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Abstract—Chalcone reacts with the anions of triethyl phosphonoacetate (I) and diethyl benzylphosphonate
(IV}—depending on the operating conditions—either in 2 Michael or a Wittig-Horner reaction.

VERYy little is known on the Wittig~-Horner reaction of a,f-unsaturated ketones.
Freeman® has outlined the possible routes in the reaction of such 2,B-unsaturated
ketones with Wittig reagents proper.

In his studies, he observed a Michael-type reaction only between triphenylphos-
phinemethylene and benzylidene-acetomesitylene ; he also reported that the latter
did not react with triethyl phosphonoacetate.

Pudovik et al.>® have described the 1,4-addition of triethyl phosphonoacetate
and diethyl 2-oxopropylphosphonate to benzalacetone, 3-penten-2-one and similar
simple unsaturated ketones in the presence of sodium ethoxide.

We have studied the question whether the phosphonate anion

[R-CH-P(—O)(OEt),]"

will undergo preferably the Wittig-Horner or the Michael reaction. Fiszer and
Michalski* have reported that the reaction of chalcone with triethyl phosphono-
acetate (I) in the form of its potassio- or sodio-enolate (prepared with the metals) in
benzene gives two compounds, formulated as 1T and III, the mono- and di-Michael
adducts of I to chalcone; the yields were 35 and 379, respectively. The m.ps of the
two compounds were given as 240-241° and 261-262°, respectively.

Our observations on the above systems, mostly carried out under somewhat
different conditions, do not agree with the results of the Polish authors. When chalcone
was condensed with I or with diethyl benzylphosphonate (IV) in the presence of
sodium hydride and in diglyme as solvent, only the Wittig-Horner reaction took
place, leading to the ethyl ester of the known 2,4-diphenylbutadiene-1-carboxylic
acid (V) and 1,24-triphenylbutadiene (VI), respectively. When sodium ethoxide in
benzene was used as catalyst, triethyl phosphonoacetate (I) reacted with two mole-
cules of chalcone in a double Michael reaction, and the expected product (I111) cyclised
spontaneously to diethyl 1-benzoyl-5-carbethoxy-2,4,6-triphenylcyclohex-1-ene-5-
carboxylate (VII). Equally, diethyl benzylphosphonate (IV) gave with chalcone the
double Michael product VIII, no subsequent cyclisation taking place. However,
part of the chalcone was dimerized to the known 1,2-dibenzoyl-3,4-diphenylcyclo-
butane (IX).

The mono-Michael adduct (X) was obtained when chalcone was condensed with IV
in the presence of sodamide in ether. The analogous product I1, m.p. 52-54° was formed

* This study forms part of the Ph.D. thesis of A. Solomonovici, to be submitted to the Hebrew University
of Jerusalem.
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under these conditions also from chalcone and triethyl phosphonoacetate (I), although
part of the starting materials was recovered unchanged. When we treated chalcone
with triethyl phosphonoacetate in benzene and in the presence of metallic sodium,
about half of the ketone was recovered unchanged and half was converted into the
ester V. The latter was hydrolysed to the acid of m.p. 142-144°. Diethyl benzylphos-
phonate gave under the same conditions a very small amount of the di-adduct VIII.

The structures of the new products were assigned on the basis of the combustion
analysis and the spectral data. It is noteworthy that the electronic spectrum of com-
pound VI1I shows an absorption which is not much different from that of a saturated
phenyl ketone. This may be due to the high degree of substitution in this compound.
Obviously, compound VII contains the substituents of the double bond in cis-con-
formation.

