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was extracted with ether. Distillation of the dried ether
extracts yielded 4 g. of forerun (b.p. up to 165° at 3 mm.)
and 15.5 g. of a dark green viscous oil boiling at 165-170°
(3 mm.).

The product was transferred to a small distilling flask,
mixed with 2 g. of 109, palladium-charcoal and slowly dis-
tilled over an open flame. The violet distillate was redis-
tilled using a modified Claisen flask. Fraction 1, wt. 2.8 g.,
b.p. up to 105° (1.5 mm.), was fairly mobile; fraction 2, wt.
3.1 g., deeply colored and more viscous, boiled in the range
105-140° (1.5 mm.). The higher-boiling material could be
used for a second dehydrogenation.

Fraction 2 was dissolved in 20 ml. of ethanol and treated
with 4 g. of trinitrobenzene in 125 ml. of warm ethanol.
The purple trinitrobenzolate separated immediately and
weighed 4.1 g. The derivative was dissolved in a minimum
of hexane-benzene (2:1) and decomposed by chromatog-
raphy over alumina. The violet eluate was concentrated
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and distilled, the fraction boiling at 110-115° (1.5 mm.)
being collected. This material, wt. 1.55 g., was used for
absorption spectra and for the preparation of the derivatives
described below. On prolonged chilling, it crystallized and
remelted at 29°.

The trinitrobenzolate, purplish-black needles from abso-
lute ethanol, melted at 177-178°.

Anal Calcd. for C19H17N3032 C, 5953, H, 4.47; N,
10.96. Found: C, 59.48; H, 4.43; N, 10.87.

The picrate, reddish-black needles from absolute ethanol,
melted at 156.5°.

Anal. Caled. for CyHizN3;O7: C, 57.15; H, 4.29; N,
10.52. Found: C, 56.75; H, 4.36; N, 10.31.

The ultraviolet spectrum of the redistilled azulene in z-
pentane solution was determined on a Beckman model DU
spectrophotometer and is reproduced in Fig. 1.
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Heterocyclic Basic Compounds.

XIV. 4-Phenyl-4-(3-pyridyl)-6-dimethylamino-3-

hexanone!

By HARRY S. MOSHER AND JOHN E. TESSIERI®

Panizzon®* has condensed 2- and 4-halopyridines with phenylacetonitrile in the presence of sodium amide but did not ex-
tend the reaction to the 3-isomer, presumably because of the well-recognized aromatic nature of the 3-position in the pyridine

ring.
reaction.
the amidone type.

It has been found, however, that 3-bromopyridine is readily converted into a-phenyl-a-(3-pyridyl)-acetonitrile by this
This was converted to 4-phenyl-4-(3-pyridyl)-6-dimethylamino-3-hexanone which is related to the analgesic of
In these studies the lithium aluminum hydride reduction of various pyridine esters to the corresponding

carbinols was also studied as well as the conversion of 3-pyridylcarbinol to 3-chloromethylpyridine and 3-cyanomethyl-

pyridine.

The original plan of this investigation was to
prepare pyridine analogs of the analgesic methadone
by reactions analogous to those used in its well-
known synthesis® with the substitution of a cyano-
methylpyridine for phenylacetonitrile. None of
the three isomeric pyridylacetonitriles has been pre-
viously reported.

The 3-isomer was made zig 3-pyridylcarbinol
according to the equations

LiAlH, SOCl,
3-Py-COOC;H; ———> 3-Py-CH,OH ———>
64% 92%

I II
KCN
3-Py-CH,CI.HCl ——> 3-PyCH,CN
359,

IIT v

Although the 3-cyanomethyl-pyridine could be
brominated successfully, attempted Friedel-Crafts
reactions with benzene were uniformly unsuccessful
and it was necessary to abandon this approach.

An alternate route, the first step of which has
been studied by Panizzon®*for the 2- and 4-isomers,
is illustrated by

B

»

N

T Na NHz
+ CH:CH,CN

A%

(1) Abstracted from the Ph.D. thesis submitted by J. E. T, to Stan-
ford University in partial fulfillment of the requirements for the Ph.D.
degree.

(2) Parke Davis and Co. Research Fellow, 1949,

(8) L. Panizzon, Hely. Chim. Acta, 3T, 1748 (1944); 29, 324 (1946);
British Patent 589,625 (June 25, 1947).

(4) M. Hartmann and L, Panizzon, U, 8. Patent 2,507,631 (May 26,
1950).

