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ABSTRACT: A facile, efficient, and chemoselective synthesis of allylic
amides has been developed. Allyl bromides were used as the precursors
activated by silver triflate. A Ritter-type reaction readily proceeded to
give various allyl amides under mild conditions. The reaction protocol was also applicable to different nucleophilic partners to give a
wide range of allyl-substituted products in the absence of a base.

llylic substituted molecules are fundamentally important Table 1. Conditions Optimization”

building blocks in organic synthesis.' In addition, o
derivatization of the olefinic moiety allows for access to a Br )k
wide range of functionalities.” Allylic amine represents one of AN
the most frequently used functionalities in the synthesis of © promoter
bioactive compounds.’” Therefore, development of novel MeC1NHH20
allylation re4actions has become a continuously growing area 1a 2a
of research. . :

Direct substitution of allyl halides by nitrogen nucleophiles entry promoter e (1) Pt )

in the presence of base promoters is a straightforward way to L none 25 0
prepare allylic amines. However, they often suffer from over 2 AgCO; 25 7
allylation, and excess amounts of amine are required to 3 AgNO; 25 8
alleviate the problem.” The situation can be further 4 AgOAc 25 11
complicated by a competing elimination pathway when a S AgOTE 25 73
strong base is present in the reaction. While KF-Celite was 61 AgOTE 0 98
found to be useful in the monoallylation of anilines, a high 7 AgOTf 0 99
temperature is required to drive the reaction to completion.’ 8 AgOTt 0 98
Silver salts have been used to activate alkyl halides in alkylation 9 SnCly 25 0
reactions.” For example, alkyl halides readily react with silver 10 AlCl, 25 0
nitrite to give nitroalkanes. However, application of such 1 BBr; 25 0
protocol to the allylation of various nucleophilic partners “Reactions were carried out with 3-bromocyclohexene (1a) (0.3
remains uncommon. Herein, we report a facile and efficient mmol), promoter (0.3 mmol), and water (0.3 mmol) in MeCN (0.3
synthesis of allylic amides via a silver salt-mediated Ritter-type M) for 1 h. "The reaction was performed on a 10 mmol scale. “3-

reaction of readily available allyl bromides (Scheme 1). This Chlorocyclohexene was used instead of 3-bromocyclohexene.

Scheme 1. Silver Salt Mediated Allylation Reactions were then examined (entries 2—5). The performance of silver
triflate was superior to others and the desired allyl amide 2a
was obtained in 73% yield at 25 °C (entry S). The product

H,0 yield was significantly improved to 98% when the reaction was
2 1 3 performed at 0 °C (entry 6). The reaction was readily scalable
without deterioration of the efficiency (entry 7). A similar yield

was observed when 3-chlorocyclohexene was used (entry 8).

protocol can also be applied to various nucleophilic partners to Other Lewis acids including SnCl,, AICL, and BBr, were
give a wide range of allylated molecules. The present method v ¥ ’

provides an alternative approach for the allylation reactions ] 0c
using allyl bromides under mild conditions, which proceeds Rece.“’ed: Feb}‘uary 26, 2021 JOC...
well at 0 °C in the absence of a strong base or acid. Published: April 16, 2021 i

H R R
E\NN R' 4% l//\’/Br % l//;\‘/Nu

At the outset of this study, 3-bromocyclohexene (1a) was |
reacted with acetonitrile and water (Table 1). No reaction was 5
observed in the absence of silver salt (entry 1). Various silver
salts including silver carbonate, nitrate, acetate, and triflate
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Scheme 2. Substrate Scope with Different Nitriles”
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“Reactions were carried out with 3-bromocyclohexene (1a) (0.3 mmol), AgOTf (0.3 mmol) and H,O (0.3 mmol) in nitrile (0.3 M) at 0 °C for 1

h. The yields are isolated yields.

Scheme 3. Substrate Scope with Different Allyl Bromides®
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“Reactions were carried out V\nth allyl bromide (1) (0.3 mmol), AgOTf (0.3 mmol), and H,O (0.3 mmol) in acetonitrile (0.3 M) at 0 °C for 1 h.

The yields are isolated yields. “17% of the isomer was detected.

examined, but no desired product was detected, indicating the
unique role of silver salt in this type of transformation.

To investigate the substrate scope of the Ritter-type
reaction, 3-bromocyclohexene (1a) was used in combination
with various nitrile derivatives (Scheme 2). Benzyl cyanide
afforded the allylic amide 2b in 90% yield. The electronic
effects of the nitrile partner on the reaction were investigated
using benzyl cyanides with various substituents. Both electron-
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rich and electron-deficient benzyl cyanides reacted smoothly
with good-to-excellent yields. The electron-rich benzyl
cyanides gave the corresponding amides 2c—f in high yields
(85—99%), and the relatively electron-deficient benzyl
cyanides also reacted efficiently to give amides 2g—j in 79—
99% vyields. The aliphatic n-butyronitrile and sterically bulky
pivalonitrile both reacted cleanly to give the desired allylic
amides 2k and 21 in 97% and 99%, respectively. Nitrile

https://doi.org/10.1021/acs.joc.1c00480
J. Org. Chem. 2021, 86, 6974—6982
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Scheme 4. Substrate Scope with Different Nucleophiles®

Br Nu
AgOTf
S-S
(X=H, TMS) 0°C.1h
1a 4 5
Nucleophile Product Nucleophile Product
H O OTMS ;
O OO ’
=
4a 5a (98%) 4f 5f (85%)
NO2 OTMS
H o
/©/ N. /©/ o~ -~
// \\ ©/ /7 \\ O
4b 5b (98%) 49 g (98%)
H () -
N\ _~._-TMs
N \
Boc N
H
4c 5¢ (82%)° 4h° 5h (74%)
H ’ P
A\ Ph T™MS -
AN
Piv N
Piv
4d (92%) 4i°¢ 5i (66%)
CN CN
: S O= OO0
‘ Y H ‘ /
4e 5e (85%) 4 5j (94%)

“Reactions were carried out with 3- bromocyclohexene (1a) (0.3 mmol), AgOTf (0.3 mmol), and nucleophile (4) (0.3 mmol) in acetonitrile (0.3
M) at 0 °C for 1 h. The yields are isolated yields. “The N-Boc was deprotected during the purification process. “Three equiv of the nucleophile was

used.

compounds bearing other substituents such as olefinic and
cyclopropyl groups were also well tolerated; 1-cyclohexenyla-
cetonitrile, acrylonitrile, and cyclopropylacetonitrile gave the
respective amides 2m (95%), 2n (98%), and 20 (97%). Allyl
benzamides 2p—2r were synthesized from the corresponding
benzonitriles.