Etooc-cnz-lﬁ(om)2 C¢H,-CH- -CH,-CO-C,H;
o) EtOOC-CH- -P(OEY),
1 1
CH,
7N
C¢H,CH CO-C¢H,
EtOOC
\c
/ "\
(EtO),P CH CH,-CO-C¢H; C(,Hs-CH,-h’(OEt)z
\N
o C¢H,
11 v
C4H3-CH=CH-C(C¢H —=CH-COOEt CeH ;-CH=CH-C(C4H =CH-CH,
' \%
CH,
/N
CeH, CeH; C¢Hs-CH CO-Cg¢H;
EtOOC CO-C¢H C6H5\ \
EO).P Ly C
II /N
o (EtO)zﬁ <|:H--CH1-C0-C6H5
O c(.H;

Vil VIII
C,H,-CH--CH-CO-C¢H, CeHy-CH--CH,-CO-C¢H,
C¢H,-CH--CH-CO-C¢H; CGH,-CH——ﬁ(OEt)z

o

IX X



The reaction of chalcone with phosphonates 2677

EXPERIMENTAL

Ethyl 2,4-diphenylbutadiene-1-carboxylate (V). The solns of 448 g of 1 in 5 ml diglyme and of 416 g
chalcone in 25 ml of the same solvent were added successively, at room temp and with stirring, to 096 g
NaH (50¢) in 25 ml diglyme. The mixture was heated at 70-80° for 4 hr, poured into 200 ml water and
thoroughly extracted with ether. The product boiled at 156-164° (06 mm) (lit:* 237° (10 mm)); yield, 29 g
(5227); veht 1700, 1660, 1605, 1500, 1450, 1170, 750 cm ™ ". (Found: C, 81'8; H, 6:8. Calcd. for C,oH 50, ;
C, 820; H, 65).

24-Diphenylbutadiene-1-carboxylic acid. A mixture of 1 g of V in 10 ml ethanol and 0-7 g NaOH in 7 ml
water was refluxed for 7 hr. The work-up gave 0:45 g of the free acid (509), after recrystallisation from
cyclohexane; m.p. 142°-144° (Iit.%: 145°); vE¥ 1700, 1600, 1500, 1460, 1170, 762 cm~*. (Found: C, 81'6;
H. 56. Calcd. for C,,H,,0,: C, 816; H. 56%)).

1.2 4-Triphenylbutadiene (VI). In the manner described above, IV was condensed with chalcone, sodium
hydride in diglyme serving as catalyst. The crude product was distilled in vacuo (b.p. 132-138° (12 mm);
yield, 07 g (50 %)) and solidified immediately. From cyclohexane colourless leaflets of m.p. 114-116° (lit.6:
110°); AESM 297 my (log £ 4'65). (Found: C, 93-2; H, 66. Calcd. for C;,H,4: C, 936; H, 64 %)

Diethyl 1-benzoyl-5-carbethoxy-2,4,6-triphenylcyclohex-1-ene-5-phosphonate (VII). Sodium (1 g) was
dissolved in 20 ml EtOH and the soln diluted with 35 ml benzene. Then 89 g of 1 and a soln of 832 g
chalcone in 35 ml benszenc were added successively. The mixture was hcated at 60° for 11 hr and poured
into 250 ml water, whereupon a yellowish solid precipitated. This was filtered and recrystallized from
EtOAc, m.p.207-209°; yield, 29 g (24 ;). A further crop (03 g; 25 %) was obtained by evaporation of the
organic layer and recrystallization of the residue from EtOAc; AECH 247 my (log & 4'17); vKB 1718, 1680,
1600, 1440, 1250, 1160, 1035,980,700cm " '.(Found: C,733; H,61; P, 52; OEt, 21-4. Calcd. for C34H;3004P:
C,733; H,63; P, 50; OEt, 21'7%).

2,4-Dinitrophenylhydrazone, from MeOH orange crystals of m.p. 221-222°. vKB 1680, 1600, 1540, 1250,
1030, 970, 700 cm™!; AECH 336 my (log € 402). (Found: C, 660; H, 50; N, 69; P, 39. Calcd. for
CusH OgNP: C, 658; H, 54; N, 70; P, 3:9%).

From the mother liquor of VII, about half of the originally employed chalcone was recovered and identi-
fied as 2.4-dinitrophenylhydrazone.

