H)

346.1807 (0.3 ppm).

ﬁ (1S*,9R*)-7-Hexyl-9-methyl-2-oxa-7-azabicyclo[7.1.0]decan-8-d3&89: To

a mixture oft-BuOK (65.1 mg, 0.56 mmol, 2.00 equiv), 18-crown-6 ether (8 mg,
0

N
\o/\> 0.03 mmol, 10 mol%) in THF (3 mL) was added bromocyclopro@aie(92.2

mg, 0.29 mmol, 1.00 equiv). The mixture was stirred for 3 hrs &E8The KBr
precipitate was filtered off on a fritted funnel and the solveats wemoved in vacuum.
Preparative column chromatography on silica gel afforded feectimpound as a colorless oil,
R¢ 0.40 (hexane-EtOAc 1:1). Yield 97.0 mg (0.24 mmol, 84%).
'H NMR (400.13 MHz, CDG) & 4.19 (dd,J = 12.8 Hz, 7.2 Hz, 1H), 4.11 (td,= 13.9 Hz, 2.8
Hz, 1H), 3.86 (m,) = 14.0 Hz, 8.2 Hz, 7.8 Hz, 0.8 Hz, 1H), 3.35 (d& 14.1 Hz, 4.3 Hz, 1H),
3.28 (ddJ = 12.8 Hz, 6.7 Hz, 1H), 3.11 (dd= 7.1 Hz, 3.5 Hz, 1H), 2.77 (ddd= 13.7 Hz, 8.8
Hz, 5.3 Hz, 1H), 2.01-1.90 (m, 1H), 1.84-1.70 (m, 2H), 1.66-1.38 (m, 4H), 1.35-1.26 (m, 6H),
1.21 (s, 3H), 1.23 (dd} = 6.4 Hz, 3.7 Hz, 1H), 0.89 (1,= 6.8 Hz, 3H), 0.72 (tJ = 6.8 Hz, 3H);
3C NMR (100.67 MHz, CDG) 6 171.6, 71.6 (-), 65.7 (+), 43.5 (-), 42.5 (-), 31.5 (-), 27.7, 27.3
(), 26.8 (-), 26.5 (-), 25.4 (-), 22.6 (), 20.3 (+), 17.0 (-), 14.0 (+); FT WRY(dilm): 2953,
2930, 2870, 1636, 1468, 1427, 1194, 1159, 1099; HRMS (TOF ES): found 276.1937, calculated

for C1sH27NO,Na (M+Na) 276.1939 (0.7 ppm).
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(1S,9R)-9-methyl-7-phenethyl-2-oxa-7-azabicyclo[7.1.0]decan-8-(B18d): To a mixture of
t-BuOK (62.7 mg, 0.56 mmol, 2.00 equiv), 18-crown-6 ether (7.4 mg, 0.028 mmol, 10 mol%)
THF (3 mL) was added bromocyclopropa@1/d (100 mg, 0.28 mmol, 1.00 equiv). The mixture
was stirred for 6 hrs at 61C. The KBr precipitate was filtered off on a fritted funnetlahe
filtrate was concentrated in vacuum. Preparative column chronagtog on silica gel afforded
the title compound as a colorless oi}, R36 (hexane-EtOAc 1:1). Yield 65.0 mg (0.24 mmaol,

86%).

'H NMR (400.13 MHz, CDG) & 7.33-7.18 (m, 5H), 4.17 (dd,= 12.8 Hz, 6.9 Hz, 1H), 4.13-

4.05 (m, 1H), 4.00 (td] = 14.0 Hz, 2.9 Hz, 1H), 3.24 (dd= 12.8 Hz, 6.9 Hz, 1H), 3.09 (dd=

6.8 Hz, 3.3 Hz, 1H), 3.12-3.04 (m, 1H), 3.04-2.94 (m, 2H), 2.90-2.81 (m, 1H), 2.01-1.86 (m,
1H), 1.81-1.71 (m, 1H), 1.49-1.31 (m, 2H), 1.24 (d¢; 6.6 Hz, 3.5 Hz, 1H), 1.13 (s, 3H), 0.71

(t, J = 6.8 Hz, 1H); °C NMR (100.67 MHz, CDG) & 171.7, 139.3, 128.8 (+, 2C), 128.3 (+,
2C), 126.2 (+), 71.5 (), 65.6 (+), 44.3 (-), 44.2 (-), 33.2 (-), 27.6, 27.3 (-), 25.3 (-), 20.1 (+), 16.8
(-); FT IR (cm, film): 3084, 3024, 2932, 2870, 2359, 1637, 1468, 1441, 1425, 1362, 1280,
1192, 1167, 1099, 1047, 983, 748, 702, 505; HRMS (TOF ES): found 296.1618, calculated for

Ci7H2NO,Na (M+Na) 296.1626 (2.7 ppm);

Q (1S*,10R*)-8-cyclohexyl-10-methyl-2-oxa-8-azabicyclo[8.1.0]Jundecan-9-one

T

(3189: To a mixture ot-BuOK (67.3 mg, 0.60 mmol, 2.00 equiv), 18-crown-6
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ether (8 mg, 0.03 mmol, 10 mol%) in THF (3 mL) was added bromocyclopr@idiec¢104 mg,
0.30 mmol, 1.00 equiv). The mixture was stirred overnight &iC80rhe KBr precipitate was
filtered off on a fritted funnel and the filtrate was concentratevacuum. Preparative column
chromatography on silica gel afforded the title compound as a asooie R 0.25 (hexane-

EtOAc 1:1). Yield 69.3 mg (0.42 mmol, 87%).

