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Several types of condensations at the terminal methyl group of 1-phenyl-1,3,5-hexanetrione or its p-methoxy

analog were effected by means of 3 molecular equiv. of sodamide in liquid ammonia or ether.
include alkylations, carbonyl addition reactions (aldol type), benzoylation, and carbonation.

These reactions
Several of the

products were converted to pyrones and/or pyridones Attempts to effect terminal condensations by means of

potassium amide or lithium amide were unsuccessful.

Several types of condensations at the terminal
methyl group of acetylacetone or benzoylacetone have
previously been effected by means of 2 molecular equiv.
of an alkali amide in liquid ammonia, which converts
the g-diketone to its dialkali salt 1. These reactions
include alkylations,? aroylations,?? carbonation,? and
carbonyl additions (aldol type).* For example, aroyla-
tion of 1 (R = CHj) with methyl benzoate affords 1,3,5-
triketone 2a.

M
MCH,COCHCOR ArCOCH,COCH,COCH,
1 2a, Ar = CgH;
b, Ar = C:H,OCH;-p

Similar condensations at the terminal methyl group

of triketones 2a and b have now been accomplished by
means of 3 molecular equiv. of sodamide in liquid

3NaNH,, Na Na
———> ArCOCHCOCHCOCH;Na
liq. NH, 3a, Ar = C¢H;

b, AI‘ = CeH4OCHa-p

2aorb

ammonia, which presumably converted the triketone
to its trisodio salt 3a or b or an equivalent structure.’

Trisodio salt 3a underwent alkylation with benzyl
chloride to form 4 in 639, yield. Also 4 was synthesized
independently by benzoylation of B-diketone 5 by
means of sodium hydride.! That benzylation of 3a
and benzoylation of 5 had occurred at the terminal
methyl positions was supported by the disappearance

1. CeHsCH:Cl
3a h—-—) CeH;COCH.COCH,COCH,CH,CsH;
. aci 4

1. CsHsCOOCH;3, NaH T
C¢H;CH.CH,COCH,COCHj, 5 J
5

. acid

(1) (a) Supported at Duke University by the Army Research Office
(Durham), and at Vanderbilt Uriversity by the Research Corporation and
the U. 8. Public Health Service (1-R01-GM12848-01). (b) To whom in-
quiries should be addressed: Vanderbilt University.

(2) (a) C. R. Hauser and T. M. Harris, J. Am. Chem. Soc., 80, 6360
(1958); (b) K. G. Hampton, T. M, Harris, and C. R. Hauser, J. Org, Chem.,
80, 61 (1965).

(3) R.J. Light and C. R. Hauser, ¢bid., 28, 538 (1960).

(4) R.J. Light and C. R. Hauser, :bid., 26, 1716 (1961).

(5) This was discovered independently at Duke and Vanderbilt Univer-
sities. Preliminary experiments on deuteration at the latter university has
indicated that trisodio salt 3a is formed to the extent of at least 60%; the
details of this and related results on the mechanism will be published later.

(6) Although several aroylations of 8-diketones have recently been effected
by means of sodium hydride in 1,2-dimethoxyethane,” this is the first example
involving a simple, unsymmetrical S-diketone such as §, with which aroyla-
tion at the 5-methylene group was possible. For an example of an aroylation
involving a bis-g-diketone by means of this reagent, see ref. 8. The mecha-
nism of aroylation of g-diketones by sodium hydride is currently under
investigation by M. L. Miles (private communication).

(7) M. L. Miles, T. M. Harris, and C. R. Hauser, J. Org. Chem., 80, 1007
(1965).

of the methyl resonances in the n.m.r. spectra, which
were identical for the products from the two reactions.

