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Several secondary amines have been condensed with 2-vinylpyridine under acidic conditions to give good yields of tertiary

amines of the type 2-C;:H,;NCH,CH;NR,.

lated under acidic conditions, condense with 2-vinylpyridine in high yields with sodium metal as the catalyst.

Pyrrole and 2,5-dimethylpyrrole, which are too weakly basic to be pyridylethy-

The struc-

tures of several of the products have been established by comparison with authentic samples prepared by the Mannich

reaction and/or the carbamyl chloride route.

In earlier work from this Laboratory the pyridyl-
ethylation of a number of ketones was reported.??

The preseunt report is concerned with the addition
of a number of secondary amines to 2-vinylpyri-
dine. Before our study was initiated, Doering and
Weil¢ reported the non-catalytic pyridylethylation
of piperidine in 869 yield by refluxing 2-vinylpy-
ridine with excess piperidine for six hours. These
workers also found that when a solution of diethyl-
amine and 2-vinylpyridine is heated at 165° for 15
hours a 129, yield of pyridylethylated product is
obtained. After our study was in progress, Som-
mers, et al.,’ reported that although they were able
to add piperidine, morpholine and 1-methylpipera-
zine to 2-vinylpyridine under
non-catalytic conditions, similar
reactionsfailed with diethylamine
and dicyclohexylamine.

In the present study, nine
secondary amines have heen
pyridylethylated using non-cata-
Iytic conditions or an acid (hydrochloric or acetic)
as the condensing agent. These results are sum-
marized in Table I.

Because the addition of an amine to the side
chain of 2-vinylpyridine may, a priori, give rise to
the isomeric compounds A and B, the structures of
several of our products were established by prepar-
ing authentic samples.

2-C5H4NCH=CH2 + RQNH —_—
2-CsH,NCH,CH,NR; + 2-C;H,NCH(NR,)CH;
A B

In the non-catalytic reaction between 2-vinylpy-
ridine and diethylamine, Doering and Weil¢ indi-
cate that the compound obtained is 2-(8-diethyl-
aminoethyl)-pyridine (I) (A, R = C,H;). As evi-
dence for this structure these workers have used the
facts that the melting points of their derivatives
agree with those in the literature 5—*

(1) American Cyanamid Co. Research Fellow, 1952-1054.

(2) R. Levine and M. H. Wilt, THis JOURNAL, T4, 342 (1952).

(3) M. H. Wilt and R. Levine, ¢bid., 78, 1368 (1953).
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(8) K. Loffler, Ber., 37, 161 (1904),

(9) Although Héou-Féo7 claims to have made I by a Mannich re-
action involving 2-picoline, pertinent analytical data do not appear in
his papers. Also, Loffler claims to have prepared I by treating 2-(2-
pyridyl)-ethanol with fuming hydrobromic acid and phosphorus in a
sealed tube and treating the resulting bromide II with diethylamine,
Based on his analytical data, there is little doubt that Léfler obtained
either compound A or B (R = CiHs). However, it appeared to us

Mannich Reaction
R,NH-HCIl + CH,0 + 2-C;H,NHCH; |

Carbamyl Chloride Route

Mechanisms for the pyridylethylation reactions are proposed.

Although in our hands Héou-Féo’s method®” for
effecting the Mannich reaction gave only a tarry
mixture, varying the experimental -conditions
gave a 239 yield of 2-(8-diethylaminoethyl)-pyri-
dine (A, R = CyH;). The physical properties of
both this compound and its dipicrate agree with
those of the corresponding materials obtained by
the direct pyridylethylation of diethylamine.
The structure of the diethylamine-2-vinylpyridine
adduct was established further by the carbamyl
chloride route. The Mannich reaction (Table II)
and/or the carbamyl chloride route (Table III) also
were used to establish the structures of several of
our other products.

\4
R,NCH,CH,C;H,N-2
LiAIH, A

R;NCOCI + 2-C:H,NCH;Li —> R;NCOCH,C:H;N-2 ————

We have found that several amines (diisopropyl-
amine, di-sec-butylamine, dicyclohexylamine, pyr-
role, 2,5-dimethylpyrrole and diphenylamine) could
not be pyridylethylated under acidic conditions.
It appears that the reaction failed with the first
three amines because of steric reasons and that the
second three amines failed to react because they are
so feebly basic.

Therefore, it seemed reasonable that pyrrole,
2,5-dimethylpyrrole and diphenylamine might be
pyridylethylated using sodium metal as the con-
densing agent—a method which had been used suc-
cessfully earlier?? for the pyridylethylation of ke-
tones. Under these conditions (Table I) although
pyrrole gave an 899, vield and 2,5-dimethylpyrrole
a 539 yield of pyridylethylated product, diphenyl-
amine failed to react.