'H NMR (400.13 MHz, CDG) & ppm 3.94 (dddJ = 14.4 Hz, 11.4 Hz, 4.9 Hz,
o N 1H), 3.85 (ddd) = 11.2 Hz, 7.6 Hz, 3.7 Hz, 1H), 3.70-3.60 (m, 2H), 3.26 (ddd,
HLO = 14.2 Hz, 4.9 Hz, 3.4 Hz, 1H), 3.06 (dbk 7.6 Hz, 4.3 Hz, 1H), 1.97-1.79 (m,
4H), 1.78-1.54 (m, 6H), 1.40 (dd= 6.6 Hz, 4.6 Hz, 1H), 1.47-1.23 (m, 5H), 1.20 (s, 3H), 1.22-
1.07 (m, 1H), 0.68 (&) = 6.9 Hz, 1H); **C NMR (100.67 MHz, CDG) & ppm 172.1, 70.4 (-),
65.6 (+), 57.4 (+), 43.7 (-), 30.9 (-), 30.0 (-), 28.6, 27.9 (-), 26.9 (-), 26.4 (-), 26.3 (-), R5.8 (-
21.4 (+), 17.7 (-), 17.2 (-); FT IR (chfilm): 2930, 2854, 1630, 1448, 1420, 1367, 1360, 1327,
1306, 1259, 1192, 1173, 1148, 1136, 1105, 1051, 1020, 785, 710, 503; HRMS (TOF ES): found

288.1944, calculated for,gH,7NO,Na (M+Na) 288.1939 (1.7 ppm);

(1S*,10R*)-8-Benzyl-10-methyl-2-oxa-8-azabicyclo[8.1.0]Jundecan-9-one

o ’\(@ (3189: To a mixture oft-BuOK (140 mg, 1.25 mmol, 2.50 equiv), 18-crown-6
L\Oij ether (13.2 mg, 0.05 mmol, 10 mol%) in THF (3 mL) was added
bromocyclopropan&17a (177 mg, 0.50 mmol, 1.00 equiv). The mixture was

stirred for 4 hrs at 88C. The KBr precipitate was filtered off on a fritted fuhaed the solvent
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was removed in vacuum. Preparative column chromatography on silictfgeled the title

compound as a colorless oily 840 (hexane-EtOAc 1:3). Yield 97 mg (0.35 mmol, 70%).

'H NMR (400.13 MHz, CDG) & 7.37-7.30 (m, 2H), 7.30-7.22 (m, 3H), 5.53 J&s 14.9 Hz,

1H), 3.98 (td,J = 13.1 Hz, 4.6 Hz, 1H), 3.92 (td,= 6.3 Hz, 4.3 Hz, 1H), 3.72 (d,= 14.9 Hz,

1H), 3.66 (ddd,) = 11.3 Hz, 8.8 Hz, 2.8 Hz, 1H), 3.12 (dbs 7.6 Hz, 4.3 Hz, 1H), 3.10 (ddd,

= 13.9 Hz, 5.2 Hz, 2.1 Hz, 1H), 2.07-1.93 (m, 1H), 1.82-1.70 (m, 1H), 1.49 16,6 Hz, 4.3

Hz, 1H), 1.58-1.38 (m, 3H), 1.27 (s, 3H), 1.34 - 1.22 (m, 1H), 0.78)(dd7.3 Hz, 6.6 Hz, 1H);

13C NMR (100.67 MHz, CDG) & ppm 172.5, 137.3, 128.5 (+, 2C), 127.9 (+, 2C), 127.1 (+),
70.2 (-), 65.3 (+), 45.4 (-), 43.5 (-), 27.8, 27.4 (-), 24.7 (-), 20.7 (+), 17.3 (-), 16.3 (-); FT1IR (cm

! film): 3026, 2930, 2874, 1630, 1441, 1425, 1356, 1236, 1192, 1150, 1105, 1051, 1032, 739,

700; HRMS (TOF ES): found 296.1621, calculated feiHzsNO.Na (M+Na) 296.1626 (1.7

ppm).

(1S*,10R*)-8-Benzyl-10-methyl-2,5-dioxa-8-azabicyclo[8.1.0Jundecan-9-one
O N~

b0

(318b): To a mixture ot-BuOK (37 mg, 0.33 mmol, 2.5 equiv), 18-crown-6
(3.5 mg, 13umol, 10 mol%) in THF (2 mL) was added bromocyclopropane
317b (49 mg, 0.13 mmol, 1.0 equiv). The resulting mixture was stirred % $6r 12 hrs. The
KBr precipitate was filtered off and the filtrate was conaet in vacuum. Preparative column
chromatography of a residue on silica gel afforded the tithepound as a colorless oil; 20

(hexane-EtOAc 1:1). Yield 29 mg (0.10 mmol, 80%).
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'H NMR (500.13 MHz, CDG) & ppm 7.35-7.30 (m, 2H), 7.29-7.23 (m, 3H), 5.44J&, 15.4

