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Table 1S. Optimization of reaction conditions®

OH ©
c O calalyst
o | _aive, sobem __ oEt
OFt oy, TEHP,90°C, 20h 3
4
Ph
1a 2a 3aa
entry catalyst additive solvent yield (%)
1 I, - dioxane trace
2 Phl - dioxane 0
3 BuyNI - dioxane 0
4 NIS - dioxane 0
5 NCS - dioxane 0
8 PhBr - dioxane 10

®Reaction 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

'H NMR and *C 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 CDCIs;, and chemical shifts were
referenced to internal standard Si(CHs)4 at 0.0 ppm or residual CHCI; at 7.26 ppm for
'H and 77.0 ppm for *C. 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 F,s4. Column chromatography was performed on silica gel
(200-300 mesh) using petroleum ether (60-90°C) as eluant. Commercially available
ethyl benzoylacetate and phenylacetylene were pursued from Alfa Asia, JK or Aldrich
and were used as received without further purification.

(i) Representative Procedure for the Preparation of g-ketoester™

© NaH’ THF o o

o
le * RZJ\OEt reflux RlMRZ

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 Na,SO,, 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 “C 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

Ethyl 1-hydroxy-4-phenyl-2-naphthoate (3aa).’) pale-yellow solid (124.3 mg,
85%). mp: 118-119 °C. *H NMR (400 MHz, CDCl3) & 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); *C
NMR (100 MHz, CDCl3) 6 171.1, 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; HRMSIESI]: calculated
for C19H1503_[M-H]_: 291.1027, found 291.1021.

3ab

Ethyl 1-hydroxy-4-(4-methoxyphenyl)-2-naphthoate (3ab).?*?! pale-yellow solid
(101.6 mg, 63%). mp: 141-143 °C. *H NMR (400 MHz, CDCls) & 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); **C NMR (100 MHz, CDCls) & 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;
HRMSI[ESI]: calculated for C,H170, [M-H]: 321.1132, found 321.1130.
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Ethyl 4-(4-ethoxyphenyl)-1-hydroxy-2-naphthoate (3ac). pale-yellow solid (60.8
mg, 36%). mp: 135-136 °C. *H NMR (400 MHz, CDCl3) & 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 (g, J = 7.1 Hz, 2H), 4.11 (g, J = 7.0 Hz, 2H), 1.47
(t, J = 7.0 Hz, 3H), 1.42 (t, J = 7.1 Hz, 3H); *C NMR (100 MHz, CDCls) & 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; HRMSIESI]: calculated for C,;H1904[M-H]"
335.1289, found 335.1291.

3ad

Ethyl 1-hydroxy-4-(p-tolyl)-2-naphthoate (3ad).”* *! pale-yellow solid (122.6 mg,
80%). mp: 95-96 °C. 'H NMR (400 MHz, CDCls) & 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); **C NMR (100 MHz, CDCls) & 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;
HRMSI[ESI]: calculated for C,H1705 [M-H]: 305.1183, found 305.1178.

3ae

Ethyl 4-(4-ethylphenyl)-1-hydroxy-2-naphthoate(3ae). pale-yellow solid (125.6 mg,
78%). mp: 110-112 °C. *H NMR (400 MHz, CDCl3) & 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 (g, 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); *C NMR (100 MHz, CDCl3) & 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,
10541, 615, 28.7, 15.6, 14.3; HRMS[ESI]: calculated for C,;H1903[M-H]"
319.1340, found 319.1339.
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3af

Ethyl 1-hydroxy-4-(4-propylphenyl)-2-naphthoate (3af). pale-yellow solid (130.5
mg, 78%). mp: 85-87 °C. *H NMR (400 MHz, CDCl3) & 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); *C NMR (101 MHz,
CDCl3) 6 171.2, 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; HRMSIESI]: calculated for
C22H2103[M-H]: 333.1496, found 333.1498.

3ag

Ethyl 4-(4-(tert-butyl)phenyl)-1-hydroxy-2-naphthoate (3ag).”! pale-yellow solid
(148.2 mg, 85%). mp: 151-152 °C. *H NMR (400 MHz, CDCl3) & 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); *C NMR (100 MHz, CDCls) & 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, 1054, 61.5, 34.7, 31.5, 14.3;
HRMSI[ESI]: calculated for C,3H2303[M-H]: 347.1653, found 347.1657.
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3ah

Ethyl 4-(4'-ethyl-[1,1'-biphenyl]-4-yl)-1-hydroxy-2-naphthoate (3ah). white solid
(139.2 mg, 70%). mp: 163-165°C. *H NMR (400 MHz, CDCls) § 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); 3¢ NMR (101 MHz, CDCl3) 6 170.1, 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 C,7H,303 [M-H]": 395.1653,
found 395.1649.

3ai

Ethyl 4-(4-fluorophenyl)-1-hydroxy-2-naphthoate (3ai).?* ¥ pale-yellow solid
(114.7 mg, 74%). mp: 90-92 °C. *H NMR (400 MHz, CDCl3) & 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);
3C NMR (100 MHz, CDCl5)  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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Cl
3aj

Ethyl 4-(4-chlorophenyl)-1-hydroxy-2-naphthoate(3aj).?* %3 white solid (125.4
mg, 77%). mp: 113-115 °C. *H NMR (400 MHz, CDCls) & 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 (g, J = 7.1 Hz, 2H), 1.43 (t, J = 7.1 Hz, 3H); *C NMR (100
MHz, CDCls) 6 171.0, 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 CigH14*’ClO3[M-H]:
327.0608, found 327.0610.

Br
3ak

Ethyl 4-(4-bromophenyl)-1-hydroxy-2-naphthoate (3ak).”®! pale-yellow solid
(143.3mg, 78%). mp: 119-121 °C. *H NMR (400 MHz, CDCl3) 6 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); *C NMR
(100 MHz, CDCl53) 6 171.0, 160.6, 139.1, 135.2, 131.8, 131.5, 129.8, 129.6, 125.8,
1255, 125.0, 125.0, 124.3, 121.4, 105.4, 77.4, 77.1, 76.7, 61.6, 14.3.

e
3al

Ethyl 1-hydroxy-4-(4-(methoxycarbonyl)phenyl)-2-naphthoate (3al). white solid
(151.6 mg, 87%). mp: 123-125 °C. *H NMR (400 MHz, CDCls) 5 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); *C NMR (100 MHz,
CDCls) 5 170.9, 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 C21H1905+[M+H]+: 351.1227, found 351.1227.

3am

Ethyl 1-hydroxy-4-(m-tolyl)-2-naphthoate (3am).”! pale-yellow solid (121.7 mg,
79%), mp: 111-113 °C.*H NMR (400 MHz, CDCls) & 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);
3C NMR (100 MHz, CDCl3) § 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. ;
HRMSI[ESI]: calculated for C,oH1703[M-H]: 305.1183, found 305.1186.

3an

Ethyl 4-(3-fluorophenyl)-1-hydroxy-2-naphthoate (3an). pale-yellow solid (112.6
mg, 73%). mp: 133-135 °C. *H NMR (400 MHz, CDCl3) & 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); *C NMR (100 MHz, CDCls) § 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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SOAS

3a0

Ethyl 4-(3-chlorophenyl)-1-hydroxy-2-naphthoate (3a0).”! white solid (123.8 mg,
76%). mp: 139-141 °C. *H NMR (400 MHz, CDCl3) § 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); °C
NMR (100 MHz, CDCl3) 6 171.0, 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 CigH14°ClOs[M-H]: 325.0637, found 325.0639; calculated for
C1oH14>"ClO3[M-H]": 327.0608, found 327.0609.

Co
l Cl

3ap

Ethyl 4-(2-chlorophenyl)-1-hydroxy-2-naphthoate (3ap). pale-yellow solid (136.2
mg, 83%). mp: 114-115 °C. *H NMR (400 MHz, CDCls) & 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); **C NMR (100 MHz, CDCls) § 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>>ClO5 [M-H]: 325.0637, found
325.0640; calculated for CigH14> CIOs[M-H]': 327.0608, found 327.0610.

oA

7S

3aq
Ethyl 1-hydroxy-4-(thiophen-2-yl)-2-naphthoate (3aq). pale-yellow solid (91.4 mg,
61%). mp: 112-113 °C. *H NMR (400 MHz, CDCl3) & 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); *C NMR
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(100 MHz, CDCl3) 6 170.9, 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
C17H13038_[M-H]_: 297.0591, found 297.0595.

Ethyl 1-hydroxy-3-methyl-4-phenyl-2-naphthoate (3ar).?® white solid (38.5 mg,
25%). mp:118-120 °C. 'H NMR (400 MHz, CDCl3) & 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); *C NMR (100 MHz, CDCls) & 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; HRMSIESI]: calculated for CqH1303 [M+H]": 307.1329, found 307.1327.

3as

Diethyl 1-hydroxy-4-phenylnaphthalene-2,3-dicarboxylate (3as).”*! colorless solid
(70.1 mg, 19%). mp: 105-107 °C. *H NMR (400 MHz, CDCls) & 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 (g, J = 7.0 Hz, 2H), 3.95 (g, J = 7.0 Hz, 2H), 1.36 (t, J = 7.1 Hz, 3H), 0.93
(t, J = 7.0 Hz, 3H); *C NMR (100 MHz, CDCl3) 5 170.2, 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 C»H»005 [M+H]": 365.1384, found 365.1389.

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. 'H NMR (400 MHz, CDCls) & 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); *C NMR (100 MHz,
CDCl3) 6 171.2, 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
C1oH1905 [M-H]": 295.1340, found 295.1341.

Cco

OH

3au

Ethyl 1-hydroxy-4-(2-hydroxyethyl)-2-naphthoate (3au).’?® pale-yellow solid (74.5
mg, 57%). mp: 88-89 °C. 'H NMR (400 MHz, CDCls) & 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
(9, 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); **C NMR (100 MHz, CDCls) & 170.9, 160.1, 135.8, 129.5,
1255, 125.3, 124.9, 124.6, 124.5, 123.6, 105.3, 62.8, 61.5, 35.7, 14.3; HRMS[ESI]:
calculated for C15H150, [M-H]": 259.0976, found 259.0980.

o

3av

Ethyl 1-hydroxy-4-propyl-2-naphthoate (3av). Pale yellow liquid (11.8 mg, 9%).
'H NMR (400 MHz, CDCl3) 6 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 (g, 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); **C NMR (100 MHz, CDCls) § 171.1, 159.6, 135.8, 129.1, 129.0, 125.2, 125.2,
1245, 123.8, 123.4, 105.2, 61.3, 34.7, 23.8, 14.3, 14.2; HRMSIESI]: calculated for
C16H1703_[M-H]_: 257.1183, found 257.1185.

SO

3aw
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Ethyl 1-hydroxy-4-pentyl-2-naphthoate (3aw).! pale yellow liquid (18.5 mg, 13%).
'H NMR (400 MHz, CDCls3) § 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); **C NMR (100 MHz, CDCls) & 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 C1gH2103[M-H]": 285.1496, found 285.1503.

Ethyl 4-cyclopropyl-1-hydroxy-2-naphthoate (3ax). pale-yellow solid (29.3 mg,
23%). mp: 72-74 °C. *H NMR (400 MHz, CDCls) & 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); **C NMR (100 MHz, CDCl3) § 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
C16H1503_[M-H]_: 255.1027, found 255.1030.

Co

o0 >0~
3ay

3-Ethyl 1-methyl 4-hydroxynaphthalene-1,3-dicarboxylate (3ay). pale-yellow
solid (27.1 mg, 20%). mp: 91-93 °C. 'H NMR (400 MHz, CDCls) & 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); **C
NMR (100 MHz, CDCl3) 6 170.6, 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 Ci5H1305[M-H]":
273.0769, found 273.0776.

S13



OH O

Oy
MeO

3ba

Ethyl 1-hydroxy-6-methoxy-4-phenyl-2-naphthoate (3ba).”*! pale-yellow solid
(124.9 mg, 78%). mp:108-109 °C. *H NMR (400 MHz, CDCl3) § 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); **C
NMR (100 MHz, CDCl3) 6 170.1, 159.5, 159.4, 139.4, 136.4, 129.0, 127.4, 126.1,
1249, 124.8, 118.7, 116.1, 104.2, 102.8, 60.2, 54.2, 13.2; HRMSIESI]: calculated for
C20H1704_[M-H]_: 321.1132, found 321.1129.

OH O

Cor

3ca

Ethyl 1-hydroxy-6-methyl-4-phenyl-2-naphthoate (3ca).®! pale-yellow solid (117
mg, 76%). mp: 112-113 °C. *H NMR (400 MHz, CDCls) § 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); *C NMR (100 MHz,
CDCl3) 6 171.2, 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
C20H1703_[M-H]_Z 305.1183, found 305.1184.