Next, various allylic bromide substrates were examined
(Scheme 3). 2-Methyl-3-bromocyclohexene (1b), 2-phenyl-3-
bromocyclohexene (1c), and 6-bromo-3,3-dimethylcyclohex-
ene (1d) reacted to give amides 3b—3d in good yields. The
relatively electron-deficient bromocyclohexene derivatives le
and 1f also gave excellent yields of the corresponding amides
3e (95%) and 3f (96%). Medium rings such as 3-
bromocycloheptene (1g) and 3-bromocyclooctene (1h) were
compatible with the reaction protocol, yielding amides 3g
(66%) and 3h (87%). The aliphatic allyl bromide 1i gave
amide 3i as the sole product in 90% yield. The structures of 3¢
and 3h were confirmed unambiguously by X-ray crystallo-
graphic analysis.
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Substitution of allylic bromide with other nucleophilic
partners 4 was also studied (Scheme 4). Aniline (4a) and 4-
nitrobenzenesulfonamide (4b) both reacted cleanly to give
allylic amines Sa and Sb in excellent yields, and no over
allylation was observed. Indoles 4c and 4d also reacted
smoothly under these conditions yielding exclusively 3-
allylindoles Sc (82%) and 5d (92%).”” 2-Thienylacetonitrile
4e reacted exclusively at the C-4 position to give Se in 85%
yield. Silyl enol ethers 4f and 4g were also well tolerated under
the mild conditions, forming Sf and Sg smoothly. Using
allyltrimethylsilane (4h) and trimethylsilylacetylene 4i as the
nucleophilic partners was also applicable to the reaction
system, giving 1,5-diene Sh and 1-en-4-yne Si in 74% and 66%
yields, respectively. Thioether Sj was synthesized successfully
using thiophenol 4j as the nucleophilic partner. It is
noteworthy that these reactions proceeded smoothly without
any basic additives.

The synthetic utilities of the allylic amides were demon-
strated by a number of transformations (Scheme 5). The
bromocyclization of 2r proceeded efficiently to give oxazoline

https://doi.org/10.1021/acs.joc.1c00480
J. Org. Chem. 2021, 86, 6974—6982
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Scheme S. Synthetic Transformation of the Allylic Amides
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6 as a single stereoisomer in 98% yield (Scheme $, eq 1)."" In
addition, a hypervalent iodine-mediated ring-contraction
reaction of 2r yielded monofluorinated oxazoline 7 smoothly
(Scheme 5, eq 2)."" Treatment of 21 with m-CPBA furnished
epoxidle2 8 stereospecifically in a quantitative yield (Scheme S,
eq 3).

When 1a was subjected to the reaction conditions using
acetonitrile-d;, deuterium-labeled product 2a-I was isolated in
90% yield (Scheme 6, eq 1). When H,'®O was used in place of

Scheme 6. Mechanistic Studies
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H,'®0, the *O-labeled product 2a-II was isolated in 94% yield.
The two products were verified by NMR and HRMS. These
isotopic labehng experiments validated the Ritter-type reaction
mechanism.'> Some control experiments were also conducted
in order to shed light on the mechanistic picture. An NMR
experiment on a 1:1 mixture of 1a and AgOTf was carried out,
and there was no observable change nor precipitation of AgBr,
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suggesting that the reaction is unlikely to go through the
putative cyclohexenyl triflate species (Scheme 6, eq 2). We had
suspected that TfOH, which was generated in the reaction,
might catalyze the allylation. However, this possibility is ruled
out because no reaction was observed when AgOTf was
replaced by TfOH as the promoter (Scheme 6, eq 3). For the
relatively strong nucleophiles such as aniline, no reaction was
observed in the absence of AgOTf (Scheme 6, eq 4). Although
substitution proceeded when potassium carbonate was used, a
significant amount of diallylation side product 9 was detected
(Scheme 6, eq 5). For the case with N-protected indole as the
nucleophile, no reaction was observed even in the presence of
K,COy (Scheme 6, eq 6). These results suggest that the
mechanism with AgOTf may differ from the classical base-
mediated substitution.

A plausible mechanism is depicted in Scheme 7. We believe
that the silver cation might act as a Lewis acid to activate the

Scheme 7. A Plausible Mechanism
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bromide in the substrate 1 (e.g. 1a) to give species A."
Subsequently, substitution of the bromide by a nucleophile
(e.g., nitrile) could afford species B together with the
elimination of AgBr. Finally, the addition of water to species
B followed by tautomerization of species C could yield product
2 (e.g. 2a). Under a similar mechanism, we believe that other
nucleophilic partners such as aniline (4a) could also react with
species A to give the substitution products Sa. Since TfOH is
generated as a byproduct, we suspect that it might protonate
the basic nitrogen in amines and indoles so that over alkylation
(e.g, Sa-TfOH — 9) could be suppressed.

In summary, we have developed an efficient allylation
protocol mediated by silver salt, which allows for the formation
of various allylic amides from allylic bromides under mild
conditions. Furthermore, this protocol can be modified to
achieve allylic substitution of various nucleophiles without the
need of any basic additive.

B EXPERIMENTAL SECTION

General Information. Unless otherwise specified, commercially
available reagents were used directly without further purification. All
reactions requiring anhydrous conditions were conducted by standard
procedures under a nitrogen atmosphere. The solvents were dried
over a solvent purification system from Innovative Technology.
Melting points were determined on a Buchi B-540b melting point
apparatus. '"H NMR and *C{"H} NMR spectra were recorded on a
Bruker AMXS00 (500 MHz) spectrometer or a Bruker AMX400 (400
MHz) spectrometer. Proton and carbon chemical shifts are reported
in parts per million (ppm) values downfield from TMS (& 0.00) and
referenced to residual protons in NMR solvents (CDCly at § 7.26,
CD,Cl, at § 5.36) or carbon signals in NMR solvent (CDCl; at §
77.16, CD,Cl, at § 55.42). '"H NMR data were reported as follows:

https://doi.org/10.1021/acs.joc.1c00480
J. Org. Chem. 2021, 86, 6974—6982
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chemical shift, multiplicity, coupling constants (Hz), and integration.
High-resolution mass spectra were obtained on a Thermo Finnigan
MAT9SXL Magnetic Sector mass spectrometer (ionization mode: EI)
or a Thermo Q Exactive Hybrid Quadrupole-Orbitrap mass
spectrometer (ESI). Crystallographic data of crystals 3c and 3h
were collected on a Bruker D8 VENTURE diffractometer at 296 K
with Mo K, radiation (4 0.71073 A). Analytical thin layer
chromatography (TLC) was performed with Merck precoated TLC
plates, silica gel 60F-254, with a layer thickness of 0.25 mm. Flash
chromatography separations were performed on Merck 60 (0.040—
0.063 mm) mesh silica gel.

