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When quinacetophenone was condensed with an 
equimolar amount of benzaldehyde in the pres- 
ence of aqueous alkali, 6-hydroxyflavanone (11) 
was again found to be the chief product.l3 But a 
paper chromatographic study of the reaction (which 
was complete in three to four days a t  room tem- 
perature) revealed the presence of 2’,5’-dihydroxy- 
chalcone (111) and the new by-product, 6-hydroxy- 
3-benzylideneflavanone (IV). With the 1 : 1 gram 
ratio of aldehyde to acetophenone suggested by 
Vyas and Shah14 IV was often the chief crystalliz- 
able product. In fact, we propose that the yellow 
material, m.p. 215O, designated by them as the 
chalcone I11 was the by-product IV.16 We obtained 
red-orange crystals, m.p. 1 7 3 O ,  in less than a 10% 
yield which was shown to be the chalcone by the 
absorption spectrum and by conversion to II.I6 
The structure of the by-product IV was confirmed 
by its synthesis from I1 and benzaldehyde in both 
acidic and basic media. 

The ultraviolet and infrared absorption spectra 
of IV reveals its hybrid character, since they resem- 
ble both those of chalcones and flavanones. A 
Fisher-Hirschfelder model shows that the a$- 
unsaturated ketonic group is held rigidly in IV  
(unlike the situation of free rotation in chalcones) 
by the superimposed 7-pyrone ring and that steric 
hindrance between the two “B” phenyl rings pre- 
vents planarity of the carbonyl and ethylenic 
linkages. As a result, IV is lighter in color than 111 
and has the carbonyl band a t  1670 em.-’ in the in- 
frared, resembling that of I1 not of 111. 

Experimentall’ 

General Conditions of Reaction.-Quinacetophenone ( 1- 
3-g. samples) and benzaldehyde were dissolved in 95% alco- 
hol (7-60 ml.) and cooled. Simultaneously the mixture was 
flushed with nitrogen and 40y0 aqueous potassium hydroxide 
(7-30 ml.) was added slowly. The flask was tightly stop- 
pered and allowed to stand 3-4 days a t  room temperature 
or in the refrigerator; paper chromatography was used to 
determine the disappearance of quinacetophenone. The 
ruby-red reaction mixture was then acidified and the result- 
ing precipitate washed free of benzoic acid with saturated 
bicarbonate. 

6-Hydroxyflavanone (11) RW obtained as the main product 
(32.5%) when a mole to mole ratio of benzaldehyde to quin- 
acetophenone was employed and concentrated hydrochloric 
acid was used to precipitate the yellow product. After re- 
peated recrystallizations from 95% alcohol, the last traces of 
yellow color (due to 111) were removed from this material 
by passing it through a column packed with a washedla 

(13) A. Robertson. V. Venkateswarlu, and W. B. Whalley, J. Chem. 
Soc., 3137 (1954). 

(14) G. N. Vyas and N. M. Shah, J. Indian Chem. SOC., 26, 273 
(1949). 

(15) The methyl ether of IV melts relatively close to that reported 
b y  Vyas and Shah” for their chalcone. 

(16) Vyas and Shah14 report no such reaction for their supposed 
chalcone although the reaction was reported for all other chalcones 
in their paper. 

(17) Melting points are uncorrected. 
(18) Washed with benzene, ether, ethyl acetate, acetone, methanol, 

and hot water (R. Birzgalis, M.A. thesis. Wellesley College, 1960, P. 
43).  

mixture of powder and CeIitem92’ ( 2 :  1). When the 
3070 methanolic eluatez2 was allowed to stand several days 
in the refrigerator, pure white crystals of I1 separated. 

2’,5’-Dihydroxychalcone (111) could be isolated in 4-975 
yields from a similar reaction mixture if the acidification was 
done with 6 N hydrochloric acid and the yellow-orange pre- 
cipitate was extracted with methanol. On evaporation of 
the methanol crude chalcone was deposited; this was ob- 
tained as orange-red crystals after repeated recrystallization 
from benzene. When I11 was refluxed with dilute alcoholic 
hydrochloric acid for 10 hr., it was converted into 11. 