OH O

e

3da

Ethyl 1-hydroxy-5,7-dimethyl-4-phenyl-2-naphthoate (3da). pale-yellow solid
(129.7 mg, 81%). mp: 153-155 °C. *H NMR (400 MHz, CDCls) § 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 (g, 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); *C NMR (100
MHz, CDCls) & 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
C21H1903_[M-H]_: 319.1340, found 319.1337.

3ea

Ethyl 1-hydroxy-8-methyl-4-phenyl-2-naphthoate(3ea). pale-yellow solid (59.3 mg,
39%). mp: 111-113 °C. *H NMR (400 MHz, CDCls) & 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); *C NMR (100
MHz, CDCl3) & 171.7, 163.7, 141.0, 138.6, 137.5, 131.3, 130.3, 129.0, 128.9, 128.3,
127.1, 125.1, 1245, 124.4, 105.6, 61.4, 25.5, 14.3; HRMSIESI]: calculated for
C20H1903 [M+H]": 307.1329, found 307.1322.

OH O

o
F

3fa

Ethyl 6-fluoro-1-hydroxy-4-phenyl-2-naphthoate (3fa).l®! pale-yellow solid (117.6
mg, 76%). mp: 107-109 °C. *H NMR (400 MHz, CDCl3) & 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); *C NMR (100 MHz, CDCls) &
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),
1099 (d, J = 227 Hz), 105.1, 61.6, 14.3; HRMS[ESI]: calculated for
C19H14FO3[M-H]": 309.0932, found 309.0929.

OH O

SOAS
Cl

3ga
515



Ethyl 6-chloro-1-hydroxy-4-phenyl-2-naphthoate (3ga). pale-yellow solid (126.9
mg, 78%). mp: 106-107 °C. *H NMR (400 MHz, CDCls) § 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); *C NMR (100 MHz, CDCl3) 5 170.9, 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>°ClO3[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. *H NMR (400 MHz, CDCls) § 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); *C NMR (100
MHz, CDCls) § 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, 1235, 105.8, 61.7, 14.3; HRMS[ESI]: calculated for
CioH1""BrOs [M-H]": 369.0132, found 369.0138; calculated for C1oH1,.**BrOs [M-H]:
371.0111, found 371.0118.

Cy o
Br !

3ia-1

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, CDCl5) 6 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 (g, J = 7.1 Hz, 2H), 1.43 (t, J = 7.2 Hz, 3H). *C NMR (101
MHz, CDCls3) & 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 CigHis°BrOs[M-H]: 369.0132, found 369.0140;
calculated for C1gH14*'BrOs [M-H]: 371.0111, found 371.0119.

S16



OH O

B
OO

3ia-2

Ethyl 7-bromo-1-hydroxy-4-phenyl-2-naphthoate(3ia-2). light yellow solid (96.5
mg, 52%). mp: 120-122 °C. *H NMR (400 MHz, CDCl3) & 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). **C NMR (100 MHz, CDCls) &
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 CigH14°BrOs[M-H]: 369.0132, found 369.0140; calculated for
C1oH1BrOs [M-H]: 371.0111, found 371.0119.

OH O

O
O,N

3ja

Ethyl 1-hydroxy-6-nitro-4-phenyl-2-naphthoate (3ja). yellow solid (14.5 mg, 9%).
mp: 173-175 °C. *H NMR (400 MHz, CDCls) & 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); *C NMR (100 MHz, CDCls) &
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 CigH1sNOs' [M+H]":
338.1023, found 338.1027.

OH O

e
NC

3ka

Ethyl 6-cyano-1-hydroxy-4-phenyl-2-naphthoate (3ka). pale-yellow solid (50.5 mg,
32%). mp: 158-159 °C. *H NMR (400 MHz, CDCls) 6 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); *C NMR (100
MHz, CDCls) 6 170.5, 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
C20H16N03+[M+H]+: 318.1125, found 318.11132.

OH O

3la

1-(1-Hydroxy-4-phenylnaphthalen-2-yl)ethanone (31a).*¥ yellow solid (105.1 mg,
80%). mp: 173-174 °C.*H NMR (400 MHz, CDCls) & 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); *°C
NMR (100 MHz, CDCl3) & 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; HRMSIESI]: calculated for C1gH130, [M-H]":
261.0921, found 261.0926.

OH O

3ma

(1-Hydroxy-4-phenylnaphthalen-2-yl)(phenyl)methanone (3ma).? yellow solid
(115.1 mg, 71%). mp: 151-152 °C. *H NMR (400 MHz, CDCls) & 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); *C NMR (100 MHz, CDCls) § 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;
HRMSIESI]: calculated for C,3H150, [M-H]: 323.1078, found 323.1075.

J8e
A
H

3na

1-Hydroxy-N-4-diphenyl-2-naphthamide (3na). pale-yellow solid (141.5 mg, 83%).
mp: 178-179 °C. *H NMR (400 MHz, CDCls) & 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); *C NMR (100 MHz,
CDCl3) 6 168.0, 159.7, 139.0, 135.6, 133.7, 130.1, 129.1, 128.2, 128.1, 127.4, 126.4,
1249, 124.8, 124.3, 123.1, 120.4, 120.3, 105.3; HRMS[ESI]: calculated for
C23H16N02_[M-H]_: 338.1187, found 338.1193.

OH O
I

3o0a

Ethyl 1-hydroxy-4-phenylanthracene-2-carboxylate (30a).*) pale-yellow solid
(128.5 mg, 75%). mp: 146-147 °C. *H NMR (400 MHz, CDCl3) & 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); **C NMR (100 MHz, CDCls) § 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; HRMSI[ESI]: calculated for C,3H1703[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; *H NMR (400 MHz, CDCI3) &
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); *C NMR (100 MHz, CDCls) & 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; HRMSIESI]: calculated
for C17H1505S [M+H]": 299.0736, found 299.0736.
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3qa

Ethyl 7-hydroxy-4-phenylbenzofuran-6-carboxylate (3qga). pale-yellow liquid
(80.0 mg, 58%). 'H NMR (400 MHz, CDCI3) & 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); *C NMR (100 MHz,
CDCl3) 8 170.9, 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 Ci7Hi50, [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. *H NMR (400 MHz, CDCls) 5 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); *C NMR (100
MHz, CDCl3) & 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 Ci7H1sNO3 [M+H]™
282.1125, found 282.1130.

OH O
T
NS
N

3sa
Ethyl 5-hydroxy-8-phenylquinoline-6-carboxylate (3sa). yellow solid (80mg, 54%).
mp: 117-119°C; *H NMR (400 MHz, CDCl3) & 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); *C NMR (100 MHz, CDCls) &
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 CigH1sNO3 [M+H]":
294.1125, found 294.1125.

oo

3ta
1-Hydroxy-4-phenyl-2-naphthonitrile (3ta). pale-yellow solid (68.7 mg, 56%). mp:
98-101°C; *H NMR (400 MHz, DMSO-dg) 5 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); *C NMR (100 MHz,
DMSO) 6 158.4, 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 Ci7H;oNO[M-H]": 244.0768,
found 244.0775.

9o

O

f

3tc
4-(4-Ethoxyphenyl)-1-hydroxy-2-naphthonitrile (3tc). yellow solid (82.3 mg, 57%).
mp: 96-98°C; 'H NMR (400 MHz, DMSO-ds) & 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). *C NMR (100 MHz, DMSO-d¢) &
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.

oo

Br
3tk
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4-(4-Bromophenyl)-1-hydroxy-2-naphthonitrile (3tk). yellow solid (97.2 mg, 60%).
mp: 121-123°C; *H NMR (400 MHz, DMSO-dg) & 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). **C NMR (100 MHz,
DMSO-ds) 6 158.64, 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.

o
Br

A

Ethyl 2-benzoyl-2-bromoacetate A.*¥ *H NMR (400 MHz, CDCls) & 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 (g, J = 7.1
Hz, 2H), 1.25 (t, J = 7.1 Hz, 3H). *C NMR (100 MHz, CDCl3) & 188.1, 165.2, 134.3,
133.4, 129.2, 1289, 63.3, 46.4, 13.9; HRMSIESI]: calculated for
CuH°Bros [M+H]":  270.9964,  found  270.9965;  calculated  for
C1H,Bros [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.

o

3aa

Table 1.

TR CR
NSNS NS \@/ N

T R FO

AN NS

,\

Crystal data and structure refinement for shelx.

Identification code shelx
Empirical formula Ci9 Hi O3
Formula weight 292.32
Temperature 113(2) K
Wavelength 0.71073 A
Crystal system, space group Triclinic, P-1
Unit cell dimensions

a=17.415(4) A

b = 10.694(6) A

c=19.852(9) A

a =94.049(8) deg.

B =91.638(11) deg.

7 =110.006(6) deg.

Volume 1473.2(13) A3
Z, Calculated density 4,1.318 Mg/m®
Absorption coefficient 0.089 mm™
F(000) 616

Crystal size 0.20 x 0.18 x 0.10 mm
Theta range for data collection 2.03 t0 27.86 deg.

Limiting indices
Reflections collected / unique

-9<=h<=9, -14<=k<=14, -26<=I1<=22
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 F?
Data / restraints / parameters 6906 /0/401

Goodness-of-fit on F?

1.050

S23



Final R indices [I>2sigma(l)] 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 A

Table 2. Atomic coordinates (x 10%) and equivalent isotropic displacement
parameters (A% x 10%) for shelx. U(eq) is defined as one third of the trace of the
orthogonalized Uij tensor.

atom X y z U(eq)

0O(1) 7007(2) -2355(1) 9349(1) 27(1)
0(2) 6027(2) -1783(1) 10541(1) 26(1)
0(@3) 6789(2) 383(1) 10922(1) 21(1)
0O(4) 8647(2) 11238(1) 5888(1) 30(1)
O(5) 10158(2) 13147(1) 5123(1) 32(1)
0O(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() 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(2) 28(1)
Cc(@17) 11183(3) 5984(2) 8936(1) 31(1)
C(18) 12437(3) 5281(2) 8845(1) 31(2)
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(2)
C(32) 10007(3) 14481(2) 3249(1)
C(33) 5696(2) 7814(2) 3501(1)
C(34) 4376(2) 7989(2) 3035(1)
C(35) 3781(2) 7147(2) 2444(1)
C(36) 4501(2) 6122(2) 2307(1)
C(37) 5821(2) 5939(2) 2766(1)
C(38) 6400(2) 6776(2) 3358(1)
Table 3. Bond lengths [A] and angles [deg] for shelx.
atom length
0O(1)-C(1) 1.3570(19)
O(1)-H(1) 0.8400
0(2)-C(11) 1.2338(19)
0(3)-C(11) 1.3412(18)
0(3)-C(12) 1.4636(18)
0O(4)-C(20) 1.3542(17)
O(4)-H(4) 0.8400
0O(5)-C(30) 1.2331(18)
0(6)-C(30) 1.3383(19)
0O(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(12) 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

37(1)
50(1)
20(1)
23(1)
26(1)
27(1)
27(1)
25(1)



C(13)-H(13C)
C(14)-C(15)
C(14)-C(19)
C(15)-C(16)
C(15)-H(15)
C(16)-C(17)
C(16)-H(16)
C(17)-C(18)
C(17)-H(17)
C(18)-C(19)
C(18)-H(18)
C(19)-H(19)
C(20)-C(29)
C(20)-C(21)
C(21)-C(26)
C(21)-C(22)
C(22)-C(23)
C(22)-H(22)
C(23)-C(24)
C(23)-H(23)
C(24)-C(25)
C(24)-H(24)
C(25)-C(26)
C(25)-H(25)
C(26)-C(27)
C(27)-C(28)
C(27)-C(33)
C(28)-C(29)
C(28)-H(28)
C(29)-C(30)
C(31)-C(32)
C(31)-H(31A)
C(31)-H(31B)
C(32)-H(32A)
C(32)-H(32B)
C(32)-H(32C)
C(33)-C(34)
C(33)-C(38)
C(34)-C(35)
C(34)-H(34)
C(35)-C(36)
C(35)-H(35)
C(36)-C(37)
C(36)-H(36)
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0.9800
1.396(2)
1.400(2)
1.391(2)
0.9500
1.389(2)
0.9500
1.390(2)
0.9500
1.387(2)
0.9500
0.9500
1.391(2)
1.420(2)
1.419(2)
1.420(2)
1.366(2)
0.9500
1.407(2)
0.9500
1.379(2)
0.9500
1.416(2)
0.9500
1.443(2)
1.368(2)
1.495(2)
1.4187(19)
0.9500
1.470(2)
1.504(2)
0.9900
0.9900
0.9800
0.9800
0.9800
1.395(2)
1.396(2)
1.389(2)
0.9500
1.389(2)
0.9500
1.390(2)
0.9500



