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ABSTRACT: A concise synthesis of the tetracyclic core (ABCE rings) of daphenylline has been accomplished involving a
benzobicyclo[3.3.1] lactam as the key intermediate. This bridged bicyclic intermediate was efficiently constructed via a Brønsted
acid promoted intramolecular Friedel−Crafts type Michael addition of a δ-benzyl α,β-unsaturated δ-lactam.

The daphniphyllum alkaloids, originated from plants of the
genus Daphniphyllum (daphniphyllaceae), is a large and

fast growing family of natural products with diverse
structures.1,2 These fused-heteropolycyclic structures have
received broad interest for both total synthesis and biosynthesis
due to their unique complexity.3 Daphenylline (1), a novel
member of the daphniphyllum alkaloids, was isolated from the
fruits of the Daphniphyllum longeracemosum Rosenth by Hao and
co-workers in 2009 (Figure 1).4 The structural features of

daphenylline (1) include a polycyclic skeleton with four
carbocycles and two N-heterocycles, on which are embedded
with one full-carbon quaternary and five tertiary stereogenic
centers. More importantly, the daphenylline (1) skeleton
incorporates benzomorphan (benzobicyclo[3.3.1] core) as the
subunit.5 Such a scaffold has been widely recognized in many
biologically active natural products such as sinomenine,6

morphine,7 codeine,8 pentazocine9 along with various artificial

analgesics10 (Figure 1). Deriving from our previous study on
Friedel−Crafts type Michael addition to α,β-unsaturated
carbonyl compounds,11 we intended to apply our methodology
to synthesize natural products bearing such a benzomorphan
backbone. Herein, we describe a concise synthesis of the
tetracyclic core (2) (ABCE rings) of daphenylline by
employing a benzobicyclo[3.3.1] lactam (3) as the key
intermediate, which was efficiently constructed by a Brønsted
acid (CF3SO3H) promoted intramolecular Friedel−Crafts type
Michael addition of a δ-benzyl α,β-unsaturated δ-lactam (4).
The retrosynthetic pathway of the tetracyclic (ABCE rings)

core 2 was depicted in Scheme 1. The C ring of the polycyclic
core 2 could be readily constructed from the benzomorphan
analogue 3 by an intramolecular N-alkylation. On the basis of
our previous study regarding the formation of the benzobicy-
clo[3.3.1] lactone via an intramolecular Friedel−Crafts type
Michael addition of the corresponding α,β-unsaturated
lactone,11 we envisioned that the key benzomorphan analogue
3 (benzobicyclo[3.3.1] lactam) could be obtained from δ-
benzyl α,β-unsaturated δ-lactam 4 via a similar pathway. The δ-
lactam 4 could be synthesized from anti-sulfonamide 5, which
in turn could be converted from syn-homoallylic alcohol 6 by
the SN2 reaction. The Barbier-type allylation reaction readily
established the relative configuration (syn) of 6, which could be
easily accessed from commercially available (3-methoxyphenyl)
acetonitrile 7.
The synthesis of the tetracyclic core (ABCE rings) of

daphenylline (2) was initiated from (3-methoxyphenyl)
acetonitrile 7 (Scheme 2). Monoalkylation of 7 with the
known iodide 812 afforded nitrile 9 in 85% yield followed by
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Figure 1. Daphenylline (1) and selected natural products bearing the
benzomorphan core.
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DIBAL-H reduction of the cyano functionality into the
corresponding aldehyde 10. It was found that aldehyde 10
reacted smoothly with allyl bromide in the presence of activated
zinc powder in a mixed solvent of saturated aqueous
ammonium chloride and THF,13 giving the homoallylic
alcohols in high yield. Although the diastereoselectivity
remained moderate (d.r. = 6/1), the desired alcohol 6 could
be easily isolated by silica-based column chromatography.
Activation of syn-secondary alcohol 6 as its mesylate and
subsequent SN2 reaction generated anti-homoallylic azide 11 in
86% yield. Subsequent treatment of azide 11 with LiAlH4,
followed by N-nosylation to smoothly furnish the anti-
sulfonamide 5 in 85% yield for two consecutive steps.
Amidation between 5 and acryloyl chloride afforded olefinic-
amide 12 as the ring closing metathesis precursor in 76% yield.
Ring closure of 12 employing the second generation Grubbs’

catalyst (GII)14 under high dilution gave the key intermediate,
δ-benzyl α,β-unsaturated δ-lactam 4, in 74% yield.
With the key lactam 4 in hand, we set out to investigate the

one-step construction of the benzomorphan analogue 3.
Different lactam substrates were tested in parallel regarding
the postulated intramolecular Friedel−Crafts type Michael
addition. Optimization of the reaction conditions started with
using m-methoxy-substituted lactam 13a as the model
substrate, which closely resembled the key lactam 4. A series
of both Lewis and Brønsted acids were examined (Table 1). It

Scheme 1. Retrosynthetic Plan for Symthesis of the ABCE
Rings of Dapherylline

Scheme 2. Synthesis of Lactam 4

Table 1. Optimization of Reaction Conditionsa

entry acid solvent
temp
(°C)

time
(h)

