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Enol Benzoates of P-Diketones 
By John Larkin, Michael G. Murray, and Derek C. Nonhebel,' Department of Pure and Applied Chemistry, 

University of Strathclyde, Glasgow G I  1 XL 
Alastair D. Mitchell,* Department of Chemistry, Paisley College of Technology, Paisley 

The structures of enol benzoates of substituted dibenzoylmethanes have been determined : in all cases benzoylation 
occurs at  the carbonyl oxygen atom adjacent to the more electron-withdrawing aryl group. Benzoylacetone forms 
isomeric E- and Z-enol acetates and benzoates, reaction occurring at the oxygen atom of the acetyl group. A 
mechanism for the formation of enol benzoates of p-di ketones is proposed. 

ENOL esters of P-diketones are obtained by the reaction 
of p-diketones with acyl halides in pyridine 1*2 and, 
together with triacylmethanes, from reactions of metal 
chelates of P-diketones with acyl halides.2,3-6 Acyl- 
benzoylmethanes invariably undergo acylation on the 
carbonyl oxygen atom adjacent to the alkyl group, 
irrespective of the size of the alkyl group in the diketone, 
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or of electronic or steric effects in the acyl chl0ride.~#5-' 
The product from these reactions is thus the thenno- 
dynamically less stable of the two isomeric enol esters. 
There are no reports of acylation at more than one of the 
two carbonyl oxygen atoms of unsymmetrical p-di- 
ketones, though O-methylation of certain p-diketones 
has given mixtures of isomeric methyl ethers as a result 
of attack at both carbonyl oxygens.8 This work was 
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undertaken to see what factors controlled the position atom. In contrast to previous work, it was found that 
of acylation in substituted dibenzoylmethanes with a both acetylation and benzoylation afforded two products, 
view to elucidating the mechanism of these reactions. the E- and Z-3-acyloxy-l-phenylbut-2-en-3-ones (4 and 

Benzoylation of substituted dibenzoylmethanes oc- 5 ;  R1 = Ph). That the two compounds were cis-trans 
curred at the carbonyl oxygen atom adjacent to the isomers was established by their hydrogenation and 
more electron-withdrawing aryl group (Table 1). The hydrogenolysis to butyrophenone. Two enol benzoates 

TABLE 1 
Enol benzoates of P-diketones [R1C(OBz)=CH*COR2] 

M.p. Recryst. ,--~-, r identi- 
Found (%) Required (%) Method Of 

from * C H N Formula c H N- fication t K' R2 ("C) 
P-SO2'C,H, Pi1 155 PhMe 70.8 4.05 3.66 C22H1,N0, 70.8 4.05 3.75 A 
m-ErC,H, P h  100 PhH-Pet 65.0 3.6 C,,H,,BrO, 64.9 3.7 B 
P~z-&TcO*C,H, Ph  105 PhH-Pet 77.0 5.0 CS3Hl8O4 77.1 5.0 A 
p-hT&H.4 p-MeO.C@, 130 PhH-Pet 77.2 5.6 C2,H2,04 77.4 5.4 B 
P h  p-MeC,H, 102-103 PhH-Pet 81.0 5.4 C2&1@:, 80.7 5.3 A, c 
Pi1 p-MeO*C,H, 98-99 Pet 77.3 5.1 C2,H1,04 77.1 6.1 A, c 
P h  P-BrCGH, 122-123 PhH-Pet 64.6 3.9 C,,H,,BrO, 64.9 3.7 A, c 
Ph p-ClC,H, 98-100 Et2O 73.0 4.7 C22Hl,C103 72.8 4.4 C 
P h  3,4- (CH2O.J C,H, 98-1 00 Pet 74.6 4.5 C2,Hl,OS 74.1 4.6 D 
P-C'OH, P h  150-151 P h H  82.2 5.2 C26H1,03 82.6 4.8 D 
Pll 2 - F u ~ l  140 CH2C12-Hex 75.1 4.4 CZoHl,O4 75.5 4.4 A 
P h  2-Thienyl 118 CH2C12-Hex 72.3 4.5 C2,Hl,03S 71.8 4.2 A 

