NoveEMBER 1965

ALKYLATIONS OF 6~ OR 4-ALKYL-3-CYANO-2(1)-PYRIDONES

3593

Alkylations at the Methyl or a-Methylene Group of
6- or 4-Alkyl-3-cyano-2(1)-pyridones through Dianions!

Sanpra BoatmaN, THoMas M. Harris, aNpD CHARLES R. HAUSER

Department of Chemistry, Duke University, Durham, North Carolina
Received July 14, 19656

Alkylations were effected at the a-positions of 6- and 4—alkyl groups on 3-cyano—2( 1)-pyridones through the
dianions, which were prepared by means of 2 molecular equiv. of potassium amide in liquid ammonia. The
yields are generally better than in the alternative alkylations of 8-ketoaldehyde dicarbanions followed by cycli-

zation with cyanoacetamide.
effected through its trignion.

Alkylation at both methyl groups of 4,6-dimethyl-3-cyano-2(1)-pyridone was
Consideration is given to the theory of formation of intermediate dianions and

to possible extensions of the method to certain other types of pyridones,

It seemed possible that 6-methyl-3-cyano-2(1)-pyri-
done (1) might undergo twofold ionization with 2
molecular equiv. of potassium amide in liquid ammonia
to form dianion 2, which could then be alkylated with
alkyl halides to give the 6-methyl derivative.? This
has been verified; also several related alkylations have
been realized. Thus dianion 2 underwent alkylation
with methyl and benzyl halides to afford 3a and b
in yields of 91 and 869, respectively.®
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Methyl alkylation structure 3b was supported by the
n.m.r. spectrum (see Table I). Both structures 3a and
b were confirmed by independent syntheses that in-
volved alkylation of dicarbanion 4 with the appropriate
alkyl halides followed by cyclization with cyano-
acetamide (eq. 1).4
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Dianion 2 underwent twofold alkylation with 1,3-
dibromopropane to form coupled product 5 in 749,
yield.
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(1) This investigation was supported by National Science Foundation
Research Grant No. NSF GP 2274 and by Public Health Service Research
Grant No. USPHS CA 04455-08.

(2) The monoanion of 1 would presumably undergo N« or O-alkylation, as
both modes of alkylation of the monoanion of 6-methyl-2(1)-pyridone have
been effected under appropriate conditions: see E. Klingsberg, Ed., “The
Chemistry of Heterocyclic Compounds,” Part 3, Interscience Publishers
Ine., New York, N. Y., 1962, p. 633.

(3) A preliminary report on the benzylation has appeared in & communi-
cation: T, M. Harris and C. R. Hauser, J. Org. Chem., 27, 2067 (1962).

(4) T. M. Harris, 8. Boatman, and C. R. Hauser, J. Am. Chem. Soc., 88,
3273 (1963).

Benzylated pyridone 3b from above was treated
with 2 equiv. of potassium amide to form dianion 6,
which was alkylated with n-butyl bromide to give 7 in

649, yield.
cH, H
6 7

Similarly, alkylations at the 6-methyl group of pyri-
done 8, at the 6-methylene group of pyridone 11,
and at the 4-methyl group of pyridone 14 were accom-
plished with benzyl chloride through dianions 9, 12,
and 15 to afford derivativ es10, 13, and 16, respectively,
in yields of 74-909.
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Structures 10 and 13 were confirmed by known in-
dependent syntheses from dianions 175 and 18,% re-
spectively; the method is illustrated by eq. 1 (R =

benzyl). The n.m.r. spectrum of 19 was consistent
with the structure assigned (see Table I).
_ _ 0
CH2CO(IDCHO - CHO
CeHs
17 18

The scope of such alkylations could presumably
be extended considerably, as not only should other
4- and 6-alkyl-3-cyano-2(1)-pyridones undergo such
alkylations, but other alkyl halides should also be

