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Abstract

A chemoselective and diastereoselective synthesis of fused oxazolidines was achieved by a three-

component cascade reaction of tetrahydroisoquinolines (THIQs), ,-unsaturated aldehydes and 

diethyl 2-oxomalonate. Probably due to the reactivity difference between the aldehyde and the ketone, the 

reaction proceeded through the condensation of THIQs with ,-unsaturated aldehydes and 1,3-

dipolar cycloaddition of the generated azomethine ylide intermediate with 2-oxomalonate. The key 

features are easily available starting materials, mild reaction conditions, broad substrate scope and 

high chemo- and diastereoselectivity. 

1,3-Oxazolidines are a unique class of five-membered heterocycles,1 distributed widely in natural 

products and synthetic complex compounds which are utilized as drugs, dyes and agrochemicals2 and 

useful as synthetic intermediates, auxiliaries, ligands and catalysts for organic transformations.3 

Therefore, extensive effort has been devoted to the development of efficient and versatile synthetic 
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methods for their construction.4 Among these methodologies, the 1,3-dipolar cycloaddition reaction 

of azomethine ylides with carbonyl dipolarophiles has emerged as one of the most powerful and atom 

economy strategies.5 Azomethine ylides 1 are usually generated in situ from amines, imines, 

aziridines and silylmethylamines, and most frequently prepared via the direct condensation of amines 

with aldehydes (Figure 1A).6 Of the carbonyl dipolarophiles 2, aldehydes and ketones are most well 

studied (Figure 1A). Interestingly, aldehydes not only serve as the carbonyl dipolarophiles in the 

cycloaddition but also act as the precursors for the generation of azomethine ylides (Figure 1B). For 

example, Grigg and co-workers studied the reaction of two equivalents of pyridine-2-carbaldehyde 

with 1,2,3,4-tetrahydroisoquinoline (THIQ) in warm acetonitrile. One equivalent of pyridine-2-

carbaldehyde reacted with THIQ to give the azomethine ylide, and the subsequent cycloaddition with 

another equivalent of the aldehyde afforded the dipyridyl oxazolo[2,3-a]tetrahydroisoquinoline.7 

Recently, Houk and Seidel,8 Mantelingu and Rangappa9 also described the similar results respectively. 

However, when the two different carbonyl compounds such as an aldehyde and a ketone exist 

simultaneously in the reaction system, the problem of how to improve the chemoselectivity of the 

reaction is still challenging and has rarely been addressed (Figure 1C). Therefore, since we are 

interested in in situ generated azomethine ylide followed by the intermolecular [3 + 2]-cycloaddition 

reaction for the synthesis of heterocyclic compounds,10 we describe herein an efficient three-

component cascade reaction of tetrahydroisoquinolines, aldehydes and ketone to access 1,3-

oxazolidine compounds diastereoselectively and chemoselectively under mild conditions.
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Figure 1. 1,3-Dipolar cycloaddition reactions of azomethine ylides and carbonyl compounds to give 

1,3-oxazolidines

Page 2 of 21

ACS Paragon Plus Environment

The Journal of Organic Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Using THIQ 4a, cinnamaldehyde 5a and diethyl 2-oxomalonate 6 as model substrates, optimization 

of the reaction conditions using acid as the catalyst was firstly carried out in the presence of 4 Å MS 

in THF at rt for 72 h (entries 1–6, Table 1). Strong acid such as CF3CO2H failed to render the desired 

cascade reaction (entry 1). Fortunately, benzoic acid and derivatives facilitate the formation of 

azomethine ylide intermediate via the condensation of THIQ 4a and cinnamaldehyde 5a, giving the 

1,3-oxazolidine 7aa in good yields (entries 2-5). Among them, 2,6-(CF3)2-PhCO2H turned out to be 

the best of choice, delivering the product 7aa in 78% yield with 16:1 dr (entry 5). The relative 

configuration of the major diastereomer was confirmed by single X-ray crystal studies.11 Lewis acid 

Cu(OAc)2 could also afford the product but was quite less effective (entry 6). The solvents screened 

included toluene, EtOAc, DCE,1,4-dioxane and THF, among which THF was found to be the 

preferred solvent (entries 5, 7–10). A lower amount of the desired product was obtained when the 

reaction was conducted at 0 and 50 ºC, and room temperature was found to be the most suitable 

operation temperature (entries 5 vs 11 and 12).

Table 1. Optimization of the reaction conditionsa

O
NH

+
O

EtO2C CO2Et

N

O
CO2Et

EtO2C

Ph

H

H
+

4a 5a 6 7aa

acid
solvent
4 Å MS
T, 72 h

entry acid solvent T (ºC) yield (%)b

1 CF3CO2H THF rt NR
2 PhCO2H THF rt 63
3 2,6-(NO2)2-PhCO2H THF rt 71
4 2,6-F2-PhCO2H THF rt 70
5b 2,6-(CF3)2-PhCO2H THF rt 78
6 Cu(OAc)2 THF rt 52
7 2,6-(CF3)2-PhCO2H toluene rt 56
8 2,6-(CF3)2-PhCO2H EtOAc rt 64
9 2,6-(CF3)2-PhCO2H DCE rt 74
10 2,6-(CF3)2-PhCO2H 1,4-dioxane rt 73
11 2,6-(CF3)2-PhCO2H THF 0 66
12 2,6-(CF3)2-PhCO2H THF 50 70

aUnless indicated otherwise, the reaction of 4a (0.4 mmol), 5a (0.2 mmol), 6 (0.22 mmol), acid (0.04 mmol) and 

4 Å MS (150 mg) was carried out in solvent (2.0 mL) at rt for 72 h. NR = No Reaction. bDr value was determined 

by 1H NMR analysis of the product.

With the optimal conditions in hand, the generality of ,-unsaturated aldehydes 5 was then 

investigated (Scheme 1). A variety of substituents on the phenyl ring of the cinnamaldehyde, 

including halogens (F, Cl, Br), electron-donating (Me, MeO) and -withdrawing (CF3, NO2, CN, 
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CO2Me) groups, had no substantial differences in the diastereoselectivities (all > 10:1) and afforded 

the corresponding products 7aa-an in moderate yields. An interesting observation was made in the 

case of a trifluoromethoxy group (F3CO) located at the meta-position (5j), which lead to high yield 

(87%) and diastereoselectivity (17:1) of the corresponding product 7ao. Moreover, β-(2-naphthyl) 

substituted enal substrate gave the product 7ap in 84% yield. Notably, the thiophene and furan ring 

of substrates were well tolerated and delivered the products 7aq and 7ar in moderate yields.

Scheme 1. Scope of α,β-Unsaturated Aldehydesa
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2,6-(CF3)2-PhCO2H
(20 mol %)

4 Å MS, THF, rt, 72 h

aReaction conditions: the reaction of 4a (0.4 mmol), 5 (0.2 mmol), 6 (0.22 mmol), 2,6-(CF3)2-PhCO2H (0.04 mmol) 

and 4 Å MS (150 mg) was carried out in THF (2.0 mL) at rt for 72 h. 
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A variety of substituents on the phenyl moiety of the 1,2,3,4-tetrahydroisoquinoline were also well 

tolerated (Scheme 2). Regardless of the position and electronic character of the substituents, reactions 

proceeded smoothly under the optimal conditions, furnishing 1,3-oxazolidines 7ba-ia in moderate to 

high yields. The scope of the reaction was successfully extended to other heteroaromatic ring fused 

piperidine substrates such as tetrahydro-β-carboline 4g, tetrahydrothieno[3,2-c]pyridine 4h and 

tetrahydropyrido[4,3-d]pyrimidine 4i, which also underwent the title reaction under equally mild 

conditions to afford the corresponding products 7ga-ia smoothly albeit in relatively lower yields  

(Scheme 2).

Scheme 2. Scope of Tetrahydroisoquinolines and Arene fused Piperidinea

N

O
CO2Et

EtO2C

H

H

7ea
73% yield

14:1 dr

MeO

N

O
CO2Et

EtO2C

H

H

7ca
70% yield

10:1 dr

N

O
CO2Et

EtO2C

H

H

7da
91% yield

14:1 dr

MeO

N

O
CO2Et

EtO2C

H

H

7ba
64% yield

10:1 dr

N

O
CO2Et

EtO2C

H

H

7fa
75% yield

8:1 dr

N

O
CO2Et

EtO2C

H

H

7ha
61% yield

14:1 dr

N

O
CO2Et

EtO2C

H

H

7ga
52% yield

15:1 dr

N

N

N

O
CO2Et

EtO2C

H

H

7ia
28% yield

10:1 dr

MeO

BrCl

O2N

S

N
H

Ph O +
O

EtO2C CO2Et

N

O
CO2Et

EtO2C

Ph

H

H+

4b-i 5a 6 7ba-ia

2,6-(CF3)2-PhCO2H
(20 mol %)

4 Å MS, THF, rt, 72 hNH
R Het

HetR

aReaction conditions: the reaction of 4b-i (0.4 mmol), 5a (0.2 mmol), 6 (0.22 mmol), 2,6-(CF3)2-PhCO2H (0.04 

mmol) and 4 Å MS (150 mg) was carried out in THF (2.0 mL) at rt for 72 h. 