General Procedure for the Silver Salt Mediated Ritter-Type
Reactions. Allyl bromide 1 (0.3 mmol, 1 equiv) was added to a
stirred mixture of silver trifluoromethanesulfonate (77.1 mg, 0.3
mmol, 1 equiv) and water (5.4 uL, 0.3 mmol, 1 equiv) in nitrile
solvent (1.0 mL, 0.5 mL of CH,Cl, was added if the nitrile is a solid)
at 0 °C. The resultant mixture was stirred at 0 °C for 1 h. The crude
product mixture was then filtered through a thin plug of Celite, and
the filtrate was concentrated under reduced pressure. The residue was
purified by flash column chromatography through silica gel to afford
product 2.

N-(Cyclohex-2-en-1-yl)acetamide (2a). Yield: 98%, 40.9 mg (at
0.3 mmol scale); 99%, 1.37 g (at 10 mmol scale). Purified by flash
column chromatography through silica gel (dichloromethane/
methanol, 30:1). '"H NMR (500 MHz, CDCly): § 5.79—5.83 (m,
1H), 5.72 (br. s, 1H), 5.51—5.56 (m, 1H), 4.40—4.47 (m, 1H), 1.95—
1.99 (m, 2H), 1.94 (s, 3H), 1.83—1.90 (m, 1H), 1.58—1.64 (m, 2H),
1.44—1.51 (m, 1H). BC{'H} NMR (125 MHz, CDCL): § 169.4,
130.9, 127.8, 44.8, 29.5, 24.8, 23.5, 19.8. HRMS (ESI-Q-orbitrap) m/
z: [M + Na]* caled for CgH;3NNaO, 162.0889; found, 162.0889.

N-(Cyclohex-2-en-1-yl)-2-phenylacetamide (2b). Yield: 90%, 58.1
mg. Purified by flash column chromatography through silica gel
(dichloromethane/methanol, 40:1). "H NMR (400 MHz, CDCL,): §
7.32—7.36 (m, 2H), 7.27—7.29 (m, 1H), 7.24—7.27 (m, 2H), (m, ] =
Hz, 1H). BC{'"H} NMR (100 MHz, CDCL,): § 170.3, 135.1, 131.1,
129.4, 129.0, 127.6, 127.3, 44.9, 44.0, 29.4, 24.8, 19.8. HRMS (ESI-Q-
orbitrap) m/z: [M + Na]* caled for C,H,,NNaO, 238.1202; found,
238.1202.

N-(Cyclohex-2-en-1-yl)-2-(p-tolyl)acetamide (2c). Yield: 98%,
67.4 mg. Purified by flash column chromatography through silica
gel (dichloromethane/methanol, 40:1). 'H NMR (500 MHz,
CDCly): § 7.11-7.14 (m, 4H), 5.75—5.79 (m, 1H), 5.45—5.48 (m,
1H), 4.42—4.49 (m, 1H), 3.50 (s, 2H), 2.33 (s, 3H), 1.91—-1.95 (m,
2H), 1.82—1.88 (m, 1H), 1.49—1.61 (m, 2H), 1.36—1.43 (m, 1H).
BC{'H} NMR (125 MHz, CDCL): § 170.6, 136.9, 132.0, 130.9,
129.7, 129.3, 127.6, 44.9, 43.5, 29.4, 24.8, 21.1, 19.8. HRMS (ESI-Q-
orbitrap) m/z: [M + Na]* calcd for C;sH;yNNaO, 252.1359; found,
252.1358.

N-(Cyclohex-2-en-1-yl)-2-(o-tolyl)acetamide (2d). Yield: 99%,
68.1 mg. Purified by flash column chromatography through silica
gel (dichloromethane/methanol, 40:1). 'H NMR (500 MHz,
CDCly): 6 7.14- 7.20 (m, 4H), 5.72—5.77 (m, 1H), 5.41-5.45 (m,
2.4 Hz, 1H), 5.37 (br. d, ] = 7 Hz, 1H), 4.43—4.50 (m, 1H), 3.55 (s,
2H), 2.27 (s, 3H), 1.89—1.93 (m, 2H), 1.80—1.87 (m, 1H), 1.52—
1.60 (m, 1H), 1.44—1.51 (m, 1H), 1.33—1.40 (m, 1H). BC{'H}
NMR (125 MHz, CDCL,): 5 170.0, 137.1, 133.5, 131.0, 130.7, 130.4,
127.8, 127.5, 126.6, 44.7, 42.0, 29.4, 24.7, 19.8, 19.5. HRMS (ESI-Q-
orbitrap) m/z: [M + Na]* calcd for C;sH;,NNaO, 252.1359; found,
252.1358.

N-(Cyclohex-2-en-1-yl)-2-(4-methoxyphenyl)acetamide (2e).
Yield: 85%, 62.6 mg. Purified by flash column chromatography
through silica gel (dichloromethane/methanol, 20:1). "H NMR (500
MHz, CDCL): & 7.15 (d, ] = 8.6 Hz, 2H), 6.86 (d, ] = 8.6 Hz, 2H),
5.75—5.80 (m, 1H), 5.44—5.48 (m, 1H), 5.41 (br. d, ] = 7.4 Hz, 1H),
4.42—4.48 (m, 1H), 3.79 (s, 3H), 3.48 (s, 2H), 1.91—-1.95 (m, 2H),
1.81-1.87 (m, 1H), 147-1.62 (m, 2H), 1.36-1.43 (m, 1H).
BC{'H} NMR (125 MHz, CDCL): § 170.7, 158.8, 131.0, 130.5,
127.6, 127.1, 114.5, 55.3, 4.8, 43.1, 29.4, 24.8, 19.8. HRMS (ESL-Q-
orbitrap) m/z: [M + Na]* caled for C;sH;,NNaO,, 268.1308; found,
268.1308.
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N-(Cyclohex-2-en-1-yl)-2-(3-methoxyphenyl)acetamide (2f).
Yield: 91%, 67.0 mg. Purified by flash column chromatography
through silica gel (dichloromethane/methanol, 20:1). "H NMR (500
MHz, CDCL): § 7.23 (t, ] = 7.8 Hz, 1H), 6.78—6.82 (m, 3H), 5.74—
5.79 (m, 1H), 5.55 (br. d, J = 6.7 Hz, 1H), 5.44—5.49 (m, 1H), 4.40—
448 (m, 1H), 3.77 (s, 3H), 3.50 (s, 2H), 1.90—1.95 (m, 2H), 1.80—
1.88 (m, 1H), 1.48—1.62 (m, 2H), 1.36—1.44 (m, 1H). BC{'H}
NMR (125 MHz, CDCL,): § 170.1, 160.0, 136.6, 131.0, 130.0, 127.5,
121.6, 114.9, 112.8, 55.2, 44.9, 44.0, 29.3, 24.7, 19.8. HRMS (ESI-Q-
orbitrap) m/z: [M + Na]* caled for C;sH,,NNaO,, 268.1308; found,
268.1307.

