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By refluxing Ila’ with phenyl isocyanate in benzene for
2 hr. the adduct was obtained.

(b) Reaction of O-p-tolyl-N,N-ethyleneurethane (le) with
p-phenetidine at 0°. A 1.77-g. sample (0.010 mole) of Ie and
1.37 g. (0.010 mole) of p-phenetidine were mixed together
at 0°, and stored in a refrigerator for a week. By recrys-
tallization of the product from ether and alcohol, 2.5 g.
(80%) of 1Ie’, melting at 120-122°, was obtained. Infrared
absorption spectra of Ile’ showed a strong carbonyl absorp-
tion band at 1701 cm. !, and NH band at 3349 cm, ~1.

At 85° A 1.77-g: sample of Te and 1.37 g. of p-phenetidine
were mixed at 35° and stored in a thermostat kept at 35°.
After 4 days, the crude product was recrystallized from
alecohol. Fine needles, melting at about 140° (IVe’), were
obtained, weighing 0.8 g. From the alcoholic filtrate, 1.8 g.
(569%) of ITe’, melting at about 120°, was obtained.

IVe’ was recrystallized from alcohol and melted at 141-
142°, Infrared absorption spectra of IVe’ showed a strong
absorption band at 1695 ¢m. ~, (C==0), and of NH at 3311
cm. L

Anal. Caled. for CousHauN:OQs: C, 68.41; H, 6.79. Found:
C, 67.71; H, 6.70. Molecular weight determined by Akiya’s
method? was nearly 490. (Caled.: 491.)

By the reaction of 220 mg. of Ie and 400 mg. of IIe’ in
toluene at 35°, 450 mg. of IVe’ was obtained. IVe’ reacted
with diethylamine to give presumably N,N-bis(g-diethyl-
ureido)ethyl-p-phenetidine, m.p. 124-125°.

Anal. Caled. for CppH3sN:Os: C, 62.68; H, 9.33; N, 16.61.
Found: C, 62.50; H, 9.39; N, 17.06.

At 76°. A 1.77-g. sample of Ie and 1.37 g. of p-phenetidine
were mixed at 75°, and stored in a thermostat kept at 75°.
After an hour, erystals began separating. After 24 hr., the
sticky erude product (presumably polymerization of Ie
took place in part) was recrystallized from alcohol. Glitter-
ing flakes, melting at 210° (II1’), were obtained first. After
filtration of IIT‘, the alcoholic solution was concentrated
gradually, and an additional erop of 11T’ was filtered, and the
filtrate was again concentrated. As soon as fine needle crys-
tals began separating, the solution was cooled gradually.
IVe’ was thus obtained. After removing IVe’ and evapo-
rating the alcohol, the residue was recrystallized from ether.
Thus ITe’ was obtained.

ITT’ weighed 0.4 g. (199) and melted at 210°. IVe’
weighed 0.3 g. (6%) and melted at 140°. ITe’ weighed 0.3
g. (109%) and melted at 120°.

(¢) Reaction of O-p-nitrophenyl-N,N-ethyleneurethane (1g)
with p-toluwidine, at 0°. To a solution of 0.54 g. (0.005 mole)

(19) 8. Akiya, J. Pharm. Soc. Japan, 57, 967 (1937).
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of p-toluidine in 2 ml. of toluene, 1.04 g. (0.005 mole) of
finely powdered Ig was added at 0°. Ig remained undissolved
in part. The mixture was then stored in a refrigerator. After
a month, ether was added to the sticky contents, when 0.2
g. of Ig was recovered unchanged. Evaporation of the solvent
gave a yellow polymer-like residue from which 0.3 g. (209,)
of IIg”, melting at 108-109° with brown coloration, was
extracted with ether.

At 35°. To a solution of 1.07 g. (0.010 mole) of p-tolui-
dine in 1 ml. of toluene, 2.08 g. (0.010 mole) of Ig was added
at 35°. Ig gradually dissolved. After the mixture had stood
at 35° for 4 days, the contents were recrystallized from
alcohol. IT1”, 0.3 g. (17%) melting at 193° was obtained as
flakes, and then from the filtrate, about 0.2 g. (6%) of
IIg”, melting at 108° with brown coloration, was obtained.