C(37)-C(38)
C(37)-H(37)
C(38)-H(38)
atom-atom-atom
C(1)-O(2)-H(1)
C(11)-0(3)-C(12)
C(20)-O(4)-H(4)
C(30)-0(6)-C(31)
0(1)-C(1)-C(10)
0(1)-C(1)-C(2)
C(10)-C(1)-C(2)
C(3)-C(2)-C(7)
C(3)-C(2)-C(1)
C(7)-C(2)-C(1)
C(4)-C(3)-C(2)
C(4)-C(3)-H(3)
C(2)-C(3)-H(3)
C(3)-C(4)-C(5)
C(3)-C(4)-H(4A)
C(5)-C(4)-H(4A)
C(6)-C(5)-C(4)
C(6)-C(5)-H(5)
C(4)-C(5)-H(5)
C(5)-C(6)-C(7)
C(5)-C(6)-H(6)
C(7)-C(6)-H(6)
C(2)-C(7)-C(6)
C(2)-C(7)-C(8)
C(6)-C(7)-C(8)
C(9)-C(8)-C(7)
C(9)-C(8)-C(14)
C(7)-C(8)-C(14)
C(8)-C(9)-C(10)
C(8)-C(9)-H(9)
C(10)-C(9)-H(9)
C(1)-C(10)-C(9)
C(1)-C(10)-C(11)
C(9)-C(10)-C(11)
0(2)-C(11)-0(3)
0(2)-C(11)-C(10)
0(3)-C(11)-C(10)
0(3)-C(12)-C(13)
0(3)-C(12)-H(12A)
C(13)-C(12)-H(12A)
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1.387(2)
0.9500
0.9500
angle
109.5
115.22(13)
109.5
116.21(13)
123.20(14)
116.55(14)
120.21(15)
120.04(15)
120.62(15)
119.30(14)
120.17(16)
119.9
119.9
120.24(15)
119.9
119.9
120.57(15)
119.7
119.7
121.08(16)
119.5
119.5
117.81(14)
119.97(14)
122.10(15)
118.36(15)
119.73(14)
121.83(13)
122.94(14)
118.5
118.5
119.18(14)
118.55(15)
122.27(14)
122.30(15)
124.00(15)
113.70(15)
107.30(14)
110.3
110.3



0(3)-C(12)-H(12B)
C(13)-C(12)-H(12B)
H(12A)-C(12)-H(12B)
C(12)-C(13)-H(13A)
C(12)-C(13)-H(13B)
H(13A)-C(13)-H(13B)
C(12)-C(13)-H(13C)
H(13A)-C(13)-H(13C)
H(13B)-C(13)-H(13C)
C(15)-C(14)-C(19)
C(15)-C(14)-C(8)
C(19)-C(14)-C(8)
C(16)-C(15)-C(14)
C(16)-C(15)-H(15)
C(14)-C(15)-H(15)
C(17)-C(16)-C(15)
C(17)-C(16)-H(16)
C(15)-C(16)-H(16)
C(16)-C(17)-C(18)
C(16)-C(17)-H(17)
C(18)-C(17)-H(17)
C(19)-C(18)-C(17)
C(19)-C(18)-H(18)
C(17)-C(18)-H(18)
C(18)-C(19)-C(14)
C(18)-C(19)-H(19)
C(14)-C(19)-H(19)
0(4)-C(20)-C(29)
0(4)-C(20)-C(21)
C(29)-C(20)-C(21)
C(26)-C(21)-C(20)
C(26)-C(21)-C(22)
C(20)-C(21)-C(22)
C(23)-C(22)-C(21)
C(23)-C(22)-H(22)
C(21)-C(22)-H(22)
C(22)-C(23)-C(24)
C(22)-C(23)-H(23)
C(24)-C(23)-H(23)
C(25)-C(24)-C(23)
C(25)-C(24)-H(24)
C(23)-C(24)-H(24)
C(24)-C(25)-C(26)
C(24)-C(25)-H(25)

528

110.3
110.3
108.5
109.5
109.5
109.5
109.5
109.5
109.5
118.45(16)
119.66(15)
121.89(14)
120.79(16)
119.6
119.6
120.17(16)
119.9
119.9
119.51(17)
120.2
120.2
120.36(17)
119.8
119.8
120.68(16)
119.7
119.7
122.54(16)
116.52(14)
120.93(14)
119.52(14)
119.06(16)
121.42(15)
121.24(15)
119.4
119.4
120.17(15)
119.9
119.9
119.72(17)
120.1
120.1
121.64(15)
119.2



C(26)-C(25)-H(25)
C(25)-C(26)-C(21)
C(25)-C(26)-C(27)
C(21)-C(26)-C(27)
C(28)-C(27)-C(26)
C(28)-C(27)-C(33)
C(26)-C(27)-C(33)
C(27)-C(28)-C(29)
C(27)-C(28)-H(28)
C(29)-C(28)-H(28)
C(20)-C(29)-C(28)
C(20)-C(29)-C(30)
C(28)-C(29)-C(30)
0(5)-C(30)-0(6)
0(5)-C(30)-C(29)
0(6)-C(30)-C(29)
0(6)-C(31)-C(32)
0(6)-C(31)-H(31A)
C(32)-C(31)-H(31A)
0(6)-C(31)-H(31B)
C(32)-C(31)-H(31B)
H(31A)-C(31)-H(31B)
C(31)-C(32)-H(32A)
C(31)-C(32)-H(32B)
H(32A)-C(32)-H(32B)
C(31)-C(32)-H(32C)
H(32A)-C(32)-H(32C)
H(32B)-C(32)-H(32C)
C(34)-C(33)-C(38)
C(34)-C(33)-C(27)
C(38)-C(33)-C(27)
C(35)-C(34)-C(33)
C(35)-C(34)-H(34)
C(33)-C(34)-H(34)
C(36)-C(35)-C(34)
C(36)-C(35)-H(35)
C(34)-C(35)-H(35)
C(35)-C(36)-C(37)
C(35)-C(36)-H(36)
C(37)-C(36)-H(36)
C(38)-C(37)-C(36)
C(38)-C(37)-H(37)
C(36)-C(37)-H(37)
C(37)-C(38)-C(33)
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119.2
118.14(14)
122.63(14)
119.19(15)
119.05(14)
120.75(14)
120.17(15)
122.68(14)
118.7
118.7
118.54(15)
119.05(14)
122.38(14)
122.10(16)
123.83(16)
114.07(14)
107.68(14)
110.2
110.2
110.2
110.2
108.5
109.5
109.5
109.5
109.5
109.5
109.5
118.25(14)
120.92(14)
120.81(14)
120.70(15)
119.7
119.7
120.37(15)
119.8
119.8
119.54(15)
120.2
120.2
119.87(16)
120.1
120.1
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 (A? x 10°) for shelx. The
anisotropic  displacement  factor exponent takes the form: -2a°
[ h%a*2Uy+...+2hka*b*U1,]

atom U1l u22 u33 u23 u13 U12
o1)  32(1) 13(1) 33(1) 1(1) 2(1) 4(1)
0Q2)  26(1) 18(1) 34(1) 6(1) 2(1) 5(1)
0@)  21(1) 21(1) 21(1) 3(1) 3(1) 5(1)
0@)  33(1) 24(1) 28(1) -8(1) -5(1) 6(1)
oG)  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(B)  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(ll)  14(1) 22(1) 28(1) 1(1) -5(1) 7(1)
Cc(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(l7)  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(3)  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 10*) and isotropic displacement parameters
(A% x 10°) 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
H(38) 7293

}able 6. Torsion angles [deg] for shelx.

5243
6639

2675
3671

32
30

A----B----C----D
0(1)-C(1)-C(2)-C(3)
C(10)-C(1)-C(2)-C(3)
O(1)-C(1)-C(2)-C(7)
C(10)-C(1)-C(2)-C(7)
C(7)-C(2)-C(3)-C(4)
C(1)-C(2)-C(3)-C(4)
C(2)-C(3)-C(4)-C(5)
C(3)-C(4)-C(5)-C(6)
C(4)-C(5)-C(6)-C(7)
C(3)-C(2)-C(7)-C(6)
C(1)-C(2)-C(7)-C(6)
C(3)-C(2)-C(7)-C(8)
C(1)-C(2)-C(7)-C(8)
C(5)-C(6)-C(7)-C(2)
C(5)-C(6)-C(7)-C(8)
C(2)-C(7)-C(8)-C(9)
C(6)-C(7)-C(8)-C(9)
C(2)-C(7)-C(8)-C(14)
C(6)-C(7)-C(8)-C(14)
C(7)-C(8)-C(9)-C(10)
C(14)-C(8)-C(9)-C(10)
O(1)-C(1)-C(10)-C(9)
C(2)-C(1)-C(10)-C(9)
O(1)-C(1)-C(10)-C(11)
C(2)-C(1)-C(10)-C(11)
C(8)-C(9)-C(10)-C(1)
C(8)-C(9)-C(10)-C(11)
C(12)-0(3)-C(11)-0(2)
C(12)-0(3)-C(11)-C(10)
C(1)-C(10)-C(11)-0(2)
C(9)-C(10)-C(11)-0(2)
C(1)-C(10)-C(11)-0(3)
C(9)-C(10)-C(11)-0(3)
C(11)-0(3)-C(12)-C(13)
C(9)-C(8)-C(14)-C(15)
C(7)-C(8)-C(14)-C(15)
C(9)-C(8)-C(14)-C(19)
C(7)-C(8)-C(14)-C(19)
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angle
0.4(2)

-177.55(14)

178.27(13)
0.3(2)
-2.9(2)

174.94(14)
0.4(2)
1.7(2)
-1.4(2)
3.1(2)

-174.76(14)

179.20(14)
1.4(2)
-1.0(2)

-176.98(14)

-1.8(2)
174.17(13)

-178.58(13)

-2.6(2)
0.6(2)
177.45(13)

-179.32(13)

-1.5(2)
1.3(2)
179.17(14)
1.1(2)

-179.61(14)

-0.4(2)
179.48(12)

-2.2(2)
178.47(14)
177.94(13)

-1.4(2)

-179.29(12)

-53.91(19)
122.86(16)
125.70(16)
-57.5(2)



C(19)-C(14)-C(15)-C(16)
C(8)-C(14)-C(15)-C(16)
C(14)-C(15)-C(16)-C(17)
C(15)-C(16)-C(17)-C(18)
C(16)-C(17)-C(18)-C(19)
C(17)-C(18)-C(19)-C(14)
C(15)-C(14)-C(19)-C(18)
C(8)-C(14)-C(19)-C(18)
0(4)-C(20)-C(21)-C(26)
C(29)-C(20)-C(21)-C(26)
0(4)-C(20)-C(21)-C(22)
C(29)-C(20)-C(21)-C(22)
C(26)-C(21)-C(22)-C(23)
C(20)-C(21)-C(22)-C(23)
C(21)-C(22)-C(23)-C(24)
C(22)-C(23)-C(24)-C(25)
C(23)-C(24)-C(25)-C(26)
C(24)-C(25)-C(26)-C(21)
C(24)-C(25)-C(26)-C(27)
C(20)-C(21)-C(26)-C(25)
C(22)-C(21)-C(26)-C(25)
C(20)-C(21)-C(26)-C(27)
C(22)-C(21)-C(26)-C(27)
C(25)-C(26)-C(27)-C(28)
C(21)-C(26)-C(27)-C(28)
C(25)-C(26)-C(27)-C(33)
C(21)-C(26)-C(27)-C(33)
C(26)-C(27)-C(28)-C(29)
C(33)-C(27)-C(28)-C(29)
0(4)-C(20)-C(29)-C(28)
C(21)-C(20)-C(29)-C(28)
0(4)-C(20)-C(29)-C(30)
C(21)-C(20)-C(29)-C(30)
C(27)-C(28)-C(29)-C(20)
C(27)-C(28)-C(29)-C(30)
C(31)-0(6)-C(30)-0(5)
C(31)-0(6)-C(30)-C(29)
C(20)-C(29)-C(30)-0(5)
C(28)-C(29)-C(30)-0(5)
C(20)-C(29)-C(30)-0(6)
C(28)-C(29)-C(30)-0(6)
C(30)-0(6)-C(31)-C(32)
C(28)-C(27)-C(33)-C(34)
C(26)-C(27)-C(33)-C(34)
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1.3(2)

-179.05(12)

0.4(2)
1.7(2)
1.4(2)
0.3(2)
-1.6(2)

178.75(13)

-178.71(13)

2.5(2)
1.6(2)

-177.18(14)

-1.0(2)

178.73(15)
-0.3(2)
0.6(2)
0.5(2)
1.7(2)

-179.30(15)
-177.76(14)

2.0(2)
-0.1(2)
179.61(14)
175.10(14)
-2.4(2)
-6.8(2)
175.65(13)
2.7(2)

-175.38(13)

178.97(13)
-2.4(2)
1.0(2)
179.67(13)
-0.3(2)
177.59(14)
-1.0(2)
178.32(12)
1.9(2)

-175.96(14)
-177.32(13)

4.8(2)

-161.81(14)

-63.5(2)
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)

Symmetry transformations used to generate equivalent atoms.