N-(Cyclohex-2-en-1-yl)-2-[4-(trifluoromethoxy)phenyl]-
acetamide (2g). Yield: 90%, 80.8 mg. Purified by flash column
chromatography through silica gel (dichloromethane/methanol,
30:1). 'H NMR (500 MHz, CDCl,): § 7.80 (d, ] = 8.6 Hz, 2H),
7.23 (d, ] = 8.4 Hz, 2H), 6.26 (br. d, ] = 7.4 Hz, 1H), 5.87—5.91 (m,
1H), 5.63—5.67 (m, 1H), 4.63—4.69 (m, 1H), 1.95-2.05 (m, 3H),
1.59—1.70 (m, 3H). BC{’H} NMR (125 MHz, CDCL,): § 165.6,
151.5, 151.4, 133.4, 131.6, 128.9, 127.4, 121.5, 120.7, 119.4, 45.4,
29.5, 24.9, 19.9. HRMS (ESI-Q-orbitrap) m/z: [M + Na]* calcd for
C,,H,,F;NNaO,, 308.0869; found, 308.0867.

2-(2-Bromophenyl)-N-(cyclohex-2-en-1-yl)acetamide (2h). Yield:
79%, 69.7 mg. Purified by flash column chromatography through silica
gel (dichloromethane/methanol, 40:1). 'H NMR (500 MHz,
CDCly): 6 7.56 (dd, J = 8.0, 1.1 Hz, 1H), 7.33 (dd, ] = 7.7, 1.8
Hz, 1H), 7.28 (td, ] = 7.5, 1.1 Hz, 1H), 7.14 (td, J = 7.9, 1.8 Hz, 1H),
5.77—5.81 (m, 1H), 5.48—5.52 (m, 1H), 4.44—4.50 (m, 1H), 3.66 (s,
2H), 1.92—1.96 (m, 2H), 1.82—1.88 (m, 1H), 1.51-1.63 (m, 2H),
1.42—1.48 (m, 1H). BC{’H} NMR (125 MHz, CDCL,): § 168.7,
135.0, 133.1, 131.8, 131.1, 129.1, 128.0, 127.5, 125.0, 44.9, 44.3, 29.3,
24.8, 19.8. HRMS (ESI-Q-orbitrap) m/z: [M + Na]* caled for
C,4,H;BrNNaO, 316.0308; found, 316.0307.

2-(3-Chlorophenyl)-N-(cyclohex-2-en-1-yl)acetamide (2i). Yield:
99%, 74.2 mg. Purified by flash column chromatography through silica
gel (dichloromethane/methanol, 30:1). 'H NMR (500 MHz,
CDCly): § 7.22—7.33 (m, 1H), 7.20—7.21 (m, 2H), 7.10-7.13 (m,
1H), 6.04 (br. d, J = 7.3 Hz, 1H), 5.76—5.80 (m, 1H), 5.46—5.50 (m,
1H), 4.40—4.45 (m, 1H), 3.45 (s, 2H), 1.91—1.95 (m, 2H), 1.80—
1.86 (m, 1H), 1.53—1.59 (m, 2H), 1.39—1.45 (m, 1H). BC{'H}
NMR (125 MHz, CDCLy): § 169.5, 137.2, 134.4, 130.9, 129.9, 129.3,
127.5, 127.4, 127.2, 45.0, 43.2, 29.3, 24.7, 19.8. HRMS (ESI-Q-
orbitrap) m/z: [M + Na]" caled for C,H;(CINNaO, 272.0813;
found, 272.0812.

N-(Cyclohex-2-en-1-yl)-2-(4-fluorophenyl)acetamide (2j). Yield:
99%, 69.3 mg. Purified by flash column chromatography through silica
gel (dichloromethane/methanol, 30:1). 'H NMR (500 MHz,
CDCly): 6 7.22 (dd, J = 8.5, 5.4 Hz, 2H), 7.03 (t, ] = 8.6 Hz, 2H),
5.78—5.83 (m, 1H), 5.46—5.50 (m, 1H), 5.34 (br. s, 1H), 4.43—4.50
(m, 1H), 3.51 (s, 2H), 1.93—1.98 (m, 2H), 1.83—1.90 (m, 1H),
1.48—1.64 (m, 2H), 1.38—1.46 (m, 1H). *C{'H} NMR (125 MHz,
CDCL,): 6 170.0, 163.1, 161.2, 131.3, 131.1, 131.0, 127.5, 116.0,
115.9, 44.9, 43.1, 29.4, 24.8, 19.8. HRMS (ESI-Q-orbitrap) m/z: [M
+ Na]* caled for C,H;,FNNaO, 256.1114; found, 256.1121.

N-(Cyclohex-2-en-1-yl)butyramide (2k). Yield: 97%, 48.7 mg.
Purified by flash column chromatography through silica gel
(dichloromethane/methanol, 40:1). "H NMR (500 MHz, CDCl,):
5 5.81-5.85 (m, 1H), 5.54—5.57 (m, 1H), 5.46 (br. s, 1H), 4.45—
4.51 (m, 1H), 2.12 (t, ] = 7.3, 2H), 1.96—2.01 (m, 2H), 1.86—1.92
(m, 1H), 1.60—1.69 (m, 4H), 1.46—1.53 (m, 1H), 0.93 (t, ] = 7.3 Hz,
3H). *C{'H} NMR (125 MHz, CDCL,): § 172.3, 131.0, 127.9, 44.6,
39.0, 29.6, 24.9, 19.8, 19.4, 13.8. HRMS (ESI-Q-orbitrap) m/z: [M +
Na]* caled for C;,H;,NNaO, 190.1202; found, 190.1201.

N-(Cyclohex-2-en-1-yl)pivalamide (2I). Yield: 99%, 53.8 mg.
Purified by flash column chromatography through silica gel
(dichloromethane/methanol, 40:1). "H NMR (500 MHz, CDCL,):
§ 5.77-5.82 (m, 1H), 5.55 (br. s, 1H), 5.50—5.53 (m, 1H), 4.37—
4.43 (m, 1H), 1.93—1.98 (m, 2H), 1.80—1.86 (m, 1H), 1.55—1.62
(m, 2H), 1.40—1.47 (m, 1H). BC{’"H} NMR (125 MHz, CDCL,): §
177.6, 130.8, 128.0, 44.4, 38.6, 29.4, 27.6, 24.9, 19.8. HRMS (ESI-Q-
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orbitrap) m/z: [M + Na]* calcd for C;;H;yNNaO, 204.1359; found,
204.1360.