Treatment of triketone 4 with cold, concentrated
sulfuric acid afforded pyrone sulfonic acid 6, rather than
the expected pyrone 7. With these reaction conditons,
triketone 4 (or pyrone 7) underwent sulfonation,
presumably on the benzyl ring to give pyrone sulfonic
acid 6. N.m.r. and infrared spectra indicated para
substitution of the benzene ring. Sulfonation products
have not been observed previously from cyclizations
of aromatic triketones, such as 2a and 1,5-diphenyl-
1,3,5-pentanetrione, where the aromatic rings are
deactivated toward electrophilic substitution. Pyrone
7 was prepared conveniently and in excellent yield
through the use of anhydrous, liquid hydrogen fluoride
as the cyclizing agent.

o 0

I8 )
Celi O cmcm@sosn CeHi ~0” “CH,CH,CeHs

6 7

Trisodio salt 3a underwent twofold alkylations with
1,3-dibromopropane to form bis-1,3,5-triketone 8
which was independently synthesized by dibenzoyla-
tion of tetrasodio bis-3-diketone 9 as described re-
cently.8

1, (CH:)sBr2

3a ——> CsH(COCHS,)s( CHa)s( CH,CO )sCoH
2. acid 8
1. 2CsHsCOOCH;:
(NaCH;COCHNaCOCH,),(CH,), 3

9 2. aci

Similarly, trisodio salts 3a and b underwent twofold
alkylations with 1,4-dibromobutane to give bis(tri-
ketones) 10a and b in yields of 53 and 469, respectively.
These 1,3,5-triketones were cyclized with ethanolic
ammonia to afford bispyridones 11a and b in yields of
65 and 709, respectively.

0 0
Ar(COCile)a 7 | ; |
(CHz)4 Ar A
! N N
Ar(COCHy)s g (CH)
lOa,Al’= CeHs lla,Ar=CsH5

b, Ar= CeH4,OCH3-p b, Ar= CsH;OCHa—P

Trisodio salts 3a and b underwent addition reactions
(aldol type) with benzophenone to form adducts 12a
and b in yields of 62 and 419}, respectively.

(8) K. G.Hampton and C. R. Hauser, ibid., 30, 2934 (1965).
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OH
1. (CsHe):CO ]
3aorb - —— AI’( COCHz)sC( CeHs)z
2. acid 12a, Ar = GH

b, Ar = CeH,0CHyp
Adduct 12a was cyclized by means of sulfuric acid
or methanolic hydrochloric acid to give the unsaturated
pyrone 13 in 62-699, yields. Adducts 12a and b
were cyclized with ethanolic ammonia to afford hy-
droxypyridones 14a and b in yields of 84 and 539,
respectively.

0
CsHs(j\ Al‘ﬁ

0" "CH=C(C¢Hs)2 ﬁ CHz(IJ(CsHs)g
OH
13 14a, Ar=C:H;

b, Ar= C5H4OCH3 -p

Similarly, trisodio salt 3a underwent an addition
reaction with anisaldehyde to form adduct 15 in 459,
yield.

OH
1. p-CH:OC:sHCHO |
3a —————————>» C3Hy(COCH,);CHCH,OCH;-p
2. acid 15

Adduect 15 was cyclized by acid to give unsaturated
pyrone 16 and with ammonia to afford hydroxypyridone
17 in yields of 78 and 839, respectively.

0
C“H5© CH=CHCH4OCH;s-p
16
0]

CeHs IN | CHzCHCsH4OCH3—p
H 17
Trisodio salt 3a underwent aroylation with methyl
benzoate to form tetraketone 18 in 129, yield. Struc-
ture 18 was established by independent synthesis by
the sodium hydride—1,2-dimethoxyethane method.?
1. CeHsCOOCH:

3a ﬁ———> CeH;COCH,COCH,COCH,COCH;
. aci
18
1. CsHs;COOCH;, NaH T
2a
2. acid

Although the sodium hydride method appears not
to involve the intermediate formation of trisodio salt
3a,10 it affords 18 in better yield (529%,)° than the sod-
amide method which involves intermediate 3a. How-
ever, the sodium hydride method would probably not
be suitable for the other types of condensations de-
scribed above, as it has not been satisfactory for alkyla-
tions and addition reactions of g-diketones.”

