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Abstract

The regioselectivity of the conversion of 1,3-diketones into B-chloroenones can be changed by the appropriate choice of the reagent:
reaction with ‘*Vilsmeier’s reagent’’ prepared from POCI; and dimethylformamide or treatment of the diketone with the oxalyl chloride in

the presence of dimethylformamide.
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1. Introduction

““Vilsmeier’s reagent’’ or equivalent ones are useful rea-
gents for the conversion of 1,3-diketones into 8-chloro-«, 8-
unsaturated ketones by exchange of the hydroxyl group in
the enolic form with a chlorine atom [ 1-3]. Oxalyl chloride,
alone or in the presence of dimethylformamide (DMF)
[4,5], was also used advantageously for the same purpose.
However these reaction are mainly utilized with symmetrical
diketones (Scheme 1).

In this paper we show with unsymmetrical diketones, how
the regioselectivity depends on cither substituent (Ar and
CH, or Ar and CF;, Scheme 2) or reagent: addition of the
diketone [3] to the ‘“Vilsmeier’s reagent’’ previously pre-
pared (POCIl;, DMF) or ‘“Vilsmeier’s reagent’’ generated in
the presence of the diketone {5]. The results are summarized
in Table 1.

For 1a (R'=CHj,), although the literature reports clearly
that at equilibrium the two enol forms [6] 2a and 3a are
present in almost equivalent amounts (2a/3a=56/44),
entries 1, 2, 3 show that the chlorination reaction is strongly
regioselective (more than 80% of 5a). It is possible to obtain
5a with an expected correct yield. Moreover observed regio-
selectivity does not depend on the experimental condition
used.
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In the case of the diketones 1b and 1¢ (R' =CF;) (entries
4 to 7) it clearly appears that the reagent used deeply influ-
ences the regioselectivity of the reaction. With a preformed
“Vilsmeier’s reagent’’ (POCl,/ DMF experiments, entries 4
and 6), the chloroenones 4 are the major compounds.

Using oxalyl chloride and DMF (entries 5 and 7), the yield
of 5 increased: 5¢ even became the major one ( =78% rela-
tive) when starting from 1c.

If we consider the generally depicted mechanism of the
Vilsmeier's reaction (Scheme 3 [1]) or equivalent ones
(Scheme 4 [5]), the final step is the same in the two reactions
(7+8 —>4+5). Therefore the difference in regioselectivity
is determined in early step. For the Vilsmeier’s reaction sum-
marized in Scheme 3 the regioselectivity must reflect the rel-
ative nucleophilicity of the enols 2 and 3.

When R! =CH,, we can reasonably assume that the enol
3a is more nucleophilic than the enol 2a (Ph~CO- group
being less electron withdrawing group than CH;~CO-) and,
therefore, 5a is the major product of the reaction. When
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Table 1
Addition of ‘*Vilsmeier's reagents’’ to B-diketones 1
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Diketone 1

Entry Reagent ( molar equivalents) Time (h) T (°C) Yield (%) ?, Z, E ratio 4/5 ratio
4 5

1 la Ar=PhR'=CH, POCL,(3) DMF 3 25 2.7° 40 E/Z (92/8) 6/94

2 (COCl), (1,2) DMF/CH,Cl, 15 25 12 Z/E (80/20) S4 E/Z (82/18) 18/82
3 (COCl), (2) CHCl, 0.33 62 traces (86) 0/100

4 1b Ar=PhR'=CF, POCI, (5) DMF 35 50 (44.8) (5.2) 83/17
5 (COC), (1,2) DMF/CH.Cl, 15 25 43 46 48/52
6 lc Ar=2-Thienyl R'=CF;  POCI, (3) DMF 3 25 33 Z/E (84/16) 26 Z/E (75/25) 56/44

7 (COCl), (1,2) DMF/CH,Cl, 45 25 (10) Z/E (90/10) (36) Z/E (100/0)  22/78

# Isolated yields; GPC yield is shown in parentheses (see experimental part
® Converted in 6:

a
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R' = CF; the important inductive effect of the trifluoromethyl
group decreases the nucleophilicity of 3 and consequently
compounds 4 become the major products of the reaction.
The observed change of regioselectivity with triffuoro-
methyl diketones with the reagents (especially in the case of
diketone 1¢) clearly indicates that the reaction using oxalyl
chloride/DMF does not simply provide ‘‘Vilsmeier’s rea-
gent’’ nor direct reaction with oxalyl chloride (we have
checked the absence of any reaction between 1b and oxalyl
chloride without DMF). It should be noticed that it was
reported in the literature that the addition of DMF to oxalyl
chloride greatly improved the yield of the reaction [7].
Formation of O-acylated intermediate from tertiary amides
and acyl halides is well known in the literature [8]. For the

).

reaction of carboxylic acid chlorides with nucleophiles in the
presence of DMF some authors [9] have proposed a general
acid catalysis mechanism (Scheme 4) in which the reaction
occurs via a transition state like A.