2-(Cyclohex-1-en-1-yl)-N-(cyclohex-2-en-1-yl)acetamide (2m).
Yield: 95%, 62.5 mg. Purified by flash column chromatography
through silica gel (dichloromethane/methanol, 40:1). "H NMR (500
MHz, CDCl,): § 5.78—5.83 (m, 1H), 5.71 (br. d, J = 7.7 Hz, 1H),
5.55—5.59 (m, 1H), 5.48—5.53 (m, 1H), 4.39—4.46 (m, 1H), 2.81 (s,
2H), 1.89—-2.04 (m, 6H), 1.81—1.88 (m, 1H), 1.49—1.63 (m, 6H),
1.40—-1.49 (m, 1H). BC{*H} NMR (125 MHz, CDCL,): § 170.3,
133.0, 130.9, 127.8, 126.7, 46.5, 44.5, 29.5, 28.3, 25.4, 24.8, 22.8, 22.1,
19.8. HRMS (ESI-Q-orbitrap) m/z: [M + Na]* caled for
C1,H, NNaO, 242.1515; found, 242.1515.

N-(Cyclohex-2-en-1-yl)acrylamide (2n). Yield: 98%, 44.5 mg.
Purified by flash column chromatography through silica gel
(dichloromethane/methanol, 40:1). 'H NMR (500 MHz, CDCL,):
5623 (dd, J = 17.0, 1.6 Hz, 1H), 6.11 (dd, ] = 16.8, 10.1 Hz, 2H),
5.79—5.84 (m, 1H), 5.57 (dd, J = 10.1, 1.7 Hz, 1H), 5.53—5.58 (m,
1H), 4.47—4.55 (m, 1H), 1.93—2.00 (m, 2H), 1.84—1.92 (m, 1H),
1.57—1.68 (m, 2H), 1.47—1.57 (m, 1H). BC{'H} NMR (125 MHz,
CDCL): 6 164.9, 1312, 130.9, 127.6, 126.1, 44.8, 29.4, 24.8, 19.8.
HRMS (ESI-Q-orbitrap) m/z: [M + Na]* caled for C,H,;;NNaO,
174.0889; found, 174.0890.

N-(Cyclohex-2-en-1-yl)-2-cyclopropylacetamide (20). Yield: 97%,
52.2 mg. Purified by flash column chromatography through silica gel
(dichloromethane/methanol, 40:1). "H NMR (500 MHz, CDCL,): §
6.05 (br. s, 1H), 5.75—5.79 (m, 1H), 5.49—5.53 (m, 1H), 4.39—4.45
(m, 1H), 2.06 (d, ] = 7.2 Hz, 2H), 1.90—1.96 (m, 2H), 1.80—1.86 (m,
1H), 1.55—1.60 (m, 2H), 1.42—1.48 (m, 1H), 0.86—0.94 (m, 1H),
0.49—0.53 (m, 2H). C{'H} NMR (125 MHz, CDCL): § 171.7,
130.7, 127.9, 44.4, 41.5, 29.4, 24.8, 19.8, 7.2, 4.5. HRMS (ESI-Q-
orbitrap) m/z: [M + Na]* caled for C;;H,,NNaO, 202.1208; found,
202.1218.

N-(cyclohex-2-en-1-yl)benzamide (2p). Yield: 35%, 21.1 mg.
Purified by flash column chromatography through silica gel
(dichloromethane/methanol, 40:1). 'H NMR (400 MHz, CDCl,):
8 7.75=7.79 (m, 2H), 7.47-7.51 (m, 1H), 7.40—7.45 (m, 2H), 6.10
(br. s, 1H), 5.89—5.95 (m, 1H), 5.66—5.72 (m, 1H), 4.68—4.74 (m,
1H), 1.98-2.10 (m, 3H), 1.62—1.75 (m, 3H). *C{'H} NMR (100
MHz, CDCL): 5 166.8, 135.0, 131.5, 128.7, 127.7, 127.0, 45.2, 29.6,
25.0, 19.9. HRMS (APCI-Q-orbitrap) m/z: [M + Na]" calcd for
C15H,sNO, 202.1225; found, 202.1226.

N-(cyclohex-2-en-1-yl)-2-methylbenzamide (2q). Yield: 67%,
43.3 mg. Purified by flash column chromatography through silica
gel (dichloromethane/methanol, 30:1). 'H NMR (400 MHz,
CDCL): § 7.75=7.79 (m, 2H), 7.47—7.51 (m, 1H), 7.40—7.4S (m,
2H), 6.10 (br. s, 1H), 5.89—5.95 (m, 1H), 5.66—5.72 (m, 1H), 4.68—
474 (m, 1H), 1.98-2.10 (m, 3H), 1.62—-1.75 (m, 3H). BC{'H}
NMR (100 MHz, CDCL): § 166.8, 135.0, 131.5, 128.7, 127.7, 127.0,
452, 29.6, 25.0, 19.9. HRMS (APCI-Q-orbitrap) m/z: [M + Na]*
caled for C,3H,sNO, 238.1202; found, 238.1209.

N-(cyclohex-2-en-1-yl)-4-(trifluoromethoxy)benzamide (2r).
Yield: 90%, 77.0 mg. Purified by flash column chromatography
through silica gel (dichloromethane/methanol, 30:1). "H NMR (400
MHz, CDCL,): 6 7.32—7.35 (m, 1H), 7.27—-7.31 (m, 1H), 7.16—7.21
(m, 2H), 5.87—5.91 (m, 1H), 5.76 (br. d, ] = 6.2 Hz, 1H), 4.64—4.70
(m, 1H), 2.44 (s, 3H), 1.97-2.06 (m, 3H), 1.61-1.73 (m, 3H).
BC{'H} NMR (100 MHz, CDCl,): § 169.5, 136.8, 135.9, 131.4,
131.0, 129.8, 127.5, 126.8, 125.8, 45.0, 29.6, 24.9, 19.8. HRMS (ESI-
Q-orbitrap) m/z: [M + Na]* caled for C,H;;NNaO, 238.1202;
found, 238.1209.

N-(2-Methylcyclohex-2-en-1-yl)acetamide (3b). Yield: 95%, 43.7
mg. Purified by flash column chromatography through silica gel
(dichloromethane/methanol, 30:1). "H NMR (400 MHz, CDCl,): &
5.80 (br. d, ] = 7.25 Hz, 1H), 5.50—5.54 (m, 1H), 4.27—4.33 (m,
1H), 1.88—1.96 (m, SH), 1.51—1.73 (m, 6H), 1.40—1.50 (m, 1H).
BC{'H} NMR (100 MHz, CDCL,): § 169.7, 133.2, 126.1, 47.5, 29.8,
25.1,23.4,21.0, 18.7. HRMS (ESI-Q-orbitrap) m/z: [M + Na]* caled
for CoH,sNNaO, 176.1046; found, 176.1046.