yield
(%)b

1 SnBr4 CH2Cl2 rt 24 0c

2 TiCl4 CH2Cl2 rt 24 traced

3 BF3·Et2O CH2Cl2 rt 24 0c

4 FeCl3 CH2Cl2 rt 24 0c

5 TMSOTf CH2Cl2 rt 24 43
6 AlCl3 CH2Cl2 rt 24 traced

7 AlBr3 CH2Cl2 rt 24 35
8 BCl3 CH2Cl2 rt 24 0c

9 BBr3 CH2Cl2 rt 24 tracee

10 TfOH CH2Cl2 rt 24 81f

11 p-TsOH CH2Cl2 rt 24 0c

12 CF3COOH CH2Cl2 rt 24 0c

13 TfOH
(1.0 equiv)

ClCH2CH2Cl 50 12 18g

14 TfOH
(2.0 equiv)

ClCH2CH2Cl 50 8 90

a13a (0.1 mmol), acid (0.25 mmol, 2.5 equiv otherwise indicated in
parentheses), and 1 mL of solvent were mixed. bIsolated yield.
cQuantitative recovery of the starting material. dRecovery of most of
the starting material. eStarting material decomposition. fRecovery of
10% of the starting material. gRecovery of 75% of the starting matetial.
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was found that triflic acid promoted the desired intramolecular
Friedel−Crafts type Michael addition with great efficiency in
dichloromethane (DCM), giving the corresponding benzomor-
phan derivative 14a in 81% yield (Table 1, entry 10). Among all
the other tested acids, only AlBr3 and TMSOTf could
successfully render the desired cyclization, however in much
lower yields (Table 1, entries 5 and 7). Treatment of lactam
13a with BBr3 led to a complex mixture with decomposition of
the starting material (Table 1, entry 9). The rest of the Lewis
acids (SnBr4, TiCl4, BF3·OEt2, FeCl3, AlCl3 and BCl3) or protic
acids (p-TsOH and CF3COOH) resulted in no observable
reaction or trace amount in conversion (Table 1, entries 1−4, 6,
8, 11 and 12). When dichloromethane was replaced with 1,2-
dichloroethane (DCE), the desired benzobicyclo[3.3.1] lactam
14a was obtained in excellent yield (90%) using 2 equiv of
triflic acid at 50 °C in 8 h, which was set as the optimized
conditions (Table 1, entry 14).15

Further investigation was focused on the substrate scope of
the intramolecular Michael addition of lactams possessing
electron-rich aryl groups along with the limitation of this
reaction (Table 2). 3,5-Dimethoxy and 3,4,5-trimethoxy

substituted lactams (Table 2 entries 5 and 8) proceeded
smoothly under the optimized reaction conditions, while 4-
methoxy and 2,5-dimethoxy substitution failed to give any
desired cyclization products (Table 2 entries 2 and 6). This
indicated that the methoxy group locating at the meta-position
to the reaction site significantly lowered the overall activity,
giving no desired products. To our delight, substrates 13c and
13g could also react well to give the corresponding
benzobicyclo[3.3.1] products 14c and 14g, which contained a
bridged methyl group and a quaternary bridgehead carbon,
respectively (Table 2 entries 3 and 7). The structure of 14g was
characterized by X-ray diffraction analysis confirming the
relative stereochemistry of formed bridged lactams.16

Encouraged by the optimized conditions of the intra-
molecular Friedel−Crafts type Michael addition, we continued
to complete the synthesis of the tetracyclic core (ABCE rings)
of daphenylline (2) (Scheme 3). Gratifyingly, subjection of the
key lactam 4 to the optimized conditions successfully afforded
the bridged lactam 3 in 71% yield, while O-THP protection was
removed in the same pot as well because of the overall acidic
condition. Removal of the nosyl group was readily accom-
plished using thiophenol and potassium carbonate in DMF to
give alcohol lactam 15.17 The primary hydroxyl group was
converted to its mesylate 16 in excellent yield, followed by N-
cyclization in DMF at 0 °C to furnish the targeted tetracyclic
lactam 2 in 77% yield (ABCE rings of daphenylline). The
structure of lactam 2 was unambiguously illustrated by X-ray
crystallography analysis.18

In summary, we have achieved a concise synthesis of the
tetracyclic core (ABCE rings) of daphenylline with overall yield
of 7.5% over 13 steps. The key feature of the synthesis involves
a Brønsted acid promoted intramolecular Friedel−Crafts type
Michael addition reaction of a δ-benzyl α,β-unsaturated lactam,
which efficiently constructed the benzomorphan (benzobicy-
clo[3.3.1] lactam) backbone.

■ EXPERIMENTAL SECTION
Synthesis of Nitrile 9. To a solution of acetonitrile 7 (2.74 g, 18.6

mmol) in dry THF (60 mL) was added LDA (10 mL, 20 mmol, 2.0 M
in THF) at −78 °C under Ar. The reaction mixture was stirred for 0.5
h, and iodide 812 (5.24 g, 20.5 mmol) in dry THF (10 mL) was added
dropwise. After 2 h, saturated aqueous NH4Cl (15 mL) was added at
−78 °C, and the mixture was warmed to room temperature, followed
by extraction with ethyl acetate (3 × 10 mL). The combined organic
layers were washed with brine, dried over anhydrous Na2SO4, and
concentrated in vacuo. Purification by column chromatography
(petroleum ether/EtOAc 20:1) gave nitrile 9 (4.35 g, 85% yield) as
a colorless oil: 1H NMR (400 MHz, CDCl3) δ 7.30 (t, J = 7.9 Hz, 1H),
6.97−6.85 (m, 3H), 4.62−4.57 (m, 1H), 4.05 (t, J = 7.9 Hz, 1H),
3.93−3.84 (m, 2H), 3.82 (s, 3H), 3.60−3.38 (m, 2H), 2.20−2.12 (m,
2H), 1.87−1.70 (m, 2H), 1.64−1.54 (m, 4H); 13C NMR (100 MHz,
CDCl3 most of peaks double due to the presence of OTHP group) δ
160.0, 137.0, 136.9, 130.0, 120.7, 120.6, 119.6, 119.5, 113.5, 113.4,
113.2, 113.1, 99.4, 98.7, 63.9, 63.3, 62.6, 62.1, 55.2, 35.9, 35.7, 33.9,
33.8, 30.5, 30.4, 25.3, 19.6, 19.3; HRMS (ESI) Calcd. for C16H22NO3
[M + H]+ 276.1594, found 276.1587.

Synthesis of Aldehyde 10. To a solution of nitrile 9 (4.32 g, 15.7
mmol) in dry CH2Cl2 (50 mL) was added DIBAL-H (13.5 mL, 16
mmol, 1.2 M in toluene) at −78 °C under Ar. The mixture was stirred
for 4 h until 9 was completely consumed. Saturated aqueous NaHCO3
was added slowly at −78 °C to quench the excessive DIBAL-H. After
warming to room temperature, the mixture was filtered, and the
filtration residue was washed with CH2Cl2 (3 × 15 mL). The
combined organic layers were dried over anhydrous Na2SO4 and
concentrated in vacuo. Purification by column chromatography
(petroleum ether/EtOAc 15:1) gave aldehyde 10 (3.19 g, 87%