Hz, 1H), 4.35-4.21 (m, 1H), 4.04-3.90 (m, 3H), 3.76-3.62 (m, 3H), 3.29 €12.3 Hz, 1H),

3.15 (dd,J = 7.3 Hz, 4.1 Hz, 1H), 2.98 (br. s., 1H), 1.73 (dd; 6.6 Hz, 4.1 Hz, 1H), 1.34 (s,
3H), 0.76 (ddJ = 7.3 Hz, 6.6 Hz, 1H);'3C NMR (125.76 MHz, CDG) & ppm 172.0, 137.5,
128.6 (+, 2C), 127.8 (+), 127.2 (+, 2C), 70.0 (-), 66.8 (-), 65.3 (+), 64.7 (), 47.1 (-), 44.4 (),
27.5, 21.2 (+), 18.4 (-); FT IR (chnfilm): 2957, 2922, 2860, 2359, 2339, 2330, 1634, 1448,
1425, 1263, 1146, 1115, 741, 698; HRMS (TOF ES): found 298.1422, calculated for

Ci16H21NOsNa (M+Na) 298.1422 (1.0 ppm).

o (1S*,8R*)-6-Benzyl-2-oxa-6-azabicyclo[6.1.0]Jnonan-7-0r{8209: An

(‘LNA@ oven-dried 50 mL round bottom flask was charged with
bromocyclopropane&19c (140 mg, 0.45 mmol, 1.0 equiv), 18-crown-6

(11.8 mg, 0.045 mmol, 10 mol%), KOH ( 88 mg, 1.57 mmol, 3.5 equiv) and anhydrous THF (10

mL). The mixture was stirred at RT for 2.25 hrs. The solvent was removed byeotgrgration.

The residue was purified by flash column chromatography on géicé= 0.28, eluent EtOAC)

to obtain a title compound as a colorless crystalline solid, mp 5G55Yield 91 mg (0.40

mmol, 88%)

H NMR (500.13 MHz, CDG))  ppm 7.29-7.23 (m, 2H), 7.23-7.17 (m, 3H), 5.24¢, 14.8

Hz, 1H), 3.85 (dJ = 15.1 Hz, 1H), 3.60 (td] = 12.8 Hz, 3.2 Hz, 1H), 3.45 (dddi= 6.9 Hz, 6.1

Hz, 4.1 Hz, 1H), 3.17 (ddl = 15.4 Hz, 6.9 Hz, 1H), 1.96 - 1.80 (m, 1H), 1.63 {dt, 10.2 Hz,

6.5 Hz, 1H), 1.53 (ddd] = 15.2 Hz, 7.2 Hz, 3.2 Hz, 1H), 1.17 (tt= 6.9 Hz, 3.9 Hz, 1H), 1.03
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(dt, J = 10.2 Hz, 7.1 Hz, 1H):**C NMR (125.76 MHz, CBCI) & 169.7, 137.5, 128.5 (+, 2C),
128.1 (+, 2C), 127.3 (+), 72.8 (-), 61.0 (+), 48.6 (-), 46.0 (-), 30.1 (-), 22.7 (+),A0.FTIR
(NaCl, film, cnt) 2928, 2870, 1634, 1481, 1439, 1229, 1080, 735, 698; HRMS (TOF ES): found

232.1332, calculated for;gH;sNO, (M+H) 232.1338 (2.6 ppm).

0 (1S*,8R*)-6-Hexyl-2-oxa-6-azabicyclo[6.1.0]Jnonan-7-ong820h): An

(LN/\/B oven-dried 50 mL round bottom flask was charged with
bromocyclopropan819b (165 mg, 0.53 mmol, 1.0 equiv), 18-crown-6 (14

mg, 0.053 mmol, 10 mol%), KOH (74 mg, 1.33 mmol, 2.5 equiv.) and anhydrous THF (10 mL).
The mixture was stirred at RT for 2.25 hrs. The solvent was redrimyeotary evaporation. The
residue was purified by flash column chromatography on silicaefjding first with mixture
EtOAc/hexane 3:1, and then with mixture EtOAc/MeOH 3:1, to obtaitleadbmpound as a
colorless amorphous solid; R.83 EtOAc/MeOH 3:1. Yield 107 mg (90%, 0.48 mmol).
'H NMR (400.13 MHz, CDG)) & ppm 4.22-4.06 (m, 2H), 3.88 (dddi= 13.4 Hz, 8.1 Hz, 6.6
Hz, 1.0 Hz, 1H), 3.66 (td] = 12.7 Hz, 3.2 Hz, 1H), 3.48 (td= 6.7 Hz, 4.0 Hz, 1H), 3.28 (dd,
= 15.3 Hz, 6.9 Hz, 1H), 2.76 (ddd,= 13.9 Hz, 8.8 Hz, 5.6 Hz, 1H), 2.02-1.86 (m, 1H), 1.71-
1.43 (m, 4H), 1.13-1.21 (m, 6H), 1.15 (& 6.8 Hz, 3.8 Hz, 1H), 1.03 (di,= 10.2 Hz, 7.0 Hz,
1H), 0.88 (tJ = 6.4 Hz, 3H); **C NMR (100.67 MHz, CDG) 5 169.1, 72.8 (-), 61.0 (+), 46.8 (-
), 45.9 (-), 31.6 (-), 30.7 (), 27.6 (-), 26.6 (-), 22.9 (+), 22.6 (-), 14.0 (+), 10.3 R NaCl,
film, cm?) 2955, 2930, 2858, 1626, 1485, 1462, 1373, 1225, 1095, 725; HRMS (TOF ES): found

