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Copper Corrole as an Efficient Catalyst for Esterification of Allylic
sp3-C—H Bonds with Carboxylic Acids
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Abstract Copper 5,10,15-tris(pentafluorophenyl)corrole (CuTPFC) catalyzed oxidative cross dehydrogenative coupling
(CDC) of allylic sp>-C—H bonds and acids had been investigated in a homogeneous system, which provided allylic esters
smoothly. This reaction proceeded with broad substrate scope and good functional group tolerance. In a gram scale test, the
turnover number (TON) reached 5100 at only 0.01 mol% catalyst loading, indicating the current catalytic system has potential
uses in the allylic esters.

Keywords copper; corrole; cross dehydrogenative coupling; allylic compounds; catalysis

1 Introduction ent hybrid C—H substrates by using CDC reactions.®! For
the esterification of allylic sp>-C—H bonds, although tet-
rabutylammonium iodidel®! and transition metal catalysts
such as cobalt,” iron,® copper,® and copper-aluminum!'’!
have been developed, high catalyst loading, poor regiose-
lectivity, and stereoselectivity are the main drawbacks of
these developed catalysts, especially when the reaction is
carried out in a large scale.

Corrole is a trivalent anionic ligand in which there are
three pyrrolic N—H protons.['!l Great advances in the ap-
plication of metal corrole complex have been made in cat-
alytic oxidation of olefins,!'?! oxidation of sulfides,!'3 hy-
drogen-atom-transfer reaction,'¥! CO, fixation with epox-

Allylic esters are considered important structural motifs
in lots of natural products and bioactive molecules (Figure
1).1) The first synthetic reaction of allylic esters, called
Kharasch-Sosnovsky reaction, was reported in 1958,
which is achieved via the oxidation of allylic C—H by
tert-butyl peroxy benzoate in the presence of copper or
cobalt salt catalysts (Scheme 1a). An alternative is to use
carboxylic acids as the donors of acyloxy free radicals to
yield the corresponding allylic esters directly.’®) Cross-
dehydrogenative coupling (CDC) reaction, as a direct C—H
functionalization method, avoids the pre-functionalization
of starting materials and has become a fundamental, high ides,! Ar-Me conversion to Ar-aldehyde,!' and epoxida-
atom-economic, and highly valuable tool in organic syn- tion reaction.!'”) And recently, we had successfully used
thesis.[l In the past few decades, great efforts have been 5,10,15-tris(pentafluorophenyl)corrole (TPEC) cobalt
made to develop new bond-formation strategies for differ- (Scheme 1d) in the hydration of terminal alkynes (Scheme
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Figure 1 Examples of the natural product or precursor with a motif of allylic ester
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Scheme 1 Overview of the relevant work

1b).'81 Despite many metal corrole-catalyzed reactions have
been documented, the utilization of metal corrole catalysts
in CDC reactions is scarcely explored. In this article, we
wish to report the copper TPFC (CuTPFC) complex cata-
lyzed the CDC esterification reaction between allylic
C(sp®)—H and carboxylic acids (Scheme 1c¢). It turned out
that CuTPFC complex exhibited good performance with 0.1
mol% catalyst loading with broad substrate scope under
optimized conditions. Gram scale test showed that 5100
TON might be achieved, demonstrating its potential prac-
tical use. Furthermore, we had also checked the regioselec-
tivity of allylic esterification by using asymmetric allylic
olefins.

2 Results and discussion

The optimization of reaction conditions was begun by
using benzoic acid 1a and cyclohexene 2a as model sub-
strates. When 1a and 2a were in the reaction tube with 1
mol% CuTPFC (vs. benzoic acid) as the catalyst and
di-tert-butyl peroxide (DTBP) as the oxidant in toluene at
120 ‘C for 12 h, cyclohex-2-en-1-yl benzoate (3a) was
observed to be the main product with the yield of 47%
(Table 1, Entry 1). Then the screening of solvents was
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started. The employment of 1,2-dichloroethane (DCE) and
ethyl acetate (EA) increased the yield of 3a to 95% (Table 1,
Entry 7) and 93% (Table 1, Entry 6), respectively, whereas
using other solvents, including CH3;CN, CHCl3, MeOH and
tetrahydrofuran (THF), did not bring any improvement to
the yield of 3a (Table 1, Entries 2~5). When the catalyst
loading was decreased to 0.5 mol%, the yield of 3a in DCE
reached 94% (Table 1, Entry 8). To our surprise, when we
continued to decrease the concentration to 0.1 mol%, the
yield of 3a in DCE instead rose to 97% (Table 1, Entry 9),
which confirmed DCE as the solvent. These preliminary
results motivated us to further decrease the catalyst loading
to 0.01 mol%, and 3a was still obtained a 75% yield with
7500 TON in 12 h (Table 1, Entry 10). Using tert-butyl
hydroperoxide (TBHP) instead of DTBP, the yield slightly
dropped to 87% (Table 1, Entry 11). When TBHP was
replaced with other oxidants such as 3-chloroperbenzoic
acid (m-CPBA), H,0,, and 2,3-dicyano-5,6-dichlorobenzo-
quinone (DDQ), almost no products were detected (Table 1,
Entries 12 ~ 14). Using MnTPFC, CoTPFC*PPh; and
Cu(OAc); instead of CuTPFC to catalyze the reaction, the
yield of 3a was only 9%, 15% and 23% (Table 1, Entries
15~16, 18), respectively. When a fluorine-free complex of
copper 5,10,15-triphenyl-corrole (CuTPC) was used (Table
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1, Entry 17), the yield of 3a reached 91%, a bit lower than
that of CuTPFC, possibly because the electron-withdrawing
effect of fluorine makes CuTPFC complex more stable.
Using cuprous salt CuOAc instead of CuTPC (Table 1,
Entry 19) as the catalyst, the yield of 3a could reach 84%.
And when the reaction was carried out in the absence of
catalyst, a 10% yield was obtained (Table 1, Entry 20),
which indicated that catalysts had made an important role in
the condition.

