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Table 1S. Optimization of reaction conditionsa 

 

entry catalyst additive solvent yield (%) 

1 I2 - dioxane trace 

2 PhI - dioxane 0 

3 Bu4NI - dioxane 0 

4 NIS - dioxane 0 

5 NCS - dioxane 0 

8 PhBr - dioxane 10 

aReaction conditions: 1a (0.5 mmol), 2a (0.75 mmol), catalyst (20 mol %), additive (0.15 mmol), and TBHP 

(3.5 equiv, 70% aq) in 1,4-dioxane (2.0 mL) under air, isolated yield. 

2. Experimental Section 

(i) General Remarks  

1H NMR and 13C NMR spectra were recorded on a Bruker AVANCE AV400 

(400MHz for H and 100MHz for C). Signal positions were recorded in ppm with the 

abbreviations s, d, t, and m denoting singlet, doublet, triplet, and multiplet 

respectively. NMR spectra were recorded in CDCl3, and chemical shifts were 

referenced to internal standard Si(CH3)4 at 0.0 ppm or residual CHCl3 at 7.26 ppm for 
1H and 77.0 ppm for 13C. All coupling constants J were quoted in Hz. Data were 

reported as follows: chemical shift, multiplicity, coupling constant and integration. 

HRMS were measured using Q-TOF LC−MS and the ESI-FTICR technique. 

Reactions were monitored by thin-layer chromatography (TLC) on 0.25mm silica gel 

glass plates coated with 60 F254. Column chromatography was performed on silica gel 

(200-300 mesh) using petroleum ether (60-90ºC) as eluant. Commercially available 

ethyl benzoylacetate and phenylacetylene were pursued from Alfa Asia, JK or Aldrich 

and were used as received without further purification. 

(ii) Representative Procedure for the Preparation of β-ketoester[1] 

R1

O

R2 OEt

O
+ NaH, THF

reflux R1 R2

O O

 

To a suspension of sodium hydride (0.67g, 28 mmol, 2.8 equiv) and diethyl carbonate 
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(2.36g, 20 mmol, 2.0 equiv) in dry THF (distilled from sodium/benzophenone 

immediately before used) was added a solution of substituted acetophenone (10mmol, 

1.0 equiv) in dry THF dropwise under reflux. The mixture was refluxed for 2-3h, then 

quenched with dilute aqueous acetic acid. The mixture was extracted with ethyl 

acetate for 3 times, and the combined organic phase was washed with brine, dried 

with anhydrous Na2SO4, filtrated, and concentrated under reduced pressure. The 

residue was purified on a silica gel column to afford substituted ethyl benzoylacetate 

(petroleum ether /ethyl acetate, 30:1, v/v). 

(iii) Representative Procedure for the Synthesis of 1-naphthol 

A 100 mL round flask equipped with a stir bar was charged with ethyl benzoylacetate 

1a (5.0 mmol, 0.9 mL, 1.0 equiv), phenylacetylene 2a (10.0 mmol, 1.1 mL, 2.0 equiv), 

NBP (1.0 mmol, 0.23 g, 0.2 equiv), BEA (1.5 mmol, 0.31 g, 0.3 equiv), TBHP (70% 

aquous, 17.5 mmol, 2.4 mL, 3.5 equiv) in 1, 4-dioxane (20 mL) / EtOH (20 mL). The 

reaction mixture was stirred at 90 ℃ for 20 h. After cooled to room temperature, the 

solvent was removed under reduced pressure, and the residue was purified with silica 

gel column chromatography with petroleum ether: ethyl acetate (6:1) as eluent to give 

the desired product ethyl 1-hydroxy-4-phenyl-2-naphthoate 3aa (1.13 g, 75%). 
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3. The Characterization of Products 

OH

O

O

3aa  
Ethyl 1-hydroxy-4-phenyl-2-naphthoate (3aa).[2] pale-yellow solid (124.3 mg, 
85%). mp: 118-119 °C. 1H NMR (400 MHz, CDCl3) δ 12.09 (s, 1H), 8.53 – 8.44 (m, 
1H), 7.84 – 7.76 (m, 1H), 7.73 (s, 1H), 7.56 – 7.50 (m, 2H), 7.46 (d, J = 6.6 Hz, 4H), 
7.41 (dt, J = 6.5, 2.8 Hz, 1H), 4.43 (q, J = 7.1 Hz, 2H), 1.41 (t, J = 7.1 Hz, 3H); 13C 
NMR (100 MHz, CDCl3) δ 171.1, 160.4, 140.2, 135.5, 131.2, 130.2, 129.4, 128.4, 
127.2, 125.9, 125.7, 125.0, 125.0, 124.2, 105.4, 61.5, 14.3; HRMS[ESI]: calculated 
for C19H15O3

-[M-H]-: 291.1027, found 291.1021.  
 

OH

O

O

O
3ab  

Ethyl 1-hydroxy-4-(4-methoxyphenyl)-2-naphthoate (3ab).[2a, 2c] pale-yellow solid 
(101.6 mg, 63%). mp: 141-143 °C. 1H NMR (400 MHz, CDCl3) δ 12.06 (s, 1H), 8.54 
– 8.45 (m, 1H), 7.85 – 7.77 (m, 1H), 7.71 (s, 1H), 7.57 – 7.50 (m, 4H), 7.37 (d, J = 
8.5 Hz, 2H), 7.02 (d, J = 8.5 Hz, 2H), 4.44 (q, J = 7.1 Hz, 2H), 3.88 (s, 3H), 1.42 (t, J 
= 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 171.1, 160.2, 158.9, 135.8, 132.5, 
131.23, 130.8, 129.3, 125.9, 125.6, 125.0, 124.8, 124.1, 113.8, 105.4, 61.5, 55.4, 14.3; 
HRMS[ESI]: calculated for C20H17O4

-[M-H]-: 321.1132, found 321.1130.  
 

OH

O

O

O

3ac
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Ethyl 4-(4-ethoxyphenyl)-1-hydroxy-2-naphthoate (3ac). pale-yellow solid (60.8 
mg, 36%). mp: 135-136 °C. 1H NMR (400 MHz, CDCl3) δ 12.06 (s, 1H), 8.52 – 8.45 
(m, 1H), 7.86 – 7.78 (m, 1H), 7.71 (s, 1H), 7.57 – 7.50 (m, 2H), 7.36 (d, J = 8.5 Hz, 
2H), 7.00 (d, J = 8.5 Hz, 2H), 4.44 (q, J = 7.1 Hz, 2H), 4.11 (q, J = 7.0 Hz, 2H), 1.47 
(t, J = 7.0 Hz, 3H), 1.42 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 171.2, 
160.16, 158.3, 135.8, 132.4, 131.2, 130.9, 129.3, 129.0, 125.6, 125.0, 124.8, 124.1, 
114. 3, 105.4, 63.6, 61.5, 15.0, 14.3; HRMS[ESI]: calculated for C21H19O4

-[M-H]-: 
335.1289, found 335.1291. 
 

OH

O

O

3ad  
Ethyl 1-hydroxy-4-(p-tolyl)-2-naphthoate (3ad).[2c, 3] pale-yellow solid (122.6 mg, 
80%). mp: 95-96 °C. 1H NMR (400 MHz, CDCl3) δ 12.05 (s, 1H), 8.53 – 8.45 (m, 
1H), 7.85 – 7.78 (m, 1H), 7.72 (s, 1H), 7.52 (dt, J = 10.0, 6.0 Hz, 2H), 7.34 (d, J = 7.9 
Hz, 2H), 7.28 (d, J = 7.8 Hz, 2H), 4.43 (q, J = 7.1 Hz, 2H), 2.44 (s, 3H), 1.40 (t, J = 
7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 171.1, 160.3, 137.3, 136.9, 135.6, 131.1, 
130.1, 129.3, 129.07, 126.0, 125.6, 125.0, 124.9, 124.1, 105.4, 61.5, 21.3, 14.3; 
HRMS[ESI]: calculated for C20H17O3

-[M-H]-: 305.1183, found 305.1178. 
 

OH

O

O

3ae
 

Ethyl 4-(4-ethylphenyl)-1-hydroxy-2-naphthoate(3ae). pale-yellow solid (125.6 mg, 
78%). mp: 110-112 °C. 1H NMR (400 MHz, CDCl3) δ 12.05 (s, 1H), 8.52 – 8.46 (m, 
1H), 7.87 – 7.80 (m, 1H), 7.73 (s, 1H), 7.57 – 7.50 (m, 2H), 7.38 (d, J = 8.0 Hz, 2H), 
7.31 (d, J = 7.9 Hz, 2H), 4.44 (q, J = 7.1 Hz, 2H), 2.75 (q, J = 7.6 Hz, 2H), 1.42 (t, J = 
7.1 Hz, 3H), 1.33 (t, J = 7.6 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 171.1, 160.3, 
143.24, 137.5, 135.6, 131.2, 130.1, 129.3, 127.8, 126.0, 125.6, 125.0, 124.9, 124.1, 
105.41, 61.5, 28.7, 15.6, 14.3; HRMS[ESI]: calculated for C21H19O3

-[M-H]-: 
319.1340, found 319.1339. 
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OH

O

O

3af  
Ethyl 1-hydroxy-4-(4-propylphenyl)-2-naphthoate (3af). pale-yellow solid (130.5 
mg, 78%). mp: 85-87 °C. 1H NMR (400 MHz, CDCl3) δ 12.06 (s, 1H), 8.53 – 8.46 (m, 
1H), 7.87 – 7.80 (m, 1H), 7.73 (s, 1H), 7.57 – 7.49 (m, 2H), 7.36 (d, J = 8.0 Hz, 2H), 
7.28 (d, J = 8.0 Hz, 2H), 4.43 (q, J = 7.1 Hz, 2H), 2.72 – 2.63 (m, 2H), 1.73 (h, J = 
7.4 Hz, 2H), 1.41 (t, J = 7.1 Hz, 3H), 1.01 (t, J = 7.3 Hz, 3H); 13C NMR (101 MHz, 
CDCl3) δ 171.2, 160.3, 141.7, 137.5, 135.6, 131.2, 130.0, 129.3, 128.5, 126.0, 125.6, 
125.0, 124.9, 124.1, 105.4, 61.5, 37.86, 24.6, 14.3, 14.0; HRMS[ESI]: calculated for 
C22H21O3

-[M-H]-: 333.1496, found 333.1498. 
 

OH

O

O

3ag  
Ethyl 4-(4-(tert-butyl)phenyl)-1-hydroxy-2-naphthoate (3ag).[3] pale-yellow solid 
(148.2 mg, 85%). mp: 151-152 °C. 1H NMR (400 MHz, CDCl3) δ 12.07 (s, 1H), 8.52 
– 8.46 (m, 1H), 7.89 – 7.83 (m, 1H), 7.75 (s, 1H), 7.56 – 7.52(m, 2H), 7.50 (d, J = 8.2 
Hz, 2H), 7.40 (d, J = 8.2 Hz, 2H), 4.43 (q, J = 7.1 Hz, 2H), 1.41(t, 7.2Hz, 3H), 1.40 (s, 
12H); 13C NMR (100 MHz, CDCl3) δ 171.2, 160.3, 150.1, 137.2, 135.6, 131.1, 129.9, 
129.3, 126.1, 125.6, 125.3, 125.0, 124.9, 124.1, 105.4, 61.5, 34.7, 31.5, 14.3; 
HRMS[ESI]: calculated for C23H23O3

-[M-H]-: 347.1653, found 347.1657. 
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Ethyl 4-(4'-ethyl-[1,1'-biphenyl]-4-yl)-1-hydroxy-2-naphthoate (3ah). white solid 
(139.2 mg, 70%). mp: 163-165°C. 1H NMR (400 MHz, CDCl3) δ 12.14 (s, 1H), 8.57 
– 8.52 (m, 1H), 7.95 – 7.91 (m, 1H), 7.82 (s, 1H), 7.74 (d, J = 8.3 Hz, 2H), 7.64 (d, J 
= 8.0 Hz, 2H), 7.63 – 7.58 (m, 2H), 7.56 (d, J = 8.2 Hz, 2H), 7.36 (d, J = 8.1 Hz, 2H), 
4.49 (q, J = 7.1 Hz, 2H), 2.76 (q, J = 7.6 Hz, 2H), 1.46 (t, J = 7.1 Hz, 3H), 1.34 (t, J = 
7.6 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 170.1, 159.4, 142.5, 139.0, 137.8, 137.1, 
134.5, 129.7, 129.5, 128.4, 127.4, 126.0, 125.9, 124.9, 124.7, 124.0, 123.9, 123.1, 
104.4, 60.5, 27.5, 14.6, 13.3; HRMS[ESI]: calculated for C27H23O3

-[M-H]-: 395.1653, 
found 395.1649.  
 

 
Ethyl 4-(4-fluorophenyl)-1-hydroxy-2-naphthoate (3ai).[2a, 3] pale-yellow solid 
(114.7 mg, 74%). mp: 90-92 °C. 1H NMR (400 MHz, CDCl3) δ 12.10 (s, 1H), 8.55 – 
8.44 (m, 1H), 7.78 – 7.71 (m, 1H), 7.69 (s, 1H), 7.59 – 7.50 (m, 2H), 7.40 (dd, J = 8.1, 
5.5 Hz, 2H), 7.16 (t, J = 8.5 Hz, 2H), 4.45 (q, J = 7.1 Hz, 2H), 1.43 (t, J = 7.1 Hz, 3H); 
13C NMR (100 MHz, CDCl3) δ 171.0, 163.5, 161.0, 160.5, 136.1, 135.5, 131.8, 130.0, 
129.5, 125.8, 125.6, 125.0, 124.2, 115.2, 105.3, 61.6, 14.3; HRMS[ESI]: calculated 
for C19H14FO3

-[M-H]-: 309.0932, found 309.0934. 
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Ethyl 4-(4-chlorophenyl)-1-hydroxy-2-naphthoate(3aj).[2a, 2c, 3] white solid (125.4 
mg, 77%). mp: 113-115 °C. 1H NMR (400 MHz, CDCl3) δ 12.09 (s, 4H), 8.53 – 8.46 
(m, 1H), 7.78 – 7.70 (m, 1H), 7.69 (s, 1H), 7.64 – 7.57 (m, 2H), 7.58 – 7.51 (m, 2H), 
7.36 – 7.29 (m, 2H), 4.45 (q, J = 7.1 Hz, 2H), 1.43 (t, J = 7.1 Hz, 3H); 13C NMR (100 
MHz, CDCl3) δ 171.0, 160.6, 139.1, 135.2, 131.8, 131.5, 129.8, 129.6, 125.8, 125.5, 
125.1, 125.0, 124.3, 121.4, 105.4, 61.6, 14.3; calculated for C19H14

37ClO3
-[M-H]-: 

327.0608, found 327.0610. 
 

