Accepted Manuscript

Regioselective synthesis of secondary 1,3-dienamides by successive eliminations

Eiji Tayama, Shun Saito

Pll: S0040-4020(15)30248-9
DOI: 10.1016/j.tet.2015.11.065
Reference: TET 27322

To appearin:  Tetrahedron

Received Date: 9 October 2015
Revised Date: 24 November 2015
Accepted Date: 30 November 2015

Please cite this article as: Tayama E, Saito S, Regioselective synthesis of secondary 1,3-dienamides by
successive eliminations, Tefrahedron (2015), doi: 10.1016/j.tet.2015.11.065.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.tet.2015.11.065

Graphical Abstract
To create your abstract, type over the instructiorthe template box below.
Fonts or abstract dimensions should not be chaogetiered.

Regioselective synthesis of secondary 1,3- Leave this area blank for abstract info.
dienamides by successive eliminations

Eiji Tayama and Shun Saito
Department of Chemistry, Faculty of Science, Niigata University, Niigata 950-2181, Japan
Boc

(2)
— Boc (E) ® H
N / \ N‘ / \ N‘

OMe  Boc regiospecific Boc Boc

A . mono-Boc
regioselective PP
elimination N\

Meoﬁ\ﬂ\; 1,4-elimination N\

— Boc

) - > Boc —» H

N 2N\ 2\ N
Boc

N\ \
Boc Boc




Tetrahedron

journal homepage: www.elsevier.com

Regioselective synthesis of secondary 1,3-dienahgiesuccessive eliminations

Eiji Tayamd Oand Shun Saifo

“Department of Chemistry, Faculty of Science, Niigata University, Niigata, 950-2181, Japan

ARTICLE INFO ABSTRACT

Article history: The regioselective synthesis of secondary 1,3-diites 3 (1-N-acylamino-1,3-dienes) is
Received successfully demonstrated by regiospecific basepted 1,4-eliminationZ)- or (E)-N,N-di-
Received in revised form Boc-4-methoxy-2-buten-1-ylamirefollowed by mono-Boc eliminatiom situ.

Acgepted ) 2009 Elsevier Ltd. All rights reserved
Available online

Keywords:

Elimination

1-Amino-1,3-diene
1,3-Dienamide
Regioselective
Regiospecific

OCorresponding author. E-mail:tayama@chem.sc.nigate.jp



2
1. Introduction

Enamides (enecarbamates) constitute a class ofablalu
building blocks in organic synthesis for the sysikef nitrogen-
containing compounds. Tertiary enamides, which N-alkylated
derivatives, are less nucleophificThus the synthetic application
of tertiary enamides have been demonstrated inoagdition
reactions.”
common electrophiles in the presence of Lewis ornBied
acids. Especially, théN-acylamino substituent (NHCOR), as
found in secondary enamides, can interact with the&alc
Brognsted acids. Various asymmetric reactions usempndary
enamides have been developed. The dienyl derestiv

secondary 1,3-dienamides Ktacylamino-1,3-dienes), have also

attracted much attention from synthetic organionuilsés because
they function as reactive dienyl components, sughnaDiels—
Alder reactions to construct fused-ring compoutitig-heir most
standard preparative method is Curtius rearrangeroér2,4-
dienoic acid azides followed by alcolysis under bdatonditions
(Scheme 1, eq. 1), which was originally developeddbgrman
et al.” This method usually affords the thermodynamicatible
E-regioisomer as the main product. A number of Isgtic
methods of secondary 1,3-dienamides have been teeot*
however, stereoselective anB/Z-stereo-controlled synthetic

In contrast, secondary enamides are reactivertbwa lithium ~ bis(trimethylsilyl)amide
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between Hand B (J = 13-14 Hz). Even if the reaction was
performed on a larger scale, an acceptable yield abdgined
(entry 5, 70%). The use of a larger amount of L2242 (equiv.)
did not improve the yield oE-3a (entry 6). When the reaction
was performed with 1.0 equiv. of LDA3a (52%) was obtained
with a small amount oE-2a (5%) (entry 7). The use of analog
bases, such as lithium 2,2,6,6-tetramethylpipeeid{iTMP),
(LIHMDS), and sodium
bis(trimethylsilyl)amide (NaHMDS) did not afford thé&,4-
eliminated products2a and 3a, with Z-la being recovered
(entries 8-10). The reaction promoted with potassiu
bis(trimethylsilyl)Jamide (KHMDS) afforded-2a and E-3a in
lower yields (entry 11). The use of 2.2 equiv. ¢iMDS gave
complicated products formed by undesirable sideti@as (entry
12).

Table 1. Base-promoted 1,4-elimination &f1a®

protocols have never been developed.