After the optimized condition was established (Table 1,
Entry 9), our attention was then focused on the scope and
limitation of this CuTPFC-catalyzed CDC allylic esterifi-
cation reaction. As shown in Table 2, a series of electron-
donating and electron-deficient aryl carboxylic acids were
used to react with cyclohexene 2a and produced good yields
of the products of allylic esterification. The yields of 3b~
3d decreased slightly as the position of methoxy in phenyl
ring was para-, meta-, and ortho-position in turn, and when
both ortho-positions of benzoic acid were substituted, the
yield of 3e dropped slightly to a lower level. It might prove
that the methoxy group in ortho had a hindrance to the
formation of the product. Moderate to good yields were
obtained when the substituents such as methyl, phenyl,
tert-butyl, hydroxyl, fluoro, chloro, bromo, iodo, cyano
groups were located at para-position (3f~3n). Surpris-
ingly, 4-hydroxybenzoic acid and hippuric acid exhibited
very high selectivity, merely affording the mono-esterifi-

cation products 3i and 3v, respectively. However, in the
presence of nitro group or pyridyl group in the substrate, the
esterification reaction could not proceed normally (30~
3p). Non-aromatic carboxylic acids, e.g. trans-cinnamic
acid and 3-phenylpropanoic acid, other aryl carboxylic
acids, e.g. 1-naphthoic acid, 2-furoic acid and 2-thiophene
carboxylic acid, and benzoic anhydride afforded target
products in good yield (3q~3u, 3w).

After a broad carboxylic acid substrate scope has been
established, the possibility of various alkenes having a-H
was next examined (Table 3). The reaction of benzoic acid
and cyclopentene was achieved to the corresponding ester-
ification product (4a) in a 59% yield. Similarly, the esteri-
fication product of expanded cyclic olefin substrate cy-
clooctene was obtained in 69% yield (4b). Interestingly,
internal and terminal olefins exhibited different regioselec-
tivity of esterification (4ca~4fb). Reaction of symmetric
internal alkene 2,3-dimethylbut-2-ene afforded 2,3-dime-
thylbut-3-en-2-yl benzoate 4¢b and 2,3-dimethylbut-2-en-
1-yl benzoate 4ca at a ratio of 11.6 to 1, and asymmetric
internal alkene 2-methylbut-2-ene provided the products in
63% yield with moderate selectivity (4da . 4db : 4dc :
4dd=1 : 6.6 : 1.5 . 3.2). The terminal alkene substrates
hex-1-ene and oct-1-ene was studied and gave products
respectively in 50% and 77% yield (4ea : 4eb=7.3 I 1
4fa . 4fb="7.4 I 1). With increasing C—H bond strength,
esterification products 4h and 4i were obtained respectively

Table 1 Optimization of the reaction conditions”

O
@)j\OH + © catalyst, oxidant
solvent heat
1a 2a

©)k/©

Entry Catalyst (mol%) Solvent Oxidant Yield”/% TON
1 CuTPFC (1.0) Toluene DTBP 47 47
2 CuTPFC (1.0) CHCI: DTBP 36 36
3 CuTPFC (1.0) MeOH DTBP 20 20
4 CuTPFC (1.0) CH3;CN DTBP Trace —
5 CuTPFC (1.0) THF DTBP N.D.c —
6 CuTPFC (1.0) EA DTBP 93 93
7 CuTPFC (1.0) DCE DTBP 95 95
8 CuTPFC (0.5) DCE DTBP 94 188
9 CuTPFC (0.1) DCE DTBP 97 (959 970
10 CuTPFC (0.01) DCE DTBP 75 7500
11 CuTPFC (0.1) DCE TBHP 87 870
12 CuTPFC (0.1) DCE m-CPBA 15 150
13 CuTPFC (0.1) DCE H202 17 170
14 CuTPFC (0.1) DCE DDQ N.D. ¢ —
15 MnTPFC (0.1) DCE DTBP 9 90
16 CoTPFC (0.1)° DCE DTBP 15 150
17 CuTPC (0.1) DCE DTBP 91 910
18 Cu(OAc)2 (0.1) DCE DTBP 23 230
19 CuOAc (0.1) DCE DTBP 84 840
20 — DCE DTBP 10 —

@ Reaction condition: benzoic acid (0.3 mmol), cyclohexene (3 mmol), catalyst (0.1~1.0 mol%), oxidant (0.6 mmol), and solvent (1 mL) at 120 ‘C for 12 h. ® De-
termined by 'H NMR (internal standard: PhTMS, 10 pL) and based on carboxylic acid. ¢ Not detected. ¢ Isolated yield based on carboxylic acid. ¢ COTPFC*PPhs.
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Table 2 CuTPFC-catalyzed CDC reaction of acids with cyclohexene”

o CuTPFC (0.1mol%) ¢ /@
DTBP (2 equiv.)
H _— >
R'ILOI + HQ R1ko

DCE, 120 °C, 12 h

1 2a 3
S SIS SIS VoL SC RIS Fe
@O /O\©)J\O /@)J\O @O /©)J\O do
c|> o~ Ph
3b: 92% 3c: 94% 3d: 99% 3e: 85% 3f: 96% 39:97%
SORNEOPSSOINS SO SONS S0
’ /©)J\ 0 Q)k ° /©)J\ ; /(j)k 0 ﬁ ;
HO F cl Br |
3h: 60% 3i: 64% 3j: 93% 3k: 99% 31: 76% 3m: 93%
0._0O
8 2 »S OV e
o
0 0 ~ w
ﬁ ﬁ TOUO O =)
NC O2N ©
3n: 84% 30: N.D. 3p: N.D. 3q: 52% 3r: 85%
3¢ Lo 1,
\ = (0] (0) N
WO—@ H/\g/ (6)
o] o]
3s: 82% 3t: 82% 3u: 95% 3v: 37% 3w: 59%

(derived from benzoic anhydride)

4aReaction condition: benzoic acid (0.3 mmol), cyclohexene (3 mmol), catalyst CuTPFC (0.1 mol%), oxidant DTBP (0.6 mmol) and DCE (1 mL) at 120 ‘C for 12 h.
N.D.=not detected.

Table 3 CuTPFC-catalyzed CDC reaction of acids with cyclohexene”

o) H  CuTPFC (0.1 mol%) o) K‘wl
H . DTBP (2 equiv. J
o7+ K N —>( auiv) o) ’

. .4 DCE, 120°C, 12 h

1a 2 4
140 SN i DO
: _ .
o o o g
4a: 59% ab: 69% S dca?%  achTa% |
E j/\ f o Z ;
: o :
: ¢ 0 o’; :
' ©) '
5 4da: 9% 4db: 33% 4dc: 5% 4dd: 16% !
: 0 f o) : o “ ) :
E 1) C3H7 @OMC3H7 E (6) C5H11 @OMC5H11 E
: 4ea: 44% 4eb: 6% i 4fa: 67% 4fb: 10% 5
o o) % :‘\( o) Ea
©)J\o/\© ©)J\OJ\© ] (0] o
4g: N.D. 4h: 41% 4i: 21% 4 ND.