6-Hydroxy-3-benzylideneflavanone ( IV) was obtained as 
the main product (2&37’70) when equal weights of quin- 
acetophenone and benzaldehyde were used (a  1 : 1.3 molar 
ratio). A larger excess of benzaldehyde (up to 7 moles) in- 
creased the yields, a 50% yield being isolated after recrystal- 
lization from methanol. The same compound was obtained 
in a 70% yield by substituting 6-hydroxyflavanone (11) for 
quinacetophenone in the standard procedure with exce8s 
benzaldehyde and running the reaction for 1 day. The same 
compound was also isolated in 29% yield when an alcoholic 
solution of 0.184 g. of 6-hydroxyflavanone and 0.6 g. of 
benzaldehyde was saturated with hydrogen chloride and 
allowed to stand for 4 days at  room temperature. Mixed 
melting points proved the identity of the three samples of 
IV. The yellow methyl ether of this compound was pre- 
pared by means of dimethyl sulfate and anhydrous potassium 
carbonate in anhydrous acetone. When IV was refluxed for 
10 days with dilute alcoholic hydrochloric acid, no color 
change occurred and the melting point of the product was 
little changed. Paper chromatography showed a second 
spot appearing. 

(19) Polypenco Nylon Powder, The Polymer Corp., Reading, Pa. 
(20) Johns Manville. 
(21) R. Neu, Nature, 182,660 (1958). 
(22) I11 eluates only with 75% methanol. 
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y-Pyrones differ from p-quinones to which they 
bear structural resemblance as the former do not 
function as dienophiles in the Diels-Alder reaction. 
This may be attributed to the important contribu- 
tion of structures I and Ia  to the actual state of the 
molecule It2 

6 6 -  o+ I o+ Ia 

The use of 2,6-distyryl-ypyrone as a diene com- 
ponent in the Diels-Alder reaction seems not to 
have been investigated so far. In the present in- 

(1) K. Alder in “Newer Methods of Preparative Organic Chemis- 

(2) B. Eistert, “Tautomerie und Mesomerie,” F. Enke, Stuteart, 
try,” New York, 1948, p. 501. 

1938, p. 56 f f .  
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vestigation it is found that the adducts (IVa, IVb, 
IVc) have been formed by the interaction of 2,6- 
distyryl-y-pyrone (11) as diene component and 
trans-diaroylethylenes (IIIa, IIIb, IIIc) as dieno- 
philes in boiling anisole. The reaction has been 
extended to  2-styrylchromone (IX) , 2-styrylkhellin 
(XIa), and 2-styrlvisnagin (XIb). 

(A). Experiments with 2,6-Distyryl- y-pyrone.- 
Chromone derivatives (IVa, IVb, IVc) are easily 
formed when 2,6-distyryl-ypyrone (11) is allowed 
to react with trans-diaroyl-ethylenes (IIIn, IIIb, 
I I Ic)  in boiling anisole. The analyses of the ad- 
ducts obtained by the action of dibenzoylethylene 
and di-p-toluylethylene on 2,6-distyryl-r-pyrones 
are in fair agreement with both structures in which 
one or two molecules of the dienophile may be added 
to the distyryl compound. However, molecular 
weight determjnations (cryoscopic method) indi- 
cated that only one molecule of the dienophile has 
been added to the distyryl compound, and hence the 
adducts are probably 2-styrylchromone derivatives. 
The structure assigned to theae adducts is supported 
by a study of their absorption spectra. 

B 

IVa. Ar = C$-15 
b. Ar = C6H4CHP-p 
c. Ar = CsH&l-p 

The maxima a t  315 mu (Table I) appear to be due 
to the chromophore C6H6CH=CHCH=CHC=0 
(A), since the same band was observed in the ab- 
sorption spectrum of cinnamylidene acetone [VI). 
The maxima a t  248, 258 and 258 mp, respectively 
(see Fig. l), appear to be due to the aroyl g o u p  (B) 
since acetophenone absorbs at  A,, 244 mp (emsx 
15,S50).3 The fact that the molecular extinction 
coefficient of these adducts a t  the short wave length 
region is double that for acetophenone is good 
evidence for the presence of two such groups in the 
molecule. 

