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Abstract — A synthetic route toward the benzannulated dihydro-1-benzazepines
(8) with two oxygenated groups starting with 2-methoxy-5-nitrophenol (2) in high
total yield is described. Two key routes are carried by Claisen rearrangement of
allyl phenyl ethers (3) and ring-closing metathesis of dienes (7).

INTRODUCTION

A 1-benzazepine ring system is a key pharmacophore for a drug candidate and its probability for clinical
trials, for example, renal and cardiovascular agents, anti-tumor and neuroleptic agents, and potent
inhibitors and antagonists.X® It possesses a bicyclic benzannulated framework and is also known to be
widespread among promising therapeutic agents. A considerable number of attempts have been made to
develop the skeleton. The adopted synthetic routes are described in Figure 1.”%2 Basically, the key
transformations for enhancing the potential biological properties include intramolecular free radical
ring-expansion,” Claisen-type condensation of dicarbonyl compounds,® Schmidt or Beckmann
rearrangement of 1-tetralone, transition metal-mediated tandem coupling reaction of aniline with alkenes
(e.g., Pd, Rh, Ir, Ru, Ni, Mo),*%% 1 3-dipolar cycloaddition of nitrone,*? and other approaches.t®
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Figure 1. Synthetic Strategies toward 1-Benzazepine (1)
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RESULTS AND DISCUSSION

Compounds Sa~51 were easily acquired from commercially available 2-methoxy-5-nitrophenol (2) in
moderate three-step yields overall, according to reported procedures, with a reaction sequence of
O-allylation for 2 (R = H, allyl; R = Ph, cinnamyl; R = Me, crotyl) and a Claisen rearrangement of 3a~3c,
followed by O-alkylation of the corresponding 4a~4¢ (R3; = methyl, isopropyl, n-butyl, 3-phenylpropyl,
n-octyl, n-dodecyl, cyclopentyl, benzyl, 3-methoxyphenylmethyl). There are a number of processes
available to report this Claisen rearrangement, but generally, the skeleton of allyloxybenzene, with a nitro

group, is not chosen as the best substrate because the nitro group exhibits a strong electron-withdrawing
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effect and thermal instability to easily generate complex results under the heating conditions.'* To date,

there have been few investigations into synthesizing the skeleton of 2-allyl-3-nitrophenol using a thermal

Claisen rearrangement as the key step.™> By controlling the reaction temperature and time, better results

were detected in the refluxing decalin solution. After screening substrates, solvents, temperature and time,

we found that entry 1 provided the optimized condition and a better yield, as shown in Table 1.
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Scheme 1. Synthesis of skeleton (5)

Table 1. Claisen rearrangement conditions of skeleton (3)*®

Entry Reactant 3 Solvent Temp (°C) Time (h) 413, Yield (%)°
1 3a decalin reflux 15 4a, 72 / 3a, trace
2 3a decalin reflux 3.0 4a, 25/ 3a, trace
3 3a decalin 140 3.0 4a, 30/ 3a, 45
4 3a decalin 140 6.0 4a, 35/ 3a, 36
5 3a DMF reflux 15 4a, 40/ 3a, 43
6 3a PhNMe, reflux 15 4a,30/3a,13
7 3a toluene reflux 15 4a,~10/3a, 78
8 3b decalin reflux 1.0 4b, 70/ 3b, 14
9 3b decalin reflux 15 4b, 80 / 3b, trace
10 3c decalin reflux 15 4c,66/3c, 11

*The reactions were run on a 3.0 mmol scale with 3a~3c. "4a~4c was >95% pure as determined by NMR
analysis. “The unknown mixture was isolated in different yield (entry 1, 15%; entry 2, 58%; entry 3, 16%;
entry 4, 22%; entry 5, 10%; entry 6; 50%; entry 7, <10%; entry 8, 11%,; entry 9, <10%; entry 10, 17%).
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For the generation of 4a, the optimal reaction condition of Claisen rearrangement should be in a refluxing
decalin for a period of 1.5 h. When the reaction time is increased to 3 h, the desired 4a is isolated in a
25% yield and the insoluble black solid is isolated as the unknown product (58%). To decrease the
generation of major unknown products, we tried to decrease the reaction temperature and increase the
reaction time. However, the major 3a is recovered and an unknown mixture is still produced, as shown in
entries 3~4. When changing the reaction solvent to three other solvents (DMF, PhNMe;,, toluene), 4a
provided poorer yields than entry 1 (see entries 5~7). Also, entries 8~10 exhibited similar results for the

formation of 4b and 4c.%®
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6h, OH (from 5b, 80%; 5, 68%; 5h, 75%; 5i, 69%) R,=X=Y=H, R;=,
7h, O-allyl (85%)

Scheme 2. Synthesis of skeleton (7)

Furthermore, conversion of skeleton 5 into 6 affords 47%~80% yields via the activated zinc-mediated
reduction with the presence of 10% HCI in MeOH at rt for 2 h followed by treatment of the corresponding
aniline with phenylsulfonyl chloride (PhSO,CI) and K,COs at rt for 4 h, as shown in Scheme 2. Then,
7a~T7h are prepared by allylation of 6a~6h in 40%~90% yields. Under the above mentioned conditions,
compounds 5b, 5g, 5h and 5i, are converted to 6h in 80%, 68%, 75% and 69% vyields, respectively.
Notably, the R; group of 5b (isopropyloxy), 5g (cyclopentyloxy), 5h (benzyloxy) and 5i
(3-methoxybenzyloxy) are easily transformed to the hydroxyl group due to the sensitivity of the
secondary alkyl or benzyl group under the acidic reduction condition. The structure of 6h was determined
using single-crystal X-ray analysis.X* For two N-sulfonylation and allylation reactions, the isolated yields
of 6f and 7f from 5) and 6f (Y = Ph) are relatively poorer (47% or 40%). We envisioned that
N-sulfonylation should exhibit in the methylene position between the phenyl and cinnamyl group to cause
the complex reaction under a mild basic condition. Because acetone could be used as the same reaction
solvent for N-sulfonylation and N-allylation, a combination of the two steps was required. We chose 5a
as the substrate to examine the one-pot reaction. In comparing the two routes, we found that the one-pot
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reaction provided 7a in a higher yield (80%) than the three-step reaction process (72%) did. The one-pot
method provides a rapid process to generate 7. To construct 8, 7 with the diallyl group was subjected to
an intramolecular ring-closing metathesis (RCM) by using Grubbs second generation catalyst in CH,Cl,
according to reported conditions.**% 8a~8g in 80%~93% yields were isolated, as shown in Scheme 3.

With the results, a rapid synthetic route for establishing the dihydro-1-benzazepine skeleton could be

found.
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8a, OMe (93%); 8b, O-n-C4Hg (84%)
8c, O-(CH2)3Ph (88%), 8d, O-n-CgHj7 (90%)
8e, O-n-Cy,Has (88%)
Ry=X=H, Y=Ph, R,=,
8f, OMe (80%)
R,=Y=H, X=Me, R;=,
8g, OMe (82%)

Scheme 3. Synthesis of skeleton (8)
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Scheme 4. Synthesis of compounds (8h) and (9)

Under this synthetic sequence, 8h and 9 were synthesized in 62% and 30% via the double allylation of 6h
and ring-closing metathesis of 7h with three allyl groups, as shown in Scheme 4. Attempts to achieve sole
O- or N-allylation of 6h failed due to the competitive allylation of 6h. Interestingly, when reaction of 7h
was treated with Grubbs first generation catalyst in CH,Cl,, the yields from 8h (47%) and 9 (44%)
provided a nearly 1/1 ratio. For the two kinds of Grubbs catalysts, both major products were 8h during

reaction conditions.

CONCLUSION
In summary, we have successfully presented a synthetic route for the synthesis of 8a~8h via Claisen

rearrangement, reduction, sulfonylation, allylation and ring-closing metathesis. This synthesis begins with
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simple starting materials and reagents, and provides a new synthetic route toward the skeleton of

1-benzazepines.

EXPERIMENTAL

General. THF was distilled prior to use. All other reagents and solvents were obtained from commercial
sources and used without further purification. Reactions were routinely carried out under an atmosphere
of dry nitrogen with magnetic stirring. Products in organic solvents were dried with anhydrous
magnesium sulfate before concentration in vacuo. Melting points were determined with a SMP3 melting
apparatus. *H and **C NMR spectra were recorded on a Varian INOVA-400 spectrometer operating at
400 and at 100 MHz, respectively. Chemical shifts (5) are reported in parts per million (ppm) and the
coupling constants (J) are given in Hertz. High resolution mass spectra (HRMS) were measured with a
mass spectrometer Finnigan/Thermo Quest MAT 95XL. X-ray crystal structures were obtained with an
Enraf-Nonius FR-590 diffractometer (CAD4, Kappa CCD). Elemental analyses were carried out with
Heraeus Vario I11-NCSH, Heraeus CHN-OS-Rapid Analyzer or Elementar Vario EL I1I.

A representative synthetic procedure of skeleton (3) is as follows: K,CO3 (1.38 g, 10.0 mmol) was added
to a solution of 2 (845 mg, 5.0 mmol) in acetone (30 mL) at rt. The reaction mixture was stirred at rt for
10 min. Different allylic bromide (7.5 mmol, for 3a, allyl bromide 900 mg; for 3b, cinnamyl bromide,
1.48 g; for 3c, crotyl bromide, 1.00 g) was added to the reaction mixture at rt. The reaction mixture was
stirred at reflux for 10 h. The reaction was monitored by TLC until 2a was consumed. The reaction
mixture was cooled to rt, concentrated, and partitioned with EtOAc (3 x 30 mL) and water. The combined
organic layers were washed with brine, dried, filtered and evaporated to afford crude product under
reduced pressure. Purification on silica gel (hexanes/EtOAc=10/1~8/1) afforded 3a~3c.
2-Allyloxy-1-methoxy-4-nitrobenzene (3a). Yield 95% (995 mg); Yellowish solid; mp 85-87 °C
(recrystallized from hexanes and EtOAc); HRMS (ESI, M*+1) calcd for CioH12NO, 210.0766, found
210.0770; *H NMR (400 MHz, CDCls): & 7.93-7.91 (dd, J = 2.8, 8.8 Hz, 1H), 7.75 (d, J = 2.8 Hz, 1H),
6.92 (d, J = 8.8 Hz, 1H), 6.13-6.03 (m, 1H), 5.46 (dq, J = 1.6, 17.2 Hz, 1H), 5.36 (dg, J = 1.6, 10.4 Hz,
1H), 4.68 (dt, J = 1.6, 5.6 Hz, 2H), 3.97 (s, 3H); *C NMR (100 MHz, CDCls): § 154.83, 147.69, 141.30,
131.94, 119.09, 117.93, 110.04, 108.12, 70.05, 56.41; Anal. Calcd for C;oH1:NOg4: C, 57.41; H, 5.30; N,
6.70. Found: C, 57.62; H, 5.22; N, 6.92.