 
Ethyl 4-(4-bromophenyl)-1-hydroxy-2-naphthoate (3ak).[3] pale-yellow solid 
(143.3mg, 78%). mp: 119-121 °C. 1H NMR (400 MHz, CDCl3) δ 12.10 (s, 1H), 8.53 
– 8.45 (m, 1H), 7.77 – 7.71 (m, 1H), 7.69 (s, 1H), 7.63 – 7.58 (m, 2H), 7.57 – 7.51 (m, 
2H), 7.35 – 7.28 (m, 2H), 4.44 (q, J = 7.1 Hz, 2H), 1.42 (t, J = 7.1 Hz, 3H); 13C NMR 
(100 MHz, CDCl3) δ 171.0, 160.6, 139.1, 135.2, 131.8, 131.5, 129.8, 129.6, 125.8, 
125.5, 125.0, 125.0, 124.3, 121.4, 105.4, 77.4, 77.1, 76.7, 61.6, 14.3. 
 

 
Ethyl 1-hydroxy-4-(4-(methoxycarbonyl)phenyl)-2-naphthoate (3al). white solid 
(151.6 mg, 87%). mp: 123-125 °C. 1H NMR (400 MHz, CDCl3) δ 12.14 (s, 1H), 8.55 
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– 8.47 (m, 1H), 8.15 (d, J = 8.0 Hz, 2H), 7.79 – 7.71 (m, 2H), 7.58 – 7.51 (m, 4H), 
4.46 (q, J = 7.1 Hz, 2H), 3.97 (s, 3H), 1.43 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, 
CDCl3) δ 170.9, 167.0, 160.8, 145.0, 135.0, 130.2, 130.0, 129.7, 129.0, 125.9, 125.5, 
125.1, 125.0, 124.3, 105.4, 77.4, 77.1, 76.7, 61.6, 52.2, 14.3; HRMS[ESI]: calculated 
for C21H19O5

+[M+H]+: 351.1227, found 351.1227.  
 

OH

O

O

3am
 

Ethyl 1-hydroxy-4-(m-tolyl)-2-naphthoate (3am).[3] pale-yellow solid (121.7 mg, 
79%), mp: 111-113 °C. 1H NMR (400 MHz, CDCl3) δ 12.07 (s, 1H), 8.56 – 8.46 (m, 
1H), 7.85 – 7.77 (m, 1H), 7.72 (s, 1H), 7.58 – 7.50 (m, 2H), 7.36 (t, J = 7.5 Hz, 1H), 
7.31 – 7.20 (m, 3H), 4.44 (q, J = 7.1 Hz, 2H), 2.43 (s, 3H), 1.42 (t, J = 7.1 Hz, 3H); 
13C NMR (100 MHz, CDCl3) δ 171.1, 160.3, 140.2, 138.0, 135.6, 131.3, 130.9, 129.4, 
128.2, 128.0, 127.3, 126.0, 125.6, 125.0, 124.8, 124.1, 105.4, 61.5, 21.5, 14.3. ; 
HRMS[ESI]: calculated for C20H17O3

-[M-H]-: 305.1183, found 305.1186.  
 

OH

O

O

F
3an

 
Ethyl 4-(3-fluorophenyl)-1-hydroxy-2-naphthoate (3an). pale-yellow solid (112.6 
mg, 73%). mp: 133-135 °C. 1H NMR (400 MHz, CDCl3) δ 12.11 (s, 1H), 8.54 – 8.46 
(m, 1H), 7.82 – 7.75 (m, 1H), 7.72 (s, 1H), 7.60 – 7.52 (m, 2H), 7.43 (td, J = 7.9, 6.2 
Hz, 1H), 7.26 – 7.22 (m, 1H), 7.20 – 7.09 (m, 2H), 4.46 (q, J = 7.1 Hz, 2H), 1.44 (t, J 
= 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 171.0, 162,8 (d, J = 244.9 Hz), 160.7, 
142.4 (d, J = 7.5 Hz), 135.2, 129.8, 129.8, 129.6, 126.0, 126.0, 125.9, 125.5, 125.0, 
124.2, 117.2 (d, J = 20.7 Hz), 114.1 (d, J = 21.2 Hz), 105.3, 61.6, 14.3; HRMS[ESI]: 
calculated for C19H14FO3

-[M-H]-: 309.0932, found 309.0934.  
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OH

O

O

Cl
3ao

 
Ethyl 4-(3-chlorophenyl)-1-hydroxy-2-naphthoate (3ao).[3] white solid (123.8 mg, 
76%). mp: 139-141 °C. 1H NMR (400 MHz, CDCl3) δ 12.12 (s, 1H), 8.53 – 8.47 (m, 
1H), 7.78 – 7.73 (m, 1H), 7.70 (s, 1H), 7.60 – 7.52 (m, 2H), 7.45 (s, 1H), 7.42 – 7.37 
(m, 2H), 7.36 – 7.30 (m, 1H), 4.46 (q, J = 7.1 Hz, 2H), 1.44 (t, J = 7.1 Hz, 3H); 13C 
NMR (100 MHz, CDCl3) δ 171.0, 160.8, 142.0, 135.2, 134.3, 130.2, 129.7, 129.6, 
129.6, 128.5, 127.4, 125.9, 125.5, 125.1, 125.0, 124.2, 105.3, 61.6, 14.3; HRMS[ESI]: 
calculated for C19H14

35ClO3
-[M-H]-: 325.0637, found 325.0639; calculated for 

C19H14
37ClO3

-[M-H]-: 327.0608, found 327.0609.  
 

OH

O

O

Cl

3ap  
Ethyl 4-(2-chlorophenyl)-1-hydroxy-2-naphthoate (3ap). pale-yellow solid (136.2 
mg, 83%). mp: 114-115 °C. 1H NMR (400 MHz, CDCl3) δ 12.16 (s, 1H), 8.54 – 8.46 
(m, 1H), 7.70 (s, 1H), 7.57 – 7.50 (m, 4H), 7.43 – 7.33 (m, 4H), 4.44 (q, J = 7.1 Hz, 
2H), 1.42 (t, J = 7.1 Hz, 4H); 13C NMR (100 MHz, CDCl3) δ 171.0, 160.9, 138.7, 
135.4, 134.6, 132.5, 129.6, 129.1, 128.3, 126.8, 125.8, 125.8, 125.3, 124.8, 124.2, 
105.3, 61.6, 14.3; HRMS[ESI]: calculated for C19H14

35ClO3
-[M-H]-: 325.0637, found 

325.0640; calculated for C19H14
37ClO3

-[M-H]-: 327.0608, found 327.0610. 
 

 
Ethyl 1-hydroxy-4-(thiophen-2-yl)-2-naphthoate (3aq). pale-yellow solid (91.4 mg, 
61%). mp: 112-113 °C. 1H NMR (400 MHz, CDCl3) δ 12.14 (s, 1H), 8.52 – 8.46 (m, 
1H), 8.11 – 8.04 (m, 1H), 7.88 (s, 1H), 7.66 – 7.51 (m, 2H), 7.41 (dd, J = 4.4, 2.0 Hz, 
1H), 7.20 – 7.13 (m, 2H), 4.46 (q, J = 7.1 Hz, 2H), 1.44 (t, J = 7.1 Hz, 3H); 13C NMR 
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(100 MHz, CDCl3) δ 170.9, 160.9, 141.2, 135.8, 129.8, 127.4, 127.2, 126.5, 125.9, 
125.7, 125.4, 125.1, 124.1, 123.2, 105.4, 61.6, 14.3; HRMS[ESI]: calculated for 
C17H13O3S-[M-H]-: 297.0591, found 297.0595. 
 

 
Ethyl 1-hydroxy-3-methyl-4-phenyl-2-naphthoate (3ar).[2a] white solid (38.5 mg, 
25%). mp:118-120 °C. 1H NMR (400 MHz, CDCl3) δ 12.56 (s, 1H), 8.53 – 8.40 (m, 
1H), 7.51 – 7.38 (m, 5H), 7.26 – 7.15 (m, 3H), 4.48 (q, J = 6.7 Hz, 2H), 2.35 (s, 3H), 
1.43 (t, J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 172.8, 161.2, 140.2, 135.9, 
132.2, 131.2, 130.7, 129.3, 128.5, 127.0, 126.2, 124.8, 123.8, 123.4, 107.0, 61.7, 21.3, 
14.2; HRMS[ESI]: calculated for C20H18O3

+[M+H]+: 307.1329, found 307.1327.  
 

 
Diethyl 1-hydroxy-4-phenylnaphthalene-2,3-dicarboxylate (3as).[3] colorless solid 
(70.1 mg, 19%). mp: 105-107 °C. 1H NMR (400 MHz, CDCl3) δ 12.54 (s, 1H), 8.49 
(d, J = 7.9 Hz, 1H), 7.59 – 7.49 (m, 2H), 7.41 (d, J = 10.4 Hz, 4H), 7.32 (d, J = 6.2 Hz, 
2H), 4.42 (q, J = 7.0 Hz, 2H), 3.95 (q, J = 7.0 Hz, 2H), 1.36 (t, J = 7.1 Hz, 3H), 0.93 
(t, J = 7.0 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 170.2, 168.5, 161.2, 136.8, 135.6, 
131.0, 130.0, 130.0, 129.3, 127.9, 127.8, 126.7, 126.6, 124.9, 124.0, 102.0, 62.2, 60.9, 
13.9, 13.6; HRMS[ESI]: calculated for C22H20O5

+[M+H]+: 365.1384, found 365.1389.  
 

OH

O

O

3at  
Ethyl 4-(cyclohex-1-en-1-yl)-1-hydroxy-2-naphthoate (3at). pale-yellow solid (69.6 
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mg, 47%). mp: 87-88 °C. 1H NMR (400 MHz, CDCl3) δ 11.97 (s, 1H), 8.43 (d, J = 
8.3 Hz, 1H), 7.89 (d, J = 8.4 Hz, 1H), 7.60 – 7.54 (m, 2H), 7.52 – 7.46 (m, 1H), 5.74 
(s, 1H), 4.44 (q, J = 7.1 Hz, 2H), 2.37 – 2.29 (m, 2H), 2.29 – 2.20 (m, 2H), 1.89 – 
1.78 (m, 2H), 1.82 – 1.71 (m, 2H), 1.45 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, 
CDCl3) δ 171.2, 159.8, 137.2, 135.5, 133.9, 129.0, 127.6, 125.7, 125.4, 125.0, 124.1, 
122.7, 105.21, 61.4, 31.1, 25.6, 23.2, 22.3, 14.4; HRMS[ESI]: calculated for 
C19H19O3

-[M-H]-: 295.1340, found 295.1341. 
 

OH

O

O

OH

3au
 

Ethyl 1-hydroxy-4-(2-hydroxyethyl)-2-naphthoate (3au).[2a] pale-yellow solid (74.5 
mg, 57%). mp: 88-89 °C. 1H NMR (400 MHz, CDCl3) δ 11.95 (s, 1H), 8.45 (d, J = 
8.3 Hz, 1H), 7.94 (d, J = 8.4 Hz, 1H), 7.68 – 7.59 (m, 2H), 7.57 – 7.48 (m, 1H), 4.43 
(q, J = 7.1 Hz, 2H), 3.94 (t, J = 6.6 Hz, 2H), 3.22 (t, J = 6.6 Hz, 2H), 1.65 (s, 1H), 
1.44 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 170.9, 160.1, 135.8, 129.5, 
125.5, 125.3, 124.9, 124.6, 124.5, 123.6, 105.3, 62.8, 61.5, 35.7, 14.3; HRMS[ESI]: 
calculated for C15H15O4

-[M-H]-: 259.0976, found 259.0980. 
 

OH

O

O

3av
 

Ethyl 1-hydroxy-4-propyl-2-naphthoate (3av). Pale yellow liquid (11.8 mg, 9%). 
1H NMR (400 MHz, CDCl3) δ 11.90 (s, 1H), 8.48 – 8.43 (m, 2H), 7.94 (d, J = 8.4 Hz, 
1H), 7.67 – 7.58 (m, 2H), 7.59 (s, 1H), 7.56 – 7.47 (m, 1H), 4.46 (q, J = 7.1 Hz, 2H), 
2.96 – 2.89 (m, 2H), 1.80 – 1.69 (m, 2H), 1.46 (t, J = 7.1 Hz, 3H), 1.03 (t, J = 7.3 Hz, 
3H); 13C NMR (100 MHz, CDCl3) δ 171.1, 159.6, 135.8, 129.1, 129.0, 125.2, 125.2, 
124.5, 123.8, 123.4, 105.2, 61.3, 34.7, 23.8, 14.3, 14.2; HRMS[ESI]: calculated for 
C16H17O3

-[M-H]-: 257.1183, found 257.1185. 
 

OH

O

O

3aw
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Ethyl 1-hydroxy-4-pentyl-2-naphthoate (3aw).[3] pale yellow liquid (18.5 mg, 13%). 
1H NMR (400 MHz, CDCl3) δ 11.90 (s, 1H), 8.45 (d, J = 8.3 Hz, 1H), 7.94 (d, J = 8.4 
Hz, 1H), 7.67 – 7.58 (m, 1H), 7.59 (s, 1H), 7.56 – 7.47 (m, 1H), 4.46 (q, J = 7.1 Hz, 
2H), 2.98 – 2.89 (m, 3H), 1.77 – 1.65 (m, 2H), 1.46 (t, J = 7.1 Hz, 4H), 1.46 – 1.32 (m, 
2H), 0.92 (t, J = 6.9 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 171.1, 159.5, 135.8, 
129.3, 129.1, 125.2, 125.2, 124.5, 123.8, 123.3, 105.2, 61.3, 32.6, 32.0, 30.5, 22.6, 
14.3, 14.1; HRMS[ESI]: calculated for C18H21O3

-[M-H]-: 285.1496, found 285.1503. 
 