(6) T. M. Harris, 8. Boatman, and C. R. Hauser, ibid., 87, 3186 (1985).
(6) 8. Boatman, T. M. Harris, and C. R. Hauser, ibid., 87, 82 (1965).
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TaBLE I
N.M.R. DATA FOR 6- AND 4-ALKYL-3-CYANO-2(1)-PYRIDONES
Peak center or No. of hydrogens Theoretical
over-all range, (relative peak relative peak
Compd. Type of hydrogen Peak character® p.p.m. intensity) intensity
1 Methyl Singlet 2.63 3(1.0) 1.0
4 and 5H of pyridone Pair of doublets 6.72,6.85 2(0.63) 0.67
8.07, 8.20
3b Methylene Single peak (sharp) 3.07 4(0.79) 0.80
4 and 5H of pyridone Pair of doublets 6.57,6.70 2(0.39) 0.40
8.03, 8.16
Phenyl Sharp peak with shoulders 7.23 5(1) 1.0
8 Methyl Singlet 2.48 3(0.57) 0.60
4H of pyridone Singlet 8.06 1(0.19) 0.20
Phenyl Complex group 7.14-7.61 5(1.0) 1.0
10 Methylene Collapsed A;B; (like a triplet) 2.96 4(0.38) 0.40
4H of pyridone Singlet 8.00 1(0.10) 0.10
Phenyl Two complex groups 6.70-7.66 10(1.0) 1.0
14 Methyl Singlet 2.28 3(0.60) 0.60
5H of pyridone Singlet 6.64 1(0.20) 0.20
Phenyl Sharp peak with shoulders 7.17 5(1) 1.0
16 Methylene Collapsed A;B, (like & triplet) 3.12 4(0.80) 0.80
5H of pyridone Singlet 6.69 1(0.20) 0.20
Ring phenyl One peak 7.12 5(1) 1.0
Side-chain phenyl One peak 7.48 5 (1) 1.0
23 Methyl Two singlets 2.59,2.64 6(1) 1.0
5H of pyridone Singlet 6.78 1(0.17) 0.17
24 or 25 Methyl Singlet 2.49 3(0.60) 0.60
Methylene Collapsed A,;B; (like a triplet) 3.12 4(0.80) 0.80
5H of pyridone Singlet 6.53 1(0.20) 0.20
Phenyl Sharp peak with shoulders 7.23 5(1) 1.0
27 Methylene Sharp peak with shoulders 2.99 8(0.82) 0.80
5H of pyridone Singlet 6.36 1(0.10) 0.10
Phenyl Sharp peak with shoulders 7.23 10(1) 1.0

¢ Generally, spectra were obtained with a sweep width of 500 ¢.p.s. A spectrum with a sweep width of 250 c.p.s. showed no fine
structure for the single peak representing the methylene hydrogens of 3b; the peak remained sharp. However, spectra of 10 and 16 at
a sweep width of 250 c.p.s. showed slight splitting of each peak of the multiplets representing the methylene hydrogens. This was more

pronounced for 10.

suitable. This method has generally afforded better
over-all yields than the previous method which involves
alkylations of dicarbanions of B-ketoaldehydes or g-
diketones such as 4, 17, 18, and 28 followed by cycli-
zations with cyanoacetamide (see eq. 1). Moreover,
certain of the cyclizations by the previous method have
afforded mixtures of produects, although this has been
avoided in one case by use of the imine of the dicarbonyl
compound.’

Although 2-picoline is readily converted to its anion
by amide ion in liquid ammonia, the monoanion of 6-
methyl-2(1)-pyridone was insufficiently activated for
methyl ionization to be effected by potassium amide.
Thus, treatment of 19 with 2 equiv. of the reagent
followed by benzyl chloride afforded stilbene, which
arose through self-condensation of the halide.® This
condensation was presumably effected by amide ion
with which benzyl chloride is known to react readily.®
The dianion of 19 would have been expected to undergo
alkylation with the halide-like dianion 2. Apparently
conversion of the monoanion of 19 to the dianion was

N NCN
cna_E\Ilo CH; ’N/ 0

H

19 v

(7) U. Basu, J. Indian Chem. Soc., 12, 299 (1935).
(8) See D. R. Bryant, 8. D. Work, and C. R. Hauser, J. Org. Chem., 29,
235 (1964).

far from complete, and the halide reacted preferentially
with amide ion present in equilibrium.