Table 2. Synthesis of Benzobicyclo[3.3.1] Lactam 14a

aAll reactions were performed on a 0.1 mmol scale at 0.1 M in
ClCH2CH2Cl for 8 h at 50 °C. bIsolated yield. cQuantitative recovery
of the starting material. dA 1:1 diastereomeric mixture of 13c was
illustrated. eA 2:1 diastereomeric mixture of 14c was illustrated.
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yield) as a colorless oil: 1H NMR (400 MHz, CDCl3) δ 9.69 (t, J = 1.7
Hz, 1H), 7.29 (t, J = 7.9 Hz, 1H), 6.85−6.73 (m, 3H), 4.52 (dt, J =
30.8, 3.6 Hz, 1H), 3.84−3.82 (m, 1H), 3.81 (s, 3H), 3.79−3.66 (m,
2H), 3.49−3.28 (m, 2H), 2.46−2.40 (m, 1H), 2.00−1.95 (m, 1H),
1.82−1.80 (m, 1H), 1.72−1.66 (m, 1H), 1.59−1.50 (m, 4H); 13C
NMR (100 MHz, CDCl3 most of peaks double due to the presence of
OTHP group) δ 200.2, 200.1, 160.0, 137.4, 137.3, 130.0, 129.9, 121.1,
114.6, 114.5, 112.8, 99.0, 98.5, 64.6, 64.5, 62.3, 61.9, 56.0, 55.9, 55.1,
30.5, 29.8, 25.4, 25.3, 19.5, 19.2; HRMS (ESI) Calcd. for C16H26NO4
[M + NH4]

+ 296.1856, found 296.1850.
Synthesis of syn-Alcohol 6. To a solution of aldehyde 10 (2.28 g,

8.2 mmol) in saturated aqueous NH4Cl (25 mL) and THF (5 mL)
were added allyl bromide (3 g, 2.1 mL, 24.6 mmol) and activated zinc
dust (1.6 g, 24.6 mmol). The mixture was stirred at room temperature
for 3 h, followed by extraction with ethyl acetate (3 × 20 mL). The
combined organic layers were washed with brine, dried over anhydrous
Na2SO4, and concentrated in vacuo. Purification by column
chromatography (petroleum ether/EtOAc, 7:1) yielded 2.00 g
(76%) of syn-alcohol 6 and 313 mg (12%) anti-alcohol 17 as colorless
oils. syn-product 6: 1H NMR (400 MHz, CDCl3) δ 7.20 (t, J = 7.8 Hz,
1H), 6.78−6.72 (m, 3H), 5.88−5.71 (m, 1H), 5.12−4.97 (m, 2H),
4.48 (dt, J = 29.2, 3.6 Hz, 1H), 3.78 (s, 3H), 3.77−3.57 (m, 3H),
3.43−3.38 (m, 1H), 3.23 (dddd, J = 14.6, 9.6, 7.9, 5.5 Hz, 1H), 2.72
(ddt, J = 9.9, 8.1, 4.0 Hz, 1H), 2.41 (dd, J = 4.4, 2.7 Hz, 1H), 2.36−
2.23 (m, 1H), 2.19−2.08 (m, 1H), 2.03−1.85 (m, 2H), 1.84−1.73 (m,
1H), 1.72−1.61 (m, 1H), 1.59−1.44 (m, 4H); 13C NMR (100 MHz,
CDCl3 most of peaks double due to the presence of OTHP group) δ
159.5, 143.9, 143.8, 135.0, 129.4, 129.3, 120.6, 120.5, 117.7, 114.3,
114.2, 111.3, 99.0, 98.3, 74.1, 74.0, 65.8, 65.6, 62.1, 61.8, 55.0, 49.2,
49.1, 39.6, 39.5, 32.0, 31.7, 30.6, 30.5, 25.3, 25.3, 19.4, 19.2; HRMS
(ESI) Calcd. for C19H32NO4 [M + NH4]

+ 338.2326, found 338.2321.
anti-alcohol 17: 1H NMR (400 MHz, CDCl3) δ 7.22 (t, J = 7.8 Hz,

1H), 6.92−6.71 (m, 3H), 5.91−5.78 (m, 1H), 5.13−5.02 (m, 2H),
4.53−4.41 (m, 1H), 3.85 (dt, J = 12.9, 4.2 Hz, 1H), 3.79 (s, 3H),
3.77−3.55 (m, 2H), 3.47−3.37 (m, 1H), 3.24 (dddd, J = 14.4, 9.7, 7.8,
5.5 Hz, 1H), 2.85−2.76 (m, 1H), 2.29 (ddd, J = 8.3, 6.5, 4.9 Hz, 1H),
2.16−1.92 (m, 3H), 1.90−1.75 (m, 2H), 1.72−1.63 (m, 1H), 1.60−
1.44 (m, 4H); 13C NMR (100 MHz, CDCl3 most of peaks double due
to the presence of OTHP group) δ 159.5, 142.4, 142.3, 135.1, 135.1,
129.2, 121.3, 117.4, 117.4, 114.9, 114.8, 111.8, 111.7, 99.1, 98.4, 73.6,
73.5, 65.8, 65.5, 62.3, 61.9, 55.0, 48.2, 48.1, 39.4, 39.3, 32.2, 32.1, 30.6,
30.5, 25.3, 25.3, 19.6, 19.3; HRMS (ESI) Calcd. for C19H32NO4 [M +
NH4]

+ 338.2326, found 338.2317.
Synthesis of Azide 11. To a solution of syn-alcohol 6 (950 mg, 3

mmol) in dry CH2Cl2 (20 mL) at 0 °C were added Et3N (0.75 mL, 5.4
mmol) and mesyl chloride (0.35 mL, 4.5 mmol). The mixture was
stirred for 1 h at room temperature and quenched with H2O (10 mL).
The aqueous phase was extracted with CH2Cl2 (3 × 10 mL). The
combined organic layers were washed with brine and dried over
anhydrous Na2SO4. Concentration in vacuo gave crude product as oil,
which was used immediately without further purification. The crude

product was dissolved in anhydrous DMF (10 mL) and sodium azide
(453 mg, 6.6 mmol) was added. The mixture was stirred at 80 °C for
12 h before quenching with H2O (10 mL). The aqueous phase was
extracted with Et2O (3 × 15 mL), and the combined organic layers
were washed with brine, dried over anhydrous Na2SO4 and
concentrated in vacuo. Purification by column chromatography
(petroleum ether/EtOAc 40:1) gave azide 11 (875 mg, 86% yield
for two steps) as a colorless oil: 1H NMR (400 MHz, CDCl3) δ 7.26−
7.20 (m, 1H), 6.88−6.77 (m, 3H), 5.93−5.73 (m, 1H), 5.17−5.13 (m,
2H), 4.45 (dt, J = 45.6, 3.6 Hz, 1H), 3.81 (s, 3H), 3.76−3.51 (m, 3H),
3.48−3.37 (m, 1H), δ 3.31−3.11 (m, 1H)., 2.99−2.87 (m, 1H), 2.37−
2.25 (m, 1H), 2.24−2.14 (m, 1H), 2.12−1.96 (m, 2H), 1.85−1.77 (m,
1H), 1.72−1.62 (m, 1H), 1.60−1.45 (m, 4H); 13C NMR (100 MHz,
CDCl3 most of peaks double due to the presence of OTHP group) δ
159.4, 141.4, 134.0, 129.2, 129.1, 121.4, 118.2, 114.9, 114.9, 112.0,
112.0, 99.2, 98.5, 66.3, 66.2, 65.2, 65.2, 62.4, 61.9, 55.1, 46.3, 46.0,
37.0, 36.9, 32.8, 32.7, 30.6, 30.6, 25.3, 19.6, 19.4; HRMS (ESI) Calcd.
for C19H28N3O3 [M + H]+ 346.2125, found 346.2122.

