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The terminal carbanion of dipotassiobenzoylacetone and dipotassioacetylacetne underwent addition reactions with the 
carbonyl group of certain ketones having no a-hydrogen to form the corresponding hydroxy 6-diketones. While dipotaasio- 
benzoylacetone apparently ionized the a-hydrogen of acetophenone, dilithiobenzoylacetone underwent the addition reac- 
tion with this ketone and vith cyclohexanone to form the hydroxy 0-diketones. Acid catalyzed dehydrations of these com- 
pounds produced corresponding unsaturated p-diketones and, in certain cases, also an isomeric product that appeared 
to be the dihydropyrone. Certain of the dihydropyrones were converted to the unsaturated P-diketones with ethanolic potas- 
sium hydroxide or methanolic hydrochloric acid, and each dehydration product yielded a mixture of the two isomers with 
cold sulfuric acid. A hydroxy 8-diketone and its unsaturated 8-diketone were cyclized with hydrazine to form the corre- 
sponding pyrazoles. The former pyrazole was dehydrated to give the latter. A hydroxy @-diketone underwent cleavage with 
potwsium t-butoxide in t-butyl alcohol to regenerate the ketone and @-diketone. Equilibrium factors are considered. 

In  connection with a recent study of various 
condensations involving the terminal methyl group 
of certain p-diketone~,~ dipotassiobenzoylacetone 
was observed to react with benzaldehyde to give, 
after dehydration of the crude intermediate 
hydroxy P-diketone, cinnamoylacetophenone in an 
overall yield of 28% (Equation 1). 

K I. CEHSCHO 
CaHsCOCHCOCHzK - 

2. N&CI 
acid 

CsHsCOCHzCOCHtCHCaHs + 
I 

OH 
C~H~COCHZCOCH=CHC~& (I)  

In  the present investigation this novel type of 
condensation was studied more thoroughly. Al- 
though the intermediate hydroxy p-diketone rep- 
resented in Equation 1 was obtained only as an 
impure oil, several other such compounds were 
readily isolated as crystalrine solids. Thus, dipotas- 
siobenzoylacetone, which was prepared by means of 
two molecular equivalents of potassium amide in 
liquid ammonia,was condensed with anisaldehyde, 
benzophenone, and p-chIorobenzophenone to form 
hydroxy p-diketones I, 11, and 111, respectively. 
Similarly dipotassioacetylacetone was condensed 
with benzophenone and p-chlorobenzophenone to 
give I V  and V, respectively. 

This aldol type of condensation may be regarded 
as an addition reaction of the terminal carbanion 
of the dipotassio P-diketone with the carbonyl 
group of the aldehyde or ketone as illustrated by 
Equation 2. 
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CsHsCOCHeCOCHiCHCsHiOCHs-p 
I 

OH 
I 

R’ 

RCOCHzCOCHz t: CaHs 
I 

OH 

K liq. NHI 
CeHsCOCHCOCH2K + (CsHI)&=O - 

In  contrast to the ketones considered above 
which have no a-hydrogen, acetophenane failed to 
condense with dipotassiobenzoylacetone under 
similar conditions. Apparently potassium-hydrogen 
exchange occurred, since the ketone and p-diketone 
were largely recovered (Equation 3). 

K 
CEH&OCHCOCHZK + CeHsCOCH~ ---f 

K 
CeHsCOCHCOCHs + CsHsCOCHiK (3) 

Since lithio ethyl acetate4 and lithio t-butyl 
acetate6 but not sodio ethyl acetate6 were shown 
recently to  condense with acetophenone, it seemed 
possible that dilithiobenzoylacetone might con- 
dense with this ketone instead of reacting with the 
a-hydrogen. This was realized. Thus, dilithioben- 
zoylacetone, prepared by means of two molecular 
equivalents of lithiumamide in liquid ammonia, 
was condensed with acetophenone to form hydroxy 
p-diketone VI (Equation 4). 

(4) W. R. Dunnavant and C. R. Hauser, J .  Org. Chem., 
25,503 (1960). 

(5 )  C. R.  Hauser and W. H. Puterbaugh, J .  Am.  Chem. 
SOC., 7 5 ,  4756 (1953). 

(6) C. R. Hauser and W. R. Dunnavant, J .  Org. Chem., 
2 5 ,  1296 (1960). 
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TABLE I 
YIELDS A N D  MELTING POINTS OF HYDROXY ,?-DIKETONES AND MELTING POINTS OF THEIR COPPER CHELATES 

Ketone Copper 
or Yield,b Chelate 

Aldehyde @-Diketone Base Hydroxy p-diketone M.P.a % M.PSu 

Anisaldehyde Benzoylacetone KNHz 1-Hydroxy-1-p-methoxyphenyl- 
5-phenylpentanedione-3,5 (I) 

Benzophenone Benzoylacetone KNHz l-Hydroxy-l,1,5-triphenyl- 
pentanedione-3,5 (11) 

p-Chlorobenzophenone Benzoylacetone KNHZ l-p-Chlorophenyl-1,5-diphenyl- 
I-hydroxypentanedione-3,5 
(111) 

dione-3,5 (IV) 

phenylhexanedione-3,5 (V) 

dione-4,6 (VI) 

5-phenylpentanedione-3,5 
( V W  

Benzophenone Acetylacetone KNHz 1,l-Diphenyl-I-hydroxyhexane- 

p-Chlorobenzophcnorie Acetylacetone KNHz l-p-Chlorophenyl-l-hydroxy-1- 

Acetophenone Bcnzoglacetone Lib", ZJ6-Diphenyl-2-hydroxyhexane- 

Cyclohexanone Benzoylacetone LiNH, 1-Hydroxy-1,l-pentamethylene- 

103-105‘ 49 185-187d 

115-116‘ 73 196-199‘ 

116-118e 69 194-196d 

133-135‘ 73 178-179.5’ 

101-102.5° 52 161. 5-163‘~~ 

85-87‘ 40j’ 166-167.5‘ 

68-69 ’ 34 207-209‘ 

80-81. 5g 

Meiting points given are for analytical samples. * The melting point for the product from which the yield was deter- 
mined was usually slightly lower than that given in the Table. Recrystallized from di- 
oxane-water. e Recrystallized from 95% ethanol. ’ Recrystallized from benzene-methanol. 0 Obtained in two forms (see 
Experimental). Both forms of V gave the same copper chelate. * Recrystallized from ethanol-water. 1 A 45% yield was 
obtained when acetophenone was condensed with the reagent formed from dipotassiobenzoylacetone and lithium chloride 
(see Experimental). ’ Recrystallizcd from methanol-water. ’ Recrystallized from petroleum ether (b.p. 30-60’). 

Recrystallized from methanol. 

2 LiNH2 
C~HKCOCHZCOCH~ -+ 

liq. NNa 

Li 1. CsIIsCOCHs 
CsHSCOCHCOCH2Li ~ --f 

2.  NHdC1 

CHI 

I 
OH 

C6H&C)CHzCOCHdh!oHa (4) 

VI 

Similarly, dilithiobenzoylacetone was condensed 
with cyclohexanone to form hydroxy p-diketone 
VII. 