Our group has studied stereoselective and stereispexse-

promoted 1,4-eliminaticA™® affording N-Boc-1,3-dienamide:
however, this method was limited to preparing teytidr3-
dienamides?
cyclopropanation of 1,3-dienamid®swe obtained one example
of the regioselective preparation of a secondaBydienamide3

by the 1,4-elimination ofN,N-di-Boc-4-methoxy-2-buten-1-

ylamine 1 (Scheme 1, eq. 2). Therefore, we decided to furtheg

investigate the scope and limitations of this neact Herein, we
report the regioselective synthesis of secondadydienamides
by base-promoted 1,4-elimination followed by moncBo
elimination.

[Sfandard preparative method]

Meanwhile, in our study on the regioselective 3
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1 n-BuLi (1.5) THE —78 0 0
2 n-BulLi (1.5) EtO -78 0 0
LDA (1.5) THF —78 87 0
LDA (1.5) THF 0 0 78
51 LDA (1.5) THE 0 0 70
LDA (2.2) THF 0 0 63
7 LDA (1.0) THF 0 5 52
8 LiITMP (1.5) THF 0 0 0
9 LIHMDS (1.5) THF 0 0 0
10 NaHMDS (1.5) THF 0 0 5
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12 KHMDS (2.2) THF 0 messy
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Scheme 1. Preparation of secondary 1,3-dienamides

2. Results and discussion

#Unless otherwise noted, the reactions were perfornsadyu
Z-1a (0.30 mmol) and ca. 0.7 M LDA solution (0.64 mL4®.
mmol) in THF (2.4 mL).

® LDA: ca. 0.7 M THF#-hexane solution prepared from
BuLi in n-hexane and diisopropylamine in THF; LITMP: ca. 0.5
M THF/n-hexane solution prepared fromBuLi in n-hexane and
2,2,6,6-tetramethylpiperidine in THF; LIHMDS and NaHMDS
1.0 M THF solution (Aldrich); KHMDS: 0.5 M toluene Ision
(Aldrich).

“Isolated yield.

First, we prepared-la as a substrate and investigated the

base-promoted 1,4-elimination according to our jores resulft!
(Table 1). Treatment af-1a with n-BuLi in THF or EtO at —78
°C did not afford the expectel,N-di-Boc-1,3-dienamide2a

without the recovery aZ-1a (entries 1 and 2). The di-Boc group

might be unstable toward strong nucleophiles sucin-BsiLi.

Thus, we used a non-nucleophilic base such as LDAe T
desired product?2a was obtained in 87% vyield as a single

regioisomer (entry 3). Interestingly, when the teac was
carried out at 0 °C, one of tiéBoc groups was eliminated to
give the secondary 1,3-dienami@ea in 78% yield as a single
regioisomer (entry 4). The,€C, stereochemistry o?a and3a
was assigned a8 based on the coupling constant'ef NMR

4 Z-1a: 2.14 mmol scale.

® Recovered-1ain 24% yield.
"Recovered’-1a in 76% yield.
9 Recovered-lain 14% vyield.

E-3a would be formed by theE-stereoselective 1,4-
elimination of Z-1a followed by the base-promoted elimination
of anN-Boc group, as irfE-2a (Scheme 2). The coordination of
excess LDA to one of the Boc-carbonyl oxygé&n2a + LDA)
accelerates the deprotonation of tat-butyl proton. This
mechanism required 2 equiv. of LDA for complete cosigm;



however, the best yield d&-3a was obtained in the case of 1.5
equiv. of LDA (Table 1, entry 4). Although the exaeason is
presently unclear, undesirable side reactions wiirA Lmight
occur to afford uncharacterized products.

3
in E-1a, proceeded to affordej-tert-butyl (4-methoxybut-2-en-
1-yl)carbamateE-1b) in 37% yield.

Table 2. Base-promoted 1,4- eIimination E\flaa

Oite
Base {equw B H
e Boc OC ¢+ T3 2\
g N . THFS .
T Boc o Y emp
: LDA == 0 1 4-elimination Boc
N o =7 & N>: E—— E-1a z Za z 3a
OMe  Boo Lo H 0 Jigt Hp = 8-10 Hz
Z1a 9 )V .
RpN=-Li™
- Entry Base (equiv) Temp. (°C) Z-2a (%) Z-3a (%)
% 1 LDA (1.5) —78 45 34
SO NR: | Bocelmination, /TN H 2 LDA (2:2) -8 §° 44
N ( N Boc 3 LDA (1.5) 0 0 71
% it o >: +co, Eda 4 LDA(L5) 0 0 64
(E-2a % LDA) 5 LDA (2.2) 0 0 56
Scheme 2. Proposed mechanism of the base-promoted 1,4- KHMDS (1.5) 0 0 29

elimination.