4 Reaction condition: benzoic acid (0.3 mmol), alkene (3 mmol), catalyst CaTPFC (0.1 mol%), oxidant DTBP (0.6 mmol) and DCE (1 mL) at 120 C for 12 h.
N.D.=not detected.
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in moderate yields of 41% and 21%, and 4g were not de-
tected because of a large number of byproducts. When
norbornene with only one hydrogen at a-C of double bond
was used to react with benzoic acid, esterification products
were not detected, no matter a-esterification or S-esteri-
fication. Besides, a gram-level reaction experiment was
done for benzoic acid and cyclohexene CDC reaction of
which TON reached 5100 with 0.01 mol% catalyst loading
for 48 h (Scheme 2).

CuTPFC (0.01 mol%) 1)
© DTBP (2 equiv.)
DCE, 120 °C, 48 h ©)ko

51%, TON 5100
i 2 O
©A on+ (U ©* o

not detected

CuTPFC (0.1 mol%)
DTBP (2 equiv.)

TEMPO (2 equiv.)
120°C, 5 h

Ak

o)
@l [M+H]* = 238.2167

6a

Scheme 2 Gram-level reaction and radical trapping experiment

To further explore the mechanism of allylic esterifica-
tion, a series of experiments was conducted. When the re-
action was carried out in the presence of radical scavenger
2,2,6,6-tetramethylpyridine N-oxide (TEMPO), no desired
product was observed and compound 6a trapped by
TEMPO was found (Scheme 2). It indicated that the oxida-
tive coupling reaction proceeded through the formation of
allylic radical intermediates. The TEMPO was detected by
electron paramagnetic resonance (EPR) in the 5-hour reac-
tion mixture of benzoic acid, cyclohexene, CuTPFC, and
DCE as shown in lines a, b, and c in Figure 2 (only line ¢
with DTBP). The reaction in line a was stirring at 25 C
and lines b, ¢ was at 120 “C. In the spectra, the free radicals
of line b were slightly weaker than those of line a, and al-
most no EPR signal of line ¢ was observed. The disap-
pearance of radicals indicated that the reactants produced
free radicals at high temperatures and confirmed the free
radical reaction.

When benzoyl peroxide (BPO) was used to react with
cyclohexene, the reactions generated two products at the
same time, allylic esterification products 3a and 5a (Table
4). When the reactions proceeded without (Table 4, Entry 1)
and with (Table 4, Entry 3) 0.1 mol% CuTPFC, 5a and 3a
were produced at the ratio of 1.4 I 1 and 1 : 4.2, respec-
tively. And when DTBP was added to the two systems as
the additional oxidant, the yield ratio of 5a to 3a didn’t
change without catalyst (Table 4, Entry 2) and changed to
1 2 2.7 in the presence of catalyst (Table 4, Entry 4). This
indicated that CuTPFC might improve the selectivity of
allylic esterification of this reaction and the additional

Chin. J. Org. Chem. 2021, 41, 2875~2884
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Figure 2 EPR spectra of (a) Benzoic acid (0.3 mmol), cyclo-
hexene (3 mmol), CuTPFC (0.1 mol%), TEMPO (0.3 mmol) and
DCE (1 mL) in room temperature; (b) Benzoic acid (0.3 mmol),
cyclohexene (3 mmol), CuTPFC (0.1 mol%), TEMPO (0.3
mmol) and DCE (1 mL) in 120 °C after 5 h; (c¢) the same condi-
tion as b, except adding DTBP (0.6 mmol)

DTBP might improve the yield slightly (Table 4, Entry 3~
5).

Table 4 Reactions of benzoyl peroxide and cyclohexene”

CuTPFC (0.1 mol%)

120°C, 12 h
© 2a
SONPS e
(j)ko + ©)J\O
5a 3a
Yield/%
Entry Catalyst DTBP (equiv.) ——cn Sum/%
Sa 3a
1 — — 26 19 45
2 — 2 28 19 47
3 CuTPFC — 10 42 52
4 CuTPFC 2 17 46 63
5 CuTPFC 4 16 49 65

© 2021 Chinese Chemical Society & SIOC, CAS

9 Reaction condition: benzoyl peroxide (0.15 mmol), cyclohexene (3 mmol),
catalyst CuTPFC (0.1 mol%), and DCE (1 mL) at 120 C for 12 h. Yield
determined by 'H NMR (internal standard: PhTMS, 10 pL) and based on
benzoyl peroxide.

As far as I have investigated the reaction mecha-
nism,?>!] there are three pathways assumed to explain the
mechanism of the Kharasch-Sosnovsky reaction: Beck-
with-Zavitsas mechanism, Slough mechanism, and syner-
gistic coordination mechanism.?” As free radical scaven-
gers succeeded to block the esterification reaction and cy-
clohexene allylic radical was trapped by TEMPO success-
fully, synergistic coordination mechanism should not be the
main pathway to produce esterification products. A sug-
gested reaction mechanism is shown in Scheme 3. CuTPFC
catalyzed the splitting of DTBP to generate ‘BuO-CuTPFC
A and t-butoxy free radical. Then A reacted with a carbox-
ylic acid to produce RCOO-CuTPFC B, which would fur-
ther turn into RCOO-allyl-CuTPFC C through the Beck-
with-Zavitsas or Slough pathway. Finally, through reduc-

http://sioc-journal.cn/ 2879
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tive elimination, C would release the target product and
complete the catalytic circle. It is necessary to point out that
capturing these transient copper corrole intermediate spe-
cies is of a great challenge and further studies on the de-
tailed reaction mechanism will be our future work.

= TPFC, R = alkyl, aryl

Scheme 3 Proposed mechanism for esterification

3 Conclusions

In summary, an efficient oxidative coupling of allylic
sp>-C—H bonds and carboxylic acids has been achieved
successfully by using copper corrole complex as catalyst
and DTBP as oxidant. It was observed that CiTPFC was
effective for this CDC reaction, while the other tested metal
(cobalt and manganese) complexes of TPFC were not ef-
fective. Interestingly, in the gram scale test (0.01 mol%
CuTPFC catalyst loading at 120 C, with DTBP as the
oxidant), the TON of this CDC reaction reached up to 5100.
The reaction can be applied to a wide range of substrates
with outstanding functional group tolerance including aryl
and aliphatic carboxylic acids, symmetric and asymmetric
alkenes. Besides, the regioselectivity of the asymmetric
alkene esterification was also explored. CuTPFC-catalyzed
oxidative esterification of allylic sp’>-C—H bond by acid
progressed through a radical mechanism. Further studies on
the detailed reaction mechanism and the application of
chiral metal corrole complexes in the reaction are currently
underway in our laboratory.