Synthesis of anti-Sulfonamide 5. To a solution of azide 11 (875
mg, 2.5 mmol) in dry THF (25 mL) was added LiAlH4 (200 mg, 5
mmol) at 0 °C. After being stirred for 1 h at room temperature, the
mixture was quenched with 15% NaOH solution at 0 °C and filtered
through Celite. The filtration residue was washed with ethyl acetate (3
× 10 mL). Concentration in vacuo gave the crude product as oil,
which was used immediately without further purification. The crude
product was dissolved in dry CH2Cl2 (20 mL) at 0 °C, and then
diisopropylethylamine (647 mg, 0.83 mL, 5 mmol) and 2-nitro-
benzenesulfonyl chloride (1 g, 4.5 mmol) were added. The mixture
was stirred at room temperature for 2 h and quenched with H2O (15
mL). The mixture was extracted with ethyl acetate (3 × 10 mL), and
the combined organic layers were washed with brine, dried over
anhydrous Na2SO4 and concentrated in vacuo. Purification by column
chromatography (petroleum ether/EtOAc 2:1) gave anti-sulfonamide
5 (1.08 g, 76% yield for two steps) as a yellow oil: 1H NMR (400
MHz, CDCl3) δ 8.04 (d, J = 6.8 Hz, 1H), 7.87 (d, J = 1.6 Hz, 1H),
7.72−7.63 (m, 2H), 7.10 (t, J = 7.7 Hz, 1H), 6.71 (t, J = 7.4 Hz, 1H),
6.68−6.63 (m, 2H), 5.64−5.51 (m, 1H), 5.26 (dd, J = 11.9, 8.6 Hz,
1H), 4.96 (d, J = 17.1 Hz, 1H), 4.88 (dd, J = 9.8, 4.9 Hz, 1H), 4.41
(dd, J = 48.8, 3.6 Hz, 1H), 3.82−3.77 (m, 2H), 3.75 (s, 3H), 3.69−
3.33 (m, 2H), 3.26−3.05 (m, 1H), 3.02−2.95 (m, 1H), 2.40−2.28 (m,
1H), 2.14−2.01 (m, 2H), 2.00−1.86 (m, 1H), 1.83−1.75 (m, 1H),
1.70−1.60 (m, 1H), 1.56−1.42 (m, 4H); 13C NMR (100 MHz, CDCl3
most of peaks double due to the presence of OTHP group) δ 159.6,
159.5, 147.2, 141.0, 140.8, 135.2, 133.4, 133.4, 132.9, 132.8, 130.2,
130.1, 129.5, 129.4, 125.3, 120.9, 120.9, 118.5, 118.4, 114.4, 114.3,
112.4, 112.3, 99.0, 98.3, 65.1, 64.9, 62.3, 61.7, 59.1, 59.0, 55.0, 45.6,
45.6, 38.3, 31.9, 31.8, 30.6, 30.5, 25.3, 19.5, 19.2; HRMS (ESI) Calcd.
for C25H33N2O7S [M + H]+ 505.2003, found 505.1995.

Synthesis of Olefinic Amide 12. To a solution of anti-
sulfonamide 5 (1.08 g, 2.15 mmol) in dry CH2Cl2 (20 mL) at 0 °C
were added diisopropylethylamine (556 mg, 0.71 mL, 4.3 mmol),

Scheme 3. Synthesis of the Tetracyclic Core of Daphenylline (2)
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acryloyl chloride (350 mg, 0.31 mL, 3.9 mmol) and DMAP (5 mg,
0.02 mmol); the mixture was stirred at room temperature for 6 h and
quenched with H2O (15 mL). The mixture was extracted with ethyl
acetate (3 × 10 mL), and the combined organic layers were washed
with brine, dried over anhydrous Na2SO4 and concentrated in vacuo.
Purification by column chromatography (petroleum ether/EtOAc 4:1)
gave olefinic amide 12 (906 mg, 76% yield) as a thick brown oil: 1H
NMR (400 MHz, CDCl3) δ 7.70−7.54 (m, 2H), 7.31 (s, 1H), 7.10 (t,
J = 7.9 Hz, 1H), 6.83−6.64 (m, 4H), 6.31 (ddd, J = 16.4, 10.2, 2.8 Hz,
1H), 6.23−6.12 (m, 1H), 5.81 (tt, J = 24.5, 12.4 Hz, 1H), 5.58−5.46
(m, 1H), 5.07−5.00 (m, 1H), 4.38 (dd, J = 50.0, 3.8 Hz, 1H), 3.81−
3.61 (m, 5H), 3.70 (s, 3H), 3.55−3.36 (m, 2H), 3.12−2.97 (m, 1H),
2.86 (t, J = 6.5 Hz, 2H), 2.30−2.18 (m, 1H), 1.92−1.75 (m, 2H),
1.70−1.59 (m, 1H), 1.56−1.44 (m, 4H); 13C NMR (100 MHz, CDCl3
most of peaks double due to the presence of OTHP group) δ 166.6,
159.7, 159.7, 148.1, 142.7, 135.3, 133.8, 133.1, 131.9, 130.1, 129.5,
124.5, 121.2, 117.8, 113.9, 113.8, 113.2, 113.2, 99.2, 98.4, 65.4, 65.2,
65.2, 62.3, 61.8, 55.0, 46.0, 45.9, 37.8, 34.1, 33.9, 30.6, 30.5, 25.3, 25.3,
19.5, 19.3; HRMS (ESI) Calcd. for C28H35N2O8S [M + H]+ 559.2109,
found 559.2113.
Synthesis of Lactam 4. To a solution of the second generation