Triethyl 4-benzoyl-3-phenyl-2-phosphonobutyrate (11). The soins of 2:24 g of 1 in 5 ml ether and 104 g
chalcone in 10 ml of the same solvent were added successively at room temp to a suspension of 04 g
sodamide in 20 ml ether. After 16 hr, the mixture was poured into 150 ml water and the solid which pre-
cipitated, filtered and rccrystallized from hexane, m.p. 52-54°; yield, 094 g (42°7); A2 243 mp (log ¢
4-11); v&, 1720, 1690, 1600, 1260, 1160, 1030, 975 cm ™ '. (Found: C, 63-8; H. 6:7; P, 6:9. OEt, 31-2; mol. wt..
432 (mass spectrum). Calcd. for C,3H,9O¢P: C. 639; H, 6:7; P, 7-2; OEt, 31-3; mol wt.. 432).

Diethyl 3-benzoyl-1,2-diphenylpropyl-1-phosphonate (X). The solns of 228 g of IV in 5 ml ether and of
1-04 g chalcone in 10 ml ether were added successively at room temp to a suspension of 0'6 g sodamide in
30 ml of the same solvent. After 15 hrs, the yellow soln, from which an oily product had separated, was
treated with 150 ml water and the ethereal layer worked up as usual. The solid residue was recrystallized
from cyclohexane and melted at 128-129°; yield, 05 g (24 %); AEIM 243 my (log ¢ 3-85); vE®: 1665, 1590,
1440, 1245, 10685, 1032, 970 cm ™' (Found: C, 71'9; H, 6'8; P, 6:8; OEt, 20-6. Calcd. for C,4H,,0,P: C,
716, H,67; P, 7'1; OEt, 20:6%).

When the reaction was carried out with an 1:1 ratio of the two reactants, the yield was somewhat lower.

The DNP of X was recrystallized from MeOH and melted at 207-209°; AECH 370 my (10 g £ 4:40);
VB 1620, 1595, 1520, 1245, 1035, 910, 710 cm ™!, (Found: C,62'6; H, 56; N, 92; P, 5'1; OEt, 14°3. Calcd.
for C3,H;3;0,N,P:C, 623; H, 54; N, 9'1; P, 50; OEt, 146°).

1,2-Dibenzoyl-3,4-diphenyicyclobutane (IX) and diethyl 1,5-dibenzoyl-2,3,4-triphenylpentyl-3-phosphonate
(VIII). A soln of NaOEt, prepared from 1 g Na and 20 ml EtOH, was diluted with 30 m] benzene, and
912 g of IV and a soln of 832 g chalcone in 35 ml benzene were added successively at room temp. After
11 h at 60°, the mixture was treated with 200 m! water and worked up as usual. The resulting brown-red
oil was treated with benzene; thus, a solid product was obtaincd which was recrystallized from benzene
and melted at 249-250°; yield, 1'3 g (8 %). It was phosphorus-frec and proved to be 1°, 2'-dibenzoyl-3°,
4'.diphenylcyclobutane (“‘neotruxin diphenyl diketone') for which the literature’ gives a m.p. of 250°;
AECH 250 my (log £ 4-01); v&B 1660, 1600, 1495, 1450, 1225, 1070, 980, 705 cm ~*. (Found: C, 862; H, 61.
Calcd. for C30H,,0,: C, 86'S; H, 58%).

The benzene mother liguor was concentrated, giving some unchanged chalcone, and then evaporated
and the residue distilled in vacuo. After a head fraction of diethyl benzylphosphonate (b.p. 93-102° (0-2 mm);



2678 E. D. BERGMANN and A. SOLOMONOVICI

yield, 15 g, (179;), the product VIII boiled at 188-208° (0'1 mm); yicld, 0:25 g (197); Ana" 245 mp (log ¢
4-28); 306 my (log ¢ 4 18): veht 1665, 1605, 1580, 1500, 1450, 1250, 1060, 1030, 970 cm ™', (Found: C, 770;
H, 70; P, 47; OEt 13'5. Calcd. for C4,H,,OsP: C, 764 H. 64; P, 48; OEt, 1409).
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