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Abstract. The reaction of nitrosubstituted aryl
fluorides 1 with cyclic B-diketones 2 proceeds at
20— 80 °C in the presence of bases, such as KOH, KF
or NaOEt, leading to the aryl ethers 3a—m. Depend-
ing on the base the reaction of dimedone 2a or 1,3-
cyclohexanedione 2b with 2,4-dinitrofluorobenzene

1a or 4-fluoro-3-nitrobenzonitrile 1b furnishes
C- and/or O-arylated products. Upon heating of 3g, e
and 3m at 40 — 100 °C in DMF/K,CO3, the C-arylated
ketones 4a—c¢ are formed in good yields. Starting
from 3a we obtained the chromenedione 5 under the
same conditions.

Introduction

The enolates of 1,3-dicarbonyl compounds react as
ambident anions leading to C- and/or O-function-
alized productsV. Thus, the acylation of dimedone
furnishes O-acylated products. Upon heating in the
presence of sodium acetate, C-acylation has been ob-
served [2]. The reaction of dimedone with phenyl
isothiocyanate leads exclusively to thiocarbamoylation
at the carbon atom [3]. A C-cyclopropanation in 90 %
yield succeeds when dimedone is treated with dimor-
pholinobicyclo[n.1.0.]alkanes [4].

The phenylation of the dimedone anion with di-
phenyliodonium salts, however, affords C-phenyl,
C,C-diphenyl, O,C-diphenyl, and traces of O-phenyl
derivatives [5]. In contrast to this, dimedone and aryl-
lead triacetate react in chloroform containing pyridine
to give 2,2-bisaryl-5,5-dimethylcyclohexane-1,3-dione
in good yields. 2-Methylcyclohexane-1,3-dione and 2-
methylcyclopentane-1,3-dione react under similar
conditions leading to the mono-C-arylated com-
pounds [6]. The reaction of dimedone with-4-nitro-
phthalodinitrile in DMF/K,CO; furnishes 2-(2-nitro-
4,5-dicyanophenyl)-5,5-dimethylcyclohexane-1,3-
dione [7]. A well-known method leading to C-arylated
products involves photostimulated or electrochemi-
cally induced Syn1 reactions between aryl halides and
B-dicarbonyl compounds (cf. e. g. [8,9]).

Within the framework of our studies on the chemis-
try of activated benzene derivatives (cf. [10] and lit.

DThe reactions of 1,3-cyclopentanediones are reviewed in
ref. [1]

cited therein) we could show recently that nitrosub-
stituted aryl fluorides 1 are easily prepared from chlo-
ronitrobenzenes and KF in DMSO/polyethylene
glycol 5090 [11]. In the present paper we report on our
studies on arylations of the cyclic B-diketones 2 with 1.

Results and Discussion

Nitrosubstituted aryl fluorides 1 react with cyclic 1,3-
diketones, such as dimedone 2a, 1,3-cyclohexane-
dione 2b, 1,3-cyclopentanedione 2¢, 2-methyl-1,3-
cyclohexanedione 2d , or 2-methyl-1,3-cyclopentane-
dione 2e leading to the aryl ethers 3 and, in some
cases, also to the corresponding C-arylated com-
pounds 4 as by-products?. The reaction was carried
out under the following reaction conditions:

Method A: in H,O/CH,Cl, or in H,0/CICH,CH,Cl in the
presence of potassium hydroxide at 38, 70 or
80°C using tetrabutylammonium bromide as
phase transfer catalyst.

Method B: in dimethyl sulfoxide in the presence of potas-
sium fluoride at 20 to 80 °C.

Method C: in dimethyl sulfoxide in the presence of potas-
sium carbonate at 20 to 80 °C.

Method D: in ethanol/sodium ethoxide at 70 to 75 °C.

Results of the preparation of the aryl ethers 3a—m are
compiled in Table 1. The best yields have been ob-
tained using method A or B. With exception of 3b
(method A), the yields of purified aryl ethers are in the

2 The corresponding nitrosubstituted aryl chlorides undergo
no reaction with 2 under these conditions.
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Table 1 Preparation of Products 3a—m

Product Method Temp. (°C) Time (h) Yield (%)
3a A 38 7.5 58
B 20 2.5 68
D 70 5.5 64
3b AP 80 8 0
B 80 1.5 70
C 80 1.5 58
D 70 6.5 0
3c A 38 8 78
B 20 3 58
D 70 6 68
3d D 70 4 70
3e A 38 16 80
D 75 3 59
3f A 38 8 57
3g A 38 7.5 52
3h A 38 8 54
B 20 2.5 81
3i B 80 1.5 56
3k AbD 80 7.5 43
31 A 38 8 569
3m AY 70 7 54
D 70 6.5 54

a) Referred to isolated and purified products
5 H,0/CI(CH,),Cl
9 Compound 4a is formed as by-product (11 %)

range of 43 to 81 %. In some cases (3a, 3c—e, 3m)
also method D leads to good yields (54 to 70 %) of aryl
ethers. With the exception of 3b, the reaction in
DMSO in the presence of potassium carbonate, how-
ever, furnishes only small amounts of aryl ethers.