Comparison of ethanol acidity (pK, =15.9) [10] and with
triffuoroethanol (pK,=12.4) [11] shows that the enols 3b
or 3¢ must be more acidic and thus better catalysts than the
enol 2b or 2c respectively. According to Scheme 4, we pro-
pose that the selectivity of the reaction must be controlled by
the relative acidity of the enols 2 and 3.The greatly acidic
enol 2b leads to more exchange of the hydroxyl group.

In conclusion, the results reported here underline the non
equivalence of the ‘“Vilsmeier’s reagent’’ prepared by POCl,
and DMF and of the reaction of oxalyl chloride/DMF, in the
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exchange of hydroxyl group by chlorine atom. Therefore the
regioselectivity of the chlorination of unsymmetrical dike-
tone can be changed by the appropriate choice of the reagent.

2. Experimental

"H NMR spectra were recorded in CDCl; on a Bruker AC
200 (200.133 MHz) spectrometer. '>*C NMR spectra were
recorded on Bruker AC 200 (50.32 MHz) spectrometer and
are reported in ppm relative to TMS (0.00 ppm). '°F NMR
spectra were recorded on Bruker AC 200 (188.31 MHz) and
Varian EM 360 (56.4 MHz) spectrometers in CDCI, as sol-
vent and are in & units upfield from internal CFCl;. The mass
spectra were recorded on a Nermag R10-105 Spectrograph
(electron impact at 70 eV) after mass chromatography cou-
pling. Column chromatography was performed on Merck
silicagel (40-60 Mesh) with light petroleumn ether or light
petroleum/diethyl ether mixture. Samples were examined by
gas chromatography on a Varian 3300 apparatus with pen-
tadecane as internal standard or by '°’F NMR analysis with
PhCF; or PhOCF; as internal standard.

Starting diketones are commercially available from
Aldrich. Dimethylformamide (SDS company, anhydrous
analytical grade) was kept on 4 A molecular sieves before
use.

3. General procedure for Vilsmeier’s reactions
3.1. With phosphorus oxychloride/DMF

Dimethylformamide (25 ml) was added slowly over 2 h
to phosphorus oxychloride while keeping the temperature
below 30 °C. Then the diketo compound was added in small
portions. The reaction mixture was stirred for variable times
and at variable temperature and then hydrolyzed with a sat-
urated solution of NaOAc. After classical workup the etheral
layers were washed with a solution of NaHCO; until basic,
dried over MgSO, and concentrated. The crude product of
reaction was purified by column chromatography or analysed
by GPC.

3.2. With oxalyl chloride/DMF

To a solution of dimethylformamide and diketone in
CH,Cl,, oxalyl chloride was added dropwise at 0 °C. After
stirring at room temperature for a variable time, the mixture
was poured into ether (100 ml) and cool water (40 mi) was
added. The organic layer was separated, dried over magne-
sium sulfate and concentrated. The crude product was purified
by column chromatography.

3.3. With oxalyl chloride/CHCI,
Oxalyl chloride was added dropwise at 0 °C to a solution

of the diketone in CHCI;. After stirring at room temperature
the reaction mixture was treated as in procedure b).
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Entry 1: POCI; (8.6 ml, 94 mmol), DMF (14 ml), 1a
(5g,30.8mmL), 3h at room temperature. Purification of
the crude product (4.56 g) gave 5a E/Z (93/7) 1.82¢g
(10.1 mmol, 32,8%), 6 0.193 g (mixture of stereoisomers
0.84 mmol, 2.7%), 5a E/Z (13/87), 0.391 g (2.2 mmol,
7.1%).

6: '"H NMR: Major isomer: 8 6.65 (s, 1H), 6.87 (d, 1H,
6.7 Hz), 7.3-7.85 (m, 5H), 10.3 (d, 1H, 6.5 Hz), MS m/z
(rel. intensity) 228 (M™*, **CIP'Cl, 14), 227 (7), 226 (M ™,
PCIP°Cl, 14), 225 (8), 193 (12), 191 (37), 162 (21), 163
(53), 164 (12), 165 (18), 126 (27), 127 (100), 128 (84),
129 (9), 77 (35), 63 (22), 51 (29).

5a E and Z have been already described [12].