In cyanopridone monoanion 1/, the cyano group
located para to the methyl group provided sufficient
additional activation® so that secondary ionization of
the methyl group was essentially complete. Alterna~
tive nucleophilic attack of amide ion on the cyano
group or on the ring was not observed.

The present method involving dianion interme-~
diates might be applicable to various compounds of
types 20 and 21 and to the corresponding 5-substituted
6- and 4-alkyl-2(1)-pyridones, in which A is not only
CN but also carbonyl substituents such as COCeHs,
COOR, CONRy, etc.0

CH,

(5 (R w (™
g 0 CHs Il:II 0 CH; 0
20 21 22

However, an attempt to extend the method to pyri~
done 21 (A = CONH,), in which a trianion would pre~

(9) We have observed the activating influence of a p-cyano group in &
homoaromatic system. p-Tolunitrile was found to be attacked by amide
ion mainly at the methyl group in preference to the nitrile group; this re-
sult will be published later.

(10) Although amide ion might attack the carbonyl group of certain of
these compounds, this could presumably be minimized by use of a sterically
hindered carbonyl substituent, such as t-butyl or higher tertiary alkyl ester.
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sumably be required for alkylation at the 6-methyl
group, was unsuccessful. Thus, treatment of the com-
pound with 3 molecular equiv. of potassium amide
in liquid ammonia followed by benzyl chloride afforded
stilbene. This is not surprising, as the activating
effect of the carbonyl group of substituent A was dimin-
ished considerably in the intermediate dianion 22,
which was not alkylated under the conditions em-
ployed. Apparently a dianion with negative charge
on the methyl group was not formed to any large ex-
tent, since such a dianion would be expected to undergo
alkylation at the methyl position.

Finally, a study was made of pyridone 23, with which
alkylation might occur at either the 4- or 6-methyl
group. Treatment of 23 with 2 equiv. of potassium
amide apparently afforded a single dianion, as sub-
sequent addition of benzyl chloride seemed to produce
a single product, either 24 or 25 (see Experimental

Section). However, its structure has not been estab-
lished.
CH,  CH,CH,CH, CH,
I r—CN ' ~r—CN ' > .‘CN
CHjy N 0 CH; N O CgH,CH,CH, N 0
H H H
23 24 25

Treatment of pyridone 23 with 3 equiv. of amide ion
evidently formed some of trianion 26 (and the dianion),
as subsequent addition of excess benzyl chloride pro-
duced dibenzyl derivative 27 and monobenzyl deriva-
tive 24 (or 25) each in 35%, yield; however, consider-
able amide ion was apparently in equilibrium, because
much (309,) stilbene also was obtained (see Experi-
mental Section). Structure 27 was supported by the
n.m.r. spectrum, which showed no methyl hydrogens
(see Table I), and was established by independent
synthesis from dicarbanion 28, benzyl chloride, and
cyanoacetamide (see eq. 1).

EHZ C6H5CH2CH2
Xr—CN —CN
EHZ N ~ 6 CeHsCHzCHz N 0
H
26 27
CH,
C.Hs | —CN
CeH;CH,CH,COCHCOCH, = CHy—~y~—0
H
28 29

Similarly, treatment of pyridone 29 with 3 equiv.
of the reagent followed by benzyl chloride apparently
afforded a mixture of the mono- and dibenzyl deriva-
tives (corresponding to 24 or 25 and 27) and stilbene
(409%,) (see Experimental Section). Incidentally, pyri-
done 29, which melted unusually high (about 350°),
was surprisingly difficult to liberate from its alkali
metal salt. For this reason 29 was prepared more
satisfactorily from the imine of 3-phenyl-2,4-pentane-~
dione and cyanoacetamide in the absence of a base
than from the monoalkali salt of the g-diketone and
cyanoacetamide by the usual procedure.
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Experimental Section!!

