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Organic Chemistry

Reaction of 3,3-dichloropentane-2,4-dione with aromatic aldehydes
under the conditions of Darzens reaction
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3,3-Dichloropentane-2,4-dione reacts with aromatic aldehydes under the conditions of
Darzens reaction to give 4-acetoxy-4-aryl-3,3-dichlorobutan-2-ones, the products of inser-
tion into the o-C—C bond. The reaction of ethyl dichloroacetylacetate with benzaldehyde
yields a derivative of tricyclo[5.1.0.0%]octane, rather than 2,6-bis(1’-chlorobenzylidene)-

cyclohexane-1,4-dione, as the by-product.

Key words: Darzens reaction, 3,3-dichloropentane-2,4-dione, insertion reaction; 3,3-di-
chlorobutan-2-one, cyclohexane-1,4-dione, tricyclooctane, X-ray structural investigation.

Aromatic aldehydes react with CH acids of the gen-
eral formula Hal,CHY (Y is an electron-withdrawing
group) under the conditions of Darzens reaction to give
a-chloroepoxides,! a-chloroketones,? or their mixtures.3
When B-dicarbonyl compounds are used, the correspond-
ing carbanions can be generated by treatment with so-
dium alkoxides.4 However, the yields of target com-
pounds (a-chloroepoxides and a-chloroketones) in the
reactions of ethyl 2,2-dichloroacetoacetate (EDCA) with
aldehydesS in the presence of RONa were rather low,
which is caused by the possibility of formation of two
types of carbanions from EDCA in competing versions
of nucleophilic attack on the two carbonyl groups of
EDCA by RO™ (Scheme 1).

It seemed that if 3,3-dichloropentane-2,4-dione (1),
having two equivalent carbonyl groups, is used in the

Scheme 1
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——» CI,CCOEt + MeCOR
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——» CI,CCMe + ROCOEt

a is the main route, b is the side route

reaction instead of EDCA, one may expect that only
one carbanion, namely, the dichloroacetonyl anion,
would be genecrated and, therefore, only one reaction
route would be realized. Nevertheless, in the previous
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Table 1. Characteristics of 4-acetoxy-4-aryl-3,3-dichlorobutan-
2-ones (2a—c) synthesized

Com- Yield B.p./°C Found (%) Molecular
po- (%) (p/Torr) Calculated formula
und M.p./°C C H
45.03 3.43 22.15

2b 33 122—130  52.79 444 2585 C;3H3CL0,

(0.06) 52.39 440 25.77

38—40
2c 11 140—150  31.21 4.67 2335 Cy3H4Cl,04

(0.02) 51.18 4.58 23.24

* Found (%): N 4.41. Calculated (%): N 4.37.

studies we showed that the reaction of compound 1 with
aldehydes occurs in an unusual way yielding products of
insertion%7 and derivatives of tricyclo{5.1.0.033]octane.”

In this work we present detailed data concerning the
reaction of diketone 1 with aromatic aldehydes in the
presence of powdered sodium alkoxide. The ratio be-
tween the alkoxide (MeONa or EtONa) and the reac-
tants (diketone 1 and ArCHO) or the nature of solvent
have practically no effect on the yields of the final
products. The insertion products, viz., 4-acetoxy-4-aryl-
3,3-dichlorobutan-2-ones (2a—c) (Table 1), were ob-
tained in all cases, and in the reaction of benzaldehyde
with diketone 1, 2,6-dioxo-4,8-diphenyl-1,5-di-
chlorotricyclo[5.1.0.03-3]octane (3) was also isolated
(Scheme 2).

The structures of compounds 2a—c¢ were unambigu-
ously determined by spectral (IR, NMR) methods (Ta-
bles 1 and 2). The 'H NMR spectra of butanones 2a—¢
exhibit singlets of the two nonequivalent methyl groups
at ~2.0 and 2.5 ppm. The 13C NMR spectra also exhibit
two signals at 168 ppm (COO) and 194 ppm (CO). The
carbonyl groups are responsible for absorption bands at

Scheme 2
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Ar = 4—02NC6H4 (a); Ph (b); 4—MeOC6H4 (c).

i. RONa, ether

1730 and 1760 cm™! in the IR spectra. Formation of
2,4-dinitrophenyihydrazone from 2b is chemical evi-
dence of the presence of the keto group in molecules
2a—c.