An example of the reaction of ethyleneurethane with amine in
dioxane at 56°. Reaction of O-p-nitrophenyl-N,N-ethyleneure-
thane (1g) with p-phenetidine. A 1.04-g. sample (0.005 mole)
of Ig and 0.69 g. (0.005 mole) of p-phenetidine in 10 ml. of
dioxane were allowed to stand at 55° for 48 hr. Fine flakes,
melting at 210° (II1"), were filtered, and the filtrate was
concentrated under reduced pressure. An additional crop
of IIT" was filtered and the filtrate was again concentrated
to dryness. The residue was a polymer-like substance from
which pure compound was not obtained by extraction with
ether. The yield of IIT’ was 440 mg. (43%).

An example of conversion of a type LT compound to a type 111
in refluzing pyridine. O-p-Chlorophenyl-N-(8-p-phenetidino-
ethyl)-urethane (IIh'). A 100-mg. sample of IIh’ was re-
fluxed in 1 ml. of pyridine for 1 hr. After the pyridine was
removed by distillation under reduced pressure, the residue
was recrystallized from alcohol. A 20-mg. sample (329) of
ITIT/, melting at 210°, was obtained first. From the filtrate,
50 mg. (509%) of ITh’ was recovered.

Conversion of 1Th’ in p-phenetidine. A 100-mg. sample of
ITh’ was allowed to stand in p-phenetidine, at 35° for 3
days, at 55° for 2 days, and at 65° for a day. In all cases,
ITh’ was recovered unchanged. But at 70°, after a day, a
small quantity of TIT" was obtwined with 70 mg. of ITh’,

A 340-mg. sample of ITh’ was allowed to stand in p-
phenetidine at 75° for 24 hr. By addition of ether and
aleohnl, 160 mg. (769,) of III’, melting at 210°, was ob-
tained. Attempts to recover ITh’ were unsuccessful.
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Acrylamide and pyridinium chloride react to give N-(2-carbamylethyl)pyridinium chloride, II, whose structure was
proved by hydrogenation of it to the piperidinium analog which was synthesized independently. The reaction was extended
to several other heterocyeclic base salts and «,8-unsaturated amides.

Some time ago it was disclosed in a patent!
that aliphatic amides, formaldehyde (or N-
hydroxymethylamides) and salts of the tertiary

(1) A. W. Baldwin and E. E. Walker, U. 8. Patent
2,146,392 (February 7, 1939).

heterocyclic bases react to form N-amidomethyl
intum salts (I). More recently, Weaver and co-
workers? investigated this reaction in more detail

(2) J. W. Weaver, H. A. Schuyten, J. G. Frick, Jr., and
J. D. Reid, J. Org. Chem., 16, 1111 (1951).
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and, for stearamidomethylpyridinium chloride,
demonstrated several of its transformations. In

7 7
RCONH. + CH.0 -+ H—N\+ ——> RCONHCH,—N] \+

I

particular they studied reactions leading to N-
alkoxymethylstearamides. In connection with other
work done in these laboratories it was of interest
to extend this reaction to acrylamide and other
unsaturated amides in order to obtain compounds
analogous to I. The reaction with acrylamide,
however, took a different course and its examina-
tion forms the subject of this report.

When an equimolar mixture of acrylamide, tri-
oxane, and pyridinium chloride was heated at 65°
in pyridine solution, there was obtained a solid,
m.p. 197°, which was unreactive toward methanol
under Weaver’s conditions? and could be recovered
from the reaction mixture. Similarly, when alco-
hols were substituted for pyridine as solvent, or
when formaldehyde was replaced by acetaldehyde,
butyraldehyde, or benzaldehyde, still the same
compound was obtained. In contrast, from the re-
action of N-(hydroxymethyl)acrylamide and pyri-
dinium chloride under conditions? known to give
compound I, only the starting materials were re-
covered. Finally, omission of the aldehyde from
the reaction still gave the same compound above.
These results clearly indicated that aldehydes did
not participate in the reaction of acrylamide and
that, therefore, N-acrylamidomethylpyridinium
chloride was not formed, but instead an adduct of
acrylamide and pyridinium chloride was obtained.
This was confirmed by analysis which revealed an
empirical formula CiHy;CIN.O and showed no
unsaturation. The latter finding was supported
also by the fact that the compound was unreactive
toward cyclopentadiene and did not polymerize
on heating in the presence of ammonium persul-
fate in aqueous or methanolic solution. This infor-
mation, along with the fact that the compound was
salt-like (soluble in water and methanol, insoluble
in ether, acetone, and bydrocarbons), led to assign-
ment of the structure N-(2-carbamylethyl)pyridin-
ium chloride (I1).

