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4-Hydroxycoumarins (4-hydroxy-2-oxo-2H-1-benzopyrans) were syn-
thesized in good to excellent yields by C-carbonylation of 2-
hydroxyacetophenones with carbon monoxide in the presence of sulfur
and bases. This is the first example of sulfur-assisted C-Carbonylation
with carbon monoxide.

Carbon monoxide has been lately recognized to have consider-
able importance as a reducing agent or a source of carbon in
organic syntheses. For the utilization of carbon monoxide,
numerous of studies' have been carried out, which have pro-
vided many useful synthetic methods. However, with regard to
C-C bond formation using carbon monoxide, most of the
studies have been focused on carbonylation using a transition
metal catalyst. Only a few types of C-carbonylation with
carbon monoxide have been reported besides the transition
metal-catalyzed reactions: (1) carbonylation through organic
boron compounds,? (2) acid catalyzed C-carbonylation (Koch
reaction),? (3) reaction of carbanion with carbon monoxide.*
and (4) selenium-assisted carbonylation.®

We recently reported that selenium could assist the carbonyl-
ation of alkyl aryl ketone with carbon monoxide in the presence
of base to effectively afford coumarin derivatives in excellent
yields.’
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Table 1. Effects of Bases and Reaction Temperature in the Preparation
of 4-Hydroxycoumarin (2a)*

Run Base (mmol) Temp. °C)  Yield® (%)
1 DBU* 30 120 88
2 DBU* 30 120 78
3 DBN* 30 120 30
4 DABCO! 30 120 0
5 1-CH;(NC,Hg)® 30 120 0
6 K,CO4 30 120 0
7 NaOH 30 120 0
8 none 120 0
9 DBU 30 140 32

10 DBU 30 100 93

i1 DBU 30 90 89

12 DBU 30 80 95

13 DBU 30 70 69

14 DBU 30 60 7

* 1a (10 mmol), sulfur (30 mmol), Et;N (30 mmol), THF (20 mL), CO
(10 kg/cm?), 4 h.

" TIsolated yields based on 1a used.

¢ 1,8-Diazabicyclo[5.4.0]undec-7-ene.

4 In the absence of triethylamine.

¢ 1,5-Diazabicyclo[4.3.0]non-5-ene.

' 1,4-Diazabicyclo[2.2.2]octane.

¢ 1-Methylpyrrolidine.
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Table 2. 4-Hydroxycoumarins 2a—e Prepared

SYNTHESIS

Prod- R! R?2 R? Yield* mp (°C)® Lit. mp IR (KBr)* 'H-NMR (DMSO-d,/TMS)¢ MS (70eV)*

uct (%) (solvent) °C) viem™ 1) 1) mfz (%)

2a H H H 95 2051 2068 2400-3700, 5.66 (s, 1H); 7.20-8.00 (m. 4H); 162 (M*, 99),
(AcOEt/ 1710, 1615 12.48 (br s, 1H) 120 (100)
CeHg, 1:1)

2b H H CH; 84 229.5 230° 2850-3700, 2.08 (s, 3H); 7.20-8.04 (m, 4H); 176 (M*. 100);
(AcOE/ 1665. 1615 11.12 (brs, 1H) 121 (90)
CeHg, 2:1)

2¢ CH; H H 92 255.7 25810 25003600, 2.36 (s, 3H); 5.60 (s, 1H); 7.20- 176 (M*, 78);
(MeOH) 1685, 1610 7.68 (m, 3H); 12.40 (br s, 1H) 134 (100)

2d H CH;0 H 96 253.5 256 2400--3600, 3.84 (s, 3H); 5.50 (s, 1H); €.80~ 192 (M*, 100);
(MeOH) 1690, 1610 7.04 (m, 2H); 7.60--7.84 (m, 1H); 150 (91)

12.36 (br s, 1H)

2e H OH H 46 264.0 265° 2400--3700, 5.44 (s, 1H); 6.68-6.92 (m, 2H);, 178 (M*, 100);
(MeOH/ 1660, 1595 7.60-7.80 (m, 1H); 10.52 (br s, 136 (83)
CeHg, 1:1) 1H); 12.16 (br s, 1H)

* Isolated yield based on la—e used.
® Uncorrected, measured with a Mettler-FPS apparatus.
¢ Recorded on a JASCO A-3 Infrared spectrophotometer.