Table 7. Hydrogen bonds for shelx [A and deg.].

D-H..A d(D-H) d(H..A)  d(D..A) <(DHA)
O(1)-H(1)...0(2) 0.84 1.85 2.5805(17) 145.6
0(4)-H(4)...0(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).

Ll 20E+H09

1. 10E+09

1. O0E+09

9. Q0E+08

8. 00E+08

I-7. DOE+H08

6. Q0E+08

5. 00E+08

4. O0E+08

3. D0E+HD8

2. 00E+08

1. O0E+08

0. Q0E+H00

LT-0416-p(HE
OO O NDOOIFTN O —— 0~~~ O—NWTWM~O— = I~ 3 o
OO0~ — OO ®mOoOOOO———~OWTOCNN—O— 00— 0O oSO D o
GETTOEORR DN NNTIT T T I T TTNT T TT ! S
pri e i il g i i iy i I | N 2
—— —— A -
MO —MNDOD OO T LW — 00 M ~— PO~ WD =T
—OoOOO@®mOOMMO N ———F~DUWpTONN— O —
e e s R e e A A A
PP P P P P P P B P P B B P P P P P P P
3. CE+08
OH O
O/‘\\
I 2. (E+08
g
1. GE+08
i i - 3aa
|
0. CE+00
e i
w — (s Mg Weal
- o coo
- = o — r
T T T T T T T T T
80 79 8 T 7.6 75 T4 T.3 T2
£1 (ppm)
|
]
]
|
‘ UL J _Ju I
' i s ¥
— QW — OO D o o
@ =R =t =1=1=! S S
[ —— — N — [y} (32
. . . . . T . . . . . . . . . . . T :
16 15 14 13 12 11 10 9 8 7 g 4 3 1 0 -1 -2 -3

S36

—-1. 00E+0:

Parameter

1 Data File
Name

Title
Comment

We o La R

Origin

Owner

Site

-1 @ wm

Spectrometer
8 Author
9 Solvent
10 Tezperature

11 Fulse
Sequence

12 Experizment

13 Fumber of
Scans

14 Fecedver
Gain

15 Relazation
Delay

16 Pulzse Width

17 Acquisitien
Time

18 Acquisitien
Date

19 Modification
Date

20 Spectrometer
Frequency

21 Spectral
Width

22 Lowest
Frequency

Value
C:/ Users/

Aarcn/

Desktop/
LT-0416~
pCH3S 1/
pdata/ 1/ 1r

LT-0416-pCH3

Eruker
BiocSpin GmbH

nzrzu

zpect

CDC13
293, 4
zg30

iD
16




LT-M16-plH3

171129
160 415

f
Y

140226
135501

131160
130237
128 444
128354
127 245

125 903
125 666
125014
124 948
124 158

—105.396

€

77.415
77.105
768.779
—B61.536

14.324

3aa

T
250 2

40 23

T T T T T T T T T
0 220 210 200 190 180 170 160 150 140 130 120 110 10

£l {ppm

LI T T T
0 90 80 T0 60 &0

S37

T

40

T
30 20 10

T

1]

T T T

-10 -20 -3

. BEHIE

OE+HIE

. BEHIE

. DEH18

BEHIE

. OEHIE

. BEH1E

LOEHE

. OEHIT

. OE+H10

Parameter

1 Data File
Hame

2 Title

3 Comment

=

Origin
Owner
Site

Spectrometer
fmthor

[= R ]

9 Solwent

10 Temperature

11 Fulse
Sequence

12 Experiment

13 Fumber of
Scans

14 Receiwver
Gain

15 Relaxation
Delay

16 Ful=e ¥idth

1T Aequisition
Time

15 Aequisition
Date

19 Modification
Date

20 Spectrometer
Fregquenecy

2] Spectral
Width

27 Lowest
Fregquenecy

23 Fucleus

24 hcquired
Size

25 Spectral
Size

Value

C:f Users/
har oy
Desktops
LT-0418-
pCHIS 2/
pdatad 1/ 1r

LT-0416-pCH3

Brulker
EioSpin GmbH

mr 51

spect

CIC13
293.7
zgpedl

1D
1024

133
1. 0000

9. 5000
0. 4993

2015-04-16T1
2:28:00
2015-04-16T1
Z2:50:00
100,81
39T14.3
=TT96. &

13C
17855

32TRS




; _ Mode: Megative Date: 11-DEC-2012
'\!‘arr‘f':l EQS’:‘T ESI Scans: 1 Time: 10:40:08
e hA_=slirans Scale: 2.0109

291.1021

1 OH O

Sean
e

3aa

7 292.1062

- 293.1085
| 2842672 290.3328 | 2952273 299.0083
D_ T T I T T T T I T T T I T T T | T T T T | T T T T T T T T I T T T T I T T T I T T T T
285 290 295 300 308
Mass/Charge

S38



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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ZoS 143
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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).
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Ethyl 4-(4'-ethyl-[1,1'-biphenyl]-4-yl)-1-hydroxy-2-naphthoate(3ah).
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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(3ao0).
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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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Varian QFT-ESI Mode: Negative 17-DEC-2012
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Ethyl 1-hydroxy-6-methyl-4-phenyl-2-naphthoate(3ca).
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Varian QFT-ESI Mode: Negative Date: 20-DEC-2012
- Scans: 1 Time: 15:11:28
File: 306_ESl.trans

Scale: 65.3582

305.1184

4 OH O

4 3ca

1 306.1219

295 300 305 310 315
Mass/Charge

$115



Ethyl 1-hydroxy-5,7-dimethyl-4-phenyl-2-naphthoate(3da).
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Varian QFT_ES| Mode: Negative Date: 27-FEB-2013
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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).
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Ethyl 6-chloro-1-hydroxy-4-phenyl-2-naphthoate(3ga).
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Farazeter

1 Data File Name

Title
Comment

[ )

Origin
(wmer

Site

@ e

Spectrometer
& Author

9 Solvent

10 Tezperature

11 Pulze Sequence
12 Ezperiment

13 Frobe

14 F¥umber of Secans
15 Feceiver Gain

16 Relazation
Delay

17 Fulzse Width

18 Prezaturaticn
Frequency

19 Acguisiticn
Tize

20 Acguisiticn
Date

21 Modificaticn
Date

22 Cla==

23 Spectrometer
Frequency

24 Spectral Width

25 Lowest

Frequency
& Fucleus

2
27 Acquirved Size
2

8 Spectral Size

Value

E:/ Fikss micdd
EREdRFER &
ERIELE EFE
ZEIERE/ (0=
ERCECE/ LT-
ApCl/ 2/ pdata/ 1/ ir
LT-ApCl.2.1.1r

Bruker BicSpin GzbH

nzrsu

spect

CDC13

2870

zgpgdl

1D

5 mm PABBO BB/
19F-1H/ D Z-GFD
I108618/ 0525

850
113
1. 0000

§. 5000

0. 4595

2015-05-22T08:24: 00

2015-05-22T08:32: 00




i _ Mode: Megative Date: 08-JAN-2013
Vanan QFT ESI Scans: 1 Time: 10:48:33
File: p33-7_ESl.trans

Scale: 18.0445
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Ethyl 6-bromo-1-hydroxy-4-phenyl-2-naphthoate(3ha).
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—2. 0E+06

Farameter
1 Data File Name

Title
Comment
Origin

Owmer

Site
Spectrometer

Author

MO =1 ot e LD R

Solvent

10 Tezperature

11 Pulze Sequence
12 Ezperiment

13 Frobe

14 Nuzber of Scansz
15 Receiver Gain

16 Relaxation
Delay

17 Pulse Width

18 Fresaturation
Frequency

1% Acquiszitien
Time

20 Acquiszitien
Date

21 Modification
Date

23 Spectrometer
Frequency

24 Spectral Width

Frequency
6 Nucleus

Acquired Size

(SR

8 Spectral Size

Value
FEE Fiih
SHEEHFR
ERZBIE/ 51/ &
FREBCEERE
11t-12. 217HE/S 1/
pdata/ 1/ 1r
11+-12.21.1. 1. 1r
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norsu
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CDC13

300.0

zg3l

1D

5 mm PABBO EB/
18F-1H/ D ZI-GRD
Z108618/ 0525
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400. 13

B012.8
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Parameter
1 Data File Hame

Title
Comment
Origin
Owner

Site
Spectrometer
Author
Salwent

oM -1 N ods L R

10 Temperature

11 Pulse Sequence
12 Experiment

13 Frobe

14 Humber of Scans
15 Receiver Gain

16 Relaxation
Delay

17 Ful=e Hidth

15 Presaturation
Frequency

19 Acquisition
Time

20 Acquisition
Dlate

21 Medification
Date

22 Class

23 Spectrometer
Frequency

24 Spectral Width

25 Lowest
Frequency

26 Hueleus
27 hequired Size
28 Spectral Size

Valne

E./ FAEFE/ ik
SHELETRE
RBLZECE I/ ¥
BB B T BT
11t-12. 21348/ 2/
pdata/ 1/ 1r
11t-12.21.2.1. 1r

Bruker BioSpin GmbH

Imr =1

spect

COC13
300.0
zgpeal
10

S mm PABEO EE/
19F-1H/ I Z-GRD
Z108618/ 0525
254

119

1. 0000

9. 5000

0. 4993
2012-12-21T14:32:00

2012-12-21T14:33:08

100. 61

3ETI43
=TTHE. &

13C
17855
3E2TEE




Mode: Negative Date: 21-DEC-2012
Scans: 1 Time: 15:17:20
Scale: 12.5458

Varian QFT-ESI
File: 370_ESl.trans
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370.0173 | 372.0153

373.0187

OH O
SOAA
Br

3ha

T T T T T T | T T
370
Mass/Charge
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Ethyl 5-bromo-1-hydroxy-4-phenyl-2-naphthoate(3ia-1).
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Parameter
1 Data File Name

2 Title

3 Comment

4 Origin

5 Owner
6 Site

7 Spectrometer
8 Author
9

Solvent
10 Temperature
11 Pulse Sequence
12 Experiment
13 Probe

14 Number of Scans

15 Receiver Gain

16 Relaxation
Delay

17 Pulse Width

18 Presaturation
Frequency

19 Acquisition
Time

20 Aequisition
Date

21 Modification
Date

22 Class

23 Spectrometer
Frequency

24 Spectral Width

25 Lowest
Frequency

26 Nucleus

27 Aequired Size

28 Spectral Size

Value
E:f Hiks/
LT-0612-A3Brlp/
1/ pdata/ 1/ Ir
LT-0612-
AdBrlUp. 1. L. 1r

Bruker BioSpin
GmbH

nmrsu
spect

chCl3
298, 2
z2gd0
1D

5 mm PABBO BB/
19F-1H/ I Z-GRD
£108618/ 0525

16
113
1. 0000

14. 4000

4. 0894

2015-06-12T12: 36
:00
2015-06-12T12:33
Hi

400. 13

8012. 8
=1549. 2

1H
32768
65536




LT-0612-A3BrUp. 2. 1. Ir
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139.617
133.919
132.564
131.134
130.106
128.481

127.722
127.451
126.520
126.195
125.350
119.999
106.360
77.348

77.231

77.027

76.711
61.718
14.258

l
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§

3ia-1

2600000
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~1600000

1400000
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—600000

—400000

~200000

~0

200000
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250

T
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f1 (ppm)
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T
-50

Parameter

1 Data File Name

=]

Title
Comment
Origin

Owner

Site
Spectrometer
Author

w00 = O W

Solvent

10 Temperature

11 Pulse Sequence
12 Experiment

13 Probe

14 Number of Scans

15 Receiver Gain

16 Relaxation
Delay

17 Pulse Width

18 Presaturation
Frequency

19 Acquisition
Time

20 Acquisition
Date

21 Modification
Date

22 Class

23 Spectrometer
Frequeney

24 Spectral Width

25 Lowest
Frequency

26 Nucleus

27 Acquired Size

28 Spectral Size

Value

E:/ ik LT-0612-
A3BrUp/ 2/ pdata/ 1/
1r

LT-0612-A3BrUp. 2. 1. 1Ir

Bruker BioSpin GmbH
nmrsu

spect

CDC13

299. 1

2gped0
1D

5 mm PABBO BB/
19F-1H/ D Z-GRD
2108618/ 0525

336
113
1. 0000

9. 5000

0. 4999
2015-06-12T12:41:00

2015-06-12T12:42:38

100. 61

35714. 3
-77496. 8

13C
17855
32768




Varian QFT-ESI Mode: Negative Date: 12-DEC-2012
File: P-Br-2_ESl.frans Scans: 1 Time: 09:16:59