2-Pyridyl Ph  127 CH2C12-Hex 76.9 4.9 4.5 CzlH1,N03 76.6 4.6 4.3 A 
* Pet = light petroleum; Hex = hexane. t A, by comparison of U.V. spectrum with spectra of chalcones; B, by reduction 

and hydrogenolysis to  R1CH2CH2COR2; C, as for B but product isolated as its 2,4-dinitrophenylhydrazone; D, by hydrogenolysis 
to chalcone, R1CH=CHCOR2. 

TABLE 2 
U.V. spectra of enol benzoates and chalcones 

R' R2 
p-NO,*C,H, Ph 

Ph p-MeOC6H, 
WZ-&kO*C,H, Ph 

Ph 2-Thienyl 
2-grIidyl P h  

Ph p-MeC,H, 

Ph 2-Fuvl 

R'C( OBz)=CHCOR2 
306 (19 000) 
313 (20200) 
313 (22 600) 
300 (18 000) 
324 (13 320) 
314 (16 460) 
303 (12 160) 

h,./nm (4 
R1CH=CH*COR2 

306 (20 700) 
312 (21 900) 
312 (25 900) 
302 (19 000) 
324 (10 700) 
320 (19 300) 
303 (10 600) 

R1COCH=CHR2 
313 (18 600) 

334 (26 900) 
300 (22 000) 

318 (14 500) 

334 (21 000) 

344 (20 800) 
345 (19 200) 

same pattern was true for the enol benzoates of benzoyl- 
2-furoylmethane, benzoyl-2-thienoylmethane, and ben- 
zoylpicolinoylmethane, benzoylation occurring at the 
benzoyl oxygen atom in the first two cases and at the 
picolinoyl oxygen atom in the last. Identities of the 
enol benzoates were established by hydrogenation and 
hydrogenolysis to give the saturated ketones (2). In 

were also obtained from acetylacetone. This can only 
be explained by cis-tram isomerism. During this work 
isomeric cis- and tram-enol acetates of acetylacetone 
from the reaction of acetylacetone with isopropenyl 
acetate were r ep~r t ed .~  Structures of our products were 
assigned by comparison of their n.m.r. spectra with 
those of the analogous E- and Z-O-acetyl derivatives of 

R' C ( 0 8 z ) = C H . C O R Z  - R '  CH, CH,.COR2 - R'CH=CH.COR2 

( 1 )  ( 2 )  ( 3 )  

some instances reduction also afforded some of the 
corresponding carbinol. This was reoxidised to the 
ketone with chromic oxide. Comparison of the re- 
duction product with the reduction product of the 
appropriate chalcone (3) gave the structure of the enol 
benzoate. An alternative method of establishing the 
structures of the enol benzoates (1) was to compare the 
positions of their U.V. absorption maxima with those of 
the corresponding chalcones (3). These were sig- 
nificantly different from that of the isomeric chalcones, 
R2CH=CH*COR1 (see Table 2). In no instance was 
more than one enol benzoate obtained. 

Reinvestigation of benzoylacetone was undertaken to 
confirm the absence of attack at the benzoyl oxygen 

acetylacetone.' The chemical shift of the methine 
proton in the E-isomer is further downfield than in the 
Z-isomer and the signal appears as a quartet ( J  1 Hz) 

/ Me 
R'CO, 

,c= c- 
H '0. COR' 

R'CO, 0-COR 
/ 

,c=c- 
H 'Me 

as a result of splitting by the methyl group attached to 
the double bond (Table 3). This latter thus gives rise to 
a doublet in the spectrum of the E-isomer. The E- and 
Z-isomers underwent ready interconversion. 