(9) M. L. Miles, T. M. Harris, and C. R. Hauser, J. Am. Chem. Soc.;
85, 3884 (1963).

(10) Treatment of triketone 2a with excess sodium hydride in refluxing 1,2-
dimethoxyethane causes evolution of only two molecular equivalents of
hydrogen, not three equivalents as would be required for formation of tri-

sodio salt 8a. The detail of this result together with consideration of the
mechanism will be published later.
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Finally, terminal carbonation of 2a was effected in
389, yield by addition of Dry Ice to the reaction
mixture containing 3a after having replaced the am-
monia by ether. The resulting triketo acid 19 was a
crystalline solid that underwent decarboxylation at
its melting point. Treatment of 19 with anhydrous,
liquid hydrogen fluoride afforded pyrone carboxylic

CsH:COCH.COCH,COCH,.COOH

19
: (ﬁj
CsHs[t;j CH;COOH CeHs' o ICHa
20 21

acid 20. Decarboxylation of 20 occurred at its melting
point, pyrone 21 being formed.

It should be mentioned that attempts to effect such
terminal condensations of triketone 2a with 1,4-dibro-
mobutane, benzophenone, methyl benzoate, and carbon
dioxide by means of 3 molecular equiv. of potassium
amide were unsuccessful. In addition, an attempt to
effect benzophenone condensation by means of lithium
amide failed. This failure of both lithium amide and
potassium amide to afford terminal condensations of
2a is surprising, since these alkali amides are as suitable
as sodamide for the preparation of the dianions of
g-diketones. Some differences have been observed in
the reactivities of these different dialkali metal salts
of B-diketones,?>411 but these differences are small in
comparison with the metallic cation effects observed
here. This matter is the subject of further investiga-
tion.

One other triketone, 2,4,6-heptanetrione, was in-
vestigated. Benzylation and carbonation were both
unsuccessfully tried by means of sodamide and potas-
sium amide. With both bases heavy precipitation oc-
curred when the triketone was added to the reaction
mixture.

The present method employing sodamide, although
apparently not completely general, can probably be
extended to at least some other triketones. In addi-
tion, terminal condensations with many other alkyl
halides and carbonyl compounds should also be feasible.

Experimental Section!?

1,3,5-Triketones 2a and b.—1-Phenyl-1,3,5-hexanetrione (2a)
was prepared from 0.4 mole each of acetylacetone and methyl
benzoate and 1.3 mole of sodium hydride'? in 300 ml. of 1,2-
dimethoxyethane essentially as described previously? on a 0.5-
mole scale; the yield was 55-60%,.

1-(p-Methoxyphenyl)-1,3,5-hexanetrione (2b) was synthesized
similarly from acetylacetone and methyl anisate and recrystal-
lized from 959, ethanol. The product melted at 85-86°; yield,

729,

(11) S. D. Work and C. R. Hauser, J. Org. Chem., 28, 725 (1963).

(12) Melting points were taken on a Thomas-Hoover melting point ap-
paratus in open capillary tubes and are corrected. Analyses were by Galbraith
Laboratories, Knoxville, Tenn., Triangle Chemical Laboratories, Inc.,
Chapel Hill, N. C., and Janssen Pharmaceutica, Beerse, Belgium. N.m.r,
spectra were obtained with 10-20% solutions in deuteriochloroform with
tetramethylsilane as internal standard using a Varian A-80 spectrometer.
The area measurements were made with respect to the area of the phenyl
absorption. Infrared spectra were obtained with a Perkin-Elmer Model 137
Infracord using the potassium bromide pellet method for solids. The ultra-
violet spectra were determined with a Cary Model 14 recording spectropho-
tometer using 2 X 10-5 M solutions in methanol with a 1-cm. cell.

(13) Obtained as approximately 50% dispersion in mineral oil from Metal
Hydrides, Inc., Beverly, Mass.
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Anal. Caled. for C;HiO4: Found:
C, 66.45; H, 6.19.