TABLE Io  
Formula 

of the 
compound Xmax emax Amin cmin Figure 

IVa 315 34,953 275 16.020 I. IVa 
248 32;040 

IVb 315 35.904 280 22.032 I. IVb 
258 29;884 240 181768 

IVc 315 34,480 280 21,346 I, 1Vc 
258 32,429 240 23,809 

VI 315 35,787 250 1,812 I, VI 
a The measurements were carried out with a Perkin- 

Elmer Spectrocord Model 4000A, in absolute ethanol. 

It is of interest to note that only one molecule of 
the trans-djaroslethslene is added to the 2.6-di- 

styryl-y-pyrone, even when excem of the former is 
used and the duration of heating is prolonged. 
This may be due to a weakening of the diene char- 
acter of the 1 : 1 adduct by the cross conjugation as 
shown in V. 

I1 

, *r 
pn \r 

bra. Ar = CsHs IVa. Ar = CBH: 
b. Ar = CsH4CH3-p b. Ar = CsH4CH3-p 
c. Ar = CsH4C1-p c. Ar = CsH4C1-p 

When N-phenylmaleimide (VII) is allowed to react 
with 2,6-distyryl-y-pyrone (11) in boiling xylene, 
one molecule of the former is added to give VI11 
(cf., A. Mustafa and M. A. Ibrahim).4 

H I H  H 
VII IC  

(3) Gillman and Stern, "An Introduction to  Electronic Absorption 
Spectroscopy in Organic Chemistry," Edward Arnold, Ltd., London, 
1955. D. 126. 
(4) 'A. Mustafa and  hl. A. Ibrahim, J .  Ore. Cham., 21, 849 (1956). 
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Although the adducts contain ketonic groups, 
they fail to condense with ketonic reagents, e .g .  
hydroxylamine, phenylhydrazine, and 2,4-dinitro- 
phenylhydrazine. Compounds having ketonic 
groups and behaving similarly have been reported 
in the literat~re.5,~ 

(B). Experiments with 2-Styrylchromones.-- 
The use of 2-styrylchromones as diene components 
has already been in~est igated.~~'  In the present 
work 2-styrylchromone (IX) is allowed to  react 
with p,p-dichlorodibenzoylethylene (IIIc) in boiling 
anisole leading to the formation of xanthene deriva- 
tive (X). 

IX X 
-t IIIc 

Similarly. 2-styrylkhellin (XIa) reacts with p ,p -  
dichlorodibenzoylethylene (IIIc) to give the adduct 
(XIIa), while 2-styrylvisnagin (XIb) reacts with 
both dibenzoylethylene and p,p-dichlorodibenzoyl- 
ethylene to give the adducts XIIb and XIIc, re- 
spectively. 

+ ArCOCH=CHCOAr + 

C 4 ? k 6 &  IIIa Ar=C6H5 
b. Ar = C6H4Cl-P R' " 

XIa. R = R'= OCH, 
b. R=OCHa R ' = H  

XIIa. R = R' = OCHa, Ar = C6H4C1-p 
b. R = OCH3, R' = H, Ar = CsH6 
c. R = OCHa, R' = H, Ar = CBH4C1-p 

Experimental 

The method of Boon, et  a1.,8 for the preparation of 2,6- 
distyryl-y-pyrone has been modified and a better yield was 
obtained. 

Preparation of 2,6-Distyryl-y-pyrone.-To the cooled 
solution of 2,6-dimethylpyrone9 [purified by recrystallization 
from benzene-petroleum ether (b.p 6O-SO0)] 1 g. (0.008 
mole) in 15 ml. of absolute ethyl alcohol, and benzaldehyde 
(freshly distilled in a stream of dry carbon dioxide) 1.7 g. 