4 Experimental section

4.1 Materials and methods

All reagents were of commercial grade and analytical
purity. Extracts were dried over anhydrous sodium sulfate
and solvents were removed in rotary evaporators under
vacuum. The resulting residues were purified using silica
gel columns. UV-Visible absorption spectra were measured
using a Hitachi 3900H spectrometer in a quartz cell of 1 cm
optical path length at room temperature. NMR spectra were

2880 http://sioc-journal.cn/
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recorded in CDCl; with trimethylchlorosilane as the internal
standard for "H NMR (400 MHz) and 3*C NMR (101 MHz).
The solvent peak was used as a reference value, for 'H
NMR: CDCl; 6 7.26, for *C NMR: CDCl; § 77.16. HRMS
spectra were recorded using an Agilent 1290/Bruker maXis
impact mass spectrometer with an ESI source. EPR spectra
were recorded using a Bruker Elexsys-II ES00 CW-EPR. IR
spectra were recorded using a Nicolet IS50-Nicolet Con-
tinuum infrared spectrometer.

4.2 Synthetic procedure

Benzoic acids 1 (0.3 mmol), alkene 2 (3 mmol), DTBP
(0.6 mmol), CuTPFC (0.1 mol%) and DCE (1 mL) were
added to a Schlenk tube and stirred at 120 °C for 12 h. After
the reaction mixture was cooled to room temperature and
monitored by thin layer chromatography (TLC), which
employed glass 0.25 mm GF 254 silica gel plates, it was
concentrated to remove the solvent in a rotary evaporator.
The crude products were purified by silica gel (300~400
mesh size) column chromatography (hexane/ethyl acetate
Vi V=50:1)).

All free base corroles were prepared according to the
reported procedures.?!  The metallocorrole 5,10,15-
tris(pentafluorophenyl)corrole manganese (III) (MnTPFC),
5,10,15-tris(pentafluorophenyl)corrole copper(Ill) (CuT-
PFC), and 5,10,15-tris(pentafluorophenyl)corrole (III) co-
balt (CoTPFC*PPh;3) were prepared by using methods de-
scribed in literatures.?!-22!

5,10,15-Tris(pentafluorophenyl)corrole copper:?%2 H
NMR (CDCls, 500 MHz) o: 7.98 (d, J=4.0 Hz, 2H), 7.38
(d,J=4.0 Hz, 2H), 7.21 (d, J=4.6 Hz, 2H), 7.04~7.00 (m,
2H); 'F NMR (CDCl;, 471 MHz) 6: —136.65~—136.79
(m), —137.59 (d, J/=24.0 Hz), —151.95 (q, /=18.5 Hz),
—160.42~—160.65 (m).

Cyclohex-2-en-1-yl benzoate (3a):**! 57.6 mg, yield
95%, yellow oil. "'H NMR (CDCls, 400 MHz) J: 8.14~8.03
(m, 2H), 7.55 (t, J=7.4 Hz, 1H), 7.44 (t, J=7.7 Hz, 2H),
6.07~5.99 (m, 1H), 5.86 (ddd, /=8.0, 3.3, 1.7 Hz, 1H),
5.59~5.50 (m, 1H), 2.15 (ddt, J=15.2, 7.3, 3.7 Hz, 1H),
2.07 (ddt, J=17.5, 5.4, 2.1 Hz, 1H), 2.05~1.95 (m, 1H),
1.95~1.81 (m, 2H), 1.77~1.67 (m, 1H); '3C NMR (CDCl;,
101 MHz) ¢: 166.27, 132.88, 132.80, 130.87, 129.65,
128.32, 125.81, 68.67, 28.49, 25.02, 19.02.

Cyclohex-2-en-1-yl 2-methoxybenzoate (3b):’! 63.7
mg, yield 92%, yellow oil. 'H NMR (CDCl;, 400 MHz) &:
7.77 (dd, J=17.8, 1.7 Hz, 1H), 7.47~7.39 (m, 1H), 6.95 (dt,
J=17.3, 3.0 Hz, 2H), 6.01~5.94 (m, 1H), 5.87~5.79 (m,
1H), 5.52~5.46 (m, 1H), 3.88 (s, 3H), 2.16~1.96 (m, 2H),
1.96~1.90 (m, 1H), 1.90~1.76 (m, 2H), 1.68 (dddd, J=
13.4,10.2,7.2,4.1 Hz, 1H); *C NMR (CDCl;, 101 MHz) 6:
165.87, 159.24, 133.33, 132.78, 131.54, 125.90, 120.78,
120.13, 112.12, 68.43, 56.06, 28.47, 25.03, 18.98.

Cyclohex-2-en-1-yl 3-methoxybenzoate (3¢):*Y 65.6
mg, yield 94%, yellow oil. '"H NMR (CDCl;, 400 MHz) &:
7.64 (d, J=7.6 Hz, 1H), 7.56 (s, 1H), 7.32 (t, J=7.9 Hz,
1H), 7.07 (dd, J=8.2, 2.4 Hz, 1H), 6.02~5.95 (m, 1H),
5.82 (d, J/=9.9 Hz, 1H), 5.53~5.45 (m, 1H), 3.84 (s, 3H),

Chin. J. Org. Chem. 2021, 41, 2875~2884
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2.18~2.04 (m, 2H), 1.97 (ddd, J=17.8, 8.7, 3.8 Hz, 2H),
1.91~1.78 (m, 2H), 1.70 (ddt, J=13.4, 7.9, 4.4 Hz, 1H);
13C NMR (CDCl;, 101 MHz) J: 166.17, 159.60, 132.92,
132.21, 129.37, 125.79, 122.08, 119.23, 114.25, 68.83,
55.51, 28.48, 25.03, 19.04.

Cyclohex-2-en-1-yl 4-methoxybenzoate (3d):1>*! 69 mg,
yield 99%, yellow oil. 'H NMR (CDCls, 400 MHz) 6: 8.00
(d, J=8.9 Hz, 2H), 6.89 (d, J=8.8 Hz, 2H), 6.02~5.94 (m,
1H), 5.85~5.78 (m, 1H), 5.47 (d, /=1.8 Hz, 1H), 3.84 (s,
3H), 2.17~2.05 (m, 1H), 2.01~1.91 (m, 1H), 1.83 (dddd,
J=19.6, 16.5, 9.0, 3.0 Hz, 3H), 1.74~1.64 (m, 1H); 1*C
NMR (CDCls, 101 MHz) 6: 165.99, 163.24, 132.61, 131.59,
125.98, 123.24, 113.50, 68.24, 55.42, 28.48, 24.97, 19.01.