OH

O

O

3ax
 

Ethyl 4-cyclopropyl-1-hydroxy-2-naphthoate (3ax). pale-yellow solid (29.3 mg, 
23%). mp: 72-74 °C. 1H NMR (400 MHz, CDCl3) δ 11.96 (s, 1H), 8.48 – 8.40 (m, 
1H), 8.36 – 8.31 (m, 1H), 7.72 – 7.62 (m, 1H), 7.60 – 7.50 (m, 2H), 4.45 (q, J = 7.1 
Hz, 2H), 2.23 – 2.11 (m, 1H), 1.46 (t, J = 7.1 Hz, 3H), 1.07 – 0.97 (m, 2H), 0.77 – 
0.66 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 171.1, 159.9, 137.3, 129.5, 129.2, 125.5, 
124.9, 124.4, 124.3, 122.2, 105.0, 61.3, 14.3, 12.9, 6.0; HRMS[ESI]: calculated for 
C16H15O3

-[M-H]-: 255.1027, found 255.1030. 
 

OH

O

O

O O
3ay  

3-Ethyl 1-methyl 4-hydroxynaphthalene-1,3-dicarboxylate (3ay). pale-yellow 
solid (27.1 mg, 20%). mp: 91-93 °C. 1H NMR (400 MHz, CDCl3) δ 12.51 (s, 1H), 
9.03 – 8.98 (m, 1H), 8.63 (s, 1H), 8.52 – 8.45 (m, 1H), 7.76 – 7.71 (m, 1H), 7.62 – 
7.53 (m, 1H), 4.50 (q, J = 7.1 Hz, 2H), 3.99 (s, 3H), 1.49 (t, J = 7.1 Hz, 3H); 13C 
NMR (100 MHz, CDCl3) δ 170.6, 164.3, 135.1, 131.0, 130.7, 126.1, 126.0, 125.1, 
124.1, 117.6, 104.8, 61.9, 52.0, 14.3; HRMS[ESI]: calculated for C15H13O5

-[M-H]-: 
273.0769, found 273.0776. 
 



S14 
 

 
Ethyl 1-hydroxy-6-methoxy-4-phenyl-2-naphthoate (3ba).[3] pale-yellow solid 
(124.9 mg, 78%). mp:108-109 °C. 1H NMR (400 MHz, CDCl3) δ 12.11 (s, 1H), 8.45 
(d, J = 9.1 Hz, 1H), 7.75 (s, 1H), 7.56 – 7.50 (m, 4H), 7.49 – 7.44 (m, 1H), 7.24 – 
7.17 (m, 2H), 4.48 (q, J = 7.1 Hz, 2H), 3.81 (s, 3H), 1.46 (t, J = 7.1 Hz, 3H); 13C 
NMR (100 MHz, CDCl3) δ 170.1, 159.5, 159.4, 139.4, 136.4, 129.0, 127.4, 126.1, 
124.9, 124.8, 118.7, 116.1, 104.2, 102.8, 60.2, 54.2, 13.2; HRMS[ESI]: calculated for 
C20H17O4

-[M-H]-: 321.1132, found 321.1129.  
 

 
Ethyl 1-hydroxy-6-methyl-4-phenyl-2-naphthoate (3ca).[3] pale-yellow solid (117 
mg, 76%). mp: 112-113 °C. 1H NMR (400 MHz, CDCl3) δ 12.04 (s, 1H), 8.39 (d, J = 
8.5 Hz, 1H), 7.69 (s, 1H), 7.56 (s, 1H), 7.52 – 7.40 (m, 5H), 7.37 (d, J = 8.4 Hz, 1H), 
4.44 (q, J = 7.1 Hz, 2H), 2.44 (s, 3H), 1.41 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, 
CDCl3) δ 171.2, 160.4, 140.4, 139.8, 135.8, 130.6, 130.2, 128.3, 127.8, 127.1, 125.1, 
125.1, 124.0, 123.1, 104.7, 61.4, 22.1, 14.3; HRMS[ESI]: calculated for 
C20H17O3

-[M-H]-: 305.1183, found 305.1184.  
  
 

 
Ethyl 1-hydroxy-5,7-dimethyl-4-phenyl-2-naphthoate (3da). pale-yellow solid 
(129.7 mg, 81%). mp: 153-155 °C. 1H NMR (400 MHz, CDCl3) δ 11.99 (s, 1H), 8.21 
(s, 1H), 7.53 (s, 1H), 7.40 – 7.35 (m, 3H), 7.34 – 7.28 (m, 2H), 7.20 (s, 1H), 4.42 (q, J 
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= 7.1 Hz, 2H), 2.49 (s, 3H), 1.94 (s, 3H), 1.39 (t, J = 7.1 Hz, 3H); 13C NMR (100 
MHz, CDCl3) δ 171.0, 160.1, 144.7, 135.4, 135.2, 132.8, 131.2, 129.9, 127.7, 126.7, 
126.3, 126.1, 121.6, 104.6, 61.4, 24.7, 21.3, 14.3; HRMS[ESI]: calculated for 
C21H19O3

-[M-H]-: 319.1340, found 319.1337. 
 

 
Ethyl 1-hydroxy-8-methyl-4-phenyl-2-naphthoate(3ea). pale-yellow solid (59.3 mg, 
39%). mp: 111-113 °C. 1H NMR (400 MHz, CDCl3) δ 12.64 (s, 1H), 7.70 (s, 1H), 
7.58 (d, J = 8.4 Hz, 1H), 7.49 – 7.39 (m, 5H), 7.37 – 7.32 (m, 1H), 7.25 (d, J = 7.3 Hz, 
1H), 4.43 (q, J = 7.1 Hz, 2H), 3.03 (s, 3H), 1.41 (t, J = 7.1 Hz, 3H); 13C NMR (100 
MHz, CDCl3) δ 171.7, 163.7, 141.0, 138.6, 137.5, 131.3, 130.3, 129.0, 128.9, 128.3, 
127.1, 125.1, 124.5, 124.4, 105.6, 61.4, 25.5, 14.3; HRMS[ESI]: calculated for 
C20H19O3

+[M+H]+: 307.1329, found 307.1322.  
 

OH

O

O

F

3fa  
Ethyl 6-fluoro-1-hydroxy-4-phenyl-2-naphthoate (3fa).[3] pale-yellow solid (117.6 
mg, 76%). mp: 107-109 °C. 1H NMR (400 MHz, CDCl3) δ 12.11 (s, 1H), 8.53 – 8.47 
(m, 1H), 7.76 (s, 1H), 7.47 – 7.52 (m, 2H), 7.46 – 7.39 (m, 4H), 7.31 – 7.24 (m, 1H), 
4.45 (q, J = 7.1 Hz, 2H), 1.42 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 
171.0, 163.3 (d, J = 249.6 Hz), 160.3, 139.7, 137.3 (d, J = 9.8 Hz), 130.6 (d, J = 5.3 
Hz), 130.0, 128.5, 127.5, 127.2 (d, J = 9.0 Hz), 126.2, 121.9, 115.6 (d, J = 25.0 Hz), 
109.9 (d, J = 22.7 Hz), 105.1, 61.6, 14.3; HRMS[ESI]: calculated for 
C19H14FO3

-[M-H]-: 309.0932, found 309.0929.  
OH

O

O

Cl

3ga
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Ethyl 6-chloro-1-hydroxy-4-phenyl-2-naphthoate (3ga). pale-yellow solid (126.9 
mg, 78%). mp: 106-107 °C. 1H NMR (400 MHz, CDCl3) δ 12.08 (s, 1H), 8.41 (d, J = 
8.9 Hz, 1H), 7.83 – 7.71 (m, 2H), 7.52 – 7.39 (m, 6H), 4.44 (q, J = 7.2 Hz, 2H), 1.42 
(t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 170.9, 160.2, 139.5, 136.4, 136.0, 
130.4, 130.1, 128.6, 127.5, 126.5, 126.3, 125.9, 124.9, 123.3, 105.7, 61.7, 14.3; 
HRMS[ESI]: calculated for C19H14

35ClO3
-[M-H]-: 325.0637, found 325.0637.  
OH

O

O

Br

3ha
 

Ethyl 6-bromo-1-hydroxy-4-phenyl-2-naphthoate (3ha). pale-yellow solid (139.6 
mg, 75%). mp: 116-118 °C. 1H NMR (400 MHz, CDCl3) δ 12.06 (s, 1H), 8.33 (d, J = 
8.9 Hz, 1H), 7.93 (d, J = 1.9 Hz, 1H), 7.74 (s, 1H), 7.59 (dd, J = 8.9, 1.9 Hz, 1H), 
7.53 – 7.39 (m, 5H), 4.44 (q, J = 7.1 Hz, 2H), 1.42 (t, J = 7.1 Hz, 3H); 13C NMR (100 
MHz, CDCl3) δ 170.8, 160.2, 139.5, 136.6, 130.3, 130.1, 129.1, 128.6, 128.1, 127.5, 
126.3, 125.9, 124.7, 123.5, 105.8, 61.7, 14.3; HRMS[ESI]: calculated for 
C19H14

79BrO3
-[M-H]-: 369.0132, found 369.0138; calculated for C19H14

81BrO3
-[M-H]-: 

371.0111, found 371.0118.  
 

 

 
Ethyl 5-bromo-1-hydroxy-4-phenyl-2-naphthoate (3ia-1). light yellow solid (48.2 
mg, 26%). mp: 125-127 °C. 1H NMR (400 MHz, CDCl3) δ 12.03 (s, 1H), 8.63 (d, J = 
2.1 Hz, 1H), 7.74 (s, 1H), 7.66 (d, J = 9.0 Hz, 1H), 7.59 (dd, J = 9.0, 2.1 Hz, 1H), 
7.51 – 7.41 (m, 5H), 4.45 (q, J = 7.1 Hz, 2H), 1.43 (t, J = 7.2 Hz, 3H). 13C NMR (101 
MHz, CDCl3) δ 170.8, 159.2, 139.6, 133.9, 132.6, 131.1, 130.1, 128.5, 127.7, 127.5, 
126.5, 126.2, 125.4, 120.0, 106.4, 61.7, 14.3; isomers’ mixtures of 3ia-1 and 3ia-2: 
HRMS[ESI]: calculated for C19H14

79BrO3
-[M-H]-: 369.0132, found 369.0140; 

calculated for C19H14
81BrO3

-[M-H]-: 371.0111, found 371.0119. 
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Ethyl 7-bromo-1-hydroxy-4-phenyl-2-naphthoate(3ia-2). light yellow solid (96.5 
mg, 52%). mp: 120-122 °C. 1H NMR (400 MHz, CDCl3) δ 12.08 (s, 1H), 8.55 (dd, J 
= 8.4, 1.4 Hz, 1H), 7.88 (dd, J = 7.5, 1.3 Hz, 1H), 7.73 (s, 1H), 7.41 – 7.30 (m, 6H), 
4.44 (q, J = 7.1 Hz, 2H), 1.41 (t, J = 7.1 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 
170.6, 160.1, 142.5, 137.1, 133.1, 130.9, 130.5, 129.0, 127.6, 127.5, 126.9, 126.0, 
124.2, 120.1, 105.4, 61.8, 14.3; isomers’ mixtures of 3ia-1 and 3ia-2: HRMS[ESI]: 
calculated for C19H14

79BrO3
-[M-H]-: 369.0132, found 369.0140; calculated for 

C19H14
81BrO3

-[M-H]-: 371.0111, found 371.0119. 
 

 
Ethyl 1-hydroxy-6-nitro-4-phenyl-2-naphthoate (3ja). yellow solid (14.5 mg, 9%). 
mp: 173-175 °C. 1H NMR (400 MHz, CDCl3) δ 12.13 (s, 1H), 8.73 (s, 1H), 8.64 (d, J 
= 9.2 Hz, 1H), 8.31 – 8.23 (m, 1H), 7.90 (s, 1H), 7.59 – 7.47 (m, 3H), 7.48 – 7.43 (m, 
2H), 4.50 (q, J = 7.1 Hz, 2H), 1.45 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 
170.5, 159.5, 148.0, 138.6, 134.7, 132.8, 130.0, 128.9, 128.0, 127.7, 127.1, 126.3, 
122.3, 118.9, 108.4, 62.1, 14.2; HRMS[ESI]: calculated for C19H16NO5

+[M+H]+: 
338.1023, found 338.1027. 
 

 
Ethyl 6-cyano-1-hydroxy-4-phenyl-2-naphthoate (3ka). pale-yellow solid (50.5 mg, 
32%). mp: 158-159 °C. 1H NMR (400 MHz, CDCl3) δ 12.11 (s, 1H), 8.57 (d, J = 8.6 
Hz, 1H), 8.22 – 8.14 (m, 1H), 7.86 (s, 1H), 7.70 – 7.63 (m, 1H), 7.55 – 7.45 (m, 3H), 
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7.44 – 7.39 (m, 2H), 4.48 (q, J = 7.1 Hz, 2H), 1.44 (t, J = 7.2 Hz, 3H); 13C NMR (100 
MHz, CDCl3) δ 170.5, 159.5, 138.7, 134.5, 131.8, 131.4, 130.0, 128.8, 127.9, 126.7, 
126.6, 126.3, 125.5, 118.9, 112.7, 107.9, 62.0, 14.2; HRMS[ESI]: calculated for 
C20H16NO3

+[M+H]+: 318.1125, found 318.11132. 

 
1-(1-Hydroxy-4-phenylnaphthalen-2-yl)ethanone (3la).[2a] yellow solid (105.1 mg, 
80%). mp: 173-174 °C.1H NMR (400 MHz, CDCl3) δ 14.01 (s, 1H), 8.61 – 8.55 (m, 
1H), 7.83 – 7.77 (m, 1H), 7.60 – 7.54 (m, 3H), 7.53 – 7.43 (m, 5H), 2.70 (s, 3H); 13C 
NMR (100 MHz, CDCl3) δ 204.5, 161.9, 140.1, 135.8, 131.0, 130.2, 128.5, 127.4, 
125.9, 125.5, 125.4, 124.7, 112.8, 27.0; HRMS[ESI]: calculated for C18H13O2

-[M-H]-: 
261.0921, found 261.0926.  
 

