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To isolate caffeic acid, 5 g. of sample is dissolved in 30
ml. of N sodium hydroxide under an atmosphere of nitro-
gen and allowed to stand overnight at room temperature
before acidification with an equivalent quantity of sul-
furic acid. Caffeic acid is isolated from the saponifica-
tion mixture by continuous extraction with ether, the ether
removed by distillation, and the residue reerystullized
from water, m. p. 218-220°,

After removal of the caffeic acid, quinic acid nmay be
isolated by acetone extraction of the dry saponification
residue or by formation of the copper acetate complex.
Better yields are obtained by acid hydrolysis!! of the hy-
iIrogenated chlorogenic or isochlorogenic ucid, and the
quinic acid is further identified by preparation of the 1,4,5-
triacetylquinlactone.!? The quinic acid derived from iso-
chlorogenic acid is partially kuctonized, but may be saponi-
fied to the correct titration value.

{11} A. Watanabe, J. Pharw. Soc. Japan, 56, V1 (Abstracts in
German) 13, (1936); Cheor. Zeutr,, 107, 1, 4001 1036, 7 O
31, 2062 (1936).

320 Lrwig and Kienig, Ber., 22, ) 147 (1880,

FCONTRIBU IION FROM THE NovES CHeMical LasoraTury, UNIVERSL)

Polypyridyls by the Chichibabin Synthesis!

Pyridines. VI

ROBERT .. 'RANK AND Ebwarb 1", RIuNER

Vol.

72

Hydrogenation.-—Chlorogenic and isochlorogenic acids
were hydrogenated in absolute ethanol using 5%, palladium
on charcoal as a catalyst. The suspension after hydrogen-
ation was filtered through Celite, the filtrate taken to dry-
ness, and the residue taken up in water and lyophilized.
‘The theoretical amount of hydrogen was absorbed by each
compound without significant change in neutralization
veuivalent.  However, the optical rotation of hydrogen-
ated isochlorogenic acid [a]¥p —-34 to —-39°, was approxi-
(natcg_\' that of chlorogenic or hydrochlorogenic acid, [«]2'n

Summary

A new compound, “isochlorogenic acid,” has
been isolated from green coffee. Evidence is
presented for the proposed structure, 3-caffeyl-
quinic acid, a position isomer of chlorogenic
neid.
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A recent investigation? of the Chichibabin syn-
thesis of pyridines has demonstrated its particular
usefulness for the preparation of symmetrically
substituted aryl pvridines. The reaction has now
been applied to the synthesis of pyridyl-substi-
tuted pyridines, or polypyridyls, some of which
were desired for pharmacological studies.

Yields of the polypyridvls (IV-1X) were for the
most part in the range 23-32%., comparable with
those of the corresponding aryl pyridines® and
satisfactorv considering the stmplicity of the pro-
cedure,
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It lias been shown that condensations of this
tvpe may occur®® in two ways, either with the al-
dehyde (I) reacting so as to introduce the group
R¥ at the gamma position of the pyridine, as in the
above equation, or with the aldehvde (I) reacting
at thealpha position togive productsrepresented by
Structures TV -1X in whichh R (or R*) and R* are
iuterchanged. ‘Thus the problem of assigimnent of
structure arises in those examples in which R! (or
R?) is not identical with R®, namely, IV, VI, VIIT
and IX.
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in two previous examples,” as shown by un-
equivocal syntheses of aryl-substituted pyridines,
the group introduced by the aldeltyde (I} has been
found to appear at the gamma position of the py-
ridine formed. A similar unequivocal synthesis,
the reaction of benzaldi-(2-acetylpyridine) with
hydroxylamine to form 2,5-di-(2-pyridyl)-4-phen-
vlpyridine (IX), has now provided evidence for the
correctuess of Structure 1X for the identical com-
pound prepared by the Chichibabin reaction. At-
tempts to prepare the 1,3-diketones which would
react with hvdroxvlamine to form structures IV,
VIand VIII have

eovrelv RY = RO= L

been unsuccessful,
R = dopyridel, RY = R =11 so we are forced to
A-pyridyl, RT = R? Rt = CsH; : N
RA ’:'C:‘”;” RY = R' = d-pyridyl ?SSlgn thlese struc
Bopyrilyl, R = R = 2.0yridyl,  tures only tenta-

tively, although
2aonvrntvl, RY = Ro= 1,

with rather good
assurance of their
correctuess.

Furtlier information ou the scope and lhuita-
tions of the Chichibabin synthesis has been pro-
vided by this study. For example, the starting
materials 1T and III mnust be identical or the prod-
ucts are complex mixtures, as evidenced by a numn-
ber of reactions described in the Experiniental
Part.  An additional limitation is that when for-
aldehyde is used as Compound I (R* = H), ouly
tars are obtained. Compound I must be an aro-
matic aldehyde.?