Cyclohex-2-en-1-yl 2,6-dimethoxybenzoate (3e):*1 66.9
mg, yield 85%. Yellow solid, m.p. 69~70 ‘C; 'H NMR
(CDCls, 400 MHz) 6: 7.22 (d, J=8.4 Hz, 1H), 6.52 (d, J=
8.4 Hz, 2H), 6.00~5.92 (m, 1H), 5.85~5.77 (m, 1H),
5.58~5.50 (m, 1H), 3.78 (s, 6H), 2.09~1.88 (m, 4H), 1.78
(dq, J=9.4, 3.6 Hz, 1H), 1.70~1.58 (m, 1H); 3C NMR
(CDCl3, 101 MHz) ¢: 166.32, 157.39, 132.73, 130.89,
125.85, 113.65, 104.08, 69.06, 56.07, 56.04, 28.30, 24.95,
18.93.

Cyclohex-2-en-1-yl 4-methylbenzoate (3f):1*! 62.3 mg,
yield 96%, yellow oil. 'H NMR (CDCls, 400 MHz) &: 7.94
(d, J=8.1 Hz, 2H), 7.22 (d, J=8.0 Hz, 2H), 6.03~5.96 (m,
1H), 5.83 (d, J=7.8 Hz, 1H), 5.53~5.46 (m, 1H), 2.39 (s,
3H), 2.19~2.08 (m, 1H), 2.05 (s, 1H), 1.97 (ddd, J=17.9,
8.8, 3.8 Hz, 2H), 1.85 (dddd, J=18.8, 15.9, 9.0, 3.2 Hz,
3H), 1.75~1.64 (m, 1H); '3C NMR (CDCls, 101 MHz) &
166.37, 143.42, 132.76, 129.70, 129.05, 128.14, 125.97,
68.43, 28.53, 25.04, 21.72, 19.07.

Cyclohex-2-en-1-yl [1,1'-biphenyl]-4-carboxylate (3g):["!
81.1 mg, yield 97%, yellow oil. 'H NMR (CDCls;, 400
MHz) ¢: 8.14 (d, J=8.4 Hz, 2H), 7.65 (dd, J/=13.4, 7.9 Hz,
4H), 7.47 (t, J=7.4 Hz, 2H), 7.40 (t, J=7.3 Hz, 1H),
6.06~6.00 (m, 1H), 5.91~5.85 (m, 1H), 5.59~5.53 (m,
1H), 2.22~2.12 (m, 1H), 2.12~2.06 (m, 1H), 2.01 (ddd,
J=13.4,8.5,3.7 Hz, 1H), 1.97~1.82 (m, 2H), 1.74 (ddd,
J=10.5, 8.5, 5.4 Hz, 1H); >C NMR (CDCL, 101 MHz) :
166.19, 145.57, 140.17, 132.93, 130.21, 129.64, 129.00,
128.17, 127.36, 127.05, 125.88, 68.71, 28.55, 25.07, 19.08.

Cyclohex-2-en-1-yl 4-(tert-butyl)benzoate (3h):**! 46.6
mg, yield 60%, yellow oil. 'H NMR (CDCls, 400 MHz) &:
7.99 (d, J=8.5 Hz, 2H), 7.45 (d, J=38.5 Hz, 2H), 6.03~
5.96 (m, 1H), 5.87~5.79 (m, 1H), 5.51 (d, J=1.9 Hz, 1H),
2.19~2.03 (m, 2H), 1.97 (ddd, J=18.0, 8.2, 3.6 Hz, 1H),
1.86 (dddd, J=16.7, 13.7,9.0, 4.8 Hz, 2H), 1.75~1.64 (m,
1H), 1.34 (s, 9H); 13C NMR (CDCls, 101 MHz) 6: 166.35,
156.48, 132.77, 129.59, 128.14, 126.02, 125.34, 68.42,
35.15,31.24, 28.57, 25.08, 19.09.

Cyclohex-2-en-1-yl 4-hydroxybenzoate (3i): 41.6 mg,
yield 64%. Yellow solid, m.p. 109~110 C; 'H NMR
(CDCl3, 400 MHz) 6: 7.95 (d, J=8.8 Hz, 2H), 7.22 (s, 1H),
6.89 (d, J=8.8 Hz, 2H), 6.00 (dt,/=10.0, 3.3 Hz, 1H), 5.82
(ddt, J=10.1, 4.1, 2.2 Hz, 1H), 5.48 (tdd, J/=5.7, 3.6, 1.9
Hz, 1H), 2.12 (dtdd, J=13.5, 5.7, 3.8, 1.9 Hz, 1H), 2.02
(dddt, J=19.4, 6.3, 4.6, 2.2 Hz, 1H), 1.98~1.91 (m, 1H),
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1.85 (dddd, J=22.2,10.9, 5.9, 3.3 Hz, 2H), 1.69 (dddd, J=
13.5, 8.0, 5.6, 3.2 Hz, 1H); *C NMR (CDCl;, 101 MHz) &:
166.96, 166.91, 160.70, 160.65, 133.00, 131.99, 125.63,
122.53, 115.31, 68.77, 28.44, 24.95, 18.92. IR (KBr) v:
3381, 1690, 1595, 1278 cm™ . HRMS calcd for C13H1403Na
[M+Na]" 241.0943, found 241.0827.

Cyclohex-2-en-1-yl 4-fluorobenzoate (3j):1>! 61.6 mg,
yield 93%, yellow oil. '"H NMR (CDCl;, 400 MHz) &:
8.10~8.00 (m, 2H), 7.08 (t, J=8.6 Hz, 2H), 6.03~5.95
(m, 1H), 5.85~5.78 (m, 1H), 5.52~5.45 (m, 1H), 2.19~
2.08 (m, 1H), 2.04 (dd, J=6.3, 2.5 Hz, 1H), 1.96 (ddd, J=
17.9,8.2, 4.1 Hz, 1H), 1.91~1.77 (m, 2H), 1.75~1.63 (m,
1H); 3C NMR (CDCls, 101 MHz) 6: 166.93 (C-1), 165.24,
164.41 (C-1), 132.96, 132.15 (C-3), 132.06 (C-3), 127.05
(C-4), 127.02 (C-4), 125.60, 115.47 (C-2), 115.26 (C-2),
68.75, 28.40, 24.93, 18.92; '°F NMR (CDCl;, 471 MHz) §:
—106.14 (p, J=1.0, 6.6 Hz).