/CHzCH1 \ 
,cH9 

CeH5COCHzCOCHzC 
I \  

HO CHzCHz 
VI1 

Moreover, hydroxy pdiketone VI was obtained 
by treating dipotassiobenzoylacetone with three 
molecular equivalents of lithium chloride in liquid 
ammonia for three hours, and then adding aceto- 
phenone. In  this experiment the reactive inter- 
mediate that condensed with the ketone might 
have been either the dilithio p-diketone represented 
in Equation 4 or the potassiolithio salt, CsH6- 
COCH(K)COCH,Li. 

The above hydroxy p-diketones I-VII, which are 
apparently the first such compounds to be isolated 
and characterized, were obtained in yields of 34- 
73% (Table I). To minimize possible reversion of 
the condensation during neutralization, the reac- 
tion mixtures were generally poured into ammonium 
chloride in liquid ammonia. At least for 11, however, 
the direct addition of ammonium chloride to the 

reaction mixture produced practically the same 
yield (69-70%) as that (73%) obtained by the in- 
verse neutralization procedure. 

The p-diketone structure cf the products was 
indicated by red enol tests with ethanolic ferric 
nitrate’ and by the formation of copper chelates. 
That the products were hydroxy p-diketones I-VI1 
was supported not only by their analyses and by the 
analyses of their copper chelates (Table 11) but 
also by infrared data (Table 111). Thus, as should 
be expected for structures I-VII, an infrared band 
of medium intensity near 2.9 H was observed for the 
free hydroxyl group.8 Although the p-diketone 
portion of these compounds may exist largely in the 
enol form, this band cannot be ascribed to the enol 
hydroxyl group, as most p-diketones do not exhibit 
such a band because of chelation of the enol 
hydrogen as indicated in general formula VIII.g 
Moreover, the copper chelates IX, which would 
have no enol hydroxyl, still show the band near 
2.9 fi  for the free hydroxyl group. It can be seen 
from Table I11 that, like most ordinary P-diketones’O 

\c”/ 
0’ ‘0 

I/ I R’C II /CCHZCR’R” I 

‘C’ I 
RC, ~CCF1,CR’H” 

H OH H OH C I 
VI11 IX  

(7) See G. T. Morgan, H. D. K. Drew, and C. R. Porter, 
Be?., 58, 333 (1925) ; C. R. Hauser and J. T. Adams, J. Am. 
Chem. SOC., 66, 345 (1944). 

(8) See L. J. Bellamy, The Infrared Spectra of Comples 
Molecules, 2d. ed., Wiley, New York, 1958, p. 95. 

(9) See Ref. 8, p. 104. 
(10) See Ref. 8, p. 142. 
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TABLE I1 
ANALYSES~ OF HYDROXY B-DIKETONES AND THEIR COPPER CHELATES 

&Diketone Copper Chelate 
Empirical Carbon, % Hydwen,  % Empirical Carbon, % Hydrogen, % Copper, % 

8-Diketone formula Calcd. Found Calcd. Found formula Calcd. Found Calcd. Found Calcd. Found 

I CuH1804 72.46 72.66 6.08 6.04 CasHuO8Cu 65.69 65.68 5.21 5.44 9.65 9.32 
I1 GHmO: 80.21 80.35 5.85 5.77 C~HWOECU 73.67 73.35 5.10 5.41 8.47 8.07 
I11 CiaHI@OsCl* 72.92 72.69 5.06 4.92 CtsHtsOsCliCu 67.44 67.51 4.43 4.63 7.75 7.60 
Iv G~HI~O: 76.57 76.24 6.43 6.22 c~&osCU 69.04 69.42 5.47 5.81 10.15 9.85 
V GsHlrOaCIC 68.24 68.43d 5.41 5.2Sd CssHtjOsC1,Cu 62.20 61.87 4.64 4.70 9.14 9.29 

VI ClsHlaOt 76.57 ‘16.75 6.43 6.61 C:&OsCU 69.04 69.25 5.47 5.73 10.15 10.30 
VI1 GsHooOi 73.82 73.74 7.74 7.71 Ct2HtsOaCu 66.01 66.24 6.58 6.66 10.91 11.02 

68.38’ 5.37# 

a Ref. 21. A d .  Calcd. for CuHlpO‘C1: C1,9.36. Found: 9.30. Anal. Calcd. for C~sH1~O:Cl: C1,11.19. Found: high mel t  
High melting form. Low melting form. ing form, 11.13; low melting form, 11.00. 

TABLE I11 
SOME INFRARED BANDSO OF HYDROXY B-DIKETONES AND TEEIR COPPER CHELATES 

@-Diketone, p Copper Chelate, p 
&Diketone Hydroxyl* Carbonyl and Enol-chelatecld Hydroxylb Perturbed CarbonylaCIL Double BondCJ 

I 2.92 6.24 6.42 2.90 6.47 7.15 6.61 
I1 2.90 6.24 6.43* 2.91 6.45 7.17 6.57 
I11 2.88 6.23 6.37 2.91 6.47 7.14 6.59 
IV 2.91 6.19 2.91 6.38 7. 17h 6.60 
V‘ 2.92 6.18 6.32’ 2.91 6.36 7. 14k 6.60 
VI 2.84 6.23 6.42 2.89 6.45 7.10 6.56 
VI1 2.90 6.23 6.42 2.90 6.46 7.17 6.56 

Ref. 21. Medium band 1. Strong bands. Absorption bands found in the region from 5.5 fi  to 6.5 fi  (Ref. 10). Bands 
that have been attributed to carbonyl absorption in the chelate ring (Ref. 13). ’A band that has been attributed to double 
bond absorption in the chelate ring and that has been found to be absent in the copper chelates of Bdiketones substituted 
a t  the methylene carbon (Refs. 12 and 13). 0 Broad band. A shoulder on this band WBB present at 6.97 p ,  an absorption 
which has been attributed to a deformation of the methyl group on the chelate ring (Ref; 13c). High and low melting forms. 
j Shoulder. A shoulder on this band was present at 6.96 p .  See note h. 

and 1,3,5-triketone~,~l the present P-diketones 
gave infrared bands for the enol-chelate ring in the 
region 6.0-6.5 p but no band below 6.0 p for a free 
carbonyl group. Also, similar to the copper chelates 
of 8-diketones not substituted a t  the methylene 
group,l2 the present copper chelates showed a strong 
band in the region 6.52-6.61 p as well as a perturbed 
carbonyl band below 6.5 p and a second perturbed 
carbonyl band near 7.15 p.la 

The structures of certain of the hydroxy 0- 
diketones were further established by dehydrations 
and by cyclizations with hydrazine as described 
below. 

Dehydrations of hydroxy 8-diketones. The acid 
catalyzed dehydration of the crude hydroxy 8- 

(11) R. J. Light and C. R. Hauser, J. Org. Chem., 25, 538 
(1960). 
(12) R. P. Dryden and A. Winston reported [J. Phys. 