(5) Office of the Publication Board, Report 981 (1945), pp. 94-96.
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Apparently this first reaction was not considered
feasible for the B-isomer. In spite of the well-
recognized aromatic nature of the §-position of the
pyridine ring several reactions indicate that 3-
bromopyridine is considerably more reactive than
bromobenzene.® For this reason the reaction of
3-bromopyridine with phenylacetonitrile in the
presence of sodium amide was attempted. The
reaction was successful and gave the desired product
VI in 369, yield. This indicates the activation of
the B-position of the pyridine nucleus by the in-
ductive effect of the ring nitrogen atom is greater
than generally considered.

The a-phenyl-a-(3-pyridyl)-acetonitrile (VI) was
converted to 4-phenyl-4-(3-pyridyl)-6-dimethyl-
amino-3-hexanone (VIII), which is related struc-
turally to the analgesic amidone, by successive

(6) R. C. Elderfield, *‘Heterocyclic Compounds,” John Wiley and
Sons, Inc.,, New York, N. Y., 1950, Vol. I, p. 517,
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treatment with dimethylaminoethyl chloride and
ethylmagnesium bromide.

This compound was tested for analgesic activity
by Dr. C. V. Winder of Parke, Davis and Company
and found to possess approximately 367, of the
activity of morphine in the modified Wolff-Hardy
technique in guinea pigs.” The compound was,
however, very toxic, being fatal to a dog in 40
mg./kg. dose and showing depression even at 12.5
mg./kg. dose. The high toxicity of this compound
discouraged work on the other possible analogs.

After the present work was completed, several
publications on the lithium aluminum hydride
reduction of pyridine ester appeared.®

In the experimental section is reported still
another method for working up the lithium alumi-
num hydride reduction from ethyl nicotinate as
well as reductions of ethyl picolinate, ethyl iso-
nicotinate and ethyl cinchomeronate.

Acknowledgment.—We gratefully acknowledge
the support of Parke, Davis and Co. which made
this work possible.

Experimental

3-Pyridylcarbinol. —Ethyl nicotinate (20.3 g., 0.13 mole)
was dissolved in anhydrous ether (200 ml.) and added to a
solution of lithium aluminum hydride (4.0 g., 0.11 mole) in
anhydrous ether (500 ml.). After stirring for 15 minutes,
absolute ethanol (50 ml.) was added to decompose the ex-
cess lithium aluminum hydride., Most of the solid dissolved
and glycerol (92 g.) was added. The ether was distilled
directly from the reaction mixture and the residue was dis-
tilled from a Claisen flask. The distillate, b.p. 160-180°
(4 mm.) was a mixture of glycerol and 3-pyridylcarbinol
from which the 3-pyridylcarbinol was separated by conver-
sion to the hydrochloride in alcoholic solution. The hy-
drochloride was extracted in a Soxhlet apparatus with ether
to remove the last of the glycerol; 12.5 g. (649, crude yield)
m.p. 118-121°, picrate m.p. 158-160°. A comparable
yield (61.59,) was obtained by making the reaction mixture
strongly basic and continuously extracting the resultant
slurry as described in the patent literaturedb.fe; the extrac-
tions were slow and not mechanically satisfactory, however.
The method of Jones and Kornfeld® was probably the most
convenient and obviated the troublesome distillation neces-
sary in the method described above. It was modified to
advantage as indicated in the following preparation for 4-
pyridylcarbinol.

4-Pyridylcarbinol.—Ethyl isonicotinate (38 g., 0.25 mole)
dissolved in anhydrous ether was added to a solution of
lithium aluminum hydride (9.1 g.) in 500 ml, of anhydrous
ether over a two-hour period. The reaction mixture was
worked up by adding 35 ml. of water, stirring for one hour,
and filtering the mixture. The solid was slurried with 200
ml. of methanol containing 2 ml. of water while being sat-
urated with carbon dioxide. The mixture was brought to
boiling and filtered. The original eiher filtrate and the
methanol extract were concentrated to an oil and treated
with 50 ml. of 109, sodium hydroxide. This was continu-
ously extracted with ether and the ether extracts concen-
trated to an oil and dried by azeotropic distillation with
benzene. The residue crystallized and was relatively pure
(20.5 g., 759 vield). It was distilled however to give 18.3
g., b.p. 107-110° (1 mm.), m.p. 55-60°. It could be fur-
ther purified by vacuum sublimation, m.p. 58-60°.

Anal. Caled. for CH,NO: C, 66.01; H, 6.40. Found:
C, 65.65; H, 6.24.

The hydrochloride melted at 176-180°, the picrate at
157-161° and the chloroplatinate at 210-211°.¢

(7) C. V. Winder, Arch. intern. pharmacodynamise, T4, 176, 219
(1947).