To clarify the mechanism of this stereoselectiveniation of
the secondary 1,3-dienami@e3a, we treatede-2a with LDA to
remove one of the Boc groups (Scheme 3). The ioeact
proceeded to affor@&-3a in 57% yield without isomerization to
Z-3a. Next, we prepared the mohbBoc substrateZ-1b and
examined the reaction with 3.0 equiv. of LDA. The-1,4
eliminated producBa was obtained as &fZ = 25/75 mixture in
67% combined yield.

Boc ; H
//m\\_N: LDA {1.0 equiv) //m\_N
Boc 0 ECHF; h Boc
E-2a ’ E£-3a

57%

=, H . H )
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THF N
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B7%, B2 = 25175
Scheme 3. Experimental studies on the base promoted 1,4-
elimination.

With the results in hand, we next investigated #wction of
the E-counterpart E-1a) to prepare another regioisoni&la or
Z-3a by the regiospecific and stereoselective 1,4-elation
(Table 2). When the reaction was carried out uridersame
conditions depicted in Table 1, it afford&ela in 45% andZ-3a
in 34% vyield (entry 1). The £C, stereochemistry dfa and3a
was assigned a& based on the coupling constant'sf NMR
between Hand H (Jyy12 = 8-10 Hz). One of the Boc groups, as
in Z-2a, may be eliminated more easily than fr@®2a to form
Z-3a at —78 °C. Complete conversion to the secondgBy 1
dienamideZ-3a was not accomplished at
use of 2.2 equiv. of LDA (entry 2). The eliminatiproceeded
smoothly at 0 °C, and the desired prodri3a was obtained in
71% vyield (entry 3). The yield was acceptable & thaction was
performed on a larger scale (entry 4, 64%). Sityiléo the
reaction ofZ-1a (Table 1, entry 6), the use of 2.2 equiv. of LDA
did not improve the yield aZ-3a (entry 5) and the stereoisomer
E-3a was isolated in 8% yield as a side product by céref
chromatographic purification. The reaction with KIB® was
unsuccessful (entry 6). Elimination of one of B&c groups, as

—78 °C even with the

#Unless otherwise noted, the reactions were perfornsedyu
E-1a (0.30 mmol) and ca. 0.7 M LDA solution (0.64 mL, ®.4
mmol) in THF (2.4 mL).

® LDA: ca. 0.7 M THFA-hexane solution (prepared),
KHMDS: 0.5 M toluene solution (Aldrich).

“Isolated yield.
4 E-1a: 2.18 mmol scale.
 E-3a was obtained in 8 % yield.

" (E)-tert-Butyl (4-methoxybut-2-en-1-yl)carbamateE-{b)
was obtained in 37 % yield.

To investigate the scope and limitations of thisthuod, we
prepared the 4-substitutedn-ijutyl) substrate Z-1c and
investigated the reactions (Scheme 4). Under thmesa
conditions described above, the corresponding skoynl,3-
dienamides, di-Boc derivativeEi2c or mono-Boc derivative B-
3c, were obtained as a mixture d&,BE and E,3Z regioisomers,
respectively. We attempted the reaction with NaHMD &t0—
THF (4/1), and those conditions afforded tertiarfy,3E-1,3-
dienamide via the formation of the chelated inteliae as
reported by our group™’ However, the reaction was
unsuccessful with the recovery @dflc (34%). Elimination of
one Boc group, as id-1c, proceeded in 20% yield. Similarly,
the reaction oE-1c gave the secondary 1,3-dienamid@s2t or
1Z-3c as a mixture of 4,3E and ¥,3Z regioisomers by thesyn-
effect’, as proposed by Inomata and UKgBcheme 5).

To demonstrate the sequential, regiospecific,
regioselective synthetic transformations, we perfmthe
copper(l)-catalyzed cyclopropanation Bf3a and Z-3a with a-
aryl diazoesterd according to our previous rep8r(Scheme 6).
The reaction oE-3a proceeded at the,€C, double bond to give
the corresponding cyclopropyl enamiié&s exclusively. On the
other hand, whe#-3a was subjected to the same conditions, the
reaction preferentially proceeded at the-G, double bond to
afford vinylcyclopropylamine derivativé as the main product.

and
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Scheme 5. 1,4-Elimination of the 4-butyl derivative-1c.
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Scheme 6. Regiospecific and regioselective cyclopropanation
of 3a

In summary, the regioselective synthesis of seagndz3-
dienamides3 (1-N-acylamino-1,3-dienes) was reported.
reaction proceeds via the regioselective base-piennd ,4-
elimination of @- or (E)-N,N-di-Boc-4-methoxy-2-buten-1-
ylamine 1 followed by mono-Boc eliminatioil.  Further
sequential synthetic transformations were demomrstréty the
Cu-catalyzed  regiospecific  3,4- or 1,2-regioselecti
cyclopropanation 8.