Grubbs catalyst (40 mg, 0.05 mmol) in dry CH2Cl2 (90 mL) was
added a solution of olefinic amide 12 (491 mg, 0.88 mmol) in dry
CH2Cl2 (2 mL) under argon atmosphere. The mixture was refluxed for
12 h and concentrated in vacuo. Purification by column chromatog-
raphy (petroleum ether/EtOAc 2:1) gave lactam 4 (345 mg, 74%
yield) as a pale yellow solid: 1H NMR (400 MHz, CDCl3) δ 8.52−
8.48 (m, 1H), 7.74−7.73 (m, 3H), 7.21 (t, J = 7.8 Hz, 1H), 6.86−6.77
(m, 3H), 6.49−6.43 (m, 1H), 5.50−5.44 (m, 1H), 4.85 (dd, J = 7.4,
4.4 Hz, 1H), 4.52−4.35 (m, 1H), 3.80 (s, 3H), 3.79−3.69 (m, 1H),
3.68−3.47 (m, 1H), 3.45−3.30 (m, 2H), 3.27−3.09 (m, 2H), 2.62 (dd,
J = 19.3, 6.2 Hz, 1H), 2.20 (dd, J = 13.2, 6.3 Hz, 2H), 1.85−1.75 (m,
1H), 1.70−1.62 (m, 1H), 1.57−1.46 (m, 4H); 13C NMR (100 MHz,
CDCl3 most of peaks double due to the presence of OTHP group) δ
162.3, 162.3, 159.9, 159.9, 147.9, 142.5, 140.8, 140.8, 135.8, 134.3,
132.7, 131.7, 129.6, 129.6, 124.3, 122.5, 122.5, 121.4, 121.3, 114.2,
114.1, 113.0, 112.9, 99.2, 98.2, 65.4, 64.9, 62.3, 61.7, 59.9, 59.9, 55.1,
48.7, 48.6, 31.5, 31.1, 30.6, 30.5, 27.3, 27.2, 25.3, 19.6, 19.2; HRMS
(ESI) Calcd. for C26H31N2O8S [M + H]+ 531.1796, found 531.1790.
Following the typical procedure described for the preparation of 4,

lactams 13a−13h were obtained from corresponding acetaldehyde in 7
steps.
13a: a pale yellow solid (233 mg, 29% yield); mp 191−193 °C; 1H

NMR (400 MHz, CDCl3) δ 8.59−8.55 (m, 1H), 7.80−7.75 (m, 3H),
7.24 (t, J = 7.9 Hz, 1H), 6.84−6.77 (m, 3H), 6.69−6.64 (m, 1H), 5.86
(dd, J = 9.9, 2.8 Hz, 1H), 4.91−4.82 (m, 1H), 3.82 (s, 3H), 3.13 (ddd,
J = 23.7, 13.3, 7.3 Hz, 2H), 2.88 (ddd, J = 9.3, 6.7, 3.2 Hz, 1H), 2.42
(dd, J = 18.8, 6.5 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 161.7,
159.8, 148.0, 142.7, 138.3, 135.1, 134.5, 132.6, 131.9, 129.7, 124.3,
123.6, 121.6, 115.0, 112.4, 56.6, 55.2, 40.6, 26.2; HRMS (ESI) Calcd.
for C19H22N3O6S [M + NH4]

+ 420.1224, found 420.1217.
13b: a pale yellow solid (250 mg, 31% yield); mp 134−135 °C; 1H

NMR (400 MHz, CDCl3) δ 8.58−8.53 (m, 1H), 7.80−7.74 (m, 3H),
7.15 (d, J = 8.5 Hz, 2H), 6.87 (d, J = 8.6 Hz, 2H), 6.67 (t, J = 8 Hz,
1H), 5.87 (dd, J = 9.9, 2.9 Hz, 1H), 4.85−4.77 (m, 1H), 3.80 (s, 3H),
3.09 (ddd, J = 23.9, 13.5, 7.3 Hz, 2H), 2.92−2.83 (m, 1H), 2.41 (dd, J
= 18.9, 6.5 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 161.7, 158.6,
148.0, 142.8, 135.1, 134.5, 132.6, 131.8, 130.3, 128.7, 124.3, 123.7,
114.1, 56.9, 55.2, 39.7, 26.1; HRMS (ESI) Calcd. for C19H22N3O6S [M
+ NH4]

+ 420.1224, found 420.1213.
13c: a pale yellow solid (216 mg, 26% yield as a 1:1 diastereomeric

mixture); 1H NMR (400 MHz, CDCl3) δ 8.66−8.60 (m, 1H), 8.53−
8.48 (m, 1H), 7.81−7.72 (m, 6H), 7.22 (dd, J = 15.3, 7.6 Hz, 2H),
6.93−6.76 (m, 6H), 6.69 (ddd, J = 9.7, 6.2, 1.2 Hz, 1H), 6.36 (dd, J =
9.9, 1.6 Hz, 1H), 5.82 (d, J = 9.8 Hz, 1H), 5.62 (dd, J = 9.8, 3.1 Hz,
1H), 4.93−4.84 (m, 1H), 4.65 (dd, J = 10.7, 3.2 Hz, 1H), 3.82 (s, 3H),
3.81 (s, 3H), 3.59−3.49 (m, 1H), 3.30 (dd, J = 13.4, 3.4 Hz, 1H),
3.28−3.02 (m, 2H), 2.99 (dd, J = 13.4, 10.8 Hz, 1H), 2.61 (p, J = 6.9
Hz, 1H), 1.29 (d, J = 7.7 Hz, 3H), 1.22 (d, J = 7.1 Hz, 3H); 13C NMR
(100 MHz, CDCl3) δ 162.0, 162.0, 159.8, 159.6, 148.9, 148.4, 148.0,

147.8, 138.5, 138.3, 135.3, 135.1, 134.7, 134.4, 132.7, 132.5, 131.7,
129.7, 129.3, 124.2, 124.1, 122.3, 122.2, 122.0, 121.5, 115.3, 114.9,
112.6, 112.2, 62.4, 61.8, 55.1, 41.0, 36.1, 33.6, 32.1, 19.1, 16.2; HRMS
(ESI) Calcd. for C20H24N3O6S [M + NH4]

+ 434.1380, found
434.1371.