It should be noted that, according to the 'H NMR
data, the hydrazone obtained exists in DMF-d,; as a
mixture of two isomers (syr and anti), whereas in
CD;CN, there is either only one isomer or rapid inter-
conversion of the syn and anti forms.

The structure of tricyclic compound 3 was unambigu-
ously confirmed by its X-ray structural study (Fig. 1,
Tables 3 and 4).

The conformation of the central six-membered ring
in molecule 3 is planar (within 0.002 A). The dihedral
angle between the plane of this ring and the plane of the
cyclopropane ring is 77.3°. The conformation of the
tricyclic system may be described as a "long chair”. The
phenyl groups at the C(4) and C(4) atoms occupy
equatorial positions. The conformation of the

Table 2. Spectral (IR and 'H and 13C NMR) data of compounds 2a—c

Com- IR (v/em™!) IH NMR (5, J/Hz) 13C NMR, &

pound (solvent) (solvent)

2a 715, 795, 865, 935, 1230, 2.10 (s, 3 H, MeCO); 2.60 (s, 3 H, 200.07 (CHj3); 23.97(Me); 75.18 (CH)
1350, 1380, 1465, 1525, MeCOO); 6.46 (s, 1 H, CH); 87.46 (CCly); 147.97, 140.30,
1610, 1730, 1760, 3090, 8.16 (d, 2 H,CgH,, 3J = 10); 7.76 130.23, 122.69, (CgH,); 168.11 (COO)
3120 (d, 2 H, C¢Hy, 3J = 10); (CD;0D) 194.05 (C=0); (DMSO-dyg)

2b 710, 775, 795, 940, 1035, 1.96 (s, 3 H, MeCO); 2.40 (s, 21.3 (Me); 25.2 (Me); 77.34 (CH);
1050, 1200, 1230, 1370, 3 H, MeCO0O0); 6.25 (s, 1 H, CH); 89.3 (CCly); 130.0, 128.7, 130.3,
1460, 1615, 1730, 1760, 7.00—7.60 (m, 5 H, Ph) (CCly) 134.9 (Ph); 168.3 (COO0); 194.7
3045, 3065 (C=0); (CCly, external standard

Cg¢Dg+HMDS)
2c 745, 805, 840, 935, 1045, 2.00 s, 3 H, MeCO); 2.46 19.45 (Me); 23.77 (Me); 54.52 (Me);

1190, 1230, 1265, 1430,
1520, 1610, 1735, 1760
2970, 3015

2 H, CgHy3J =9)

(s, 3 H, MeCOO); 3.73 (s, 3 H,
MeO); 6.31 (s, 1 H, CH); 7.08
(d, 2 H, C¢H,4, 3J =9); 6.71 (4,

75.94 (CH); 88.32 (CCly); 112.78,
125.16, 130.06, 159.96 (CgHy);
168.12 (CO0); 194.77 (C=0) (CD;CN)
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Fig. 1. Geometry of molecule 3 in the crystal.

Table 3. Selected geometric parameters of the structure of 3
(bond lengths (d/A) and angles (o/deg))

Bond d Bond d
C(H—0(1) 1.19(2) C(2)—C4) 1.54(2)
C(1)—C(2) 1.51(2) C(3)—ClI(1) 1.87(1)
C(1)—C(3) 1.46(2) C(3)—C@¢") 1.58(2)
C(2)—C(3") 1.44(2) C(4)—C(5) 1.50(2)
Angle ® Angle ®
O(DHC(1)C(2) 121(1) C1)CRB)C2) 127(1)
O(HCC3) 130(1) C(HCB)CE)y  116(1)
C(2Q)C(HC(3) 109(1) C2)C(3)C4") 61(1)
C(DC@)C(3)Y  125(1) CQOCHCA) 55(1)
C(HCQ)C4) 115(1) C2)CHC(5) 120(1)
C(3)C(2)C4) 64(1) C@GBHCHHCB) 117(1)
CI(DHC3C) 108(1) CAC(5)C(6) 131Q2)
CI(HCB3)C2)  119(1) CMHCB)C(10)  115(2)
CHDCB)CE)  120(1) C6)C(5)C(10) 114(2)