2-Cinnamyloxy-1-methoxy-4-nitrobenzene (3b). Yield 92% (1.31 g); Yellowish solid; mp 112-114 °C
(recrystallized from hexanes and EtOAc); HRMS (ESI, M*+1) calcd for CisH1sNO, 286.1079, found
286.1083; 'H NMR (400 MHz, CDCls): & 7.89 (dd, J=2.4, 8.8 Hz, 1H), 7.79 (d, J = 2.4 Hz, 1H),
7.42-7.41 (m, 2H), 7.36-7.24 (m, 3H), 6.89 (d, J = 9.2 Hz, 1H), 6.77 (d, J = 16.0 Hz, 1H), 6.43 (dt, J = 6.0,
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16.0 Hz, 1H), 4.78 (d, J=6.0 Hz, 2H), 3.95 (s, 3H); *C NMR (100 MHz, CDCls): & 154.65, 147.48,
141.01, 135.82, 134.14, 128.36 (2x), 127.92, 126.45 (2x), 122.75, 117.71, 109.87, 107.81, 69.66, 56.15;
Anal. Calcd for C16H16NO4: C, 67.36; H, 5.30; N, 4.91. Found: C, 57.62; H, 5.22; N, 5.19.
2-But-2-enyloxy-1-methoxy-4-nitrobenzene (3c). Yield 90% (1.01 g); Yellowish solid; mp 70-72 °C
(recrystallized from hexanes and EtOAc); HRMS (ESI, M*+1) calcd for C1:H14NO, 224.0923, found
224.0928; 'H NMR (400 MHz, CDCl3): & 7.90 (dd, J = 2.4, 8.8 Hz, 1H), 7.74 (d, J = 2.4 Hz, 1H), 6.90 (d,
J = 9.2 Hz, 1H), 5.97-5.88 (m, 1H), 5.80-5.72 (m, 1H), 4.59 (dd, J = 1.2, 6.0 Hz, 2H), 3.96 (s, 3H), 1.77
(dd, J=1.2, 7.2 Hz, 3H); 3¢ NMR (100 MHz, CDCl3): 6 154.80, 147.83, 141.30, 132.14, 124.78, 117.69,
109.90, 107.88, 69.94, 56.38, 17.86; Anal. Calcd for C;3H13NO4: C, 59.19; H, 5.87; N, 6.27. Found: C,
59.41; H, 6.02; N, 6.56.

A representative synthetic procedure of skeleton (4) is as follows: Decalin (8 mL) was added to a
solution of 3 (3.0 mmol) at rt. The reaction mixture was stirred at reflux for 1.5 h. The reaction mixture
was cooled to rt. Decalin was evaporated to afford crude product under reduced pressure. Purification on
silica gel (hexanes/EtOAc = 8/1~4/1) afforded 4a~4c.

2-Allyl-6-methoxy-3-nitrophenol (4a). In Table 1, entry 1; Yield 72% (450 mg); Yellowish oil; HRMS
(ESI, M*+1) calcd for C1oH12NO, 210.0766, found 210.0771; *H NMR (400 MHz, CDCls): & 7.62 (d, J =
9.2 Hz, 1H), 6.80 (d, J = 9.2 Hz, 1H), 6.05-6.95 (m, 1H), 5.96 (s, 1H), 5.07 (dg, J = 1.6, 17.2 Hz, 1H),
5.04 (dg, J = 1.6, 10.4 Hz, 1H), 3.98 (s, 3H), 3.74 (dt, J = 1.6, 6.0 Hz, 2H); **C NMR (100 MHz, CDCls):
6 149.86 (2x), 144.18, 134.61, 121.88, 117.56, 115.90, 107.47, 56.37, 29.74.
2-Methoxy-5-nitro-4-(3-phenylallyl)phenol (4b). In Table 1, entry 9; Yield 80% (684 mg); Yellowish oil;
HRMS (ESI, M*+1) calcd for C16H16NO, 286.1079, found 286.1083; *H NMR (400 MHz, CDCl3): & 7.61
(s, 1H), 7.37-7.20 (m, 5H), 6.77 (s, 1H), 6.47 (d, J = 16.0 Hz, 1H), 6.36 (dt, J = 6.4, 16.0 Hz, 1H), 5.75 (s,
1H), 3.96 (s, 3H), 3.84 (dt, J = 1.2, 6.4 Hz, 2H); *C NMR (100 MHz, CDCls): § 150.47, 144.03, 137.09,
131.85, 130.14, 129.30, 128.52 (2x), 127.34, 127.21, 126.17 (2x), 112.54, 111.66, 56.35, 36.73.
6-Methoxy-2-(1-methylallyl)-3-nitrophenol (4c). In Table 1, entry 10; Yield 66% (441 mg); Yellowish
solid; mp 100-102 °C (recrystallized from hexanes and EtOAc); HRMS (ESI, M*+1) calcd for C1;H14NO,
224.0923, found 224.0924; *H NMR (400 MHz, CDCls): 6 7.32 (d, J = 8.4 Hz, 1H), 6.76 (d, J = 8.8 Hz,
1H), 6.31-6.22 (m, 1H), 6.04 (s, 1H), 5.10 (dt, J = 1.6, 17.2 Hz, 1H), 5.05 (dt, J = 1.6, 10.4 Hz, 1H),
4.03-3.99 (m, 1H), 3.96 (s, 3H), 1.51 (d, J = 7.2 Hz, 3H); *C NMR (100 MHz, CDCls): & 149.42, 144.41,
140.15 (2x), 125.58, 116.58, 114.52, 107.47, 56.36, 36.45, 17.91; Anal. Calcd for C13H13NO,: C, 59.19;
H, 5.87; N, 6.27. Found: C, 59.35; H, 5.98; N, 6.45.

A representative synthetic procedure of skeleton (5) is as follows: K,CO3 (280 mg, 2.0 mmol) was added
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to a solution of 4 (1.0 mmol) in acetone (10 mL) at rt. The reaction mixture was stirred at rt for 10 min.
Different alkyl halide (1.5 mmol, for 5a, 5j and 5I, methyl iodide, 210 mg; for 5b, isopropyl bromide, 185
mg; for 5¢ and 5k, n-butyl bromide, 206 mg; for 5d, 3-phenylpropyl bromide, 300 mg; for 5e, n-octyl
bromide, 290 mg; for 5f, n-dodecyl bromide, 375 mg; for 5g, cyclopentyl bromide, 225 mg; for 5h,
benzyl bromide, 260 mg; for 5i, 3-methoxyphenylmethyl bromide, 305 mg) was added to the reaction
mixture at rt. The reaction mixture was stirred at reflux for 10 h. The reaction mixture was cooled to rt,
concentrated, and partitioned with EtOAc (3 x 30 mL) and water. The combined organic layers were
washed with brine, dried, filtered and evaporated to afford crude product under reduced pressure.
Purification on silica gel (hexanes/EtOAc = 10/1~8/1) afforded 5a~5l.
2-Allyl-3,4-dimethoxy-1-nitrobenzene (5a). Yield 92% (205 mg); Yellowish oil; HRMS (ESI, M*+1)
calcd for C11H14NOy4 224.0923, found 224.0928; *H NMR (400 MHz, CDCls): § 7.82 (d, J = 8.8 Hz, 1H),
6.86 (d, J = 8.8 Hz, 1H), 6.03-5.93 (m, 1H), 5.05-4.98 (m, 2H), 3.95 (s, 3H), 3.84 (s, 3H), 3.77 (dt, J = 1.6,
6.0 Hz, 2H); *C NMR (100 MHz, CDCl3): 5 156.85, 147.58, 142.90, 134.39, 130.40, 121.93, 115.93,
109.29, 61.10, 56.06, 30.04.

2-Allyl-3-isopropoxy-4-methoxy-1-nitrobenzene (5b). Yield 88% (221 mg); Yellowish oil; HRMS (ESI,
M*+1) calcd for C13H1sNO,4 252.1236, found 252.1242; *H NMR (400 MHz, CDCls): 6 7.75 (d, J = 9.2
Hz, 1H), 6.83 (d, J = 9.2 Hz, 1H), 5.95-5.85 (m, 1H), 5.02-4.95 (m, 2H), 4.60-4.54 (m, 1H), 3.92 (s, 3H),
3.80 (dt, J = 1.6, 6.0 Hz, 2H), 1.29 (d, J = 6.0 Hz, 6H); *C NMR (100 MHz, CDCls): § 156.75, 145.29,
142.88, 134.92, 130.39, 121.29, 115.87, 108.96, 75.42, 55.97, 30.18, 22.50 (2x).
2-Allyl-3-butoxy-4-methoxy-1-nitrobenzene (5c). Yield 88% (233 mg); Yellowish oil; HRMS (ESI,
M*+1) calcd for C14H20NO,4 266.1392, found 266.1394; *H NMR (400 MHz, CDCls): 6 7.80 (d, J = 9.2
Hz, 1H), 6.84 (d, J = 9.2 Hz, 1H), 6.01-5.91 (m, 1H), 5.03-4.97 (m, 2H), 3.94 (t, J = 6.8 Hz, 2H), 3.93 (s,
3H), 3.78 (dt, J = 1.6, 6.0 Hz, 2H), 1.81-1.74 (m, 2H), 1.57-1.46 (m, 2H), 0.98 (t, J = 7.2 Hz, 3H); **C
NMR (100 MHz, CDCl5): 6 156.93, 146.89, 142.50, 135.39, 130.39, 121.75, 115.82, 109.18, 73.41, 56.03,
32.22, 30.04, 19.10, 13.86.