( 5 )  0. hl.  Aly, W. I. Awad, and A.  hf. Islam, J. O r g .  Chem., 23, 

(6) M. Cesaris, Gazz. Chim. Ital., 42, 11. 453. 
(7) A. Schonberg, A. Mustafa,  and G. hi .%,  J .  Bm, Chem. Soc.. 76,  

(8) A. A.  Boon, K. J. McKenzie, and J. Trotter,  J. Proc. Chem. 

(9) Amdt ,  et al., Ber., 69, 2373 (1936). 

1623 (1958). 

4576 (1954). 

Soc. ,  SO, 2058 (1914). 
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(0.016 mole) was added a cooled solution of 0.43 g. of sodium 
in 15 ml. of absolute ethyl alcohol. The mixture was kept 
overnight (at temperature not above 20'). Orange crystals 
of 2,B-distyryl-ypyrone 0.75 g. (0.0025 mole) m.p. 166", 
separated. After crystallization from ethyl alcohol, yellow 
flakes, m.p. 168", no depression on admixture with an 
authentic sample,s were obtained. 

Anal. Calcd. for C21Hl,0a. C, 84.0; H, 5.33. Found, 
C, 83.5; H, 5.6. 

The trans-diaroylethylenes were prepared according to  
the method of Conant and Lutz.'O 

(A). Experiments with 2,6-Distyryl-ypyrone. (i) . AC- 
tion of trans-Dibenzoylethylene on 2,6-Distyrylr-pyrone.- 
A mixture of 2,6-distyryl-r-pyrone, 1 g. (0.0033 mole), and 
trans-dibenzoylethylene, 1.55 g. (0.0066 mole), in anisole, 
50 ml., was refluxed for 25 hr. Anisole was distilled in 
vacuum. The oily residue was dissolved in the least 
amount of chloroform and petroleum ether (b.p. 60-80") 
was added dropwise till a slight turbidity appeared, kept 
overnight, whereby colorless crystals 0.25 g. (0.0004 mole) 
of 4a,5,6,7-tetrahydro-5,6-dibenzoyl-7-phenyl-2-styryl~hro- 
mone (IVa) m.p. 238' separated. After recrystallization 
from a mixture of alcohol and benzene, colorless crystals, 
m.p. 242", were obtained. 

Anal. Calcd. for C37H2801: C, 82.83; H, 5.22. mol. 
wt. 536. Found: C, 82.3; H, 5.4. mol. wt. 532. 

(ii). The above experiment was repeated using 2,6- 
distyryl-ypyrone, 1 g. (0.0033 mole), and trans-dibenzoyl- 
ethylene, 3.1 g. (0.0132 mole), and heating was continued 
for 35 hr. A 0.3-g. sample (0.00055 mole) of the adduct 
(IVa), m.p. 242", no depression on admixture with an 
authentic sample, was obtained. 

(iii). Attempted Condensation with Hydroxylamine.- 
To 0.3 g. (0.0057 mole) of IVa in 200 ml. of ethyl alcohol, a 
mixture of 0.78 g. (0.00114 mole) of hydroxylamine hydro- 
chloride, and sodium acetate, 1.2 g. (0.0114 mole), was 
added. The mixture was refluxed for 3 hr., cooled, and the 
precipitate which formed filtered, washed with water, dried, 
and crystallized from a mixture of alcohol and benzene, 
whereby, colorless crystals of IVa, no depression on admix- 
ture with an authentic sample, were obtained. 

(iv). Attempted Condensation with Other Ketonic 
Reagents.-When repeating experiment iii using phenyl- 
hydrazine hydrochloride and sodium acetate or 2,4-dinitro- 
phenylhydrazine, IVa was recovered unchanged. Table I1 
shows the experimental details of other Diels-Alder reactions 
with 2,6-distyryl-~-pyrone. 