13d: a pale yellow solid (251 mg, 29% yield); mp 146−147 °C; 1H
NMR (400 MHz, CDCl3) δ 8.57−8.52 (m, 1H), 7.80−7.74 (m, 3H),
6.80 (t, J = 7.9 Hz, 1H), 6.72 (dd, J = 8.1, 1.8 Hz, 1H), 6.63 (t, J = 7.9
Hz, 1H), 5.81 (dd, J = 9.9, 2.8 Hz, 1H), 4.87−4.78 (m, 1H), 3.89 (s,
3H), 3.86 (s, 3H), 3.07 (qd, J = 13.5, 7.1 Hz, 2H), 2.94−2.83 (m, 1H),
2.42 (dd, J = 18.9, 6.5 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 161.7,
149.0, 148.0, 147.9, 142.7, 135.1, 134.5, 132.5, 131.8, 129.2, 124.3,
123.5, 121.3, 112.2, 111.1, 56.6, 55.8, 55.7, 40.4, 26.3; HRMS (ESI)
Calcd. for C20H24N3O7S [M + NH4]

+ 450.1329, found 450.1329.
13e: a pale yellow solid (285 mg, 33% yield); mp 177−178 °C; 1H

NMR (400 MHz, CDCl3) δ 8.61−8.55 (m, 1H), 7.81−7.75 (m, 3H),
6.66 (t, J = 7.9 Hz, 1H), 6.42−6.35 (m, 3H), 5.85 (dd, J = 9.9, 2.8 Hz,
1H), 4.88 (ddd, J = 6.9, 6.2, 4.9 Hz, 1H), 3.81 (s, 6H), 3.09 (ddd, J =
23.5, 13.3, 7.3 Hz, 2H), 2.95−2.85 (m, 1H), 2.44 (dd, J = 18.8, 6.5 Hz,
1H); 13C NMR (100 MHz, CDCl3) δ 161.8, 161.0, 148.0, 142.7,
139.0, 135.2, 134.6, 132.6, 131.9, 124.4, 123.6, 107.3, 98.8, 56.5, 55.3,
40.9, 26.3; HRMS (ESI) Calcd. for C20H24N3O7S [M + NH4]

+

450.1329, found 450.1320.
13f: a pale yellow solid (257 mg, 30% yield); mp 182−183 °C; 1H

NMR (400 MHz, CDCl3) δ 8.58−8.51 (m, 1H), 7.80−7.71 (m, 3H),
6.81−6.79 (m, 3H), 6.67 (t, J = 7.9 Hz, 1H), 5.84 (dd, J = 9.9, 2.8 Hz,
1H), 4.98−4.87 (m, 1H), 3.79 (s, 3H), 3.78 (s, 3H), 3.16 (ddd, J =
18.0, 13.1, 7.3 Hz, 2H), 2.95−2.82 (m, 1H), 2.40 (dd, J = 18.6, 6.5 Hz,
1H); 13C NMR (100 MHz, CDCl3) δ 162.0, 153.5, 152.0, 148.0,
143.4, 135.2, 134.4, 132.7, 131.8, 126.2, 124.3, 123.1, 117.1, 112.8,
111.4, 56.0, 55.7, 55.7, 34.9, 27.0; HRMS (ESI) Calcd. for
C20H24N3O7S [M + NH4]

+ 450.1329, found 450.1316.
13g: a pale yellow solid (143 mg, 16% yield); mp 190−191 °C; 1H

NMR (400 MHz, CDCl3) δ 8.58−8.52 (m, 1H), 7.79−7.73 (m, 3H),
6.36 (s, 3H), 5.62 (d, J = 0.8 Hz, 1H), 4.82 (ddd, J = 10.3, 6.2, 4.3 Hz,
1H), 3.80 (s, 6H), 3.05 (ddd, J = 23.5, 13.2, 7.2 Hz, 2H), 2.90 (dd, J =
18.2, 6.8 Hz, 1H), 2.24 (d, J = 18.2 Hz, 1H), 1.90 (s, 3H); 13C NMR
(100 MHz, CDCl3) δ 162.2, 161.0, 155.0, 147.9, 139.1, 135.1, 134.4,
132.7, 131.8, 124.3, 118.9, 107.3, 98.9, 56.2, 55.3, 41.1, 31.4, 23.3;
HRMS (ESI) Calcd. for C21H26N3O7S [M + NH4]

+ 464.1486, found
464.1480.

13h: a pale yellow solid (314 mg, 34% yield); mp 156−157 °C; 1H
NMR (400 MHz, CDCl3) δ 8.58−8.50 (m, 1H), 7.81−7.74 (m, 3H),
6.63 (t, J = 7.9 Hz, 1H), 6.43 (s, 2H), 5.79 (dd, J = 9.9, 2.7 Hz, 1H),
4.85 (t, J = 10.3 Hz, 1H), 3.86 (s, 6H), 3.82 (s, 3H), 3.12−2.99 (m,
2H), 2.97−2.87 (m, 1H), 2.43 (dd, J = 18.9, 6.5 Hz, 1H); 13C NMR
(100 MHz, CDCl3) δ 161.7, 153.3, 147.9, 142.5, 136.9, 135.1, 134.6,
132.4, 132.4, 131.9, 124.3, 123.4, 106.1, 60.7, 56.5, 56.1, 41.2, 26.6;
HRMS (ESI) Calcd. for C21H26N3O8S [M + NH4]

+ 480.1435, found
480.1425.

Synthesis of Bridged Lactam 14a. To a solution of lactam 13a
(40 mg, 0.1 mmol) in dry ClCH2CH2Cl (1 mL) was added triflic acid
(18 μL, 0.2 mmol, 2.0 equiv) at room temperature under Ar. The
mixture was stirred at 50 °C for 8 h and quenched with saturated
aqueous NaHCO3 (1 mL). The mixture was extracted with ethyl
acetate (10 mL), and the organic layer was washed with brine, dried
over anhydrous Na2SO4 and concentrated in vacuo. Purification by
column chromatography (petroleum ether/EtOAc 1:1) gave bridged
lactam 14a (36 mg, 90% yield) as a white solid: mp 210−211 °C; 1H
NMR (400 MHz, CDCl3) δ 8.41 (dd, J = 5.8, 3.0 Hz, 1H), 7.78−7.72
(m, 3H), 7.03 (d, J = 8.4 Hz, 1H), 6.77 (dd, J = 8.4, 2.3 Hz, 1H), 6.68
(d, J = 1.9 Hz, 1H), 4.96 (s, 1H), 3.79 (s, 3H), 3.24 (s, 3H), 2.74 (dd, J
= 17.9, 5.4 Hz, 1H), 2.56 (d, J = 17.9 Hz, 1H), 2.42 (d, J = 13.3 Hz,
1H), 2.27 (d, J = 13.6 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 169.7,
158.7, 147.9, 135.0, 134.4, 133.1, 132.3, 131.8, 130.0, 129.6, 124.2,
113.9, 55.2, 52.5, 43.4, 37.4, 30.5, 28.7; HRMS (ESI) Calcd. for
C19H19N2O6S [M + H]+ 403.0958, found 403.0950.