0 /@
3
F™a

Cyclohex-2-en-1-yl 4-chlorobenzoate (3k):*! 70.1 mg,
yield 99%, yellow oil. "H NMR (CDCls, 400 MHz) §: 7.97
(d, J=8.5Hz, 2H), 7.38 (d, J=8.5 Hz, 2H), 6.04~5.96 (m,
1H), 5.85~5.78 (m, 1H), 5.48 (d, J=2.1 Hz, 1H), 2.18~
2.08 (m, 1H), 2.04 (dd, J=4.6, 2.5 Hz, 1H), 1.96 (ddd, J=
18.0, 8.9, 4.0 Hz, 1H), 1.91~1.76 (m, 2H), 1.74~1.64 (m,
1H); 3C NMR (CDCl;, 101 MHz) &: 165.43, 139.26,
133.15, 131.09, 129.35, 128.69, 125.61, 69.04, 28.47,
25.03, 19.00.

Cyclohex-2-en-1-yl 4-bromobenzoate (31):*31 63.9 mg,
yield 76%, yellow oil. 'H NMR (CDCl;, 400 MHz) J: 7.90
(d, J=8.5Hz, 2H), 7.55 (d, J=8.5 Hz, 2H), 6.04~5.96 (m,
1H), 5.81 (dd, J=9.4, 2.3 Hz, 1H), 5.52~5.45 (m, 1H),
2.19~2.04 (m, 2H), 1.96 (dq, J=13.5, 4.9, 4.4 Hz, 1H),
1.84 (dddd, J=25.8, 16.0, 9.0, 3.0 Hz, 2H), 1.70 (ddd, J=
10.4, 8.5, 5.3 Hz, 1H); '*C NMR (CDCl;, 101 MHz) §:
165.58, 133.19, 131.70, 131.24, 129.80, 127.93, 125.58,
69.08, 28.47,25.03, 19.01.

Cyclohex-2-en-1-yl 4-iodobenzoate (3m):®¥ 91.9 mg,
yield 93%, yellow oil. 'H NMR (CDCl;, 400 MHz) §:
7.80~7.67 (m, 4H), 5.99 (dd, J=9.6, 2.7 Hz, 1H), 5.85~
5.76 (m, 1H), 5.52~5.44 (m, 1H), 2.19~2.07 (m, 1H),
2.07~2.01 (m, 1H), 2.01~1.91 (m, 1H), 1.90~1.75 (m,
2H), 1.69 (dtd, J/=10.2, 5.1, 2.3 Hz, 1H); *C NMR (CDCl;,
101 MHz) oJ: 165.74, 137.69, 133.14, 131.15, 130.35,
125.58, 100.61, 69.05, 69.00, 28.45, 25.02, 19.00.

Cyclohex-2-en-1-yl 4-cyanobenzoate (3n):[ 57.5 mg,
yield 84%. Yellow solid, m.p. 68 ~69 ‘C; 'H NMR
(CDCl;, 400 MHz) ¢: 8.13 (d, /=8.4 Hz, 2H), 7.72 (d, J=
8.4 Hz, 2H), 6.03 (dt, J/=38.9, 3.3 Hz, 1H), 5.85~5.77 (m,
1H), 5.54~5.47 (m, 1H), 2.19~2.04 (m, 2H), 1.98 (ddd,
J=18.0, 8.3, 3.8 Hz, 1H), 1.92~1.76 (m, 2H), 1.75~1.65
(m, 1H); *C NMR (CDCl;, 101 MHz) J: 164.65, 134.74,
133.64, 132.24, 130.21, 125.15, 118.15, 116.29, 69.74,
28.39, 25.00, 18.90.

Cyclohex-2-en-1-yl 1-naphthoate (3q):[! 39.5 mg, yield
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52%, yellow oil. 'H NMR (CDCl;, 400 MHz) &: 8.93 (d,
J=28.5 Hz, 1H), 8.19 (dd, J=7.3, 1.2 Hz, 1H), 8.01 (d, J=
8.2 Hz, 1H), 7.88 (d, /=8.1 Hz, 1H), 7.62 (ddd, J=8.5, 6.8,
1.4 Hz, 1H), 7.57~7.45 (m, 2H), 6.09~6.02 (m, 1H), 5.94
(ddt, J=10.0, 3.8, 2.0 Hz, 1H), 5.68~5.61 (m, 1H), 2.23~
2.13 (m, 1H), 2.10 (ddd, J=7.2, 5.6, 3.4 Hz, 1H), 2.07~
1.94 (m, 2H), 1.88 (ddt, J=11.2, 5.6, 2.5 Hz, 1H), 1.75 (dt,
J=112, 5.6, 2.7 Hz, 1H); *C NMR (CDCl, 101 MHz) §:
167.40, 133.94, 133.19, 133.08, 131.44, 130.16, 128.60,
127.93, 127.71, 126.21, 125.95, 125.83, 124.59, 68.86,
28.58,25.09, 19.11.

Cyclohex-2-en-1-yl thiophene-2-carboxylate (3r):[¢1 53.2
mg, yield 85%, yellow oil. 'H NMR (CDCl;, 400 MHz) &:
7.79 (dd, J=3.7,1.2 Hz, 1H), 7.52 (dd, J/=5.0, 1.2 Hz, 1H),
7.08 (dd, J=4.9, 3.8 Hz, 1H), 6.04~5.94 (m, 1H), 5.81
(ddd, J=7.9, 3.4, 1.7 Hz, 1H), 5.51~5.42 (m, 1H), 2.18~
2.07 (m, 1H), 2.08~1.97 (m, 1H), 1.97~1.76 (m, 3H), 1.68
(dddt, J=13.7, 8.3, 5.6, 3.0 Hz, 1H); 3C NMR (CDCl;, 101
MHz) ¢: 162.00, 134.56, 133.25, 133.06, 132.21, 127.70,
125.61, 69.04, 28.45, 24.98, 18.96.

Cyclohex-2-en-1-yl furan-2-carboxylate (3s):®"1 47.2
mg, yield 82%, yellow oil. '"H NMR (CDCls, 400 MHz) ¢:
7.59~7.53 (m, 1H), 7.18~7.12 (m, 1H), 6.48 (dd, J=3.5,
1.7 Hz, 1H), 6.03~5.96 (m, 1H), 5.82~5.75 (m, 1H),
5.53~5.43 (m, 1H), 2.17~2.06 (m, 1H), 2.06~1.97 (m,
1H), 1.96~1.84 (m, 2H), 1.84~1.74 (m, 1H), 1.72~1.61
(m, 1H); 3C NMR (CDCls, 101 MHz) &: 158.54, 146.19,
145.15, 133.23, 12546, 117.73, 111.79, 68.88, 28.42,
24.95, 18.96.