Structure II was proved unequivocally by cata-
lytic hydrogenation to a crystalline piperidinium
compound (III), identical with that obtained di-
rectly from $-chloropropionamide and piperidine.

Pyridinium chloride -+ CHy==CHCONH; —>
CH,N +—CH,CH,CONH, Cl~
11

Piperidine 4+ CICH,CH,CONH; —>
+
C:H\ N HCH,CH.CONH, Cl-

/ 111
CH==CHCONH:

CsH1NCH,CH,CONH, CsH, N HCH,CH,COOH Cl-
v v
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Moreover, III could be transformed into the same
free base (V) that was obtained by the addition of
piperidine to acrylamide. Hydrolysis of III with
hydrochloric acid yielded 1V.

Addition of salts of heterocyclic bases to «,8-
unsaturated carbonyl compounds has been re-
ported on several oceasions. Thus Barnett et al.®
described addition of pyridine salts to benzo-
quinone, and Goerdeler* described addition of
pyridine to maleic and aecrylic acids from which
the pyridinium betaines were obtained. The re-
action of B-benzoylacrylic acid with pyridine’
apparently is also of the same type and may be
considered in effect a reaction of a pyridine
salt.® Similarly, addition of pyridine to unsatu-
rated compounds in the presence of halogens is
also known and may be exemplified by the re-
action of pyridine and [,2-diethoxyethylene in
the presence of bromine’ in which compound VI is

Z
CgH:,O—CH=-"CH——OC2H5 + O + Brg —

4

) )

&) N NS
C.HiO—CH———CH—OCH;
2Br~

VI

obtained. A recent example of interest is that
reported by Heininger® who found that cyano-
ethylation of pyrrolidinium chloride with acryloni-
trile gives N-(2-cyanoethyl)pyrrolidinium chlo-
ride. The present case, however, apparently con-
stitutes the first example of addition of pyridinium
chloride to «,8-unsaturated amides.

In order to test the generality of this unusually
facile addition of pyridinium chloride to acryl-
amide, several other compounds were used in the
conditions under which the former gave the adduct
II. The results are summarized in Table I and are

(3) E. de B. Barnett, J. W. Cook, and W. C. Peck,
J. Chem. Soc., 125, 1035 (1924).

(4) J. Goerdeler, Methoden d. org. Chemie (Houben-Weyl),
E. Miller, ed., Georg Thieme Verlag, Stuttgart, 1958, Vol.
X1/2, p. 612, For similar reactions ¢f. also O. Lutz, Ber.,
43, 2636 (1910); O. Lutz, J. Russ. Phys. Chem. Soc., 47,
1549 (1915); P. Pfeiffer and A. Langenberg, Ber., 43,
2026 (1910); P. Pleiffer, Ber., 47, 1580 (1914); O. Lutz, R.
Klein, and A. Jirgenson, Ann., 505, 307 (1933); O. Lutz
and A, Krauklis, Ber., 69, 419 (1936); G. LaParola, Gazz.
Chim. ITial., 67, 645 (1937); F. Bergmann, J. Am. Chem.
Soc., 60, 2811 (1938); Y. Ogata, K. Tsunemitsu, and R.
Oda, Bull. Inst. Phys. Chem. Research (Tokyo) Chem. Ed.,
23, 281 (1944); R. Adams and 1. J. Pachter, J. Am. Chem.
Soc., 74, 5491 (1952): C. D. Hurd and 8. Hayao, J. Am.
Chem. Soe., 77, 117 (1955).

(5) J. Bougault and P. Chabrier, Compt. rend., 237, 1420
(1953).