2-Allyl-3-(1-phenylpropyloxy)-4-methoxy-1-nitrobenzene (5d). Yield 92% (300 mg); Yellowish oil;
HRMS (ESI, M*+1) calcd for C1gH2,NO,4 328.1549, found 328.1552; 'H NMR (400 MHz, CDCl3): 6 7.81
(d, J = 8.8 Hz, 2H), 7.33-7.29 (m, 1H), 7.26-7.19 (m, 3H), 6.84 (d, J = 9.2 Hz, 1H), 6.02-5.92 (m, 1H),
5.03-4.96 (m, 2H), 3.98 (t, J = 6.4 Hz, 2H), 3.91 (s, 3H), 3.78 (dt, J = 1.2, 5.6 Hz, 2H), 2.94 (t, J = 7.2 Hz,
2H), 2.17-2.09 (m, 2H); *C NMR (100 MHz, CDCls): 5 156.85, 146.76, 142.96, 141.57, 135.34, 130.35,
128.43 (2x), 128.38 (2x), 125.93, 121.83, 115.86, 109.18, 72.81, 55.98, 32.11, 31.76, 30.009.
2-Allyl-4-methoxy-1-nitro-3-octyloxybenzene (5e). Yield 91% (292 mg); Yellowish oil; HRMS (ESI,
M*+1) calcd for CigHosNO,4 322.2018, found 322.2022; *H NMR (400 MHz, CDCl5): 6 7.80 (d, J = 9.2
Hz, 1H), 6.84 (d, J = 9.2 Hz, 1H), 6.01-5.92 (m, 1H), 5.03-4.96 (m, 2H), 3.93 (t, J = 6.8 Hz, 2H), 3.93 (s,
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3H), 3.78 (dt, J = 2.0, 6.4 Hz, 2H), 1.82-1.75 (m, 2H), 1.50-1.42 (m, 2H), 1.37-1.28 (m, 8H), 0.89 (t,
J=7.2 Hz, 3H); *C NMR (100 MHz, CDCl5): & 156.94, 146.86, 142.93, 135.38, 130.40, 121.79, 115.82,
109.13, 73.73, 56.03, 31.81, 30.14, 20.06, 29.37, 29.23, 25.86, 22.64, 14.01.
2-Allyl-3-dodecyloxy-4-methoxy-1-nitrobenzene (5f). Yield 85% (320 mg); Yellowish oil; HRMS (ESI,
M*+1) calcd for C,,H3sNO4 378.2644, found 378.2646; *H NMR (400 MHz, CDCls): & 7.80 (d, J = 9.2
Hz, 1H), 6.84 (d, J = 9.2 Hz, 1H), 6.01-5.91 (m, 1H), 5.03-4.96 (m, 2H), 3.93 (t, J = 6.8 Hz, 2H), 3.93 (s,
3H), 3.78 (dt, J = 2.0, 6.4 Hz, 2H), 1.92-1.75 (m, 2H), 1.50-1.42 (m, 2H), 1.36-1.26 (m, 16H), 0.88 (t, J =
7.2 Hz, 3H); *C NMR (100 MHz, CDCls): & 156.93, 146.88, 142.96, 135.38, 130.40, 121.75, 115.82,
109.16, 73.74, 56.03, 31.91, 31.15, 30.06, 29.65, 29.62, 29.60, 29.57, 29.41, 29.34, 25.87, 22.67, 14.11.
2-Allyl-3-cyclopentyloxy-4-methoxy-1-nitrobenzene (5g). Yield 88% (244 mg); Yellowish oil; HRMS
(ESI, M*+1) calcd for C15sH2oNO, 278.1392, found 278.1397; *H NMR (400 MHz, CDCls): & 7.73 (d, J =
9.2 Hz, 1H), 6.83 (d, J = 9.2 Hz, 1H), 5.95-5.85 (m, 1H), 5.01-4.94 (m, 2H), 4.91-4.87 (m, 1H), 3.92 (s,
3H), 3.77 (dt, J = 1.6, 6.0 Hz, 2H), 1.89-1.59 (m, 8H); *C NMR (100 MHz, CDCl;): & 156.53, 145.66,
142.33, 134.93, 130.19, 121.15, 115.79, 109.13, 85.29, 55.97, 32.81 (2x), 30.05, 23.60 (2x).
2-Allyl-3-benzyloxy-4-methoxy-1-nitrobenzene (5h). Yield 92% (275 mg); Yellowish solid; mp 68-70 °C
(recrystallized from hexanes and EtOAc); HRMS (ESI, M*+1) calcd for C;7H1gNO, 300.1236, found
300.1242; *H NMR (400 MHz, CDCls): & 7.84 (d, J = 9.2 Hz, 1H), 7.47-7.33 (m, 5H), 6.89 (d, J = 9.2 Hz,
1H), 5.99-5.89 (m, 1H), 5.02-4.93 (m, 2H), 5.01 (s, 2H), 3.97 (s, 3H), 3.76 (dt, J = 1.6, 6.0 Hz, 2H); *C
NMR (100 MHz, CDCls): & 156.88, 146.37, 143.06, 136.99, 135.26, 130.66, 128.49 (2x), 128.21, 128.07
(2x), 122.08, 115.97, 109.31, 75.07, 56.11, 30.15; Anal. Calcd for C17H17NOg4: C, 68.21; H, 5.72; N, 4.68.
Found: C, 68.45; H, 6.10; N, 4.82.

2-Allyl-3-(3-methoxybenzyloxy)-4-methoxy-1-nitrobenzene (5i). Yield 90% (296 mg); Yellowish gum;
HRMS (ESI, M*+1) calcd for C1gH20NOs 330.1342, found 330.1348; *H NMR (400 MHz, CDCls): § 7.83
(d, J = 9.2 Hz, 1H), 7.31 (t, J = 9.2 Hz, 1H), 7.04 (s, 1H), 7.03 (d, J = 9.2 Hz, 1H), 6.89 (d, J = 9.2 Hz,
2H), 6.00-5.90 (m, 1H), 5.03-4.95 (m, 2H), 4.99 (s, 2H), 3.96 (s, 3H), 3.83 (s, 3H), 3.77 (dt, J = 1.6, 6.0
Hz, 2H); **C NMR (100 MHz, CDCly): & 159.61, 156.78, 146.16, 142.79, 138.42, 135.19, 130.41, 129.39,
122.00, 120.04, 115.83, 113.55, 113.33, 109.24, 74.74, 55.99, 55.09, 30.05.
4,5-Dimethoxy-1-nitro-2-(3-phenylallyl)benzene (5j). Yield 70% (209 mg); Yellowish oil; HRMS (ESI,
M*+1) calcd for Ci7H1gNO4 300.1236, found 300.1243; 'H NMR (400 MHz, CDCls): & 7.64 (s, 1H),
7.36-7.19 (m, 5H), 6.79 (s, 1H), 6.47 (d, J = 16.0 Hz, 1H), 6.37 (dt, J = 6.4, 16.0 Hz, 1H), 3.95 (s, 3H),
3.94 (s, 3H), 3.87 (dd, J = 1.2, 6.4 Hz, 2H); *C NMR (100 MHz, CDCls): & 153.14, 147.38, 137.09,
131.92, 130.47, 128.52 (2x), 127.35, 127.07, 126.70, 126.18 (2x), 113.13, 108.23, 56.34, 56.31, 36.89.
5-n-Butoxy-4-methoxy-1-nitro-2-(3-phenylallyl)benzene (5k). Yield 60% (205 mg); Yellowish oil;
HRMS (ESI, M*+1) calcd for CooH24NO, 342.1705, found 342.1711; *H NMR (400 MHz): 6 7.63 (s, 1H),
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7.36-7.15 (m, 5H), 6.77 (s, 1H), 6.47 (d, J = 16.0 Hz, 1H), 6.35 (dt, J = 6.4, 16.0 Hz, 1H), 4.07 (t, J=5.8
Hz, 2H), 3.93 (s, 3H), 3.86 (dd, J = 0.8, 6.4 Hz, 2H), 1.89-1.82 (m, 2H), 1.52-1.46 (m, 2H), 0.99 (t, J =
7.6 Hz, 3H); *C NMR (100 MHz): 5 153.51, 146.94, 137.13, 131.84, 130.19, 128.74, 128.51 (2x), 127.32,
127.18, 126.17 (2x), 113.29, 109.38, 69.13, 56.34, 36.90, 30.93, 19.12, 13.79.
1,2-Dimethoxy-3-(1-methylallyl)-4-nitrobenzene (51). Yield 82% (194 mg); Yellowish oil; HRMS (ESI,
M*+1) calcd for C1,H1sNO,4 238.1079, found 238.1081; *H NMR (400 MHz, CDCls): 6 7.48 (d, J = 8.8
Hz, 1H), 6.82 (d, J = 9.2 Hz, 1H), 6.14 (ddd, J = 6.0, 10.4, 16.4 Hz, 1H), 5.08-5.02 (m, 2H), 4.02-3.98 (m,
1H), 3.92 (s, 3H), 3.85 (s, 3H), 1.48 (d, J = 7.2 Hz, 3H); *C NMR (100 MHz, CDCl5): 5 156.11, 147.95,
141.02, 134.30, 121.87, 120.59, 114.19, 109.40, 60.89, 56.97, 36.15, 18.84.