The formation of the corresponding C-arylated
compounds 4 as by-products has been observed in the
reaction of 1a with 2a leading to 31 (56 %) and 4a
(11 %). Our results in Table 2 show that in these cases
the ratio of O-/C-arylated products is strongly depen-
dent on the reaction conditions. As expected from the
results of the O-arylation, C-arylation dominates
when potassium carbonate in DMSO is used as a base.

Furthermore, we have shown that the C-arylated
products 4a—c¢ can also be prepared by rearrange-
ment of the corresponding aryl ethers upon heating in
DMF in the presence of potassium carbonate at
40— 100 °C (40— 78 ). The rearrangement of 31 with
sodium fluoride under the same conditions, however,
leads to 4a in a yield of only 42 %. The C-arylated
compound formed by the rearrangement of 3 a under-
goes cyclization forming the 7, 8, 9, 10-tetrahydro-9,9-
dimethyl-4-nitrobenzo[c]chromene-2,7-dione 5.

The reaction pathway may be explained by a partial
analogy with the Smiles rearrangement. This rear-
rangement comprises the conversion of an Ar-X-C-C-
YH into an Ar-Y-C-C-XH fragment in the presence of
a base. The reaction proceeds via a nucleophilic attack
of the resulting -y ~ function on the C-atom bearing the

Table 2 Comparative Studies on the Reactions of
1a + 2a + 1b + 2a,and 1a + 2b

Products Method Temp. Time Yields (%)?
(Reactants) O () O-Aryl C-Aryl
3l,4a(1a + 2a) B 20 5 48 21
B 40 5 57 28
B 70 5 49 29
C 20 6 28 55
C 70 5 - 86
D 70 6.5 60 14
3m,4b(1b + 2a)B 60 3 63 21
C 70 5 - 68
3g,4c(1a + 2b) B 40 5 53 26
C 60 5 - 56

Referred to isolated and purified products

X function [12, 13]. We assume that the rearrange-
ment of 3 to 4 also proceeds via an intramolecular nu-
cleophilic substitution. The possibility of this rear-
rangement could also explain the mixture of products
formed by the reaction of 1a, b with 2a, b (Table 2).

Experimental

Melting points were measured on a Boétius apparatus and
are corrected. 'H-NMR spectra were recorded on a Tesla BS
567 (100MHz) instrument in CDCl; or DMSO-dy with
HMDS as internal standard. '*C-NMR spectra were ob-
tained on a Varian GEMINI 300 spectrometer in CDCI; or
DMSO-ds/TMS (internal standard: HMDS). Mass spectra
were obtained on an HP 5985 B (Hewlett Packard) at 70 eV.
IR spectra were taken on a UR 20 spectrometer (Carl Zeiss,
Jena). All B-dicarbonyl compounds used are commercially
available. The aryl fluorides were prepared according to
[11]. The preparation of compounds 3 and 4 is compiled in
Tables 1 and 2. Analytical and spectroscopic data of com-
pounds 3, 4 and § are listed in Table 3.

Aryl Ethers 3
(General Procedure)

Method A

1.12g (0.02mol) of potassium hydroxide are dissolved in
20ml of water. Then 0.02 mol of 2 and 0.6 g (ca. 0.002 mo})
of tetrabutylammonium bromide are added. A solution of
0.02 mol of 1 in 30 ml of dichloromethane or dichloroethane
is added and the mixture is heated for 7—16h under
vigorous stirring in a water bath (cf. Table 1). After cooling
the phases are separated, the aqueous is washed twice with
10ml of the appropriate organic solvent, and the combined
organic extracts are washed twice with 10 ml of water each.
The dried (Na,SO,) and filtered organic solution is eva-
porated to dryness under reduced pressure. A solid residue
is obtained.

Methods B, C

0.02mol of 1 and 0.02mol of 2 are dissolved in 16 ml of
anhydrous dimethyl sulfoxide and then 3.48 g (0.06 mol) of
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Mcthod A: KOH, BuyNBr,

o) HpO/CH,Cly or CI(CHy),C1 0
i Method B: KF/DMSO 1 5
R 5 R R 4
R R4 Mcthod C: K3CO/DMSO R
+ I Method D: EONa/EOH |
3-) .
p HO” TR o) B
2 R2
1 2 3
1. K2C()3. DMF
2. AcOH, Hy0
3g,l,m >
da-c