In this stady, we wish to report the sulfur-assisted C-
carbonylation of 2"-hydroxyacetophenones 1, which provides a
facile method for synthesis of 4-hydroxycoumarins 2.

0 base/THF/S OH
R! R3 CO{10 kg/cm?) R R3
80 °C/kh ~ 5 HS
46-96 % 2
R? OH R? 070
la-e 2a-e

Sulfur-assisted carbonylation of 2'-hydroxyacetophenones pro-
ceeded under milder reaction conditions (80°C, 10 kg/cm?) than
those for selenium-assisted carbonylation,® and afforded 4-
hydroxycoumarins in good to excellent yields. This is the first
example of C-carbonylation with carbon monoxide assisted by
sulfur to our knowledge.

In a study of reaction conditions using 2'-hydroxyacetophenone
(1a) as model, it was found that bases were indispensable and
considerably influenced the yields of 4-hydroxycoumarin (2a).
Various sorts of bases were examined (Table1).

As seen in Table 1, a mixture of DBU (1,8-diazabyciclo[5.4.0]
undec-7-ene) and triethylamine was suitable for this carbonyl-
ation (run 1).” Reaction temperature also affected the yield of 4-
hydroxycoumarin (2a). For example, 2a was obtained at §0°C
in almost quantitative yield (95 %; run 12), while considerable
decrease in yield was observed at 140°C (32%; run 9) or 70°C
(69 %; run 13).
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Scheme A

Several substituted 4-hydroxycoumarin (2b—e) were prepared
by the carbonylation of 2'-hydroxyacetophenones with carbon
monoxide and sulfur in the presence of DBU and triethylamine
at 80°C and 10 kg/cm? (Table 2).

4 Measured using a JEOL FX90Q spectrometer.
¢ Recorded on a JEOL HX-100 spectrometer.

Generally the 4-hydroxycoumarin derivatives were formed
selectively in good to excellent yields, while only the reaction of
1e resulted in low yield of 2e.

A suggested reaction path is illustrated in Scheme A.

The acetophenone is initially transformed into carbanion 3 by
base (DBU); then intermediate 4 is formed by electrophilic
attack of carbon oxide sulfide, generated in situ, to the enolate
anion of 3. Subsequent condensation with elimination of hy-
drogen sulfide gives 4-hydroxycoumarin 2a. This mechanism
seems to be plausible from analogy with the selenium-assisted
carbonylation of 2-hydroxyacetophencne with carbon
monoxide.’

4-Hydroxycoumarin (2a); Typical Procedure:

In a 100 mL stainless steel autoclave, 2’-hydroxyacetophenone (1a;
1.20mL, 10mmol), powdered sulfur (0.96g 30 mmol) (4.5mL,
30 mmol), Et;N (4.2 mL, 30 mmol), and THF (20 mL) are placed with a
magnetic stirring bar under nitrogen atmosphere. The autoclave is then
flushed several times with CO and finally charged with carbon mon-
oxide at 10 kg/ecm? at room temperature. The carbonylation of Ia was
carried out 80°C for 4 h with vigorous stirring. The reaction mixture is
then poured into aq. 1 N HCI (100 mL), and extracted by Et,0 (100,

2 x 50mL). The extract is dried (MgSO,) and the solvent is evaporated.

The resulting solid is washed by benzene (50 mL) and dried in vacuum.
Recrystallization from AcOEt/benzene (1:1) gives 2a; yield: 1.54 ¢
(95%) (see Table2).
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