That pyrrole is pyridylethylated on its nitrogen
atom is shown by the fact that a Zerewitinoff reac-
tion with the product gave only 59 of methane in
accord with the 497 obtained in a similar reaction
with 2-(8-diethylaminoethyl)-pyridine. The evo-
lution of these small amounts of methane probably
is due to the fact that the Grignard reagent reacted
that IT might not have been 8-(2-pyridyl)-ethyl bromide but its re-
arranged isomer, a-(2-pyridyl)-ethyl bromide. It also is possible
that under Léffler’'s conditions the intermediate bromide(s) might
have been dehydrohalogenated by diethylamine to give a mixture of
2.vinylpyridine and diethylamine hydrobromide or 2-vinylpyridine
hydrobromide and diethylamine. Then, each of these pairs of com-
pounds theoretically could react to give the observed product. Using
this reasoning, we treated 2-vinylpyridine with diethylamine hydro-
chloride and 2-vinylpyridine hydrochloride with diethylamine and ob-
tained 20 and 229, respectively, of the same product.
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to 2-vinylpyridine in much the same way that sodio-
malonic ester reacts with 2-vinylpyridine.*

Experimental

In this section six typical experiments are described in
detail.t

The Non-catalytic Pyridylethylation of Morpholine.—A
mixture of morpholine (43.5 g., 0.5 mole) and 2-vinylpyri-
dine (52.5 g., 0.5 mole) was refluxed for eight hours and dis-
tilled to give 48.0 g. (509%) of N-[2-(2-pyridyl)-ethyl}-mor-
pholine, b.p. 105-106° at 0.5 mm. Amnal. Caled. for
CuH;sON,: XN, 14.58. Found: N, 14.71. The compound
gave a monopicrate, m.p. 145-146° (from 959, ethanol).
Anal. Caled. for C17H1908N5: N, 16.62. Found: N,
16.57, A dipicrate, m.p. 184.5-185.8° (from 95%, et™-
anol), was obtained by refluxing the monopicrate with an
acetone solution of picric acid. Anal. Caled. for CosHa-
OsN;: C, 42.46; H, 3.39. Found: C, 42.66; H, 3.39.

In addition to the pyridylethylated morpholine, there
were obtained 19.0 g. of recovered morpholine, b.p. 53-57°
at 9 mm., and 28.0 g. of a tarry, non-distillable residue.

The Acid-catalyzed Pyridylethylation of N-Methylaniline.
—A solution of N-methylaniline (64.3 g., 0.6 mole), 2-
vinylpyridine (63.0 g., 0.6 mole) and glacial acetic acid
(36.0 g., 0.6 mole) in 250 ml. of absolute methanol was re-
fluxed for eight hours and allowed to stand at room tempera-
ture for nine hours. The methanol was removed by dis-
tillation, the residue was poured onto ice and the mixture
was made strongly basic with 109, sodium hydroxide solu-
tion. The basic solution was extracted with several por-
tions of ether, the combined extracts were dried over sodium
sulfate, the solvent was removed and the residue was dis-
tilled in vacuum to give 11.0 g. of 2-vinylpyridine, b.p. 57°
at 12 mm.; 13.1 g. of N-methylaniline, b.p. 43-47° at 1.2
mm.; and 97.8 g. (77%) of 2-[(2-N-methylanilino)-ethyl}-
pyridine, b.p. 141-142.5° at 1.1 mm. 4nal. Caled. for
CisHigNa: N, 13.20. Found: N, 13.35. The compound
gave a monopicrate, m.p. 167-167.9° (from 95%, ethanol).
Anal. Caled. for CyH;30;N5: N, 15.87. Found: N, 16.00.

The Sodium-catalyzed Pyridylethylation of Pyrrole.—To
a rapidly stirred solution of pyrrole (67.0 g., 1.0 mole) and
2-vinylpyridine (52.5 g., 0.5 mole), 1.15 g. (0.05 mole) of
small pieces of sodium metal was added. Since no apparent
reaction took place on the addition of the sodium, the mix-
ture was heated cautiously to refluxing and then refluxed for
two hours. To the cooled mixture 5 ml. of absolute eth-
anol was added and the contents of the flask were poured
onto a mixture of ice and water. The combined ether ex-
tracts of the basic solution were dried over sodium sulfate
and the solvent was removed by distillation. The residue
was distilled in vacuum to give 76.5 g. (89%) of N-[2-
(2-pyridyl)-ethyl}-pyrrole, b.p. 148-150° at 10 mm. Anal.
Caled. for CjyHi2Ny: N, 16.28. Found: N, 16.42. The
amine gave a monopicrate, m.p. 129.5-130.4° (from 95%
esha?ol). Anal. Caled. for C;:H50;N5: N, 17.45. Found:
N, 17.42.