As indicated in Scheme 3a, a gram-scale reaction of model substrates was conducted. A slightly 

lower but still satisfactory yield of 7aa was obtained (vs entry 5, Table 1). Reduction of 7aa via 

LiAlH4 was then carried out. The oxazolidine ring was opened and both of the ester groups were 

reduced to give the triol 8. Under oxidative conditions, the oxazolidine ring could also be opened to 

form the dihydroisoquinolinone 9 in moderate yield.
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Scheme 3 Gram-scale synthesis and synthetic transformation

+

N

+4a 5a 6 7aa
2,6-(CF3)2-PhCO2H

(20 mol %)
4 Å MS, THF, rt, 72 h 2.18 g, 64% yield

16:1 dr

7aa
NaIO4 (1.5 equiv)
RuCl3 (0.5 mol%)
H2SO4 (20 mol%)

EtOAc/CH3CN/H2O (3/3/1)
0 °C, 10 min

O
HO CO2Et

CO2Et

9, 53% yield

7aa LiAlH4 (2 equiv)
THF, 0 °C to rt, 2 h

N

HO
OH

OH

8, 67% yield

(a)

(b)

(c)

To explore the reaction mechanism, control experiments were performed. Under the standard 

conditions, the reaction of THIQ 4a and two equivalents of cinnamaldehyde 5a was conducted. 

Although the starting materials were consumed, the reaction was complicated and no desired 1,3-

oxazolidine product was obtained (eq 1). Moreover, THIQ 4a and two equivalents of diethyl 2-

oxomalonate 6 were unreactive under the identical conditions (eq 2).

O
NH

O

EtO2C CO2Et

+

4a 5a

2,6-(CF3)2-PhCO2H
(20 mol %)

4 Å MS, THF, rt, 72 h
2 Complicated

NH
+

4a 6

2,6-(CF3)2-PhCO2H
(20 mol %)

4 Å MS, THF, rt, 72 h
2 No Reaction

(1)

(2)

On the basis of the experimental observations, we proposed that the reaction is highly 

chemoselective probably due to the reactivity difference between the aldehyde and the ketone 

(Scheme 4). When an aldehyde (cinnamaldehyde 5a) and a ketone (diethyl 2-oxomalonate 6) exist 

simultaneously in the reaction system, THIQ reacted only with cinnamaldehyde 5a firstly to give the 

iminium salt A with the assistance of 2,6-(CF3)2-PhCO2H. Then α-deprotonation of the intermediate 

iminium ion A afford the azomethine ylide B by the carboxylate anion. Cases involving azomethine 

ylide formation from aldehydes and secondary amines showed that anti-dipole (anti-B) was formed 

at a faster rate and was thermodynamically more stable than syn-dipole (syn-B).7a Therefore, finally, 

only diethyl 2-oxomalonate 6 participated in the 1,3-dipolar cycloaddition with azomethine ylide anti-

B to diastereoselectively generate the corresponding 1,3-oxazolidine 7aa in good yield.
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Scheme 4. Proposed Mechanism
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In summary, we have developed an efficient and highly diastereoselective three-component one-

pot [3 + 2] cycloaddition of 1,2,3,4-tetrahydroisoquinolines, ,-unsaturated aldehydes and diethyl 

2-oxomalonate, which afforded a wide range of useful 1,3-oxazolidine in moderate yields. Easily 

available starting materials, mild reaction conditions and broad substrate scope are the attractive 

features of this methodology. Importantly, the reaction is highly chemoselective propably due to 

the reactivity difference between the aldehyde and the ketone. Moreover, a gram-scale experiment 

and some chemical transformations were conducted to highlight the synthetic utility of this approach.

Experimental Section

General Methods. NMR spectra were recorded on Bruker-600 MHz or Brucker-400 MHz 

spectrometer. The high resolution mass spectra were recorded on a Thermo LTQ Orbitrap XL (ESI+). 

Column chromatography was performed on silica gel or basic alumina (200-300 mesh) eluting with 

ethyl acetate and petroleum ether. TLC was performed on glass-backed silica plates. All chemicals 

were used without purification as commercially available unless otherwise noted.

General Procedure for the Synthesis of 1,3-oxazolidine compounds. Tetrahydroisoquinoline 4 

(0.4 mmol), aldehydes 5 (0.2 mmol) and diethyl ketomalonate 6 (0.22 mmol, 38 mg) were added in 

an oven-dried Schlenk tube. Then the catalyst 2,6-(CF3)2-PhCO2H (0.04 mmol, 10 mg) and 4 Å MS 

(150 mg) were added and the reaction was carried out in solvent THF (2.0 mL) at rt for 72 h. Solvents 

were evaporated under reduced pressure. The residue was directed purified by column 

chromatography on silica gel (petroleum ether/EtOAc) to afford product 7. However, if the 

conjugated aldehydes are replaced by saturated aldehydes or nonaromatic aldehydes, the reaction 

could not occur.

Diethyl(3S,10bR)-3-((E)-styryl)-6,10b-dihydro-5H-oxazolo[2,3-a]isoquinoline-2,2(3H)-

dicarboxylate 7aa: 66 mg was obtained as a white solid in 78% yield after flash chromatography 
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(petroleum ether/EtOAc = 30 : 1). Mp 93-96 °C. Dr: 10:1. 1H NMR (600 MHz, CDCl3) δ 7.58 – 7.54 

(m, 1H), 7.34 (d, J = 7.2 Hz, 2H), 7.32 – 7.26 (m, 4H), 7.23 (t, J = 7.3 Hz, 1H), 7.17 (d, J = 6.9 Hz, 

1H), 6.73 (d, J = 15.7 Hz, 1H), 6.18 (dd, J = 15.8, 8.1 Hz, 1H), 5.92 (s, 1H), 4.94 (dd, J = 8.1, 1.0 Hz, 

1H), 4.35 (dq, J = 10.8, 7.1 Hz, 1H), 4.19 (ddd, J = 14.3, 8.9, 5.4 Hz, 1H), 4.12 (dq, J = 10.8, 7.1 Hz, 

1H), 4.09 – 4.02 (m, 1H), 3.11 – 3.04 (m, 1H), 2.99 (ddd, J = 10.6, 5.1, 2.2 Hz, 1H), 2.92 (ddd, J = 

12.6, 10.8, 3.1 Hz, 1H), 2.77 (d, J = 16.0 Hz, 1H), 1.25 (t, J = 7.1 Hz, 3H), 1.14 (t, J = 7.1 Hz, 3H). 

13C{1H} NMR (151 MHz, CDCl3) δ 168.5, 168.2, 136.3, 135.2, 133.0, 130.5, 129.5, 128.8, 128.5, 

128.1, 127.9, 126.5, 126.4, 123.9, 93.3, 87.4, 73.8, 62.4, 61.8, 45.9, 29.5, 14.2, 13.88. HRMS (ESI) 

m/z (M+H)+ calculated for C25H28NO5: 422.1962, observed: 422.1963.

Didiethyl(3S,10bR)-3-((E)-4-fluorostyryl)-6,10b-dihydro-5H-oxazolo[2,3-a]isoquinoline-

2,2(3H)-dicarboxylate 7ab: 57 mg was obtained as a white solid in 66% yield after flash 

chromatography (petroleum ether/EtOAc = 20 : 1). Mp 112-115 ℃. Dr: 15:1. 1H NMR (600 MHz, 

CDCl3) δ 7.57 – 7.54 (m, 1H), 7.33 – 7.25 (m, 4H), 7.17 (d, J = 7.0 Hz, 1H), 6.98 (t, J = 8.7 Hz, 2H), 

6.69 (d, J = 15.7 Hz, 1H), 6.10 (dd, J = 15.8, 8.1 Hz, 1H), 5.90 (s, 1H), 4.92 (dd, J = 8.1, 0.9 Hz, 1H), 

4.37 – 4.31 (m, 1H), 4.19 (dq, J = 10.8, 7.1 Hz, 1H), 4.15 – 4.09 (m, 1H), 4.06 (dq, J = 10.8, 7.3 Hz, 

1H), 3.10 – 3.02 (m, 1H), 2.98 (ddd, J = 10.6, 5.1, 2.2 Hz, 1H), 2.95 – 2.89 (m, 1H), 2.76 (d, J = 16.0 

Hz, 1H), 1.25 (t, J = 7.1 Hz, 3H), 1.14 (t, J = 7.1 Hz, 3H). 19F NMR (564 MHz, CDCl3) δ -109.65. 