Table 4. Coordinates of nonhydrogen atoms in the structure of
3 and their equivalent isotropic thermal factors

3
g = 45 S 0BG ) (A?)
320 _

Atom x y Z B

CI(1) 0.0175(7) 0.3338(2) —0.0934(6) 5.0(3)
o) —0.209(2) 0.091(1) —0.252(1) 3.3(6)
C() —0.118¢2) 0.059(2) —0.142(2) 3.8(7)
CQ) —0.144(1) —0.077(1) —0.071(1) 1.6(4)
C(3)  0.0342)  0.128(1) —0.058(2)  3.6(7)
C(4) —0.190(2) —0.041(2)  0.047(2)  2.5(5)
C()  —03172) —0.132(Q2)  0.067(2) 2.3(5)
C(6) —0.349(2) —0.0892)  0.178(2)  4.7(7)
C(7) —0.467(2) —0.153(2) 0.210(2) 4.0(7)
C(8) —0.560(2) —0.270(2) 0.132(2) 3.9(7)
C(9) —0.532(2) —0.313(2) 0.018(2) 3.7(7)
C(10) —O0.415(2) —0.248(2) —0.0092)  4.2(7)

(1)

)
60(1')

g}/;a(l)

C(2)CHC(5)C(10) fragment is eclipsed (the torsion
angle is —8.1°). This conformation is probably stabilized
by the steric interactions between the Cl atom and the
benzene ring. Unfortunately, due to the low accuracy of
the determination of geometrical parameters, a more
detailed discussion of the features of spatial structure of
molecule 3 is impossible.

The formation of products 2 and 3 is apparently
caused by the fact that the reaction of 1 with aldehydes
occurs according to two pathways. One of these involves
homolytic cleavage of the C(2)—C(3) bond in radical
anion A (Scheme 3) produced by the reaction of the
radical anion derived from the aromatic aldehyde with
diketone I. This reaction might be a chain process in
which the alkoxide anion acts only as the initiator.
Further transformations involve rearrangement of inter-
mediate A to radical anion B and the reaction of the
fatter with ArCHO to give products 2a—c with the
generation of a new radical anion of the aromatic alde-
hyde, which continues the chain.

This scheme is supported by the following facts: the
yields of compounds 2a—c (see Table 1) increase on
going from anisaldehyde to p-nitrobenzaldehyde, which
is matched by the ease of the formation of the radical
anions of aromatic aldehydes, and when the reaction is
carried out in the resonator of an ESR spectrometer, the
resonance signal of a free radical is detected.

The second (side) reaction pathway is heterolytic
cleavage of the C(2)—C(3) bond (or the equivalent
C(3)—C(4) bond) in diketone 1 through the action of
RO™ to give dichloroacetony! anion, whose interaction
with benzaldehyde yields the normal product of the
Darzens reaction, viz., l-chloro-1-phenylbutane-2,3-
dione (4). Cyclocondensation of the latter in the pres-
ence of the base affords tricyclooctane 3 (Scheme 4).

If the dichloroacetonyl anion can be generated by
the reaction of aldehyde with both EDCAS and diketone,
one should expect that the reaction involving diketone
1, would give 2,5-bis(chlorobenzylidene)cyclohexane-
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Scheme 3
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1,4-dione (6), described by A. Takeda et al.,5 rather
than tricyclooctane 3, as a minor product; and com-
pound 6 differs from compound 3 in melting point and
the 'H NMR spectrum. The repeated study of the reac-
tion of EDCA with benzaldehyde carried out by us
confirmed that ethyl 3-chloro-3-phenyl-2-oxopropionate

(7) is its major product (c¢f. with the data of Ref. 3).
However, the compound isolated as the minor product
corresponds in its spectral characteristics to tricyclooctane
3, rather than to cyclohexanedione 6.

