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The alkaline condensation of ~-aceto- and B-propionaphthalenes with 
furfural has given, respectively, 2-(a-furfuryl)-l, 3-di(B-naphthoyl)- 
propane and 3-(a-fttryl)-2,4-di(t3-naphthoyl)pentane; both 5-dikerones 
have also been obtained by the Michael condensation. Under more 
severe conditions, two molecules of furfural condense with three mo- 
lecules of B-acetonaphthalene to form 2,4-di(a-furyl)-l, 3, 5-Ui(B- 
naphthoyl)pentane. Under similar conditions, benzaldehyde exhibits 
only a feeble capacity for trlketone condensation with B-acetonaph- 
thalene. The condensation of B-propionaphthalene with furfural has 
given the new compound furylidenepropionaphthalene. It has been 
shown that both under the conditions of the improved Chiehibabin 
pyridine synthesis and under the conditions of the Leuckhardt reaction, 
3-(a-ft~yl)-l, 3-di(B-naphthoyl)propane gives 4-(a-furyl)-2, 6-di(3- 
naphthyl)pyridine. 

The diketone condensa t ion  of/3 - aee tonaph tha lene  
and 13-propionaphthalene has  been c a r r i e d  out p r e v i -  
ously with benza ldehyde  and i sobu tyra ldehyde  in the 
case  of the f i r s t  r e a c t i o n  [1] and with fo rma ldehyde  

in the case  of the second [2]. In all c a s e s ,  the r e a c t i o n  
took p lace  with a good y ie ld  of the c o r r e s p o n d i n g  1 , 5 -  

diketone.  
In the p r e s e n t  pape r  we d e s c r i b e  the r e s u l t  of our  

a t t empts  to e f fec t  the diketone condensat ion  of both 
the ke tones  men t ioned  with fu r fu ra l .  I t  was found that  

when a solut ion of 2.5 m o l e s  of/3 - ace tonap tha l ene  and 
1 m o l e  of fu r fu ra l  in 0.2 N methano l i e  sodium hyd rox -  
ide was boi led  fo r  one hour ,  ~40% of furyl idenedi( /3-  

a c e t o n a p h t h a l e n e ) [ 2 - ( ~ - f u r y l ) - l ,  3-di( /3-naphthoyl)-  
propane]  (I) and 35% of fu ry l idene- /3 -ace tonaphtha lene  

(II) w e r e  obtained.  If ,  under  the s a m e  condi t ions ,  the 
condensat ion  w e r e  e a r r i e d  out in boi l ing  0.2 N e than-  
olic sodium hydrox ide ,  a m ix tu r e  was obtained cons i s t ing  

of the diketone I and a subs tance  c o r r e s p o n d i n g  to a 

d i fu ry l t r i s  (/3-ac etonaphthalene)[2,  4-d i  (c~-furyl) - l ,  3, 
5- t r i ( /3-naphthoyl)pentane]  (Ill). In a 0.5 N e thanol ic  
solut ion of sodium h y d r o x i d e ,  howeve r ,  only the t r i -  
ketone III was obtained.  Consequent ly ,  an i n c r e a s e  

in the " s e v e r i t y "  of the condensat ion  condi t ions  leads  
to the fo rma t ion  of the t r i ke tone  III. A s i m i l a r  pa t t e rn  
was found by Kos taneck i  et  al. in the condensat ion  of 
acetophenone with benzaldehyde [3] and with fu r fu r a l  
[4]. The fo rma t ion  of a t r ike tone  takes  p lace  with the 
addition of the or , /3-unsatura ted  ketone to the 1 , 5 -  
diketone [5], in our  c a s e ,  obvious ly ,  as a r e s u l t  of 
the r eac t i on  I + II ~ Il l .  

It is i n t e r e s t i n g  that ,  under  the s a m e  condi t ions ,  
with benza ldehyde ,  f l -ace tonaphtha lene  g ives  main ly  

the 1 ,5 -d ike tone ,  benzylidenedi(/3 -ace tonaphtha lene)  

[ 1] and only an e x t r e m e l y  s m a l l  amount  of the t r i -  
ketone d ibenzy l idene t r i s  (aeetonaphthalene)[1,  3, 5-  

t r i ( /3 -naphthoyl ) -2 ,4 -d iphenylpen tane]  (IV), the p r e s -  

ence of which in the r e a c t i o n  p roduc t s  we have e s t a b -  
l i shed  fo r  the f i r s t  t ime .  

The condensa t ion  of/3 -p rop ionaph tha lene  with 
f u r f u r a l  under  the inf luence of 2 N NaOH and e thanol  

l eads  ma in ly  to fu ry l idene - /3 -p rop ionaph tha lene  (V) 
and a s m a l l  amount  of furylidenedi(/3 -p rop ionaph tha -  

lene) [3-( o~-furyl)-2,4-di(f l  -naphthoyl)pentane]  (IV). 
In o r d e r  to c o n f i r m  the i r  s t r u c t u r e s ,  the d ike tones  

I and HI w e r e  a l so  obtained by the Michae l  condensa -  

tion. 