Scale: 20.4338
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Ethyl 7-bromo-1-hydroxy-4-phenyl-2-naphthoate(3ia-2).
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Parameter

Data File Name

2 Title

3 Comment

s

Origin

(wner

Site
Spectrometer
Author

e om =~ @ o

Solvent

10 Temperature

11 Pulse Sequence
12 Experiment

13 Probe

14 Number of Scans

15 Receiver Gain

16 Relaxation
Delay

17 Pulse Width

18 Presaturation
Frequency

19 Acquisition
Time

20 Acquisition
Date

21 Modification
Date

22 Class

23 Spectrometer
Frequency

24 Speetral Width

25 Lowest
Frequency

26 Nucleus

27 Acquired Size

28 Spectral Size

Value
G:/f LT=
A3BrDown/ 1/
pdata/ 1/ 1r
LT-
A3BrDown. 1. 1. Ir

Bruker BioSpin
GmbH

nmrsu
spect

CbC13
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i

5 mm PABBO BB/
19F=11/ D Z=GRD
Z108618/ 0525

16
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1. 0000
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4. 0894

2015-06-12T08:2
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2015-06-12T08: 1
6:12

400. 13
8012, 8
-1551.9
1H
32768
65536
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Parameter

Data File Name

2 Title

3 Comment

e

Origin

(mer

Site
Spectrometer
Author
Solvent

w0 =~ 3w

10 Temperature

11 Pulse Sequence
12 Experiment

13 Probe

14 Number of Scans
15 Receiver Gain

16 Relaxation
Delay

17 Pulse Width

18 Presaturation
Frequency

19 Aequisition
Time

20 Aequisition
Date

21 Modification
Date

22 Class

23 Spectrometer
Frequency

24 Spectral Width

25 Lowest
Frequency

26 Nucleus

27 Acquired Size

28 Spectral Size

Value
G:/ LT-
A3BrDown/ 2/
pdata/ 1/ Ir

LT-
A3BrDown. 2. 1. 1r

Bruker BioSpin
GabH

nmrsu
speet

DC13
298.9
zgpgd0
1D

5 mm PABBO BB/
19F-1H/ D Z-GRD
Z108618/ 0525

349
133
1. 0000

9. 5000

0. 4999

2015-06-12T08:2
8:00
2015-06-12T08: 2
6:06

100. 61
35714.3
=7796. 8
13C
17855
32768




Ethyl 1-hydroxy-6-nitro-4-phenyl-2-naphthoate(3ja).
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= 1000000

Farameter
1 Data File Name

2 Title

3 Comment

4 Origin

5 Owner

& Site

7 Spectrometer
B Author

% Sclvent

10 Temperature
11 Fulze Sequence
12 Ezperizment
13 Probe

14 Nuzber of
Scans

15 Receiver Gain

1€ Relaxation
Delay

17 Pulse Width

18 Freszaturation
Frequency

19 Acquisition
Time

20 Acquizition
Date

21 Modification
Date

22 Clazs

23 Spectrometer
Frequency

24 Spectral Width

2

Freguency
& Nucleus

2
27 Acquired Size
2

B Spectral Size

Value
B/ FigE/ s
SIS LA R =

=5 /
ERIEZE ETR
LELEER/ ¢HE
EFRMIBETE
LT-0522-ApN02/ 1/
pdata/ 1/ 1r
LT-0522-ApN02. 1. 1. 1r

Bruker BioSpin GzbH
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spect

CDC13

286.0

zg30

iD

5 =m FABEC EB/
18F-1H/ D I-GRD
108618/ 0525

16

158
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14,4000

4.0884
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Farameter

1 Data File Name

Title
Comment

2 ra

Origin
Owner

Site

oot e

Spectrometer

8 Author

4 Solwvent

10 Temperature

11 Fulse Sequence
12 Ezperizent

13 Prche

14 Fumber of Scans

15 Beceiver Gain

16 Relazation
Delay

17 Fulze Width

18 Fresaturation
Frequency

18 Acquisition
Time

20 Acquisition
Date

21 Modification
Date

22 Class

23 Spectrometer
Frequency

24 Spectral Width

25 Lowest
Frequency

28 Fucleus

27 Acquired Size

TR Cmmmbwem] Timm

Value
FiEZ/ Eikddir
ShETRD/ =
SRIEIE ZFR
LELERE/ +HE
EFRCECE
LT-0522-Apl0Z/ 2/
pdatas/ 1/ 1r
LT-0522-Apl0Z. 2. 1. 1x

B/

Bruker BioSpin GzbH
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CDC13
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I108618/ 0525
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113
1. 0000

‘8.5000

0. 4885

2015-05-22T08: 28 : 00

2015-05-22T08:28:00

13C
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Sample Name le/ms Pasition P1-A3 Instrument Name Instrument 1 User Name
Inj Vol -1 InjPosition SampleType Sample IRM Calibration Status Some lons Missed
Data Filename  LT-0522-APNO2.d ACQ Method chen-ms.m Comment Acquired Time 6/8/2015 11:01:58 AM

x10 2 |*+ESI Scan (1.164-1.391 min, 15 scans) Frag=175.0V LT-0522-APNO2.d Subtract (3)

338.1027
1 (M+H)+

0.95 OH ©
0.9 o
0.85 |
0.8 O2N
0.75 |
0.7
0.65 313
0.6
0.55
0.5
0.45
0.4
0.35
Pl | 355.1274
0.25-
0.2
0.15- [
0.1

0.05

!
& . al

326 328 330 332 334 336 338 340 342 344 346 348 350 352 354 356 358 360
Counts (%) vs. Mass-to-Charge (m/z)
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Ethyl 6-cyano-1-hydroxy-4-phenyl-2-naphthoate(3ka).
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Farameter

1 Data File Hame

Title
Comment
Origin

Owner

Site
Spectrometer
Author

mom -1 m oA W R

Solvent

10 Temperature

11 Fulse Sequence
12 Experiment

13 Frobe

14 Humber of Secans
15 Receiver Gain
16 Relaxation Delay
1T Fulse Width

18 Presaturation
Frequency

19 Aecquisition Time
20 hequisition Date

2] Medification
Date

2Z Class

23 Spectrometer
Frequency

24 Spectral Width

25 Lowest Freguency

26 Hucleus

2T hequired Size

25 Spectral Size

Value

B/ FEZE AEnS
FIE LRI R G E A
ZEIZE 5L FHERT
BiC BHAR/ 4-CHEE
BB LT-0530-

ApCH/ 1 pdata/ 1f 1r

LT-0530-ApCH. 1.1, 1r
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spect
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D ZI-GRD Z108618/7 0525
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113
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4. 0594
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400. 13
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JETES
B5536
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+—500000

Farameter
1 Data File Nazme

Title
Comment
Origin

(Omner

Site
Spectrometer
Author

D o~ o N e o 3

Solvent

10 Temperature

11 Fulze Sequence
12 Esperiment

13 Frobe

14 Mimber of Scanz
15 Receiver Gain

16 Relazaticon
Delay

17 Pulse Width

18 Frezaturation
Frequency

19 Acquisition
Time

20 Acquiszition
Date

21 Modification
Date

227 Clazs

23 Spectrometer
Frequency

24 Spectral Width

25 Lowest
Frequency

28 Nucleus
27 Acquired Size

28 Spectral Size

Value
E:/ FiES/ gl
ENELRTRE
ERZBZE/ 51/ E
FERIBIELRR +
CNEFRHIECE/
LT-0530-ApCH/ 2/
pdata/ 1/ 1r
LT-0530-ApCH. 2. 1. 1r

Bruker BicSpin GzbH

nzrsu

spect

CDC13
298. 6
zgpgil
1D

5 mm FABBO BB/
18F-1H/ D ZI-GED
Z108618/ 0525

451
133
1. 0000

G 5000

0. 4555
2015-05-30T11:08:00

2015-05-30T11:14:00

10061

35714.3
-7796.8

13C
17855
32768




Sample Name A12 Position P1-B3 Instrument Name Instrument 1 User Name

Inj Vol

x10 2

-1 InjPosition SampleType Sample IRM Calibration Status All Tons Missed
Data Filename  LT-0530-APCN.d ACQ Method chen-ms.m Comment Acquired Time 6/26/2015 5:01:05 PM

+ES| Scan (0.872-1.571 min, 44 scans) Frag=175.0V LT-0530-APCN.d Subtract (2)

14 318.1132

0.95
0.94
0.85
0.8
0.75
0.71
0.65
0.6
0.55
0.5
0.45
0.4 1
0.35
0.3
0.25
0.2
0.15+
014

0.05

(M+H)+
OH O

o

NC

3ka

|
\
" L ot P - LW W\ s 5 i

Counts (%) vs. Mass-to-Charge (m/z)

S141

314.5 315 3155 316 316.5 317 317.5 318 318.5 319 319.5 320 320.5 321 321.5 322



1-(1-hydroxy-4-phenylnaphthalen-2-yl)ethanone (3la).

LT-0424-dione. 2. 1. lr=r O 0D WD O P S OE LD O pe 10000000
g %g%gi&@%gg;,&?g §§E § Farameter Value
=) 59853848483 s o o 1 Data File Name E:/ F&%/ mictnsr
&~ —e e e — [y &~ TR %=
B iy TR
== | ~ 9000000 FREBLE EFR
Z.EZ.EEE/ Dione/
LT-0424-dione/ 2/
pdata/ 1/ 1r
2 Title LT-0424-dione. 2. 1. Ir
8000000
3 Comment
4 Origin Bruker BioSpin GmbH
5 Owner nmrau
7000000 & Site
OH O 7 Spectrometer zpect
B Author
g CDC13
6000000 095, 2
11 Pulse Sequence zgpgdl
12 Ezperiment 1D
5000000 | 12 Frobe 5 == PAEBO BB/
19F-1H/ D I-GFD
Z108618/ 0525
1024
3la 4000000 ] .
15 Receiver Gain 176
16 Relaxation 1. 0000
Delay
lsooooog |17 Fulse Width 8. 5000
18 Frezaturation
Frequency
| 19 Acquisition 0. 4555
2000000 rame
20 Acquisition 2015-04-24T12:53:00
Date
21 Modification  2015-04-24T13:13:00
1000000 | Dste
| 22 Clazs
i 23 Spectrometer 100. 61
JJ Frequency
ot ] AN i 0 24 Spectral Width L3
25 Lowest .
Frequency
§ Nucleus

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
250 240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 BO 70 60 50 40 30 20 10 O -10 -20 -30 -40
f1 (ppm)

2
F-1000000| 27 Acquired
2
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LT-0424-dione. 2. 1. 1r=r O Cd O LD O P = S LD O e 10000000,
% 2282888350, 2o 2 Faraseter
- — O = O 00 WD W WD S L= =] 1
[=] 0T 0000 0 0o OO — ] w
&~ =R o S B B [ N N &
! ~ 9000000
ZECEEERE/ Dicne/
LT-0424-dicne/ 2/
pdata/ 1/ 1r
8000000 2 Title LT-0424-dicne. 2. 1. Ir
3 Comment
4 Origin Bruker BicSpin GmbH
5 Owner nmrsu
7000000 & Site
OH O 7 Spectrometer spect
B Author
% Solvent CDC13
6000000 10 Tezperaturs 295.2
11 Pulze Sequence zgpg3l
12 Experiment iD
5000000 | 13 Frobe 5 == PABBO BB/
18F-1H/ D I-GRD
Z108618/ 0525
4 Number of 1024
3la 1000000 | o= o
15 Receiver Gain 178
16 Relaxation 1.0000
Delay
| 5000000 17 Pulze Width %. 5000
18 Prezaturaticn
Frequency
| 19 Acquiszition 0. 4553
2000000 rime
20 Acquisition Z015-04-24T12:53:00
Date
21 Modification 2015-04-24T13:13:00
1000000 | Date
| 22 Clazs=
0 23 Spectrometer 100. 61
J Frequency
i ! 2 i Lo 24 Spectral Tidth
25 Lowest
Frequency
26 Nucleus 13C
—1000000) 27 Acquired Size 17835
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T s = . 20mmn
250 240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10 -20 -30 -40 | == Spectral Size 32768

f1 (ppm)
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Varian QFT-ESI

File: hj-1_ESl.trans

Mode: Megative

Date:  15-JAN-2013

Scans: 1 Time: 16:10:06
Scale: 11.6798
261.0928
OH O
3la
262.0960
256.2365
1 265.1480 269.2494
. A ey . o " N s et A I Al . e e Y
I\IIII\III\III\III'\II\III\\II\II\III\III‘II\\|IIII|I\II|\III|\II\|II\\III\I\\IIl\IIIIII\I
256 258 260 262 264 266 268 270 272 274
Mass/Charge
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(1-hydroxy-4-phenylnaphthalen-2-yl)(phenyl)methanone(3ma).
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. (E+07