N-(2,3,4,5-tetrahydro-[1,1'-biphenyl]-2-yl)acetamide (3c). Yield:
63%, 40.7 mg. Purified by flash column chromatography through silica
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gel (dichloromethane/methanol, 30:1). 'H NMR (400 MHz,
CDCly): § 7.34—7.38 (m, 2H), 7.26—7.32 (m, 2H), 7.19—-7.26 (m,
1H), 6.30 (t, ] = 3.8 Hz, 1H), 5.54 (br. d, ] = 7.9 Hz, 1H), 5.06—5.12
(m, 1H), 2.18—2.26 (m, 2H), 1.85—1.96 (m, 2H), 1.83 (s, 3H),
1.68—1.78 (m, 1H), 1.54—1.66 (m, 1H). *C{'H} NMR (100 MHz,
CDCL): 6 169.4, 139.3, 136.6, 129.6, 128.5, 127.3, 125.6, 44.7, 29.8,
26.0, 23.5, 18.2. HRMS (ESI-Q-orbitrap) m/z: [M + Na]* calcd for
C,H;;NNaO, 238.1202; found, 238.1202.

N-(4,4-Dimethylcyclohex-2-en-1-yl)acetamide (3d)."" Yield: 72%,
36.1 mg. Purified by flash column chromatography through silica gel
(dichloromethane/methanol, 40:1). '"H NMR (400 MHz, CDCL,): §
5.55 (dd, J = 10.0, 1.7 Hz, 1H), 5.41 (dd, ] = 10.0, 3.2 Hz, 2H), 4.36—
4.38 (m, 1H), 1.97 (s, 3H), 1.88—1.95 (m, 1H), 1.45—1.56 (m, 3H),
0.99 (s, 3 H), 0.97 (s, 3H). BC{'H} NMR (100 MHz, CDCl,): §
169.5, 141.3, 125.3, 45.1, 34.5, 31.8, 29.4, 29.3, 26.7, 23.7.

N-(6,6-Dimethylcyclohex-2-en-1-yl)acetamide (3d’). Yield: 17%,
8.5 mg. Purified by flash column chromatography through silica gel
(dichloromethane/methanol, 40:1). '"H NMR (400 MHz, CDCL,): §
5.71-5.77 (m, 1H), 5.37—5.44 (m, 2H), 4.25—4.32 (m, 1H), 1.97—
2.04 (m, 5H), 1.34—1.48 (m, 2H), 0.94 (s, 3H), 0.85 (s, 3H).
BC{'H} NMR (100 MHz, CDCl,): § 169.8, 129.2, 127.7, 52.8, 33.8,
32.9, 26.9, 23.7, 22.8, 22.5. HRMS (ESI-Q-orbitrap) m/z: [M + Na]*
caled for C;;H;;NNaO, 190.1202; found, 190.1203.

N-(2-Bromocyclohex-2-en-1-yl)acetamide (3e). Yield: 95%, 62.2
mg. Purified by flash column chromatography through silica gel
(dichloromethane/methanol, 30:1). '"H NMR (400 MHz, CDCL,): §
6.27 (br. d, J = 7.7 Hz, 1H), 6.20 (t, ] = 4.0 Hz), 4.55—4.62 (m, 1H),
2.00—2.08 (m, 2H), 1.98 (s, 3H), 1.83—1.92 (m, 1H), 1.73—1.82 (m,
1H), 1.50-1.68 (m, 2H). “C{'H} NMR (100 MHz, CDCL;): §
169.8, 133.8, 122.4, 50.6, 30.9, 27.6, 23.3, 18.0. HRMS (ESI-Q-
orbitrap) m/z: [M + Na]* calcd for CgH,,BrNNaO, 239.9995; found,
239.999S.

Methyl 6-Acetamidocyclohex-1-enecarboxylate (3f). Yield: 96%,
56.8 mg. Purified by flash column chromatography through silica gel
(dichloromethane/methanol, 20:1). '"H NMR (400 MHz, CDCL,): §
7.09 (t, ] = 3.7 Hz, 1H), 5.90 (d, ] = 7.4 Hz, 1H), 4.79—4.84 (m, 1H),
4.02—4.18 (m, 2H), 2.17—2.28 (m, 1H), 2.03—2.15 (m, 1H), 1.84—
1.92 (m, 4H), 1.59—1.67 (m, 1H), 1.43—1.57 (m, 2H), 1.19 (t, ] =
7.2, 3H). BC{'"H} NMR (100 MHz, CDCL,): § 169.0, 166.2, 144.1,
130.3, 60.5, 42.4, 28.5, 25.7, 23.3, 16.8, 14.2. HRMS (ESI-Q-orbitrap)
m/z: [M + Na]* caled for C;H;sNNaO3, 220.0944; found, 220.0940.

N-(Cyclohept-2-en-1-yl)acetamide (3g). Yield: 66%, 30.3 mg.
Purified by flash column chromatography through silica gel
(dichloromethane/methanol, 30:1). 'H NMR (400 MHz, CDCL,):
5 5.90 (br. s, 1H), 5.73—5.81 (m, 1H), 5.46—5.52 (m, 1H), 4.52—
4.60 (m, 1H), 2.03—2.20 (m, 2H), 1.95 (s, 3H), 1.75—1.90 (m, 2H),
1.59—1.72 (m, 2H), 1.45-1.56 (m, 1H), 1.28—1.39 (m, 1H).
BC{'H} NMR (100 MHz, CDCL,): § 169.1, 134.9, 132.3, 50.6, 34.1,
28.6, 27.8, 26.8, 23.5. HRMS (ESI-Q-orbitrap) m/z: [M + Na]* calcd
for CoH,sNNaO, 176.10460; found, 176.1045.

(Z)-N-(Cyclooct-2-en-1-yl)acetamide (3h). Yield: 87%, 43.7 mg.
Purified by flash column chromatography through silica gel
(dichloromethane/methanol, 40:1). 'H NMR (400 MHz, CDCl,):
5 6.05 (t, ] =79 Hz, 1H), 5.88 (t, ] = 7.9 Hz, 1H), 5.47-5.68 (m,
1H), 5.35 (br. d, ] = 7.6 Hz, 1H), 3.68 (q, ] = 9.9 Hz, 1H), 2.24—2.35
(m, 2H), 2.06—2.22 (m, 1H), 1.68—1.93 (m, SH), 1.54—1.68 (m,
5H), 1.30—1.54 (m, 8H), 1.14—1.29 (m, 3H). *C{'"H} NMR (100
MHz, CDCly): § 169.3, 131.6, 130.2, 47.8, 36.6, 29.0, 26.5, 26.1, 24.4,
23.6. HRMS (ESI-Q-orbitrap) m/z: [M + Na]* caled for
C,0H;;NNaO, 190.1202; found, 190.1202.