II + CHsCOCIoHT"~ - - ~  I 
V + CH~CH2COCIoHT-~ ~ V i  

Under  the condi t ions  of the Chichibabin pyr id ine  
syn thes i s  [6], the diketone I gave a base  c o r r e s p o n d i n g  

to 4-(fl - f u r y l ) - 2 , 6 - d i ( f l - n a p h t h y l ) p y r i d i n e  (VII). When 
the diketone I was hea ted  with f o r m a m i d e  (Leuckhard t  

r eac t ion)  the s a m e  base  VII was obtained.  

CllaCOON H4 ~ ' ~  HCONH2 I 

I CH3CO0 H /~'~N 7 \ c l O H r . ~  ~.nrc~0 
VII 

The pyr id ine  vii,  l ike  i ts  phenyl analog,  2 , 6 - d i ( B -  
naph thy l ) -4 -pheny lpy r id ine ,  r e ad i l y  f o r m s  a p i e r a t e  
but i t  does  not give  a s table  hyd roeh lo r ide .  C o n s e -  

quent ly ,  h e r e  again the naphthyl r a d i c a l s  g r e a t l y  
weaken  the b a s i e i t y  of the base  with r e s p e c t  to sa l t  

fo rma t ion ;  the p i c r a t e  i s  probably  not a sa l t  but a 
m o l e c u l a r  compound of p i c r i c  acid with the naphtha-  

lene  nuc le i .  

EXPERIMENTAL 

Fmylldenedi( B- aeetonaphthalene) (I). 
a) Over 1 hr, 4.4 g of furfoxal in 10 ml of ethanol was added to a 

boiling solution of 18.7 g of/5-acetonaphthalene in 100 ml of 0.2 N 
methanolic sodium hydroxide. After cooling, the mixture was neu- 
tralized with 50~ acetic acid. The reaction product was separated 
off by decantation and was washed with water and ethanol. Yield 8 g, 
mp 121"-122" C (from ethanol--benzene, 1:1). Evaporation of the 
combined decantates and the ethanol used for washing gave 4 g of 
fttrylidene-B-acetonaphthalene, nap 90"-91" C [7]; a small amount 
of the initial B-acetonaphthalene, mp 50"-51" C, was isolated from 
the residue. 

b) A mixtme of 1.24 g of furylidene-~-acetonaphthalene [7], 
1 g of B-acetonaphthalene, and 6 ml of 0.2 N sodium hydroxide in 
methanol was boiled in the water bath for 10 mill and was left at 
room temperature for two days. 0.5 g of I crystallized out; mp 120"- 
121" C (from ethanol--benzene, 1:1). A mixture of the two samples 
(a and b) melted without depression. 

Compound I has the form of colorless rods readily soluble in 
benzene, acetone, and dioxane and sparingly soluble in ethanol and 
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gasoline. Found, %: C 82.92; 83.00; H 5.34; 5.63; Mol. wt. 408, 
423. Calculated for C29H2zO s , ok: C 83.25; H 5.26; Mol. wt. 418. 

Dioxime--white needles, mp 192"-195" C (dec, rap. ,  from meth- 
anol). Found, %: N 6.00, 6.26. Calculated for C2sHzaNzO~, %: N 
6.25. 

Difuryliden~is(~-acetonaphtlmlene) (HI). Over 15 min, 0.9 g 
of furfural in 5 ml of ethanol was added to a boiling solutibn of 3.74 g 
of ~-acetonaphthalene in 15 ml of 0.5 N ethanolic sodium hydrox- 
ide and the mixture was boiled for another 40 mill. The subsequent 
working up was as described above in method (a). Yield 2.3 g, mp 
226*-228* C (from benzene). White needles, sparingly soluble in 
all the usual organic solvents. Found, %: C 82.86; 82.61; H 5.56; 
5.53; Mol. wt. 643. 667. Calculated for C~HzaO 5, %: C 82.88; 
H 5.11; Mol, wt. 666. 

Condensation under the influence of 0,2 N ethanolic NaOH. The 
reaction was carried out as described for I by method (a) (heating 
in the boiling water bath). By fractional crystallization, the reaction 
product yielded 2r2 g of the triketone (liD, mp 2260-228" c and 
1.4 g of the diketone I, mp 120"-121" C. 