SE+07

. (E+07

. SE+H07

CE+07

. BEH07

. (E+07

. (E+06

. (E+00

Parameter
1 Data File Hame

Title
Comment
Origin
Owner

Site
Spectrometer
Author
Solvent

= A A

10 Temperature

11 Pulse Sequence
12 Experiment

13 Frobe

14 Humber of Scans
15 Receiver Gain

16 Relaxation
Delay

17 Fulze Width

18 Presaturation
Frequency

19 Acquisition
Time

20 hcquisition
Date

21 Modification
Date

22 Class

23 Spectrometer
Frequency

24 Spectral Width

25 Lowest
Frequency

26 Hucleus
2T hequired Size
28 Spectral Size

Value

B/ HRESS mikm
SHELRTRE/ &
BB BT B SL/
PB 7B ERRES o-
ZEFCERS
gl-21-2ben/ 1/ pdataf
1 1r

gl-21-Zben. 1. 1. 1r

Bruker BioSpin GmbH

nmr 51
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CICL3

300.0

zg3l

bl

S mm PAEBO BB/
19F-1H/ I Z-GRD
Z103818/ 0925
18

Bl

1. 0000

14. 4000

4. 0594
2013-01-21T09:06:00

2013-01-21T09:08: 25

400. 13

8012.8
-1585.0

1H
JETRE
B5536



g1-21-Zben. 2. 1. 1x

201 493
163362
140.028
138175
135793
131.718
130604
130.454
130,160
128.098
125 .459
128437
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125 957
125545
124 787
112,199
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§
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—-10 =20 =30

Farameter

1 Data File Name
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Comment

w3

.

Origin
Ovmer

Site

m o

Spectrometer
8 Author

8 Solvent

10 Tezperature

11 Pulze Sequence
12 Ezperiment

13 Frobe

14 Fumber of
Scanz

15 Fecedver Gain

16 Felaxation
Delay

17 Fulze Width

18 Presaturation
Frequency

1% Acquisiticn
Time

20 Acquisiticn
Date

21 Modification
Date

23 Spectrometer
Frequency

24 Spectral Width

25 Lowest
Frequency

28 Fucleus

27 Acguired Size

Value

B/ FiEE/ St
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pdata’ 1/ 1r
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Bruker BioSpin GzbH
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Z108618/ 0525
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1. 0000




Varian QFT-ESI

File: hj-2_ESl.trans

323.1075

3241113

Mode: Negative Date: 15-JAN-2013
Scans: 1 Time: 186:08:14
Scale: 75.5743
OH O
3ma

NV !

L
315

LI I LA I L
320
Mass/Charge
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340



1-hydroxy-N,4-diphenyl-2-naphthamide(3na).
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Farameter
1 Data File Name

Title
Comment
Origin
Owmer

Site

1o ot e ta PR3

Spectrometer

8 Author

% Solvent

10 Temperature

11 Pulze Seguence
12 Ezperiment

13 Probe

14 Number of Scans
15 Receiver Gain

16 Relaxation
Delay

17 Fulze Width

18 Frezaturation
Frequency

19 Acquisition
Time

20 Acquisition
Date

21 Modification
Date

23 Spectrometer
Frequency
24 Spectral Width

7 Acquired Size

B3R ora

8 Spectral Size

PR B AR
11t—0106-amide/ 1/
pdata/ 1/ 1r
11t—0106-amide. 1. 1. 1r
FROTON

Bruker BiocSpin GzbH
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283.8

zg3l

v}

5 mm PAEBO BE-1H/ D
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8
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200
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F=2000000

=1 Ot e &2 Pa

@

9

Farameter

Data File Name

Title
Comment
Origin

Ommer

Site
Spectrometer
Author

Solwvent

10 Temperature

11 Ful=e Sequence
12 Ezperizent

13 Prche

14 Fumber of Scans

15 Feceiver Gain

16 Felaxation
Delay

17 Fulze Width

18 Fresaturation
Frequency

1% Acquisiticn
Time

20 Acquisiticn
Date

21 Modification
Date

23 Spectrometer
Frequency

24 Spectral Width

25 Lowest
Frequency

& Nucleus

z
27 Acquired Size
z

8 Spectral Size

Value
B/ FiEE) @it
EHSLRTFRE/S E
EF&ZEZEE" S1/ E
FRIEBIERE/
11t-0106-amide/ 2/
pdata/ 1/ 1r
11t-0106-amide. 2. 1. Ir
C13CFD
Bruker BicSpin GmbH

common

spect

CDC13

2843

zgpe3l

1D

5 =m PABBO BE-1H/ D
I-GFD Z108618/ 0258
867

203

1. 0000

12,0000

0. 4588
2013-01-06T14:35:00

2013-01-08T14:56: 00




i _ Mode: Negative Date: 08-JAN-2013
Varian QFT-ESI Scans: 1 Time: 12:05:51

File: aniline_ESl.trans Scale: 3.5T741

338.1193

1 OH O

i 3na

339.1230

- 340.1253
4 337.1230
L

#Il\llI\IlI\III\II\'I\III\III'II\IlI\IIl\III‘III\lII\Ill\ll'I\III\II'\IIIIII\\ll\\Il\IIIFIII\IIIIIF\II\III\III\III\III‘III\'I\\Il\IIIIII\I'I\III\II
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Mass/Charge
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Ethyl 1-hydroxy-4-phenylanthracene-2-carboxylate(30a).

hﬁhi.zbzléo]bll—]lm-—‘1m‘—ci)h‘—coca‘—mthDm‘—mmmmthDmemmDN 8
O - OO TN OMN ORI 00D TN— OO0 0D O MO T O — e |
SO0 0O0OD~ T T T T I T EOON =000 T T AT T T 21000000 Farameter
B = = S S S S e S S e e e N e e B it Q e
it L O i i 5 J S ST S i 1 Data File Name
——— T — 20000000 =5 ]
FREZERZ
18000000 FRZECEER/
hj-12.21/ 1/ pdata/
18000000 1 1r
2 Title hi-12.21.1.1. 1r
© 6000000 F1T000000 |3 Comment
4 Origin Bruker BioSpin GombH
16000000
[-5000000 5 Owner nmrsu
OH O 15000000 |8 Site
4000000 7 Spectrometer zpect
O o poeliie
3000000 9 Solw 3
L-13000000 | % olvent CDC1
10 Temperature 300.0
2000000 12000000 | 11 Fulse Sequence zg30
12 Experiment iD
1000000 11000000 |13 probe 5 == PABEO EB/
18F-1H/ D I-GRD
0 30a 10000000 7108618/ 0525
H bt Bl [ nas L 5000000 4 Nuzber of Scans 18
a 3 S a ,“E Q S 1000000 15 Receiver Gain 133
. b . = (I\‘ h— =x (I\‘ — 8000000 | 18 Relazation 1. 0000
L6 84 82 80 T8 7.6 7.4 7.2 1.0 Delay
£1 (ppm 7000000 | 17 Pulsze Width 14. 4000
18 Fresaturatien
FE000000 Fregquency
1% Acquisition 4. 08584
2000000 Time
20 Acquisition 2012-12-21T14:36:00
1 4000000 Date
| 3000000 21 %adificatiaﬂ
ate
2000000 22 Class
23 Spectrometer 400. 13
! 1000000 Frequency
M) | 24 Spectral Width 80128
o 25 Lowest -1548. 5
i — L ¥ 1 Frequency
(=) @M —00moy o I -
2 eeoo- -9 e - 1000000 | 25 ¥ucleus iH
— — = o — o o -
e — 19788
L_s000000 | 2 Acguired 32768
T T T T T T T T T l T T T T T T T T T T 28 EPECtTE] 85538
16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o -1 -2 -3 L
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hj-12.21.2. 1. Ir
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158,289
144 882
134786
133615
131.265
129.762
129.304
128184
128.000
128.740
128.469
127 375
127 180
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=124 938
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\
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{
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T

Farameter
1 Data File Nazme

Title
Comment
Origin
Owmexr

Site

=1 BN e G B3

Spectrometer

@

Author

% Solvent

10 Tezperature

11 Pulze Sequence
12 Experiment

13 Frobe

14 Number of 5cans
15 Receiver Gain

18 Relazaticn
Delay

17 Fulse Width

18 Prezaturaticn
Frequency

19 Acquizitien
Tize

20 Acquizitien
Date

21 Modification
Date

22 Claszs

23 Spectrometer
Frequency

24 Spectral Width

25 Lowest

Frequency
& ¥ucleus

z
27 Acquired Size
z

B Spectral Size

Value
Ex/ HFigE/ @kt
FRE LB R =
FRZBLE/ 51/ E

ERCECEEE
hi=12.21/ 2/ pdata/
1/ 1r

hj-12.21.2.1.1r
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18F-1H/ D I-GRD
108618/ 0525
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8. 5000

0. 4554
2012-12-21T14:45:00

2012-12-21T15:05:2

%]
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35714.3

—7786.8

13C
17855
32768




Varian QFT-ESI
File: 341_ESl.trans

Mode: Megative Date: 21-DEC-2012
Scans: 1 Time: 15:18:51
Scale: 34.6137
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Ethyl 7-hydroxy-4-phenyl-3a,7a-dihydrobenzo[b]thiophene-6-carboxylate(3pa).

LT-0610-ASF.1. 1. 1r
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Farameter Value
1 Data File Name E:/ FiEE/ Fiddr
/
LT-0610-ASF/
pdata/ 1/ 1r
2 Title LT-0610-A5F. 1. 1. 1r
3 Comment
4 Origin Bruker BigoSpin GzbH
5 Owner nmrau
& Site
Spectrometer spect
8 Author
% Solvent CDC13
10 Tezperature 2985
11 Fulze Sequence zgil
12 Experiment 1D
13 Frobe 5 mm FABBO BB/
18F-1H/ D Z-GRD
Z108618/ 0525
14 Nuzber of 16
Scans
15 Receiver Gain 113
16 Relaxation 1. 0000
Delay
17 Fulze Width 14, 4000
18 Fresaturation
Frequency
19 Acquisition 4. 0854
Time
20 Acquisition 2015-06-10T12:15:00
Date
21 Modification  2015-08-10T12:12:00
Date
22 Class
23 Spectrometer  400.13
Frequency
24 Spectral Width B01Z.8
25 Lowest —1550. 5
Frequency
28 Nucleus 1H
27 Acquired Size 3278
28 Spectral Size 6553



LT-0610-45F. 2. 1. 1r
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Sample Name Ic/ms Position P1-A2 Instrument Name Instrument 1 User Name
Inj Vol -1 InjPosition SampleType Sample IRM Calibration Status Some Ions Missed
Data Filename  LT-0610-ASF.d ACQ Method chen-ms.m Comment Acquired Time 6/15/2015 10:30:15 AM

x10 1 | +*ESI Scan (0.864-1.092 min, 15 scans) Frag=175.0V LT-0610-ASF.d Subtract (2)
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Ethyl 7-hydroxy-4-phenylbenzofuran-6-carboxylate(3ga).
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Parameter