Cyclohex-2-en-1-yl cinnamate (3t):!®) 55.8 mg, yield
82%, yellow oil. 'H NMR (CDCl;, 400 MHz) &: 7.69 (d,
J=16.0 Hz, 1H), 7.52 (dd, J/=6.6, 2.8 Hz, 2H), 7.41~7.34
(m, 3H), 6.45 (d, J/=16.0 Hz, 1H), 6.03~5.96 (m, 1H),
5.84~5.75 (m, 1H), 5.46~537 (m, 1H), 2.18~2.07 (m,
1H), 2.02 (s, 1H), 1.95 (ddt, J=13.5, 9.0, 3.7 Hz, 1H),
1.86~1.75 (m, 2H), 1.68 (ddt, J=13.2, 7.8, 3.0 Hz, 1H);
3C NMR (CDCl;, 101 MHz) J: 166.72, 144.61, 134.63,
132.87, 130.27, 128.96, 128.14, 125.90, 118.75, 68.27,
28.51,25.02, 19.04.

Cyclohex-2-en-1-yl 3-phenylpropanoate (3u):[*! 65.5 mg,
yield 95%, yellow oil. '"H NMR (CDCls, 400 MHz) d:
7.31~7.24 (m, 2H), 7.20 (d, J=7.4 Hz, 3H), 5.93 (dtd, J=
10.1, 3.8, 1.3 Hz, 1H), 5.67 (ddt, J=10.1, 4.1, 2.2 Hz, 1H),
5.27 (dtt, J=5.3, 3.7, 1.6 Hz, 1H), 2.95 (t, J/=7.8 Hz, 2H),
2.62 (dd, J=8.5, 7.1 Hz, 2H), 2.12~1.92 (m, 2H), 1.89~
178 (m, 1H), 1.75~1.55 (m, 3H); 3C NMR (CDCls, 101
MHz) ¢: 172.61, 140.60, 132.69, 128.48, 128.36, 126.24,
125.73, 68.16, 36.25, 31.12, 28.32, 24.90, 18.88.

Cyclohex-2-en-1-yl benzoylglycinate (3v):[ 28.8 mg,
yield 37%. Yellow solid, m.p. 69~70 ‘C; 'H NMR
(CDCls, 400 MHz) &: 7.87~7.79 (m, 2H), 7.53 (t, J=7.3
Hz, 1H), 7.46 (t, J=7.5 Hz, 2H), 6.73 (s, 1H), 6.05~5.98
(m, 1H), 5.79~5.71 (m, 1H), 5.39 (d, J=3.3 Hz, 1H), 4.25
(dd, J=5.0, 1.6 Hz, 2H), 2.19~1.97 (m, 2H), 1.91 (ddd,
J=13.5,9.3, 5.4 Hz, 1H), 1.86~1.73 (m, 2H), 1.73~1.63
(m, 1H); 3C NMR (CDCls, 101 MHz) &: 169.92, 133.69,
131.89, 128.74, 127.20, 125.01, 69.83, 42.24, 28.31, 24.94,
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18.78.

cyclopent-2-en-1-yl benzoate (4a):'Y 33.3 mg, yield
59%, yellow oil. '"H NMR (CDCl;, 400 MHz) 6: 8.08~7.97
(m, 2H), 7.58~7.50 (m, 1H), 7.42 (dd, J=8.4, 7.0 Hz, 2H),
6.16 (dt, J=4.5, 2.2 Hz, 1H), 5.99~5.90 (m, 2H), 2.66~
2.54 (m, 1H), 2.46~2.32 (m, 2H), 2.02~1.92 (m, 1H); 13C
NMR (CDCIs, 101 MHz) 6: 166.71, 137.81, 132.87, 130.85,
129.70, 129.52, 128.39, 31.31, 30.04.

cyclooct-2-en-1-yl benzoate (4b):['%1 47.8 mg, yield 69%,
yellow oil. '"H NMR (CDCl3, 400 MHz) 6: 8.08~8.02 (m,
2H), 7.57~7.51 (m, 1H), 7.43 (dd, J=8.4, 6.9 Hz, 2H),
5.91 (dddd, /=8.4, 6.6, 4.9, 2.5 Hz, 1H), 5.72 (dddd, J=
10.6, 8.7, 7.0, 1.5 Hz, 1H), 5.62 (ddd, /=10.8, 6.9, 1.2 Hz,
1H), 2.41~2.28 (m, 1H), 2.16 (ddt, J=13.9, 7.6, 4.1 Hz,
1H), 2.06 (qt, J=8.3, 2.9 Hz, 1H), 1.79~1.52 (m, 5H), 1.44
(tdd, J=12.9, 6.5, 3.6 Hz, 2H); '3C NMR (CDCl;, 101
MHz) J: 166.07, 132.85, 130.88, 130.79, 129.96, 129.67,
128.37, 73.09, 35.25, 28.94, 26.52, 26.01, 23.52.

2,3-dimethylbut-2-en-1-yl benzoate (4ca)”+2,3-dime-
thylbut-3-en-2-yl benzoate (4cb): 49.3 mg, yield 81%.
4cb D 4ca=11.6 : 1, yellow oil. 'H NMR (CDCl;, 400
MHz) &: 8.11 (dd, J=8.3, 1.4 Hz, 2H), 8.09~8.05 (m,
23.2H), 7.62~7.55 (m, 12.6H), 7.51~7.44 (m, 25.2H),
5.07 (s, 11.6H), 4.97 (p, J=1.4 Hz, 11.6H), 4.91 (s, 2H),
1.87 (d,J=1.5 Hz, 3H), 1.85 (t, J=1.0 Hz, 34.8H), 1.84 (s,
3H), 1.79 (s, 3H), 1.74 (s, 69.6H); 13C NMR (CDCls, 101
MHz) J: 165.35, 148.44, 132.85, 132.70, 131.59, 129.68,
129.58, 128.40, 128.36, 110.29, 83.36, 26.66, 21.03, 18.86,
16.83; IR (KBr) v: 1719, 1283, 1109, 712 cm '; HRMS
caled for C;3sH;s0.Na [M + Na] © 227.1150, found
227.1038.