 
(1-Hydroxy-4-phenylnaphthalen-2-yl)(phenyl)methanone (3ma).[2a] yellow solid 
(115.1 mg, 71%). mp: 151-152 °C. 1H NMR (400 MHz, CDCl3) δ 13.88 (s, 1H), 8.61 
– 8.46 (m, 1H), 7.73 – 7.69 (m, 1H), 7.67 – 7.60 (m, 2H), 7.54 – 7.35 (m, 7H), 7.35 – 
7.28 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 201.5, 163.4, 140.0, 138.2, 135.8, 131.7, 
130.6, 130.5, 130.2, 129.1, 128.5, 128.4, 127.7, 127.3, 126.0, 125.5, 124.8, 112.2; 
HRMS[ESI]: calculated for C23H15O2

-[M-H]-: 323.1078, found 323.1075. 
 

 
1-Hydroxy-N-4-diphenyl-2-naphthamide (3na). pale-yellow solid (141.5 mg, 83%). 
mp: 178-179 °C. 1H NMR (400 MHz, CDCl3) δ 13.63 (s, 1H), 8.62 – 8.54 (m, 1H), 
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8.05 (s, 1H), 7.89 – 7.81 (m, 1H), 7.65 – 7.56 (m, 4H), 7.56 – 7.51 (m, 4H), 7.51 – 
7.45 (m, 1H), 7.45 – 7.37 (m, 3H), 7.23 (t, J = 7.5 Hz, 1H); 13C NMR (100 MHz, 
CDCl3) δ 168.0, 159.7, 139.0, 135.6, 133.7, 130.1, 129.1, 128.2, 128.1, 127.4, 126.4, 
124.9, 124.8, 124.3, 123.1, 120.4, 120.3, 105.3; HRMS[ESI]: calculated for 
C23H16NO2

-[M-H]-: 338.1187, found 338.1193.  
 

 
Ethyl 1-hydroxy-4-phenylanthracene-2-carboxylate (3oa).[3] pale-yellow solid 
(128.5 mg, 75%). mp: 146-147 °C. 1H NMR (400 MHz, CDCl3) δ 11.87 (s, 1H), 8.43 
(d, J = 9.0 Hz, 1H), 7.87 – 7.83 (m, 1H), 7.83 – 7.79 (m, 2H), 7.73 (d, J = 8.7 Hz, 1H), 
7.49 – 7.42 (m, 4H), 7.42 – 7.37 (m, 2H), 7.13 – 7.07 (m, 1H), 4.46 (q, J = 7.1 Hz, 
2H), 1.43 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 170.8, 159.3, 144.9, 
134.8, 133.6, 131.3, 129.8, 129.3, 129.2, 129.0, 128.7, 128.5, 127.4, 127.2, 127.0, 
124.9, 123.9, 120.9, 106.9, 61.6, 14.3; HRMS[ESI]: calculated for C23H17O3

-[M-H]-: 
341.1183, found 341.1185. 
 

 
Ethyl 7-hydroxy-4-phenyl-3a,7a-dihydrobenzo[b]thiophene-6-carboxylate (3pa). 
pale-yellow solid (116.1 mg, 78%). mp: 146-147°C; 1H NMR (400 MHz, CDCl3) δ 
11.62 (s, 1H), 7.78 (s, 1H), 7.64 (d, J = 5.3 Hz, 1H), 7.53 (d, J = 7.5 Hz, 2H), 7.50 – 
7.44 (t, J = 7.5 Hz, 2H), 7.45 – 7.36 (m, 2H), 4.45 (q, J = 7.1 Hz, 2H), 1.43 (t, J = 7.1 
Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 170.9, 157.1, 144.0, 140.2, 131.1, 129.3, 
129.0, 128.6, 128.4, 127.3, 125.4, 124.1, 106.5, 61.6, 14.3; HRMS[ESI]: calculated 
for C17H15O3S+[M+H]+: 299.0736, found 299.0736. 
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Ethyl 7-hydroxy-4-phenylbenzofuran-6-carboxylate (3qa). pale-yellow liquid 
(80.0 mg, 58%). 1H NMR (400 MHz, CDCl3) δ 11.38 (s, 1H), 7.84 – 7.77 (m, 2H), 
7.58 (d, J = 8.3 Hz, 2H), 7.48 (t, J = 7.6 Hz, 2H), 7.41 – 7.36 (m, 1H), 6.95 (d, J = 2.0 
Hz, 1H), 4.46 (q, J = 7.1 Hz, 2H), 1.44 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, 
CDCl3) δ 170.9, 148.1, 147.9, 143.3, 139.3, 132.6, 128.8, 128.2, 127.3, 125.9, 124.1, 
123.0, 108.3, 107.0, 61.6, 14.3; HRMS[ESI]: calculated for C17H15O4

+[M+H]+: 
283.0965, found 283.0964. 
 

 
Ethyl 7-hydroxy-4-phenyl-1H-indole-6-carboxylate (3ra). pale-yellow solid (50.3 
mg, 35%). mp: 150-152 °C. 1H NMR (400 MHz, CDCl3) δ 11.50 (s, 1H), 8.85 (s, 1H), 
7.66 (d, J = 7.6 Hz, 2H), 7.59 (s, 1H), 7.50 – 7.42 (t, J = 7.5 Hz, 2H), 7.39 – 7.32 (m, 
2H), 6.70 (s, 1H), 4.43 (q, J = 7.1 Hz, 2H), 1.42 (t, J = 7.1 Hz, 3H); 13C NMR (100 
MHz, CDCl3) δ 171.6, 149.3, 140.5, 131.9, 128.6, 128.5, 127.0, 126.8, 125.9, 125.2, 
119.6, 104.7, 103.5, 61.1, 14.4; HRMS[ESI]: calculated for C17H16NO3

+[M+H]+: 
282.1125, found 282.1130. 
 

 
Ethyl 5-hydroxy-8-phenylquinoline-6-carboxylate (3sa). yellow solid (80mg, 54%). 
mp: 117-119°C; 1H NMR (400 MHz, CDCl3) δ 12.06 (s, 1H), 9.02 – 9.01 (m, 1H), 
8.78 (d, J = 8.3 Hz, 1H), 8.05 (s, 1H), 7.65 (d, J = 7.5 Hz, 2H), 7.51 – 7.38 (m, 4H), 
4.48 (q, J = 7.1 Hz, 2H), 1.45 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 
170.7 , 160.0 , 152.8 , 149.2 , 139.0 , 132.7 , 131.9 , 130.5 , 128.6 , 128.1 , 127.3 , 
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120.6, 120.4, 106.3, 61.9 , 14.3; HRMS[ESI]: calculated for C18H16NO3
+[M+H]+: 

294.1125, found 294.1125. 
 

 
1-Hydroxy-4-phenyl-2-naphthonitrile (3ta). pale-yellow solid (68.7 mg, 56%). mp: 
98-101°C; 1H NMR (400 MHz, DMSO-d6) δ 11.61 (s, 1H), 8.49 – 8.40 (m, 1H), 7.80 
– 7.72 (m, 1H), 7.69 – 7.59 (m, 2H), 7.52 – 7.39 (m, 6H); 13C NMR (100 MHz, 
DMSO) δ 158.4, 139.0, 134.4, 132.7, 130.3, 130.0, 129.0, 128.0, 127.5, 126.9, 126.2, 
125.3, 123.8, 118.1, 93.9; HRMS[ESI]: calculated for C17H10NO-[M-H]-: 244.0768, 
found 244.0775. 
 

 

4-(4-Ethoxyphenyl)-1-hydroxy-2-naphthonitrile (3tc). yellow solid (82.3 mg, 57%). 
mp: 96-98°C; 1H NMR (400 MHz, DMSO-d6) δ 11.53 (s, 1H), 8.42 (s, 1H), 7.83 – 
7.72 (m, 1H), 7.64 (d, J = 7.2 Hz, 2H), 7.45 – 7.28 (m, 3H), 7.03 (d, J = 8.0 Hz, 2H), 
4.07 (q, J = 6.7 Hz, 2H), 1.36 (t, J = 6.7 Hz, 3H). 13C NMR (100 MHz, DMSO-d6) δ 
158.49, 158.08, 134.63, 132.48, 131.46, 130.98, 129.93, 127.26, 126.87, 126.35, 
125.35, 123.75, 118.20, 114.85, 93.86, 63.54, 15.16. 
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4-(4-Bromophenyl)-1-hydroxy-2-naphthonitrile (3tk). yellow solid (97.2 mg, 60%). 
mp: 121-123°C; 1H NMR (400 MHz, DMSO-d6) δ 11.69 (s, 1H), 8.56 – 8.37 (dd, J = 
6.6, 3.5 Hz, 1H), 7.84 – 7.64 (m, 5H), 7.53 – 7.36 (m, 3H). 13C NMR (100 MHz, 
DMSO-d6) δ 158.64, 138.20, 134.16, 132.53, 131.95, 131.33, 130.26, 127.66, 127.06, 
126.05, 125.33, 123.85, 121.53, 118.04, 93.88. 
 

 

 

 

Ethyl 2-benzoyl-2-bromoacetate A.[2a] 1H NMR (400 MHz, CDCl3) δ 8.00 (dd, J = 
8.4, 1.3 Hz, 2H), 7.63 (m, 1H), 7.50 (t, J = 7.7 Hz, 2H), 5.66 (s, 1H), 4.29 (q, J = 7.1 
Hz, 2H), 1.25 (t, J = 7.1 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 188.1, 165.2, 134.3, 
133.4, 129.2, 128.9, 63.3, 46.4, 13.9; HRMS[ESI]: calculated for 
C11H12

79BrO3
+[M+H]+: 270.9964, found 270.9965; calculated for 

C11H12
81BrO3

+[M+H]+: 272.9944, found 272.9945. 
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4. X-Ray Crystal Data for Compound 3aa 

The structure was solved and refined using the programs XS (Sheldrick, 2008) and 
ShelXL (Sheldrick, 2015) respectively. The program X-Seed (Barbour, 1999) was 
used as an interface to the SHELX programs, and to prepare the figures.  

 
Table 1.  Crystal data and structure refinement for shelx.  
Identification code                   shelx  
Empirical formula                 C19 H16 O3  
Formula weight                     292.32  
Temperature                       113(2) K  
Wavelength                        0.71073 A  
Crystal system, space group         Triclinic, P-1  
Unit cell dimensions  
a = 7.415(4) Å 
b = 10.694(6) Å 
c = 19.852(9) Å    
α = 94.049(8) deg.  
β = 91.638(11) deg.  
γ = 110.006(6) deg.  
Volume                        1473.2(13) Å3  
Z, Calculated density             4, 1.318 Mg/m3  
Absorption coefficient            0.089 mm-1  
F(000)                          616  
Crystal size                   0.20 x 0.18 x 0.10 mm  
Theta range for data collection    2.03 to 27.86 deg.  
Limiting indices              -9<=h<=9, -14<=k<=14, -26<=l<=22  
Reflections collected / unique      15459 / 6906 [R(int) = 0.0471]  
Completeness to theta = 27.86      98.4 %  
Absorption correction             Semi-empirical from equivalents  
Max. and min. transmission         0.9912 and 0.9825  
Refinement method               Full-matrix least-squares on F2  
Data / restraints / parameters        6906 / 0 / 401  
Goodness-of-fit on F2             1.050  
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Final R indices [I>2sigma(I)]        R1 = 0.0372, wR2 = 0.0741  
R indices (all data)                R1 = 0.0656, wR2 = 0.0788  
Largest diff. peak and hole          0.249 and -0.241 e.Å-3  
 
Table 2.  Atomic coordinates (x 104) and equivalent isotropic displacement 
parameters (Å2 x 103) for shelx. U(eq) is defined as one third of the trace of the 
orthogonalized Uij tensor.  
          atom           x             y            z         U(eq)  
          O(1)         7007(2)      -2355(1)       9349(1)       27(1)  
          O(2)         6027(2)      -1783(1)      10541(1)       26(1)  
          O(3)         6789(2)        383(1)      10922(1)       21(1)  
          O(4)         8647(2)      11238(1)       5888(1)       30(1)  
          O(5)        10158(2)      13147(1)       5123(1)       32(1)  
          O(6)         9477(2)      12748(1)       3999(1)       26(1)  
          C(1)         7728(2)      -1014(2)       9308(1)       20(1)  
          C(2)         8556(2)       -570(2)       8687(1)       19(1)  
          C(3)         8590(2)      -1507(2)       8147(1)       23(1)  
          C(4)         9251(2)      -1076(2)       7537(1)       26(1)  
          C(5)         9912(2)        299(2)       7442(1)       24(1)  
          C(6)         9951(2)       1222(2)       7961(1)       23(1)  
          C(7)         9287(2)        820(2)       8605(1)       18(1)  
          C(8)         9228(2)       1769(2)       9151(1)       17(1)  
          C(9)         8410(2)       1291(2)       9732(1)       19(1)  
          C(10)        7634(2)        -92(2)       9824(1)       18(1)  
          C(11)        6749(2)       -589(2)      10450(1)       21(1)  
          C(12)        5904(2)        -75(2)      11550(1)       25(1)  
          C(13)        6069(2)       1155(2)      12010(1)       28(1)  
          C(14)        9937(2)       3234(2)       9082(1)       18(1)  
          C(15)        8703(2)       3956(2)       9187(1)       22(1)  
          C(16)        9321(3)       5321(2)       9117(1)       28(1)  
          C(17)       11183(3)       5984(2)       8936(1)       31(1)  
          C(18)       12437(3)       5281(2)       8845(1)       31(1)  
          C(19)       11825(2)       3921(2)       8918(1)       25(1)  
          C(20)        7916(2)      10463(2)       5307(1)       22(1)  
          C(21)        6794(2)       9108(2)       5374(1)       20(1)  
          C(22)        6423(2)       8609(2)       6019(1)       27(1)  
          C(23)        5313(2)       7312(2)       6082(1)       29(1)  
          C(24)        4502(2)       6442(2)       5502(1)       28(1)  
          C(25)        4847(2)       6900(2)       4870(1)       24(1)  
          C(26)        6016(2)       8232(2)       4785(1)       19(1)  
          C(27)        6380(2)       8738(2)       4129(1)       19(1)  
          C(28)        7405(2)      10063(2)       4092(1)       20(1)  
          C(29)        8200(2)      10956(2)       4674(1)       20(1)  
          C(30)        9363(2)      12366(2)       4629(1)       25(1)  
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          C(31)       10573(3)      14153(2)       3930(1)       37(1)  
          C(32)       10007(3)      14481(2)       3249(1)       50(1)  
          C(33)        5696(2)       7814(2)       3501(1)       20(1)  
          C(34)        4376(2)       7989(2)       3035(1)       23(1)  
          C(35)        3781(2)       7147(2)       2444(1)       26(1)  
          C(36)        4501(2)       6122(2)       2307(1)       27(1)  
          C(37)        5821(2)       5939(2)       2766(1)       27(1)  
          C(38)        6400(2)       6776(2)       3358(1)       25(1)  
 