Trisodio Triketones 3a and b.—In a typical experiment, 0.05
mole of solid triketone 2a or 2b was added from an erlenmeyer flask
through Gooch tubing to a stirred suspension of 0.15 mole of
sodamide!* in 600-700 ml. of commercial, anhydrous liquid
ammonia; the last portions of the triketone in the flask and
tubing were washed into the reaction mixture with anhydrous
ether. An alternative procedure was to add the triketone as an
ethereal suspension. After 20-50 min., the resulting trisodio
salt 3a or 3b was employed as described below.

Benzylation of Trisodio Salt 3a to Form 4.—A suspension of
3a and sodamide was prepared in 700 ml. of liquid ammonia
from 0.025 mole of triketone 2a and 0.13 mole of sodamide.?
After 20 min., 12.6 g. (0.10 mole) of benzyl chloride was added to
the stirred suspension. The ammonia was evaporated after
30 min. and ether was added. Ice and water were added, the
aqueous layer was separated, and the ethereal solution was ex-
tracted with water. The combined aqueous solution was acidi-
fied with hydrochloric acid and extracted with ether. The ethereal
solution was dried over magnesium sulfate and evaporated
The residue was taken up in hot hexane, filtered, and cooled to
—20° to afford 4.6 g. (639,) of 1,7-diphenyl-1,3,5-heptanetrione
(4), yellow crystals, m.p. 46-51°. Column chromatography on
silica gel raised the melting point to 50.5-53°. The elution
solvent was 20:80 benzene-hexane.

The n.m.r. spectrum of the product showed no indication of a
terminal methyl group; methyl resonance in the starting tri-
ketone 2a appeared at 2.0-2.3 p.p.m. Triketone 4 existed as a
mixture of enol forms in deuteriochloroform solution.

Independent synthesis of 4 was accomplished by refluxing a
mixture of 9.5 g. (0.05 mole) of 6-phenyl-2,4-hexanedione, 10.0
g. (0.074 mole) of methyl benzoate, and 10.0 g. (0.22 mole)
of sodium hydride!? in 400 ml. of tetrahydrofuran for 6 hr. The
tetrahydrofuran was evaporated under reduced pressure, ether
was added, and the mixture was extracted with water. The
aqueous extract was acidified and extracted with ether. The
ethereal solution was washed with dilute sodium bicarbonate solu-
tion, dried, and evaporated. The residue was dissolved in hot
hexane containing a small amount of benzene and cooled to —20°
to afford 8.9 g. (619,) of 4, m.p. 46-50° and 50-52.5° after two
recrystallizations from hexane.

Anal. Caled. for CiHs0;:
C, 77.26; H, 6.03.

The n.m.r. spectrum of the produet showed no indication of a
methyl group; methyl resonance in the original g-diketone ap-
peared at 1.9 p.p.m.

The infrared and n.m.r. spectra of the triketone prepared by
the sodamide and the sodium hydride routes were identical.
The mixture melting point was undepressed, but it was found
that certain mixtures with 1-phenyl-1,3,5-hexanetrione also
melted without depression.

Cyclization of Triketone 4. A. By Sulfuric Acid.—A mixture
of 1.0 g. of triketone 4 and 22.0 g. of concentrated sulfuric acid
was stirred at 0° until solution was complete. The mixture was
warmed to room temperature and poured onto ice. The resulting
white precipitate was separated by filtration and dissolved in
dilute, aqueous sodium bicarbonate. The solution was washed
with ether and carefully neutralized with hydrochloric acid to
afford 1.0 g. (78%) of the pyrone sulfonic acid 6, which lost water
of hydration at about 150° and decomposed at 250°. Two re-
crystallizations from ethanol raised the decomposition point to
285-287° (uncor., taken on a Mel-Temp).

Anal. Caled. for CiHis068: C, 60.95; H, 4.84. Found:
C, 60.89; H, 5.14.