1} il j T
MeCCCL,COEt + PhCHO —> Ph(l)H—C——C—OEt + 3

Cl
7

i. EtONa, ether

It is likely that the reaction of EDCA or diketone 1
with aldehydes does not involve mere isomerization of
the quinone intermediate 5 to compound 6, as has been
suggested by A. Takeda er al.5 Instead, a two-step proc-
ess occurs that begins with the attack on the C(2) and
C(5) atoms of quinone 5 by the chloride anion and ends
with intramolecular cyclization (Scheme 5).

Scheme 5
OCCI (')1
| i+ _CH—Ph
»
< o
Ph~CH | I
c1 Yo
5
i
-
o o
Ph—CH=__ T3CH—Ph — > 3
| = -2cCl
al o \HB
—> (0]
Experimental*

Melting points were determined on a Boetius hot-stage
apparatus. The 'H NMR spectra of compounds 2a—c and 7
were recorded on a Varian-60 instrument operating at 60 MHz.
The 13C NMR spectra of compounds 2a—c¢, the 'H and
13C NMR spectra of compound 3, and the 'H NMR spec-
trum of compound 4 were recorded on a Bruker MSL-400
instrument operating at 400.13 MHz (for 1H) or 100.6 MHz
(for 13C). The IR spectra were measured on a UR-20
spectrophotometer (in vaseline oil).

X-ray structural study of compound 3, C)oH[4,C1,0,. The
crystals are monoclinic; at 20 °C, a = 9.121(2), b = 8.921(3),
¢ = 10921(4) A, B = 113.68(2)°, V = 813.8(5) A3, dy. =
1.46 g/ecm3, Z = 2, space group P2{/n (the molecule is in a
partial position in the center of symmetry).

* Kazan® State University student O. O. Charyev participated
in the synthesis of the compounds.
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The unit cell parameters and intensities of 2237 reflections
were measured on a ENRAF-NONIUS CAD-4 automatic
four-circle diffractometer (AMoK_,, graphite monochromator,
®/26-scanning, 26,,,,= 58°).

The structure was solved by the direct method using the
MULTAN program and refined initially in the isotropic ap-
proximation, and then in the anisotropic approximation. All of
the H atoms were identified from the differential series, and
their contributions to structural amplitudes were taken into
account in the final cycles of the refinement with fixed
positional and isotropic thermal parameters (B, = 6 A?). The
final value of the residual factor: R = 0.029 over 1168 reflec-
tions with F2 > 45(F) (the unit weight scheme was used).

The atomic coordinates are presented in Table 4, the main
geometric parameters are listed in Table 3. The geometry of
the molecule is shown in Fig. 1.

4-Acetoxy-3,3-dichloro-4-phenylbutan-2-one (2b). At —20

to —15 °C, powdered MeONa (0.1 mol), prepared by dissolu-
tion of Na (2.3 g) in 25 mL of anhydrous methanol followed
by removal of MeOH in vacuo, was added over a period of
30 min to a solution of 3,3-dichloropentane-2,4-dione (16.8 g,
0.1 mol) and benzaldehyde (10.6 g, 0.1 mol) in 100 mL of
dry ether stirred in an argon atmosphere. The reaction mixture
was stirred at 0 °C for an additional 1.5 h, boiled for 1 h,
cooled, and poured in 1.5 L of ice-cooled water. The crystals
precipitated were filtered off, washed with ether, dried in air,
and recrystallized from DMSO to give 1.6 g (9.1 %) of com-
pound 3. M.p. 236—237 °C. IH NMR (DMSO-dg), 5: 3.59
(d 2 H, H(4) and H(8)); 4.15 (d, 2 H, H(3) and H(7),
JH(7)H(8) JH(3)H(4 = 7.26 HZ), 7.55 (brs 10 H 2 Ph)
13C'NMR, &: 39.2 (d, C(4) and C(8), Uey = 1650 Hz);
41.63 (d, C(3) and C(7),Jey = 174.7 Hz); 55.2 (s, C(1) and
C(5)); 132.2, 132.3, 133.2, 135.4 (Ph); 195.7 (s, C(2) and
C(6)). IR (v/em™1): 680, 700, 760, 865, 945, 1030, 1050,
1110, 1120, 1240, 1295, 1380, 1460, 1470, 1710, 3070.