13C{1H} NMR (151 MHz, CDCl3) δ 168.5, 168.1, 162.4 (d, J = 247.3 Hz), 135.1, 132.5 (d, J = 3.3 

Hz), 131.8, 130.4, 129.5, 128.8, 128.1, 128.0, 126.4, 123.7, 115.5 (d, J = 21.6 Hz), 93.3, 87.4, 73.8, 

62.5, 61.8, 46.0, 29.5, 14.2, 13.9. HRMS (ESI) m/z (M+H)+ calculated for C25H27FNO5: 440.1868, 

observed: 440.1865.

Diethyl(3S,10bR)-3-((E)-2-(perfluorophenyl)vinyl)-6,10b-dihydro-5H-oxazolo[2,3-

a]isoquinoline-2,2(3H)-dicarboxylate 7ac: 64 mg was obtained as a white solid in 63% yield after 

flash chromatography (petroleum ether/EtOAc = 20 : 1). Mp 129-130 ℃. Dr: 16:1. 1H NMR (600 

MHz, CDCl3) δ 7.53 (d, J = 7.5 Hz, 1H), 7.33 – 7.25 (m, 2H), 7.18 (d, J = 7.3 Hz, 1H), 6.77 (d, J = 

16.2 Hz, 1H), 6.52 (dd, J = 16.2, 6.7 Hz, 1H), 5.81 (s, 1H), 4.97 (d, J = 6.6 Hz, 1H), 4.39 – 4.33 (m, 

1H), 4.30 (dd, J = 10.7, 7.1 Hz, 1H), 4.14 (ddd, J = 14.3, 10.7, 7.2 Hz, 2H), 3.13 – 3.04 (m, 1H), 3.01 

– 2.90 (m, 2H), 2.78 (d, J = 16.1 Hz, 1H), 1.26 (t, J = 7.1 Hz, 6H). 19F NMR (564 MHz, CDCl3) δ -

138.43, -151.3, -158.39. 13C{1H} NMR (151 MHz, CDCl3) δ 168.3, 167.9, 135.1, 133.4, 130.2, 129.4, 

128.9, 128.1, 126.4, 116.6, 93.3, 87.1, 74.0, 62.6, 62.0, 46.0, 29.5, 14.0, 13.9. HRMS (ESI) m/z 

(M+H)+ calculated for C25H23F5NO5: 512.1491, observed: 512.1493.
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Diethyl(3S,10bR)-3-((E)-2-chlorostyryl)-6,10b-dihydro-5H-oxazolo[2,3-a]isoquinoline-2,2(3H)-

dicarboxylate 7ad: 70 mg was obtained as a white solid in 77% yield after flash chromatography 

(petroleum ether/EtOAc = 30 : 1). Mp 72-75℃. Dr: 16:1. 1H NMR (600 MHz, CDCl3) δ 7.58–7.54 

(m, 1H), 7.47 (dd, J = 7.4, 2.0 Hz, 1H), 7.33 (dd, J = 7.5, 1.7 Hz, 1H), 7.30–7.25 (m, 2H), 7.18 (td, J 

= 7.0, 1.8 Hz, 3H), 7.11 (d, J = 15.7 Hz, 1H), 6.18 (dd, J = 15.8, 8.2 Hz, 1H), 5.93 (s, 1H), 4.98 (dd, 

J = 8.2, 0.8 Hz, 1H), 4.36 (dq, J = 10.8, 7.1 Hz, 1H), 4.22 (dq, J = 10.7, 7.1 Hz, 1H), 4.12 (dq, J = 

10.8, 7.1 Hz, 1H), 4.05 (dq, J = 10.8, 7.2 Hz, 1H), 3.12–2.97 (m, 2H), 2.96–2.89 (m, 1H), 2.79–2.73 

(m, 1H), 1.25 (t, J = 7.1 Hz, 3H), 1.16 (dd, J = 8.7, 5.6 Hz, 3H). 13C{1H} NMR (151 MHz, CDCl3) δ 

168.5, 168.1, 135.2, 134.5, 133.1, 130.4, 129.7, 129.5, 129.1, 128.9, 128.8, 128.1, 127.0, 126.9, 126.8, 

126.4, 93.3, 87.3, 73.7, 62.4, 61.9, 45.9, 29.5, 14.1, 13.9. HRMS (ESI) m/z (M+H)+ calculated for 

C25H27ClNO5: 456.1573, observed: 456.1578 .

Diethyl(3S,10bR)-3-((E)-2,3-dichlorostyryl)-6,10b-dihydro-5H-oxazolo[2,3-a]isoquinoline-

2,2(3H)-dicarboxylate 7ae: 66 mg was obtained as a white solid in 71% yield after flash 

chromatography (petroleum ether/EtOAc = 30 : 1). Mp 115-116 ℃. Dr: 16:1. 1H NMR (600 MHz, 

CDCl3) δ 7.55 (dd, J = 7.3, 1.5 Hz, 1H), 7.36 (ddd, J = 12.0, 7.9, 1.4 Hz, 2H), 7.31 – 7.25 (m, 2H), 

7.16 (dd, J = 18.8, 7.5 Hz, 2H), 7.13 – 7.09 (m, 1H), 6.17 (dd, J = 15.7, 8.1 Hz, 1H), 5.91 (s, 1H), 

4.98 (dd, J = 8.0, 1.1 Hz, 1H), 4.35 (dq, J = 10.8, 7.1 Hz, 1H), 4.23 (dq, J = 10.7, 7.1 Hz, 1H), 4.12 

(dq, J = 10.8, 7.1 Hz, 1H), 4.05 (dq, J = 10.7, 7.2 Hz, 1H), 3.12 – 2.97 (m, 2H), 2.93 (dd, J = 12.9, 

2.4 Hz, 1H), 2.77 (d, J = 16.0 Hz, 1H), 1.25 (t, J = 7.1 Hz, 3H), 1.17 (t, J = 7.1 Hz, 3H). 13C{1H} 

NMR (151 MHz, CDCl3) δ 168.5, 168.0, 136.9, 135.2, 133.4, 131.3, 130.3, 129.5, 129.5, 129.1, 128.9, 

128.4, 128.1, 127.2, 126.4, 125.1, 93.4, 87.3, 73.6, 62.5, 61.9, 45.9, 29.5, 14.1, 13.9. HRMS (ESI) 

m/z (M+H)+ calculated for C25H26Cl2NO5: 490.1183, observed: 490.1182.

Diethyl(3S,10bR)-3-((E)-2-bromostyryl)-6,10b-dihydro-5H-oxazolo[2,3-a]isoquinoline-2,2(3H)-

dicarboxylate 7af: 59 mg was obtained as a white solid in 59% yield after flash chromatography 

(petroleum ether/EtOAc = 20 : 1). Mp 89-92 ℃. Dr: 14:1. 1H NMR (400 MHz, CDCl3) δ 7.50 – 7.45 

(m, 2H), 7.39 (d, J = 7.8 Hz, 1H), 7.25 – 7.15 (m, 3H), 7.12 – 7.07 (m, 1H), 7.06 – 6.96 (m, 2H), 6.06 

(dd, J = 15.7, 8.2 Hz, 1H), 5.86 (s, 1H), 4.91 (d, J = 8.2 Hz, 1H), 4.28 (dt, J = 14.1, 7.1 Hz, 1H), 4.15 

(dt, J = 14.0, 7.1 Hz, 1H), 4.10–3.93 (m, 2H), 2.98 (dd, J = 26.7, 11.5 Hz, 2H), 2.88 – 2.79 (m, 1H), 

2.70 (d, J = 15.5 Hz, 1H), 1.18 (t, J = 6.9 Hz, 3H), 1.09 (t, J = 7.1 Hz, 3H). 13C{1H} NMR (101 MHz, 

CDCl3) δ 168.6, 168.1, 136.3, 135.2, 133.0, 131.7, 130.4, 129.6, 129.2, 128.9, 128.1, 127.5, 127.1, 

127.1, 126.4, 123.7, 93.4, 87.3, 73.6, 62.5, 61.9, 45.9, 29.5, 14.1, 13.9. HRMS (ESI) m/z (M+H)+ 
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calculated for C25H27BrNO5: 500.1067, observed: 500.1066.

Diethyl(3S,10bR)-3-((E)-4-bromostyryl)-6,10b-dihydro-5H-oxazolo[2,3-a]isoquinoline-2,2(3H)-

dicarboxylate 7ag: 74 mg was obtained as a white solid in 74% yield after flash chromatography 

(petroleum ether/EtOAc = 20 : 1). Mp 83-85 ℃. Dr: 16:1. 1H NMR (600 MHz, CDCl3) δ 7.58 –7.55 

(m, 1H), 7.53 (dd, J = 8.0, 1.1 Hz, 1H), 7.46 (dd, J = 7.8, 1.5 Hz, 1H), 7.31 – 7.23 (m, 3H), 7.17 (d, 

J = 6.9 Hz, 1H), 7.11 – 7.04 (m, 2H), 6.14 (dd, J = 15.7, 8.2 Hz, 1H), 5.93 (s, 1H), 4.98 (dd, J = 8.2, 

0.9 Hz, 1H), 4.35 (dq, J = 10.8, 7.1 Hz, 1H), 4.23 (dq, J = 10.8, 7.1 Hz, 1H), 4.12 (dq, J = 10.8, 7.1 

Hz, 1H), 4.05 (dq, J = 10.8, 7.2 Hz, 1H), 3.10 – 2.99 (m, 2H), 2.96 – 2.90 (m, 1H), 2.80 – 2.74 (m, 

1H), 1.25 (dd, J = 8.3, 5.9 Hz, 3H), 1.16 (t, J = 7.1 Hz, 3H). 13C{1H} NMR (151 MHz, CDCl3) δ 

168.5, 168.1, 136.3, 135.2, 132.9, 131.6, 130.4, 129.5, 129.1, 128.8, 128.1, 127.5, 127.1, 127.1, 126.4, 

123.6, 93.3, 87.3, 73.6, 62.4, 61.9, 45.9, 29.5, 14.1, 13.9. HRMS (ESI) m/z (M+H)+ calculated for 

C25H27BrNO5: 500.1067, observed: 500.1069.