A representative synthetic procedure of skeleton (6) is as follows: Activated zinc (24 mg, 1.2 mmol) was
added to a solution of 5 (1.0 mmol) in MeOH (8 mL) at rt. Then, 10% HCI aqueous solution was added to
the mixture, and stirring occurred at rt for 2 h. The reaction mixture was filtered and evaporated to yield
crude product. Without further purification, K,CO3; (280 mg, 2.0 mmol) was added to a solution of crude
product in acetone (10 mL) at rt. The reaction mixture was stirred at rt for 10 min. Then, benzenesulfonyl
chloride (265 mg, 1.5 mmol) was added to reaction mixture. The reaction mixture was stirred at rt for 4 h.
The reaction mixture was concentrated, and partitioned with EtOAc (3 x 30 mL) and water. The
combined organic layers were washed with brine, dried, filtered and evaporated to afford crude product
under reduced pressure. Purification on silica gel (hexanes/EtOAc = 10/1~8/1) afforded 6a~6h.
N-(2-Allyl-3,4-dimethoxyphenyl)benzenesulfonamide (6a). Yield 80% (266 mg); Colorless solid; mp
121-123 °C (recrystallized from hexanes and EtOAc); HRMS (ESI, M*+1) calcd for Ci7HoNO,S
334.1113, found 334.1118; 'H NMR (400 MHz, CDCls): & 7.70-7.67 (m, 2H), 7.57-7.53 (m, 1H),
7.45-7.41 (m, 2H), 7.13 (d, J = 8.4 Hz, 1H), 6.77 (d, J = 8.8 Hz, 1H), 6.48 (s, 1H), 5.83-5.73 (m, 1H),
5.03 (dd, J = 1.6, 10.4 Hz, 1H), 4.84 (dq, J = 1.6, 17.2 Hz, 1H), 3.84 (s, 3H), 3.69 (s, 3H), 2.97 (dt, J =
1.6, 5.6 Hz, 2H); *C NMR (100 MHz, CDCl3): & 151.48, 146.96, 139.60, 135.68, 132.76, 128.85 (2X),
128.14, 127.84, 126.86 (2x), 121.91, 115.93, 110.38, 60.86, 55.59, 28.62. Anal. Calcd for C;7H;9NO,S: C,
61.24; H, 5.74; N, 4.20. Found: C, 61.52; H, 5.93; N, 4.36.
N-(2-Allyl-3-butoxy-4-methoxyphenyl)benzenesulfonamide (6b). Yield 70% (263 mg); Colorless oil;
HRMS (ESI, M*+1) calcd for CaoHosNO,S 376.1583, found 376.1588; *H NMR (400 MHz, CDCls): &
7.66-7.63 (m, 2H), 7.55-7.51 (m, 1H), 7.43-7.39 (m, 2H), 7.15 (d, J = 8.8 Hz, 1H), 6.76 (d, J = 8.8 Hz,
1H), 6.41 (s, 1H), 5.80-5.71 (m, 1H), 5.03 (dd, J = 1.6, 10.4 Hz, 1H), 4.83 (dg, J = 1.6, 17.2 Hz, 1H), 3.81
(s, 3H), 3.78 (t, J = 7.2 Hz, 2H), 2.90 (dt, J = 1.6, 5.6 Hz, 2H), 1.67-1.59 (m, 2H), 1.45-1.36 (m, 2H), 0.91
(t, J = 7.2 Hz, 3H); *C NMR (100 MHz, CDCl5): § 151.61, 146.23, 139.67, 135.76, 132.77, 128.90 (2x),
128.80, 127.95, 126.87 (2x), 121.73, 116.07, 110.44, 73.22, 55.66, 32.11, 28.75, 19.03, 13.77.
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N-[2-Allyl-4-methoxy-3-(3-phenylpropoxy)phenyl]benzenesulfonamide (6¢). Yield 70% (306 mgq);
Colorless oil; HRMS (ESI, M*+1) calcd for C,sH,sNO4S 438.1739, found 438.1743; *H NMR (400 MHz,
CDCly): 8 7.69-7.66 (m, 2H), 7.54-7.50 (m, 1H), 7.43-7.38 (m, 2H), 7.32-7.26 (m, 2H), 7.22-7.19 (m, 3H),
7.15 (d, J = 8.8 Hz, 1H), 6.78 (d, J = 8.8 Hz, 1H), 6.46 (s, 1H), 5.81-5.72 (m, 1H), 5.04 (dd, J = 1.6, 10.4
Hz, 1H), 4.85 (dq, J = 1.6, 17.2 Hz, 1H), 3.85 (t, J = 6.4 Hz, 2H), 3.82 (s, 3H), 2.95 (dt, J = 1.6, 5.6 Hz,
2H), 2.76 (t, J = 7.6 Hz, 2H), 2.04-1.97 (m, 2H); *C NMR (100 MHz, CDCly): & 151.50, 146.08, 141.61,
139.59, 135.65, 132.76, 128.87 (2x), 128.31 (2x), 128.24 (2x), 127.99, 127.93, 126.82 (2x), 125.76,
121.84, 116.06, 110.40, 72.66, 55.58, 32.06, 31.66, 28.77.
N-(2-Allyl-4-methoxy-3-octyloxyphenyl)benzenesulfonamide (6d). Yield 77% (332 mg); Colorless solid,;
mp 63-64 °C (recrystallized from hexanes and EtOAc); HRMS (ESI, M*+1) calcd for CasH34NO,S
432.2209, found 432.2213; 'H NMR (400 MHz, CDCls): & 7.69-7.64 (m, 2H), 7.59-7.52 (m, 1H),
7.44-7.39 (m, 2H), 7.17 (d, J = 8.8 Hz, 1H), 6.77 (d, J = 8.8 Hz, 1H), 6.37 (s, 1H), 5.81-5.71 (m, 1H),
5.05 (dd, J = 1.6, 10.4 Hz, 1H), 4.84 (dq, J = 1.6, 17.2 Hz, 1H), 3.83 (s, 3H), 3.76 (t, J = 6.4 Hz, 2H), 2.89
(dt, J = 1.6, 5.6 Hz, 2H), 1.68-1.61 (m, 2H), 1.39-1.24 (m, 10H), 0.87 (t, J = 7.2 Hz, 3H); *C NMR (100
MHz, CDCls): & 151.64, 146.27, 139.72, 135.79, 133.84, 132.81, 129.24, 128.94 (2x), 126.90 (2x),
121.75, 116.18, 110.49, 73.63, 55.71, 31.79, 30.08, 29.32, 29.19, 28.80, 25.86, 22.61, 14.07. Anal. Calcd
for Co4H33NO,S: C, 66.79; H, 7.71; N, 3.25. Found: C, 66.92; H, 7.56; N, 3.38.
N-(2-Allyl-3-dodecyloxy-4-methoxyphenyl)benzenesulfonamide (6€). Yield 72% (351 mg); Colorless
oil; HRMS (ESI, M*+1) calcd for C,gH4NO,S 488.2835, found 488.2836; *H NMR (400 MHz, CDCls):
8 7.68-7.64 (m, 2H), 7.58-7.51 (m, 1H), 7.43-7.39 (m, 2H), 7.16 (d, J = 8.8 Hz, 1H), 6.78 (d, J = 8.8 Hz,
1H), 6.40 (s, 1H), 5.81-5.71 (m, 1H), 5.04 (dd, J = 1.6, 10.4 Hz, 1H), 4.84 (dq, J = 1.6, 17.2 Hz, 1H), 3.82
(s, 3H), 3.77 (t, J = 6.4 Hz, 2H), 2.91 (dt, J = 1.6, 5.6 Hz, 2H), 1.68-1.61 (m, 2H), 1.38-1.20 (m, 18H),
0.87 (t, J = 7.2 Hz, 3H); **C NMR (100 MHz, CDCls): & 151.62, 146.25, 139.69, 135.78, 132.79, 129.23,
128.92 (2x), 126.89 (2x), 121.73, 116.11, 110.45, 73.59, 55.68, 31.86, 30.06, 29.60, 29.58 (2x), 29.56,
29.52, 29.34, 29.29, 28.78, 25.83, 22.63, 14.07.
N-[4,5-Dimethoxy-2-(3-phenylallyl)phenyl]benzenesulfonamide (6f). Yield 47% (192 mg); Colorless
solid; mp 113-115 °C (recrystallized from hexanes and EtOAc); HRMS (ESI, M*+1) calcd for
Cu3H24NO,S 410.1426, found 410.1432; *H NMR (400 MHz): § 7.74-7.71 (m, 2H), 7.55-7.51 (m, 1H),
7.42-7.38 (m, 2H), 7.27-7.24 (m, 4H), 7.22-7.17 (m, 1H), 6.76 (s, 1H), 6.73 (s, 1H), 6.61 (s, 1H), 6.24 (dt,
J=1.2,16.0 Hz, 1H), 6.04 (dt, J = 6.4, 16.0 Hz, 1H), 3.80 (s, 3H), 3.72 (s, 3H), 3.15 (dt, J = 1.6, 5.6 Hz,
2H); *C NMR (100 MHz): & 147.76, 147.52, 139.31, 136.73, 132.74, 131.21, 128.84 (2x), 128.37 (2x),
127.60, 127.37, 127.24, 127.16 (2x), 126.34, 126.05 (2x), 112.46, 110.32, 55.81, 55.75, 34.22.
N-[3,4-Dimethoxy-2-(1-methylallyl)phenyl]benzenesulfonamide (6g). Yield 74% (257 mg); Colorless
oil; HRMS (ESI, M*+1) calcd for CigH2,NO,S 348.1270, found 348.1278; 'H NMR (400 MHz): &
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7.78-7.75 (m, 2H), 7.56-7.52 (m, 1H), 7.47-7.43 (m, 2H), 7.10 (d, J = 8.8 Hz, 1H), 6.75 (br s, 1H), 6.72 (d,
J =9.2 Hz, 1H), 5.98-5.90 (m, 1H), 5.19 (dd, J = 1.2, 10.4 Hz, 1H), 5.10 (dd, J = 1.2, 17.6 Hz, 1H),
4.02-3.98 (m, 1H), 3.82 (s, 3H), 3.73 (s, 3H), 1.08 (d, J = 7.2 Hz, 3H); *C NMR (100 MHz): & 150.90,
147.21, 141.78, 140.01, 132.81, 131.32, 128.93 (2x), 128.22, 127.16 (2x), 119.25, 114.61, 110.57, 60.96,
55.71, 33.62, 16.88.