Chem., 62, 635 (1958)] that the copper chelates of acetyl- 
acetone and similar p-diketones unsubstituted at  the methyl- 
ene group showed infrared bands at 6.10-6.45 p (“A,” 
attributed to the carbonyl group) and at 6.52-6.60 p (“B,” 
attributed to the C - C  link). Chelates of their 3-substituted 
derivatives, however, exhibited only the “A” band in this 
region. 
(13) (a) J. Lecomte, Disc. Faraday SOC., 9, 125 (1950); 

(b) L. J. Bellamy and R. F. Branch, J. Chem. Sa., 4491 
(1954); (c) H. F. Holtzclaw, Jr., and J. P. C o h a n ,  J. Am. 
Chem. SOC., 79,3318 (1957); (d) see Ref. 8, pp. 145-146. 

diketone from dipotassiobenzoylacetone and benz- 
aldehyde to  form cinnamoylacetophenone re- 
ported earliers was confirmed in the present in- 
vestigation. Similarly the pure hydroxy pdiketones 
I, 11, IV, and VI were dehydrated to  give the 
unsaturated P-diketones X, XI, XII, and XI11 
respectively. However, 11, IV, and VI also produced, 
under certain conditions, isomeric dehydration 
products which have been assigned the dihydro- 
pyrone structures XIV, XV, and XVI from their 
properties and reactions. The results are sum- 
marized in Table IV. 

R &e& 

R’ 
RCOCH&OCH=~C,H, 

R‘ 
XI. R = C&, R’ = CsHs 
XII. R p CHa, R’ CsHs 
XIII. R = CsHs, R’ CHI 

XIV. R C&., R’ = CsHa 
XV. R CHz, R’ = CsHr 
XVI. R = R‘ CHI 

The B-diketone structure of the f i s t  set of de- 
hydration products was indicated by positive enol 
tests7 (greenish-brown for X, XI, and XIII; 
reddish-brown for XI) and by the formation of 
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TABLE IV 
DEHYDRATION OB HYDROXY &DIKETONES 

Hydroxy 
8-Dike- Unsaturated Yield, Yield, 
tone Reagent B-Diketone M.P." %b Dihydropyrone M.P." %b 

I 

I1 

I1 

I1 

IV 

IV 

tv 

VI 

HC1, CHsOB p-Methoxycinmmoyl- 
acetophenone (X) 

HCI, CHIOH 8-Phenylcinnamoyl- 
acetophenone (XI) 

H&14C 8-Phenylcinnamoyl- 
acetophenone (XI) 

acetophenone (XI) 

acetone ( X I )  

acetone (XII) 

XI,SO4* 8-Phenylcinnamoyl- 

HCI, CH3OI-I P-Phenylcinnamoyl- 

H2SOdC 8-Pheny lcinnamoyl- 

EISO,' 8-Phenylcinnamoyl- 
acetone (XII) 

HCl, CHaOH ,9-Methylcinnamoyl- 
acetophenone (XIII) 

129-130.5 

97-98 

97-98 

97-98 

Oil 

Oil 

Oil 

Oil 

96 

79 

58d 

16 

36d 

1 Id 

-f 

13d 

2,3-Dihydro-2,2,6-triphen- 147-148 15 
yl-4H-pyran-4one 
(XIV) 

4H-pyran-Cone (XIV) 
2,3-Dihydro-2,2,6-triphenyl- 147-148 37-58 

- - - 
2,3-Dihydro-2,2diphenyl- 119-120.5 21 

6-methyl-4H-pyran-4 _ -  
one ~ V I  

6-methyl-4H-pyran-4- 
one (XV) 

2-methvl-4H-pyran-4- 

2,3-Dihydro-2,Zdiphenyl- 119-120.5 48 

2,3-Dihydro-2,6-diphenyl- 108-1100 66 
_ -  

one ~ V I )  

Melting points are for analytical samples. The melting point for the product from which the yield was determined 
Reaction products separated by treatment with copper acetate. 

Yield of copper chelate. e Reaction products separated by recrystallization. f Not isolated. 0 Another form, m.p. 84-86", 
waa usually slightly lower than that given in the table. 

was first obtained, which changed to the higher melting form on recrystallization from n-hexane (see Experimental). 

copper chelates. That these compounds were 
unsaturated @-diketones X-XI11 was supported 
not only by their analyses and by the analyses of 
their copper chelates, but also by infrared spectra. 
Thus, they gave no hydroxyl band near 2.9 p, 
and the carbonyl and enol-chelate absorption bands 
were above 6.0 p.'O The infrared spectra of their 
copper chelates showed the C=C band a t  6.5-6.6 p 
and the second perturbed carbonyl band a t  7.1-7.2 
p,  but only the copper chelate of XI1 showed a 
strong band corresponding to the first perturbed 
carbonyl absorption, a t  6.47 p in this ca~e.1~813 
Possibly this carbonyl band had been shifted into 
the C=C absorption in the other spectra. A 
shoulder a t  7.00 p was present on the 7.14 p car- 
bonyl band in the spectrum of the copper chelate 
of XII. This absorption has been assigned to a 
deformation of the methyl group on the chelate 
ring,1Jc and was also found in the spectra of the 
copper chelates of IV and V (see notes h and k, 
Table 111). 

The structure of XI was confirmed by an inde- 
pendent synthesis from acetophenone and p- 
phenylcinnamoyl chloride (Equation 5) ; this is an 
adaptation of the method developed recently14 
for the condensation of this ketone with cinnamoyl 
chloride. 

NaNHi (CsHshC=CHCOCI 
CaHsCOCHt -- CeHsCOCHINa f 

XI (5) 

(14) B. 0. Linn and C. R. Hrruser, J .  Am. Chem. Soc., 78, 
GO66 (1956). 

The dihydropyrone structure for the second set of 
dehydration products was indicated by their 
analyses and by their failure to give positive enol 
tests or to form copper chelates. The structures 
XIV-XVI were supported by their infrared spec- 
tra, which showed a band near 6.00 p for a car- 
bonyl group in conjugation with an aliphatic car- 
bon-carbon double bond,l5 but no band near 2.9 p 
for hydroxyl. 

While the unsaturated @diketone may be ac- 
counted for by dehydration of the keto or enol 
form of the hydroxy ,@-diketone, the formation of 
the dihydropyrone is not so readily explained. A 
possible course for the latter reaction would involve 
the dehydration of the hemi-acetal structure 
XVII, which may be in equilibrium with the keto 
or enol form of the hydroxy pdiketone in acid 
solution. 

R-C, ,CCCHs 
1 0 1  
0 R' 
H 

XVII 

It can be seen from Table IV that the relative 
yields of the two types of dehydration products 
appeared to be dependent on the particular hy- 
droxy pdiketone used, on the acidic reagent, and on 
the conditions employed. .Thus, hydroxy pdike- 

(15) See Ref. 8, p. 136. 
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tones I, 11, and IV  gave the corresponding un- 
saturated p-diketone as the only isolable product 
with refluxing methanolic hydrochloric acid, 
whereas V I  produced mainly the dihydropyrone 
with this reagent. On the other hand, I1 and IV 
afforded both of the dehydration products with cold 
concentrated sulfuric acid, their relative yields being 
dependent to some degree on the procedure of 
isolation. 