1 Data File Hame

Title
Comment
Origin

Owner

Site
Spectrometer
Author

mom -1 | ds ) [

Solvent

10 Temperature

11 Pulze Sequence
12 Experiment

13 Frobe

14 Humber of
Scans

15 Receiver Gain

16 Relaxation
Telay

1T Pulse Width

18 Fresaturation
Frequency

19 Acquisition
Time

20 hequisition
Date

21 Modification
Date

22 Class

23 Spectrometer
Frequency

24 Spectral Width

25 Lowest
Frequency

26 Hucleus

2T hcquired Size

28 Spectral Size

Value

B/ FEES @
SHEMRITRELE F
B2 BB ST/
LT-0610-4FH/ 4/
pdata/ 1/ 1r
LT-0B10-AFH. 4. 1. 1r

Bruker BioSpin GmbH

nmr 51

spect

CIC13
2957
zg30
1D

S mm PAEEO BES
19F-1H/ DI Z-GED
Z103618/ 0525
16

159
1. 0000

14. 4000

4. 0394
2015-06-10T13:32:00

2015-06-10T13:25:00

400. 13

8012.8
-1546. 3

1H
JETRE
BS536



LT-0610-4FN. 5. 1. 1r

— O NODO® T — N — O —
COHT OO NWNOOo — 0 wr~Q — o™
gaadnerdiacond 828 B 8 E—
APPSR e~ © -— 1 Data File Name E:/ Fig%E/ &itndr
B Tl ~ EMELHTRD/ &
ERZ. BB/ 51/
2400000 LT-0810-AFY
pdata/ 1/ 1r
2 Title LT-06810-AFN. 5. 1. 1x
F2200000
3 Comment
4 Origin Bruker BioSpin GzbH
2000000 3 Owner nmrsu
& Site
- 1&00000 7 Spectrometer spect
OH O 8 Auther
§ Solvent CDC13
0 | % So
()//N\\‘ 1600000 1,5 Temperature 289, 2
\ 11 Pulze Sequence zgpg30
1400000 12 Experizent iD
13 Probe 5 =m FAEEO BB/
18F-1H/ D I-GRD
1200000 Z10B618/ 0525
14 Number of 382
3qa Scans
1000000 15 Receiver Gain 158
16 Relazaticn 1.0000
Delay
FE00000 137 Pulse Width  9.5000
18 Presaturation
Frequency
600000 19 Acquisition 0. 4999
Time
20 Acquiszition 2015-06-10T13:34:00
| 400000 Date
21 Modification  2015-06-10T13:35%:00
Dat
200000 e
22 Cla=s
23 Spectrometer 100. 61
=0 Frequency
24 Spectral Width 357143
25 Lowest —7786.8
F—200000 Frequency
26 Nucleus 13C
T T T T T T T T T T T T T T T T T T T T T T T T T T T T 97 Acquired Size 17855
‘B0 240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 &0 70O @0 50 40 30 20 10 O -100 -20 -30 e o . -
£1 (ppm 2B Spectral Size 32768
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Sample Name

Inj Vol

Data Filename

le/ms
-1
LT-AFN.d

Position
InjPosition

Instrument Name
SampleType

ACQ Method chen-ms.m Comment

User Name
IRM Calibration Status Some Ions Missed
Acquired Time 6/15/2015 10:25:29 AM

x10 2

0.95
0.9
0.85-
0.8
0.75
0.7
0.65
0.6
0.55
0.5
0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05

+ESI Scan (1.609-1.901 min, 19 scans) Frag=175.0V LT-AFN.d Subtract (2)

1

255.0639

ol

283.0964
(M+H)+

B A

OH O

Zo)

3qa

305.0775

1

240

1
245 250 255 260 265 270 275 280 285 290 295 300 305 310 315 320 325 330

Counts (%) vs. Mass-to-Charge (m/z)
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Ethyl 7-hydroxy-4-phenyl-1H-indole-6-carboxylate(3ra).

LT-0610-ASF. 1. L. 1r
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15000000

14000000

13000000

12000000

11000000

10000000

2000000

8000000

7000000

6000000

5000000

4000000

3000000

2000000

1000000

Farameter Value

1 Data File Name E:/ FiEE/ &ifdr
EHSHETRE &

ERZECE/ 51/
LT-0610—ASF/ 1/
pdata/ 1/ 1r

2 Title LT-0610—ASF. 1. 1. 1r

3 Comment

4 Origin Bruker BicSpin GzbH

5 Owner nmrsu

& Site

Spectrometer zpect
8 Author
% Sclvent CDC13

10 Tezperature 298.5

11 Pulze Sequence zg3l

12 Ezperiment 1D

13 Probe 5 == PABEO EB/
18F-1H/ D I-GRD
Z108618/ 0525

14 Nuzber of 16

Seans
15 Receiver Gain 113

16 Relaxation 1. 0000
Delay

17 Fulse Width 14. 4000

18 Fresaturation
Frequency

19 Acquisziticn 4. 0854
Time

20 Acquisition 2015-06-10T12:15:00
Date

21 Modification  2015-06-10T12:12:00
Date

22 Clazs

23 Spectrometer  400.13

Frequency
24 Spectral Width 8012.8
25 Lowest -1550.5
Frequency
28 Nucleus 1H
27 Acquired Size 32788
2B Spectral Size 65536



LT-0610A5F. 2. 1. 1r

143.998
140.191
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129.307
129.048
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T8.717

—170.870
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T T LN B |
10 0
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Farameter

1 Data File Name

Title

a3

Comment
Origin
Owner

Site

5
&

Spectrometer

Author

% Sclvent

10 Tezperature

11 Pulse Seguence
12 Experiment

13 Frobe

14 Number of
Scans

15 Receiver Gain

16 Relaxzation
Delay

17 Fulse Width

18 Prezaturation
Frequency

19 Acquisition

Time

20 Acquisition
Date

21 Modification
Date

2 Clasz

ra

=]

3 Spectrometer
Frequency
Spectral Width
5 Lowest
Frequency

-

rara

28 Fucleus
27 Aequired
08 5

B Spectral

Value

B/ FEE/ Eihd

LT-0610-ASF/ 2/
pdata/ 1/ Ir

LT-0610-45

L2 1 dx

Bruker BioSpin GzbH

nmrsu

spect

5 mm FABBO BB/
18F-1H/ D ZI-GRD
108618/ 0525

723

119
1. 0000

8. 5000

0. 45595

2015-06-10T12:

ta
ca

200

2015-06-10T12:31:00

100. 61

&




Sample Name All Position P1-B2 Instrument Name Instrument 1 User Name
Inj Vol -1 InjPosition SampleType Sample IRM Calibration Status Some [ons Missed
Data Filename  LT-PYR.d ACQ Method chen-ms.m Comment Acquired Time 6/26/2015 4:56:18 PM

+ESI| Scan (0.642-0.658 min, 2 scans) Frag=1 75.0V LT--PYR.d Subtract (4)

282.1130
(M+H)+

OH O
H
1.5 N O o
1.4 \
3ra

0.9

0.8

0.7
0.6
0.51
0.4
283.1153
0.3 281.1509 (M+H)+

0.2 289.1226

0.1
284.2956 286.3169
287.3205
L’“—"'\MWJ | [ _jL\_A 4 A AR 289'6201.

281 282 283 288 289 290

284 285 286 287
Counts (%) vs. Mass-to-Charge (m/z)
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Ethyl 5-hydroxy-8-phenylquinoline-6-carboxylate(3sa).

11000000

10000000

FT000000

4000000

1000000

O

=
R e 00wy o0 =41
55325583288 33§ 2
e e —_——— T
e P
LaE+06
LGE+06
4406 OH O
PN
L2E+06 = 0
NS
FOE+00 N
L-2E+06 ‘
3sa
1
1
i
LJJ i JL J
X FaET e iy "
=] £2225 £ =
- —— =i i e
T T T T T T T T T T T T T T T T T T T T T T T T L T T T T T
6 15 14 13 1z 11 W 9 8 1 & 1 2 1 0 -1 -2 -3
1 {(ppm)

5163

Parameter
Data File Name

2 Title
3 Comment

Origin
Cwmer
Site

[- - RS

Specirometer
Author

Solwent
10 Temperature

=N

11 Pulse Sequence
12 Experiment
13 Frobe

14 Number of Seans
15 Recelver Gain

16 Relazation
Delay

17 Fulse Width
18 Presaturation
Freguency

1% Aequisition
Thme

0 Acquisition
Date

21 Wodification
Dare

2 Class

¥} Speclromeier
Freguency

24 Spectral Width

25 Lowest
Freguency

6 Nue leus

27 Acquirved Size

M Speciral Slze

Value

C:f UsersS lenovad
Deskrop Fi 0 B RS
R/ PesbEEs 1
pdata/ 1/ 1r
T-HT0E0. 1. 1. Ir

FROTON COCLE {D:y
SME_[ATAY Wangbin)
Wanghin 30

Bruker BloSpin GmbH
raat

spect

IC13
294 0
230
1

5 mn PABBO BB/
19F-1HS D 2-GRD
Z10B618/ 0525

16
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L. 0040

14. 4000

4. OEG4
201 7-02-20T09 - 10: 00

201 T-02- 20709 - 06 : 0

400, 13

BO12 8B
-1550. %

32768
B5514
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Parameter
1 Data File Name

2 Title

e

Origin
3 Dwner

B Site

T Spectrometer
& Author

9 Salvent

10 Temperature

11 Pulse Seguence
12 Experiment

13 Probe

14 Mumber of
Scans

13 Receiver Gain

16 Relaxation
Delay

IT Pulse Width

18 Presaturation
Frequency

19 Acquisition
Time

20 Acquisition
Date

21 Modification
Date

22 Class

23 Spect rometer
Frequency

24 Spectral Width

5 Lowast
Frequency

2 Muc leus

2T Acquired Size

28 Spectral Size

Value

C:f UsersS lenoveS
Desktop/ I HES
S PeEEERs 2/
pdata 17 1r
LE=2017=2-20w. 2. 1. 11
CLECPD COCL3 (D:h
MUR_DATAY Wangbint
Wanghin 22

Bruker BioSpin Gubi

oot
=pect
RNk
2926
zrpRdd

5 mm PAHBO BB/
19F-1HS [ 2-GRD
FIEELRS 0525
1024

113
1. 0000

1. 0O

0. a9
BQIT-02-20T20: 52 : 00

201T-02-20T20:49: 00

100 &1
35T 3
—TT96. B

13C
17835
E2TGR




Sample Nama  Sampie? Position P-A7 Irstrumaent Name Instrurment 1 Usar Mame
Ing Val 1 InpPesition SampleType Sample 1M Calibwration Status
Data Filenama  TT-20161107 4 ALQ Method cher Coemment Acguired Tima

Sorme Jons Mssed
U006 5020 PM

+ES| Scan (3.550-3, 728 min, 12 acans) Frog=175.0v TT-20161107.d Subtract (2)

=10 "
204 1125
2.2 (L R
21 ]

. [
o
I

OO0 00 DO o= o
L & 0 B ~ &8 =« = N W & 0O O 5 & 0

248.0705
|

=]
=

] ¢

| 3sa

TH 100 120 10 175 200 226 250 2TH I L35 G0 IS 400 425 as50
. Counts vi. Mo ss-to-Charnge (md's)
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1-hydroxy-4-phenyl-2-naphthonitrile(3ta).
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Parameter
1 Data File Hame

2 Title

3 Comment

Origin
Owner

Site
Spectrometer
Author
Solvent

mom - W

10 Temperature

11 Fulse Sequence
12 Experiment

13 Frobe

14 Fumber of
Scans

15 Receiver Gain

16 Relaxation
Telay

1T Fulse Width

15 Presaturation
Frequency

19 hequisition
Time

20 hequisition
Date

21 Modification
Date

22 Class

23 Spectrometer
Frequency

Value

C:f Users/ haron/
Desktop/ 1105-4/ 17
pdataf 1/ 1r
1105-4.1.1. 1r

FROTON IMSO {D:%
WME_DATAY Wangbin}
Wanghin 23

Erulter BioSpin GmbH

nmr su

spect

mso
2841
zg30
bl

S5 mm FPAEEO BE/
19F-1H/ I Z-GRD
Z103618/ 0525
16

B1
1.0000

14. 4000

4. 0594
2015-11-16T05: 5700

2015-11-16T05: 49:00

400, 13

24 Spectral Width 80125

25 Lowest
Frequency

26 Hucleus
27 hequired Size
28 Spectral Size

-1535. 4

1H
3ETBE
B5536



1105-4. 2. 1. I

BEELNSHETCHEERE ) 0N €7 1D 0 P~ 00
CL3CPD DMSO {D:\)NMR,_DATA\Wangbh 1%} Caaghin 3 &) O = & o4 00 1= = & PEEN R v A a1
00 = 0 0 0300 00 P 60 0 W0 00 oo 2 e e e s arameter vaius
LOODOONMNNNNANN- O SIIEBER 14000000 |1 pata File Name C:/ Users/ Aaren/
e b S Ry L Desktop/ 1105-4/ 2/
pdata’ 1/ Ir
13000000 5 14y, 1105-4.2. 1. 1r
3 Comment {D:\
12000000 . Wanghin}
i 4 Origin Bruker BioSpin GzbH
OH 11000000 |5 Owner nmrau
L & Site
CN 10000000 7 Spectrometer  spect
B Author
% Solwent DMs0
9000000 | 4 Temperature 285.0
r 11 Fulse Sequence zgpg3l
Feo00000 | 12 Esperizent 1D
13 Frobe 5 == PAEEOD BB/
3ta 18F-1H/ D I-GRD
7108618/ 0525
800
6000000 |15 Receiver Gain 200
r 18 Felaxation 1.0000
15000000 Delay
17 Fulze Width 9 5000
18 Frezaturation
4000000 Freguency
L 19 Acquizition 0. 4555
Time
~3000000 20 Acquizition 2015-11-16T09 1 06:00
+ Date
1
2000000 21 Modification  2015-11-16T08:05:00
| Date
22 Class
1000000 | 23 Spectrometer  100.81
| Frequency
24 Spectral Width -3
o 25 Lowest .B
Frequency
-1000000 | 26 M¥ueleus 13C
27 Aequired Size 17B55
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 98 Spectral Size 32768
240 220 200 180 160 140 120 100 80 60 10 20 0 -2 -0 T TRSTiYAl TaEe

f1 (ppm)
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Sample Name Ie/ms
Inj Vol 1
Data Filename 1105-4.d

