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1. General remarks

All starting materials were purchased from commercial suppliers (Sigma-Aldrich Chemical
Co., Acros Organics, Alfa-Aesar). The o-bromobenzaldehydes were used without further
purification. All S-ketoesters were freshly distilled over MgSQOy4 prior to use. All reactions
were carried out under an argon atmosphere in oven-dried glassware with magnetic stirring.
Solvents used in extraction and purification were distilled prior to use. TLC was performed on
Alugram SIL G/UV;,s4 (Macherey and Nagel). Compounds were visualized with UV light (A
= 254 nm) and/or by immersion in an ethanolic vanillin solution followed by heating.
Products were purified by flash chromatography on silica gel 60 M, 230 - 400 mesh
(Macherey & Nagel). Melting points were determined on a Biichi melting point apparatus B-
545 with open capillary tubes and are not corrected. IR spectra were measured on a Perkin-
Elmer Spectrum One (FT-IR-spectrometer). UV/VIS spectra were recorded with a Varian
Cary 50. "H (**C) NMR spectra were recorded at 300 (75) MHz on a Varian Ui nova
spectrometer using CDCl; as solvent. The 'H and "*C chemical shifts were referenced to
residual solvent signals at oy 7.26 /77.00 (CDCls) relative to TMS as internal standards.
HSQC-, HMBC- and COSY-spectra were recorded on a Varian “"¥Inova at 300 MHz.

Coupling constants J [Hz] were directly taken from the spectra and are not averaged.

2. General procedures for the Cu(I)-catalyzed synthesis of naphthalenes 3a-i

a) General procedure using o-bromobenzaldehydes as substrates

An oven dried 10 mL vial was charged successively with 9.5 mg (0.05 mmol) Cul (99.999%),
18.6 mg (0.15 mmol) 2-picolinic acid (99%) (4), 652 mg (2.0 mmol) Cs,CO;3; (99.9%), 0.5
mmol of an o-bromobenzaldehyde 1 and 160 mg molecular sieves (4A). The vial was sealed,
evacuated and backfilled with argon (six times). Then, 1.5 mmol freshly distilled f-ketoester
2 and 3 mL of freshly distilled DMF were added using a syringe. The reaction mixture was
heated in an oil bath at 60 °C for 40 h and the reaction was monitored by TLC (PE/EtOAc =
5:1). After cooling to room temperature the reaction mixture was partitioned between 50 mL
ethyl acetate and 20 mL brine. The aqueous phase was extracted with ethyl acetate (2 x 40
mL). The combined organic layers were dried over MgSO4 and concentrated in vacuo. The
residue thus obtained was purified by flash column chromatography over silica gel

(PE/EtOAc = 20:1).
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b) Synthesis of 3a using o-lodobenzaldehyde (1b) as substrate

An oven dried 10 mL vial was charged successively with 9.5 mg (0.05 mmol) Cul (99.999%),
18.6 mg (0.15 mmol) 2-picolinic acid (99%) (4), 652 mg (2.0 mmol) Cs,CO3 (99.9%), 116.0
mg (0.5 mmol) of o-iodobenzaldehyde (1b) and 160 mg molecular sieves (4A). The vial was
sealed, evacuated and backfilled with argon (six times). Then, 195.0 mg (1.5 mmol) freshly
distilled ethyl acetoacetate (2a) and 3 mL of freshly distilled DMF were added using a syringe.
The reaction mixture was heated in an oil bath at 60 °C for specified time and the reaction
was monitored by TLC (PE/EtOAc = 5:1). After cooling to room temperature the reaction
mixture was partitioned between 50 mL ethyl acetate and 20 mL brine. The aqueous phase
was extracted with ethyl acetate (2 x 40 mL). The combined organic layers were dried over
MgSO, and concentrated in vacuo. The residue thus obtained was purified by flash column

chromatography over silica gel (PE/EtOAc = 20:1).

Table 1 Reactions between 1b and 2a.