226.1807, calculated for;gH,4NO, (M+H) 226.1807 (0.0 ppm).
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0 (1S*,8R*)-6-(Furan-2-ylmethyl)-2-oxa-6-azabicyclo[6.1.0]nonan-7-one

o)
NN
@ (3200): To a stirred suspension of powdered KOH (46 mg, 0.83 mmol, 2.5

o)
equiv) and 18-crown-6 ether (8.7 mg, 0.033 mmol, 10 mol%) in dry THF (3

mL) was added bromocyclopropaB20d (100 mg, 0.33 mmol, 1.0 equiv). The mixture was
vigorously stirred at 28C for 3 hrs. The KBr precipitate was filtered off on a fdtfannel and

the filtrate wa concentrated in vacuum. Preparative column chognagihy of a residual oil on
silica gel afforded the title compound as a crystalline solid).B0 (CHCI-EtOAc, 3:1). Yield

69 mg (0.31 mmol, 95%).

'H NMR (400.13 MHz, CDG) & ppm 7.37 (dJ = 1.0 Hz, 1H), 6.37-6.31 (m, 1H), 6.29 (=

3.3 Hz, 1H), 5.06 (d) = 15.4 Hz, 1H), 4.22-4.08 (m, 2H), 3.68 (= 12.6 Hz, 3.3 Hz, 1H),
3.55-3.48 (m, 1H), 3.41 (dd,= 15.4 Hz, 6.8 Hz, 1H), 1.95-1.80 (m, 1H), 1.74-1.59 (m, 3H),
1.22 (td,J = 6.9 Hz, 3.9 Hz, 1H), 1.08 (di,= 10.2 Hz, 6.9 Hz, 1H);**C NMR (100.67 MHz,
CDCl) & ppm 169.5, 151.0, 142.1 (+), 110.5 (+), 108.6 (+), 72.8 (-), 60.9 (+), 46.4 (), 41.7 (),
30.2 (-), 22.7 (+), 10.4 (-); FT IR (NaCl, film, ¢m3115, 2959, 2932, 2872, 1728, 1634, 1504,
1479, 1464, 1423, 1393, 1362, 1337, 1281, 1248, 1225, 1200, 1165, 1148, 1121, 1107, 1080,
1041, 1011, 982, 964, 932, 885, 833, 762, 743, 600, 540, 417; HRMS (TOF ES): found

222.1129, calculated for,€H;6NO3; (M+H) 222.1130 (0.5 ppm).

A{ (1aR*,9aS*)-3-(tert-Butyl)-1,3,4,9a-tetrahydrobenzo[b]cyclopropalg]-
oM [1,5]oxazocin-2(1aH)-ong3209: An oven-dried 50 mL round bottom flask
Lo was charged with bromocyclopropad®db (184mg, 0.56 mmol, 1 equiv), 18-

crown-6 (14.9 mg, 0.056 mmol, 10 mol%), KOH (78.6 mg, 1.4 mmol, 2.5 equiv.) andranByd
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THF (15 mL). The mixture was stirred at 80 for 12 hrs. The solvent was removed by rotary
evaporation. The residue was absorbed onto silica gel and then doinyfidash column
chromatography on silica gel being flushed (eluent EtOAc/hexah& :.3 product). Yield 129

mg (93%, 0.52 mmol) clear crystalline solid, mp 115-416

'H NMR (400.13 MHz, CDG)) § 7.24 (tdJ = 7.6 Hz, 1.8 Hz, 1H), 7.15 (dd= 7.6 Hz, 1.5 Hz,

1H), 7.09-7.03 (m, 2H), 5.59 (d= 17.2 Hz, 1H), 4.35 (d] = 16.9 Hz, 1H), 3.79 (td] = 6.2 Hz,

3.0 Hz, 1H), 2.22 (dtJ = 10.1 Hz, 6.3 Hz, 1H), 1.41 (td,= 6.9 Hz, 3.2 Hz, 1H), 1.35 (s, 9H),
1.15 (dt,J = 10.1 Hz, 6.7 Hz, 1H);**C NMR (100.67 MHz, CDG) & ppm 169.9, 157.5, 130.8

(+), 128.9 (+), 128.7, 123.6 (+), 121.8 (+), 57.7, 56.9 (+), 48.9 (-), 28.5 (+, 3C), 26.6 (+), 10.4 (-
); FT IR (NacCl, film, Cnll): 3456, 2993, 2966, 2924, 1651, 1489, 1408, 1358, 1225, 1194, 1111,

754; HRMS (TOF ES): found 268.1311, calculated fesHeNO.Na (M+Na) 268.1313 (0.7

ppm).