Following the typical procedure described for the preparation of
14a, lactams 14c−14e, 14g, 14h and 3 were obtained in one step.
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14c: a white solid (34 mg, 84% yield as a 2:1 diastereomeric
mixture); 1H NMR (400 MHz, CDCl3) δ 8.48−8.39 (m, 1H), 7.79−
7.71 (m, 3H), 7.00 (dd, J = 8.4, 3.2 Hz, 1H), 6.81−6.75 (m, 1H), 6.69
(d, J = 2.8 Hz, 1H), 4.74 (d, J = 1.8 Hz, 0.65H), 4.65 (s, 0.35H), 3.79
(s, 3H), 3.39−3.12 (m, 2H), 2.99−2.91 (m, 1H), 2.89−2.71 (m, 1H),
2.60−2.43 (m, 2H), 1.36 (d, J = 7.0 Hz, 2H), 1.16 (d, J = 7.0 Hz, 1H);
13C NMR (100 MHz, CDCl3) δ 169.7, 158.7, 158.6, 148.2, 147.8,
135.5, 135.1, 134.5, 134.4, 133.2, 132.0, 131.8, 131.7, 131.6, 131.4,
130.6, 129.4, 128.4, 124.2, 114.2, 113.8, 113.7, 57.7, 56.5, 55.1, 43.8,
38.5, 38.3, 36.5, 36.2, 32.6, 32.4, 32.2, 29.6, 16.4, 16.3; HRMS (ESI)
Calcd. for C20H21N2O6S [M + H]+ 417.1115, found 417.1109.
14d: a white solid (38 mg, 89% yield); mp 199−201 °C; 1H NMR

(400 MHz, CDCl3) δ 8.44−8.41 (m, 1H), 7.78−7.73 (m, 3H), 6.63 (s,
1H), 6.58 (s, 1H), 4.97 (s, 1H), 3.87 (s, 3H), 3.86 (s, 3H), 3.19 (d, J =
2.7 Hz, 3H), 2.74 (dd, J = 17.8, 5.4 Hz, 1H), 2.60 (d, J = 17.9 Hz, 1H),
2.41 (dd, J = 13.4, 2.1 Hz, 1H), 2.33−2.24 (m, 1H); 13C NMR (100
MHz, CDCl3) δ 169.7, 148.5, 148.1, 147.9, 135.1, 134.4, 133.2, 131.8,
129.7, 124.2, 123.0, 112.1, 110.9, 55.9, 55.8, 52.6, 43.1, 36.8, 30.9, 28.6;
HRMS (ESI) Calcd. for C20H21N2O7S [M + H]+ 433.1064, found
433.1058.
14e: a white solid (37 mg, 88% yield); mp 202−203 °C; 1H NMR

(400 MHz, CDCl3) δ 8.46−8.35 (m, 1H), 7.78−7.72 (m, 3H), 6.33 (s,
1H), 6.28 (s, 1H), 4.93 (s, 1H), 3.80 (s, 3H), 3.79 (s, 3H), 3.49 (s,
1H), 3.21 (s, 2H), 2.62 (d, J = 3.7 Hz, 2H), 2.38 (d, J = 11.9 Hz, 1H),
2.19 (d, J = 13.3 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 170.6,
159.6, 157.5, 148.0, 135.1, 134.3, 133.4, 133.0, 131.8, 124.2, 119.0,
104.5, 97.1, 55.3, 52.7, 40.9, 37.5, 28.8, 24.4; HRMS (ESI) Calcd. for
C20H21N2O7S [M + H]+ 433.1064, found 433.1060.
14g: a white solid (35 mg, 78% yield); mp 242−243 °C; 1H NMR

(400 MHz, CDCl3) δ 8.39−8.34 (m, 1H), 7.77−7.71 (m, 3H), 6.33
(d, J = 2.3 Hz, 1H), 6.26 (d, J = 2.2 Hz, 1H), 4.84 (t, J = 3.0 Hz, 1H),
3.78 (s, 3H), 3.78 (s, 3H), 3.25 (dd, J = 17.7, 3.5 Hz, 1H), 3.17 (d, J =
17.6 Hz, 1H), 3.00 (d, J = 17.7 Hz, 1H), 2.27 (d, J = 17.7 Hz, 1H),
2.15 (s, 2H), 1.54 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 170.8,
159.4, 159.4, 148.0, 135.0, 134.2, 133.9, 133.5, 131.8, 124.1, 121.3,
105.0, 98.2, 55.2, 55.0, 53.0, 46.5, 39.8, 38.7, 32.1, 27.1; HRMS (ESI)
Calcd. for C21H23N2O7S [M + H]+ 447.1220, found 447.1214.
14h: a white solid (37 mg, 81% yield); mp 217−218 °C; 1H NMR

(400 MHz, CDCl3) δ 8.43−8.37 (m, 1H), 7.79−7.73 (m, 3H), 6.43 (s,
1H), 4.92 (s, 1H), 3.93 (s, 3H), 3.84 (s, 3H), 3.83 (s, 3H), 3.47 (s,
1H), 3.18 (s, 2H), 2.68 (dd, J = 18.1, 5.3 Hz, 1H), 2.58 (d, J = 18.1 Hz,
1H), 2.38 (d, J = 13.0 Hz, 1H), 2.19 (dd, J = 11.5, 1.9 Hz, 1H); 13C
NMR (100 MHz, CDCl3) δ 170.3, 152.9, 150.6, 147.9, 140.4, 135.0,
134.4, 133.2, 131.8, 126.6, 124.2, 123.5, 107.6, 60.8, 60.6, 55.8, 52.6,
41.7, 37.1, 28.6, 25.0; HRMS (ESI) Calcd. for C21H23N2O8S [M + H]+