Table 3.  Bond lengths [Å] and angles [deg] for shelx.  
              atom                       length  
            O(1)-C(1)                     1.3570(19)  
            O(1)-H(1)                     0.8400  
            O(2)-C(11)                    1.2338(19)  
            O(3)-C(11)                    1.3412(18)  
            O(3)-C(12)                    1.4636(18)  
            O(4)-C(20)                    1.3542(17)  
            O(4)-H(4)                     0.8400  
            O(5)-C(30)                    1.2331(18)  
            O(6)-C(30)                    1.3383(19)  
            O(6)-C(31)                    1.4626(19)  
            C(1)-C(10)                    1.391(2)  
            C(1)-C(2)                     1.431(2)  
            C(2)-C(3)                     1.421(2)  
            C(2)-C(7)                     1.421(2)  
            C(3)-C(4)                     1.372(2)  
            C(3)-H(3)                     0.9500  
            C(4)-C(5)                     1.411(2)  
            C(4)-H(4A)                    0.9500  
            C(5)-C(6)                     1.369(2)  
            C(5)-H(5)                     0.9500  
            C(6)-C(7)                     1.425(2)  
            C(6)-H(6)                     0.9500  
            C(7)-C(8)                     1.4428(19)  
            C(8)-C(9)                     1.368(2)  
            C(8)-C(14)                    1.491(2)  
            C(9)-C(10)                    1.419(2)  
            C(9)-H(9)                     0.9500  
            C(10)-C(11)                   1.469(2)  
            C(12)-C(13)                   1.515(2)  
            C(12)-H(12A)                  0.9900  
            C(12)-H(12B)                  0.9900  
            C(13)-H(13A)                  0.9800  
            C(13)-H(13B)                  0.9800  
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            C(13)-H(13C)                  0.9800  
            C(14)-C(15)                   1.396(2)  
            C(14)-C(19)                   1.400(2)  
            C(15)-C(16)                   1.391(2)  
            C(15)-H(15)                   0.9500  
            C(16)-C(17)                   1.389(2)  
            C(16)-H(16)                   0.9500  
            C(17)-C(18)                   1.390(2)  
            C(17)-H(17)                   0.9500  
            C(18)-C(19)                   1.387(2)  
            C(18)-H(18)                   0.9500  
            C(19)-H(19)                   0.9500  
            C(20)-C(29)                   1.391(2)  
            C(20)-C(21)                   1.420(2)  
            C(21)-C(26)                   1.419(2)  
            C(21)-C(22)                   1.420(2)  
            C(22)-C(23)                   1.366(2)  
            C(22)-H(22)                   0.9500  
            C(23)-C(24)                   1.407(2)  
            C(23)-H(23)                   0.9500  
            C(24)-C(25)                   1.379(2)  
            C(24)-H(24)                   0.9500  
            C(25)-C(26)                   1.416(2)  
            C(25)-H(25)                   0.9500  
            C(26)-C(27)                   1.443(2)  
            C(27)-C(28)                   1.368(2)  
            C(27)-C(33)                   1.495(2)  
            C(28)-C(29)                   1.4187(19)  
            C(28)-H(28)                   0.9500  
            C(29)-C(30)                   1.470(2)  
            C(31)-C(32)                   1.504(2)  
            C(31)-H(31A)                  0.9900  
            C(31)-H(31B)                  0.9900  
            C(32)-H(32A)                  0.9800  
            C(32)-H(32B)                  0.9800  
            C(32)-H(32C)                  0.9800  
            C(33)-C(34)                   1.395(2)  
            C(33)-C(38)                   1.396(2)  
            C(34)-C(35)                   1.389(2)  
            C(34)-H(34)                   0.9500  
            C(35)-C(36)                   1.389(2)  
            C(35)-H(35)                   0.9500  
            C(36)-C(37)                   1.390(2)  
            C(36)-H(36)                   0.9500  
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            C(37)-C(38)                   1.387(2)  
            C(37)-H(37)                   0.9500  
            C(38)-H(38)                   0.9500  
            atom-atom-atom                angle 
            C(1)-O(1)-H(1)                 109.5  
            C(11)-O(3)-C(12)               115.22(13)  
            C(20)-O(4)-H(4)                109.5  
            C(30)-O(6)-C(31)               116.21(13)  
            O(1)-C(1)-C(10)                123.20(14)  
            O(1)-C(1)-C(2)                 116.55(14)  
            C(10)-C(1)-C(2)             120.21(15)  
            C(3)-C(2)-C(7)              120.04(15)  
            C(3)-C(2)-C(1)              120.62(15)  
            C(7)-C(2)-C(1)              119.30(14)  
            C(4)-C(3)-C(2)              120.17(16)  
            C(4)-C(3)-H(3)              119.9  
            C(2)-C(3)-H(3)              119.9  
            C(3)-C(4)-C(5)              120.24(15)  
            C(3)-C(4)-H(4A)             119.9  
            C(5)-C(4)-H(4A)             119.9  
            C(6)-C(5)-C(4)              120.57(15)  
            C(6)-C(5)-H(5)              119.7  
            C(4)-C(5)-H(5)              119.7  
            C(5)-C(6)-C(7)              121.08(16)  
            C(5)-C(6)-H(6)              119.5  
            C(7)-C(6)-H(6)              119.5  
            C(2)-C(7)-C(6)              117.81(14)  
            C(2)-C(7)-C(8)              119.97(14)  
            C(6)-C(7)-C(8)              122.10(15)  
            C(9)-C(8)-C(7)              118.36(15)  
            C(9)-C(8)-C(14)             119.73(14)  
            C(7)-C(8)-C(14)             121.83(13)  
            C(8)-C(9)-C(10)             122.94(14)  
            C(8)-C(9)-H(9)              118.5  
            C(10)-C(9)-H(9)             118.5  
            C(1)-C(10)-C(9)             119.18(14)  
            C(1)-C(10)-C(11)            118.55(15)  
            C(9)-C(10)-C(11)            122.27(14)  
            O(2)-C(11)-O(3)             122.30(15)  
            O(2)-C(11)-C(10)            124.00(15)  
            O(3)-C(11)-C(10)            113.70(15)  
            O(3)-C(12)-C(13)            107.30(14)  
            O(3)-C(12)-H(12A)           110.3  
            C(13)-C(12)-H(12A)          110.3  
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            O(3)-C(12)-H(12B)           110.3  
            C(13)-C(12)-H(12B)          110.3  
            H(12A)-C(12)-H(12B)         108.5  
            C(12)-C(13)-H(13A)          109.5  
            C(12)-C(13)-H(13B)          109.5  
            H(13A)-C(13)-H(13B)         109.5  
            C(12)-C(13)-H(13C)          109.5  
            H(13A)-C(13)-H(13C)         109.5  
            H(13B)-C(13)-H(13C)         109.5  
            C(15)-C(14)-C(19)           118.45(16)  
            C(15)-C(14)-C(8)            119.66(15)  
            C(19)-C(14)-C(8)            121.89(14)  
            C(16)-C(15)-C(14)           120.79(16)  
            C(16)-C(15)-H(15)           119.6  
            C(14)-C(15)-H(15)           119.6  
            C(17)-C(16)-C(15)           120.17(16)  
            C(17)-C(16)-H(16)           119.9  
            C(15)-C(16)-H(16)           119.9  
            C(16)-C(17)-C(18)           119.51(17)  
            C(16)-C(17)-H(17)           120.2  
            C(18)-C(17)-H(17)           120.2  
            C(19)-C(18)-C(17)           120.36(17)  
            C(19)-C(18)-H(18)           119.8  
            C(17)-C(18)-H(18)           119.8  
            C(18)-C(19)-C(14)           120.68(16)  
            C(18)-C(19)-H(19)           119.7  
            C(14)-C(19)-H(19)           119.7  
            O(4)-C(20)-C(29)            122.54(16)  
            O(4)-C(20)-C(21)            116.52(14)  
            C(29)-C(20)-C(21)           120.93(14)  
            C(26)-C(21)-C(20)           119.52(14)  
            C(26)-C(21)-C(22)           119.06(16)  
            C(20)-C(21)-C(22)           121.42(15)  
            C(23)-C(22)-C(21)           121.24(15)  
            C(23)-C(22)-H(22)           119.4  
            C(21)-C(22)-H(22)           119.4  
            C(22)-C(23)-C(24)           120.17(15)  
            C(22)-C(23)-H(23)           119.9  
            C(24)-C(23)-H(23)           119.9  
            C(25)-C(24)-C(23)           119.72(17)  
            C(25)-C(24)-H(24)           120.1  
            C(23)-C(24)-H(24)           120.1  
            C(24)-C(25)-C(26)           121.64(15)  
            C(24)-C(25)-H(25)           119.2  
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            C(26)-C(25)-H(25)           119.2  
            C(25)-C(26)-C(21)           118.14(14)  
            C(25)-C(26)-C(27)           122.63(14)  
            C(21)-C(26)-C(27)           119.19(15)  
            C(28)-C(27)-C(26)           119.05(14)  
            C(28)-C(27)-C(33)           120.75(14)  
            C(26)-C(27)-C(33)           120.17(15)  
            C(27)-C(28)-C(29)           122.68(14)  
            C(27)-C(28)-H(28)           118.7  
            C(29)-C(28)-H(28)           118.7  
            C(20)-C(29)-C(28)           118.54(15)  
            C(20)-C(29)-C(30)           119.05(14)  
            C(28)-C(29)-C(30)           122.38(14)  
            O(5)-C(30)-O(6)             122.10(16)  
            O(5)-C(30)-C(29)            123.83(16)  
            O(6)-C(30)-C(29)            114.07(14)  
            O(6)-C(31)-C(32)            107.68(14)  
            O(6)-C(31)-H(31A)           110.2  
            C(32)-C(31)-H(31A)          110.2  
            O(6)-C(31)-H(31B)           110.2  
            C(32)-C(31)-H(31B)          110.2  
            H(31A)-C(31)-H(31B)         108.5  
            C(31)-C(32)-H(32A)          109.5  
            C(31)-C(32)-H(32B)          109.5  
            H(32A)-C(32)-H(32B)         109.5  
            C(31)-C(32)-H(32C)          109.5  
            H(32A)-C(32)-H(32C)         109.5  
            H(32B)-C(32)-H(32C)         109.5  
            C(34)-C(33)-C(38)           118.25(14)  
            C(34)-C(33)-C(27)           120.92(14)  
            C(38)-C(33)-C(27)           120.81(14)  
            C(35)-C(34)-C(33)           120.70(15)  
            C(35)-C(34)-H(34)           119.7  
            C(33)-C(34)-H(34)           119.7  
            C(36)-C(35)-C(34)           120.37(15)  
            C(36)-C(35)-H(35)           119.8  
            C(34)-C(35)-H(35)           119.8  
            C(35)-C(36)-C(37)           119.54(15)  
            C(35)-C(36)-H(36)           120.2  
            C(37)-C(36)-H(36)           120.2  
            C(38)-C(37)-C(36)           119.87(16)  
            C(38)-C(37)-H(37)           120.1  
            C(36)-C(37)-H(37)           120.1  
            C(37)-C(38)-C(33)           121.27(15)  
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            C(37)-C(38)-H(38)           119.4  
            C(33)-C(38)-H(38)           119.4  
Symmetry transformations used to generate equivalent atoms:  
 
Table 4.  Anisotropic displacement parameters (Å2 x 103) for shelx. The 
anisotropic displacement factor exponent takes the form: -2π2 
[ h2a*2U11+...+2hka*b*U12]  
 
    atom     U11       U22       U33       U23       U13      U12  
    O(1)     32(1)      13(1)      33(1)       1(1)       2(1)       4(1)  
    O(2)     26(1)      18(1)      34(1)       6(1)       2(1)       5(1)  
    O(3)     21(1)      21(1)      21(1)       3(1)       3(1)       5(1)  
    O(4)     33(1)      24(1)      28(1)      -8(1)      -5(1)       6(1)  
    O(5)     31(1)      21(1)      38(1)     -10(1)      -7(1)       5(1)  
    O(6)     29(1)      14(1)      33(1)       0(1)       3(1)       2(1)  
    C(1)     15(1)      15(1)      29(1)       2(1)      -4(1)       5(1)  
    C(2)     16(1)      17(1)      23(1)      -2(1)      -4(1)       6(1)  
    C(3)     24(1)      18(1)      27(1)      -6(1)      -5(1)      11(1)  
    C(4)     28(1)      27(1)      27(1)     -10(1)      -6(1)      15(1)  
    C(5)     24(1)      30(1)      21(1)      -2(1)       1(1)      13(1)  
    C(6)     19(1)      21(1)      27(1)      -1(1)      -1(1)       7(1)  
    C(7)     15(1)      20(1)      20(1)      -2(1)      -3(1)       8(1)  
    C(8)     16(1)      16(1)      20(1)      -1(1)      -3(1)       7(1)  
    C(9)     17(1)      16(1)      22(1)      -3(1)      -2(1)       6(1)  
    C(10)    15(1)      17(1)      21(1)       1(1)      -1(1)       6(1)  
    C(11)    14(1)      22(1)      28(1)       1(1)      -5(1)       7(1)  
    C(12)    22(1)      28(1)      23(1)       8(1)       4(1)       5(1)  
    C(13)    24(1)      34(1)      25(1)       4(1)       5(1)       8(1)  
    C(14)    24(1)      15(1)      14(1)      -1(1)      -1(1)       5(1)  
    C(15)    28(1)      20(1)      17(1)      -1(1)       0(1)       8(1)  
    C(16)    45(1)      23(1)      20(1)      -3(1)       0(1)      17(1)  
    C(17)    54(1)      15(1)      20(1)       0(1)       6(1)       7(1)  
    C(18)    38(1)      22(1)      25(1)      -2(1)       8(1)       1(1)  
    C(19)    28(1)      22(1)      24(1)      -1(1)       4(1)       8(1)  
    C(20)    18(1)      22(1)      25(1)      -8(1)      -4(1)       9(1)  
    C(21)    18(1)      23(1)      21(1)      -1(1)       0(1)      10(1)  
    C(22)    27(1)      30(1)      23(1)      -2(1)      -2(1)      12(1)  
    C(23)    33(1)      34(1)      24(1)       7(1)       4(1)      14(1)  
    C(24)    28(1)      23(1)      33(1)       4(1)       8(1)       7(1)  
    C(25)    21(1)      22(1)      28(1)      -2(1)       1(1)       6(1)  
    C(26)    18(1)      18(1)      23(1)       0(1)       2(1)       8(1)  
    C(27)    19(1)      18(1)      20(1)      -2(1)      -1(1)       7(1)  
    C(28)    21(1)      20(1)      21(1)      -1(1)       2(1)       9(1)  
    C(29)    16(1)      17(1)      26(1)      -2(1)       0(1)       6(1)  
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    C(30)    19(1)      19(1)      35(1)      -4(1)       0(1)       8(1)  
    C(31)    32(1)      11(1)      60(1)      -1(1)       7(1)      -1(1)  
    C(32)    59(2)      27(1)      58(1)      16(1)      17(1)       5(1)  
    C(33)    21(1)      15(1)      20(1)       1(1)       4(1)       2(1)  
    C(34)    28(1)      19(1)      24(1)       2(1)       4(1)       9(1)  
    C(35)    27(1)      27(1)      21(1)       3(1)       0(1)       7(1)  
    C(36)    32(1)      26(1)      20(1)      -3(1)       3(1)       6(1)  
    C(37)    33(1)      20(1)      28(1)      -2(1)       2(1)      10(1)  
    C(38)    28(1)      23(1)      24(1)      -2(1)      -4(1)       9(1)  
 