3.5. Assignment of Relative Configurations

3.5.1 Assignment of relative configurations for compounds 316d, 318d, and 318c

'H NOE DIFF experiments unambiguously confirnmésiconfigurations of cyclopropane
moiety in representative products, obtained ex&trig (316d), 9-exo-trig (318d), and 10exo-
trig (3189 cyclizations. The corresponding spectral charts and 3D molestiactures

showcasing the significant NOE responses are shown below. Hrcase NOE responses have
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been detected between the corresponding methyl group and a set ofydrmegem atoms in

cyclopropane, one of them being a deshielded proton next to etherealn.oxygelative

configurations of the products obtainedexo-trig cyclizations were assigned by analogy.

Figure 19. MM2-Optimized 3D molecular structures of three cyclamatproducts316d (A),
318d (B), and 318c (C). NOE responses, imperative for the assignment of thaveelat
configuration are shown as red arrows connecting the corresponding hydimmgen a
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Figure 20. NOE experiments performed for compou8itbd All spectra were registered at
500.13 MHz. The charts represent: (A) — refereldeNMR spectrum; (B) NOE DIFF

experiment with excitation at 3.21 ppm and mixing time 100 ms; (IPE DIFF experiment

with excitation at 1.39 ppm and mixing time 1.0 s; (D) - NOEM#xperiment with excitation

at 1.16 ppm and mixing time 500 ms; (E) - NOE DIFF experimdit @xcitation at 0.84 ppm

and mixing time 1 s.
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excitation at 1.28 ppm and mixing time 1.0 s; (D) - NOE DIFF expet with excitation at
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Relative configurations of all the products obtained

A m %.s(AB)=6.94Hz in 8-endo-trig cyclizations were assigned based on
D Hg Ha 3] rans (AD) = 6.10 Hz

H 33yans (AC) =410 Hz analysis of the coupling constants in the multiplets
C 0

o} NQ corresponding to the cyclopropyl methine nex to

Ph ethereal oxygen. Signal at 3.45 ppm in the 1H NMR
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spectrum of compound@16cis the representative example that is discussed below. Coupling
constant values were determined by multiplete simulation usi@®/8pecManager 11.01
(Figure 23). The observation of tves-2J coupling constants (6.94 Hz, 6.10 Hz) and only one

trans->J coupling constant (4.10 Hz) allowed for unambiguous assignment ofcithe

configuration to produc®16c¢

J-Coupler - @
1M14(ddd) HMultiplet Hame Muiltiplet Frotons
. © M14 Shiftippm) 34803 2] || In Molecule: |13
oT my = Found: [15
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Figure 23. Analysis of coupling constants thl NMR signal of proton A in compourgiL6a
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3.5.2. Assignment of relative configurations for compounds 327a and 328

Structure elucidations were performed for compoBi¥s and328 are provided below.
The minimum energy conformation for the fused 2-oxa-5-azabicyclo[5.1.0Joatar-8ystem is
depicted in Figure 24 and Figure 25. Relative stability of tkeséormations is governed by
the pseudo-equatorial phenyl group at position 4 for compo@&¥g and both the equatorial
phenyl at position 3 and the equatorial methyl group at position 4dimpound328 The
observed'H-'H NOE effects are listed in Figure 24 and Figure 25, the correspprdior-

coded spectral charts are shown in Figure 26 and Figure 27.

Figure 24. Observed NOEs upon irradiation at 5.91 ppm (blue), 5.00 ppm (red), 3.86 ppm
(lilac), 3.66 ppm (green), 3.19 ppm (orange), 1.21 ppm (pink), 0.89 ppm (brown) for compound
327a For color-coded spectral charts corresponding to these expe&sjraee Figure 26. Atom
numbering in the seven-membered ring is provided according to IUPAC nomesnclatur
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Figure 25, Observed NOEs upon irradiation at 7.24 ppm (blue), 4.58 ppm (green), 4.21 ppm
(terracotta), 3.08 ppm (pink), 2.87 ppm (red), 1.46 ppm (spruce), 1.18 ppm (brown) for
compound328 For color-coded spectral charts corresponding to these experisemtsSigure

27. Atom numbering in the seven-membered ring is provided accordindJRAQ
nomenclature.
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Appendix

13C Specta for 94 A
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A.2.*H-*C HSQC spectrum of trans-94a

Acquisition Time (sec) (0.0614, 0.1597) Comment Imported from UXNMR/XWINNMR
Date 30 Apr 2008 15:29:40

File Name \ba0139A-2D-Minor\5\pdata\1\2rr

Frequency (MHz) (100.61, 400.13) Nucleus (13C, 1H)

Number of Transients 2 Original Points Count (1024, 1024)
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A.3.*H-*C HSQC spectrum of cis-94a-¢

Acquisition Time (sec) (0.0614, 0.1597) Comment Imported from UXNMR/XWINNMR

Date 30 Apr 2008 15:34:40
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A.4.'H and °C spectra oftrans and cis 94e
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A.5.'H and °C spectra of 94f
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A.6.'H and °C spectra of 242c
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A.7.*H and °C spectra for 327a
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A.8.'H and *°C spectra for 316d
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A.9. *H and *3C for 318d.
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A.10.*H and *3C for 318c
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A.11. Crystallographic Data for 327a