Diethyl(3S,10bR)-3-((E)-4-methylstyryl)-6,10b-dihydro-5H-oxazolo[2,3-a]isoquinoline-2,2(3H)-

dicarboxylate 7ah: 66 mg was obtained as a white solid in 75% yield after flash chromatography 

(petroleum ether/EtOAc = 20 : 1). Mp 87-90 ℃. Dr: 12:1. 1H NMR (400 MHz, CDCl3) δ 7.51 – 7.44 

(m, 1H), 7.21 – 7.13 (m, 4H), 7.10 – 7.06 (m, 1H), 7.01 (d, J = 7.9 Hz, 2H), 6.60 (d, J = 15.8 Hz, 

1H), 6.05 (dd, J = 15.8, 8.2 Hz, 1H), 5.84 (s, 1H), 4.84 (d, J = 8.2 Hz, 1H), 4.32 – 4.20 (m, 1H), 4.15 

– 3.90 (m, 3H), 3.04 – 2.77 (m, 3H), 2.67 (d, J = 15.8 Hz, 1H), 2.23 (s, 3H), 1.16 (t, J = 7.1 Hz, 3H), 

1.05 (t, J = 7.1 Hz, 3H). 13C{1H} NMR (101 MHz, CDCl3) δ 167.5, 167.2, 136.7, 134.2, 132.5, 132.0, 

129.4, 128.5, 128.2, 127.8, 127.4, 125.4, 125.4, 121.8, 92.3, 86.4, 72.9, 61.4, 60.8, 44.9, 28.5, 20.2, 

13.2, 12.9. HRMS (ESI) m/z (M+H)+ calculated for C26H30NO5: 436.2119, observed: 436.2114.

Diethyl(3S,10bR)-3-((E)-2-methoxystyryl)-6,10b-dihydro-5H-oxazolo[2,3-a]isoquinoline-

2,2(3H)-dicarboxylate 7ai: 67 mg was obtained as a white solid in 74% yield after flash 

chromatography (petroleum ether/EtOAc = 20 : 1). Mp 87-90 ℃. Dr: 12:1. 1H NMR (600 MHz, 

CDCl3) δ 7.58 – 7.55 (m, 1H), 7.37 (dd, J = 7.7, 1.6 Hz, 1H), 7.30 – 7.25 (m, 2H), 7.21 (td, J = 8.4, 

1.6 Hz, 1H), 7.16 (d, J = 6.8 Hz, 1H), 7.03 (d, J = 15.8 Hz, 1H), 6.88 (t, J = 7.5 Hz, 1H), 6.84 (d, J = 

8.1 Hz, 1H), 6.22 (dd, J = 15.9, 8.3 Hz, 1H), 5.93 (s, 1H), 4.96 (dd, J = 8.3, 0.9 Hz, 1H), 4.35 (dq, J 

= 10.8, 7.1 Hz, 1H), 4.20 (dq, J = 10.7, 7.1 Hz, 1H), 4.11 (dq, J = 10.8, 7.1 Hz, 1H), 4.05 (dq, J = 

10.7, 7.1 Hz, 1H), 3.83 (s, 3H), 3.07 (s, 1H), 2.99 (dd, J = 5.0, 2.2 Hz, 1H), 2.95 – 2.88 (m, 1H), 2.76 

(dd, J = 10.5, 8.1 Hz, 1H), 1.25 (t, J = 7.1 Hz, 3H), 1.15 (t, J = 7.2 Hz, 3H). 13C{1H} NMR (151 MHz, 

CDCl3) δ 168.6, 168.3, 156.8, 135.3, 130.6, 129.5, 128.9, 128.7, 128.1, 128.0, 127.1, 126.3, 125.3, 
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124.5, 120.5, 110.7, 93.3, 87.4, 74.3, 62.3, 61.7, 55.3, 45.9, 29.5, 14.3, 13.9. HRMS (ESI) m/z 

(M+H)+ calculated for C26H30NO6: 452.2068, observed: 452.2066.

Diethyl(3S,10bR)-3-((E)-2-bromo-5-methoxystyryl)-6,10b-dihydro-5H-oxazolo[2,3-

a]isoquinoline-2,2(3H)-dicarboxylate 7aj: 80 mg was obtained as a white solid in 75% yield after 

flash chromatography (petroleum ether/EtOAc = 20 : 1). Mp 118-120 ℃. Dr: 16:1. 1H NMR (600 

MHz, CDCl3) δ 7.57 – 7.54 (m, 1H), 7.40 (d, J = 8.8 Hz, 1H), 7.30 – 7.25 (m, 2H), 7.17 (d, J = 7.5 

Hz, 1H), 7.02 (dd, J = 15.7, 0.8 Hz, 1H), 6.98 (d, J = 3.0 Hz, 1H), 6.68 (dd, J = 8.8, 3.0 Hz, 1H), 6.12 

(dd, J = 15.6, 8.2 Hz, 1H), 5.93 (s, 1H), 4.97 (dd, J = 8.2, 0.9 Hz, 1H), 4.35 (dq, J = 10.8, 7.1 Hz, 

1H), 4.23 (dq, J = 10.7, 7.1 Hz, 1H), 4.12 (dq, J = 10.8, 7.1 Hz, 1H), 4.09 – 4.02 (m, 1H), 3.78 (d, J 

= 5.8 Hz, 3H), 3.10 – 3.03 (m, 1H), 3.01 (ddd, J = 10.5, 4.9, 2.0 Hz, 1H), 2.95 – 2.89 (m, 1H), 2.77 

(d, J = 16.0 Hz, 1H), 1.25 (t, J = 7.1 Hz, 3H), 1.17 (t, J = 7.2 Hz, 3H). 13C{1H} NMR (151 MHz, 

CDCl3) δ 168.5, 168.0, 158.9, 136.9, 135.2, 133.5, 131.8, 130.4, 129.5, 128.8, 128.1, 127.1, 126.4, 

115.6, 114.3, 111.9, 93.3, 87.3, 73.6, 62.5, 61.9, 55.5, 45.9, 29.5, 14.1, 13.9. HRMS (ESI) m/z 

(M+H)+ calculated for C26H29BrNO6: 530.1173, observed: 530.1175.

Diethyl(3S,10bR)-3-((E)-3-(trifluoromethyl)styryl)-6,10b-dihydro-5H-oxazolo[2,3-

a]isoquinoline-2,2(3H)-dicarboxylate 7ak: 76 mg was obtained as a white solid in 77% yield after 

flash chromatography (petroleum ether/EtOAc = 20 : 1). Mp 101-102 ℃. Dr: 16:1. 1H NMR (600 

MHz, CDCl3) δ 7.58 (s, 1H), 7.57 – 7.54 (m, 1H), 7.50 (dd, J = 15.1, 7.7 Hz, 2H), 7.42 (t, J = 7.7 Hz, 

1H), 7.31 – 7.26 (m, 2H), 7.18 (d, J = 7.1 Hz, 1H), 6.78 (d, J = 15.8 Hz, 1H), 6.26 (dd, J = 15.8, 7.7 

Hz, 1H), 5.91 (s, 1H), 4.96 (d, J = 7.7 Hz, 1H), 4.35 (dq, J = 10.8, 7.1 Hz, 1H), 4.21 (dq, J = 10.7, 

7.1 Hz, 1H), 4.16 – 4.11 (m, 1H), 4.11 – 4.06 (m, 1H), 3.07 (s, 1H), 2.98 (dd, J = 5.1, 2.2 Hz, 1H), 

2.94 (dd, J = 12.4, 2.9 Hz, 1H), 2.81 – 2.73 (m, 1H), 1.25 (t, J = 7.1 Hz, 3H), 1.16 (t, J = 7.1 Hz, 3H). 