FuryHdenedi(&propionaphrhalene) (VI). 
a) Over 15 min, 1.2 g of furfural in 5 ml  of ethanol was added 

to a boiling solution of 4.7 g of B-propinnaphthalene in 30 ml of 
2 N ethanolic sodium hydroxide. The mixture was boiled for another 
hour and was left at room temperature for a day. The oily layer that 
deposited partially crystallized and 0.8 g of VI with mp 129"7-131" C 
(from ethanol) was filtered off. The oil was washed successively with 
50% acetic acid, with water, and with ethanol, and was distilled. 
The following fractions were obtained: 1) 1.0 g, bp 155"-156" C 
(4 ram) and 2) 2.3 g, bp 223*-226* C (4 mm); Both fractions crys- 
tall ized. The first corresponded to B-propionaphthalene, mp 60*- 
61" C (from gasoline), and the second to furylidene-tS-propionaph- 
thalene, mp 87*-89* C (from ethanol). 

b) A solution of 2.63 g of furylidene- t~-propionaphrhalene (mp 
87*-89* C) and i g of B-propionaphthalene in 20 ml of 0.5 N eth- 
anolic sodium hydroxide was left to stand at "20* C. After 3 days, 
0.6 g of crystals of VI with mp 129~ * C (from ethanol) was sep- 
arated off; a mixture with the sample obtained by method (a) melted 
without depression. Colorless rods, readily soluble in benzene, di- 
oxane, and acetone, and less readily in ethanol. Found, ok: C 83.82; 
83.84; H 6.11; 5.96; Mol. wt. 411, 422.Calculated for C31H26Os, 
~ C 83.40; H 5.84; Mol. wt. 446. 

Dioxime--colorless needles, mp 195"-198 ~ C (dec,rap from 
ethanol). Found, %: N 5.65, 5.55. Calculated for CsIHzsN2Os, %: 
N 5.58. 

Ftm]lldeae-~.~opionaphthaleae (V). 1.84 g of 8-propionaphrha- 
lene and 1 g of furfural were dissolved in 15 ml of 0.5 N ethan,l ie  
sodium hydroxide, and the solution immediate2y crystallized. This 
gave 2.4 g (91.6%) of yell0wish crystals, nap 87*-89* C (from ethanol). 
Found, %: C 87.72; 87.76; H 5.60; 5.7; Mol. wt. 260. Calculated 
for CmH~O2, ok: C 82.44; H 5.34; Mol. wt. 262. 

Oxime--colorless rods, mp 18r  C (decomp). Found, %: 
N 4.85, 5.25. Calculated for C~H~NOz, ~ N 5.05. 

Dlbea-~ylidenelzis(B-acetonaphthalene) (IV). The condensation 
was carried out in just the same way as for the preparation of di- 
furylidener.risacetonaphthalene (III). Five grams of 13-acetonaph- 
thalene and 1.5 g of benzaldehyde yielded 3.6 g of benzylideneace- 
tonaphthalene, mp 125"-127" C (from ethanol--acetone, 1:2) [1] 
and 0.5 g (~5ok) of the triketone IV. The latter is very sparingly sol- 
uble in the mixture of ethanol and acetone mentioned and is there- 
fore readily separated from the former compound. In the cold, IV 
is almost insoluble in all the usual organic solvents. Mp 227"-229 ~ C 
(from benzene). Found, %: C 87.88; 87.53; H 5.59; 5.57; Mol. wt. 
651, 696. Calculated for CsoHzsOs, %: C 87.46; H 5.54; Mol. wt. 686. 

4-(r 6-di(B-naphthyl)pyrldine (VII). 
a) A mixture of 2.5 g of I, 5 g of ammonium acetate, and 30 

ml of acetic acid was boiled for 2 hr. After the mixture had cooled, 
the crystals were filtered off, washed with Water, and recrystallized 
from dioxane. Yield 1.5 g, mp 220~ * C. 

b) A mixture of 2 g of I and 30 g of formamide was boiled for 
3 hr. On co, l ing,  1.5 g (79%) of crystals of VlI with mp 219"-220" C 
(from dioxane) deposited. Their identity with the preceding sample 
was confirmed by a mixed melting point, colorless rods, soluble 
in benzene and dtoxane and sparingly soluble in ethanol, ether, and 
gasoline. Fouiad, ok: C 88.00; 87.56; H 4.38; 4.99; N 3.38; 3.46; 
Mol. wt. 388, 402. Calculated for C29HIgNO, %: C 87.65; H 4.87; 
N 3.53a]~ Mol. wt. 397. 

Picrate--yellow crystals, mp 250* C (from dioxane). Found, %: 
N 8.86, 8.85. Calculated for CzgH~NO. C6HsNsOT, ok: N 8.94. 

Hydrochloride. A solution of the base in benzene was saturated 
with dry hydrogen chloride. Yellow-green crystals deposited which, 
from the method of formation and form, must be regarded as the 
hydrochloride of the base. However, without recrystallization they 
melted at 217"-219" C. A mixture with the base gave no depression 
of the melting point. Obviously, on melting, the hydrogen chloride 
was split off completely and the initial base was regenerated. 
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