The preparation of two polypyridyls (VII and
VIII) gave rise to u side reaction not encountered
in our previous study.? These compounds were
forimed in yields of only 5.4%. The explanation
lics inn the structures of the starting materials, 2-
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phenacylpyridine and 2-picolyl 3-pyridyl ketone,
respectively. These compounds, with carbonyl
groups beta to 2.pyridyl groups, resemble 1,3-di-
ketones and fB-keto esters and are therefore
cleaved by ammonium hydroxide at 250°. Evi-
dence is the isolation of a 209 yield of benzoic acid
and a smaller amount of 2-picoline from 2-phen-
acylpyridine in the Chichibabin synthesis of 3,5-
di-(2-pyridyl)-2,4,6-triphenylpyridine (VII).

Experimental

2-Acetylpyridine.—2-Cyanopyridine was converted by
ethanolysis to ethyl picolinate, a method we find more con-
venient than the oxidation of 2-picoline followed by esteri-
fication. Ethyl picolinate was then converted to 2-
acetylpyridine by Claisen condensation with ethyl acetate,
followed by hydrolysis and decarboxylation.4

Ethyt col}i,nate.-—Ninety grams (0.865 mole) of 2-
cyanopyridine® was added cautiously to 1500 ml. of satu-
rated ethanolic hydrogen chloride. The mixture was then
refluxed for five hours, allowed to stand overnight, and
filtered to remove grecxpitated ammonium chloride. The
filter cake was washed well with ethanol and the washings
added to the filtrate. The filtrate was concentrated ¢»
vacuo on a steam-bath to about 400 ml., cooled, poured
into 500 ml. of water, and the whole neutralized with 289,
ammonium hydroxide. The mixture was then extracted
with three 300-ml. portions of ether, and the extracts
dried over magnesium sulfate and fractionally distilled in a
ten-inch helix-packed column. The yield of ethyl pico-
linate was 53 g. (40%), b. p. 124-127° (15 mm.); #*D
1.5108.

Chichibabin Syntheses.—These were performed as pre-
viously described? in a 500-ml. steel autoclave at 250°
with reaction times of three hours. The molar ratio of 289,
ammonium hydroxide of the expected product (based on
1009, yield) was 10:1, and of ammonium acetate it was
0.13-0.29:1. Purifications of the individual products
are described below.

4-Phenyl-2,6-di-(3-pyridyl) -pyridine (IV).—From 17.0
g. (0.16 mole) of freshly distilled benzaldehyde and 43.6 g.
(0.36 mole) of 3-acetylpyridine® was obtained a solid
which after washing with 200 ml. of water and 50 ml. of
cold ethanol was recrystallized twice from ethanol with
the use of Darco to yield 13.0 g. (26.3%) of fine micro-
scopic needles, m. p. 221-222°, Anal.” Caled. for Cy-
H;;N;: C,81.61; H,4.85. Found: C, 81.57; H, 4.69.

2,4,6-Tri-(3-pyridyl) -pyridine (V).—From 15.0 g. (0.14
mole) of freshly prepared 3-formylpyridine® and 36.3 g.
(0.298 mole) of 3-acetylpyridine® was obtained by the
procedure just above 14.0 g. (32%) of tan crystals, m. p.
271-273°. An analytical sample, fine colorless micro-
scopic needles, was obtained by recrystallization from ni-
tromethane with the use of Darco, m. p. 273.5-274.5°.
Anal. Caled. for CoHNy: C, 77.42; H, 4.51. Found:
C, 77.33; H, 4.51.

2,6-Di-(3-pyridyl) -3,4,5-triphenylpyridine (VI).—A
mixture of 12.9 g. (0.12 mole) of benzaldehyde and 50.5
g. (0.251 mole) of benzyl 3-pyridyl ketone® yielded a mushy
solid. This was washed with 100 ml. of water and 50 ml.
of ether and recrystallized twice from ethyl acetate with
the use of Darco to yield 12.5 g. (22.69,) of colorless
needles, m. p. 278-279°. Anal. Calcd. for CguHyNs:
C,85.80; H,4.99. Found: C, 85.80; H,4.75.

3,5-Di-(2-pyridyl)-2,4,6-triphenylpyridine (VII).—
From 12.9 g. (0.12 mole) of benzaldehyde and 50.5 g.

(4) Gilmaa, Tolman and Massie, THI8 JOURNAL, 68, 2399 (1946).

(6) Craig, ibid,, 66, 231 (1934).

(6) Btrong and McElvain, sbid., 88, 818 (1933).