N-(2-Allyl-3-hydroxy-4-methoxyphenyl)benzenesulfonamide (6h). For 5b, Yield 80% (255 mg); For 5g,
Yield 68% (217 mg); For 5h, Yield=75% (240 mg); For 5i, Yield 69% (220 mg); Colorless solid; mp
113-115 °C (recrystallized from hexanes and EtOAc); HRMS (ESI, M*+1) calcd for CigH1sNO4S
320.0957, found 320.0956; *H NMR (400 MHz, CDCls): & 7.72-7.69 (m, 2H), 7.56-7.52 (m, 1H),
7.45-7.40 (m, 2H), 6.90 (d, J = 8.8 Hz, 1H), 6.69 (d, J = 8.8 Hz, 1H), 6.44 (br s, 1H), 5.81-5.71 (m, 1H),
5.76 (br s, 1H), 5.01 (dq, J = 1.6, 10.0 Hz, 1H), 4.87 (dg, J = 1.6, 17.2 Hz, 1H), 3.85 (s, 3H), 3.01 (dt, J =
1.6, 5.6 Hz, 2H); *C NMR (100 MHz, CDCls): § 145.04, 143.57, 139.72, 135.19, 132.80, 128.93 (2x),
128.39, 126.98 (2x), 119.87, 117.13, 115.78, 108.65, 55.97, 28.36; Anal. Calcd for CigH17NO,S: C,
60.17; H, 5.37; N, 4.39. Found: C, 60.49; H, 5.52; N, 4.68. Single-crystal X-Ray diagram: crystal of 6h
was grown by slow diffusion of EtOAc into a solution of 6h in CH,Cl, to yield colorless prisms. The
compound crystallizes in the orthorhombic crystal system, space group P b ¢ a, a = 14.0992(8) A, b =
14.5823(9) A, ¢ = 15.0416(9) A, V = 3092.5(3) A3, Z = 8, dcaca = 1.376 g/lcm®, F(000) = 1352, 26 range
2.42~28.27° R indices (all data) R1 = 0.0439, wR2=0.1182.

A representative synthetic procedure of skeleton (7) is as follows: K,CO3 (138 mg, 1.0 mmol) was added
to a solution of 6 (0.5 mmol) in acetone (8 mL) at rt. The reaction mixture was stirred at rt for 10 min.
Allyl bromide (180 mg, 1.5 mmol) was added to the reaction mixture at rt. The reaction mixture was
stirred at reflux for 10 h. The reaction mixture was cooled to rt, concentrated, and partitioned with EtOAc
(3 x 30 mL) and water. The combined organic layers were washed with brine, dried, filtered and
evaporated to afford crude product under reduced pressure. Purification on silica gel (hexanes/EtOAc =
10/1~8/1) afforded 7a~7h.

N-Allyl-N-(2-allyl-3,4-dimethoxyphenyl)benzenesulfonamide (7a). Yield 90% (168 mg); Colorless oil;
HRMS (ESI, M*+1) calcd for CaoHpsNO,S 374.1426, found 374.1433; 'H NMR (400 MHz, CDCls): &
7.72-7.69 (m, 2H), 7.60-7.56 (m, 1H), 7.50-7.45 (m, 2H), 6.62 (d, J = 8.8 Hz, 1H), 6.38 (d, J = 8.8 Hz,
1H), 5.99-5.89 (m, 1H), 5.76-5.66 (m, 1H), 5.01-4.92 (m, 4H), 4.14 (dd, J = 6.4, 14.4 Hz, 1H), 4.02 (dd, J
= 7.2, 14.4 Hz, 1H), 3.81 (s, 3H), 3.80 (s, 3H), 3.47-3.44 (m, 2H); *C NMR (100 MHz, CDCls):  152.74,
148.04, 139.12, 136.97, 135.41, 132.72, 132.56, 130.55, 128.71 (2x), 127.86 (2x), 124.76, 119.11, 115.14,
109.49, 60.47, 55.50, 55.03, 30.65.

N-Allyl-N-(2-allyl-3-butoxy-4-methoxyphenyl)benzenesulfonamide (7b). Yield 83% (172 mg); Colorless
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solid; mp 73-75 °C (recrystallized from hexanes and EtOAc); HRMS (ESI, M*+1) calcd for Cy3HzoNO4S
416.1896, found 416.1897; 'H NMR (400 MHz, CDCls): & 7.73-7.70 (m, 2H), 7.65-7.58 (m, 1H),
7.50-7.45 (m, 2H), 6.61 (d, J = 8.8 Hz, 1H), 6.39 (d, J = 8.8 Hz, 1H), 5.98-5.89 (m, 1H), 5.77-5.67 (m,
1H), 5.00-4.92 (m, 4H), 4.14-4.00 (m, 2H), 3.92-3.86 (m, 2H), 3.81 (s, 3H), 3.45-3.39 (m, 2H), 1.76-1.66
(m, 2H), 1.52-1.42 (m, 2H), 0.96 (t, J = 7.2 Hz, 3H); *C NMR (100 MHz, CDCls): § 152.89, 147.38,
139.29, 137.04, 135.56, 133.06, 132.85, 132.54, 128.73 (2x), 127.93 (2x), 124.74, 119.09, 115.08, 109.45,
72.53, 55.54, 55.07, 32.30, 30.81, 19.09, 13.89.
N-Allyl-N-[2-allyl-4-methoxy-3-(3-phenylpropoxy)phenyl]benzenesulfonamide (7c). Yield 84% (200
mg); Colorless oil; HRMS (ESI, M*+1) calcd for C,sH3,NO,4S 478.2052, found 478.2055; *H NMR (400
MHz, CDCls): 6 7.74-7.72 (m, 2H), 7.65-7.58 (m, 1H), 7.50-7.46 (m, 2H), 7.31-7.21 (m, 5H), 6.63 (d, J =
8.8 Hz, 1H), 6.41 (d, J = 8.8 Hz, 1H), 6.02-5.93 (m, 1H), 5.79-5.69 (m, 1H), 5.03-4.95 (m, 4H), 4.13-3.94
(m, 4H), 3.80 (s, 3H), 3.49-3.48 (m, 2H), 2.82 (dt, J = 2.4, 7.6 Hz, 2H), 2.13-2.06 (m, 2H); **C NMR (100
MHz, CDCl3): 6 152.74, 147.17, 141.88, 139.12, 136.97, 135.43, 132.76, 132.54, 130.53, 128.69 (2x),
128.38 (2x), 128.22 (2x), 127.85 (2x), 125.70, 124.72, 119.09, 115.11, 109.39, 71.90, 55.43, 55.02, 32.14,
31.88, 30.78.

N-Allyl-N-(2-allyl-4-methoxy-3-octyloxyphenyl)benzenesulfonamide (7d). Yield 87% (205 mg);
Colorless solid; mp 60-61 °C (recrystallized from hexanes and EtOAc); HRMS (ESI, M*+1) calcd for
Co7H3sNO,S 472.2522, found 472.2525; *H NMR (400 MHz, CDCls): § 7.72-7.70 (m, 2H), 7.60-7.57 (m,
1H), 7.50-7.46 (m, 2H), 6.61 (d, J = 8.8 Hz, 1H), 6.39 (d, J = 8.8 Hz, 1H), 5.98-5.89 (m, 1H), 5.77-5.67
(m, 1H), 4.99-4.92 (m, 4H), 4.15-3.85 (m, 4H), 3.80 (s, 3H), 3.44-3.42 (m, 2H), 1.78-1.70 (m, 2H),
1.45-1.39 (m, 2H), 1.35-1.25 (m, 8H), 0.89 (t, J = 7.2 Hz, 3H); *C NMR (100 MHz, CDCls): § 152.89,
147.37, 139.26, 137.04, 135.57, 132.84, 132.56, 130.58, 128.74 (2x), 127.93 (2x), 124.72, 119.11, 115.09,
109.41, 72.85, 55.53, 55.08, 31.80, 30.81, 30.20, 29.39, 29.23, 25.86, 22.63, 14.63.
N-Allyl-N-(2-allyl-3-dodecyloxy-4-methoxyphenyl)benzenesulfonamide (7e). Yield 82% (216 mgq);
Colorless solid; mp 66-67 °C (recrystallized from hexanes and EtOAc); HRMS (ESI, M*+1) calcd for
Ca1HasNO,S 528.3148, found 528.3152; *H NMR (400 MHz, CDCl3): & 7.74-7.70 (m, 2H), 7.60-7.56 (m,
1H), 7.52-7.46 (m, 2H), 6.61 (d, J = 8.8 Hz, 1H), 6.38 (d, J = 8.8 Hz, 1H), 5.99-5.89 (m, 1H), 5.78-5.67
(m, 1H), 5.01-4.92 (m, 4H), 4.15-3.85 (m, 4H), 3.80 (s, 3H), 3.45-3.43 (m, 2H), 1.77-1.68 (m, 2H),
1.45-1.27 (m, 18H), 0.88 (t, J = 7.2 Hz, 3H); *C NMR (100 MHz, CDCls): & 152.86, 147.35, 139.23,
137.02, 135.53, 132.81, 132.53, 130.57, 128.70 (2x), 127.89 (2x), 124.67, 119.06, 115.05, 109.39, 72.81,
55.50, 55.05, 31.84, 30.79, 30.18, 29.61, 29.56 (2x), 29.41 (2x), 29.28, 25.84, 22.61, 14.05; Anal. Calcd
for C31H4sNO,S: C, 70.55; H, 8.59; N, 2.65. Found: C, 70.68; H, 8.81; N, 2.49.
N-Allyl-N-[4,5-dimethoxy-2-(3-phenylallyl)phenyl]benzenesulfonamide (7). Yield 40% (90 mg);
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Colorless solid; mp 130-132 °C (recrystallized from hexanes and EtOAc); HRMS (ESI, M*+1) calcd for
CasH2sNO,4S 450.1739, found 450.1742; *H NMR (400 MHz, CDCls): & 7.76-7.73 (m, 2H), 7.64-7.59 (m,
1H), 7.54-7.49 (m, 2H), 7.38-7.35 (m, 2H), 7.32-7.28 (m, 2H), 7.23-7.19 (m, 1H), 6.76 (s, 1H), 6.45 (d, J
= 15.6 Hz, 1H), 6.26 (dt, J = 7.2, 15.6 Hz, 1H), 5.99 (s, 1H), 5.84-5.74 (m, 1H), 5.06-4.98 (m, 2H), 4.39
(dd, J = 6.0, 13.6 Hz, 1H), 3.88 (dd, J = 7.6, 13.6 Hz, 1H), 3.83 (s, 3H), 3.68 (dd, J = 1.2, 7.2 Hz, 1H),
3.56 (dd, J = 1.2, 7.2 Hz, 1H), 3.52 (s, 3H); *C NMR (100 MHz, CDCls): 5 148.91, 146.97, 138.93,
137.49, 134.28, 132.70, 132.56 (2x), 131.46, 129.01, 128.84 (2x), 128.49 (2x), 128.06 (2x), 127.07,
126.10 (2x), 119.49, 112.30, 111.32, 55.83, 55.66, 55.12, 34.15; Anal. Calcd for C2sH2sNO,S: C, 69.46;
H, 6.05; N, 3.12. Found: C, 69.66; H, 6.29; N, 3.29.
N-Allyl-N-[3,4-dimethoxy-2-(1-methylallyl)phenyl]benzenesulfonamide (7g). Yield 81% (157 mgq);
Colorless oil; HRMS (ESI, M*+1) calcd for Co1H,6NO,S 388.1583, found 388.1587; *H NMR (200 MHz,
CDCly): 6 7.78-7.73 (m, 2H), 7.57-7.50 (m, 3H), 6.58 (d, J = 8.4 Hz, 1H), 6.30 (d, J = 8.4 Hz, 1H),
6.28-6.05 (m, 1H), 5.85-5.62 (m, 1H), 5.00-4.92 (m, 4H), 4.25-4.20 (m, 1H), 3.82 (s, 3H), 3.79 (s, 3H),
3.80-3.77 (m, 2H), 1.41 (d, J = 7.2 Hz, 3H).
N-Allyl-N-(2-allyl-3-allyloxy-4-methoxyphenyl)benzenesulfonamide (7h). Yield 85% (170 mg);
Colorless solid; mp 60-62 °C (recrystallized from hexanes and EtOAc); HRMS (ESI, M*+1) calcd for
C2oH26NO,4S 400.1583, found 400.1584; *H NMR (400 MHz, CDCl3): & 7.72-7.69 (m, 2H), 7.60-7.56 (m,
1H), 7.50-7.46 (m, 2H), 6.62 (d, J = 8.8 Hz, 1H), 6.41 (d, J = 8.8 Hz, 1H), 6.10-6.02 (m, 1H), 6.01-5.89
(m, 1H), 5.77-5.66 (m, 1H), 5.35 (dg, J = 1.6, 17.2 Hz, 1H), 5.20 (dg, J = 1.6, 10.4 Hz, 1H), 5.00-4.92 (m,
4H), 4.54-4.43 (m, 2H), 4.13 (dd, J = 6.4, 14.4 Hz, 1H), 4.03 (dd, J = 7.2, 14.4 Hz, 1H), 3.80 (s, 3H), 3.44
(dt, J = 1.6, 6.0 Hz, 2H); **C NMR (100 MHz, CDCls): § 152.76, 146.85, 139.14, 136.85, 135.57, 134.18,
132.73, 132.56, 130.55, 128.71 (2x), 127.84 (2x), 124.92, 119.10, 116.89, 115.14, 109.43, 73.32, 55.51,
55.02, 30.84; Anal. Calcd for C,,H,sNO,S: C, 66.14; H, 6.31; N, 3.51. Found: C, 66.35; H, 6.18; N, 3.72.