3. Experimental

3.1. General

Tetrahedron

Infrared spectra were recorded on a Perkin Elmect8pa
GX FT-IR spectrometer. 'H and *C NMR spectra were
measured on a Varian 400 MHz spectrométer 400 MHz,*C:
100 MHz). The splitting patterns are denoted atofidd: s,
singlet; d, doublet; t, triplet; g, quartet; m, iplet; and br,
broad peak. High-resolution mass spectra were me@dsur a
Thermo Fisher Scientific LC/FT-MS spectrometer. a&®ns
involving air- or moisture-sensitive compounds weonducted
in appropriate round-bottomed flasks with a magnstiiting bar
under an argon atmosphere-Butyllithium was purchased from
Wako Pure Chemical Industries, Ltd. Diisopropylagninvas
were purchased from Aldrich (purified by redistiltati 99.95%)
and used without purification. Lithium bis(trimetbijyl)amide
solution  (LIHMDS: 1.0 M in  THF), sodium
bis(trimethylsilyl)amide solution (NaHMDS: 1.0 M in 'H), and
potassium bis(trimethylsilyl) amide solution (KHMD8.5 M in
toluene) and were purchased from Aldrich.
Tetrakis(acetonitrile)copper(l) hexafluorophosphate
[(MeCN),CuPR] was purchased from Tokyo Chemical Industry
(TCI) Co., Ltd. Tetrahydrofuran (THF) and diettether (EXO)
were purchased from KANTO Chemical Co., Inc., Japaaa
anhydrous solvent. Dichloromethane was distillednficalcium
hydride prior to use. For thin layer chromatogragfiLC)
analysis throughout this work, Merck TLC platesi¢silgel 60
F,s) were used. The products were purified by preparati
column chromatography on silica gel (silica gel 6@&§herical
neutral, KANTO Chemical Co., Inc., Japan).

3.2. Preparation of ca. 0.7 M LDA THF/n-hexane solution

A dried 100 mL storage flasks with stopcock-equipped
septum-inlet (Aldrich) is charged with diisopropylami (2.86
mL, 20.4 mmol) in THF (15 mL) under an argon atnfose. A
1.61 M n-butyllithium hexane solution (12.7 mL, 20.4 mmol)
was added to the solution of at —78 °C. The mixtuas stirred
for 15 min at the same temperature and allowed tonvia O °C
slowly. The resulting pale yellow solution was tiewf and
stored in refrigerator.

3.3. Representative procedurefor preparation of E-2a by 1,4-
elimination of Z-1a

A solution ofZ-1a (90 mg, 0.30 mmol) in THF (2.4 mL) was
treated with a ca. 0.7 M LDA THR/exane solution (0.64 mL,
0.45 mmol) at —78 °C under an argon atmospherestrdd for
3 h at the same temperature. The resulting mixttas poured
into saturated agueous ammonium chloride and egtfawith
ethyl acetate. The combined extractes were washddbuiite,
dried over sodium sulfate, and concentrated. Hsidue was
purified by chromatography on silica gettjexane/ethyl acetate
= 30/1 as the eluent) to affofd-2a (70 mg, 87% yield) as a
colorless oil.

3.4. Representative procedurefor preparation of Z-3a by 1,4-
elimination of E-1a

A solution of E-1a (90 mg, 0.30 mmol) in THF (2.4 mL) was

Thetreated with a ca. 0.7 M LDA TH#+hexane solution (0.64 mL,

0.45 mmol) at 0 °C under an argon atmosphere. Afteing for
3 h at the same temperature, the resulting mixtiare quenched
with saturated agueous ammonium chloride. Extractrorkup
and purification of the residue by chromatographysiica gel
(n-hexane/ethyl acetate = 20/1 as the eluent) ga8a (36 mg,
71% vyield) as a white solid.

3.4.1. (E)-N,N-Di-(tert-butoxycarbonyl)buta-1,3-
dien-1-ylamine (E-2a)

Colorless oil; IR (film) 3088, 2980, 2934, 1755,247 1650,
1604, 1478, 1457, 1420, 1394, 1369, 1329, 12929,12330,



1165, 1135, 1101, 1035, 997, 929, 900, 856, 814, 780 cril;

'"H NMR (400 MHz, CDC}) 5 6.63 (1H, dd,J = 14.2, 0.6 Hz, 1-
H), 6.29 (1H, dddd) = 16.8, 10.4, 10.4, 0.6 Hz, 3-H), 6.00 (1H,
dddd,J = 14.2, 10.4, 0.6, 0.6 Hz, 2-H), 5.12 (1H, ddd; 16.8,
0.6, 0.6 Hz, 4-H), 5.00 (1H, ddd= 10.4, 0.6, 0.6 Hz, 4-H), 1.53
(18H, s,t-Bu); *C NMR (100 MHz, CDGJ)) & 151.1, 134.5,
127.3, 117.6, 115.2, 83.3, 27.7; HRMS—-E&VZ: [M+Na]*
calcd for GJH,sNO,Na: 292.1519. Found: 292.1514.