To a solution of compoun8R7a(25 mg) in dichloromethane (10 mL) was added hexane
(10 mL) and the mixture was left overnight in the flask, closell witotton ball to ensure slow
evaporation of the solvents. Well-formed colorless needles werea&dtavhich were collected,

washed with hexane, and analyzed by single crystal X-ray crystailog

Colorless crystals of gH1sNO, are, at 100(2) K, orthorhombic, space group22-
D,* (No. 19) witha = 8.6537(6) Ab = 9.4166(6) Ac = 13.4394(9) A, V = 1095.2(1) A and Z =
4 molecules {gycq= 1.318 glent uy(MoKa) = 0.089 mrif}. A full hemisphere of diffracted
intensities (1850 20-second frames witlm ascan width of 0.3 was measured for a single-
domain specimen using graphite-monochromated do&diation §= 0.71073 A) on a Bruker
SMART APEX CCD Single Crystal Diffraction System. Xysawere provided by a fine-focus
sealed x-ray tube operated at 50kV and 30mA. Lattice constanés deegrmined with the
Bruker SAINT software package using peak centers for 3007ctiefbs. A total of 13228
integrated reflection intensities having(@oKa)< 60.99 were produced using the Bruker
program SAINT; 3298 of these were unique and gaxe=R0.050 with a coverage which was
99.4% complete. The data were corrected empirically for variablsorption effects using
equivalent reflections; the relative transmission factors cfigen 0.951 to 1.000. The Bruker
software package SHELXTL was used to solve the structure tdiregt methods” techniques.
All stages of weighted full-matrix least-squares refinenvesite conducted using,3data with

the SHELXTL Version 6.10 software package.
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The final structural model incorporated anisotropic thermal petem for all
nonhydrogen atoms and isotropic thermal parameters for all hydratgens. All hydrogen
atoms were located in a difference Fourier and included in thetwtal model as independent

isotropic atoms whose parameters were allowed to vary indgastes refinement cycles. A
total of 205 parameters were refined using no restraints, 3298nthtaeights of w = 1/cf2(F2)

+ (0.0465 P?ﬂ, where P = [52 + 2Fcﬁ / 3. Final agreement factors at convergence are:
Ri(unweighted, based on F) = 0.050 for 3043 independent absorption-correctedsédbser
reflections having @ MoKa)< 60.99 and 1>25(l); Ri(unweighted, based on F) = 0.056 and
wR,(weighted, based on?F= 0.100 for all 3298 independent absorption-corrected reflections
having D(MoKa)< 60.99. The largest shift/s.u. was 0.000 in the final refinement cy€le

final difference map had maxima and minima of 0.36 and -Olﬁé, gespectively. With oxygen
being the heaviest atom present, the absolute structure could notididy rdetermined

experimentally. The absolute configuration for the molecule Waefore assigned using the

known configuration at carbon atom C(6).
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Figure 28. ORTEP drawing of327a showing the atom-numbering scheme; 50% probability
amplitude displacement ellipsoids are shown. The asymmetric amihins one GHisNO;

molecule.
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Figure 29. Packing of 327a molecules in the crystalline lattice cell.



Table 3. Crystal data and structure refinement for GsH15NOo.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 30.50°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]

R indices (all data)

Absolute structure parameter

Largest diff. peak and hole

Ci13H1sNO;

217.26

100(2) K

0.71073 A

Orthorhombic

P2,2:2,— D,* (No. 19)

a=8.6537(6) A o = 90.000°
b =9.4166(6) A B =90.000°
c =13.4394(9) A y =90.000°
1095.2(1) A’

4

1.318 glcm”

0.089 mm "

464

0.24x 0.22 X 0.04 mm’

2.64°to 30.50°
-12<h<12,-13<k<13,-19<1<19
13228

3298 [Rn; = 0.050]

99.4 %

Semi-empirical from equivalents

1.000 and 0.951

Full-matrix least-squares on F2

3298 /0/205

1.057

R; = 0.050, wR, = 0.098

R; = 0.056, WR, = 0.100

0.5(12)

0.36 and -0.26 /A’
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Ri =X [|Fol - [Fcll /2 |Fgl
2 2.2 22 12
WRy ={Z[W(Fg -Fc)]/Z[wW(Fp)]}

Table 4. Atomic coordinates (x 16 and equivalent isotropic displacement parameters

(A% x 10°) for C13H1sNO,. U(eq) is defined as one third of the trace of the drbgonalized

Uj; tensor.

X y z U(eq)
O(1) 5199(1) 4518(1) 2813(1) 17(1)
0(2) 4895(1) 1184(1) 4513(1) 18(1)
N(1) 3379(2) 2207(1) 3352(1) 15(1)
C(1) 4351(2) 2261(2) 4137(1) 13(1)
c(2) 4682(2) 3722(2) 4549(1) 13(1)
c@3) 6334(2) 4248(2) 4461(1) 16(1)
C(4) 5094(2) 4880(2) 3823(1) 14(1)
C(5) 3714(2) 4391(2) 2343(1) 17(1)
C(6) 2589(2) 3455(2) 2936(1) 14(1)
c(7) 1256(2) 3013(2) 2280(1) 14(1)
C(8) 1495(2) 2119(2) 1465(1) 17(1)
C(9) 275(2) 1737(2) 846(1) 19(1)
C(10) -1199(2) 2254(2) 1038(1) 20(1)
C(11) -1454(2) 3140(2) 1847(1) 20(1)
c(12) -232(2) 3508(2) 2466(1) 17(1)

C(13) 3788(2) 4106(2) 5474(1) 18(1)




Table 5. Bond lengths [A] for GaH1sNO.