19F NMR (564 MHz, CDCl3) δ -58.63. 13C{1H} NMR (151 MHz, CDCl3) δ 168.5, 168.0, 137.1, 135.1, 

131.4, 130.9 (t, J = 32.1 Hz), 130.3, 129.6, 129.6, 129.5, 129.1, 128.9, 128.1, 126.4, 126.2, 124.4 (q, 

J = 3.6 Hz), 123.1 (q, J = 3.9 Hz), 93.4, 87.3, 73.6, 62.5, 61.9, 46.0, 29.5, 14.2, 13.9. HRMS (ESI) 

m/z (M+H)+ calculated for C26H27F3NO5: 490.1836, observed: 490.1835.

Diethyl(3S,10bR)-3-((E)-4-nitrostyryl)-6,10b-dihydro-5H-oxazolo[2,3-a]isoquinoline-2,2(3H)-

dicarboxylate 7al: 56 mg was obtained as a white solid in 60% yield after flash chromatography 

(petroleum ether/EtOAc = 20 : 1). Mp 126-128 ℃. Dr: 20:1. 1H NMR (600 MHz, CDCl3) δ 8.18 – 

8.14 (m, 2H), 7.56 – 7.53 (m, 1H), 7.49 – 7.46 (m, 2H), 7.29 (ddd, J = 18.7, 9.8, 6.7 Hz, 2H), 7.18 

(d, J = 7.2 Hz, 1H), 6.83 (d, J = 15.7 Hz, 1H), 6.36 (dd, J = 15.8, 7.6 Hz, 1H), 5.89 (s, 1H), 4.97 (dd, 
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J = 7.6, 1.1 Hz, 1H),4.35 (dq, J = 10.8, 7.1 Hz, 1H), 4.20 (dq, J = 10.8, 7.1 Hz, 1H), 4.16 – 4.11 (m, 

1H), 4.11 – 4.05 (m, 1H), 3.07 (ddt, J = 21.6, 14.2, 7.1 Hz, 1H), 2.97 (dd, J = 14.1, 2.6 Hz, 2H), 2.78 

(d, J = 16.1 Hz, 1H), 1.25 (t, J = 7.1 Hz, 3H), 1.15 (t, J = 7.1 Hz, 3H). 13C{1H} NMR (151 MHz, 

CDCl3) δ 168.4, 167.9, 147.1, 142.8, 135.1, 130.5, 130.2, 129.5, 129.2, 128.9, 128.1, 127.0, 126.5, 

124.1, 93.4, 87.3, 73.5, 62.6, 61.9, 46.0, 29.5, 14.2, 13.9. HRMS (ESI) m/z (M+H)+ calculated for 

C25H27N2O7: 467.1813, observed: 467.1818.

Diethyl(3S,10bR)-3-((E)-4-cyanostyryl)-6,10b-dihydro-5H-oxazolo[2,3-a]isoquinoline-2,2(3H)-

dicarboxylate 7am: 57 mg was obtained as a white solid in 64% yield after flash chromatography 

(petroleum ether/EtOAc = 20 : 1). Mp 61-63 ℃. Dr: 16:1. 1H NMR (600 MHz, CDCl3) δ 7.61 – 7.56 

(m, 2H), 7.55 – 7.52 (m, 1H), 7.42 (d, J = 8.3 Hz, 2H), 7.32 – 7.26 (m, 2H), 7.18 (d, J = 7.1 Hz, 1H), 

6.76 (d, J = 15.7 Hz, 1H), 6.30 (dd, J = 15.8, 7.7 Hz, 1H), 5.88 (s, 1H), 4.95 (dd, J = 7.7, 1.1 Hz, 1H), 

4.35 (dq, J = 10.8, 7.1 Hz, 1H), 4.20 (dq, J = 10.8, 7.1 Hz, 1H), 4.12 (dq, J = 10.8, 7.1 Hz, 1H), 4.07 

(dq, J = 10.8, 7.2 Hz, 1H), 3.12 – 3.01 (m, 1H), 3.00 – 2.88 (m, 2H), 2.77 (d, J = 16.0 Hz, 1H), 1.25 

(t, J = 7.1 Hz, 3H), 1.14 (t, J = 7.1 Hz, 3H). 13C{1H} NMR (151 MHz, CDCl3) δ 168.4, 167.9, 140.8, 

135.1, 132.5, 131.0, 130.2, 129.5, 128.9, 128.3, 128.1, 126.9, 126.5, 118.8, 111.2, 93.4, 87.3, 73.5, 

62.6, 61.9, 46.0, 29.5, 14.2, 13.9. HRMS (ESI) m/z (M+H)+ calculated for C26H27N2O5: 447.1915, 

observed: 447.1918.

Diethyl(3S,10bR)-3-((E)-4-(methoxycarbonyl)styryl)-6,10b-dihydro-5H-oxazolo[2,3-

a]isoquinoline-2,2(3H)-dicarboxylate 7an: 56 mg was obtained as a white solid in 58% yield after 

flash chromatography (petroleum ether/EtOAc = 30 : 1). Mp 79-81℃. Dr: 16:1. 1H NMR (600 MHz, 

CDCl3) δ 7.96 (d, J = 8.4 Hz, 2H), 7.57 – 7.53 (m, 1H), 7.40 (d, J = 8.4 Hz, 2H), 7.31 – 7.25 (m, 2H), 

7.17 (d, J = 7.0 Hz, 1H), 6.77 (d, J = 15.8 Hz, 1H), 6.29 (dd, J = 15.8, 7.9 Hz, 1H), 5.91 (s, 1H),  

4.95 (d, J = 7.9 Hz, 1H), 4.35 (dq, J = 10.9, 7.1 Hz, 1H), 4.18 (dq, J = 10.8, 7.1 Hz, 1H), 4.12 (dq, J 

= 10.8, 7.1 Hz, 1H), 4.06 (dq, J = 10.8, 7.1 Hz, 1H), 3.90 (s, 3H), 3.11 – 3.02 (m, 1H), 3.02 – 2.89 

(m, 2H), 2.80 – 2.73 (m, 1H), 1.25 (dd, J = 8.2, 6.0 Hz, 3H), 1.13 (t, J = 7.1 Hz, 3H). 13C{1H} NMR 

(151 MHz, CDCl3) δ 168.5, 168.0, 166.8, 140.8, 135.1, 131.9, 130.3, 130.0, 129.5, 129.3, 128.9, 

128.1, 126.8, 126.4, 126.3, 93.4, 87.3, 73.7, 62.5, 61.9, 52.1, 46.0, 29.5, 14.2, 13.9. HRMS (ESI) m/z 

(M+H)+ calculated for C27H30NO7: 480.2017, observed: 480.2022.

Diethyl(3S,10bR)-3-((E)-3-(trifluoromethoxy)styryl)-6,10b-dihydro-5H-oxazolo[2,3-

a]isoquinoline-2,2(3H)-dicarboxylate 7ao: 88 mg was obtained as a white solid in 87% yield after 

flash chromatography (petroleum ether/EtOAc = 20 : 1). Mp 112-114 ℃. Dr: 17:1. 1H NMR (600 
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MHz, CDCl3) δ 7.57 – 7.53 (m, 1H), 7.32 – 7.30 (m, 1H), 7.29 – 7.24 (m, 3H), 7.18 (d, J = 8.1 Hz, 

2H), 7.10 – 7.06 (m, 1H), 6.73 (d, J = 15.4 Hz, 1H), 6.20 (dd, J = 15.8, 7.7 Hz, 1H), 5.90 (s, 1H), 

4.94 (dd, J = 7.8, 1.1 Hz, 1H), 4.35 (dq, J = 10.8, 7.1 Hz, 1H), 4.20 (dq, J = 10.8, 7.1 Hz, 1H), 4.15 

– 4.06 (m, 1H), 3.11 – 3.02 (m, 1H), 3.01 – 2.89 (m, 2H), 2.80 – 2.73 (m, 1H), 1.25 (t, J = 7.1 Hz, 

3H), 1.15 (t, J = 7.1 Hz, 3H). 19F NMR (564 MHz, CDCl3) δ -53.57. 13C{1H} NMR (151 MHz, CDCl3) 

δ 168.5, 168.0, 149.6, 138.5, 135.1, 131.4, 130.3, 129.9, 129.5, 1285.9 (q, J = 271.8 Hz), 128.9, 128.1, 

126.4, 126.0, 124.9, 120.2, 118.7, 93.3, 87.3, 73.6, 62.5, 61.9, 46.0, 29.5, 14.1, 13.9. HRMS (ESI) 

m/z (M+H)+ calculated for C26H27F3NO6: 506.1785, observed: 506.1782.