Partial interconversion of the unsaturated p- 
diketone XI and the dihydropyrone XIV to one 
another occurred on treatment of each with cold 
concentrated sulfuric acid. Dihydropyrone XIV 
was converted to the unsaturated p-diketone XI 
on treatment with refluxing methanolic hydro- 
chloric acid (86% yield) or with ethanolic potassium 
hydroxide a t  room temperature (80% yield). 

Although the mechanism of the ring opening of 
the dihydropyrone with acid is not clear, that of 
dihydropyrone XIV with alcoholic alkali appeared 
to  involve a 0-elimination to give the anion of XI 
from which XI was recovered on subsequent acidi- 
fication (Equation 6). 

I Hi- 
C~HSC=CHCOCH=C(C~H~)Z - X I  (6) 

The possible conjugate addition of hydroxide ion 
to XIV accompanied by ring opening to form the 
anion of hydroxy p-diketone I1 as an intermediate 
seems unlikely, since I1 failed to undergo dehydra- 
tion to yield X I  under similar conditions. In  this 
experiment some of I1 appeared to undergo cleav- 
age by 64% of it was recovered. 

Similarly dihydropyrone XV was converted to 
unsaturated p-diketone XI1 with ethanolic po- 
tassium hydroxide. Also, these two compounds were 
interconverted by means of sulfuric acid. 

Incidentally, these reactions of the dihydropy- 
rmes indicate the cleavage of a carbon-oxygen 
bond rather than a carbon-carbon bond, and provide 
further evidence for their structure by showing 
that they were not products of cyclodehydration 
into one of the aromatic rings. 

It should be mentioned that Auwers and Dieck- 
rnannlo postulated the dihydropyrone structure 
XVIII for the p-form of mesityloxide oxalic ester, 
the a-form being the open chain isomer. Another 
dihydropyrone structure is found in the flavanones 
XIX, which may be formed by the cyclization of 
o-hydroxy c h a l c o n e ~ . ~ ~  

(16) K. v. Auwers and W. Dieckmann, Ber., 56, 1527 

(17) See S. Wawzonek, Heterocyclic Compounds, VoL 2, 
(1923) ; W. Dieckmann, Bet., 53, 1772 (1920). 

R. C. Elderfield, ed., Wiley, New York, 1951, pp. 348-9. 

Cyclizati~ns with hydrazine to form pyrazoles. 
Hydroxy p-diketone I1 and unsaturated p-diketone 
XI were cyclized with hydrazine in refluxing 
ethanol to form almost quantitative yields of pyra- 
zoles XX and XXI, respectively. Dehydration of 
the former pyrazole produced the latter (Scheme 
A). 

H2NNHZ 
I1 - N-NH 

II I 
C 

xx 

CGHSC, dCCHzC(C6HS)Z 
I 

OH 

HCI in CHIOH I 
N-NH 
I1 1 

H 
XXI 

XI Hz"Hz+ 

C,H,C,C//CCH=C (CtjH5) 2 

The structures of these pyrazoles were supported 
by analyses. Pyrazole XX gave an absorption in 
the infrared a t  2.94 p, indicating the hydroxyl 
group.8 It also gave a broad absorption band a t  
3.10 p, while pyrazole XXI gave a broad absorp- 
tion a t  3.25 p. Absorption bands a t  6.8 and 10.7 p 
have been reported as characteristic of certain 
pyrazole ring systems.18 Pyrazoles XX and XXI  
both gave a band of medium intensity a t  6.85 p, 
but no band was found near 10.7 p,  

That the product from hydrazine and unsatu- 
rated p-diketone XI was not the possible pyrazoline 
XXII, which might have arisen from the elimina- 
tion of only one molecule of water accompanied by 
conjugate addition, was shown not only by its 
formation from the hydroxypyrazole XX (see 
Scheme A), but also by its analysis. 

N-NH 
II I 

C ~ H J C O C H ~ C , ~ ~ ~ ( C ~ H ~ ) ~  

XXII 

Cleavage of hydroxy p-diketone 11. Equilibrium 
considerations. As I1 is both an aldol type of com- 
pound and a p-diketone, it might be expected to 
undergo alkaline cleavage at  a or a t  b and C. 

'f ? F 
(CsH5)zC-CH2C-CH~-CCeH~ 

O H '  0 ' 
I1 

' II 
0 

I '  I I '  

(18) C. S. Rondestvedt and P. K. Chang, J. Am. Chem. 
Soc., 77, 6532 (1955). 



JUNE 1961 CONDENSATIONS OF DIALKALI p-I)IKl3TONICY V’ITH KETONES 1721 

Actually this compound underwent cleavage pref- 
erentially a t  a with approximately 0.2, 1.0, or 
2.0 molecular equivalents of potassium t-butoxide 
in &butyl alcohol to form benzophenone and bm- 
mylacetone (Equation 7). 

KOC(CF1dr 

(CHdaCOH 
I1 (CsHs)zC=O + CH~COCHICOCGHH~ ( 7 )  

These products were isolaLed in yields of 59-80% 
on refluxing the solutions for two hours and then 
distilling the solvent during one hour. A longer 
refluxing period (twenty-four hours) with an equiv- 
alent of the base produced appreciable amounts 
of the further cleavage products of the p-diketone. 
A blank experiment in the absence of the base 
failed to yield the cleavage products, and about 
7570 of I1 was recovered. 

The mechanism of the reaction involves pre- 
sumably the ionization of the hydroxyl hydrogen 
by the t-butoxide ion and the cleavage of the re- 
sulting anion, which may be the monoanion 11’ or 
the dianion 11”; or possibly the cyclic mechanism 
indicated in I Ia  may operate. 

( ~ ~ H ~ ) ~ F ~ ~ H ~ C O C H ~ C O C B H ~  

Q? 11’ 

IIa 

In all three mechanisms the cleavage would form 
the methyl carbanion, which would acquire a 
proton from the solvent (or other source) to re- 
generate the catalyst. 

The cleavage of I1 by a catalytic amount of 
t-butoxide indicates that the ketone and P-diketone 
(or its monoanion) are more stable thermodynami- 
cally than the hydroxy P-diketone. The condensa- 
tion of the dicarhanion of the p-diketone with the 
ketone is therefore suggested to occur because of 
the formation of the more weakly basic dianion 
(see Equation 2 ) .  A similar working hypothesis 
has recently been suggested for the condensations 
of sodium diphenylmethide,19 the dianion of 
phenylacetic acid,*O and the anion of ethyl and 
and t-butyl acetates6 with the carbonyl group of 
ketones or aldehydes. 

In line with this hypothesis, monopotassio- 
henzoylacetone failed to condense with benzo- 
phenone in liquid ammonia during four hours, and 
nionolithiobenzoylacetone failed to condense with 
anisaldehyde during two hours. However, me can- 

(19) P. J. Hamrick, Jr., and C. R. Hauser, J .  Am. Chem. 

(20) P. J. Hamrick, Jr., and C. R. Hauser, J .  Ani. Chem. 
SOC., 81, 3146 (1959). 