(6) Cf. also N. H. Cromwell, P. L. Creger, and K. E.
Cook, J. Am. Chem. Soc., 78, 4412 (1956) for a more recent
discussion of this work.

(7) H. Baganz, Chem. Ber., 87, 1373 (1954); ¢f. also ref. 3.

(8) S. A. Heininger, J. Org. Chem., 22, 704 (1957).
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mole) of trioxane, and 1 g. of hydroquinone in 500 ml. of
methanol was refluxed for 3 hr. and then was allowed to
stand at room temperature overnight. On concentration of
the reaction mixture, dilution with acetone, and filtration
there was obtained 175 g. (93%) of a hygroscopic white
powder, m.p. 181-186°. Several recrystallizations from g
mixture of methanol and acetone gave an analytical sample
of IT, m.p. 195-197°, as large needles grown in spheres.

Anal. Caled. for CgH,CINO: C, 51.48; H, 5.94; C,
19.00; N, 15.01. Found: C, 51.69, 51.73; H, 5.77, 5.90; Cl,
18.81,18.86; N, 14.78, 14.88.

The compound was soluble in water and methanol, but
insoluble in acetone, ether, ethyl acetate, and hydrocarbon
solvents. It showed no unsaturation.

Substituting pyridine or butanol for methanol as solvent,
or changing the aldehyde component to acetaldehyde, bu-
tyraldehyde, or benzaldehyde gave comparable yields of
compound II. Omission of trioxane from the reaction mix-
ture still gave compound II. None of II could be obtained
from N-(hydroxymethyl)acrylamide and pyridinium chlo-
ride.

Compound II was recovered unchanged on heating with
cyclopentadiene in methanol solution at 110° for 10 hr.
Similarly, it was unchanged on refluxing its methanolic or
aqueous solution 8 hr. in the presence of potassium persulfate.

A general procedure of reaction of heterocyclic amine hydro-
chlorides with a,B-unsaturated amides. To a solution of 0.20
mole of unsaturated amide and 0.20 mole of heterocyclic
amine in 50 ml. of methanol is added with cooling a solu-
tion of 0.20 mole of dry hydrogen chloride in 50 ml. of
methanol. The resulting solution is refluxed for 4 hr., filtered
if necessary, and evaporated to about half of its original
volume. It is then diluted with acetone and cooled. The
produet is isolated by filtration and purified by recrys-
tallization from a mixture of methanol and acetone. Alter-
natively, the amine hydrochloride may be used instead of
the free base and hydrochloric acid solution where more
convenient.

Acrylamide and pyridinium chloride refluxing for 2
hr. gave about 85% of compound II. The yield was com-
parable when the reaction was run at room temperature
for 1.5 br.

Reaction of 3-chloropropionamide with pyridine. A solution
of 15.8 g. (0.20 mole) of pyridine and 21.6 g. (0.20 mole) of
3-chloropropionamide!? in 100 ml. of methanol was re-
fluxed for 4 hr. and filtered. The filtrate was reduced in vol-
ume to 50 ml. and diluted with acetone. No crystallization
occurred, but on standing at room temperature for over a
week and further dilution with acetone the solution de-
posited 4.5 g. of a white solid, m.p. 185-188°, apparently
compound IT.

Reaction of acrylamide with pyridinium chloride with
added acid and base. Three experiments were carried out
using 0.20 mole of the two reactants in 50 ml. of methanol.
The first was the control experiment. The second contained
an additional 1 g. of pyridine and the third 5 ml. of eoned.
methanolic hydrogen chloride. All three runs were allowed
to stand at room temperature for the same period of time;
then they were diluted simultaneously with 20 ml. of ace-
tone and allowed to stand in the cold for 1 hr. The quanti-
ties of the pyridinium compound II obtained were as fol-
lows (theoretical yield 37.4 g.): control, 6.2 g., m.p. 168~
170°; pyridine added, 5.2 g., m.p. 168-171°; hydrogen chlo-
ride added, 9.1 g., m.p. 164-168°.