Diethyl(3S,10bR)-3-((E)-2-(naphthalen-2-yl)vinyl)-6,10b-dihydro-5H-oxazolo[2,3-

a]isoquinoline-2,2(3H)-dicarboxylate 7ap: 79 mg was obtained as a white solid in 84% yield after 

flash chromatography (petroleum ether/EtOAc = 20 : 1). Mp 137-139℃. Dr: 14:1. 1H NMR (600 

MHz, CDCl3) δ 7.80 – 7.74 (m, 3H), 7.72 (s, 1H), 7.59 – 7.53 (m, 2H), 7.47 – 7.42 (m, 2H), 7.32 – 

7.27 (m, 2H), 7.18 (d, J = 6.8 Hz, 1H), 6.89 (d, J = 15.7 Hz, 1H), 6.32 (dd, J = 15.8, 8.2 Hz, 1H), 

5.97 (s, 1H), 5.00 (dd, J = 8.2, 0.9 Hz, 1H), 4.37 (dq, J = 10.8, 7.1 Hz, 1H), 4.15 (dq, J = 25.0, 10.7, 

7.1 Hz, 2H), 4.05 (dq, J = 10.8, 7.1 Hz, 1H), 3.14 – 3.05 (m, 1H), 3.02 (ddd, J = 10.6, 5.0, 2.1 Hz, 

1H), 2.98 – 2.92 (m, 1H), 2.81 – 2.74 (m, 1H), 1.26 (dd, J = 8.4, 5.9 Hz, 3H), 1.12 (t, J = 7.2 Hz, 3H). 

13C{1H} NMR (151 MHz, CDCl3) δ 168.6, 168.2, 135.2, 133.8, 133.5, 133.1, 133.1, 130.4, 129.5, 

128.8, 128.2, 128.1, 128.0, 127.6, 126.7, 126.4, 126.3, 126.0, 124.3, 123.4, 93.4, 87.5, 74.0, 62.5, 

61.9, 46.0, 29.5, 14.2, 13.9. HRMS (ESI) m/z (M+H)+ calculated for C29H30NO5: 472.2119, observed: 

472.2115.

Diethyl(3S,10bR)-3-((E)-2-(furan-2-yl)vinyl)-6,10b-dihydro-5H-oxazolo[2,3-a]isoquinoline-

2,2(3H)-dicarboxylate 7aq: 43 mg was obtained as a white solid in 53% yield after flash 

chromatography (petroleum ether/EtOAc = 20 : 1). Mp 89-92 ℃. Dr: 10:1. 1H NMR (600 MHz, 

CDCl3) δ 7.50 – 7.43 (m, 1H), 7.21 – 7.20 (m, 1H), 6.26 (dd, J = 3.2, 1.8 Hz, 1H), 6.15 (d, J = 3.2 

Hz, 1H), 6.04 (dd, J = 15.6, 7.5 Hz, 1H), 5.78 (s, 1H), 4.83 (d, J = 7.4 Hz, 1H), 4.26 (dq, J = 10.8, 

7.1 Hz, 1H), 4.19 – 4.00 (m, 3H), 3.04 – 2.93 (m, 1H), 2.92 – 2.78 (m, 2H), 2.68 (d, J = 15.9 Hz, 1H), 

1.15 (dt, J = 15.4, 7.1 Hz, 6H). 13C{1H} NMR (151 MHz, CDCl3) δ 168.5, 168.2, 152.1, 142.3, 135.2, 

130.5, 129.5, 128.8, 128.1, 126.4, 122.5, 121.0, 111.3, 108.6, 93.3, 87.4, 73.5, 62.5, 61.9, 45.9, 29.5, 

14.1, 13.9. HRMS (ESI) m/z (M+H)+ calculated for C23H26NO6: 412.1755, observed: 412.1758.

Diethyl(3S,10bR)-3-((E)-2-(thiophen-2-yl)vinyl)-6,10b-dihydro-5H-oxazolo[2,3-a]isoquinoline-

2,2(3H)-dicarboxylate 7ar: 42 mg was obtained as a white solid in 50% yield after flash 
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chromatography (petroleum ether/EtOAc = 20 : 1). Mp 123-127 ℃. Dr: 12:1. 1H NMR (600 MHz, 

CDCl3) δ 7.56 – 7.53 (m, 1H), 7.31 – 7.25 (m, 2H), 7.17 (d, J = 7.1 Hz, 1H), 7.14 (dd, J = 4.2, 1.9 

Hz, 1H), 6.93 (dd, J = 4.9, 2.8 Hz, 2H), 6.88 (d, J = 15.5 Hz, 1H), 6.00 (dd, J = 15.5, 7.6 Hz, 1H), 

5.87 (s, 1H), 4.90 (dd, J = 7.6, 1.1 Hz, 1H), 4.34 (dq, J = 10.8, 7.1 Hz, 1H), 4.23 (dq, J = 10.8, 7.2 

Hz, 1H), 4.13 (dq, J = 14.3, 10.8, 7.1 Hz, 2H), 3.12 – 3.02 (m, 1H), 2.99 – 2.88 (m, 2H), 2.76 (dt, J 

= 15.9, 2.5 Hz, 1H), 1.25 (t, J = 7.1 Hz, 3H), 1.21 (t, J = 7.2 Hz, 3H).13C{1H} NMR (151 MHz, 

CDCl3) δ 168.5, 168.1, 141.4, 135.2, 130.4, 129.5, 128.8, 128.1, 127.3, 126.4, 126.2, 125.9, 124.6, 

123.4, 93.3, 87.4, 73.6, 62.5, 62.0, 45.9, 29.5, 14.2, 13.9. HRMS (ESI) m/z (M+H)+ calculated for 

C23H26NO5S: 428.1526, observed: 428.1522.

Diethyl(3S,10bR)-9-chloro-3-((E)-styryl)-6,10b-dihydro-5H-oxazolo[2,3-a]isoquinoline-2,2(3H)-

dicarboxylate 7ba: 58 mg was obtained as a white solid in 64% yield after flash chromatography 

(petroleum ether/EtOAc = 30 : 1). Mp 52-55 ℃. Dr: 10:1. 1H NMR (600 MHz, CDCl3) δ 7.56 (d, J = 

1.8 Hz, 1H), 7.34 (d, J = 7.5 Hz, 2H), 7.29 (t, J = 7.5 Hz, 2H), 7.24 (dt, J = 16.2, 5.3 Hz, 2H), 7.10 

(d, J = 8.2 Hz, 1H), 6.72 (d, J = 15.8 Hz, 1H), 6.15 (dd, J = 15.8, 8.1 Hz, 1H), 5.85 (s, 1H), 4.92 (d, 

J = 8.0 Hz, 1H), 4.36 (dq, J = 10.8, 7.1 Hz, 1H), 4.22–4.17 (m, 1H), 4.14 (ddd, J = 14.2, 10.9, 7.2 Hz, 

1H), 4.07 (dq, J = 10.8, 7.1 Hz, 1H), 3.04 – 2.96 (m, 2H), 2.89 (dd, J = 18.1, 8.1 Hz, 1H), 2.76 – 2.71 

(m, 1H), 1.26 (t, J = 7.1 Hz, 3H), 1.14 (t, J = 7.2 Hz, 3H). 13C{1H} NMR (151 MHz, CDCl3) δ 168.3, 

168.0, 136.2, 133.6, 133.2, 132.2, 132.1, 129.4, 129.3, 129.0, 128.6, 127.9, 126.5, 123.6, 92.5, 87.4, 

73.6, 62.5, 61.9, 45.7, 28.9, 14.2, 13.9. HRMS (ESI) m/z (M+H)+ calculated for C25H27ClNO5: 

456.1573, observed: 456.1576.

Diethyl(3S,10bR)-9-bromo-3-((E)-styryl)-6,10b-dihydro-5H-oxazolo[2,3-a]isoquinoline-2,2(3H)-

dicarboxylate 7ca: 70 mg was obtained as a white solid in 70% yield after flash chromatography 

(petroleum ether/EtOAc = 20 : 1). Mp 73-76 ℃. Dr: 10:1. 1H NMR (600 MHz, CDCl3) δ 7.71 (d, J = 

2.0 Hz, 1H), 7.40 (dd, J = 8.2, 2.1 Hz, 1H), 7.34 (d, J = 7.3 Hz, 2H), 7.29 (t, J = 7.6 Hz, 2H), 7.24 (d, 

J = 7.2 Hz, 1H), 7.04 (d, J = 8.2 Hz, 1H), 6.71 (d, J = 15.7 Hz, 1H), 6.15 (dd, J = 15.8, 8.1 Hz, 1H), 

5.85 (s, 1H), 4.91 (dd, J = 8.1, 0.9 Hz, 1H),  4.36 (dq, J = 10.8, 7.1 Hz, 1H), 4.23–4.17 (m, 1H), 4.14 

(ddd, J = 14.2, 10.9, 7.3 Hz, 1H), 4.06 (dq, J = 10.8, 7.2 Hz, 1H), 2.98 (dt, J = 20.0, 6.6 Hz, 2H), 2.90 

– 2.85 (m, 1H), 2.72 (dd, J = 14.3, 3.5 Hz, 1H), 1.26 (t, J = 7.1 Hz, 3H), 1.14 (t, J = 7.2 Hz, 3H). 