Soc., 82, 1957 (1960). 

not say that some condensation would not have 
been observed after a much longer time, since 
neither was cleavage of hydroxy 0-diketone I1 
realized with 1 or 1.2 equivalents of potassium 
amide in liquid ammonia during four to six hours. 

 EXPERIMENTAL^^ 
Condensations of 8-diketones with ketones or aldehydes to 

f o r m  hydroxy @-diketones (Tables I, 11, and 111). A .  Conden- 
sations of dipotassiobenzoyhcetune. Solid benzoylacetone (16.2 
g., 0.1 mole) was added through a powder funnel to a stirred 
solution of 0.2 mole of potassium amide3 in 300 ml. of com- 
mercial, anhydrous liquid ammonia, followed by about 50 
ml. of anhydrous ether. The resulting dark green solution of 
dipotassiobenzoylacetone was stirred for 30 min., and 0.1 
mole of the ketone (solid) or the aldehyde (in 50 ml. of 
ether) was then added. After stirring for 1 hr. (3 min. with 
the aldehyde), the reaction mixture was poured into a liquid 
ammonia solution of 15 g. of ammonium chloride. The liquid 
ammonia waa evaporated on the steam bath as an equal 
volume of ether was added. The resulting ethereal suspension 
was shaken with dilute hydrochloric acid, and then washed 
with sodium bicarbonate solution. Finally the ethereal layer 
was dried over Drierite or shaken with saturated aqueous 
chloride and dried over sodium sulfate. The solvent was re- 
moved on the steam bath, the last bit being evaporated 
under vacuum. The residue was recrystallized directly or 
first triturated with n-hexane to produce the solid-hydroxy 
p-diketones. 

When benzophenone was condensed with benzoylacetone 
with no ether in the reaction mixture, only an ISYO yield of 
I1 was obtained. Apparently some ether was necessary to 
dissolve the benzophenone. 

B. Condensations of dipotassioacetylacetone. To an ethereal 
solution of 20 g. (0.2 mole) of acetylacetone was carefully 
added liquid ammonia, and the resulting white slurry of the 
ammonium salt of the @-diketone3 was added to a stirred 
solution of 0.4 mole of potassium amide3 in 500 ml. of liquid 
ammonia, rinsing the last bit with some dry ether. The 
resulting white suspension of dipotassioacetylacetone was 
stirred for 30 rnin., and 36.4 g. (0.2 mole) of solid benzo- 
phenone was added. After stirring for l hr., the reaction 
mixture was poured into a solution of 25 g. of ammonium 
chloride in liquid ammonia, and the ammonia was replaced 
by ether. The resulting ethereal suspension was filtered, and 
the solvent w-as removed from the filtrate. The insoluble 
material was shaken with dilute hydrochloric acid to remove 
inorganic salts, and the crude product remaining was col- 
lected on a Buchner funnel and washed with water. This solid 
was combined with the residue from the ether filtrate above 
and was recrystallized from 95Y0 ethanol to produce hy- 
droxy @-diketone IV. 

A suspension of 0.1 mole of dipotassioacetylacetone in 300 
ml. of liquid ammonia was prepared as described above, using 
one half the quantities of reagents. Solid p-chlorobenzo- 
phenone (21.6 g., 0.1 mole) was added, and the reaction 
mixture was stirred for 1 hr. Neutralization and work up 
were the same as described for the dipotassiobenzoylacetone 
condensations to the point of obtaining the crude residue of 
hydroxy 8-diketone V from the ethereal solution. Two pro- 
cedures were compared for the purification of this residue. 
Half (13.15 g.) the crude residue waa recrystallized from 
ligroin (b.p. 60-90”) to give 6.7 g. (42%) of IT, m.p. 96-103O. 

(21) Melting points were taken on a Fisher-Johns melting 
point apparatus which had been calibrated with melting 
point standards. Infrared spectra were determined with a 
Perkin-Elmer Infracord by the potassium bromide pellet 
method unless stated otherwise. Elemental analyses were 
by Galhraith Microanalytical Laboratories, Knoxville, 
Tenn. 
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The other half was treated with copper acetate 88 described 
below in procedure A to form 14.6 g. of crude copper chelate, 
m.p. 157-162". The copper chelate was decomposed by shak- 
ing with ether and dilute hydrochloric acid. The ether layer 
was washed with aqueous sodium bicarbonate, shaken with 
saturated aqueous sodium chloride, and dried over sodium 
sulfate. The ether was removed on the steam bath to  give 
8.2 g. (62%) of V, m.p. 94-102'. Further purification of this 
product produced two forms of V, m.p. 80-81.5" and 1 W  
102' for the analytical samples. When crystallized by cooling 
a ligroin or an ethanol solution of V in an ice bath, the lower 
melting form waa produced. When crystallized from ethanol 
at room temperature by adding water, the higher melting 
form was produced. Both forms gave the same copper che- 
late (Table I). The infrared spectra of the two forms were 
the same below 12 p, and bands above 12 p were shifted by 
about 0.05 /r toward longer wave length in the lower melting 
form. The relative intensities of these bands were different. 

C. Condensations of dilithiobenzoylacetone. A solution of 
16.2 g. (0.1 mole) of beneoylacetone in about 50 ml. of an- 
hydrous ether waa added t o  a suspension of 0.2 mole of 
lithium amide5' in 300 ml. of commercial, anhydrous liquid 
ammonia. The dark green solution was stirred for 45 min., 
and 0.1 mole of the ketone waq then added as a solution in 
50 ml. of anhydrous ether. The reaction with acetophenone, 
was stirred for 1 hr., and the one with cyclohexanone was 
stirred for 2 hr. Neutralization and work up were the same 
aa described for the dipotagsiobenzoylacetone condensations. 

An alternative method for condensing benzoylacetone with 
acetophenone involved the addition of 12.7 g. (0.3 mole) of 
dried lithium chloride and 25 ml. of dry ether to  a stirred 
solution of 0.1 mole of dipotassiobenzoylacetone in 300 ml. 
of liquid ammonia followed, after 3 hr. of stirring, by 12.0 g. 
(0.1 mole) of the ketone. The reaction mixture was stirred for 
1 hr., and then worked up as described above to give a 45% 
yield of VI, m.p. 84-87'. 

General procedures for copper chelates. I n  procedwe A, a 
hot, filtered, aqueouR solution of cupric acetate (20-50 ml.) 
was added to  a methanolic solution (10-20 ml.) of the p- 
diketone (0.5-1.0 g.). The resulting mixture was cooled to  
precipitate the chelate, which was collected and recrystal- 
lized from an appropriate solvent. Oils were triturated with 
petroleum ether (b.p. 30-60') or with methanol. 

I n  procedure B, the copper acetate was added as a Bolution 
in methanol instead of water. 
In procedure C, an ethereal solution of the p-diketone 

(sometimes containing impurities) was stirred with a 
saturated, aqueous solution of copper acetate, usually for 
several hours. The resulting chelate waa removed by filtra- 
tion if insoluble in ether, but obtained by evaporating the 
ethereal layer if solubIe in this solvent. 