1 R! R? 2 R3 R4 RS
a NO; NO; a CHp-C(CH3) o-CHy- H
b CN  NO, b -CHy-CH-CHy- H
[ NO; CN c -CHy-CHp- H
d NO; <l d -CHy-CHy-CHy- CH;

e -CHy-CHy- CH;
3 Rl Rr2 R3 r4 RS 4 RI! R2 R3 r?
s NOy CN -CHy-C(CH3)y-CHy- H a NO; NO;  -CHy-C(CHg)-CH-
b NO; T ~CHy-C(CH3)2-CHy- H b CN NOy  -CHy-C(CH3)y-CHy-
c NO, CN -CHo-CHip- CHy ¢ NOy NO, <CHq-CH3-CH5-
d CN NO,  -CHy-CHp- CHy
e NO, NO; -CHyCHp- CH3
f NO; CN -CHy-CHy-CHyp- CHy
g NO, NO;  -CHy-CHp-CHp-
h NOp CN -CHy-CHy-CHy-
i NOy Cl -CHy-CHy-CHy-

k NO; CN -CHy-CHy
I NO; NO;  -CHy-C(CH3)-CHy-
m CN NO;  -CHy-C(CH3)y-CHyp-

I T X T T T
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0}
O,N CN 1. K9CO3, DMF
2. AcOHH,0
CH;
o CH;3
3a

dried, finely powdered potassium fluoride (Method B) or
8.28g (0.06mol) of dried, finely powdered potassium
carbonate (Method C) are added. The thus prepared mix-
ture is heated under stirring for several hours as indicated in
Tables 1 and 2. After cooling to room temperature, 8 ml
(Method B) or 20 ml (Method C) of acetic acid and 240 ml of
water are added dropwise under stirring. Then the pre-
cipitate is isolated and dried over CaCl, under reduced pres-
sure.

Method D

0.46g (0.02mol) of sodium are dissolved in 20ml of ab-
solute ethanol. Then 0.02mol of 2 is added. After Smin
0.02 mol of compound 1 is added, and the reaction mixture
is then heated for several hours as indicated in Tables 1 and
2. After cooling to room temperature, the solid obtained is
isolated by suction. Crude 3¢ —e are precipitated from the
reaction mixture by addition of water (200 ml).

Purification of Crude Products and Separation of Mixtures
Obtained by Methods A—D

3a is precipitated from 50 ml of cold toluene by addition of
hot n-hexane (100 ml). 3 b is dissolved in 70 ml of cold ethyl
acetate, the residue is filtered off and the filtrate is eva-
porated to dryness under reduced pressure. The residue is
recrystallized from 15ml of ethanol. 3¢, d, e are recrystal-
lized from 20 ml of ethanol, 50 ml of DMF/ethanol (1:2),
and 12ml of ethanol, respectively. 3f, g are extracted with
n-hexane using a Soxhlet apparatus, the n-hexane solution is
evaporated to dryness, and the residue is recrystallized from
40ml of ethanol. In this way 3 g is separated from the un-
soluble 4¢. 3 h is recrystallized from 30 ml of DMF/ethanol
(1:2), 3iis extracted from unsoluble impurities as described
for 3f, g and recrystallized from 10ml of methanol. 3k is
precipitated from 15ml of hot acetone by addition of hot n-
hexane (30ml). 31, m are separated from 4a, 4b, respec-
tively, by dissolution in 100 ml of cold ethyl acetate, the un-
dissolved 4 a, b are filtered off and the filtrate is evaporated
to dryness under reduced pressure. 31, m are recrystallized
from ethanol (15ml). 4a, b, ¢ are recrystallized from acetic
acid.

Aryl Ketones 4a—c¢
(General Procedure)

8.28g (0.06mol) of dried, finely powdered potassium
carbonate are added to 0.02mol of 3g, I, m in 20ml of
anhydrous DMF. Then the reaction mixture is heated under
stirring for several hours (4a: 70°C, Sh; 4b: 100°C, 1.5h;
4¢:40°C, 5h). After cooling to room temperature, 20ml of
acetic acid are added portionwise. Then 250 ml of water are

added dropwise, the precipitate is isolated and recrystallized
from acetic acid (4a from 170ml, 4b and 4¢ from 40 ml).
Yields: 4a (78 %), 4b (60 %), 4¢ (40 %).

7, 8, 9, 10-Tetrahydro-9,9-dimethyl-4-nitrobenzo-
[c]chromene-2,7-dione (5)
8.28g (0.06mol) of dried, finely powdered potassium
carbonate are added to 5.72g (0.02mol) of 3a in 20ml of
anhydrous DMF. The reaction mixture is heated under stir-
ring for 5h at 70°C. Then 20ml of acetic acid are added
portionwise, the reaction mixture is diluted with 20ml of
water and heated under stirring for 1 h at 90 °C.

After cooling to room temperature, the reaction mixture
is poured into 200 ml of water, the precipitate is isolated and
recrystallized from 15 ml of acetic acid. Yield: 50 %.
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