(8) (a) R. G. Jones and E. C, Kornfeld, Taly Journar, 78, 107
(1951); (b) British Patent 631,078 (Qct. 26, 1949); (c) Cohen, U. S.
Patent 2,520,037 (Aug. 22, 1950).

(9) R. Graf, G. Perathoner and M., Tatzel, J. prakt. Chem., [2] 1486,
88 (1936), reports b.p. 110-142° (12 mm.); m. p. about 40°,
hydrochloride 164° dec. and chloroplatinate 220°.
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Isonicotinic acid was reduced with lithium aluminum hy-
dride using a Soxhlet apparatus as recommended by Nys-
trom and Brown!¢ for substances difficultly soluble in ether,
Although a 469, crude yield was obtained, only 4.2 g. of
isonicotinic acid was dissolved in 77 hours and this method
was therefore of little practical value,

2-Pyridylcarbinol.—By a method analogous to that used
for 4-pyridylcarbinol, 17.4 g. (0.12 mole) of ethyl picolinate
was reduced with lithium aluminum hydride (3.07 g., 0.08
mole) to give 3.3 g. (269%,) of 2-pyridylcarbinol, b.p. 122~
125° (23 mm.), picrate, m.p. 153-156°. Graf® reports
b.p. 105° (12 mm.), picrate m.p. 158°. The low yield ap-
pears to be inherent in the preparation and is not a result of
mechanical difficulties in purification. An equal amount
of a high boiling material {about 210° at 2 mm.) was also
obtained.

3,4-Di-(hydroxymethyl)-pyridine.—Ethyl cinchomeron-
ate!l (21.3 g., 0.1 mole) was treated with lithium aluminum
hydride (0.26 mole), the mixture hydrolyzed with base and
continuously ether extracted. A mixture of solid and oil was
obtained from which the solid was separated by filtration and
recrystallized from alcohol (3.0 g., 22.59,), m.p. 129.5-
130.5°, picrate m.p. 144°-145°.12  An attempt to distil the
oil resulted in decomposition.
3-Chloromethylpyridine.—3-Pyridylcarbinol  hydrochlo-
ride (37.1 g.) was dissolved. in 150 ml. of thionyl chlo-
ride with cooling and then warmed gently on the steam-bath.
After the initial vigorous reaction had subsided, the reaction
mixture was refluxed for two hours, cooled, and 250 ml. of
benzene added. The white solid which precipitated was
washed several times with benzene, filtered, and dried in a
vacuum desiccator, 38.3 g., 91.69%, m.p. 126-128°. Re-
crystallization from ethanol raised the melting point to
142-145°,18 picrate, m.p. 130.5-132.0°.

Amnal. Caled. for CHNCI1-CeH;07: C, 40.39; H, 2.54;
N, 15.71. Found: C, 40.98; H, 2.64; N, 15.96.

4.Chloromethylpyridine.—4-Pyridylcarbinol hydrochlo-
ride was converted to 4-chloromethylpyridine in 649, yield
by the same procedure. The hydrochloride after recrys-
tallizing from absolute ethanol melted at 170~175° to a clear
melt but resolidified at 190° and turned from red to black
around 230° but did not remelt.

Anal. Caled. for CeHNCIL-HCI:
Found: C, 44.07; H, 4.25.

A picrate melted at 146-147°.

Anal. Caled. for CsHsNCI-CeH3N;O;:
2.57. Found: C, 40.65; H, 2.63.

3-Cyanomethylpyridine.—Several attempts to bring about
reaction between 3-chloromethylpyridine hydrochloride and
mercuric cyanide or cuprous cyanide in aqueous or alcoholic
mtedium were unsuccessful and starting material was re-
covered in each case. Ten experiments using potassium
cyanide were conducted under varying conditions including
the addition of sodium bisulfite, acetic acid and hydrochloric
acid, but none gave more than the 349, yield obtained in
the experiment described below. The difficulty seemed to
be polymerization of the 3-chloromethylpyridine liberated
in the basic medium since it was possible to recover only
about 309, of 3-chloromethylpyridine when its hydrochlo-
ride was dissolved in a saturated sodium carbonate solution
and immediately extracted with ether.