13C{1H} NMR (151 MHz, CDCl3) δ 168.3, 168.0, 136.2, 134.2, 133.2, 132.5, 132.2, 131.9, 129.7, 

128.6, 127.9, 126.5, 123.6, 119.9, 92.4, 87.4, 73.6, 62.5, 61.9, 45.6, 28.9, 14.1, 13.9. HRMS (ESI) 

m/z (M+H)+ calculated for C25H27BrNO5: 500.1067, observed: 500.1066.
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Diethyl(3S,10bR)-8-methoxy-3-((E)-styryl)-6,10b-dihydro-5H-oxazolo[2,3-a]isoquinoline-2,2(3H)-

dicarboxylate 7da: 83 mg was obtained as a white solid in 91% yield after flash chromatography 

(petroleum ether/EtOAc = 20 : 1). Mp 56-57 ℃. Dr: 14:1. 1H NMR (600 MHz, CDCl3) δ 7.47 (d, J = 

8.5 Hz, 1H), 7.34 (d, J = 7.4 Hz, 2H), 7.28 (dd, J = 15.2, 7.4 Hz, 2H), 7.22 (t, J = 7.3 Hz, 1H), 6.82 

(dd, J = 8.5, 2.5 Hz, 1H), 6.70 (dd, J = 19.3, 9.0 Hz, 2H), 6.17 (dd, J = 15.8, 8.2 Hz, 1H), 5.89 (s, 

1H), 4.92 (d, J = 8.2 Hz, 1H), 4.35 (dq, J = 10.8, 7.1 Hz, 1H), 4.18 (dq, J = 10.8, 7.1 Hz, 1H), 4.12 

(dq, J = 10.8, 7.1 Hz, 1H), 4.05 (dq, J = 10.7, 7.1 Hz, 1H), 3.80 (s, 3H), 3.08 – 3.01 (m, 1H), 2.98 – 

2.88 (m, 2H), 2.72 (d, J = 16.1 Hz, 1H), 1.25 (t, J = 7.1 Hz, 3H), 1.13 (t, J = 7.1 Hz, 3H). 13C{1H} 

NMR (151 MHz, CDCl3) δ 168.6, 168.2, 159.8, 136.7, 136.3, 133.0, 130.8, 128.5, 127.8, 126.5, 124.0, 

122.9, 112.7, 112.6, 93.3, 87.4, 73.8, 62.4, 61.8, 55.2, 45.9, 29.8, 14.1, 13.9. HRMS (ESI) m/z 

(M+H)+ calculated for C26H30NO6: 452.2068, observed: 452.2063.

Diethyl(3S,10bR)-8,9-dimethoxy-3-((E)-styryl)-6,10b-dihydro-5H-oxazolo[2,3-a]isoquinoline-

2,2(3H)-dicarboxylate 7ea: 71 mg was obtained as a white solid in 73% yield after flash 

chromatography (petroleum ether/EtOAc = 20 : 1). Mp 101-103 ℃. Dr: 14:1. 1H NMR (600 MHz, 

CDCl3) δ 7.33 (d, J = 7.5 Hz, 2H), 7.27 (dd, J = 13.3, 5.6 Hz, 2H), 7.21 (t, J = 7.3 Hz, 1H), 7.00 (s, 

1H), 6.71 (d, J = 15.8 Hz, 1H), 6.63 (s, 1H), 6.16 (dd, J = 15.8, 8.2 Hz, 1H), 5.86 (s, 1H), 4.91 (d, J 

= 8.2 Hz, 1H),  4.35 (dq, J = 10.8, 7.1 Hz, 1H), 4.18 (dq, J = 10.7, 7.1 Hz, 1H), 4.12 (dq, J = 10.8, 

7.1 Hz, 1H), 4.04 (dq, J = 10.7, 7.1 Hz, 1H), 3.90 (s, 3H), 3.86 (s, 3H), 2.95 (dt, J = 28.9, 12.0 Hz, 

3H), 2.66 (d, J = 16.2 Hz, 1H), 1.25 (t, J = 7.1 Hz, 3H), 1.12 (t, J = 7.1 Hz, 3H). 13C{1H} NMR (151 

MHz, CDCl3) δ 168.6, 168.1, 149.4, 147.7, 136.3, 133.0, 128.5, 127.9, 127.8, 126.5, 124.0, 122.4, 

111.7, 110.5, 93.4, 87.4, 73.6, 62.4, 61.8, 56.1, 55.9, 46.0, 29.1, 14.1, 13.9. HRMS (ESI) m/z (M+H)+ 

calculated for C27H32NO7: 482.2174, observed: 482.2170.

Diethyl(3S,10bR)-9-nitro-3-((E)-styryl)-6,10b-dihydro-5H-oxazolo[2,3-a]isoquinoline-

2,2(3H)-dicarboxylate 7fa: 70 mg was obtained as a white solid in 75% yield after flash 

chromatography (petroleum ether/EtOAc = 20 : 1). Mp 94-97 ℃. Dr: 8:1. 1H NMR (400 MHz, CDCl3) 

δ 8.38 (d, J = 2.3 Hz, 1H), 8.08 (dd, J = 8.4, 2.3 Hz, 1H), 7.29 – 7.21 (m, 5H), 7.20 – 7.14 (m, 1H), 

6.66 (d, J = 15.8 Hz, 1H), 6.09 (dd, J = 15.8, 8.1 Hz, 1H), 5.88 (s, 1H), 4.88 (d, J = 8.1 Hz, 1H),  

4.29 (dq, J = 10.8, 7.1 Hz, 1H), 4.14 (ddd, J = 10.7, 9.0, 5.3 Hz, 1H), 4.11–3.97 (m, 2H), 3.02 (tdd, J 

= 9.6, 7.6, 3.8 Hz, 2H), 2.90 – 2.78 (m, 2H), 1.19 (t, J = 7.1 Hz, 4H), 1.08 (t, J = 7.1 Hz, 3H). 13C{1H} 

NMR (101 MHz, CDCl3) δ 167.1, 166.8, 145.6, 141.9, 135.1, 132.4, 131.0, 128.2, 127.6, 127.1, 125.5, 
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123.8, 122.7, 122.2, 91.0, 86.4, 72.5, 61.7, 61.1, 44.1, 28.6, 13.1, 12.9. HRMS (ESI) m/z (M+H)+ 

calculated for C25H27N2O7: 467.1813, observed: 467.1812.

Diethyl(3S,11bR)-3-((E)-styryl)-5,6,11,11b-tetrahydrooxazolo[3',2':1,2]pyrido[3,4-b]indole-

2,2(3H)-dicarboxylate 7ga: 48 mg was obtained as a white solid in 52% yield after flash 

chromatography (petroleum ether/EtOAc = 15 : 1). Mp 101-103 ℃. Dr: 15:1. 1H NMR (600 MHz, 

CDCl3) δ 8.50 (s, 1H), 7.54 (d, J = 7.9 Hz, 1H), 7.36 (t, J = 6.5 Hz, 3H), 7.29 (t, J = 7.5 Hz, 2H), 7.25 

– 7.19 (m, 2H), 7.12 (t, J = 7.5 Hz, 1H), 6.76 (d, J = 15.7 Hz, 1H), 6.19 (dd, J = 15.8, 8.2 Hz, 1H), 

6.13 (s, 1H), 4.91 (d, J = 8.2 Hz, 1H), 4.29 (dq, J = 10.8, 7.1 Hz, 1H), 4.19 (dq, J = 10.7, 7.1 Hz, 1H), 

4.13–4.06 (m, 2H), 3.22 – 3.13 (m, 1H), 3.12 – 3.04 (m, 1H), 2.93 – 2.85 (m, 2H), 1.22 (t, J = 7.1 Hz, 

3H), 1.14 (t, J = 7.1 Hz, 3H). 13C{1H} NMR (151 MHz, CDCl3) δ 168.2, 167.8, 136.8, 136.3, 133.6, 

128.6, 128.4, 127.9, 126.5, 125.8, 123.8, 122.9, 119.7, 119.1, 111.9, 111.5, 89.0, 88.2, 71.6, 62.5, 

62.0, 46.6, 20.9, 14.1, 13.9. HRMS (ESI) m/z (M+H)+ calculated for C27H29N2O5: 461.2071, observed: 

461.2073.

Diethyl(3S,9bR)-3-((E)-styryl)-6,9b-dihydro-5H-oxazolo[3,2-a]thieno[3,2-c]pyridine-2,2(3H)-

dicarboxylate 7ha: 52 mg was obtained as a white solid in 61% yield after flash chromatography 

(petroleum ether/EtOAc = 20 : 1). Mp 105-107 ℃. Dr: 14:1. 1H NMR (600 MHz, CDCl3) δ 7.35 – 

7.32 (m, 2H), 7.29 (t, J = 7.6 Hz, 2H), 7.22 (t, J = 7.3 Hz, 1H), 7.15 (s, 2H), 6.72 (d, J = 15.7 Hz, 

1H), 6.14 (dd, J = 15.8, 8.1 Hz, 1H), 5.89 (s, 1H), 4.88 (dd, J = 8.1, 1.0 Hz, 1H), 4.35 (dq, J = 10.8, 

7.1 Hz, 1H), 4.21–4.16 (m, 1H), 4.16–4.10 (m, 1H), 4.05 (dq, J = 10.7, 7.1 Hz, 1H).), 3.09 – 3.05 (m, 

1H), 3.03 (dd, J = 10.6, 3.0 Hz, 1H), 3.01 – 2.96 (m, 1H), 2.90 – 2.82 (m, 1H), 1.26 (t, J = 7.1 Hz, 

3H), 1.13 (t, J = 7.1 Hz, 3H). 13C{1H} NMR (151 MHz, CDCl3) δ 168.4, 168.0, 138.2, 136.3, 133.2, 

130.9, 128.5, 127.9, 126.5, 126.5, 123.9, 123.5, 90.6, 88.0, 72.1, 62.5, 61.9, 46.3, 25.2, 14.1, 13.9. 