D. V. C. Awang, Canad. J .  Chem., 19T3, 51, 3752. 
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When benzoylation of benzoylacetone was carried out 

a t  various temperatures it was found that the pro- 
portion of the E-isomer increased from 33% at # "C to 

TABLE 3 
N.m.r. data for E- and Z-enol esters (6 values; solvent 

CC14) 
Structure Rf R2 H Me Ref. 

Me Me 5.98 2.25 (d, J 1.3 Hz) 9 
Me Me 5.72 (s)  2.13 (s) 9 

(4) Me Ph 6.26 (9, J 1 Hz) 2.38 (d, J 1 Hz) 
(6) Me Ph 6.90 (s) 2.13 (s)  

Ph Me 6.78 (9, J 1 Hz) 2.36 (d, J 1 Hz) 

(4) Ph Ph 6.90 (9, J 1 Hz) 2.46 (d, J 1 Hz) 
(6) Ph Ph 6.63 (s) 2.15 (s) 

[:{ Ph Me 6.61 (s) 2.22 (s) 

66% at  -10 O C ,  possibly indicating that this isomer is 
the kinetically preferred product. 

A possible interpretation of the mechanism of the 
reaction is shown in the Scheme. The function of the 

0 

II 
0 

SClIEME 

pyridine is to disrupt the intramolecularly hydrogen- 
bonded enolic system giving rise to a complexed trans- 
enol which then reacts with the benzoylpyridinium 
ion. Pyridine is an insufficiently strong base to effect 
the formation of an enolate anion though it clearly does 
interact with the @-diketone. The n.m.r. spectra of 
benzoylacetone and other P-diketones in pyridine 
showed immediate disappearance of the enolic proton 
signal on addition of deuterium oxide but the methine 
proton signal had not changed even after 5 days. When 
a trace of sodium deuterioxide was introduced the 
methine proton exchanged rapidly as the enolate ion 
was then present in the system. 

The reaction is tentatively considered to involve the 
trans-enol, since the E-isomer appears to be the kinetic- 
ally preferred product. The site of reaction is con- 
sistent with the proposed scheme in that the preferred 
trans-enol of benzoylacetone is undoubtedly that in 
which there is the more extended conjugated system. 
In substituted dibenzoylmethanes the more electron- 
rich carbonyl group is that which is preferentially 
enolized, thus giving rise to attack at the more electron- 
deficient carbonyl oxygen atom. 

EXPERIMENTAL 

3-Acetoxy- l-phenylbut-2-en-l-one.-A mixture of benzoyl- 
acetone (5.1 g ,  0.03 mol), anhydrous pyridine (25 ml), and 
acetyl chloride (3.2 g, 0.04 mol) was shaken for 1 h at  
25 "C. Cold water (100 ml) was added and shaking con- 
tinued for a further 2 h. The mixture was extracted with 

ether and the extract washed in turn with dilute hydro- 
chloric acid, water, and sodium hydroxide solution until 
treatment of the organic layer with iron(m) chloride 
showed no trace of diketone. The ethereal extract was 
washed with cold water and dried (Na,SO,). Distillation 
gave the enol acetate of benzoylacetone (4 g, 65%), b.p. 
125--130° a t  2 ininHg (lit.,' 120-122O a t  2 mmHg). 

T.1.c. of this enol acetate on silica gel in hexane-ether 
(6.5 : 1.5) showed the presence of two compounds in equal 
proportions. These were separated by t.1.c. and extracted 
with ether. Each solution was re-chromatographed as 
before. In both cases a fresh spot appeared corresponding 
to the other component. When the ether solutions were 
set aside for 3 h, 24 h, and 48 h and then re-chromato- 
graphed, increasing amounts of the other compound were 
found to be present. Chromatography on a column of 
alumina in hexane-ether (8.8 : 1.5) gave (E)-3-acetoxy- 
1-phenylbut-2-en- 1-one. Further elution with the same 
solvent gave the (2)-isomer. 