A solution of potassium cyanide (10 g., 0.15 mole) and 3-
chloromethylpytidine hydrochloride (10 g., 0.061 mole) in a
mixture of methanol (105 ml.) and water (40 ml.) was re-
fluxed for one hour during which time it turned deep red.
The reaction mixture was diluted with 100 ml. of water,
saturated with sodium carbonate, and ether extracted.
There was formed a heavy oil which was neither soluble in
water nor ether and presumably was a polymer from 3-
chloromethylpyridine. The ether extracts were dried over
potassium carbonate and distilled to give 2.44 g. of pale
yellow liquid, b.p. 91° (2 mm.), #®p 1.5278, 349, yield.
This base in ether solution gave the hydrochloride on treat-
ment with dry hydrogen chloride, yield 3.1 g., m.p. 160-162°.

C, 43.93; H, 4.30.

C, 40.45; H,

(10) R, Nystrom and W. G. Brown, TRIS JOURNAL, €9, 2548 (1947),

(11) We wish to thank the Barrett Division of Allied Chemical and
Dye Corporation for a generous sample of cinchomeronic acid.

(12) K. Westphal, U. 5. Patent 2,349,318 (May 23, 1944), reports
m,p. 144° {or this picrate.

(13) Swiss Patent 251,026 (Sept. 30, 1947) reports m.p. 142° for this
compound.
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Anal. Caled. for C;H¢No-HCI: C, 54.37; H, 4.57; N,
18.12; CI, 22.94. Found: C, 54.33; H, 4.50; N, 18.28;
Cl, 22.89.

A picrate of the 3-cyanomethylpyridine melted at 161.3°,

Anal. Caled. for C7H5N2-C6H3N307! C, 44.94; H, 2.61;
N, 20.18. Found: C, 44.99; H, 2.68; N, 19.98.

Bromination of 3-Cyanomethylpyridine.—The reaction of
bromine with 3-cyanomethylpyridine in glacial acetic acid
solvent appeared to proceed normally with the evolution of
HBr and resulted in the formation of a quantitative yield of
light amber oil when the acetic acid was removed under
vacuum. The product could not be obtained crystalline
and failed to give any identifiable product when treated with
aluminum chloride and benzene.

a-Phenyl-a-(3-pyridyl)-acetonitrile.—Phenylacetonitrile
(117 g., 1 mole) was heated at 80° with 300 ml. of toluene
and one mole of sodium amide for two hours. The resulting
mixture was cooled and 3-bromopyridine (159.1 g., 1 mole)
was added over a ten-minute period. The mixture was re-
fluxed for one hour, cooled, water added, and the toluene
layer extracted with dilute hydrochloric acid. The acid
extract was made basic with sodium hydroxide and ex-
tracted with benzene. The benzene layer was dried and dis-
tilled to give 79.9 g. of recovered 3-bromopyridine and 35.1
(36%) of a-phenyl-a~(3-pyridyl)-acetonitrile, b.p. 152-157°
(2 mm.), m.p. 58-62°. Recrystallization gave a product
melting at 63-65°.

Anal. Caled. for C3HoNo: C, 80,37; H, 5.19; N, 14.44.
Found: C, 80.46; H, 5.18; N, 14.52.

This formed a picrate melting at 148-150°. An extended
reflux period decreased the yield and although excess sodium
amide increased the yield slightly (429,) the product could
not be purified as readily.

2-Phenyl-2-(3-pyridyl )4-dimethylaminobutyronitrile. —
A mixture of a-phenyl-a-(3-pyridyl)-acetonitrile (78.7 g.),
benzene (200 ml.) and sodamide (16.5 g.) was held with
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stirring at 40~50° for 1.5 hours. Ammonia was evolved
and an oil separated. The mixture was cooled to 20° and
B-dimethylaminoethyl chloride (42.5 g.) added over a ten-
minute period. The temperature rose spontaneously to
30° and after stirring one hour the reaction mixture was re-
fluxed for 1.5 hours. Water was added and the benzene
layer extracted with 500 ml. of 2 N hydrochloric acid.
Neutralization of the acid extract with ammonium hydroxide
caused separation of an oil layer which was removed by ben-
zene extraction. Distillation of the dried benzene extracts
gave 64.2 g. (59.79, yield) of a clear viscous oil, b.p. 152°
(0.15 mm.). A picrate melted at 193.5-196.5°.