The infrared spectrum indicated para substitution of one ring
(823 em. ™) as well as strong pyrone (1650 cm.™?) and sulfonic
acid (1225 cm.~!) absorption. The n.m.r. spectrum determined
in 5%, sodium deuterioxide in deuterium oxide solution (external
tetramethylsilane) contained AB doublets centered at 7.1 and
7.8 p.p.m. (J = 8.0 ¢.p.s., para-disubstituted phenyl), a singlet
at 7.2 p.p.m. (monosubstituted phenyl), two slightly coupled
absorptions at 6.1 and 6.4 p.p.m. (pyrone hydrogens), and a
large broadened absorption at 2.6 p.p.m. (-CH,CHy;-). Ini-
tially, the areas of the peaks were consistent with the structure

C, 66.65; H, 6.02.

C, 77.53; H, 6.16. Found:

(14) See C. R. Hauser, ¥. W. Swamer, and J. T. Adams, Org. Reactions,
8, 122 (1954).

(15) Excess sodamide was used to favor more complete formation of 8a.
Although stilbene may have been a by-product, it was readily separated from
triketone 4.
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assignment. However, on standing for a few minutes, the
area of the peak at 2.6 p.p.m. decreased in size, apparently be-
cause of deuterium exchange of the methylene group adjacent to
the pyrone ring.

B. Hydrogen Fluoride.—To 0.713 g. of triketone 4 in a poly-
ethylene bottle was added approximately 10 ml. of anhydrous
liquid hydrogen fluoride. The solution was stirred until the
hydrogen fluoride had completely evaporated (12 hr.). The
residue was treated with aqueous sodium bicarbonate and ether.
The ethereal solution was dried and evaporated to leave a crystal-
line residue (0.603 g., 90%,) of 2-phenyl-6-(2-phenylethyl)-4H-
pyran-4-one (7), m.p. 80.5-84.5 and 85-86.5° after two recrystal-
lizations from hexane.

Anal. Caled. for 019H1502:
C, 82.80; H, 5.86.

The infrared spectrum showed a strong pyrone band at 1650
cm.”!, Then.m.r. spectrum was consistent with the assignment;
the resonance peak for -CH,CH,~ was a broadened singlet at
2.97 p.p.m., and the pyrone hydrogens appearing at 6.17 and
6.70 p.p.m. were coupled by 2.1 c.p.s.

Twofold Alkylation of Trisodio Salt 3a with 1,3-Dibromopro-
pane to Form Bis(triketone) 8.—To a stirred suspension of 3a
prepared from 0.05 mole of 2a and 0.15 mole of sodamide in
600 ml. of liquid ammonia was added, over 15 min., 5.05 g.
(0.025 mole) of 1,3-dibromopropane in 20 ml. of anhydrous ether.
After 1 hr. the ammonia was evaporated on the steam bath as
300 ml. of dry ether was added. The ethereal suspension was
cooled (ice bath), and a mixture of 100 g. of ice and 30 ml. of
cold, concentrated hydrochloric acid was added with stirring.
The two layers were separated. The ethereal layer (which was
combined with three ethereal extracts of the aqueous layer)
was evaporated. The residue was recrystallized from methanol
to afford 3 g. (27%) of 1,15-diphenyl-1,3,5,11,13,15-pentadecane-
hexaone (8), m.p. 84-85°, undepressed on admixture with a
sample of 8 prepared as described recently.?

Twofold Alkylations of Trisodio Salts 3a and b with 1,4-Di-
bromobutane to Form Bis(triketones) 10a and b.—To a stirred
suspension of 3a prepared from 0.05 mole of 2a and 0.15 mole of
sodamide was added 5.4 g. (0.025 mole) of 1,4-dibromobutane as
described above for 8. After the ammonia had evaporated and
the ethereal suspension had been acidified, the resulting precipitate
was removed by filtration. The ethereal layer of the filtrate
(which was combined with three ethereal extracts of the aqueous
layer) was evaporated, and the residue was combined with the
precipitate. The mixture was recrystallized from benzene to
afford 6.15 g. (63%,) of 1,16-diphenyl-1,3,5,12,14,16-hexadecane-
hexaone (10a), m.p. 115.5-116.5°.

