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Carbocycle-fused pyridines and related systems are attrac-
tive because of their potential to construct new host com-
pounds,' The most popular synthetic approach to 2,3:56-
bisannelated pyridines employs the treatment of 1,5-dike-
tones with ammonium acetate in refluxing acetic acid, typi-
cally yvielding the pyridines in 50-70% vyields.? The synthetic
pathways to prerequisite syrametric 1,5-diketones, however,
are somewhat limited to involve the reaction of enamines
with paraformaldehyde® and the base treatment of cyclic ke-
tones and aldehydes. Although the enamine approach has
been extended to the preparation of carbocycle-fused 2.2 : 6/,
2"-terpyridine with various arylic substituents at 4'-position,
the introduction of aliphatic substituents at the 4'-position
has not been as yet achieved® In this note we report that
a Lewis acid may be used zs a catalyst to boost the yield
as well as to extend the scope of this reaction.

The enamine 1 and its homologs can be prepared in the
normal fashion from the corresponding ketones in 70-90%
yield® When enamine 1 treated with paraformaldehyde in
the presence of aluminum trichloride followed by hydrolysis,
the 15-diketon 3a was formed in an excellent yield. The
yield of this reaction is improved more than two folds com-
pared to the method reported by Colonge ef al.} The reac-
tions of enamine 1 with aromatic aldehydes also proceed
smoothly, but diasteromeric mixtures obtained. They are not
fully characterized, and they were treated with ammonium
acetate directly without isolation of the isomers to afford
the corresponding carbocycle-fused pyridines with a substi-
tuent at 4'-position.” The reactions with aliphatic aldehydes,

R
1 R-CHO
2
[}

N 21 HyO*
¢y o
1

R

NH,OAc (I‘\/O
N

3 4

however, appear to be little sluggish and the reactions with
acetaldehyde and pentanal afforded the desired 4'-alkyl pyri-
dines in 22% and 33% yielcs only, respectively. Although
little low or modest, the yields are increased over the 22
and 17% yields, respectively, reported earlier.® Table 1 sum-
marizes the results obtained from 7 different systems and
shows that aluminum trichloride can be employed as a cata-
lyst to improve the yields in the reactions of enamine with
aldehyde to give 1,5-diketones by reacting enamine with al-
dehydes.

Other Lewis acids, such as FeCly, ZnCl, SnCl;, EtAIC],
have also been studied for the condensation reactions and
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Table 1. Preparation of 1,5-Diketones and/or 4'-Substituted Bis-
Annelated Pyridines from Aldehydes

1.5-Diketone Pyridine

Aldehyde [yield]  (Cyield] Mp. €
2a HCHO 3a (93%) 4a (95%) 71
(lit®? mp. 697)
b CH,CHO b (24%) b (93%) 53
¢ Pentanal c (35%) ¢ (93%) 37-38
(it* mp. 37-38T)
d Benzaldehyde d (93%) d (95%) 221-222
e p-Tolualdehyde f (90%) e (92%) 236-238

f p-Chlorobenzaldehyde g (92%) f (92%) >300
g p-Nitrobenzaldehyde h (94%) g (M%) >300

*Yield of the crude product, except 3a, checked by glc. *Isolated
yield of the product.

the yields of their reactions were found to be not as good
as the reaction with aluminum chloride, although their yields
are still better than that of the reactions without Lewis acid.”®

The present result could be culminated in the preparation
of 2,2': 6',2"-terpyridine. Morpholine enamine 8! of 2-acet-
ylpyridine was reacted with paraformaldehyde in the prese-
nce of aluminum trichloride to give 22" : 6’ 2"-terpyridine 6
in the overall yield of 60%. Without a Lewis acid, this reac-
tion is too sluggish to employ for the preparation of 2,2 :
6'.2"-terpyridine."
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In conclusion, the present method offers advantages over
the previously reported methods.!'*'* The reaction requires
readily available reagents, is applicable to the synthesis of
symmetric pyridines as well as polypyridines with high
yields, as well as is able to carry out under relatively mild
conditions.

A Typical Experimental Procedure is as Follows.

A suspension of paraformaldehyde (0.3¢ g, 0.01 mol) in
20 m! of dioxane was slowly added to a suspension of alumi-
num trichloride (1.22 g, 0.009 mol, 0.90 equiv.) in 30 m/ of
dioxane at room temperature under nitrogen. After the re-
sulting mixture was stirred at room temperature for cz. 30
min, a solution of enamine 1 (3.34 g 002 mol) in 30 m/
of dioxane was added »ig a cannula. The resulting solution
was stirred at room temperature for 2 h or until complete
consumption of the aldehyde which was checked by TLC.
The reaction mixture was acidified with 1 N aq. propanoic
acid and extracted with methylene chloride (3X30 m{). The
combined organic layer was dried over anhydrous magne-
sium sulfate, followed by the evaporation of solvent, the
crude 1,5-diketone was either characterized or treated direct-
ly with 3.0 molar equivalents of ammonium acetate in 10
m/ of 1 N aq. propanoic acid arnd 2.5 molar equivalents of
cupric acetate® under reflux for 0.75-1.0 h. Work-up as usual
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gave 1.65 g(88%) of 1.2,3,4,5,6,7 8-octahydroacridine; mp. 71C
(lit? mp. 717).
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lon-exchange resins have been used to separate and pre-
concentrate metal ions'* and organic compounds®~®, Activat-
ed charcoal has been used to remove metal ions and organic
compounds in the water supply facilites’. However, ion-ex-
change resins and activated charcoal couldn’t be used to re-
move heavy metal ions from waste water because of their
cost.

The aim of this work was to furnish the basic data to remove
heavy metal ions in the industrial and laboratory waste water
with the low-priced adsorbent. We thought that sawdusts
would be a proper one for that purpose if they adsorb heavy
metal ions favorably. Therefore, we examined in this experi-
ment the pH effect on the distribution coefficients (Kd val-
ues) of the heavy metal ions on the sawdusts to inspect
the optimum adsorption condition and whether the break
through points at the frontal chromatography of the heavy
metal ions in the solution of the condition by a column pack-
ed with a sawdust would be large enough or not.

Experimental

Instrumental. The pH of the sample solution was mea-
sured with Chemcadet Model 5984 pH meter and the metal
ion concentrations were determined with Hitachi Model Z-
8,000 atomic absorption spectrophotometer. The horizontal
shaking of the sample vials to determine the Kd values of