3.4.2. (E)-tert-Butyl buta-1,3-dien-1-ylcarbamate
(E-3a)

White solid; Mp 6768 °C (lit*® 67—68 °C); IR (KBr) 3357,
3085, 3037, 2982, 2935, 1698, 1658, 1608, 15030,14845,
1409, 1391, 1368, 1294, 1280, 1252, 1232, 1158110623,
994, 949, 932, 877, 861, 773, 766, 753'cti NMR (400 MHz,
DMSO-dg) 3 9.33 (1H, br dJ = 10.8 Hz, NH), 6.63 (1H, dd,=
13.0, 10.8 Hz, 1-H), 6.26 (1H, dddi= 17.0, 11.0, 10.4 Hz, 3-H),
5.70 (1H, ddJ = 13.0, 11.0 Hz, 2-H), 4.91 (1H, d= 17.0 Hz,
4-H), 4.76 (1H, dJ = 10.4 Hz, 4-H), 1.42 (9H, ;Bu); °C
NMR (100 MHz, CDCJ)) 5 152.6, 134.7, 127.4, 112.5, 111.0,
80.7, 28.1; HRMS—-ESInfz): [M+H]" calcd for GH;eNO,:
170.1176. Found: 170.1172.

3.4.1. (2)-N,N-Di-(tert-butoxycarbonyl)buta-1,3-
dien-1-ylamine (Z-2a)

Colorless oil; IR (film) 3088, 3047, 2980, 2934,987 1751,
1718, 1648, 1595, 1478, 1458, 1433, 1393, 13690,13283,
1246, 1152, 1117, 1035, 995, 911, 883, 852, 82@, 789 crit;
'"H NMR (400 MHz, CDC}) 5 6.30 (1H, dddJ = 16.9, 10.4, 10.4
Hz, 3-H), 5.87 (1H, ddJ = 8.0, 1.0 Hz, 1-H), 5.81 (1H, dd,=
10.4, 8.0 Hz, 2-H), 5.23 (1H, dd= 16.9, 1.2 Hz, 4-H), 5.12 (1H,
ddd,J = 10.4, 1.2, 1.0 Hz, 4-H), 1.41 (18H,tsBu); *C NMR

(100 MHz, CDC§) 6 151.0, 130.0, 125.9, 124.3, 119.3, 82.6,

27.7; HRMS-ESI 1fv2): [M+Na]" caled for G HsNO,Na:
292.1519. Found: 292.1512.

3.4.2. (2)-tert-Butyl buta-1,3-dien-1-ylcarbamate
(Z-3a)

White solid; Mp 96-98 °C; IR (KBr) 3276, 3162, 308806,
2979, 2935, 1705, 1678, 1655, 1605, 1517, 1458213963,
1314, 1272, 1252, 1165, 1117, 1044, 1022, 996, 939, 890,
857, 788, 777, 758, 703 €m'H NMR (400 MHz, CDC)) (8/2
mixture of rotamersp 7.42 (0.2H, br, NH), 6.80-6.15 (1.8H, br
m, 3-H and NH), 6.62 (1H, br d,= 10.0 Hz, 1-H), 5.28 (1H, dd,
J=10.4, 10.0 Hz, 2-H), 5.15 (1H, @iz 16.8 Hz, 4-H), 5.01 (1H,
d, J = 10.4 Hz, 4-H), 1.48 (9H, $;Bu); °C NMR (100 MHz,

CDCly) 6 152.4, 129.0, 123.1, 115.4, 107.8, 80.8, 28.2; HRMS

ESI (W2): [M+Na]" calcd for GH;sNO,Na: 192.0995. Found:
192.0994.

3.4.3. (E)-tert-Butyl (4-methoxybut-2-en-1-
yl)carbamate (E-1b)

Colorless oil; IR (film) 3340, 2977, 2930, 2824,087 1694,
1531, 1519, 1504, 1470, 1454, 1391, 1366, 1338012250,
1173, 1126, 1053, 1014, 972, 943, 912, 863, 786,c6"; 'H
NMR (400 MHz, CDCJ) 5.74 (1H, dtJ = 15.6, 4.4 Hz, 2- or 3-
H), 5.69 (1H, dtJ = 15.6, 4.4 Hz, 2- or 3-H), 4.65 (1H, br, NH),
3.90 (2H, dtJ = 4.4, 1.2 Hz, 1- or 4-H), 3.75 (2H, br, 1- or 4-H),
3.33 (3H, s, OCH), 1.45 (9H, st-Bu); *C NMR (100 MHz,

CDCl) 6 155.7, 130.0, 127.9, 79.3, 72.4, 57.9, 41.9, 28.3

HRMS-ESI (W2): [M+Na]" calcd for GoH,gNO;Na: 224.1257.
Found: 224.1253.