The ethereal filtrate was washed with water several times
and dried with MgSO,. After removal of the ether, the residue
was distilled in an oil-pump vacuum to yield compound 2b
(see Table 1).

The reaction of 3,3-dichloropentane-2,4-dione 1 (16.8 g,
0.1 mol), benzaldehyde (10.6 g, 0.1 mol), and MeONa
(0.05 mol) carried out in a similar way gave 1.5 g (8.3%) of
compound 3 and 8.8 g (32%) of compound 2b. The use of
0.2 mol of MeONa resulted in 1.7 g (9.6%) of compound 3
and 8.4 g (28%) of compound 2b.

2,4-Dinitrophenylhydrazone of ketone 2b was obtained in
82 % yield, m.p. 169—173 °C (from ethyl acetate). Found (%):
C, 47.59; H, 3.30; CI, 15.61; N, 11.65. C|3H ¢Cl,N4Og. Cal-
culated (%): C, 47.50; H, 3.51; Cl, 16.57; N, 12.30. IR
(v/em™h); 940, 1045, 1120, 1295, 1320, 1350, 1380, 1460,
1510, 1590, 1620, 1740, 3305. 'H NMR (CD;CN), &: 10.93
(bl’S 1 H NH) 9.00 (C] 1 H, H(}), JH(3)H(5) = 2.6 HZ),
8.38 (d.d, 1 H, H(5), JH(S)H(G) = 9.6 Hz); 7.85 (4, 1 H,
H(6}); 7.7—7.4 (m, 5 H, Ph); 6.76 (s, | H, CH—0); 2.40 (s,
3 H, MeC=0); 2.01 (s, 3 H, MeC=N).

IH NMR (DMF-d;): 9.06 (d, 1 H, H(3), JH@)H(S) =
2.4 Hz) and 9.00 (d, 1 H, H(3) JH(3)H(5) = 2.6 Hz); 8.77
d.dand 8.52 d.d (1 H, H(5), JH5H(6) = 9.5 Hz),; 8.10 d and
791 d (1 H, H(®6)),; 254 s and 2.29 5 (3 H, Me); 2.18 s and
2.13 s (3 H, Me).

4-Acetoxy—3,3-dichloro-4-(4’-nitrophenyl)butan-l—one (2a)
and 4-acetoxy-3,3-dichloro-4-(4 -methoxyphenyl)butan-2-one
(2c¢) were prepared similarly to compound 2b (see Table 1).

Conducting the reaction in the presence of EtONa or using
benzene or a mixture of ether with benzene, instead of ether,
had no effect on the result of the reaction.

Reaction of ethyl dichloroacetate with benzaldehyde. The
reaction was carried out according to the previously reported
procedure.5 EtONa was added at 0—5 °C to a solution of
EDCA (19.9 g, 0.1 mol) and benzaldehyde (10.6 g, 0.1 mol)
in 200 mL of anhydrous ether in several portions, and the
mixture was boiled for 2 h. The crystals obtained were dried in
air and recrystallized from DMSO to give compound 3, vield
5.6 %, m.p. 237 °C (¢f: m.p. 218 °C).6 A mixed sample with
tricyclooctanedione 3 prepared from 1 exhibited no depression
of melting point. M.p. 236—237 °C. The ethereal layer was
dried with MgSOy, and the solvent was removed in vacuo.
Recrystallization of the residue afforded compound 7, vield
37 %, b.p. 110—115 °C (0.01 Torr), ¢f. lit:¥? 110—115 °C
(0.01 Torr). 'H NMR (CCly), & 1.25 (t, 3 H, OCH,CH,);
420 (g, 2 H, OCH,CH3); 6.00 (s, 1 H, CHCI); 7.26 (s,
5 H, Ph).
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