Hydrogenation of N-(2-carbamylethyl)pyridinium chloride
(I1). A solution of 19.9 g. (0.107 mole) of II in 200 ml. of
methanol and 1.0 g. of 59 palladium on charcoal was shaken
with hydrogen at an initial pressure of about 50 p.s.i. until
0.11 mole was absorbed. The catalyst was filtered off and
the solvent removed almost completely. Addition of acetone

(12) H. Henecka and P. Kurtz in Methoden d. org.
Chemie (Houben-Weyl), E. Miiller, ed., Georg Thieme
Verlag, Stuttgart, 1952, Vol. VIII, p. 663.
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caused separation of 18.5 g. of a cream-colored solid, m.p.
155-165°. Recrystallization from a mixture of methanol
and acetone raised the m.p. to 172-175°, but further puri-
fication through recrystallization caused yellowing and
decomposition.

When a solution of 18.5 g. (0.10 mole) of II in 200 ml. of
methanol was shaken with 0.5 g. of platinum oxide until
the pressure was constant, it absorbed in 1 hr. 105%, of the
theoretical 0.30 mole of hydrogen to give 17.0 g. (88.5%)
of the piperidinium compound IIT. Several recrystallizations
from a mixture of methanol and acetone gave the analytical
sample, m.p. 196-197°,

Anal. Caled. for CsHy;CIN,O: C, 49.86; H, 8.89; Cl, 18.40;
N, 14.54. Found: C, 49.75; H, 9.14; Cl, 18.42; N, 14.60.

Hydrolysis of N-(2-carbamylethyl)piperidinium chloride
(IIT). A mixture of 10.0 g. (0.052 mole) of IIT and 50 ml. of
coned. hydrochloric acid was refluxed for 6 hr. Hydrochlorie
acid was removed by evaporating ¢n vacuo, adding water
and repeating the process several times. The residue was
dissolved in a minimum amount of hot water, filtered, and
allowed to crystallize. Filtration and recrystallization of the
solid from aqueous acetone gave 7.0 g. (70%) of white
shiny platelets of the acid IV, m.p. 210-212°. The analytical
sample, prepared by several recrystallizations from the
same solvent melted at 212-213°,

Anal. Caled. for CgHCINO,: C, 49.61; H, 8.33; Cl,
18.31; N, 7.23. Found: C, 50.03, 49.84; H, 8.40, 8.36; CI,
17.05, 17.26; N, 7.04, 6.88.

Preparation of N-(2-carbamylethyl)piperidinium chloride
(ITI). A solution of 17.0 g. (0.20 mole) of piperidine and
21.6 g. (0.20 mole) of 3-ehloropropionamide” in 100 ml. of
methanol was refluxed for 4 hr.,, then filtered hot and evapo-
rated to one-half of its original volume. Acetone was added
and the mixture was allowed to crystallize. Filtration gave
30.5 g. (79%) of a nearly white solid, m.p. 193-196°. The
analytical sample was prepared by several recrystalliz-
ations from a mixture of methanol and acetone, m.p.
197-198°. Tts melting point was not depressed by admixture
of the sample prepared by the hydrogenation of N-(2-
carbamylethyl)pyridinium chloride. Infrared spectra of
the two compounds were indistinguishable.

Anal. Caled. for CsH»CIN,O: C, 49.86; H, 8.89; Cl, 18.40;
N, 14.54. Found: C, 50.32, 50.35; H, 8.85, 8.87; Cl, 18.34,
18.37; N, 14.85, 14.65.

Reaction of N-(2-carbamylethylypiperidinium chloride with
potassium carbonate. A solution of 9.35 g. (0.0485 mole) of
the piperidinium compound IIT and 6.9 g. (0.05 mole) of
potassium carbonate in a mixture of 200 ml. of methanol
and 30 ml. of water was allowed to stand overnight. The
solvent was evaporated in vacue and the residue was dried
by azeotropic distillation with benzene. It was then dis-
solved in ethyl acetate, filtered from inorganic salts, and
evaporated to obtain a straw-colored oil which crystallized
on standing. Recrystallization from a mixture of ether and
hexane gave 6.5 g. (867, of nearly white, highly hygroscopic
plates, m.p. 63-68°, dissolving in water to give a strongly
alkaline solution. Several recrystallizations from the same
solvent gave an analytical sample, m.p. 80-81°.