N-(3-Methylbut-2-en-1-yl)acetamide (3i). Yield: 90%, 34.3 mg.
Purified by flash column chromatography through silica gel
(dichloromethane/methanol, 30:1). '"H NMR (400 MHz, CDCL,):
5 6.00 (br. s, 1H), 5.10—5.16 (m, 1H), 3.75 (t, ] = 6.2 Hz, 2H), 1.91
(s, 3H), 1.65 (s, 3H), 1.60 (s, 3H). *C{'H} NMR (100 MHz,
CDCly): 6 170.1, 136.1, 120.2, 37.6, 25.6, 23.1, 17.8. HRMS (ESI-Q-
orbitrap) m/z: [M + Na]* caled for C;H;;NNaO, 150.0889; found,
150.0889.

General Procedure for the Silver Salt Mediated Allylation
Reactions. 3-Bromocyclohexene (la) (0.3 mmol, 1 equiv) was
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added to a stirred mixture of silver trifluoromethanesulfonate (77.1
mg, 0.3 mmol, 1 equiv) and nucleophile 4 (0.3 mmol, 1 equiv) in
acetonitrile (1.0 mL) at 0 °C. The resultant mixture was stirred at 0
°C for 1 h. The crude product mixture was then filtered through a
thin plug of Celite, and the filtrate was concentrated under reduced
pressure. The residue was purified by flash column chromatography
through silica gel to afford product S.

N-(Cyclohex-2-en-1-yl)aniline (5a).”” Yield: 98%, $50.9 mg.
Purified by flash column chromatography through silica gel
(dichloromethane/methanol, 30:1). 'H NMR (500 MHz, CDCL,):
5720 (dd, J = 8.6, 7.3 Hz, 2H), 6.72 (tt, ] = 7.3, 1.0 Hz, 1H), 6.65
(dd, J = 8.5, 1.0 Hz, 2H), 5.86—5.90 (m, 1H), 5.77—5.81 (m, 1H),
4.00—4.05 (m, 1H), 3.65 (br. s, 1H), 2.00—2.14 (m, 2H), 1.91—-1.97
(m, 1H), 1.71-1.79 (m, 1H), 1.62—1.71 (m, 2H). BC{’H} NMR
(125 MHz, CDCL,): & 147.3, 130.2, 129.4, 128.7, 117.2, 113.3, 48.0,
29.0, 25.3, 19.8.

N-(Cyclohex-2-en-1-yl)-4-nitrobenzenesulfonamide (5b). Yield:
98%, 83.0 mg. Purified by flash column chromatography through silica
gel (dichloromethane/methanol, 20:1). 'H NMR (400 MHz,
Acetone): § 8.44 (dt, ] = 8.9, 1.9 Hz, 2H), 8.17 (td, J = 8.9, 1.9
Hz, 2H), 6.96 (d, ] = 7.9 Hz, 1H), 5.71-5.77 (m, 1H), 5.36—5.41 (m,
1H), 3.85—3.92 (m, 1H), 1.88—1.96 (m, 2H), 1.70—1.78 (m, 1H),
1.61-1.69 (m, 1H), 1.46—1.57 (m, 2H). *C{'H} NMR (100 MHz,
Acetone): § 206.3, 150.7, 149.0, 131.5, 129.0, 128.1, 125.2, 50.2, 30.8,
25.0, 20.2. HRMS (ESI-Q-orbitrap) m/z: [M + Na]* caled for
C,,H;,N,Na0,S, 281.0602; found, 281.0602.

3-(Cyclohex-2-en-1-yl)-1H-indole (5¢).”° Yield: 82%, 48.5 mg.
Purified by flash column chromatography through silica gel
(dichloromethane/methanol, 25:1). 'H NMR (500 MHz, CHCL,):
57.87 (br.s, 1H), 7.71 (d, ] = 7.6 Hz, 1H), 7.37 (d, ] = 8.0 Hz, 1H),
7.23 (t, ] = 7.3 Hz, 1H), 7.15 (t, ] = 7.3 Hz, 1H), 5.91 (s, 2H), 3.77 (s,
1H), 2.07-2.19 (m, 3H), 1.81—1.89 (m, 1H), 1.74—1.81 (m, 1H),
1.64—1.74 (m, 1H). BC{'H} NMR (125 MHz, CHCL): § 136.7,
130.5, 127.7, 126.8, 122.0, 121.5, 121.0, 119.3, 119.2, 111.3, 32.8,
30.3, 254, 21.0.

1-[3-(Cyclohex-2-en-1-yl)-1H-indol-1-yl]-2,2-dimethylpropan-1-
one (5d). Yield: 92%, 77.7 mg. Purified by flash column
chromatography through silica gel (dichloromethane/methanol,
30:1). 'H NMR (400 MHz, CDCl,): § 8.54 (d, ] = 8.2 Hz, 1H),
7.58 (d,] = 7.7, 1H), 7.44 (s, 1H), 7.31 (t, ] = 7.5 Hz, 1H), 7.27 (t, ]
= 7.2 Hz, 1H), 5.92—5.98 (m, 1H), 5.81-5.86 (m, 1H), 3.64—3.71
(m, 1H), 2.03—2.17 (m, 3H), 1.63—1.85 (m, 3H), 1.51 (s, 9H).
BC{'H} NMR (100 MHz, CDCL,): § 177.0, 137.7, 128.9, 128.8,
126.0, 1252, 123.3, 122.7, 122.0, 118.9, 117.7, 41.2, 32.4, 29.3, 28.8,
25.2, 20.6. HRMS (ESI-Q-orbitrap) m/z: [M + Na]* caled for
CoH,3NNaO, 304.1672; found, 304.1670.

2-[5-(Cyclohex-2-en-1-yl)thiophen-2-yllacetonitrile (5e). Yield:
85%, 51.8 mg. Purified by flash column chromatography through
silica gel (dichloromethane/methanol, 30:1). 'H NMR (400 MHz,
CDCly): 6 6.86 (d, J = 3.5 Hz, 1H), 6.68 (d, J = 3.5 Hz, 1H), 5.83—
5.89 (m, 1H), 5.72—5.77 (m, 1H), 3.84 (s, 2H), 3.60—3.67 (m, 1H),
2.01-2.10 (m, 3H), 1.57—-1.79 (m, 3H). BC{’'H} NMR (100 MHz,
CDCL,): & 151.5, 129.1, 128.9, 128.3, 126.8, 123.6, 117.2, 36.8, 32.4,
24.9, 20.5, 18.9. HRMS (ESI-Q-orbitrap) m/z: [M + Na]* calcd for
C,H,sNNa$, 226.0661; found, 226.0661.

3-(Cyclohex-2-en-1-yl)pentane-2,4-dione (5f). Yield: 85%, 46.0
mg. Purified by flash column chromatography through silica gel
(dichloromethane/methanol, 40:1). "H NMR (400 MHz, CDCl,): §
5.71-5.76 (m, 1H), 5.32—5.37 (m, 1H), 3.57 (d, J = 10.7 Hz, 1H),
2.94-3.02 (m, 1H), 2.15 (s, 3H), 2.14 (s, 3H), 1.92—1.98 (m, 2H),
1.62—1.73 (m, 2H), 1.48-1.59 (m, 1H), 1.12—-1.22 (m, 1H).
BC{'H} NMR (100 MHz, CDCl,): § 204.1, 203.8, 130.1, 127.1, 74.9,
35.7, 30.1, 29.7, 26.7, 25.0, 20.7. HRMS (ESI-Q-orbitrap) m/z: [M +
Na]* caled for C,;H;(NaO,, 203.1043; found, 203.1042.