Anal. Caled. for CuHyOs: C, 72.71;
C, 72.62; H, 6.68.

Similarly, twofold alkylation of 3b was effected. The product
was recrystallized from benzene to afford 6.05 g. (469%) of 1,-
16-(p-methoxyphenyl)-1,3,5,12,14,16-hexadecanehexaone (10b),
m.p. 120-121°,

Anal. Caled. for CsoHzOs:
68.90; H, 6.57.

Cyclization of Bis(triketone) 10a and b with Ammonia to Form
Bispyridones 11a and b.—Bis(triketone) 10a (1 g.) was treated
with absolute ethanol and liquid ammonia by the procedure de-
scribed recently® to afford 0.6 g. (65%,) of hexamethylenebis-2-
[6-phenyl-4(1H)-pyridone] (11a), m.p. 247-248°, The ultra-
violet spectrum showed Amax 239 myu (log e 4.69).

Anal. Caled. for CsHsN,0:: C, 79.21; H, 6.65; N, 6.60.
Found: C, 79.18; H, 6.65; N, 6.51.

Similarly, 2 g. of 10b afforded 1.3 g. (709%) of hexamethylene-
bis-2-[6-p-methoxyphenyl-4(1H)-pyridone] (11b), m.p. 300-301°
(uncor., taken on a Mel-Temp). The ultraviolet spectrum
showed Amax 240 mu (log ¢ 4.80).

Anal. Caled. for CoHpN:04t N, 5.78. Found: N, 5.74.

Addition Reactions of Trisodio Salts 3a and b with Benzophe-
none of Form Adducts 12a and b.—To a stirred suspension of 3a
prepared from 0.05 mole of 2a and 0.15 mole of sodamide in 600
ml. of liquid ammonia was added, over 5 min., 9.1 g. (0.05 mole)
of benzophenone in 50 ml. of anhydrous ether. After 1 hr., the
reaction mixture was poured into a solution of 15 g. of ammonium
chloride in 200 ml. of liquid ammonia. The ammonia was evapo-
rated on the steam bath as 250 ml. of ether was added. The
resulting ethereal suspension was cooled in ice, and a mixture of
ice and hydrochloric acid was added. The ethereal layer was
separated, and the aqueous layer was extracted three times with
ether. The combined ethereal solution was evaporated under re-

C, 82.58; H, 5.84. Found:

H, 6.54. Found:

C, 68.95; H,6.56. Found: C,
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duced pressure. The residue was recrystallized from methanol
to afford 11.9 g. (629,) of 7-hydroxy-1,7,7-triphenyl-1,3,5-hep-
tanetrione (12a) m.p. 85-86°. The infrared spectrum showed a
peak at 2.80 u for the hydroxyl group.t®

Anal. Caled. for CypHyOs: C, 77.70; H, 5.74. Found:
C, 77.44; H, 5.49.

Similarly, 3b was condensed with benzophenone to afford 8.6
g. (419,) of 7-hydroxy-1-(p-methoxyphenyl)-7,7-diphenyl-1,3,5-
heptanetrione (12b), m.p. 120-121°, The infrared spectrum
showed & peak at 2.95 u for the hydroxyl group.t®

Anal. Caled. for CosHuOs: C, 74.98; H, 5.81.
74.74; H, 5.76.

Cyclization of Adduct 12a to Form Pyrone 13.—A mixture of
1 g. of 12a, 25 ml. of methanol, and 3 ml. of concentrated hydro-
chloric acid was refluxed for 3.5 hr. The reaction mixture was
cooled and filtered, and the precipitate was recrystallized from
aqueous ethanol to afford 0.63 g. (69%) of 2-phenyl-6-(8-phenyl-
styryl)-4H-pyran-4-one (13), m.p. 133.5-135°.