463.1170, found 463.1170.
Bridged Lactam 3. 182 mg of 3 was obtained from lactam 4 (305

mg, 0.57 mmol) in 71% yield as a white solid: mp 198−199 °C; 1H
NMR (400 MHz, CDCl3) δ 8.45−8.39 (m, 1H), 7.81−7.73 (m, 3H),
7.00 (d, J = 8.4 Hz, 1H), 6.94 (d, J = 1.7 Hz, 1H), 6.76 (dd, J = 8.3, 2.2
Hz, 1H), 4.98 (s, 1H), 3.99 (t, J = 6.3 Hz, 2H), 3.80 (s, 3H), 3.32−
3.29 (m, 1H), 3.25 (s, 1H), 2.73 (dd, J = 17.8, 5.5 Hz, 1H), 2.67 (ddd,
J = 13.4, 4.5, 2.3 Hz, 1H), 2.53 (d, J = 17.8 Hz, 1H), 2.41−2.36 (m,
3H), 1.80 (s, 1H); 13C NMR (100 MHz, CDCl3) δ 170.4, 159.0,
147.8, 136.6, 136.3, 134.5, 132.8, 131.8, 130.9, 129.5, 124.4, 113.0,
112.5, 61.3, 55.9, 55.3, 44.1, 41.4, 32.9, 31.6, 29.6; HRMS (ESI) Calcd.
for C21H23N2O7S [M + H]+ 447.1220, found 447.1215.
Synthesis of Alcohol Lactam 15. To a solution of bridged lactam

3 (152 mg, 0.34 mmol) in DMF (2 mL) were added anhydrous
K2CO3 (150 mg, 1.09 mmol) and PhSH (80 μL, 0.78 mmol) at room
temperature. After stirring for 1 h at 40 °C, the reaction was quenched
with H2O (1 mL), and the mixture was extracted with ethyl acetate (3
× 2 mL). The combined organic layers were washed with saturated
aqueous NaHCO3 and brine, dried over anhydrous Na2SO4 and
concentrated in vacuo. Purification by column chromatography
(CH2Cl2/CH3OH, 20:1) gave amide 15 (58 mg, 66% yield) as a
white solid: mp 192−193 °C; 1H NMR (400 MHz, CDCl3) δ 7.82 (s,
1H), 7.04 (d, J = 8.3 Hz, 1H), 6.79−6.73 (m, 2H), 4.16 (d, J = 3.5 Hz,
1H), 3.98−3.93 (m, 1H), 3.78 (s, 3H), 3.80−3.74 (m, 4H), 3.18 (s,
1H), 2.91 (dt, J = 11.3, 3.8 Hz, 1H), 2.69 (dd, J = 17.6, 5.5 Hz, 1H),

2.38 (d, J = 17.6 Hz, 1H), 2.28−2.23 (m, 1H), 2.16 (ddd, J = 12.7, 4.5,
2.0 Hz, 1H), 2.05 (d, J = 12.8 Hz, 1H), 1.82−1.72 (m, 1H); 13C NMR
(100 MHz, CDCl3) δ 172.1, 158.6, 137.4, 131.6, 129.9, 112.8, 112.3,
61.1, 55.2, 47.7, 43.7, 40.7, 33.3, 31.2, 28.6; HRMS (ESI) Calcd. for
C15H20NO3 [M + H]+ 262.1438, found 262.1435.

Synthesis of Mesylate 16. To a solution of alcohol lactam 15 (33
mg, 0.13 mmol) in dry CH2Cl2 (2 mL) at 0 °C were added Et3N (36
μL, 0.26 mmol), mesyl chloride (18 μL, 0.23 mmol) and DMAP (1
mg). The mixture was stirred at room temperature for 1 h and
quenched with H2O (2 mL). The mixture was extracted with CH2Cl2
(3 × 2 mL), and the combined organic layers were washed with brine,
dried over anhydrous Na2SO4 and concentrated in vacuo. Purification
by column chromatography (CH2Cl2/CH3OH, 20:1) gave mesylate
16 (42 mg, 98% yield) as a white solid: mp 171−172 °C; 1H NMR
(400 MHz, CDCl3) δ 7.07 (d, J = 8.3 Hz, 1H), 6.81−6.74 (m, 3H),
4.44 (d, J = 4.5 Hz, 2H), 3.97 (s, 1H), 3.80 (s, 2H), 3.23 (s, 1H), 3.08
(s, 3H), 3.08 −3.05 (m, 4H), 2.72 (dd, J = 17.5, 5.4 Hz, 1H), 2.50−
2.47 (m, 1H), 2.41 (d, J = 17.6 Hz, 1H), 2.23 (d, J = 10.5 Hz, 1H),
2.10 (d, J = 12.5 Hz, 1H), 2.04−1.94 (m, 1H), 1.64 (s, 1H); 13C NMR
(100 MHz, CDCl3) δ 158.8, 135.8, 131.6, 130.2, 112.7, 112.5, 68.0,
55.3, 47.5, 41.6, 37.5, 31.2, 30.0, 28.8; HRMS (ESI) Calcd. for
C16H22NO5S [M + H]+ 340.1213, found 340.1209.

Synthesis of Tetracyclic Lactam 2. To a solution of mesylate 16
(42 mg, 0.13 mmol) in anhydrous DMF (2 mL) at 0 °C was added
NaH (8 mg of 60% oil dispersion, 0.2 mmol). After stirring for 12 h at
room temperature, the reaction was quenched with saturated aqueous
NH4Cl (1 mL), and the mixture was extracted with ethyl acetate (10
mL). The organic layer was washed with brine, dried over anhydrous
Na2SO4 and concentrated in vacuo. Purification by column
chromatography (petroleum ether/EtOAc 1:1) gave lactam 2 (23
mg, 77% yield) as a white solid: mp 144−145 °C; 1H NMR (400
MHz, CDCl3) δ 6.99 (d, J = 8.4 Hz, 1H), 6.69 (dd, J = 8.4, 2.3 Hz,
1H), 6.66 (s, 1H), 4.23−4.16 (m, 1H), 3.77 (s, 4H), 3.30 (dd, J = 7.5,
4.5 Hz, 1H), 3.16 (s, 1H), 2.98 (td, J = 11.1, 5.5 Hz, 1H), 2.66 (dd, J =
16.6, 4.1 Hz, 1H), 2.48−2.37 (m, 2H), 2.35−2.29 (m, 1H), 2.24 (d, J
= 13.2 Hz, 1H), 2.16−2.05 (m, 1H); 13C NMR (100 MHz, CDCl3) δ
171.6, 158.9, 139.1, 130.3, 130.1, 114.5, 112.4, 57.1, 55.2, 43.1, 41.7,
40.3, 32.4, 31.8, 26.5; HRMS (ESI) Calcd. for C15H18NO2 [M + H]+

244.1332, found 244.1325.
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