Copper chelates of hydroxy p-diketones I-VI were pre- 
Dared by Drocedurr A, while procedure B was used for VI1 
iTables-I,-II, and 111); 

Dehudration o f  h,udroxu 8-diketones (Table IV). A. With  
methablic hydrdhltkc &d. Solutions of 2 g. of the hydroxy 
p-diketones in 25 ml. of methanol and 3 ml. of concd. hydro- 
chloric acid were refluxed for 1 hr. (14 hr. with 11). The reac- 
tion mixtures from hydroxy ,&diketones I and I1 were cooled 
to precipitate the products, and those from IV and VI were 
diluted with mater and extracted with ether. The products 
were isolated and identified as described below. 

The product from I was p-mpthoxycinnamoylacetophe- 
none (X, 96%), map. 129-130.5', which was not raised by 
recrystallization from benzene-ctfhanol, 

Anal. Calcd. for CI~HI~O,:  C, 77.12; H, 5.75. Found: C, 
77.31; H, 5.58. 

The copper chelate of X (procedure A, using dioxane in- 
stead of methanol) was recrystallized from dioxane-water, 
n1.p. 226-229'. 

Anal. Calcd. for C~sHtoOaCu: C, 69.50; H, 4.86; CU, 10.21. 
Found: C, 69.39; H, 4.87; Cu, 10.35. 

(22) See Ref. 4, p. 506. 

The infrared spectrum of X in the carbonyl and enol- 
chelate region" showed strong bands at 6.14 p and 6.26 p, and 
a strong broad absorption from 6.55 p to  6.70 p. The copper 
chelate spectrum showed strong bands at 6.61 p and 7.17 
P.~'*" Only a weak band was present in the hydroxyl region 
a t  2.9 p in both spectra, attributable to moisture in the 
potassium bromide. 

The product from I1 waa 8-phenylcinnamoylacetophe- 
none (XI, 74741, m.p. 96-98'. More (5%), m.p. 95-97', waa 
isolated from the filtrate. Thin product and its copper 
chelate (procedure B, m.p. 219-223") were shown by mixed 
melting point and infrared absorption t o  be identical with 
samples prepared by the dehydration of I1 with sulfuric 
acid (see below). 

The ether extract of the product from IV was waahed with 
aqueous sodium bicarbonate and water, and treated with 
aqueous copper acetate for 4 hr. (procedure C) t o  give the 
copper chelate of XI1 (36%), m.p. 148-162'. Recrystalliea- 
tion from methanol gave the chelate (19%), m.p. 161-163", 
which was shown to be identical with that of XI1 prepared 
by the dehydration of IV with sulfuric acid (see below). 

The ether extract of the product from VI (obtained uaing 
double quantities of reactants) was washed with aqueous 
bicarbonate and saturated sodium chloride solution, dried 
over sodium sulfate, and the solvent removed. An aliquot of 
the oily residue waa treated with copper acetate (procedure 
A)  t o  give the copper chelate of &methylcinnamoylaceto- 
phenone (XIII, 13%), m.p. 206.6-208.5' after recrystdiza- 
tion from benzene-ethanol. 

Anal. Calcd. for C J ~ S O O ~ C U :  C, 73.26; H, 5.12; Cu, 10.77. 
Found: C, 72.90; H, 5.37; Cu, 10.45. 

A small sample of the copper chelate waa decomposed by 
acid to  give a trace of XIII (oil), the infrared spectrum of 
which (on sodium chloride plates) showed a strong broad 
absorption in the enolchelate regionlo from 6.2 p to  6.65 p. 
The copper chelate spectrum showed strong ban& a t  6.56 p 
(possibly a doublet) and 7.10 p. Only a weak band was pres- 
ent a t  2.9 p in the copper chelate spectrum, attributable to  
moisture in the potassium bromide, and no band was present 
in this region in theapectrum of XIII. 

The remainder of the oily residue mentioned above was 
triturated with petroleum ether (b.p. 30-60') to  give ap- 
parently dihydropyrone XVI (66%, white crystals), m.p. 
84-86', Recrystallization from n-hexane produced another 
crystalline form, m.p. 10&110', from which an analytical 
sample wan prepared. 

Anal. Calcd. for ClSHI6OI: C, 81.79; H, 6.10. Found: C, 
81.99; H, 6.29. 

The infrared spectrum of XVI in the carbonyl and enol- 
chelate regionlo showed a strong band at 6.03 p and medium- 
strong bands at 6.27 p and 6.38 M. No band was present in 
the hydroxyl region at 2.9 p. This compound produced no 
color with ethanolic ferric nitrate and did not form a copper 
chelate. 

B. With sulfuric add. Samples (6 g.) of the hydro.xy B- 
diketones were dissolved with stirring in 50 ml. of cold 
concentrated sulfuric acid (ice bath) within about 15 min. 
The solutions were poured into ice water, and the resulting 
gummy, yellow products were worked up aa described below. 

The product from I1 was taken up in ether, and the ether 
solution was treated overnight with aqueous copper acetate 
(procedure C) to  precipitate the copper chelate of XI (5870, 
yellowish brown), m.p. 223-27' after recrystallization from 
benzene-ethanol . 

Anal. Calcd. for C&UO,CU: C, 77.33; H, 4.80; Cu, 8.89. 
Found: C, 77.48: H, 4.88; Cu, 9.16. 

A sample of the copper chelate was decomposed with acid 
to  give X I  (yellow needles), m.p. 97-98', after several re- 
crystallizations from methanol. 

Anal. Calcd. for CnHlsOi: C, 84.64; H, 5.56. Found: C, 
84.43; H, 5.52. 

The infrared spectrum of XI in the carbonyl and enol- 
chelate region" showed strong broad absorption from 6.24 
p to  6.6. but no definite bands were present. The copper 
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chelate spectrum showed strong bands a t  6.60 p and 7.17 
p,11,1* Only a weak band waa present in the hydroxyl region 
a t  2.9 p in both spectra, attributable to  moisture in the 
potassium bromide. 

Alter filtering out the copper chelate in the work up pro- 
cedure, the ether layer waa separated from the aqueoua c o p  
per acetate layer and washed with dilute hydrochloric acid 
to.decompoee any dissolved copper chelate. The ether solu- 
tion waa waahed with water and dried. The solvent waa re- 
moved and the residue recrystallized from methanol to  give 
apparently dihydropyrone XIV (15%, white cubic crystah), 
m.p. 145-148'. A better yield of XIV waa isolated when the 
copper acetate treatment waa omitted. The gummy 
product obtained on pouring the sulfuric acid solution into ice 
water waa dissolved in hot methanol, and the solution cooled 
slowly. The first crop of crystals consisted of XIV (37%), 
m.p. 141-144', and the second crop of X I  (16%), m.p. 90- 
98', slightly contaminated with XIV. The yields of the two 
products varied in different experiments; the highest yield of 
XIV waa 58%, m.p. 147-148' after several recrystallizations 
from methanol. 

A d .  Calcd. for CnHtsO,: C, 84.64; H, 5.56. Found: C, 
84.93; H, 5.65. 