Table 5.  Hydrogen coordinates ( x 104) and isotropic displacement parameters 
(Å2 x 103) for shelx.  
 
          atom          x             y             z           U(eq)  
          H(1)         6543         -2515          9727          41  
          H(4)         9247         12024          5798          45  
          H(3)         8155         -2433          8210          27  
          H(4A)        9263         -1706          7176          32  
          H(5)        10334           588          7013          29  
          H(6)        10429          2145          7891          27  
          H(9)         8358          1913         10090          22  
          H(12A)       6576          -612         11767          30  
          H(12B)       4537          -637         11457          30  
          H(13A)       7429          1692         12107          42  
          H(13B)       5465           884         12434          42  
          H(13C)       5420          1686         11787          42  
          H(15)        7425          3510          9308          26  
          H(16)        8468          5801          9192          34  
          H(17)       11595          6911          8876          37  
          H(18)       13720          5734          8732          37  
          H(19)       12696          3451          8857          30  
          H(22)        6958          9188          6415          32  
          H(23)        5087          6997          6518          35  
          H(24)        3721          5542          5546          34  
          H(25)        4287          6308          4481          29  
          H(28)        7593         10398          3660          24  
          H(31A)      11969         14308          3964          44  
          H(31B)      10282         14727          4293          44  
          H(32A)      10344         13930          2893          74  
          H(32B)      10691         15427          3194          74  
          H(32C)       8618         14300          3216          74  
          H(34)        3880          8690          3122          28  
          H(35)        2875          7274          2132          31  
          H(36)        4095          5549          1902          32  
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          H(37)        6325          5243          2675          32  
          H(38)        7293          6639          3671          30  
_ 
Table 6.  Torsion angles [deg] for shelx.  
_____________________________________________________________ 
           A----B----C----D                                    angle  
          O(1)-C(1)-C(2)-C(3)                                   0.4(2)  
          C(10)-C(1)-C(2)-C(3)                               -177.55(14)  
          O(1)-C(1)-C(2)-C(7)                                 178.27(13)  
          C(10)-C(1)-C(2)-C(7)                                  0.3(2)  
          C(7)-C(2)-C(3)-C(4)                                  -2.9(2)  
          C(1)-C(2)-C(3)-C(4)                                 174.94(14)  
          C(2)-C(3)-C(4)-C(5)                                   0.4(2)  
          C(3)-C(4)-C(5)-C(6)                                   1.7(2)  
          C(4)-C(5)-C(6)-C(7)                                  -1.4(2)  
          C(3)-C(2)-C(7)-C(6)                                   3.1(2)  
          C(1)-C(2)-C(7)-C(6)                                -174.76(14)  
          C(3)-C(2)-C(7)-C(8)                                 179.20(14)  
          C(1)-C(2)-C(7)-C(8)                                   1.4(2)  
          C(5)-C(6)-C(7)-C(2)                                  -1.0(2)  
          C(5)-C(6)-C(7)-C(8)                                -176.98(14)  
          C(2)-C(7)-C(8)-C(9)                                  -1.8(2)  
          C(6)-C(7)-C(8)-C(9)                                 174.17(13)  
          C(2)-C(7)-C(8)-C(14)                               -178.58(13)  
          C(6)-C(7)-C(8)-C(14)                                 -2.6(2)  
          C(7)-C(8)-C(9)-C(10)                                  0.6(2)  
          C(14)-C(8)-C(9)-C(10)                               177.45(13)  
          O(1)-C(1)-C(10)-C(9)                               -179.32(13)  
          C(2)-C(1)-C(10)-C(9)                                 -1.5(2)  
          O(1)-C(1)-C(10)-C(11)                                 1.3(2)  
          C(2)-C(1)-C(10)-C(11)                               179.17(14)  
          C(8)-C(9)-C(10)-C(1)                                  1.1(2)  
          C(8)-C(9)-C(10)-C(11)                              -179.61(14)  
          C(12)-O(3)-C(11)-O(2)                                -0.4(2)  
          C(12)-O(3)-C(11)-C(10)                              179.48(12)  
          C(1)-C(10)-C(11)-O(2)                                -2.2(2)  
          C(9)-C(10)-C(11)-O(2)                               178.47(14)  
          C(1)-C(10)-C(11)-O(3)                               177.94(13)  
          C(9)-C(10)-C(11)-O(3)                                -1.4(2)  
          C(11)-O(3)-C(12)-C(13)                             -179.29(12)  
          C(9)-C(8)-C(14)-C(15)                               -53.91(19)  
          C(7)-C(8)-C(14)-C(15)                               122.86(16)  
          C(9)-C(8)-C(14)-C(19)                               125.70(16)  
          C(7)-C(8)-C(14)-C(19)                               -57.5(2)  
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          C(19)-C(14)-C(15)-C(16)                               1.3(2)  
          C(8)-C(14)-C(15)-C(16)                             -179.05(12)  
          C(14)-C(15)-C(16)-C(17)                               0.4(2)  
          C(15)-C(16)-C(17)-C(18)                              -1.7(2)  
          C(16)-C(17)-C(18)-C(19)                               1.4(2)  
          C(17)-C(18)-C(19)-C(14)                               0.3(2)  
          C(15)-C(14)-C(19)-C(18)                              -1.6(2)  
          C(8)-C(14)-C(19)-C(18)                              178.75(13)  
          O(4)-C(20)-C(21)-C(26)                             -178.71(13)  
          C(29)-C(20)-C(21)-C(26)                               2.5(2)  
          O(4)-C(20)-C(21)-C(22)                                1.6(2)  
          C(29)-C(20)-C(21)-C(22)                            -177.18(14)  
          C(26)-C(21)-C(22)-C(23)                              -1.0(2)  
          C(20)-C(21)-C(22)-C(23)                             178.73(15)  
          C(21)-C(22)-C(23)-C(24)                              -0.3(2)  
          C(22)-C(23)-C(24)-C(25)                               0.6(2)  
          C(23)-C(24)-C(25)-C(26)                               0.5(2)  
          C(24)-C(25)-C(26)-C(21)                              -1.7(2)  
          C(24)-C(25)-C(26)-C(27)                            -179.30(15)  
          C(20)-C(21)-C(26)-C(25)                            -177.76(14)  
          C(22)-C(21)-C(26)-C(25)                               2.0(2)  
          C(20)-C(21)-C(26)-C(27)                              -0.1(2)  
          C(22)-C(21)-C(26)-C(27)                             179.61(14)  
          C(25)-C(26)-C(27)-C(28)                             175.10(14)  
          C(21)-C(26)-C(27)-C(28)                              -2.4(2)  
          C(25)-C(26)-C(27)-C(33)                              -6.8(2)  
          C(21)-C(26)-C(27)-C(33)                             175.65(13)  
          C(26)-C(27)-C(28)-C(29)                               2.7(2)  
          C(33)-C(27)-C(28)-C(29)                            -175.38(13)  
          O(4)-C(20)-C(29)-C(28)                              178.97(13)  
          C(21)-C(20)-C(29)-C(28)                              -2.4(2)  
          O(4)-C(20)-C(29)-C(30)                                1.0(2)  
          C(21)-C(20)-C(29)-C(30)                             179.67(13)  
          C(27)-C(28)-C(29)-C(20)                              -0.3(2)  
          C(27)-C(28)-C(29)-C(30)                             177.59(14)  
          C(31)-O(6)-C(30)-O(5)                                -1.0(2)  
          C(31)-O(6)-C(30)-C(29)                              178.32(12)  
          C(20)-C(29)-C(30)-O(5)                                1.9(2)  
          C(28)-C(29)-C(30)-O(5)                             -175.96(14)  
          C(20)-C(29)-C(30)-O(6)                             -177.32(13)  
          C(28)-C(29)-C(30)-O(6)                                4.8(2)  
          C(30)-O(6)-C(31)-C(32)                             -161.81(14)  
          C(28)-C(27)-C(33)-C(34)                             -63.5(2)  
          C(26)-C(27)-C(33)-C(34)                             118.41(17)  
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          C(28)-C(27)-C(33)-C(38)                             114.73(19)  
          C(26)-C(27)-C(33)-C(38)                             -63.3(2)  
          C(38)-C(33)-C(34)-C(35)                               0.1(2)  
          C(27)-C(33)-C(34)-C(35)                             178.40(15)  
          C(33)-C(34)-C(35)-C(36)                              -0.4(3)  
          C(34)-C(35)-C(36)-C(37)                               0.2(3)  
          C(35)-C(36)-C(37)-C(38)                               0.3(3)  
          C(36)-C(37)-C(38)-C(33)                              -0.6(3)  
          C(34)-C(33)-C(38)-C(37)                               0.4(3)  
          C(27)-C(33)-C(38)-C(37)                            -177.92(14)  
         Symmetry transformations used to generate equivalent atoms.  
 
Table 7.  Hydrogen bonds for shelx [Å and deg.].  
 
 D-H...A                   d(D-H)      d(H...A)    d(D...A)    <(DHA)  
 O(1)-H(1)...O(2)             0.84        1.85        2.5895(17)  145.6  
 O(4)-H(4)...O(5)             0.84        1.85        2.5888(18)  146.0  
Symmetry transformations used to generate equivalent atoms.  
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6.  NMR and HRMS Spectra of Products 3 and Intermediate A 
Ethyl 1-hydroxy-4-phenyl-2-naphthoate (3aa). 
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Ethyl 1-hydroxy-4-(4-methoxyphenyl)-2-naphthoate(3ab). 
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Ethyl 4-(4-ethoxyphenyl)-1-hydroxy-2-naphthoate(3ac). 
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Ethyl 1-hydroxy-4-(p-tolyl)-2-naphthoate(3ad). 
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Ethyl 4-(4-ethylphenyl)-1-hydroxy-2-naphthoate(3ae). 
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Ethyl 1-hydroxy-4-(4-propylphenyl)-2-naphthoate(3af). 
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Ethyl 4-(4-(tert-butyl)phenyl)-1-hydroxy-2-naphthoate(3ag). 

 



S55 
 

 



S56 
 

 



S57 
 

Ethyl 4-(4'-ethyl-[1,1'-biphenyl]-4-yl)-1-hydroxy-2-naphthoate(3ah).  
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Ethyl 4-(4-fluorophenyl)-1-hydroxy-2-naphthoate(3ai). 
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Ethyl 4-(4-chlorophenyl)-1-hydroxy-2-naphthoate(3aj). 
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Ethyl 4-(4-bromophenyl)-1-hydroxy-2-naphthoate(3ak). 
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Ethyl 1-hydroxy-4-(4-(methoxycarbonyl)phenyl)-2-naphthoate(3al). 
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Ethyl 1-hydroxy-4-(m-tolyl)-2-naphthoate(3am). 
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Ethyl 4-(3-fluorophenyl)-1-hydroxy-2-naphthoate(3an). 
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Ethyl 4-(3-chlorophenyl)-1-hydroxy-2-naphthoate(3ao). 
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Ethyl 4-(2-chlorophenyl)-1-hydroxy-2-naphthoate(3ap). 
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Ethyl 1-hydroxy-4-(thiophen-2-yl)-2-naphthoate(3aq).  
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Ethyl 1-hydroxy-3-methyl-4-phenyl-2-naphthoate(3ar).  
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Diethyl 1-hydroxy-4-phenylnaphthalene-2,3-dicarboxylate(3as).  
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Ethyl 4-(cyclohex-1-en-1-yl)-1-hydroxy-2-naphthoate(3at). 
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Ethyl 1-hydroxy-4-(2-hydroxyethyl)-2-naphthoate(3au). 
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Ethyl 1-hydroxy-4-propyl-2-naphthoate(3av). 
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Ethyl 1-hydroxy-4-pentyl-2-naphthoate(3aw). 
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Ethyl 4-cyclopropyl-1-hydroxy-2-naphthoate(3ax). 
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3-ethyl 1-methyl 4-hydroxynaphthalene-1,3-dicarboxylate(3ay). 
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Ethyl 1-hydroxy-6-methoxy-4-phenyl-2-naphthoate(3ba).  
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Ethyl 1-hydroxy-6-methyl-4-phenyl-2-naphthoate(3ca).  
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Ethyl 1-hydroxy-5,7-dimethyl-4-phenyl-2-naphthoate(3da).  
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Ethyl 1-hydroxy-8-methyl-4-phenyl-2-naphthoate(3ea).  
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Ethyl 6-fluoro-1-hydroxy-4-phenyl-2-naphthoate(3fa). 



S123 
 



S124 
 

 



S125 
 

Ethyl 6-chloro-1-hydroxy-4-phenyl-2-naphthoate(3ga). 
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Ethyl 6-bromo-1-hydroxy-4-phenyl-2-naphthoate(3ha). 