(B). Experiments with 2-Styrylchromone (IX), 2- 
Styrylkhellin (XIa), and 2-Stryrylvisnagin (XIb). Action of 
p,p-Dichlorodibenzoylethylene (IIIc) on 2-styrylchromone .- 
A mixture of 2-styrylchromone,11 1 g. (0.004 mole), and 
trans-p,p'-dichlorodibenzoylethylene, 1.22 g. (0.004 mole), 
dissolved in 40 ml. of anisole was heated for 30 hr. Anisole 
was distilled in vacuum, the oily residue crystallized from 
benzene-petroleum ether (60-80"), whereby, 0.05 g. (0.0004 
mole) of 2-styrylchromone (IX), m.p. and mixed m.p. 
with an authentic sample 131°, separated. On concen- 
trating the mother liquor, almost colorless crystals 0.15 g. 
(0.00027 mole) of 1,2,3,9a-tetrahydro-l , 2-p,p'-dichloro- 
dibenzoyl-9-oxo-3-phenyl-xanthene (X), m.p. 212", sepa- 
rated, which after recrystallization from a mixture of 
alcohol-benzene, gave colorless crystals, m.p. 215". 

Anal. Calcd. for C,,HZzO,CL: C, 71.6; H, 3.99; C1, 
12.87. Found: C, 71.1; H,  4.1; C1, 12.4. 

Table I11 shows the experimental details of other Diels- 
Alder reactions with 2-styrylfurochromones. For the 
preparation of 2-styrylkhellin, and 2-styrylvisnagin see 
Schonberg, Mustafa, and A ~ i z . ~  

( I O )  J. B. Conant and R. E. Lutz ,  J .  Am. C h e m .  SGC.,  45, 1303 
(1923). 
(11) U. S. Cheema, K. C. Gulati, and  K. Venkataraman, J .  Chern. 

Soc..  925 (1932). 
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In  the course of our work on cycloserine (I), we 
became interested in the preparation of its hydroly- 
sis product, p-aminoxy-D-alanine (111). This amino 
acid is related structurally to another aminoxy 
amino acid, canaline,l which was obtained from the 
interesting guariidinoxy amino acid, canavanine.* 
In 1957, Xyberg and Chri~tensen,~ in their paper 
describing the synthesis of both m-canaline and 
m-canavanine, reported an unsuccessful attempt 
to synthesize B-aminoxy-m-alanine. They con- 
cluded that the aminoxy group was rapidly de- 
graded to a hydroxyl group in hot acid. Under the 
conditions which we used, the aminoxy group re- 
mained intact. 

This note describes the preparation of P-aminoxy- 
D-alanine (111) by two routes. The methanolysis of 
I giving the ester I1 has been described by 

NH2.HCl 
CH30H I 

0- qNHz HCl.NH20CH2CHCOOCH3 

M 0  I1 

I \ H C l  HC1/ 

\ J 

Kuehl, et and is analogous t80 reactions used in 
the synt,hesis6 of I. The hydrolysis of the ester I1 
in 6 W hydrochloric acid at  90' gave III in 68% 
yield. Direct hydrolysis of cycloserine using 6 N 
hydrochloric acid at  60' gave I11 in 41y0 yield. 
The conditions (time, temperat)ure, and acid con- 
centrat,ions) used in both hydrolyses were approxi- 

(1) M. Kitagawa, J .  AUT. Chem. SGC. Japan ,  16, 267 (1939); C h e m .  
Abstr., 34, 1196 (1940). 

( 2 )  M. Kitagawa and T. Tomiyama, J .  Biochem. (Japan), 11, 265 
(1929). 
(3) D. D .  Kyberg and  B. E. Christensen, J .  Am. Chem. Soc. ,  79, 

1222 (1957). 
(4) F. A. Kuehl, Jr.. F. J. Wolf, N. R .  Trenner, R. L. Peck, Eugene 

Hoae,  B. D. Hunnewell, G. Downing, E. Newstead, K. Folkem, R. 
P. Buhs, I. Put te r ,  R. Ormond, J. E. Lyons, and  L. Chaiet, ibid., 
77,2344 (1955). 

(5) C. H. Stammer,  A. N. Wilson, C. F. Spencer, F. W. Bachelor, 
F. W. Holly, and K. Folkers, ibid., 79, 3236 (1957). 