3.4.4. (1E)-N,N-Di-(tert-butoxycarbonyl)octa-1,3-
dien-1-ylamine (1E-2c)

Colorless oil; E,3E/1E,3Z = 55/45; IR (film) 3077, 2979,
2931, 2872, 1755, 1723, 1650, 1624, 1611, 14788,14393,
1369, 1346, 1259, 1226, 1168, 1134, 1108, 1035, 929, 900,

5
857, 816, 785, 761 c'H NMR (400 MHz, DMSO«,) & 6.61
(0.45H, d,J = 13.6 Hz, 1-H %), 6.48 (0.55H, dJ = 14.3 Hz, 1-
Hies), 6.14-5.94 (1.45H, m, 2-H3, and 3-H), 5.84 (0.55H, dd,
J=14.3, 10.6 Hz, 2-i# ), 5.61 (0.55H, dt) = 15.2, 7.2 Hz, 4-
Hies), 5.36 (0.45H, dt) = 10.4, 7.8 Hz, 4-k 57), 2.11-1.99 (2H,
m, 5-H), 1.48 (8.1H, $-Bus z7), 1.47 (9.9H, St-Buse 5), 1.38-
1.21 (4H, m, 6- and 7-H), 0.87 (1.65HJt= 7.2 Hz, 8-He ),
0.86 (1.35H, t,J = 7.2 Hz, 8-Hey); °C NMR (100 MHz,
DMSO-dg) & 150.7, 150.5, 132.9, 130.1, 127.4, 126.6, 125.9,
124.9,117.3, 111.7, 83.4, 83.2, 31.8, 31.2, A1, 27.3, 26.7,
21.64, 21.62, 13.8, 13.7; HRMS-ESWV{): [M+Na]" calcd for
CygH3:NOyNa: 348.2145. Found: 348.2137.

3.4.5. tert-Butyl (1E)-octa-1,3-dien-1-ylcarbamate
(1E-3c)

Colorless oil; E,3E/1E,3Z = 30/70; IR (film) 3303, 3135,
3066, 2960, 2929, 2872, 1727, 1703, 1657, 1633116313,
1504, 1455, 1403, 1392, 1367, 1286, 1254, 12333,11680,
1047, 1020, 976, 936, 902, 866, 787, 764 chil NMR (400
MHz, CD,0OD) 6.57 (0.7H, dJ = 13.6 Hz, 1-Ht ), 6.49 (0.3H,
d,J = 14.2 Hz, 1-Ht 5), 6.02-5.82 (1.7H, m, 2-Hs and 3-H),
5.66 (0.3H, dd,J = 14.2, 10.8 Hz, 2-i ), 5.43 (0.3H, dt] =
14.8, 7.0 Hz, 4-kt ), 5.19 (0.7H, dtJ = 10.0, 7.6 Hz, 4-K 5,),
2.11 (1.4H, dtJ = 7.6, 6.7 Hz, 5-kt 3,), 2.05 (0.6H, dtJ = 7.0,
7.0 Hz, 5-He 5), 1.47 (9H, st-Bu), 1.40-1.27 (4H, m, 6- and 7-
H), 0.97-0.85 (3H, m, 8-H)**C NMR (100 MHz, CROD) &
155.5, 155.4, 131.0, 129.6, 128.6, 128.3, 127.%.512112.6,
108.0, 81.3, 81.2, 33.7, 33.3, 33.2, 28.8, 28.%5,2%3.4, 14.53,
14.49; HRMS-ESI rtV2): [M+H]" calcd for GsH,NO.:
226.1802. Found: 226.1800.