The infrared suectrum of XIV in the carbonyl and enol- 
chelate regionlOlli showed a strong band at 6.00-p, and me- 
dium bands a t  6.25 p and 6.43 p, Only a weak band waa 
present in the hydroxyl region a t  2.9 p, attributable t o  mois- 
ture in the potassium bromide. No hydroxyl band waa present 
in a spectrum made in a mineral oil mull. Thi~  compound pro- 
duced no color with ethanolic ferric nitrate' and did not form 
a copper chelate. 

If XIV were crystallized quickly from a very concentrated 
solution in methanol, it formed in white needles which par- 
tially melted at 135' and then appeared to  rehardcn and melt 
a t  the same temperatur? as the cubic crystals. The infrared 
spectra of both crystalline forms were identical. 

The product from the dehydration of IV was similarly 
treated with copper acetate (procedure C). The solvent was 
removed from the ether solution of thP chelate, and the resi- 
due waa triturated with petroleum ether (b.p 30-60'). 
The solid formed, m.p. 100-106', was recrystallized from 
methanol to  give the green copper chelate of XI1 (ll%), 
m.D. 158-162'. Further recrystallizations raised the melting 
point to  161.5-163'. 

Found: C. 73.11: H, 5.32; Cu, 11.02. 

- 

A d .  Calcd. for C~SHSOO~CU: C, 73.28; H, 5.12; Cu, 10.77. 

Decomposition of the copper chelate with acid produced 
XI1 (72%, impure oil) which failed to crystallize. The in- 
frared spectrum of XI1 (on sodium chloride plates) in the 
carbonyl and enol-chelate regionlo showed a strong broad 
band from 6.14 ,u to  6.39 f i .  The copper chelate spectrum 
showed strong bands a t  6.47 ,u, 6.60 p, and 7.14 p.l*s1' Only a 
weak band was present a t  2.9 fi  in the copper chelate spec- 
trum, attributable to moisture in the potassium bromide, 
and no band wm present in this region in the spectmm of 
XII. 

The methanol filtrate from which the copper chelate of 
XI1 had originally been recrystallized was diluted with 
water, acidified with hydrochloric acid, and extracted with 
ether to give apparently dihydropyrone XV (2170, white 
crystals), m.p. 119-121'. A better yield (48%) of XV (m.p. 
11 8.5-119") was obtained by evaporating the solvent from 
the ether solution of the dehydration product of IV (without 
treatment with copppr acetate), and recrystallizing the res- 
idue from 95% ethanol. Further recrystallization from 
ethanol-water raised the melting point to 119-120.5". 

Anal. Calcd. for C I R H ~ ~ O ~ :  C, 81.79; H, 6.10. Found: C, 
81.69; H, 6.06. 

Independent synthesis of 8-phenyleinnamylacetophaone 
(XI). &Phenylcinnamic acid (m.p. 161-163') was prepared 
from 1,l-diphenylethylene and oxalyl chloride by the 
method of Bergmann,*3 and converted to  its acid chloride 
(b.p. 152' at 2 mm.) by means of thionyl chloride; the viscous 
oil partly crystallized. 

To a stirred, cooled, ethereal suspension of 0.86 mole of 
sodioacetophenone (prepared from 0.086 mole each of sodium 
amide and acetophenone),14-*4 waa added rapidly a solution 
of 6.5 g. (0.027 mole) of pphenylcinnamoyl chloride in 50 
ml. of dry ether. After 5 min. the ice bath waa removed and 
the stirring continued for 15 min. longer. The reaction mix- 
ture waa poured onto crushed ice and water to which had 
been added 10 ml. of concd. hydrochloric acid. The ethereal 
layer waa separated and combined with an ether extract of 
the aqueous layer. The ethereal solution waa worked up to 
give unchanged acetophenone (41%) (removed in vacuo) 
and 3.4 g. (39%) of XI  (red crystals), m.p. 92-95' and at 
94-98' after recrystallization from methanol. The copper 
chelate (procedure B)  melted a t  221-223'. Compound XI  
and its copper chelate were shown by mixed melting point 
and infrared spectra to  be identical with samples prepared aa 
described above. 

Interconversions of unsaturated Hiketones and dihydro- 
p y r a e s  with sulfuric acid. A 1-g. sample of unsaturated 8- 
diketone XI  waa dissolved in 10 ml. of cold concd. sulfuric 
acid, and the solution poured into ice water (see above de- 
hydration experiments). Recrystallization of the product 
from methanol gave 0.28 g. (28%) of dihydropyrone XIV 
(white cubic crystals), m.p. 145-148'. 

A 0.5-g. sample of dihydropyrone XIV was likewise dis- 
solved in 10 ml. of cold concd. sulfuric acid and the solution 
poured into ice water. Recrystallization of the product from 
methanol gave 0.25 g. (50%) of recovered XIV, m.p. 135- 
147", and treatment of the methanolic filtrate with copper 
acetate yielded 0.05 g. (9%) of the copper chelate of un- 
saturated @-diketone XI, m.p. 220-223'. 

Similarly unsaturated &diketone XI1 was converted to  
dihydropyrone XV (29%), m.p. 119-121.5', and this prod- 
uct reconverted to unsaturated p-diketone XI1 isolated as 
its copper chelate (18%), m.p. 160-162'. 

Conversion of dihydropyrones to unsaturated 6-diketones. 
A. With methamlic hydrochloric acid. A 0.7-g. sample of di- 
hydropyrone XIV was refluxed 17 hr. in 15 ml. of methanol 
containing 1 ml. of concd. hydrochloric acid. Cooling the 
solution in an ice bath precipitated 0.6 g. (86%) of unsatu- 
rated p-diketone XI, m.p. 96-98'. The melting point was not 
depressed on mixing with an authentic sample of XI. 

B. Wzlh ethamlic potassium hydrozide. To a solution of 
0.5 g of dihydropyrone XIV in 10 ml. of hot 95% ethanol 
was added a solution of 1 g. of potassium hydroxide in 10 ml. 
of 95% ethanol, and the mixture was allowed to stand at  
room temperature for 2 days. Most of the ethanol waa dis- 
tilled, and the residue waa diluted with water, acidified, and 
extracted with ether. The ether extract was dried and the 
solvent removed. Recrystallization of the residue from 
methanol produced 0.3 g. (60%), of unsaturated p-diketone 
XI, m.p. 97-98', and 0.1 g. (20%), m.p. 94-98'. The melting 
point was not depressed on mixing with an authentic sample 
of XI. The crude copper chelate melted a t  218-222". 

When a 1-g. sample of hydroxy-p-diketone I1 was treated 
with 40 mi. of 5% ethanolic potassium hydroxide under the 
same conditions, there was recovered 0.5 g. (50%) of 11, m.p. 
114.5-116.5', and 0.15 g. (14%) of its copper chelate, m.p. 
189-192'. Neither dehydrated product was detected. 

A 0.5-g. sample of dihydropyrone XV was treated similarly 
with ethanolic potassium hydroxide. The ether extract of 
the reaction product was treated with copper acetate (pro- 
cedure C) to  give 0.3 g. (54700) of the copper chelate of un- 
saturated 6-diketone XII, m.p. 135-145' and a t  161-163' 
after recrystallization from methanol. This melting point 
was not depressed on admixture with an authentic sample of 
the chelate. 