S129 
 



S130 
 

 



S131 
 

Ethyl 5-bromo-1-hydroxy-4-phenyl-2-naphthoate(3ia-1).  
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Ethyl 7-bromo-1-hydroxy-4-phenyl-2-naphthoate(3ia-2). 
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Ethyl 1-hydroxy-6-nitro-4-phenyl-2-naphthoate(3ja).  
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Ethyl 6-cyano-1-hydroxy-4-phenyl-2-naphthoate(3ka).  
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1-(1-hydroxy-4-phenylnaphthalen-2-yl)ethanone (3la).  
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(1-hydroxy-4-phenylnaphthalen-2-yl)(phenyl)methanone(3ma).  
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1-hydroxy-N,4-diphenyl-2-naphthamide(3na).  
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Ethyl 1-hydroxy-4-phenylanthracene-2-carboxylate(3oa).  
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Ethyl 7-hydroxy-4-phenyl-3a,7a-dihydrobenzo[b]thiophene-6-carboxylate(3pa).  
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Ethyl 7-hydroxy-4-phenylbenzofuran-6-carboxylate(3qa). 
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Ethyl 7-hydroxy-4-phenyl-1H-indole-6-carboxylate(3ra).  
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Ethyl 5-hydroxy-8-phenylquinoline-6-carboxylate(3sa).  
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1-hydroxy-4-phenyl-2-naphthonitrile(3ta).  
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4-(4-Ethoxyphenyl)-1-hydroxy-2-naphthonitrile (3tc). 
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4-(4-Bromophenyl)-1-hydroxy-2-naphthonitrile (3tk). 
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Ethyl 2-benzoyl-2-bromoacetate A 
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	α = 94.049(8) deg.
	β = 91.638(11) deg.
	γ = 110.006(6) deg.
	Volume                        1473.2(13) Å3
	Z, Calculated density             4, 1.318 Mg/m3
	Absorption coefficient            0.089 mm-1
	F(000)                          616
	Crystal size                   0.20 x 0.18 x 0.10 mm
	Theta range for data collection    2.03 to 27.86 deg.
	Limiting indices              -9<=h<=9, -14<=k<=14, -26<=l<=22
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	O(1)         7007(2)      -2355(1)       9349(1)       27(1)
	O(2)         6027(2)      -1783(1)      10541(1)       26(1)
	O(3)         6789(2)        383(1)      10922(1)       21(1)
	O(4)         8647(2)      11238(1)       5888(1)       30(1)
	O(5)        10158(2)      13147(1)       5123(1)       32(1)
	O(6)         9477(2)      12748(1)       3999(1)       26(1)
	C(1)         7728(2)      -1014(2)       9308(1)       20(1)
	C(2)         8556(2)       -570(2)       8687(1)       19(1)
	C(3)         8590(2)      -1507(2)       8147(1)       23(1)
	C(4)         9251(2)      -1076(2)       7537(1)       26(1)
	C(5)         9912(2)        299(2)       7442(1)       24(1)
	C(6)         9951(2)       1222(2)       7961(1)       23(1)
	C(7)         9287(2)        820(2)       8605(1)       18(1)
	C(8)         9228(2)       1769(2)       9151(1)       17(1)
	C(9)         8410(2)       1291(2)       9732(1)       19(1)
	C(10)        7634(2)        -92(2)       9824(1)       18(1)
	C(11)        6749(2)       -589(2)      10450(1)       21(1)
	C(12)        5904(2)        -75(2)      11550(1)       25(1)
	C(13)        6069(2)       1155(2)      12010(1)       28(1)
	C(14)        9937(2)       3234(2)       9082(1)       18(1)
	C(15)        8703(2)       3956(2)       9187(1)       22(1)
	C(16)        9321(3)       5321(2)       9117(1)       28(1)
	C(17)       11183(3)       5984(2)       8936(1)       31(1)
	C(18)       12437(3)       5281(2)       8845(1)       31(1)
	C(19)       11825(2)       3921(2)       8918(1)       25(1)
	C(20)        7916(2)      10463(2)       5307(1)       22(1)
	C(21)        6794(2)       9108(2)       5374(1)       20(1)
	C(22)        6423(2)       8609(2)       6019(1)       27(1)
	C(23)        5313(2)       7312(2)       6082(1)       29(1)
	C(24)        4502(2)       6442(2)       5502(1)       28(1)
	C(25)        4847(2)       6900(2)       4870(1)       24(1)
	C(26)        6016(2)       8232(2)       4785(1)       19(1)
	C(27)        6380(2)       8738(2)       4129(1)       19(1)
	C(28)        7405(2)      10063(2)       4092(1)       20(1)
	C(29)        8200(2)      10956(2)       4674(1)       20(1)
	C(30)        9363(2)      12366(2)       4629(1)       25(1)
	C(31)       10573(3)      14153(2)       3930(1)       37(1)
	C(32)       10007(3)      14481(2)       3249(1)       50(1)
	C(33)        5696(2)       7814(2)       3501(1)       20(1)
	C(34)        4376(2)       7989(2)       3035(1)       23(1)
	C(35)        3781(2)       7147(2)       2444(1)       26(1)
	C(36)        4501(2)       6122(2)       2307(1)       27(1)
	C(37)        5821(2)       5939(2)       2766(1)       27(1)
	C(38)        6400(2)       6776(2)       3358(1)       25(1)
	Table 3.  Bond lengths [Å] and angles [deg] for shelx.
	atom                       length
	O(1)-C(1)                     1.3570(19)
	O(1)-H(1)                     0.8400
	O(2)-C(11)                    1.2338(19)
	O(3)-C(11)                    1.3412(18)
	O(3)-C(12)                    1.4636(18)
	O(4)-C(20)                    1.3542(17)
	O(4)-H(4)                     0.8400
	O(5)-C(30)                    1.2331(18)
	O(6)-C(30)                    1.3383(19)
	O(6)-C(31)                    1.4626(19)
	C(1)-C(10)                    1.391(2)
	C(1)-C(2)                     1.431(2)
	C(2)-C(3)                     1.421(2)
	C(2)-C(7)                     1.421(2)
	C(3)-C(4)                     1.372(2)
	C(3)-H(3)                     0.9500
	C(4)-C(5)                     1.411(2)
	C(4)-H(4A)                    0.9500
	C(5)-C(6)                     1.369(2)
	C(5)-H(5)                     0.9500
	C(6)-C(7)                     1.425(2)
	C(6)-H(6)                     0.9500
	C(7)-C(8)                     1.4428(19)
	C(8)-C(9)                     1.368(2)
	C(8)-C(14)                    1.491(2)
	C(9)-C(10)                    1.419(2)
	C(9)-H(9)                     0.9500
	C(10)-C(11)                   1.469(2)
	C(12)-C(13)                   1.515(2)
	C(12)-H(12A)                  0.9900
	C(12)-H(12B)                  0.9900
	C(13)-H(13A)                  0.9800
	C(13)-H(13B)                  0.9800
	C(13)-H(13C)                  0.9800
	C(14)-C(15)                   1.396(2)
	C(14)-C(19)                   1.400(2)
	C(15)-C(16)                   1.391(2)
	C(15)-H(15)                   0.9500
	C(16)-C(17)                   1.389(2)
	C(16)-H(16)                   0.9500
	C(17)-C(18)                   1.390(2)
	C(17)-H(17)                   0.9500
	C(18)-C(19)                   1.387(2)
	C(18)-H(18)                   0.9500
	C(19)-H(19)                   0.9500
	C(20)-C(29)                   1.391(2)
	C(20)-C(21)                   1.420(2)
	C(21)-C(26)                   1.419(2)
	C(21)-C(22)                   1.420(2)
	C(22)-C(23)                   1.366(2)
	C(22)-H(22)                   0.9500
	C(23)-C(24)                   1.407(2)
	C(23)-H(23)                   0.9500
	C(24)-C(25)                   1.379(2)
	C(24)-H(24)                   0.9500
	C(25)-C(26)                   1.416(2)
	C(25)-H(25)                   0.9500
	C(26)-C(27)                   1.443(2)
	C(27)-C(28)                   1.368(2)
	C(27)-C(33)                   1.495(2)
	C(28)-C(29)                   1.4187(19)
	C(28)-H(28)                   0.9500
	C(29)-C(30)                   1.470(2)
	C(31)-C(32)                   1.504(2)
	C(31)-H(31A)                  0.9900
	C(31)-H(31B)                  0.9900
	C(32)-H(32A)                  0.9800
	C(32)-H(32B)                  0.9800
	C(32)-H(32C)                  0.9800
	C(33)-C(34)                   1.395(2)
	C(33)-C(38)                   1.396(2)
	C(34)-C(35)                   1.389(2)
	C(34)-H(34)                   0.9500
	C(35)-C(36)                   1.389(2)
	C(35)-H(35)                   0.9500
	C(36)-C(37)                   1.390(2)
	C(36)-H(36)                   0.9500
	C(37)-C(38)                   1.387(2)
	C(37)-H(37)                   0.9500
	C(38)-H(38)                   0.9500
	atom-atom-atom                angle
	C(1)-O(1)-H(1)                 109.5
	C(11)-O(3)-C(12)               115.22(13)
	C(20)-O(4)-H(4)                109.5
	C(30)-O(6)-C(31)               116.21(13)
	O(1)-C(1)-C(10)                123.20(14)
	O(1)-C(1)-C(2)                 116.55(14)
	C(10)-C(1)-C(2)             120.21(15)
	C(3)-C(2)-C(7)              120.04(15)
	C(3)-C(2)-C(1)              120.62(15)
	C(7)-C(2)-C(1)              119.30(14)
	C(4)-C(3)-C(2)              120.17(16)
	C(4)-C(3)-H(3)              119.9
	C(2)-C(3)-H(3)              119.9
	C(3)-C(4)-C(5)              120.24(15)
	C(3)-C(4)-H(4A)             119.9
	C(5)-C(4)-H(4A)             119.9
	C(6)-C(5)-C(4)              120.57(15)
	C(6)-C(5)-H(5)              119.7
	C(4)-C(5)-H(5)              119.7
	C(5)-C(6)-C(7)              121.08(16)
	C(5)-C(6)-H(6)              119.5
	C(7)-C(6)-H(6)              119.5
	C(2)-C(7)-C(6)              117.81(14)
	C(2)-C(7)-C(8)              119.97(14)
	C(6)-C(7)-C(8)              122.10(15)
	C(9)-C(8)-C(7)              118.36(15)
	C(9)-C(8)-C(14)             119.73(14)
	C(7)-C(8)-C(14)             121.83(13)
	C(8)-C(9)-C(10)             122.94(14)
	C(8)-C(9)-H(9)              118.5
	C(10)-C(9)-H(9)             118.5
	C(1)-C(10)-C(9)             119.18(14)
	C(1)-C(10)-C(11)            118.55(15)
	C(9)-C(10)-C(11)            122.27(14)
	O(2)-C(11)-O(3)             122.30(15)
	O(2)-C(11)-C(10)            124.00(15)
	O(3)-C(11)-C(10)            113.70(15)
	O(3)-C(12)-C(13)            107.30(14)
	O(3)-C(12)-H(12A)           110.3
	C(13)-C(12)-H(12A)          110.3
	O(3)-C(12)-H(12B)           110.3
	C(13)-C(12)-H(12B)          110.3
	H(12A)-C(12)-H(12B)         108.5
	C(12)-C(13)-H(13A)          109.5
	C(12)-C(13)-H(13B)          109.5
	H(13A)-C(13)-H(13B)         109.5
	C(12)-C(13)-H(13C)          109.5
	H(13A)-C(13)-H(13C)         109.5
	H(13B)-C(13)-H(13C)         109.5
	C(15)-C(14)-C(19)           118.45(16)
	C(15)-C(14)-C(8)            119.66(15)
	C(19)-C(14)-C(8)            121.89(14)
	C(16)-C(15)-C(14)           120.79(16)
	C(16)-C(15)-H(15)           119.6
	C(14)-C(15)-H(15)           119.6
	C(17)-C(16)-C(15)           120.17(16)
	C(17)-C(16)-H(16)           119.9
	C(15)-C(16)-H(16)           119.9
	C(16)-C(17)-C(18)           119.51(17)
	C(16)-C(17)-H(17)           120.2
	C(18)-C(17)-H(17)           120.2
	C(19)-C(18)-C(17)           120.36(17)
	C(19)-C(18)-H(18)           119.8
	C(17)-C(18)-H(18)           119.8
	C(18)-C(19)-C(14)           120.68(16)
	C(18)-C(19)-H(19)           119.7
	C(14)-C(19)-H(19)           119.7
	O(4)-C(20)-C(29)            122.54(16)
	O(4)-C(20)-C(21)            116.52(14)
	C(29)-C(20)-C(21)           120.93(14)
	C(26)-C(21)-C(20)           119.52(14)
	C(26)-C(21)-C(22)           119.06(16)
	C(20)-C(21)-C(22)           121.42(15)
	C(23)-C(22)-C(21)           121.24(15)
	C(23)-C(22)-H(22)           119.4
	C(21)-C(22)-H(22)           119.4
	C(22)-C(23)-C(24)           120.17(15)
	C(22)-C(23)-H(23)           119.9
	C(24)-C(23)-H(23)           119.9
	C(25)-C(24)-C(23)           119.72(17)
	C(25)-C(24)-H(24)           120.1
	C(23)-C(24)-H(24)           120.1
	C(24)-C(25)-C(26)           121.64(15)
	C(24)-C(25)-H(25)           119.2
	C(26)-C(25)-H(25)           119.2
	C(25)-C(26)-C(21)           118.14(14)
	C(25)-C(26)-C(27)           122.63(14)
	C(21)-C(26)-C(27)           119.19(15)
	C(28)-C(27)-C(26)           119.05(14)
	C(28)-C(27)-C(33)           120.75(14)
	C(26)-C(27)-C(33)           120.17(15)
	C(27)-C(28)-C(29)           122.68(14)
	C(27)-C(28)-H(28)           118.7
	C(29)-C(28)-H(28)           118.7
	C(20)-C(29)-C(28)           118.54(15)
	C(20)-C(29)-C(30)           119.05(14)
	C(28)-C(29)-C(30)           122.38(14)
	O(5)-C(30)-O(6)             122.10(16)
	O(5)-C(30)-C(29)            123.83(16)
	O(6)-C(30)-C(29)            114.07(14)
	O(6)-C(31)-C(32)            107.68(14)
	O(6)-C(31)-H(31A)           110.2
	C(32)-C(31)-H(31A)          110.2
	O(6)-C(31)-H(31B)           110.2
	C(32)-C(31)-H(31B)          110.2
	H(31A)-C(31)-H(31B)         108.5
	C(31)-C(32)-H(32A)          109.5