3.4.6. (1Z2)-N,N-Di-(tert-butoxycarbonyl)octa-1,3-
dien-1-ylamine (1Z-2c)

Colorless oil; Z,3E/1Z,3Z = 50/50; IR (film) 2978, 2931,
2872, 1790, 1749, 1721, 1656, 1614, 1601, 14796,14893,
1368, 1339, 1283, 1246, 1151, 1110, 1035, 975, 825, 853,
824, 769 cnitf; '"H NMR (400 MHz, GDg) & 6.36-6.23 (1H, m, 3-
H), 6.14 (0.5H, dJ = 8.1, 1.0 Hz, 1-H 5,), 6.05 (0.5H, dddJ =
11.4, 8.1, 1.2 Hz, 2-Hs,), 6.02 (0.5H, dJ = 8.0 Hz, 1-H, ),
5.76 (0.5H, ddJ = 11.0, 8.0 Hz, 2-B ), 5.54 (0.5H, dtJ =
14.8, 7.2 Hz, 4-k}5), 5.40 (0.5H, dtd) = 10.8, 7.5, 1.0 Hz, 4-
Hiz %), 1.96 (1H, dtd) = 7.5, 7.1, 1.2 Hz, 5-Hy), 1.90 (1H, dt,
J=7.2,6.6 Hz, 5-F ), 1.394 (9H, st-Bu), 1.388 (9H, st-Bu),
1.25-1.10 (4H, m, 6- and 7-H), 0.80 (3HJt 7.0 Hz, 8-H);°C
NMR (100 MHz, DMSOs) 6 150.9, 150.8, 137.1, 134.5, 124.4,
124.0, 123.3, 122.3, 121.4, 119.2, 82.3, 82.2,,33191, 30.7,
27.4, 26.8, 21.62, 21.61, 13.7; HRMS-EBVZ): [M+H]" calcd
for C;gH3,NO,: 326.2326. Found: 326.2315.

3.4.7. tert-Butyl (1Z)-octa-1,3-dien-1-ylcarbamate
(1Z-3c)

Colorless oil; Z,3E/12,3Z = 40/60; IR (film) 3458, 3313,
3269, 3149, 3096, 2958, 2929, 2872, 1703, 1655116503,
1483, 1430, 1366, 1245, 1160, 1062, 1014, 971, 888, 785,
758 cm'; '*H NMR (400 MHz, CROD) d 6.34 (0.4H, dddJ =
15.3, 11.2, 1.0 Hz, 3), 6.31 (0.6H, dJ = 9.8 Hz, 1-H, ),
6.23 (0.6H, ddd) = 11.1, 11.1, 1.2 Hz, 34l), 6.16 (0.4H, dJ
9.5 Hz, 1-H,4), 5.56 (0.4H, dtJ = 15.3, 7.3 Hz, 4-H ),
5.43 (0.6H, ddJ = 11.1, 9.8 Hz, 2-H ), 5.34 (0.6H, dtJ =
11.1, 7.6 Hz, 4-k} %), 5.18 (0.4H, ddJ = 11.2, 9.5 Hz, 2-F 5),
2.19-2.06 (2H, m, 5-H), 1.48 (9H, sBu), 1.43-1.27 (4H, m, 6-
and 7-H), 0.913 (1.2H, §,= 7.0 Hz, 8-H,5), 0.909 (1.8H, tJ) =
7.2 Hz, 8-H,3,); “°C NMR (100 MHz, CRQOD) & 155.7, 155.6,
133.7,131.1, 125.2, 123.8, 123.1, 122.0, 110.3,01®1.5, 81.3,
33.7, 33.1, 33.0, 28.8, 28.3, 23.50, 23.46, 14.5M9RESI
(m2): [M+Na]" calcd for GgH,sNO,Na: 248.1621. Found:
248.1617.
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3.5. Representative procedurefor cyclopropanation of Z-3a 32,9, 28.2; HRMS-ESI nfz: [M+Na]’
CygH»BrNOyNa: 418.0624. Found: 418.0605.

calcd for

A solution of Z-3a (50 mg, 0.30 mmol) and (66 mg, 0.26
mmol) in dichloromethane (2.6 mL) was added
tetrakis(acetonitrile)copper(l) hexafluorophosphaf@.2 mg,
0.006 mmol) in a flask at room temperature underasgon
atmosphere. After stirring for 2 h at the sameperature, the
resulting mixture was quenched with saturated sodiydrogen
carbonate and extracted with ethyl acetate. Thebaowd
extracts were washed with brine, dried over sodiuifag, and
concentrated. Purification of the residue by chatography on
silica gel f-hexane/ethyl acetate = 10/1 as the eluent) aftbZde
5 (15 mg, 16% yield) as a white solid ad8d66 mg, 64% yield)
as a white solid.