Anal. Caled. for CuHisO,: C, 85.69; H, 5.18. Found:
C, 85.50; H, 5.23.

A mixture of 1 g. of 12a and 10 ml. of concentrated sulfuric
acid was stirred at 0° for 45 min. The resulting solution was
poured into ice and the resulting precipitate was collected by
filtration. The solid was recrystallized from methanol to afford
0.56 g. (629%,) of 13, m.p. 133-135°. The mixture melting point
with 13 prepared as described above was undepressed.

Cyclizations of Adducts 12a and b with Ammonia to Form
Pyridones 14a and b.—Adduet 12a (1 g.) was cyclized with
ammonia by the procedure described recentlys to afford 0.80 g.
(849%,) of 2-phenyl-6-(2,2-diphenyl-2-hydroxyethyl)-4(1H)-pyri-
done (14a), m.p. 205.5-206°. The ultraviolet spectrum showed
Amax 242 mp (log € 4.38).

Anal. Caled. for 025H21N021 C, 8172, H, 5.76; N, 3.81,
Found: C, 81.89; H, 5.87; N, 4.02.

Similarly, 2 g. of 12b afforded 1.0 g. (53%) of 2-(p-methoxy-
phenyl)-6-(2,2-diphenyl-2-hydroxyethyl)-4(1H)-pyridone (14b),
m.p. 211.5-212.5°. The ultraviolet spectrum of 14b showed
Amax 254 mu (log € 4.37).

Anal. Calcd. for CgeHz;;NOa:
C, 78.58; H, 5.95.

Addition Reaction of Trisodio Salt 3a with Anisaldehyde to
Form Adduct 15.—To a suspension of 0.05 mole of 3a in 600 ml. of
liquid ammonia was added, over 15 min., 6.8 g. (0.05 mole) of
anisaldehyde in 30 ml. of ether. The reaction mixture was
worked up as described above for the reaction of 3a and benzo-
phenone. The product was recrystallized from methanol to
afford 7.6 g. (459,) of 7-hydroxy-1-phenyl-7-(p-methoxyphenyl)-
1,3,5-heptanetrione (15), m.p. 87-88°. The infrared spectrum
showed a peak at 2.95 u for the hydroxyl group.!¢

Anal. Caled. for ConzaOsi C, 70.06, H, 6.01.
C, 70.29; H, 6.17.

Cyclization of Adduct 15 to Pyrone 16 and Pyridone 17.—A
mixture of 1 g. of 15, 25 ml. of methanol, and 3 ml. of concen-
trated hydrochloric acid was refluxed for 2 hr. and cooled, and the
precipitate was collected by filtration. The solid was recrystal-
lized from ethanol-water to afford 0.70 g. (78%) of 2-phenyl-6-
(p-methoxystyryl)-4H-pyran-4-one (16), m.p. 148-149°.

Anal. Caled. for CyuHiQ;: C, 78.93; H, 5.30. Found:
C, 78.78; H, 5.26.

Adduct 15 (1 g.) was treated with absolute ethanol and liquid
ammonia by the procedure described recently® to afford 0.8 g.
(839,) of 2-phenyl-6-[2-(p-methoxyphenyl)-2-hydroxyethyl]-4-
(1H)-pyridone (17), m.p. 191-192°. The ultraviolet spectrum
showed Amax 238 mu (log ¢ 4.42).

Found: C,

C, 78.57; H, 5.83. Found:

Found:

(16) See L. J. Bellamy, ““The Infrared Spectra of Complex Molecules,”
2nd Ed., John Wiley and Sons, Inc., New York, N. Y., 1958, p. 95.
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Benzoylation of Trisodio Salt 3a to Form Tetraketone 17.—A
suspension of 3a and sodamide in 700 ml. of liquid ammonia was
prepared from 0.02 mole of triketone 2a and 0.10 mole of sod-
amide. The mixture was stirred 1 hr., the ammonia was re-
placed by ether, and 13.6 g. (0.10 mole) of methyl benzoate was
added. After 4 hr. at reflux, the mixture was treated with 200
ml. of cold water. The mixture was filtered and the precipitate
was neutralized with dilute hydrochloric acid. The resulting
suspension was extracted with ether, and the ethereal solution
was dried, stripped, and recrystallized from ethanol to afford,
after a hot hexane wash, 0.208 g. of 1,7-diphenyl-1,3,5,7-heptane-
tetraone (18), yellow crystals, m.p. 91-92.5°. The p.m.r.
spectrum indicated that the product was free from contamination
by starting triketone.