O(1)-C(4)
O(1)-C(5)
0(2)-C(1)
N(1)-C(1)
N(1)-C(6)
N(1)-H(1N)
C(1)-C(2)
C(2)-C(4)
C(2)-C(13)
C(2)-C(3)
C(3)-C(4)
C(3)-H(3A)
C(3)-H(3B)
C(4)-H(4)
C(5)-C(6)
C(5)-H(5A)
C(5)-H(5B)

1.403(2)
1.436(2)
1.227(2)
1.350(2)
1.470(2)
0.85(2)
1.511(2)
1.506(2)
1.508(2)
1.518(2)
1.496(2)
0.94(2)
0.95(2)
1.03(2)
1.536(2)
0.97(2)
0.98(2)

C(6)-C(7)
C(6)-H(6)
C(7)-C(12)
C(7)-C(8)
C(8)-C(9)
C(8)-H(8)
C(9)-C(10)
C(9)-H(9)
C(10)-C(11)
C(10)-H(10)
C(11)-C(12)
C(11)-H(11)
C(12)-H(12)
C(13)-H(13A)
C(13)-H(13B)
C(13)-H(13C)

1.511(2)
0.94(2)
1.392(2)
1.396(2)
1.392(2)
0.95(2)
1.390(2)
0.96(2)
1.389(2)
0.95(2)
1.389(2)
0.97(2)
0.94(2)
0.97(2)
0.95(2)
0.97(2)
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Table 6. Bond angles [°] for GsH1sNO..

C(4)-O(1)-C(5) 112.8(1) N(1)-C(6)-C(7) 110.9(1)
C(1)-N(1)-C(6) 123.8(1) N(1)-C(6)-C(5) 111.2(1)
C(1)-N(1)-H(1N) 118(1) C(7)-C(6)-C(5) 109.8(1)
C(6)-N(1)-H(1N) 118(1) N(1)-C(6)-H(6) 107(1)
0(2)-C(1)-N(1) 122.0(1) C(7)-C(6)-H(6) 108(1)
0(2)-C(1)-C(2) 121.9(1) C(5)-C(6)-H(6) 110(1)
N(1)-C(1)-C(2) 116.0(1) C(12)-C(7)-C(8) 118.7(1)
C(4)-C(2)-C(13) 118.8(1) C(12)-C(7)-C(6) 120.6(1)
C(4)-C(2)-C(1) 117.8(1) C(8)-C(7)-C(6) 120.7(1)
C(13)-C(2)-C(1) 115.1(1) C(9)-C(8)-C(7) 120.8(2)
C(4)-C(2)-C(3) 59.3(1) C(9)-C(8)-H(8) 121(1)
C(13)-C(2)-C(3) 118.0(1) C(7)-C(8)-H(8) 118(1)
C(1)-C(2)-C(3) 116.5(1) C(10)-C(9)-C(8) 119.7(2)
C(4)-C(3)-C(2) 59.9(1) C(10)-C(9)-H(9) 121(1)
C(4)-C(3)-H(3A) 116(1) C(8)-C(9)-H(9) 120(1)
C(2)-C(3)-H(3A) 118(1) C(11)-C(10)-C(9) 120.1(2)
C(4)-C(3)-H(3B) 117(1) C(11)-C(10)-H(10) 116(1)
C(2)-C(3)-H(3B) 115(1) C(9)-C(10)-H(10) 124(1)
H(3A)-C(3)-H(3B) 118(2) C(10)-C(11)-C(12) 119.8(2)
0(1)-C(4)-C(3) 114.3(1) C(10)-C(11)-H(11) 119(1)
0(1)-C(4)-C(2) 117.8(1) C(12)-C(11)-H(11) 122(1)
C(3)-C(4)-C(2) 60.7(1) C(11)-C(12)-C(7) 120.9(2)
O(1)-C(4)-H(4) 114(1) C(11)-C(12)-H(12) 119(1)
C(3)-C(4)-H(4) 120(1) C(7)-C(12)-H(12) 120(1)
C(2)-C(4)-H(4) 120(1) C(2)-C(13)-H(13A) 112(1)
0(1)-C(5)-C(6) 112.8(1) C(2)-C(13)-H(13B) 112(1)
O(1)-C(5)-H(5A) 108(1) H(13A)-C(13)-H(13B) 103(2)
C(6)-C(5)-H(5A) 109(1) C(2)-C(13)-H(13C) 110(1)
O(1)-C(5)-H(5B) 108(1) H(13A)-C(13)-H(13C) 110(2)
C(6)-C(5)-H(5B) 109(1) H(13B)-C(13)-H(13C) 110(2)

H(5A)-C(5)-H(5B) 111(1)
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Table 7. Anisotropic displacement parameters (Ax 10°) for C13H1sNO,. The anisotropic

displacement factor exponent takes the form: [ h? a*2Uy; + ... + 2 hk a* b* U]