3.5.1. Methyl 1-(4-bromophenyl)-2-((E)-2-((tert-
butoxycarbonyl)amino)vinyl)cyclo-
propanecarboxylate (E-5)

White solid; Mp 62-64 °Crel-(1S2R)/(1R2R) = 9/1; IR
(KBr) 3346, 2978, 2951, 1720, 1671, 1513, 1491,3]145134,
1392, 1368, 1252, 1157, 1091, 1070, 1048, 10231,1946, 859,
818, 767, 732, 715 ¢cm'H NMR (400 MHz, acetones) 5 8.20
(0.1H, br dJ = 10.8 Hz, NH), 8.05 (0.9H, br d,= 11.4 Hz, NH),
7.48 (2H, dJ = 7.2 Hz, ArH), 7.34 (0.2H, d] = 7.2 Hz, ArH),
7.23 (1.8H, dJ = 7.2 Hz, ArH), 6.75 (0.1H, dd,= 13.8, 10.8 Hz,
CH=CHN), 6.60 (0.9H, ddJ = 13.6, 11.4 Hz, CH=BN), 5.15
(0.1H, dd,J = 13.8, 9.2 Hz, 6=CHN), 4.18 (0.9H, dd) = 13.6,
9.8 Hz, G1=CHN), 3.57 (3H, s, OC}), 2.53-2.38 (0.9H, m, 2-H),
2.30-2.19 (0.1H, m, 2-H), 1.85 (0.9H, di= 9.0, 4.6 Hz, 3-H),

1.74 (0.1H, ddJ = 6.8, 4.8 Hz, 3-H), 1.52-1.31 (1H, m, 3-H),

1.43 (0.9H, st-Bu), 1.39 (8.1H, st-Bu); *C NMR (100 MHz,

acetonedg) [assined onlyrel-(1S2R)] & 174.0, 153.5, 136.8,
134.8, 131.8, 127.3, 121.5, 107.3, 80.0, 52.7,,3283%6, 28.5,
22.0; HRMS-ESI tV2): [M+Na]" calcd for GgH,,BrNO,Na:

418.0624. Found: 418.0618.

3.5.2. rel-(1S,2R)-Methyl 1-(4-bromophenyl)-2-
((2)-2-((tert-butoxycarbonyl)amino)vinyl)cyclopro-
panecarboxylate (Z-5)

White solid; Mp 102-105 °C; IR (film) 3338, 2977920,
2853, 1722, 1668, 1504, 1488, 1455, 1435, 13937,13841,
1325, 1256, 1159, 1118, 1088, 1070, 1054, 1011, 9838, 864,
825, 772, 755, 736, 716 ém'H NMR (400 MHz, acetoneg) &
8.41 (1H, br dJ = 10.0 Hz, NH), 7.49 (2H, ddd,= 8.6, 2.2, 2.2

Hz, ArH), 7.23 (2H, ddd] = 8.6, 2.2, 2.2 Hz, ArH), 6.41 (1H, dd,

J=10.0, 10.0 Hz, CH=BN), 3.55 (3H, s, OCk}, 3.53 (1H, dd,
J =10.0, 9.6 Hz, 6=CHN), 2.71 (1H, ddddJ = 9.6, 9.0, 6.6,
1.0 Hz, 2-H), 1.90 (1H, ddl = 9.0, 4.2 Hz, 3-H), 1.44 (9H, &,

Bu), 1.35 (1H, ddJ = 6.6, 4.2 Hz, 3-H)**C NMR (100 MHz,
CDCly) 6 174.0, 152.6, 134.3, 133.1, 131.3, 124.8, 12105,0,
80.9, 52.7, 29.7, 28.2, 25.2, 22.8; HRMS—-E®Iz: [M+Na]"

calcd for GgH,,.BrNO,Na: 418.0624. Found: 418.0613.

3.5.3. rel-(1R,2S,3S)-Methyl 1-(4-bromophenyl)-2-
((tert-butoxycarbonyl)amino)-3-vinylcyclopropane-
carboxylate (6)

White solid; Mp 139-142 °C; IR (KBr) 3362, 3274,7%
1731, 1715, 1688, 1667, 1635, 1530, 1491, 14564,14393,
1366, 1315, 1237, 1162, 1102, 1071, 1048, 102&,1948, 922,
890, 845, 786, 774, 735 &im'H NMR (400 MHz, CDCJ) & 7.47
(2H, d,J = 8.2 Hz, ArH), 7.15 (2H, d] = 8.2 Hz, ArH), 5.48 (1H,
dd,J=16.9, 1.2 Hz, CH=R,), 5.27 (1H, ddJ = 10.4, 1.2 Hz,
CH=CH,), 5.08 (1H, dddJ = 16.9, 10.4, 10.0 Hz, ©&=CH,),
4.39 (1H, br dJ = 5.2 Hz, NH), 3.75 (1H, dd,= 9.0, 5.2 Hz, 2-
H), 3.60 (3H, s, OCH), 2.85 (1H, ddJ = 10.0, 9.0 Hz, 3-H),
1.45 (9H, st-Bu); *C NMR (100 MHz, CDCJ) & 172.3, 156.0,
134.3, 131.5, 130.6, 130.0, 122.0, 120.7, 80.47,580.7, 37.3,
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