A representative synthetic procedure of skeleton (8) and compound (9) is as follows: Grubbs 2™ catalyst
(24 mg, 2.83 mmol%) was added to a solution of 7 (0.3 mmol) in CH,Cl, (10 mL) at rt for 1 h. The
reaction mixture was concentrated and partitioned with EtOAc (3 x 20 mL) and water. The combined
organic layers were washed with brine, dried, filtered and evaporated to afford crude product under
reduced pressure. Purification on silica gel (hexanes/EtOAc=10/1~8/1) afforded 8a~8h and 9.

1-Benzenesulfonyl-6,7-dimethoxy-2,5-dihydro-1H-benzo[b]azepine (8a). Yield 93% (96 mg); Colorless
oil; HRMS (ESI, M*+1) calcd for C1gH»oNO,S 346.1131, found 346.1137; *H NMR (400 MHz, CDCls):
8 7.77-1.74 (m, 2H), 7.57-7.53 (m, 1H), 7.47-7.42 (m, 2H), 7.01 (d, J = 8.8 Hz, 1H), 6.73 (d, J =8 .8 Hz,
1H), 5.67-5.61 (m, 1H), 5.45-5.40 (m, 1H), 4.38-4.36 (br m, 2H), 3.84 (s, 3H), 3.68 (s, 3H), 2.98 (br s,
2H); *C NMR (100 MHz, CDCls): 5 152.83, 145.62, 141.47, 135.63, 132.41, 131.81, 128.84 (2x), 126.99



1632 HETEROCYCLES, Vol. 87, No. 7, 2013

(2x), 126.16, 125.60, 125.24, 109.70, 60.90, 55.72, 49.46, 22.90.
1-Benzenesulfonyl-6-butoxy-7-methoxy-2,5-dihydro-1H-benzo[b]azepine (8b). Yield 84% (98 mpg);
Colorless oil; HRMS (ESI, M*+1) calcd for Co1Ho6NO,S 388.1583, found 388.1584; *H NMR (400 MHz,
CDCly): 6 7.77-7.72 (m, 2H), 7.56-7.49 (m, 1H), 7.45-7.41 (m, 2H), 7.01 (d, J = 8.4 Hz, 1H), 6.71 (d, J =
8.8 Hz, 1H), 5.65-5.59 (m, 1H), 5.44-5.39 (m, 1H), 4.36 (br s, 2H), 3.84 (s, 3H), 3.78 (t, J = 6.4 Hz, 2H),
2.94 (br s, 2H), 1.69-1.61 (m, 2H), 1.48-1.39 (m, 2H), 0.93 (t, J = 7.2 Hz, 3H); *C NMR (100 MHz,
CDCl3): 6 152.88, 141.46, 135.72, 132.36, 128.97, 128.80 (2x), 126.95 (2x), 126.83, 126.10, 125.36,
125.28, 109.71, 73.27, 55.70, 49.43, 32.06, 23.03, 19.08, 13.78.
1-Benzenesulfonyl-7-methoxy-6-(3-phenylpropoxy)-2,5-dihydro-1H-benzo[b]azepine (8c). Yield 88%
(119 mg); Colorless oil; HRMS (ESI, M*+1) calcd for CsH2sNO,S 450.1739, found 450.1742; *H NMR
(400 MHz, CDCl3): 6 7.76-7.74 (m, 2H), 7.55-7.51 (m, 1H), 7.44-7.40 (m, 2H), 7.32-7.26 (m, 2H),
7.22-7.18 (m, 3H), 7.04 (dd, J = 0.8, 8.8 Hz, 1H), 6.74 (d, J = 8.8 Hz, 1H), 5.63-5.58 (m, 1H), 5.44-5.41
(m, 1H), 4.38 (br s, 2H), 3.84 (t, J = 6.4 Hz, 2H), 3.82 (s, 3H), 2.95 (br s, 2H), 2.78 (t, J = 7.6 Hz, 2H),
2.06-1.99 (m, 2H); *C NMR (100 MHz, CDCls): & 152.77, 144.69, 141.61, 141.38, 135.64, 132.36,
131.65, 128.79 (2x), 128.34 (2x), 128.27 (2x), 126.90 (2x), 126.11, 125.78, 125.46, 125.16, 109.66, 72.69,
55.63, 49.39, 32.10, 31.59, 23.04.
1-Benzenesulfonyl-7-methoxy-6-octyloxy-2,5-dihydro-1H-benzo[b]azepine (8d). Yield 90% (120 mg);
Colorless oil; HRMS (ESI, M*+1) calcd for CasH3sNO4S 444.2209, found 444.2213; 'H NMR (400 MHz,
CDCly): § 7.76-7.72 (m, 2H), 7.56-7.52 (m, 1H), 7.45-7.41 (m, 2H), 7.02 (d, J = 8.8 Hz, 1H), 6.72 (d, J =
8.8 Hz, 1H), 5.66-5.59 (m, 1H), 5.44-5.39 (m, 1H), 4.37 (br s, 2H), 3.82 (s, 3H), 3.77 (t, J = 6.4 Hz, 2H),
2.94 (br s, 2H), 1.70-1.63 (m, 2H), 1.41-1.35 (m, 2H), 1.31-1.28 (m, 8H), 0.88 (t, J = 7.2 Hz, 3H); **C
NMR (100 MHz, CDCl3): & 152.86, 144.84, 141.43, 135.69, 132.35, 131.64, 128.80 (2x), 126.93 (2x),
126.08, 125.36, 125.26, 109.65, 73.59, 55.67, 49.42, 31.75, 29.98, 29.28, 29.17, 25.84, 23.02, 22.57,
14.03.

1-Benzenesulfonyl-6-dodecyloxy-7-methoxy-2,5-dihydro-1H-benzo[b]azepine (8e). Yield 88% (132
mg); Colorless oil; HRMS (ESI, M*+1) calcd for C,gH42NO4S 500.2835, found 500.2839; *H NMR (400
MHz, CDCls): 6 7.76-7.72 (m, 2H), 7.57-7.51 (m, 1H), 7.46-7.42 (m, 2H), 7.02 (d, J = 8.8 Hz, 1H), 6.72
(d, J = 8.8 Hz, 1H), 5.65-5.59 (m, 1H), 5.44-5.40 (m, 1H), 4.42 (br s, 2H), 3.83 (s, 3H), 3.77 (t, J = 6.4 Hz,
2H), 2.93 (br s, 2H), 1.71-1.60 (m, 2H), 1.41-1.26 (m, 18H), 0.88 (t, J = 7.2 Hz, 3H); *C NMR (100
MHz, CDCls): 6 152.92, 144.92, 141.51, 135.76, 132.39, 131.71, 128.84 (2x), 127.01 (2x), 126.13,
125.43, 125.33, 109.72, 73.67, 55.74, 49.47, 31.89, 30.05, 29.64, 29.60, 29.57, 29.40, 29.33, 25.91, 23.09,
23.09, 22.66, 14.10.