Ull U22 U33 U23 UlS UlZ
o(1) 13(1) 21(1) 16(1) 4(1) 1(1) -2(1)
0(2) 17(1) 15(1) 20(1) 3(1) 2(1) 1(1)
N(1) 19(1) 10(1) 17(1) 0(1) -2(1) “1(1)
c(1) 10(1) 15(1) 13(1) 1(1) 4(1) 0(1)
C(2) 12(1) 13(1) 14(1) 3(1) -1(1) 1(1)
C(3) 12(1) 17(1) 18(1) 1(1) 0(1) -1(1)
C(4) 12(1) 15(1) 17(1) 3(1) 1(1) -1(1)
C(5) 16(1) 18(1) 17(1) 3(1) -2(1) -3(1)
C(6) 13(1) 13(1) 15(1) 1(1) 2(1) 1(1)
c(7) 14(1) 12(1) 16(1) 3(1) 2(1) 0(1)
C(8) 15(1) 16(1) 20(1) 0(1) 1(1) 3(1)
C(9) 23(1) 15(1) 18(1) -2(1) -2(1) -1(1)
C(10)  18(1) 20(1) 22(1) 5(1) -6(1) -6(1)
c(1l)  12(1) 24(1) 23(1) 3(1) 2(1) 1(1)
c(12)  17(1) 18(1) 17(1) 0(1) 3(1) 0(1)

c(13)  18(1) 19(1) 16(1) -2(1) 3(1) -2(1)
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Table 8. Hydrogen coordinates ( x 19 and isotropic displacement parameters (Ax 10°)

for C 13H 15N02.

X y z U(eq)
H(1N) 3210(20) 1400(20) 3078(14) 20(5)
H(3A) 7050(20) 3670(20) 4130(14) 20(5)
H(3B) 6700(20) 4800(20) 5003(13) 20(5)
H(4) 4710(20) 5902(19) 3950(13) 18(4)
H(5A) 3870(20) 3970(18) 1696(13) 14(4)
H(5B) 3272(18) 5343(18) 2286(12) 7(4)
H(6) 2178(19) 3969(18) 3474(13) 9(4)
H(8) 2520(20) 1790(20) 1345(14) 20(5)
H(9) 460(20) 1110(20) 291(15) 28(5)
H(10) -2080(20) 2043(19) 648(13) 15(5)
H(11) -2490(20) 3490(20) 1966(16) 29(6)
H(12) -430(20) 4110(20) 3012(13) 18(5)
H(13A) 4060(20) 3500(20) 6036(15) 26(5)
H(13B) 4040(20) 5030(20) 5703(14) 23(5)
H(13C) 2680(20) 4050(20) 5344(15) 24(5)

Table 9. Hydrogen bonds for GH:sNO, [A and °].

D-H..A d(D-H) d(H...A) d(D...A) <(DHA)

N(1)-H(IN)...O(1)#1 0.85(2) 2.55(2) 3.221(2) 137(2)

Symmetry transformations used to generate equivalent atoms: #1: -x+1, y-1/2, -z+1/2.



Table 10.Torsion angles [°] for GH15sNO..

C(6)-N(1)-C(1)-0(2)
C(6)-N(1)-C(1)-C(2)
O(2)-C(1)-C(2)-C(4)
N(1)-C(1)-C(2)-C(4)
0(2)-C(1)-C(2)-C(13)
N(1)-C(1)-C(2)-C(13)
O(2)-C(1)-C(2)-C(3)
N(1)-C(1)-C(2)-C(3)
C(13)-C(2)-C(3)-C(4)
C(1)-C(2)-C(3)-C(4)
C(5)-0(1)-C(4)-C(3)
C(5)-0(1)-C(4)-C(2)
C(2)-C(3)-C(4)-0(1)
C(13)-C(2)-C(4)-0(1)
C(1)-C(2)-C(4)-0(1)
C(3)-C(2)-C(4)-0(1)
C(13)-C(2)-C(4)-C(3)
C(1)-C(2)-C(4)-C(3)
C(4)-0(1)-C(5)-C(6)
C(1)-N(1)-C(6)-C(7)
C(1)-N(1)-C(6)-C(5)
O(1)-C(5)-C(6)-N(1)
O(1)-C(5)-C(6)-C(7)
N(1)-C(6)-C(7)-C(12)
C(5)-C(6)-C(7)-C(12)
N(1)-C(6)-C(7)-C(8)
C(5)-C(6)-C(7)-C(8)
C(12)-C(7)-C(8)-C(9)
C(6)-C(7)-C(8)-C(9)
C(7)-C(8)-C(9)-C(10)
C(8)-C(9)-C(10)-C(11)
C(9)-C(10)-C(11)-C(12)
C(10)-C(11)-C(12)-C(7)
C(8)-C(7)-C(12)-C(11)
C(6)-C(7)-C(12)-C(11)

174.14(14)
-3.6(2)
134.64(15)
-47.60(19)
-77.30(19)
100.46(16)
67.06(19)

-115.18(15)
-108.64(16)

108.07(15)
146.49(13)
78.09(16)

-109.49(14)
-149.00(14)

-2.2(2)
103.76(16)
107.24(16)

-105.93(15)

-49.44(17)

-163.39(14)

74.07(19)
-40.19(18)

-163.35(13)

123.87(15)

-112.82(17)

-57.22(19)
66.09(18)
0.4(2)

-178.51(14)

0.2(2)
-0.4(2)
-0.1(2)
0.8(2)
-0.9(2)
178.01(15)
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