0-BepzzoyZ Derivatives of P-Dihetones.-The @-diketone 
(0.025 mol) and benzoyl chloride (0.0375 mol) in anhydrous 
pyridine (15 ml) were shaken at  26 "C for 1 h. Cold water 
(50 ml) was added and shaking continued for 2 h. The 
mixture was extracted with ether and the extract washed 
in turn with hydrochloric acid (1 : l), water, and sodium 
hydroxide solution until the ether layer showed no trace 
of diketone (FeCI, test). The ether layer was washed with 
cold water, dried (Na,SO,), and passed through an alumina 
column (5 g) to remove tarry materials. Evaporation gave 
the crude enol benzoate, which was crystallised from the 
appropriate solvent (see Table 1 ) .  

3-BenzoyZoxy-l-~henylbut-2-en-l-one.-This was prepared 
by the above method as a viscous oil; in order to avoid 
possible isomerisation i t  was not distilled, T.1.c. [hexane- 
ether (8.5 : 1.5)] showed the presence of two compounds 
and the same slow interconversion as found with the enol 
acetate. Chromatography on an alumina column Pexane- 
ether (8.5 : 1.5)J afforded (E)-3-benzoyloxy-l-phenylbut- 
2-en-1-one followed by the (2)-isomer. 

Hydrogenolysis of the Enol A cetute of Benzoy1acetone.- 
Benzoylacetone enol acetate (5.0 g, 0.025 mol) in glacial 
acetic acid (25 ml) was hydrogenated at room temperature 
and atmospheric pressure over Adams catalyst (0.1 g )  until 
absorption ceased (1 200 ml; 2.25 mol per rnol of e n d  
acetate). The catalyst was filtered off and the filtrate 
stirred with 8~-chromic acid (5 ml). A solution of sodium 
hydrogen sulphite was added and the mixture was then 
extracted with ether. The ether layer was washed with 
dilute hydrochloric acid and then dried and evaporated, 
leaving butyrophenone (2.6 g, 68%). 

Hydrogenolyses of Enol Benzoutes.-These were carried 
out as described above. The enol benzoate of benzoyl- 
P-naphthoylmethane gave p-naphthylmethyleneaceto- 
phenone, m.p. and mixed m.p. 164O, which on treatment 
with Brady's reagent gave @-napPlthyEmethyEeace~ophen~ze 
2,4-dinitri@henyZhydrazone, m.p. 236O (Found : C, 68.2; 
H, 4.4; N, 12.3. C,,H,,N40, requires C, 68.2; H, 4.6; 
N, 12.7%). 

Hydrogenations of Clzalcones.-These were carried out in 
the same manner. Reduction of 4'-bromochalcone afforded 
P-PhepzyZ-p-broMzopyoP~ophenone as plates (from petroleum), 
m.p. 101O (Found: C, 62.6; H, 4.8; Br, 27.8. C,,H,,BrO 
requires C, 62.3; H, 4.5; Br, 27.6%). 

The 2,4-dinitrophenylhydrazone of p-(m-bromopheny1)- 
propiophenoize was obtained, by treatment of the reduction 
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product of 3-bromochalcone with Brady's reagent, as 
orange needles (from benzene-petroleum) , m.p. 202-203° 
(Found: C, 53.2; H, 3.85; N, 11.95. C,,H,,BrN,O, 
requires C, 53.7; H, 3.65; N, 11.95%). Reduction of 
4'-methoxy-4-methylchalcone similarly gave, after treat- 
ment with Brady's reagent, the 2,4-dinitrophenylhydrazone 
of 8- (p-talyl) -p-methoxypropio~henone as orange needles 

(benzene), m.p. 201-20Z0 (Found: C, 63.5; H, 6.4; N, 
12.8. C2,H,,N,0, requires C, 63.6; H, 5.1; N, 12.9%). 
Reduction of 44trochalcone gave p- (p-arninophewyl) - 
propiofihenone as needles (from methanol), m.p. 78.5-80O 
(Found: C, 80.0; H, 6.8; N, 5.8. C1,H1,NO requires C, 
80.0; H, 6.7; N, 6.2%). 
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