(23) F. Bergmann et al., J .  A m .  C h a .  SOC., 70, 1612 
(1948) ; M. S. Kharasch, S. S. Kane, and H. C. Brown, J. Am. 
C h a .  SOC., 64, 333 (1942). 
(24) See C. R. Hauser, F. W. Swamer, and J. T. Adams, 

Organic Reactions, VIII, 122-123 (1954). 
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When a 1-g. sample of hydroxy 6-diketone IV was treated 
with ethanolic potassium hydroxide under the same condi- 
tions, there was recovered 0.35 g. (35%) of IV, m.p. 133- 
135", and 0.1 g. (9%) of its copper chelate, m.p. 171-176'. 
Neither dehydrated product was detected. 

Pyrazoles from 6-diketones. To a solution of 1 g. of hydroxy 
@-diketone I1 in 30 ml. of hot 9573 ethanol was added an 
excess (10 drops) of Eastman 95% hydrazine. The solution 
was heated on the steam bath for one hour (purple color dis- 
charged). Water was added to precipitate an essentially 
quantitative yield of white 3-( 2,2-diphenyl->hydroxyethyl)- 
phenylpyrazole (XX), m.p. 181-184' and a t  182-184" after 
several recrystallizations from ethanol-water. 

Anal. Calcd. for ClaHoaNzO: C, 81.15; H, 5.92; N, 8.23. 
Found: C, 81.33; H, 6.08; N, 8.20. 

Treating a 1-g. sample of unsaturated p-diketone XI  with 
hydrazine in the same manner produced 0.95 g. (96%) of 
white 3-(2,2-diphenylethenyl)-bphenylpyrazole (XXI), m.p. 
92-98', resolidifying at about 115", and melting again a t  
about 160". After heating in n-hexane, XXI melted at  157- 
162") and after several recrystallizations from methanol- 
water XXI melted a t  160-162'. 

Anal. Calcd. for C ~ ~ H I ~ N Z :  C, 85.68; H, 5.63; N, 8.69. 
Found: C, 85.48, 85.64; H, 5.68, 5.63; N, 8.58, 8.74. 

A 1-g. sample of pyrazole XX waa refluxed 7 hr. in 15 ml. 
of methanol containing 1 ml. of concd. hydrochloric acid. 
After standing 60 hr. a t  room temperature, water was added, 
and the solution was cooled to  give, after recrystallization 
from methanol-water, 0.2 g. (21'%), of pyrazole XXI, m.p. 
156159'. Another recrystallization raised the melting point 
to 159-161°, which was not depressed on mixing with a sam- 
ple of XXI prepared as described above. The infrared spectra 
of the two samples were identical. 

Cleavage of hydroxy &diketone 11. To a stirred, refluxing 
solution of 0.013 mole of potassium t-butoxide (prepared 
from 0.5 g., 0.013 g.-atom of potassium) in 150 ml. of t-butyl 
alcohol was added 4 g. (0.012 mole) of hydroxy 8-diketone 
11. After refluxing for 2 hr., about 120 ml. of solvent was 
distilled (1 hr.). The residue was cooled, and 100 ml. of ice 
water rontaining 2 ml. of concd. hydrochloric acid was 
added. The mixture was extracted with ether. The ether 
layer was extracted with fractions of cold 1% sodium hy- 
droxide solution until the ether solution no longer gave a color 
with ethanolic ferric nitrate. The basic extracts were acidi- 

fied and extracted with ether. This ether extract was shaken 
with aqueous sodium bicarbonate, washed with saturated 
aqueous sodium chloride, and dried over sodium sulfate. 
The solvent was removed on the steam bath to give 1.5 g. 
(807,) of benzoylacetone, m.p. 55-59'' and a t  58-61' after 
recrystallization from methanol. There was no depression 
in melting point on mixing with an authentic sample of 
benzoylacetone. 

The neutral ether layer remaining after extraction with 
sodium hydroxide was washed with saturated aqueous 
sodium chloride, dried over sodium sulfate, and the solvent 
removed to leave 2.6 g. of a liquid residue. A 2-g. aliqu6t of 
this residue was taken up in a small amount of petroleum 
ether (b. p. 30-60') and placed on an alumina column. 
Evaporation of the first petroleum ether eluates produced 1.1 
g. (6857,) of benzophenone, m.p. 46-50', One recrystalliza- 
tion from petroleum ether raised the melting point to 49-50': 
there was no depression on mixing with an authentic sample 
of benzophenone. 

Similarly 0.012 mole of I1 was cleaved with 0.0026 and 
with 0.026 moles of potassium t-butoxide to  give benzoylace- 
tone and benzophenone in yields of 64 and 62%, and 59 and 
62%, respectively. 

In a blank experiment using no potassium t-butoxide, 739& 
of unchanged hydroxy ,&diketone I1 was recovered. 

Failure of monoalkalibenzoylucetone to condense with car- 
bonyl compounds. To a stirred solution of 0.1 mole of potas- 
sium amides in 300 ml. of liquid ammonia was added 0.1 
mole of benzoylacetone in 50 ml.of dry ether (purple solution) 
followed, after 25 min., by 0.1 mole of benzophenone and 50 
ml. of ether. After 6 hr., the reaction mixture was poured 
into a solution of 15 g. of ammonium chloride in liquid am- 
monia. There were recovered 87% of the benzophenone and 
95% of the benzoylacetone. 

Similarly monolithiobenzoylacetone was prepared from 
0.1 mole each of benzoylacetone and lithium amide in 300 
ml. of liquid ammonia and 50 ml. of ether (purple solution), 
and treated with 0.1 mole of anisaldehyde in 50 ml. of ether. 
After 2 hr., the reaction mixture was neutralized inversely 
with ammonium chloride to  give 95% of recovered benzo- 
ylacetone. 
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Structures I1 and I11 are proposed for the 2:2 and 2: 1 adducts, respectively, of N-phenylhydroxylamine with dimethyl 
nretylenedicarboxylate. Implications of the independent formation of I11 from aniline, dimethyl oxalacetate, and dimethyl 
a-bromoxalacetate for the mechanism of the Hantzsch pyrrole synthesis are briefly discussed. 

Dimethyl acetylenedicarboxylate and N-phenyl- 
hydroxylamine are known to react to produce two 
crystalline adducts, an unstable material in which 
the addends are present in the ratio 1 : 1, and a 
stable compound consisting of two molecules 
of ester for each one of amine.' Although Huntress' 
was able to obtain the latter adduct by an inde- 

(1) E. H. Huntress, T. E. Leslie, and W. M. Hearon, J. 
A m  Chem. SOC., 78, 419 (1956). 

pendent synthesis and to transform it quantita- 
tively to tetramathyl N-phenylpyrrole-2,3,4,5- 
tetracarboxylate (I), no definite structure has been 
assigned to either of these compounds. On the 
basis of the information outlined below, we wish 
to propose structure I1 for the unstable adduct 
and structure I11 for the stable product. 

The unstable adduct slowly forms upon mixing 
the ester and amine in ether a t  0-loo.' Upon 