Entry 2: CH,Cl, (46 ml), DMF (1.5 ml, 19.7 mmol),
(COCI), (1.6 ml, 17.2 mmol), 1a (2.5 g, 15.4 mmol), 15 h
at room temperature. Purification of the crude product
(2.53 g) gave Sa E/Z (88/12) 1.31 g (7.3 mmol, 42.4%),
S5a E/Z (28/72) 032 g (1.77 mmol, 11,5%), 4a E/Z (27/
73) 033 g (1.83mmol, 11.9%). 4a E and Z have been
already described [13].

Entry 3: CHCl; (5 ml), (COCl), (2.7 ml, 30.4 mmol),
1a (2.5 g, 15.4 mmol), 20 min reflux, gave 3.21 g of crude
product analysed by gas chromatography as 5a E 2.39 g
(13.2 mmol, 86%).

Entry 4: POCl; (11 ml, 115mmol), DMF (16 ml,
211 mmol), 1b (5 g, 23.1 mmol), 2 h 30 min at room tem-
perature and 30 min at 55°C, gave 4.97 g of the crude product
analysed by gas chromatography, as a mixture of 4b and 5b,
2.93 g (12.5 mmol 54%, 4b/5b: 83/17).

Entry 5: 1b (61.6 mmol), CH,Cl, (200 ml), DMF
(80.1 mmol), (COCl), (73.9 mmol), 15 h at room temper-
ature. Purification by flash chromatography (petroleum
ether/CH,Cl,: 8/2) of the crude product (15.1 g) yields 4b
6.67 g (28.46 mmol, 46%) and 5b 6.23 g (26.57 mmol,
43%). 'H and 'F identical with that previously reported
[15,14].

Entry 6: POCl; (3.7 ml, 40.5 mmol), DMF (7.5 ml), 1¢
(3 g, 13.5 mmol), 3 h at room temperature. Purification of
the crude product (2.85 g) gave 0.354 g (1.47 mmol) 4¢ (Z/
E:81/9),0.761 g (3.17 mmol) 5¢ (Z/E:75/25) and0.775 g
as a mixture of 4¢ (0.722 g, Z/E: 86/14)and 5¢ (0.053 g,
Z/E: 100/0). Yields were 4¢ (33%, Z/E: 84/16), 5¢ (26%,
Z/E:717/23).

4cZ: '"H NMR: 8 7.10 (s, 1H), 7.20 (dd, 1H, *J=5.1,
3J=39), 7.62 (dd, 1H, *J=12, *J=5.1), 7.77 (dd, 1H,
47=1.2,°J=3.9), '3C NMR (50.32 MHz, CDCl,): 8 116.0

(g, Jer=291.6), 109.9, 132.6, 132.4, 129.1, 140.7, 146.6,
176.7 (g, 2Jcr=35.5), MS m/z (rel. intensity) 240 (M™*,
23), 205 (73), 171 (100), 143 (26), 108 (84), '°F NMR:
5 —79.2 (s, 3F).

4cE: MS m/z (rel. intensity) 240 (M ™, 23), 205 (75),
171 (100), 143 (23), 108 (81),'"’FNMR: 6§ —78.2 (s, 3F).

5¢Z: '"H NMR: 6 7.20 (dd, 1H, 3J=4.9, 3J=3.9), 7.46
(dd, 1H, “Jyz=1.7), 7.75 (dd, 1H, *J=3.9,*/=1.1), 7.80
(dd, 1H, *J=49, “J=1.1), 6 *)C 119.9 (q, Jcr=273.8),
126.3 (g, *Jer=3.6), 130.1, (q, 2Jcr=38.6), 136.4, 134.5,
128.8, 143.4, 179.7, MS m/z (rel. intensity) 240 (M ™, 43),
212 (23),157(7), 129 (4), 111 (100), 83 (13), 'FNMR:
6 —70.5 (s, 3F).

ScE: MS m/z (rel. intensity) 240 (M*, 27), 212 (16),
111 (100), '*FNMR: 8 —65.3 (s, 3F).

Entry 7: 1¢ (3.4 g, 15.4 mmol), CH,Cl, (50 m1), DMF
(1.5 ml), (COCl), (1.6 ml, 18.2 mmol), 4 h 30 min at room
temperature. The crude product (3.6 g) was analysed by gas
chromatography as a mixture of 4¢ (0.370 g, 10%, Z/ E: 90/
10) and 5¢ (1.333 g, 36%, Z/E: 100/0) in a ratio 4c/5¢: 22/
78. Z and E are identified by comparison with NMR spectra
of the furanic analogous [15].[15]
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