Starting Alkyl-3-cyanopyridones.—Pyridone 1 was obtained by
cyclization of sodioformylacetone with cyanoacetamide by the
method of Mariella!? and pyridone 3b by benzylation of the di-
anion of 1 (see below).

Pyridone 8 was prepared by refluxing a mixture of 16.2 g.
(0.1 mole) of 2-phenyl-1,3-butanedione,!? 11 g. of sodium carbo-
nate, and 9.0 g. of cyanoacetamide in 100 ml. of water. After 4
hr., the mixture was cooled and acidified with acetic acid. The
resulting oily precipitate (obtained after cooling in an ice bath)
was collected on a funnel and washed with water and ether.
The solid was recrystallized from ethanol to give 15.9 g. (75%,) of
6-methyl-5-phenyl-3-cyano-2(1)-pyridone, m.p. 296-297°. The
infrared spectrum showed strong absorption characteristic of
pyridones at 6.18 and 6.38 u and a peak for the CN group at
4.51 u. The ultraviolet spectrum exhibited maxima at 346 and
247 mu.

Anal. Caled. for Cy3H,(N,O: C, 74.27; H, 4.80; N, 13.33.
Found: C, 74.17; H, 4.82; N, 13.26.

Pyridone 11 was prepared in 509, yield from sodioformyleyelo-
hexanone and cyanoacetamide as described for 112; after re-
crystallization from glacial acetic acid it melted at 251-252°,
lit.¥ m.p. 248-249°. Because of our slightly higher melting
point, the compound was analyzed for nitrogen.

Angl. Caled. for C;oH(N,O: N, 16.08. Found: N, 15.98.

Pyridone 13 was prepared in 709, yield by heating an equi-
molar mixture of the ketoimine!s of benzoylacetone and cyano-
acetamide at 150° for 30 min. The resulting solid was recrystal-
lized from glacial acetic acid to give 13, m.p. 310-311°, lit.”
m.p. 310°.

N.m.r. Results.—N.m.r. spectra are summarized in Table I
for certain of the starting cyanopyridones and products. The
spectra were consistent with the structural assignments. They
were obtained on a Varian A-60 spectrometer using trifluoroacetic
acid as solvent and tetramethylsilane as an external reference.

Conversion of 6- and 4-Alkyl-3-cyanopyridones to Dianions.—
To a stirred solution of 0.108 mole of potassium amide in 700
ml. of commercial, anhydrous, liguid ammonia® was added 0.05
mole of the appropriate pyridone. After stirring for 1 hr., the
reaction mixture was assumed to contain 0.05 mole of the cor-
responding pyridone dianion, which was employed in the alkyla-
tions described below.

Alkylations of Dianions.—To a stirred suspension of 0.05 mole
of the dianion was added a solution of 0.06 mole of the appro-
priate alkyl halide!” in 25 ml. of anhydrous ether. After 1-3 hr.,
the reaction mixture was worked up as described below.

In the preparation of alkyl derivatives 3a and b, excess am-
monium chloride was added to the reaction mixture, and the
ammonia was then evaporated. The residue was stirred with
water and the mixture was filtered. The filter cake was washed
with ether, ethanol, and water and then recrystallized from
ethanol.

In the preparation of alkyl derivatives 5, 7, 10, 13, and 16
the ammonia was evaporated from the reaction mixtures, and
ice, water, and ether were then cautiously added. After stirring
to dissolve the salt, the layers were separated. The aqueous
layer was acidified with 6 M hydrochloric acid and cooled. The
solid was collected, washed with water, and recrystallized from
ethanol or glacial acetic acid.