Position P1-A2
InjPosition
ACQ Method chen-ms.m

Instrument Name
SampleType
Comment

Instrument 1
Sample

User Name

IRM Calibration Status

Acquired Time

Some Ions Missed
11/23/2015 2:33:54 PM

x10 2 |-ESI Scan (3.944-3.976 min, 3 scans) Frag=175.0V 1105-4.d Subtract (2)

244.0775
1 (M-H)-

0.95
0.9
0.85
0.8
0.75
0.7
0.65
0.6
0.55
0.5
0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1

0.05 L

L

OH

3ta

CN

100 125 150

5168

175 200 225 260 275 300 325 350 375 400 425 450 475
Counts (%) vs. Mass-to-Charge (m/z)

500 525 550 575



4-(4-Ethoxyphenyl)-1-hydroxy-2-naphthonitrile (3tc).
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Parameter

1 Data File Name

2 Title

w
2
E

rigin
(et
Site

Author
Solvent
10 Temperature

4
5
-]
7 Spectrometer
B
]

11 Pulze Seguence
12 Exper iment
13 Probe

14 Number of Scans

15 Beceiver Gain

16 Relaxation Delay

17 Pulse Width

18 Presaturat ion
Freguency

1% Arquisition Time

20 Acquisition Date

2] MdiFication Date

2 Class

23 Spectroneter
Freguency

24 Spectral Width

25 Lowest Freguency

26 Nueleus

27 Arquired Size

2R Spectral Size

Value
C:f Users/ Aarony
Deskrop/ RS -
plEL-250/ 1/ pdatad 1S

lr

le-plEL-250. 1. 1. 1r
FROTON DMSO (D:,
NMR_DATAY, Wanghin}
Wanghin 18

Eruker BioSpin GmhH

rosl

spect

sy
0.5
zgd0
1

5 mm PABBO BHS 19F-1HS
I #-GRD Z10RG18, 0525

16

B4

1. D000
14, 4000

4. 0H94
160321722 00:00
M1E-05-21TE: 00250

400, 13

BOLZ. 8
—1535. 4
14
J2T68
64536




li-plEt-250. 2, 1. Ir
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131463
130982
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126352
125350
123745
118.201
114 849
—93.858
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410.551
40,341
40,130
38923
39,717
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|

39,295
—15.163

g

OH
CN
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Data File Name

Title

Comment

Origin
hner

Site
Speclroneler
Author

Solvent
Temperalure
Pulse Sequence
Experimenl
Probe

Mumber of Scans
Beceiver Gain
Relaxation Delay

T Pulse Width

Presaturalion
Freguency
Acguisition Time
Aeguisition Date

Modilication Date

= 100000

50000

=0

==50000

100 50 ] =50

$170

22 Class

23 Speclroneler
Freguency

24 Spectral Wideh

23 Lowest Freguency

26 Nucleus

27 Aequired Size

24 Spectral Size

Value

C=f UsersS Aaron/
Desktop/ B/ 1i—
pOEL-250/4 20 pdavas 1/
Ir

1r—plEr-2500 2. 1. Ir
CI3CPD aesh Db,
NME_DATAN Wanghin)
Wanghin 13
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1. 0000

10, 0000
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A016-03-21T22:04:12
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i E




4-(4-Bromophenyl)-1-hydroxy-2-naphthonitrile (3tk).

LT —0E

FEE00000

=2000000

~T500000

= T000000

-E500000

FE000000

5500000

FS000000

F4500000

4000000

F3500000

= 3000000

2500000

- 2000000

= 1500000

= 1000000

-500000

=0

==500000

[%‘wl'qnm-—#-elnwuamw-—m-ewmmhnmwh wi =
ISR EERREREBEEETETYSSE B od
v—lﬂml?mhhhhhhhhhhhhhhhhh;h m ]
= e e I
YRENECEZE R EAHEE OH
Pobs P B P R AR W R S FEE+06
Fo b P B P B B B B B B B e B P CN
i e N
| +AE+06
i [
FIE+06
+=0E+00
T T
= w3
o = =—IE+H)f Br
T T T T T L) T T T T T T 3tk
7.8 7 . 6 T 7.4 7.3
f1 (ppm)
i 1
A I L
T A
— =Rl
@ coo
(=] —uwe
T T T T T T T T T T T T T T T T T T
16 15 14 13 12 11 1 @ B 7 & B 2 1 1] -1 -2 -3
f1 (ppn)

S171

Parameter
1 Data File Mame

Title

Comment

[

Origin

Cwner

Sie

Spec LromeLer
Authar

=N - Y

Solvent

10 Temperature

11 Pulse Sequence
12 Experiment

13 Probe

14 Number of Scans

15 Receiver Gain

16 Relaxation Delay

17 Pulse Width

18 Presaturation
Fraguency

14 Acquisition Time

20 Acquisition Date

21 Mol Ficatfon Date

22 Class

23 Spectrometer
Freguency

24 Spectral Width

25 Lowest Freguency

26 M lews

27 Acquired Size

2R Spectral Size

Vil

Cof Users/ Aarons
Deskiopd LT/ LT-0407-
OB/ 1 pdavaf 1/ 1r
LT-0407-0E1. L 1. Ir

Bruker BioSpin Gabd

nErsw

specl

50
2034
zgdl
10

5 mn PAHBO BB/ 19F-1HS
b 2-GRD 108618/ 0525

16
1149
1. 0000
14 4000

4. 0854
2015-04-12T049: 16:0d
2015-04-12T09: 12:48

4. 13

a01z. 8
1532 5
1H
J2T6E
65536




LT-0407-0Et. 2 1. ir

L@~ NQ@MQ 0P P T W e
IEEIZNREES02E8  zgsggsg
EEFdEnRREEERaS SocSooTa
—rrrrrrrrrrrTeC T e 0 = o M Mem
e N e e et e
OH
CN
Br
3tk
ol
[
]
L i il eaiely i - _
250 200 150 100 50 ] -5
fl ippm)

$172

Parameter

1 Deata File Name

2 Title

4 Coment

4 Urigin

5 Owner

6 Site

T Speclrometer
4 Author

4 Solvent

10 Temperature
11 Pulze Sequence
12 Experiment
1% Frobe

14 Number ol Scans

15 Beceiver Gain

16 Kelaxation Delay

17 Pulse Width

18 Presaturat fon
Freguency

19 heguisition Time

20 Acguisition Date

21 Modification Date

22 Class

23 Speclromeler
Frequency

24 Spectral Wideh

25 Lowest Frequency

26 Nucleus

AT heguired Size

I8 Spectral Size

Value

Cof Usersd Aarond
Desktop LT/ LT-0407-0ELS
& pdatad 17 1r

LT-0407-0Ee. 2. 1. Ir

Bruker BioSpin Gabi

narsu

specl

S0
283.5
Zgpedl
10

5 mm PABBO BES 19F-1HS D
I-GRD Z108618F 0525

1435
114
1. 000D
9. 5004

0. 49499
2015-4-12T09: 18- 00
2015-4-12T09: 35: 26

100, 61

357143
~TT6. &
130
1TRS5
A276R




Ethyl 2-benzoyl-2-bromoacetate A

-20000

-19000

—18000

-17000

-16000

-15000

-14000

—13000

-12000

-11000

-10000

9000

~8000

-7000

-6000

-5000

-4000

~3000

-2000

~1000

——1000

LT-0608-Br. 1. fid CTTOROULAN T T NOORO OO M~ 0o
SOOoOMWNVOOOOEUING OMAaq NN
WOWMNMNNNNNMNMNMNNNNE < =
e ) 2 305 o

553883 88855508 T

o0 60 O M= P~ e S S 7000 O O

F2=S PSSO
6000
5000 (:)’//N\\\\
4000 Br
3000 A
2000
1000
-0
<
] F—1000
T
8.0 7.9 7.8 T.7 7.6 7.5
f1 (ppm)
|
|
A S L)\.)L .
)?g ! it 1
DT 3 S ]
-0~ [=} — o

T T T T T T T T T T T T T T T T T T T T

16 15 14 13 12 11 10 9 8 T 6 5 4 3 2 1 0 -1 -2 -3

£1 (ppm)

$173

Parameter
1 Data File Name

2 Title

3 Comment

4 QOrigin

5 Owner

6 Site

7 Spectrometer
8 Author

9 Solvent

10 Temperature
11 Pulse Sequence
12 Experiment
13 Probe

14 Number of
Seans

15 Receiver Gain

16 Relaxation
Delay

17 Pulse Width

18 Presaturation
Frequency

19 Acquisition
Time

20 Acquisition
Date

21 Modification
Date

22 Class

23 Spectrometer
Frequency

24 Spectral Width

25 Lowest
Frequency

26 Nucleus

27 Acquired Size

28 Spectral Size

Value

C:/ Documents and
Settings/
Administrator/ Siifl/
[ A e R
i P A
LT-0608-Br—#§ift1, 3=
HALAW/ 1/ rid
LT-0608=Br. 1. fid

Bruker BioSpin GmbH

nmrsu

spect

CDC13

298.7

zg30

1D

5 mm PABBO BB/
19F=10/ D Z-GRD
2108618/ 0525
16

113
1. 0000

14. 4000

4. 0894
2015-06-09T21:13:00

2015-06=09T21:09:00

400. 13

8012. 8
-1543.0

1H
32768
65536




LT-0608-Br. 2. fid

1100

1000

900

800

700

600

500

400

300

200

100

0

=100

e © 8328 ge<-g g 3
" o MO~
8 8 3388 MG o o
— — ——— [ -
| | ~ SN A |
Br
A
| |
T T T v T L T T T T T T T
250 200 150 100 50 i -5
f1 (ppm)

5174

Parameter

1 Data File Name

Title
Comment
Origin
Owner

Site
Spectrometer

Author

9 Solvent
10 Temperature

00 = @ O e Wb

11 Pulse Sequence
12 Experiment
13 Probe

14 Number of Scans

15 Receiver Gain

16 Relaxation Delay

17 Pulse Width

18 Presaturation
Frequency

19 Acquisition Time

20 Acquisition Date

21 Modification
Date

22 Class

23 Spectrometer
Frequency

24 Spectral Width

25 Lowest Frequency

26 Nucleus

27 Acquired Size

28 Spectral Size

Value

C:/ Documents and
Settings/
Administrator/ S/
& EARE T HY R
W EH S LT-0608-
Br—§ifi1, 3L A
/s 2/ fid
LT-0608-Br. 2. fid

Bruker BioSpin GmbH

nmrsu

speet

CDC13
299.2
zgpr30
1D

5 mm PABBO BB/ 19F-1H/
D Z-GRD Z108618/ 0525

264
133
1. 0000
9. 5000

0. 4999
2015=06=09T21:16: 00
2015=06=09T21:17:00

100. 62

35714.3
=7796. 8
13C
17855
65536




Sample Name

Inj Vol
Data Filen

x10 2

0.95
0.9
0.85

0.8

0. 75
0.7
0.65

0.6-
0.55-

le/ms Position
1 InjPosition
0608-DOWN.d ACQ Method

P1-B3 Instrument Name
SampleType

Comment

Instrument 1
Sample

User Name
IRM Calibration Status

ame Acquired Time

chen-ms.m

Some lons Missed
11/26/2015 11:54:42 AM

+ESI Scan (2.712-2.906 min, 13 scans) Frag=175.0V 0608-DOWN.d Subtract (2)

272.9945
270.9965
(M+H)+ (M H)+

0.5 j‘

0.45 - ‘|

0.4-

0.35 1 “

0.3
0.25 4

0.2+
0.15

0.1
0.05

271.9995
(M+H)+

273.9975
\ (M+H)+

S ’

265 266 267 268 270 271 272 273 274 275 276

Counts (%) vs. Mass-to-Charge (m/z)

269 277 278 279 280

$175

281



	2. Experimental Section
	(i) General Remarks
	(ii) Representative Procedure for the Preparation of β-ketoester[1]
	(iii) Representative Procedure for the Synthesis of 1-naphthol
	3. The Characterization of Products
	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 –...
	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 (...
	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), 7.44...
	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, 1...
	4. X-Ray Crystal Data for Compound 3aa
	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
	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)
	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)
	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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