Anal. Caled. for CsHieN:0: C, 61.50; H, 10.32; N, 17.94.
Found: C, 61.89, 61.61; I, 10.15, 9.99; N, 17.63, 17.60.

Preparation of 3-N-piperidylpropionamide (V). A solution
of 14.2 g. (0.20 mole) of acrylamide in 50 ml. of 1,2-dimeth-~
oxyethane was added dropwise to a stirred solution of 17.0
g. (0.20 mole) of piperidine in 50 ml. of the same solvent.
After stirring at room temperature for 3 hr. the solution
was refluxed for the same period of time. Evaporation of the
solvent in vacuo gave a straw-colored solid which was re-
crystallized from a mixture of ether and hexane to give
22.0 g. (70.5%,) of a nearly white hygroscopic solid, m.p.
77-78°. The analytical sample was prepared by several re-
crystallizations from ether containing a small amount of
methanol and hexane, m.p. 80-81°. Its melting point was
undepressed on admixture of the sample prepared by treat-
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ment of III with potassium carbonate and the infrared
spectra of the two compounds were identical.

Anal. Caled. for CsH;gN,O: C, 61.50; H, 10.32; N, 17.94.
Found: C, 61.51, 61.34; H, 10.00, 10.19; N, 17.62, 17.59.
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Methioprim (2-methylthio-4-amino-5-hydroxymethylpyrimidine) was used for the preparation of several 2-substituted 4~
amino-5-hydroxymethylpyrimidines. The conversions were conveniently accomplished by oxidation of the acetate of methio~
prim to 2-methanesulfonyl-4-amino-5-acetoxymethylpyrimidine which was subsequently treated with ammonia or amines
to give the 2-substituted pyrimidines. The preparation of several esters and amides of methioprim and several sulfones of

related pyrimidines are also described.

Interest in 2-methyl-4-amino-53-hydroxymethyl-
pyrimidine (toxopyrimidine), 5-hydroxymethyl-
cytosine, and 2-methylthio-4-amino-5-hydroxy-
methylpyrimidine (I, methioprim)? has led to the
synthesis of analogs of these substances in several
laboratories. Emphasis has been centered on 2-
substituted-4-amino-5-hydroxymethylpyrimidines,
some of which have been used as intermediates
in the synthesis of thiamin analogs. Usually these
5-hydroxymethylpyrimidines are prepared by re-
duction of the corresponding 5-carbethoxypyrimi-
dines with lithium aluminum hydride®® although
other routes have been useful. For example, 5-
hydroxymethyluracil and related compounds have
been prepared by the addition of formaldehyde to
the pyrimidones.”

The discovery by Guthrie® of the unusual anti-
metabolite activity of I has led to a search for re-
lated, more potent compounds for experimental
cancer chemotherapy. 2-Trifluoromethyl-, 2-
methylthio-4-arylamino-5-carbethoxy-, and 2-
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methylthio -4 -arylamino -5 -hydroxymethylpyrimi-
dines have been prepared.®%bc

The present report deals mainly with the syn-
thesis of derivatives from I. The availability of this
compound® has made it an attractive intermediate
for the synthesis of other 2-substituted-4-amino-5-
hydroxymethylpyrimidines. The presence of the 5-
hydroxymethyl group in the starting material
avoids its repeated formation. In addition, the
presence of the 2-methylthio group suggested facile
substitution at this position. Sprague and Johnson!!
have shown that the oxidation of 2-alkylthio-
pyrimidines to 2-alkanesulfonylpyrimidines followed
by amination or hydrolysis is a convenient route to
2-aminopyrimidines, 2-alkoxypyrimidines, and 2-
pyrimidones. Chlorine water was used as the
oxidizing agent. This method is often effective in
cases where direct substitution of amino for alkyl-
thio is difficult. However, failures have been noted.?

We were unable to substitute amino- or alkyl-
amino- for methylthio- in I. Furthermore, it was
not possible to isolate 2-methanesulfonyl-4-amino-5-
hydroxymethylpyrimidine (V) from a reaction
mixture of I and chlorine water. When the hydroxyl
group was protected by acetylation (IT), the sulfone
(III) could be prepared by oxidation with chlorine.
This sulfone was readily converted to V, 2,4-
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