(7) Microanalyses were performed by Miss Emily Davis, Mr.
Maurice Dare and the Clark Microanalytical Laboratory.

(8) Panizzon, Helv. Chim. Acta, 34, 24E (1941).

(9) Burger and Walter, THis JoURNAL, 72, 1988 (1950).
indebted to these authors for a preview of their results.
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(0.251 mole) of 2-phenacylpyridine!® was obtained by
filtration of the aqueous reaction mixture a sticky mass of
crystals. This was stirred with 100 ml. of ether and col-
lected on a filter. Recrystallization from ethyl acetate,
with the use of Darco, gave 3.0 g. (6.4%) of coarse color-
less needles, m. p. 280-281°. Anal. Caled. for Cs HysNy:
C, 85.90; H, 4.99. Found: C, 85.88; H, 5.18.

The original agueous gortion wag acidified with hydro-
chloric acid and yielded 6.0 g. (20% based on 2-phenacyl-
pyridine) of benzoic acid. The filtrate from the original
ether washings above was steam distilled; from the dis-
tillate was obtained the picrate of 2-picoline, m. p. 166—
159°. A mixed m. p. with an authentic sample, m. p.
160—162;, v&vas 159—11)61°.

2,6-Di-(3-pyridyl)-3,5-di-(2-pyridyl) 4-phenylpyridine
(VIII).—A m&turey of 1.06 g. HI.OO mole) of %gx{zalde-‘
hyde and 5.0 g. (0.025 mole) of 2-picoly! 3-pyridyl ketone,
available by the method of Burger and Walter,? yielded
a susFension of crystals. These were washed with 10
ml. of ethanol, then 250 ml. of boiling water, dissolved in
warm 5% hydrochloric acid, the solution flltered, and the
greenish flltrate neutralized with ammonium hydroxide.
The precipitate was washed with 50 ml. of boiling ethanol
to give 0.39 g. of product, m. p. 277-278°. Recrystalli-
zation from ethyl orthoformate, with the use of Darco,
gave 0.25 g. (5.4%) of colorless microscopic needles, m. p.
281.5°. Amal. Caled. for C5HyN;: N, 15.12. Found:
N, 14.88.

2,6-Di-(2-pyridyl) -4 -phenylpyridine (IX).—Attempts
to prepare this pyridine in a steel autoclave were unsuc-
cessful because of the tendency of the product to complex
with iron. Use of a sealed glass tube containing 1.59 g.
(0.0150 mole) of benzaldehyde, 4.54 g. (0.0375 mole) of
2-acetylpyridine, and the aforementioned proportions of
ammonium hydroxide and ammonium acetate, heated
within the steel autoclave, however, yielded a tarry mass
which gave 1.7 g. of a tan residue on washing with 15 ml. of
water and two 15-ml. portions of ethanol. Recrystalliza-
tion from 36 ml. of nitromethane yielded 0.80 g. (17.2%)
of granular crystals, m. p. 208°. Amnal. Caled. for
CnHisN3: C, 81.61; H, 4.85. Found: C, 81.80; I,
4.85.

Other Condensations.—The following coinbinations of
starting materials, chosen to react in the Chichibabin syn-
thesis to yield unsymmetrically substituted pyridines,
gave products distilling in the expected boiling range, but
these were always mixtures, regardless of the ratios of
starting materials: acetophenone and paraldehyde, and
3-acetylpyridine paired with paraldehyde, formaldehyde,
cinnamaldehyde and 1,3,3-triethoxybutane. 3-Acetyl-
pyridine and benzalacetophenone gave fine needles
(ca. 16%,) which melted at 177-179° after many crystalli-
zations from ethanol, methanol, and dioxane and which
analyzed 1.37%, low in carbon and 0.069, low in hydrogen
for the expected 2,4-diphenyl-6-(3-pyridyl) -pyridine.

2,6-Di-(2-pyridyl) 4-phenylpyridine (IX) (by Means of
Hydroxylamine) ~—A mixture of 0.33 g. (0.0010 mole) of
benzaldi-(2-acetylpyridine),*! 0.21 g. (0.0030 mole) of
hydroxylamine hydrochloride and 3 ml. of absolute ethanol
was sealed in a test tube and heated inside an autoclave
for five hours at 180°. The black powder obtained was
crystallized three times from nitromethane, with the usc
of Darco, to yield approximately 25 mg. (8%) of granular
crystals, m. p. 207—208°. A mixed m. p. with the Chichi-
babin reaction product from 2-acetylpyridine and benzal-
dehyde was not depressed.

Summary

The Chichibabin synthesis of pyridines has been
applied to the preparation of polypyridyls. Its

scope for this purpose is discussed. :
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