10 mol% Cul
30 mol% 4
4 equiv. CsyCO3
CHO MS (4A), Ar CO,Et
Cly 2 -2 OO
' 0
1b 2a 3a CO,Et

entry T (°C) t (h) Solvent  3ayield (%)
1 60 40 DMF 73
2 60 20 DMF 63

c) Attempted synthesis of 3a using o-chlorobenzaldehyde (1c) as substrate

An oven dried 10 mL vial was charged successively with 9.5 mg (0.05 mmol) Cul (99.999%)),
18.6 mg (0.15 mmol) 2-picolinic acid (99%) (4), 652 mg (2.0 mmol) Cs,CO3 (99.9%), 70.0
mg (0.5 mmol) of o-chlorobenzaldehyde (1¢) and 160 mg molecular sieves (4A). The vial was
sealed, evacuated and backfilled with argon (six times). Then, 195.0 mg (1.5 mmol) freshly
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distilled ethyl acetoacetate 2a and 3 mL of freshly distilled DMF or NMP were added using a
syringe. The reaction mixture was heated in an oil bath and the reaction was monitored by

TLC (PE/EtOAc = 5:1).

Table 2 Attempted synthesis of 3a using 1c¢ and 2a.

10 mol% Cul
30 mol% 4
4 equiv. CsyCO3
CHO CO-Et MS (4A), Ar CO,Et
@[ e [ B oyent Oo
Cl 0
1c 2a 3a CO,Et

entry T (°C) t (h) Solvent  3ayield (%)
1 60 40 DMF --
2 40 40 DMF --
3 60 16 DMF --
4 100 16 DMF -

5 100 24 NMP ="




Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2012

-5- Supporting information: Cu(I)-catalyzed 3+2+1 annulation for the synthesis of polysubstituted
naphthalenes using o-bromobenzaldehydes and fS-ketoesters as substrates

3. NMR spectra for naphthalenes 3a-i

Diethyl-2-methylnaphthalene-1,3-dicarboxylate (3a)t!!
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Figure 1. "H (300 MHz) and "*C (75 MHz) NMR spectra of 3a in CDCls.

Dimethyl-2-methylnaphthalene-1,3-dicarboxylate @b
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Figure 2. "H (300 MHz) and "*C (75 MHz) NMR spectra of 3b in CDCl;.
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Diallyl-2-methylnaphthalene-1,3-dicarboxylate (3c)'"
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Figure 3. 'H (300 MHz) and °C (75 MHz) NMR spectra of 3¢ in CDCl;.

Dibenzyl-2-methylnaphthalene-1,3-dicarboxylate (3d)""
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Figure 4. "H (300 MHz) and ">C (75 MHz) NMR spectra of 3d in CDCl;.
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Diethyl-6-fluoro-2-methylnaphthalene-1,3-dicarboxylate (3e)!"!
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Figure 5. 'H (300 MHz) and "*C (75 MHz) NMR spectra of 3e in CDCl;

Diethyl-7-methyl-2-methylnaphthalene-1,3-dicarboxylate (3f)
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Figure 6. 'H (300 MHz) and "°C (75 MHz) NMR spectra of 3f in CDCl;
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Diethyl-2-methyl-6,7-methylenedioxy-naphthalene-1,3-dicarboxylate (3g)!"

H,0
(o)
CIoOT
le)
[e] (0]
CDCL; I\
\ I | |
|
\
\ . ‘Jul,UJ\ ;}‘ M
‘ ‘ ‘ ‘
8 7 6 3 2 1 pDm
- B o - e —

110 380
018036



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2012

- 15 - Supporting information: Cu(I)-catalyzed 3+2+1 annulation for the synthesis of polysubstituted
naphthalenes using o-bromobenzaldehydes and fS-ketoesters as substrates

CDCl3

G

SR A A WWWWWMWWWMW Pk

! |
0 140 120 100 2

Figure 7. 'H (300 MHz) and "*C (75 MHz) NMR spectra of 3g in CDCl;.

Diethyl-2-ethyl-6,7-methylenedioxy-naphthalene-1,3-dicarboxylate (3h)"!
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Figure 8. "H (300 MHz) and ">C (75 MHz) NMR spectra of 3h in CDCl;.
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Dibenzyl-2-methyl-6,7-methylenedioxy-naphthalene-1,3-dicarboxylate (3i)!"!
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Figure 9. "H (300 MHz) and "*C (75 MHz) NMR spectra of 3i in CDCls.
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