2-Methylbut-2-en-1-yl benzoate (4da)?31+3-methylbut-
3-en-2-yl benzoate (4db)?!+ 3-methylbut-2-en-1-yl ben-
zoate (4dc)?71+2-methylbut-3-en-2-yl benzoate (4dd):*!
62%,35.4mg.4da : 4db : 4dc : 4dd=1: 6.6 . 1.5 3.2,
yellow oil. 'H NMR (CDCl;, 400 MHz) J: 8.07 (d, J=7.0
Hz, 14H), 8.06~7.99 (m, 13H), 7.58 ~7.50 (m, 13H),
7.47~7.38 (m, 27H), 6.21 (dd, J=17.5, 10.9 Hz, 3.2H),
5.68~5.61 (m, 1H), 5.54 (q, J=6.5 Hz, 6.6H), 5.51~5.45
(m, 1.5H), 5.28 (d, J/=17.5 Hz, 3.2H), 5.14 (dd, /=10.9,
0.6 Hz, 3.2H), 5.06 (s, 6.6H), 4.91 (s, 6.6H), 4.83 (d, J=7.2
Hz, 3H), 4.72 (s, 2H), 1.83 (s, 19.8H), 1.79 (s, 4.5H), 1.78
(s, 4.5H), 1.74 (s, 3H), 1.69 (d, J=3.2 Hz, 3H), 1.67 (s,
19.2H), 1.47 (s, 9.9H), 1.45 (s, 9.9H); 3C NMR (CDCl;,
101 MHz) oJ: 165.87, 144.73, 142.72, 139.22, 132.95,
132.89, 132.68, 130.80, 129.70, 129.59, 128.45, 128.41,
128.34, 112.94, 111.78, 74.11, 70.80, 62.00, 26.72, 25.90,
19.35, 18.50, 18.23.

Hex-1-en-3-yl benzoate (4ea)*”+hex-2-en-1-yl benzo-
ate (4eb):B% 30.4 mg, yield 50%. 4ea . 4eb=7.3 : 1, yel-
low oil. 'H NMR (CDCl;, 400 MHz) &: 8.09~8.03 (m,
16.6H), 7.55 (s, 8.3H), 7.44 (d, J=15.2 Hz, 16.6H), 5.90
(ddd, J=17.0, 10.5, 6.2 Hz, 7.3H), 5.83 (d, /=6.6 Hz, 1H),
5.72~5.65 (m, 1H), 5.51 (q, J=6.1 Hz, 7.3H), 5.34 (s,
7.3H), 5.20 (d, J=10.5 Hz, 7.3H), 4.77 (d, J=6.4 Hz, 2H),
2.07 (d, J=7.1 Hz, 2H), 1.83~1.71 (m, 14.6H), 1.45 (ddd,
J=15.6, 11.8, 7.2 Hz, 19.6H), 0.96 (t, J=7.4 Hz, 21.9H);
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3C NMR (CDCl;, 101 MHz) J: 166.01, 136.78, 132.96,
130.77, 129.73, 129.71, 128.48, 128.45, 128.40, 116.63,
36.60, 22.20, 18.52, 14.01.

Oct-1-en-3-yl benzoate (4fa)l*!1+oct-2-en-1-yl benzoate
(4fb): 77%, 53.8 mg. 4fa . 4fb=74 . 1, yellow oil. 'H
NMR (CDCls, 400 MHz) 6: 8.10~8.03 (m, 16.8H), 7.54 (d,
J=17.4 Hz, 8.4H), 7.44 (t, J=7.6 Hz, 16.8H), 5.88 (dd, J=
10.6, 6.4 Hz, 7.4H), 5.84 (d, J/=6.6 Hz, 1H), 5.72~5.64
(m, 1H), 5.50 (d, J=7.0 Hz, 7.4H), 5.32 (d, J=172 Hz,
7.4H), 5.20 (d,J=10.5 Hz, 7.4H), 4.7 (d, J=5.7 Hz, 2H),
2.08 (dd, J=14.9, 7.9 Hz, 5H), 1.85~1.66 (m, 22.2H),
1.46~1.37 (m, 22.2H), 0.88 (t, J=6.9 Hz, 43H); ’C NMR
(CDCl3, 101 MHz) ¢: 165.97, 136.78, 132.93, 130.77,
129.69, 128.43, 123.89, 116.65, 75.48, 65.86, 34.42, 31.71,
24.87,22.78, 22.63, 14.22, 14.09; IR (KBr) v: 2957, 2930,
2859, 1721, 1271, 1111, 712 cm '; HRMS caled for Cis-
Ha00:Na [M+Na]® 255.3230, found 255.1356.

1-Phenylethyl benzoate (4h):[1 27.6 mg, yield 41%,
yellow oil. 'H NMR (CDCl;, 400 MHz) &: 8.12 (dt, J=7.1,
1.4 Hz, 2H), 7.64~7.56 (m, 1H), 7.51~7.44 (m, 6H), 7.40
(ddt,J=7.9,5.8, 1.6 Hz, 5H), 7.34 (td, J/=7.4, 7.0, 1.5 Hz,
3H), 6.18 (q, J=6.6 Hz, 1H), 1.71 (d, J=6.6 Hz, 3H); 13C
NMR (CDCls, 101 MHz) 6: 165.84, 141.83, 132.93, 130.58,
129.67, 128.58, 128.36, 127.91, 126.08, 72.94, 22.44.

2,3-Dihydro-1H-inden-1-yl benzoate (4i):!'" 15 mg,
yield 21%, yellow oil. 'H NMR (CDCl;, 400 MHz) J:
8.08~8.02 (m, 2H), 7.57~7.52 (m, 1H), 7.51 (d, J=7.5
Hz, 1H), 7.42 (dd, J=8.4, 7.1 Hz, 2H), 7.34~7.31 (m, 2H),
7.28~7.24 (m, 1H), 6.47 (dd, J=7.1, 4.1 Hz, 1H), 3.20
(ddd, J=15.0, 8.6, 5.9 Hz, 1H), 2.96 (ddd, /=16.0, 8.5, 5.3
Hz, 1H), 2.65 (dddd, J=14.3, 8.6, 7.0, 5.9 Hz, 1H), 2.25
(dddd, J=13.9, 8.9, 5.2, 4.0 Hz, 1H); 3C NMR (CDCl,
101 MHz) ¢J: 166.73, 144.55, 141.26, 133.02, 130.64,
129.82, 129.09, 128.43, 126.87, 125.81, 124.97, 32.63,
30.43.

1-(Cyclohex-2-en-1-yloxy)-2,2,6,6-tetramethylpiperi-
dine (6a): HRMS calcd for C;sHsNO [M+H]" 238.2093,
found 238.2167.

Supporting Information Supplemental result and spectra
for corroles, metallocorroles, compounds 3 and 4 mentioned
in the article. The Supporting Information is available free
of charge via the Internet at http://sioc-journal.cn/.
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