Methyl 2-(Cyclohex-2-en-1-yl)-2-methylpropanoate (5g). Yield:
98%, 53.6 mg. Purified by flash column chromatography through silica
gel (dichloromethane/methanol, 30:1). 'H NMR (400 MHz,
CDCl,): § 5.70-5.77 (m, 1H), 5.41-5.47 (m, 1H), 3.65 (s, 3H),
243-2.51 (m, 1H), 1.90—1.97 (m, 2H), 1.73—1.81 (m, 1H), 1.58—
1.66 (m, 1H), 1.43—1.55 (m, 1H), 1.18—1.29 (m, 1H), 1.12 (s, 3H),

6980

1.08 (s, 3H). BC{'H} NMR (100 MHz, CDCL,): § 178.5, 129.2,
127.7, 51.7, 45.4, 43.1, 25.2, 24.3, 22.5, 22.0, 21.7. HRMS (ESI-Q-
orbitrap) m/z: [M + Na]* caled for C;;H;{NaO,, 183.1380; found,
183.1380.

3-Allylcyclohex-1-ene (5h)."” Yield: 74%, 27.1 mg. Purified by
flash column chromatography through silica gel (hexane/ethyl
acetate, 30:1). '"H NMR (400 MHz, CDCL,): § 5.75—5.87 (m, 1H),
5.64—5.72 (m, 1H), 5.55—5.62 (m, 1H), 4.98—5.07 (m, 2H), 2.11—
220 (m, 1H), 2.01-2.10 (m, 2H), 1.93—2.01 (m, 2H), 1.66—1.81
(m, 2H), 1.46—1.58 (m, 1H), 1.21-1.29 (m, 1H). ¥C{'H} NMR
(100 MHz, CDCl,): 6 137.4, 131.5, 127.4, 115.9, 40.8, 35.2, 29.0,
25.4, 21.6.

(Cyclohex-2-en-1-ylethynyl)benzene (5i)."® Yield: 66%, 36.1 mg.
Purified by flash column chromatography through silica gel (hexane/
ethyl acetate, 30:1). '"H NMR (400 MHz, CDCl,): § 7.36—7.45 (m,
2H), 7.23-7.30 (m, 3H), 5.70—5.82 (m, 2H), 3.30 (s, 1H), 1.93—
2.10 (m, 3H), 1.75-1.93 (m, 2H), 1.58—1.69 (m, 1 H). BC{'H}
NMR (100 MHz, CDCL,): § 131.7, 128.3, 128.2, 127.7, 127.2, 124.0,
93.0, 80.4, 29.5, 28.1, 24.8, 20.8.

Cyclohex-2-en-1-yl(phenyl)sulfane (5j). Yield: 94%, 57.1 mg.
Purified by flash column chromatography through silica gel
(hexane/ethyl acetate, 30:1). '"H NMR (400 MHz, CDCL,): § 7.41
(d,J=7.5Hz, 2H), 7.29 (t,] = 7.4 Hz, 2H), 7.22 (t, ] = 7.4 Hz, 1H),
5.84 (d, ] = 10.0 Hz, 1H), 5.77 (d, ] = 10.0 Hz, 1H), 3.86 (s, 1H),
2.00—2.11 (m, 2H), 1.85—1.99 (m, 2H), 1.75—1.82 (m, 1H), 1.57—
1.65 (m, 1H). BC{*H} NMR (100 MHz, CDCl,): § 136.1, 131.5,
130.7, 129.1, 127.1, 126.8, 44.1, 29.0, 25.2, 19.7. HRMS (APCI-Q-
orbitrap) m/z: [M + H]" caled for C,H.,S, 191.0890; found,
191.0889.

7-Bromo-2-(4-(trifluoromethoxy)phenyl)-3a,4,5,6,7,7a-
hexahydrobenzo[d]oxazole (6). Yield: 98%. '"H NMR (500 MHz,
CDCl,): 6 8.01 (d, ] = 8.9 Hz, 2H), 7.25 (d, ] = 8.9 Hz, 2H), 4.85 (t, ]
= 7.7 Hz, 1H), 4.26—4.31 (m, 1H), 4.00—4.06 (m, 1H), 2.06—2.20
(m, 2H), 1.91-2.00 (m, 1H), 1.78—1.87 (m, 1H), 1.69—1.77 (m,
1H), 1.50—-1.59 (m, 1H). ®C{'H} NMR (125 MHz, CDClL,): §
178.0, 54.4, 542, 45.0, 38.0, 27.6, 26.3, 23.2, 18.5. HRMS (ESI-Q-
orbitrap) m/z: [M + Na]* caled for C ,H,;BF;NNaO,, 385.9980;
found, 385.9973.

5-Fluoro-6-methyl-2-(4-(trifluoromethoxy)phenyl)-4,5,6,6a-tet-
rahydro-3aH-cyclopentaldjoxazole (7). Yield: 58%. 'H NMR (500
MHz, CDCl;): § 7.96 (d, ] = 9.0 Hz, 2H), 7.23 (d, ] = 9.0 Hz, 2H),
4.74—4.87 (m, 3H), 2.70—2.80 (m, 1H), 2.20—2.43 (m, 2H), 0.99 (d,
J = 8 Hz, 3H). ®C{'H} NMR (125 MHz, CDCl,): § 162.1, 151.5,
151.4, 130.2, 126.6, 123.6, 121.5, 120.6, 119.5, 117.4, 101.1, 99.7,
89.8, 71.0, 47.1, 47.0, 38.5, 38.3, 15.6, 15.5. HRMS (ESI-Q-orbitrap)
m/z: [M + H]" caled for C,H;F,NNaO,, 304.0955; found,
304.0955.

N-[(1R,6S)-7-Oxabicyclo[4.1.0]heptan-2-ylIpivalamide (8)."?
Yield: 99%. '"H NMR (500 MHz, CDCl;): § 593 (br. d, ] = 6.1
Hz, 1H), 4.28—4.34 (m, 1H), 3.22—3.26 (m, 1H), 3.17 (t, ] = 3.4 Hz,
1H), 1.78—1.83 (m, 2H), 1.40—1.50 (m, 2H), 1.22—1.32 (m, 2H),
1.16 (s, 3H). BC{'"H} NMR (125 MHz, CDCLl,): § 178.0, 54.4, 54.2,
45.0, 38.7, 27.6, 26.3, 23.2, 18.5.
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