From the original agueous solution above was recovered, on
acidification, a large amount of starting triketone as well as a
small amount of tetraketone. The tetraketone was partially
separated by recrystallization from ethanol. A fraction was ob-
tained (0.499 g., m.p. 94-97°) which contained 0.151 g. of tetra-
ketone as determined from the n.m.r. spectrum. The total
tetraketone formed in the reaction was 0.359 g. or 129 based on
the probable stoichiometry of 2 moles of triketone affording 1
mole of tetraketone. The mixture melting point with 18 pre-
pared as described previously? was undepressed.

Carbonation of Trisodio Salt 3a to Form 19.—Trianion 3a was
prepared in 300 ml. of liquid ammonia from 5.1 g. (0.025 mole)
of 2a and 0.17 mole of sodamide. The ammonia was rapidly re-
moved on the steam bath while anhydrous ether was added to
maintain the original reaction volume. The ethereal suspension
was poured over crushed Dry Ice in a 2-1. erlenmeyer flask and
allowed to stand for 2 hr. with occasional stirring. After the
Dry Ice had evaporated, the reaction mixture was added to a
mixture of ice and hydrochloric acid. The ether layer was sepa-
rated and extracted several times with cold, 5%, aqueous sodium
bicarbonate. The combined sodium bicarbonate extract was
acidified immediately, and the resulting solid was extracted into
ether. The ethereal solution was dried over magnesium sulfate
and concentrated to a small volume under reduced pressure.
Hexane was added and the solution was cooled to —20° to afford
1.5 g. of 7-phenyl-3,5,7-trioxoheptanoic acid (19), yellow crystals,
m.p. 98-99°, with decarboxylation at the melting point. Con-
centration of the filtrate yielded an additional 0.9 g. of 19, m.p.
92-95° dec. The combined yield was 389,. Further re-
crystallization of the first crop did not increase the melting point.

Anal. Caled. for Cp3HpOs: C, 62.90; H, 4.87. Found:
C, 63.14; H, 5.14.

Cyclization of Triketo Acid 19 to Form Pyrone 20.—To 1.5 g.
of triketo acid 19 in a polyethylene flask was added 25 ml. of
anhydrous, liquid hydrogen fluoride. The resulting homoge-
neous solution was allowed to stand 16 hr. at room temperature,
during which time the hydrogen fluoride evaporated. After
storage over sodium hydroxide in a desiccator to remove traces
of hydrogen fluoride, the colorless solid residue of (6-phenyl-
4H-pyran-4-on-2-yl)acetic acid (20), m.p. 113.5-114.5° dec.,
weighed 1.4 g. (~1009%). The analytical sample, m.p. 115~
115.5° dec., was prepared by precipitation from dilute sodium
bicarbonate solution.

Anal. Caled. for C;3H;oO4:
67.98; H, 4.34.

The infrared spectrum showed bands at 2800-2500 broad
(COOH), 1710 (COOH), and 1645 cm.™? (pyrone).

Pyrone 20 (0.31 g.) was decarboxylated by heating at 115° for
1 hr. to yield 0.25 g. (~100%,) of 2-methyl-6-phenyl-4H-pyran-
4-one (21), m.p. 77-78°. Recrystallization from hexane raised
the melting point to 83-84°. The melting point was undepressed
upon admixture of 21 with an authentic sample of the pyrone.?
The infrared spectra of the two samples were identical.

C,67.82; H,4.38. Found: C,