	C(31)-C(32)-H(32B)          109.5
	H(32A)-C(32)-H(32B)         109.5
	C(31)-C(32)-H(32C)          109.5
	H(32A)-C(32)-H(32C)         109.5
	H(32B)-C(32)-H(32C)         109.5
	C(34)-C(33)-C(38)           118.25(14)
	C(34)-C(33)-C(27)           120.92(14)
	C(38)-C(33)-C(27)           120.81(14)
	C(35)-C(34)-C(33)           120.70(15)
	C(35)-C(34)-H(34)           119.7
	C(33)-C(34)-H(34)           119.7
	C(36)-C(35)-C(34)           120.37(15)
	C(36)-C(35)-H(35)           119.8
	C(34)-C(35)-H(35)           119.8
	C(35)-C(36)-C(37)           119.54(15)
	C(35)-C(36)-H(36)           120.2
	C(37)-C(36)-H(36)           120.2
	C(38)-C(37)-C(36)           119.87(16)
	C(38)-C(37)-H(37)           120.1
	C(36)-C(37)-H(37)           120.1
	C(37)-C(38)-C(33)           121.27(15)
	C(37)-C(38)-H(38)           119.4
	C(33)-C(38)-H(38)           119.4
	Symmetry transformations used to generate equivalent atoms:
	Table 4.  Anisotropic displacement parameters (Å2 x 103) for shelx. The anisotropic displacement factor exponent takes the form: -2π2 [ h2a*2U11+...+2hka*b*U12]
	atom     U11       U22       U33       U23       U13      U12
	O(1)     32(1)      13(1)      33(1)       1(1)       2(1)       4(1)
	O(2)     26(1)      18(1)      34(1)       6(1)       2(1)       5(1)
	O(3)     21(1)      21(1)      21(1)       3(1)       3(1)       5(1)
	O(4)     33(1)      24(1)      28(1)      -8(1)      -5(1)       6(1)
	O(5)     31(1)      21(1)      38(1)     -10(1)      -7(1)       5(1)
	O(6)     29(1)      14(1)      33(1)       0(1)       3(1)       2(1)
	C(1)     15(1)      15(1)      29(1)       2(1)      -4(1)       5(1)
	C(2)     16(1)      17(1)      23(1)      -2(1)      -4(1)       6(1)
	C(3)     24(1)      18(1)      27(1)      -6(1)      -5(1)      11(1)
	C(4)     28(1)      27(1)      27(1)     -10(1)      -6(1)      15(1)
	C(5)     24(1)      30(1)      21(1)      -2(1)       1(1)      13(1)
	C(6)     19(1)      21(1)      27(1)      -1(1)      -1(1)       7(1)
	C(7)     15(1)      20(1)      20(1)      -2(1)      -3(1)       8(1)
	C(8)     16(1)      16(1)      20(1)      -1(1)      -3(1)       7(1)
	C(9)     17(1)      16(1)      22(1)      -3(1)      -2(1)       6(1)
	C(10)    15(1)      17(1)      21(1)       1(1)      -1(1)       6(1)
	C(11)    14(1)      22(1)      28(1)       1(1)      -5(1)       7(1)
	C(12)    22(1)      28(1)      23(1)       8(1)       4(1)       5(1)
	C(13)    24(1)      34(1)      25(1)       4(1)       5(1)       8(1)
	C(14)    24(1)      15(1)      14(1)      -1(1)      -1(1)       5(1)
	C(15)    28(1)      20(1)      17(1)      -1(1)       0(1)       8(1)
	C(16)    45(1)      23(1)      20(1)      -3(1)       0(1)      17(1)
	C(17)    54(1)      15(1)      20(1)       0(1)       6(1)       7(1)
	C(18)    38(1)      22(1)      25(1)      -2(1)       8(1)       1(1)
	C(19)    28(1)      22(1)      24(1)      -1(1)       4(1)       8(1)
	C(20)    18(1)      22(1)      25(1)      -8(1)      -4(1)       9(1)
	C(21)    18(1)      23(1)      21(1)      -1(1)       0(1)      10(1)
	C(22)    27(1)      30(1)      23(1)      -2(1)      -2(1)      12(1)
	C(23)    33(1)      34(1)      24(1)       7(1)       4(1)      14(1)
	C(24)    28(1)      23(1)      33(1)       4(1)       8(1)       7(1)
	C(25)    21(1)      22(1)      28(1)      -2(1)       1(1)       6(1)
	C(26)    18(1)      18(1)      23(1)       0(1)       2(1)       8(1)
	C(27)    19(1)      18(1)      20(1)      -2(1)      -1(1)       7(1)
	C(28)    21(1)      20(1)      21(1)      -1(1)       2(1)       9(1)
	C(29)    16(1)      17(1)      26(1)      -2(1)       0(1)       6(1)
	C(30)    19(1)      19(1)      35(1)      -4(1)       0(1)       8(1)
	C(31)    32(1)      11(1)      60(1)      -1(1)       7(1)      -1(1)
	C(32)    59(2)      27(1)      58(1)      16(1)      17(1)       5(1)
	C(33)    21(1)      15(1)      20(1)       1(1)       4(1)       2(1)
	C(34)    28(1)      19(1)      24(1)       2(1)       4(1)       9(1)
	C(35)    27(1)      27(1)      21(1)       3(1)       0(1)       7(1)
	C(36)    32(1)      26(1)      20(1)      -3(1)       3(1)       6(1)
	C(37)    33(1)      20(1)      28(1)      -2(1)       2(1)      10(1)
	C(38)    28(1)      23(1)      24(1)      -2(1)      -4(1)       9(1)
	Table 5.  Hydrogen coordinates ( x 104) and isotropic displacement parameters (Å2 x 103) for shelx.
	atom          x             y             z           U(eq)
	H(1)         6543         -2515          9727          41
	H(4)         9247         12024          5798          45
	H(3)         8155         -2433          8210          27
	H(4A)        9263         -1706          7176          32
	H(5)        10334           588          7013          29
	H(6)        10429          2145          7891          27
	H(9)         8358          1913         10090          22
	H(12A)       6576          -612         11767          30
	H(12B)       4537          -637         11457          30
	H(13A)       7429          1692         12107          42
	H(13B)       5465           884         12434          42
	H(13C)       5420          1686         11787          42
	H(15)        7425          3510          9308          26
	H(16)        8468          5801          9192          34
	H(17)       11595          6911          8876          37
	H(18)       13720          5734          8732          37
	H(19)       12696          3451          8857          30
	H(22)        6958          9188          6415          32
	H(23)        5087          6997          6518          35
	H(24)        3721          5542          5546          34
	H(25)        4287          6308          4481          29
	H(28)        7593         10398          3660          24
	H(31A)      11969         14308          3964          44
	H(31B)      10282         14727          4293          44
	H(32A)      10344         13930          2893          74
	H(32B)      10691         15427          3194          74
	H(32C)       8618         14300          3216          74
	H(34)        3880          8690          3122          28
	H(35)        2875          7274          2132          31
	H(36)        4095          5549          1902          32
	H(37)        6325          5243          2675          32
	H(38)        7293          6639          3671          30
	_
	Table 6.  Torsion angles [deg] for shelx.
	_____________________________________________________________
	A----B----C----D                                    angle
	O(1)-C(1)-C(2)-C(3)                                   0.4(2)
	C(10)-C(1)-C(2)-C(3)                               -177.55(14)
	O(1)-C(1)-C(2)-C(7)                                 178.27(13)
	C(10)-C(1)-C(2)-C(7)                                  0.3(2)
	C(7)-C(2)-C(3)-C(4)                                  -2.9(2)
	C(1)-C(2)-C(3)-C(4)                                 174.94(14)
	C(2)-C(3)-C(4)-C(5)                                   0.4(2)
	C(3)-C(4)-C(5)-C(6)                                   1.7(2)
	C(4)-C(5)-C(6)-C(7)                                  -1.4(2)
	C(3)-C(2)-C(7)-C(6)                                   3.1(2)
	C(1)-C(2)-C(7)-C(6)                                -174.76(14)
	C(3)-C(2)-C(7)-C(8)                                 179.20(14)
	C(1)-C(2)-C(7)-C(8)                                   1.4(2)
	C(5)-C(6)-C(7)-C(2)                                  -1.0(2)
	C(5)-C(6)-C(7)-C(8)                                -176.98(14)
	C(2)-C(7)-C(8)-C(9)                                  -1.8(2)
	C(6)-C(7)-C(8)-C(9)                                 174.17(13)
	C(2)-C(7)-C(8)-C(14)                               -178.58(13)
	C(6)-C(7)-C(8)-C(14)                                 -2.6(2)
	C(7)-C(8)-C(9)-C(10)                                  0.6(2)
	C(14)-C(8)-C(9)-C(10)                               177.45(13)
	O(1)-C(1)-C(10)-C(9)                               -179.32(13)
	C(2)-C(1)-C(10)-C(9)                                 -1.5(2)
	O(1)-C(1)-C(10)-C(11)                                 1.3(2)
	C(2)-C(1)-C(10)-C(11)                               179.17(14)
	C(8)-C(9)-C(10)-C(1)                                  1.1(2)
	C(8)-C(9)-C(10)-C(11)                              -179.61(14)
	C(12)-O(3)-C(11)-O(2)                                -0.4(2)
	C(12)-O(3)-C(11)-C(10)                              179.48(12)
	C(1)-C(10)-C(11)-O(2)                                -2.2(2)
	C(9)-C(10)-C(11)-O(2)                               178.47(14)
	C(1)-C(10)-C(11)-O(3)                               177.94(13)
	C(9)-C(10)-C(11)-O(3)                                -1.4(2)
	C(11)-O(3)-C(12)-C(13)                             -179.29(12)
	C(9)-C(8)-C(14)-C(15)                               -53.91(19)
	C(7)-C(8)-C(14)-C(15)                               122.86(16)
	C(9)-C(8)-C(14)-C(19)                               125.70(16)
	C(7)-C(8)-C(14)-C(19)                               -57.5(2)
	C(19)-C(14)-C(15)-C(16)                               1.3(2)
	C(8)-C(14)-C(15)-C(16)                             -179.05(12)
	C(14)-C(15)-C(16)-C(17)                               0.4(2)
	C(15)-C(16)-C(17)-C(18)                              -1.7(2)
	C(16)-C(17)-C(18)-C(19)                               1.4(2)
	C(17)-C(18)-C(19)-C(14)                               0.3(2)
	C(15)-C(14)-C(19)-C(18)                              -1.6(2)
	C(8)-C(14)-C(19)-C(18)                              178.75(13)
	O(4)-C(20)-C(21)-C(26)                             -178.71(13)
	C(29)-C(20)-C(21)-C(26)                               2.5(2)
	O(4)-C(20)-C(21)-C(22)                                1.6(2)
	C(29)-C(20)-C(21)-C(22)                            -177.18(14)
	C(26)-C(21)-C(22)-C(23)                              -1.0(2)
	C(20)-C(21)-C(22)-C(23)                             178.73(15)
	C(21)-C(22)-C(23)-C(24)                              -0.3(2)
	C(22)-C(23)-C(24)-C(25)                               0.6(2)
	C(23)-C(24)-C(25)-C(26)                               0.5(2)
	C(24)-C(25)-C(26)-C(21)                              -1.7(2)
	C(24)-C(25)-C(26)-C(27)                            -179.30(15)
	C(20)-C(21)-C(26)-C(25)                            -177.76(14)
	C(22)-C(21)-C(26)-C(25)                               2.0(2)
	C(20)-C(21)-C(26)-C(27)                              -0.1(2)
	C(22)-C(21)-C(26)-C(27)                             179.61(14)
	C(25)-C(26)-C(27)-C(28)                             175.10(14)
	C(21)-C(26)-C(27)-C(28)                              -2.4(2)
	C(25)-C(26)-C(27)-C(33)                              -6.8(2)
	C(21)-C(26)-C(27)-C(33)                             175.65(13)
	C(26)-C(27)-C(28)-C(29)                               2.7(2)
	C(33)-C(27)-C(28)-C(29)                            -175.38(13)
	O(4)-C(20)-C(29)-C(28)                              178.97(13)
	C(21)-C(20)-C(29)-C(28)                              -2.4(2)
	O(4)-C(20)-C(29)-C(30)                                1.0(2)
	C(21)-C(20)-C(29)-C(30)                             179.67(13)
	C(27)-C(28)-C(29)-C(20)                              -0.3(2)
	C(27)-C(28)-C(29)-C(30)                             177.59(14)
	C(31)-O(6)-C(30)-O(5)                                -1.0(2)
	C(31)-O(6)-C(30)-C(29)                              178.32(12)
	C(20)-C(29)-C(30)-O(5)                                1.9(2)
	C(28)-C(29)-C(30)-O(5)                             -175.96(14)
	C(20)-C(29)-C(30)-O(6)                             -177.32(13)
	C(28)-C(29)-C(30)-O(6)                                4.8(2)
	C(30)-O(6)-C(31)-C(32)                             -161.81(14)
	C(28)-C(27)-C(33)-C(34)                             -63.5(2)
	C(26)-C(27)-C(33)-C(34)                             118.41(17)
	C(28)-C(27)-C(33)-C(38)                             114.73(19)
	C(26)-C(27)-C(33)-C(38)                             -63.3(2)
	C(38)-C(33)-C(34)-C(35)                               0.1(2)
	C(27)-C(33)-C(34)-C(35)                             178.40(15)
	C(33)-C(34)-C(35)-C(36)                              -0.4(3)
	C(34)-C(35)-C(36)-C(37)                               0.2(3)
	C(35)-C(36)-C(37)-C(38)                               0.3(3)
	C(36)-C(37)-C(38)-C(33)                              -0.6(3)
	C(34)-C(33)-C(38)-C(37)                               0.4(3)
	C(27)-C(33)-C(38)-C(37)                            -177.92(14)
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