Anal. Calcd. for C17H19N3'2C5H3N307! C, 4813, H,

3.46. Found: C, 48.58; H, 3.68.
4-Phenyl4-(3-pyridyl)-6-dimethylamino-3-hexanone. —

To the Grignard solution from 0.2 mole of ethyl bromide in
60 ml. of ether was added 2-phenyl-2-(3-pyridyl)-4-dimethyl-
aminobutyronitrile (14 g., 0.053 mole) dissolved in 20 ml. of
toluene; a heavy gum formed. The mixture was refluxed
for six hours and then hydrolyzed by cold 6 N hydrochloric
acid. The acid solution was neutralized with ammonium
hydroxide until magnesium hydroxide just precipitated.
The oil which separated was extracted with benzene and
after drying over potassium carbonate was distilled to give
6.1 g. of material, b.p. 115-145° (0.05 mm.) and 3.5 g.
b.p. 145-146° (0.05 mm.). The latter material formed a
picrate, m.p. 192-194°.

Anal. Caled. for C19H24N20~2C5H3N307! C, 49~34; H,
3.96. Found: C, 49.01; H, 4.07.

A hydrochloride was formed in absolute isopropyl alcohol-
benzene mixture, m.p. 133-136° dec.

Anal.  Caled. for CyHauN:0-2HCL2H,0: C, 56.24; H,
7.46; N, 6.91; Cl, 17.49. Found: C, 56.83; H, 7.24; N,
6.96; Cl, 17.60.
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Acid Degradation of Amylopectin to Isomaltose and Maltotriose!

By M. L. WoLrroy, J. T. Tyreg,? T. T. GaLkowski? AND A. N. O’NEILL

Mild acetolysis of amylopectin (waxy maize starch) with subsequent conversion of the acetolysate to the 8-p-acetate mix-
ture and silicate column chromatography of this led to the isolation in crystalline form of 8-p-glucopyranose pentaacetate,

B-maltose octaacetate (and heptaacetate) and S-maltotriose hendecaacetate.

Since calculation showed that the maximum

amount of isomaltose would be expected at 909, hydrolysis, amylopectin was hydrolyzed to this point and the hydrolysate

was converted to the §-p-acetate mixture which was chromatographed on silicate columns.
form B-p-glucopyranose pentaacetate, §-maltose octaacetate and B-isomaltose octaacetate (19 yield).

There was isolated in crystalline
Evidence is pre-

sented that this amount of the latter is not a reversion (resynthesis) product and therefore offers further definitive evidence,
on a crystalline basis, for the 6-a point of branching in amylopectin.

Indirect evidence exists that amylopectin is a
two-dimensional polymer branched at C,. It is
desirable to place this evidence upon a definitive
basis through the isolation, from an amylopectin
hydrolysate, of the disaccharide isomaltose, 6-
(a-D-glucopyranosyl)-p-glucose, containing the
point of branching together with evidence that the
disaccharide is not a product of reversion (resynthe-
sis). Itis known that both acids and some enzymes
are capable of causing re-synthesis in hydrolysates.
Thus an enzyme preparation from Aspergillus niger
NRRL 337 acts upon maltose to form a trisaccha-
ride?® containing both maltose and isomaltose disac-

(1) A preliminary report, by the same authors, of the acid deg-
radation of amylopectin to isomaltose has appeared in THIS JOURNAL,
72, 1427 (1950).

(2) Research Associate (J. T. T.) and Research Fellow (T. T. G.)
of the Corn Industries Research Foundation (Project 203 of The Ohlo
State University Research Foundation).

(38) 8. C. Pan, A, A, Andreasen and P. Kolachov, Science, 118, 115
(1950); S. C. Pan, L. W. Nicholson and P. Kolachov, THi1s JOURNAL,
78, 2547 (1951).

charide linkages.* It is established that high sugar
concentrations and high acidity favor resynthesis by
acids.

Action upon amylopectin of the o- and §-amyl-
ases of malt does not yield isomaltose,® although
levoglucosan (1,6-anhydro-p-glucopyranose) is isol-
able from such an enzymic hydrolysate after sub-
sequent treatment with an amylase preparation
from Aspergillus oryzae.® This same enzyme prep-
aration (containing maltase) acts directly upon
amylopectin to give isomaltose,” characterizable as
its crystalline [-octaacetate. This disaccharide
was not isolable from reaction mixtures containing
the enzyme and the various substances, other than

(4) D. French, Science, 118, 352 (1951); M, L. Wolfrom, A, Thomp-
son and T. T. Galkowski, TH1S JoURNAL, 78, 4093 (1951),

(5) M. L. Wolfrom, L. W, Georges, A, Thompson and I. L. Miller,
tbid., 69, 473 (1947); T1, 2878 (1949).

(6) Edna M. Montgomery and G. E. Hilbert, ¢bid., 68, 916 (1946).

(7) Edoa M. Montgomery, F. B. Weakley and G. E. Hilbert, ¢bid.,
69, 2249 (1947); T1, 1682 (1949),
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