1-Benzenesulfonyl-7,8-dimethoxy-2,5-dihydro-1H-benzo[b]azepine (8f). Yield 80% (83 mg); Colorless
oil; HRMS (ESI, M*+1) calcd for C1gH20NO4S 346.1113, found 346.1115; *H NMR (400 MHz, CDCls):
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§ 7.76-7.72 (m, 2H), 7.56-7.52 (m, 1H), 7.45-7.43 (m, 2H), 6.77 (s, 1H), 6.49 (s, 1H), 5.62-5.55 (m, 1H),
5.46-5.41 (m, 1H), 4.19 (br s, 2H), 3.82 (s, 3H), 3.77 (s, 3H), 2.75 (br s, 2H); *C NMR (100 MHz,
CDCl3): 6 148.51, 147.41, 141.34, 133.17, 132.39, 130.58, 128.76 (2x), 127.09 (2x), 125.68, 125.35,
113.33, 111.70, 55.92, 55.84, 48.99, 31.98.
1-Benzenesulfonyl-6,7-dimethoxy-5-methyl-2,5-dihydro-1H-benzo[b]azepine (8g). Yield 82% (88 mg);
Colorless oil; HRMS (ESI, M*+1) calcd for C1oH2,NO,S 360.1270, found 360.1274; *H NMR (400 MHz,
CDCl3): 6 7.94-7.91 (m, 2H), 7.63-7.54 (m, 3H), 6.70 (d, J = 8.8 Hz, 1H), 6.66 (d, J = 8.8 Hz, 1H),
5.91-5.85 (m, 1H), 5.54-5.50 (m, 1H), 4.68 (dd, J = 4.8, 17.2 Hz, 1H), 4.13-4.06 (m, 1H), 3.83 (s, 3H),
3.79 (s, 3H), 3.71 (d, J = 17.2 Hz, 1H), 1.51 (d, J = 7.2 Hz, 3H); *C NMR (100 MHz, CDCls): § 152.45,
146.07, 142.28, 138.95, 132.54, 132.47, 132.31, 129.20 (2x), 127.05 (2x), 124.70, 122.19, 109.85, 61.07,
55.75, 49.45, 31.12, 21.73.

6-Allyloxy-1-benzenesulfonyl-7-methoxy-2,5-dihydro-1H-benzo[b]azepine (8h). Yield 62% (69 mg);
Colorless oil; HRMS (ESI, M*+1) calcd for CooH2,NO,S 372.1270, found 372.1277; *H NMR (400 MHz,
CDCly): & 7.76-7.74 (m, 2H), 7.57-7.53 (m, 1H), 7.46-7.42 (m, 2H), 7.04 (d, J = 8.8 Hz, 1H), 6.73 (d, J =
8.8 Hz, 1H), 6.02-5.92 (m, 1H), 5.64-5.59 (m, 1H), 5.44-5.40 (m, 1H), 5.28 (dq, J = 1.2, 17.2 Hz, 1H),
5.18 (dq, J = 1.2, 10.4 Hz, 1H), 4.36 (br s, 2H), 4.34 (dt, J = 1.2, 6.0 Hz, 2H), 3.84 (s, 3H), 2.94 (br s,
2H); **C NMR (100 MHz, CDCl5): 5 152.88, 144.34, 141.51, 135.91, 133.86, 132.40, 131.74, 128.84 (2x),
127.01 (2x), 126.09, 125.73, 125.29, 117.84, 109.70, 74.20, 55.75, 49.45, 23.25.
N-Allyl-N-(9-methoxy-2,5-dihydrobenzo[b]oxepin-6-yl)benzenesulfonamide (9). Yield 30% (33 mg);
Colorless oil; HRMS (ESI, M*+1) calcd for CooH2,NO,S 372.1270, found 372.1273; *H NMR (400 MHz,
CDCl3): 6 7.71-7.68 (m, 2H), 7.60-7.56 (m, 1H), 7.50-7.46 (m, 2H), 6.62 (d, J = 8.4 Hz, 1H), 6.38 (d, J =
8.8 Hz, 1H), 5.77-5.67 (m, 2H), 5.41-5.37 (m, 1H), 5.03-4.96 (m, 2H), 4.64-4.53 (m, 2H), 4.26 (ddt, J =
1.2, 6.0, 14.0 Hz, 1H), 3.88 (dd, J = 7.2, 14.0 Hz, 1H), 3.83 (s, 3H), 3.48-3.45 (m, 2H); **C NMR (100
MHz, CDCls): & 152.30, 147.19, 140.56, 139.17, 132.56, 132.44, 128.83 (2x), 128.57, 127.71 (2x),
127.20, 125.45, 124.92, 119.27, 109.42, 70.37, 55.76, 55.09, 25.44.

ACKNOWLEDGEMENTS
The authors would like to thank the National Science Council of the Republic of China for its financial

support.

REFERENCES

1. For renal and cardiovascular agents, (a) L. A. Sorbera, J. Castaner, M. Baves, J. Silvestre, and P.
Science, Drugs Future, 2002, 27, 350; (b) K. Kondo, H. Ogawa, H. Yamashita, H. Miyamoto, M.
Tanaka, K. Nakaya, K. Kitano, Y. Yamamura, S. Nakamura, T. Onogawa, T. Mori, and M. Tominaga,



http://dx.doi.org/10.1358/dof.2002.027.04.668950

1534 HETEROCYCLES, Vol. 87, No. 7, 2013

Bioorg. Med. Chem., 1999, 7, 1743; (c) K. Kondo, K. Kan, Y. Tanada, M. Bando, T. Shinohara, M.
Kurimura, H. Ogawa, S. Nakamura, T. Hirano, Y. Yamamura, M. Kido, T. Mori, and M. Tominaga, J.
Med. Chem., 2002, 45, 3805; (d) A. Tahara, J. Tsukada, Y. Tomura, K. Momose, T. Suzuki, T. Yatsu,
and M. Shibasaki, Eur. J. Pharmacol., 2006, 538, 32.

2. For potential anti-tumor agents, (a) A. Link and C. Kunick, J. Med. Chem., 1998, 41, 1299; (b) C.
Kunick, C. Bleeker, C. Pruhs, F. Totzke, C. Schachtele, M. H. G. Kubbutat, and A. Link, Bioorg. Med.
Chem. Lett., 2006, 16, 2148; (c) C. Schultz, A. Link, M. Leost, D. W. Zaharevitz, R. Gussio, E. A.
Sausville, L. Meijer, and C. Kunick, J. Med. Chem., 1999, 42, 2909.

3. For potential neuroleptic agents, H. Zhao, X. Zhang, K. Hodgetts, A. Thurkauf, J. Hammer, J.
Chandrasekhar, A. Kieltyka, R. Brodbeck, S. Rachwal, R. Primus, and C. Manly, Bioorg. Med. Chem.
Lett., 2003, 13, 701.

4. For the promising antihypertensives, (a) J. W. Watthey, J. L. Stanton, M. Desai, J. E. Babiarz, and B.
M. Finn, J. Med. Chem., 1985, 28, 1511; (b) D. Floyd, D. Kimball, J. Krapcho, J. Das, C. F. Turk, R.
V. Moquin, M. W. Lago, K. J. Duff, V. G. Lee, R. E. White, R. E. Ridgewell, S. Moreland, R. J.
Brittain, D. E. Normandin, A. Hedberg, and G. Cucinotta, J. Med. Chem., 1992, 35, 756.

5. For orally bioavailable growth hormone secretagogue, (a) W. R. Schoen, J. M. Pisano, K. Prendergast,
M. J. Wyvratt Jr., M. H. Fisher, K. Cheng, W. W.-S. Chan, B. Butler, R. G. Smith, and R. G. Ball, J.
Med. Chem., 1994, 37, 897; (b) R. J. DeVita, R. Bochis, A. J. Frontier, A. Kotliar, M. H. Fisher, W. R.
Schoen, M. J. Wyvratt, K. Cheng, W. W.-S. Chan, B. Butler, T. M. Jacks, G. J. Hickey, K. D.
Schleim, K. Leung, Z. Chen, S.-H. Lee Chiu, W. P. Feeney, P. K. Cunningham, and R. G. Smith, J.
Med. Chem., 1998, 41, 1716.

6. For inhibitors of dihydrofolate reductase, (a) F. Zuccotto, M. Zvelebil, R. Brun, S. F. Chowdhury, R.
Di Lucrezia, I. Leal, L. Maes, L. M. Ruiz-Perez, D. Pacanowska, and I. H. G. Gilbert, Eur. J. Med.
Chem., 2001, 36, 395; (b) M. J. Fray, K. Cooper, M. J. Parry, K. Richardson, and J. Steele, J. Med.
Chem., 1995, 38, 3514.

7. For free radical-mediated cyclization, (a) Z. B. Zheng and P. Dowd, Tetrahedron Lett., 1993, 34, 7709;
(b) A. J. Clark, K. Jones, C. McCarthy, and J. M. D. Storey, Tetrahedron Lett., 1991, 32, 2829; (c) B.
Quiclet-Sire, N. D. M. Tran, and S. Z. Zard, Orqg. Lett., 2012, 14, 5514.

8. For intramolecular Claisen-Type condensation, (a) T. lkemoto, T. Ito, A. Nishiguchi, and K.
Tomimatsu, Tetrahedron Lett., 2004, 45, 9335; (b) T. lkemoto, A. Nishiguchi, T. Ito, and K.
Tomimatsu, Tetrahedron, 2005, 61, 5043.

9. For Schmidt rearrangement, (a) G. L. Grunewald, V. H. Dahanukar, P. Ching, and K. R. Criscione, J.
Med. Chem., 1996, 39, 3539; For Beckmann rearrangement, (b) S. Sasatami, T. Miyazaki, K.



http://dx.doi.org/10.1016/S0968-0896(99)00101-7
http://dx.doi.org/10.1021/jm020133q
http://dx.doi.org/10.1021/jm020133q
http://dx.doi.org/10.1016/j.ejphar.2006.03.055
http://dx.doi.org/10.1021/jm970675l
http://dx.doi.org/10.1016/j.bmcl.2006.01.071
http://dx.doi.org/10.1016/j.bmcl.2006.01.071
http://dx.doi.org/10.1021/jm9900570
http://dx.doi.org/10.1016/S0960-894X(02)01056-9
http://dx.doi.org/10.1016/S0960-894X(02)01056-9
http://dx.doi.org/10.1021/jm00148a023
http://dx.doi.org/10.1021/jm00082a018
http://dx.doi.org/10.1021/jm00033a006
http://dx.doi.org/10.1021/jm00033a006
http://dx.doi.org/10.1021/jm970816j
http://dx.doi.org/10.1021/jm970816j
http://dx.doi.org/10.1016/S0223-5234(01)01235-1
http://dx.doi.org/10.1016/S0223-5234(01)01235-1
http://dx.doi.org/10.1021/jm00018a011
http://dx.doi.org/10.1021/jm00018a011
http://dx.doi.org/10.1016/S0040-4039(00)61545-9
http://dx.doi.org/10.1016/0040-4039(91)85099-Q
http://dx.doi.org/10.1021/ol3026044
http://dx.doi.org/10.1016/j.tetlet.2004.10.120
http://dx.doi.org/10.1016/j.tet.2005.03.036
http://dx.doi.org/10.1021/jm9508292
http://dx.doi.org/10.1021/jm9508292

10.