HRMS (ESI) m/z (M+H)+ calculated for C23H26NO5S: 428.1526, observed: 428.1525.

Diethyl(3S,10bR)-3-((E)-styryl)-6,10b-dihydro-5H-oxazolo[3',2':1,2]pyrido[4,3-d]pyrimidine-

2,2(3H)-dicarboxylate 7ia: 24 mg was obtained as a white solid in 28% yield after flash 

chromatography (petroleum ether/EtOAc = 10 : 1). Mp 99-100 ℃. Dr: 10:1. 1H NMR (600 MHz, 

CDCl3) δ 9.11 (d, J = 2.5 Hz, 1H), 8.85 (d, J = 2.0 Hz, 1H), 7.33 (d, J = 8.4 Hz, 2H), 7.29 (t, J = 7.6 

Hz, 2H), 7.26 – 7.21 (m, 1H), 6.73 (d, J = 15.8 Hz, 1H), 6.12 (dd, J = 15.7, 8.0 Hz, 1H), 5.92 (s, 1H), 

4.92 (d, J = 8.0 Hz, 1H), 4.35 (dd, J = 10.8, 7.1 Hz, 1H), 4.23 – 4.13 (m, 2H), 4.11 – 4.03 (m, 1H), 

3.13 (dddd, J = 23.1, 10.3, 5.3, 2.4 Hz, 2H), 3.01 (td, J = 11.4, 2.8 Hz, 1H), 2.93 (dd, J = 17.2, 2.3 

Hz, 1H), 1.26 (t, J = 7.1 Hz, 3H), 1.13 (t, J = 7.2 Hz, 3H). 13C{1H} NMR (151 MHz, CDCl3) δ 167.9, 
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167.6, 164.3, 158.6, 157.4, 136.0, 133.6, 128.7, 128.1, 126.5, 124.5, 123.0, 90.3, 87.9, 73.2, 62.7, 

62.1, 44.9, 31.8, 14.1, 13.9. HRMS (ESI) m/z (M+H)+ calculated for C23H26N3O5: 424.1867, observed: 

424.1866.

Gram-Scale Procedure for the Synthesis of 7aa. Tetrahydroisoquinoline 4a (16 mmol, 2.129 g), 

cinnamaldehyde 5a (8 mmol, 1.056 g) and diethyl ketomalonate 6 (8.8 mmol, 1.532 g) were added 

in an oven-dried Schlenk tube. Then the catalyst 2,6-(CF3)2-PhCO2H (1.6 mmol, 0.412 g) and 4 Å 

MS (6.00 g) were added and the reaction was carried out in solvent THF (80.0 mL) at rt for 72 h. 

After the reaction was completed the mixture was filtered and the filtrate were evaporated under 

reduced pressure. The residue was directed purified by column chromatography on silica gel 

(petroleum ether/EtOAc = 30 : 1) to afford product 7aa as a white solid (2.18 g, 64% yield). 

Method for crystal growth. Put a certain amount of pure product 7aa into a clean glass bottle, 

dissolve it with mixed solvent (hexane/EtOAc = 50 : 1), volatilize it at room temperature until the 

solvent volatilizes completely, and then crystal particles can be obtained. 

Procedure for the Synthesis of 8. To a flame-dried and N2-purged flask (50 mL) were added 7aa 

(84.6 mg, 0.2 mmol), THF (10 mL) and a stirring bar. The flask was cooled down to 0 °C by low 

temperature reactor and then LiAlH4 (2 equiv) was added. After the resulting reaction mixture was 

stirred for 2 h at 0 ºC, the reaction was quenched by the addition of 1 g Na2SO4·10H2O. The reaction 

mixture was diluted with Et2O, and then filtered through celite with the aid of Et2O. The solution was 

concentrated under the reduced pressure. The residue was directed purified by column 

chromatography on silica gel to afford product 8.

  (E)-2-(1-(3,4-dihydroisoquinolin-2(1H)-yl)-3-phenylallyl)propane-1,2,3-triol 8: 34 mg was 

obtained as a white solid in 67% yield after flash chromatography (petroleum ether/EtOAc = 2 : 1). 

Mp 84-87℃. 1H NMR (600 MHz, CDCl3) δ 7.42 (d, J = 7.6 Hz, 2H), 7.33 (t, J = 7.6 Hz, 2H), 7.26 

(d, J = 4.7 Hz, 1H), 7.14 – 7.09 (m, 2H), 7.09 – 7.05 (m, 1H), 7.03 – 6.99 (m, 1H), 6.58 (d, J = 15.9 

Hz, 1H), 6.49 (dd, J = 15.9, 9.8 Hz, 1H), 4.03 (d, J = 14.6 Hz, 1H), 3.78 (q, J = 11.6 Hz, 3H), 3.61 

(d, J = 11.4 Hz, 1H), 3.48 – 3.42 (m, 1H), 3.40 (d, J = 11.4 Hz, 1H), 3.34 (d, J = 9.8 Hz, 1H), 3.03 – 

2.94 (m, 1H), 2.85 (d, J = 16.5 Hz, 1H), 2.72 (t, J = 8.1 Hz, 1H). 13C{1H} NMR (151 MHz, CDCl3) 

δ 136.5, 136.2, 134.5, 133.9, 128.7, 128.1, 126.6, 126.5, 126.3, 125.7, 121.8, 75.2, 71.5, 66.5, 64.8, 

29.5. HRMS (ESI) m/z (M+H)+ calculated for C21H26NO3: 340.1907, observed: 340.1902.

Procedure for the Synthesis of 9. An oven-dried Schlenk tube with magnetic stirring bar NaIO4 

(64.2 mg, 0.3 mmol) was stirred in 0.15 mL of H2O and 40 µL of H2SO4 (2M). After all solids were 

Page 17 of 21

ACS Paragon Plus Environment

The Journal of Organic Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



dissolved the solution was cooled to 0 °C by low temperature reactor. Aqueous solution of RuCl3 (10 

µL, 0.001 mmol, 0.1 M) was added and the mixture was stirred until the color turned bright yellow. 

Ethyl acetate (0.6 mL) was added and stirring was continued for 5 min. Acetonitrile (0.6 mL) was 

added and stirring was continued for further 5 min. The 7aa (0.2 mmol) was added in one portion and 

the resulting slurry was stirred until all starting material was consumed. The residue was directed 

purified by column chromatography on silica gel to afford product 9.

Diethyl(E)-2-hydroxy-2-(1-(1-oxo-3,4-dihydroisoquinolin-2(1H)-yl)-3-phenylallyl)malonate 9: 46 

mg was obtained as a white solid in 53% yield after flash chromatography (petroleum ether/EtOAc = 

6 : 1). Mp 109-111℃. 1H NMR (600 MHz, CDCl3) δ 8.06 (d, J = 7.8 Hz, 1H), 7.41 (td, J = 7.4, 1.0 

Hz, 1H), 7.37 (d, J = 7.5 Hz, 2H), 7.31 (dt, J = 19.7, 7.7 Hz, 3H), 7.24 (dd, J = 15.1, 7.8 Hz, 1H), 

7.16 (d, J = 7.5 Hz, 1H), 6.76 (d, J = 15.9 Hz, 1H), 6.51 (dd, J = 15.9, 8.0 Hz, 1H), 5.98 (d, J = 8.0 

Hz, 1H), 5.46 (s, 1H), 4.34 – 4.23 (m, 2H), 4.23 – 4.13 (m, 2H), 3.95 (ddd, J = 12.5, 7.7, 4.8 Hz, 1H), 

3.68 – 3.59 (m, 1H), 2.97 (ddd, J = 13.5, 8.6, 4.8 Hz, 1H), 2.90 (ddd, J = 15.8, 7.6, 4.8 Hz, 1H), 1.28 

(t, J = 7.1 Hz, 3H), 1.19 (t, J = 7.1 Hz, 3H). 13C{1H} NMR (151 MHz, CDCl3) δ 169.3, 168.5, 165.4, 

138.5, 136.2, 135.7, 132.0, 129.2, 128.6, 128.5, 128.1, 127.0, 126.8, 126.7, 121.0, 83.0, 62.8, 61.8, 

45.7, 28.5, 14.0, 13.9. HRMS (ESI) m/z (M+H)+ calculated for C25H28N3O6: 438.1911, observed: 

438.1913.
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