(11) The 2-vinylpyridine was kindly supplied by Dr. F. E. Cislak,
Reilly Tar and Chemical Corp.
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There also were obtained 31.0 g. of pyrrole, b.p. 35-40°
at 15 mm.; 4.8 g. of 2-vinylpyridine, b.p. 35-45° at 9-12
mm.; 4.0 g. of a tarry, non-distillable residue.

Mannich Reaction Using 2-Picoline, Formaldehyde and
Diethylamine Hydrochloride.—A rapidly stirred mixture
of diethylamine hydrochloride (22.7 g., 0.207 mole), for-
maldehyde (6.2 g., 0.207 mole) in the form of paraformal-
dehyde and 2-picoline (38.5 g., 0.414 mole) was refluxed
for 15 minutes. The cooled mixture then was poured onto
ice and made strongly basic with 109 sodium hydroxide.
The basic solution was extracted with several portions of
ether, the ether extracts were dried over sodium sulfate, the
ether was removed at atmospheric pressure and the residue
was fractionated in vacuum to give 8.5 g. (23%,) of 2-(2-
diethylaminoethyl)-pyridine, b.p. 78-80° at 1.4 mm.;
28.1 g. of 2-picoline, b.p. 35-40° at 30 mm.; 3.0 g. of non-
distillable tarry residue. Anal. of the 2-(8-diethylamino-
ethyl)-pyridine: Caled. for CyyH;gsNs: N, 15.73. Found:
N, 15.59. This amine gave a dipicrate, m.p. 164-165°%8
(from 959% ethanol). Anael. Caled. for CpHO1uNs: N,
17.61. Found: N, 17.41. This dipicrate showed no de-
pression in melting point when mixed with a sample pre-
pared from the amine obtained by the direct pyridylethyla-
tion of diethylamine.

The Acylation of 2-Picolyllithium with Di-z-butylcarbamyl
Chloride.—Di-n-butylcarbamyl chloride!? (28.7 g., 0.15
mole), dissolved in 50 ml. of anhydrous ether, was added
over a one-half hour period to a rapidly stirred solution of 2-
picolyllithium (0.3 mole)!%14 at 5°, The cooling bath was
removed and the reaction mixture stirred for an additional
hour. Then, the mixture was poured onto ice and extracted
with several portions of ether. The combined ether extracts
were dried over sodium sulfate and the solvent was removed
at atmospheric pressure. The residue was distilled in
vacuum to give 7.3 g. of 2-picoline, b.p. 40-43° at 30-33
mm., and 25.4 g. (68%) of N,N-di-n-butyl-2-pyridylacet-
amide, b.p. 156-158° at 1.8 mm. Anal. Caled. for Cis-
H,ONs: N, 11.29. Found: N, 11.43.

Reduction of N,N-Di-n-butyl-2-pyridylacetamide to 2-
(2-Di-# - butylaminoethyl) - pyridine.—N,N-Di-#-butyl-2-
pyridylacetamide (7.0 g., 0.028 mole) was reduced by an
ether solution of lithium aluminum hydride (5.3 g. in 100
ml. of ether) using the method of Uffer and Schlittler.!®
On processing the reaction mixture there were obtained 3.0
g. (45%,) of the tertiary amine, 2-(2-di-n-butylaminoethyl)-
pyridine, b.p. 138° at 3.4 mm., and 2.0 g. of recovered
N,N-di-#-butyl-2-pyridylacetamide, b.p. 157-158° at 2
mm. The tertiary amine formed a picrate, m.p. 134-
134.4° alone and when mixed with a sample of the picrate
of the material made by the direct pyridylethylation of di-
n-butylamine.
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(12) This and the other carbamyl chlorides used in this study were
kindly supplied through the courtesy of Dr. Harry Gamrath, Monsanto
Chemical Co., St. Louis, Mo.

(13) N. N. Goldberg, L. B. Barkley and R. Levine, Tuis JOURNAL,
73, 4301 (1951).

(14) N. N. Goldberg and R. Levine, sbid., T4, 5217 (1952).

(15) A. Uffer and E. Schlittler, Helv. Chim. Acta, 81, 1397 (1948).