11.

12.
13.

14.

15.
16.

17.

HETEROCYCLES, Vol. 87, No. 7, 2013 1635

Marouka, and H. Yamamoto, Tetrahedron Lett., 1983, 24, 4711; (c) K. Maruoka, T. Miyazaki, M.
Ando, Y. Matsumura, S. Sakane, K. Hattori, and H. Yamamoto, J. Am. Chem. Soc., 1983, 105, 2831.

For Pd-promoted tandem Heck reaction, (a) T. Kaoudi, B. Quiclet-Sire, S. Seguin, and S. Z. Zard,
Angew. Chem. Int. Ed., 2000, 39, 731; (b) K. Fujita, K. Yamamoto, and R. Yamaguchi, Org. Lett.,
2002, 4, 2691; (c) G. Dyker and H. Markwitz, Synthesis, 1998, 1750; (d) S. E. Gibson, J. O. Jones, R.
McCague, M. J. Tozer, and N. J. Whitcombe, Synlett, 1999, 954; (e) M. Qadir, J. Cobb, P. W.
Sheldrake, N. Whittall, A. J. P. White, K. K. Hii, P. N. Horton, and M. B. Hursthouse, J. Org. Chem.,
2005, 70, 1545.

For transition metal-promoted intramolecular cyclizations, see: Rh-mediated hydroacylation of
alkenes, (a) H. D. Bendorf, K. E. Ruhl, A. J. Shurer, J. B. Shaffer, T. O. Duffin, T. L. Labarte, M. L.
Maddock, and O. W. Wheeler, Tetrahedron Lett., 2012, 53, 1275; Rh-mediated
hydroaminomethylation of 2-allylanilines, (b) K. Okuro and H. Alper, Tetrahedron Lett., 2010, 51,

4959; Rh-mediated oxidative cyclization of amino alcohols, (c) K. Fujita, Y. Takahashi, M. Owaki, K.
Yamamoto, and R. Yamaguchi, Org. Lett., 2004, 6, 2785; Ir-mediated oxidative cyclization of amino
alcohols, (d) K. Fujita, K. Yamamoto, and R. Yamaguchi, Org. Lett., 2002, 4, 2691; Mo-mediated
ring-closing metathesis of dienes, (e) S. J. Dolman, R. R. Schrock, and A. H. Hoveyda, Org. Lett.,

2003, 5, 4899; Ni-mediated amination of aryl chlorides, (f) R. Omar-Amrani, A. Thomas, E. Brenner,
R. Schneider, and Y. Fort, Org. Lett., 2003, 5, 2311; Ru-mediated ring-closing metathesis of dienes,
(9) D. B. Ramachary and V. V. Narayana, Eur. J. Org. Chem., 2011, 3514.

For 1,3-dipolar cycloaddition, L. M. Acosta, A. Palma, and A. Bahsas, Tetrahedron, 2010, 66, 8392.
For other approaches, (a) R. K. Arigela, A. K. Mandadapu, S. K. Sharma, B. Kumar, and B. Kundu,
Org. Lett., 2012, 14, 1804; (b) D. J. Cheng, H.-B. Wu, and S. K. Tian, Org. Lett., 2011, 13, 5636; (c)
S. P. Park, Y.-S. Song, and K.-J. Lee, Tetrahedron, 2009, 65, 4703; (d) B. Kharraz, P. Uriac, S.
Sinbandhit, and L. Toupet, Tetrahedron, 1996, 52, 4423.

For reviews on the Claisen rearrangement, (a) A. M. Castro, Chem. Rev., 2004, 104, 2939; (b) U.
Nubbemeyer, Synthesis, 2003, 961; (c) M. Hiersemann and L. Abraham, Eur. J. Org. Chem., 2002,
1461; (d) Y. Chai, S. Hong, H. A. Lindsay, C. McFarland, and M. C. Mclntosh, Tetrahedron, 2002,
58, 2905.

P. Molina, M. Alajarin, and A. Lopez-Lazaro, Tetrahedron Lett., 1992, 33, 2387.

(@) M.-Y. Chang and M.-H. Wu, Tetrahedron Lett., 2012, 53, 3173; (b) M.-Y. Chang, M.-H. Wu, and
H.-Y. Tai, Org. Lett., 2012, 14, 3936.

CCDC 926702 (6h) contains the supplementary crystallographic data for this paper. This data can be

obtained free of charge via www.ccdc.cam.ac.uk/conts/retrieving.html (or from the CCDC, 12 Union
Road, Cambridge CB2 1EZ, UK; fax: 44-1223-336033; e-mail: deposit@ccdc.cam.ac.uk).



http://dx.doi.org/10.1016/S0040-4039(00)86234-6
http://dx.doi.org/10.1021/ja00347a052
http://dx.doi.org/10.1002/(SICI)1521-3773(20000218)39:4%3c731::AID-ANIE731%3e3.0.CO;2-U
http://dx.doi.org/10.1021/ol026200s
http://dx.doi.org/10.1021/ol026200s
http://dx.doi.org/10.1055/s-1998-2225
http://dx.doi.org/10.1055/s-1999-3088
http://dx.doi.org/10.1021/jo048118b
http://dx.doi.org/10.1021/jo048118b
http://dx.doi.org/10.1016/j.tetlet.2011.12.125
http://dx.doi.org/10.1016/j.tetlet.2010.07.048
http://dx.doi.org/10.1016/j.tetlet.2010.07.048
http://dx.doi.org/10.1021/ol0489954
http://dx.doi.org/10.1021/ol026200s
http://dx.doi.org/10.1021/ol036026n
http://dx.doi.org/10.1021/ol036026n
http://dx.doi.org/10.1021/ol034659w
http://dx.doi.org/10.1002/ejoc.201100040
http://dx.doi.org/10.1016/j.tet.2010.08.067
http://dx.doi.org/10.1021/ol300399y
http://dx.doi.org/10.1021/ol202361t
http://dx.doi.org/10.1016/j.tet.2009.04.026
http://dx.doi.org/10.1016/0040-4020(96)00091-9
http://dx.doi.org/10.1021/cr020703u
http://dx.doi.org/10.1055/s-2003-39171
http://dx.doi.org/10.1002/1099-0690(200205)2002:9%3c1461::AID-EJOC1461%3e3.0.CO;2-1
http://dx.doi.org/10.1002/1099-0690(200205)2002:9%3c1461::AID-EJOC1461%3e3.0.CO;2-1
http://dx.doi.org/10.1016/S0040-4020(02)00164-3
http://dx.doi.org/10.1016/S0040-4020(02)00164-3
http://dx.doi.org/10.1016/S0040-4039(00)74219-5
http://dx.doi.org/10.1016/j.tetlet.2012.04.053
http://dx.doi.org/10.1021/ol301693s
mailto:deposit@ccdc.cam.ac.uk

1536 HETEROCYCLES, Vol. 87, No. 7, 2013

18. For establishing heterocycle-fused azepines via Ru-mediated ring-closing metathesis of dienes, (a) A.
Taber, B. A. Aderibigbe, G. L. Morgans, L. G. Madeley, S. D. Khanye, L. van der Westhuizen, M. A.
Fernandes, V. J. Smith, J. P. Michael, 1. R. Green, W. A. L. van Otterlo, Tetrahedron, 2013, 69, 2038;
(b) T. A. Moss, Tetrahedron Lett., 2013, 54, 993.

19. (a) J.-L. Panayides, R. Pathak, H. Panagiotopoulos, H. Davids, M. A. Fernandes, C. B. de Koning,
and W. A. L. van Otterlo, Tetrahedron, 2007, 63, 4737; (b) K.-S. Huang, E.-C. Wang, and H.-M.
Chen, J. Chin. Chem. Soc., 2004, 51, 585.

20. For reviews on the ring-closing metathesis reaction, (a) R. H. Grubbs, S. J. Miller, and G. C. Fu, Acc.
Chem. Res., 1995, 28, 446; (b) U. K. Pandit, H. S. Overkleeft, B. C. Borer, and H. Bieraugel, Eur. J.
Org. Chem., 1999, 959; (c) D. L. Wright, Curr. Org. Chem., 1999, 3, 75; (d) M. E. Maier, Angew.
Chem. Int. Ed., 2000, 39, 2073; (e) F. X. Felpin and J. Lebreton, Eur. J. Org. Chem., 2003, 3693; (f) J.
Cossy, Chem. Rec., 2005, 5, 70.

SUPPLEMENTARY MATERIAL

Scanned photocopies of *H and **C NMR spectral data were supported.


http://dx.doi.org/10.1016/j.tet.2012.12.043
http://dx.doi.org/10.1016/j.tetlet.2012.12.042
http://dx.doi.org/10.1016/j.tet.2007.03.087
http://dx.doi.org/10.1021/ar00059a002
http://dx.doi.org/10.1021/ar00059a002
http://dx.doi.org/10.1002/(SICI)1099-0690(199905)1999:5%3c959::AID-EJOC959%3e3.0.CO;2-K
http://dx.doi.org/10.1002/(SICI)1099-0690(199905)1999:5%3c959::AID-EJOC959%3e3.0.CO;2-K
http://dx.doi.org/10.1002/1521-3773(20000616)39:12%3c2073::AID-ANIE2073%3e3.0.CO;2-0
http://dx.doi.org/10.1002/1521-3773(20000616)39:12%3c2073::AID-ANIE2073%3e3.0.CO;2-0
http://dx.doi.org/10.1002/ejoc.200300193
http://dx.doi.org/10.1002/tcr.20035