Yields, spectral data, and analyses are summarized in Table II.
Alkylation products 3a,* 3b,* 10%, and 13° were independently
synthesized by a previous method. In each case the product
was shown to be the same as the compound obtained by alkylation

(11) Melting points (taken on & Mel-Temp capillary melting point appara-
tus) are uncorrected. Infrared spectra were determined with a Perkin-
Elmer Model 137 or 237 Infracord with potassium bromide pellets. Ultra-
violet spectra were obtained with a Cary 14 recording spectrophotometer,
using approximately 104 M solutions in 95% ethanol. When nonaqueous
solvent layers were dried, the drying agent was anhydrous magnesium sulfate.
Elemental analyses were by Galbraith Laboratories, Knoxville, Tenn., and
by Janssen Pharmaceutica, Beerse, Belgium.

(12) R. P. Mariella, ‘‘Organic Syntheses,” Coll. Vol. 1V, John Wiley and
Sons, Inec., New York, N. Y., 1963, p. 385.

(13) L. M. Roch, Ann. chim. (Paris), 6, 105 (1961).

(14) A. Dornov and E, Neuse, Arch. Pharm., 288, 174 (1955).

(15) E. Knoevenagel, Ber., 86, 2188 (1803).

(18) See C. R. Hauser and T. M. Harris, J. Am. Chem. Soc., 80, 8360
(1958).

(17) In the case of §, 0.025 mole of 1,3-dibromopropane was added.
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TasLe IT
ALKYLATIONS OF 6- AND 4-ALKYL-3-CYANO-2(1)-PYRIDONES THROUGH THEIR DIANIONS
Starting
cyana- Yield,* M.p.,b —————Ultraviclete—— —
pyridone Alkyl halide Alkylation product % °C. Amax; Mg Log ¢
1 CH,I 6-Ethyl-3-cyano-2(1)-pyridone (3a)¢ 91 246-248 .
1 C¢H;CH.Cl 6-(8-Phenylethyl)-3-cyano-2(1)-pyridone (3b) 86 2042054 337, 237 4. 12, 3 89
1 Br(CH;);Br Pentamethylenedi-6-(3-cyano-2(1)-pyridone) (5)¢ 74 269-270 338, 237 4.03,3.83
3b n-C{H,Br 6-(1-Phenyl-2-hexyl)-3-cyano-2(1 )}-pyridone (7)/ 64 127-128 339, 238 4.10,3.82
8 CH;CH.C1 5-Phenyl-6~(8-phenylethyl)-3-cyano-2(1)-pyridone (10) 74 284-286¢ 349, 246 4.10,4.23
11 CsH;CH.Cl 1,2;5,6,7,8-Hexahydro-3-cyano-8-benzyl-2-quinolone (13) 75 292-294h 348, 238 4.12,3.97
14 CeH:CH,Cl 4-(3-Phenylethyl)-6-phenyl-3-cyano-2(1)-pyridone (16)¢ 90 241-242 354, 253 4.23,4.07

¢ Yields were based on product of slightly lower melting point than recorded.

ethanol; 11 was recrystallized from glacial acetic acid. ¢ Anal.

H, 5.38; N, 19.03.

Caled. for CsHN,O: C, 64.85; H, 5.44; N, 18.91.
4 8. N. Joshi, R. Kaushal, and 8. 8. Deshapande [J. Indian Chem. Soc 18, 479(1941)] reported m.p. 198°.

® All compounds but 11 were recrystallized from
Found: C, 65.01;
¢ Anal.

Calcd for Cl7HleN402 C, 66.22; H, 5.23; N, 18.17. Found: C, 66.04; H, 5.28; N, 17. 95 Infrared absorption at 6.00, 6.22, 6.42 u

for pyridone, 4.50 u for CN 4 Anal

4.53 u for CN,

of a cyanopyridone by undepressed mixture melting point and
identical infrared spectra.

Attempt to Alkylate 6-Methyl-2(1)-pyridone (19).—To 0.054
mole of potassium amide in liquid ammonia was added 2.7 g.
(0.025 mole) of 6-methyl-2(1)-pyridone (19).2* After 1 hr., 3.3
g. (0.026 mole) of benzyl chloride in 10 ml. of ether was added.
The reaction mixture became violet and remained so throughout
the addition, indicating the formation of stilbene. After 3 hr.
the ammonia was evaporated, and ether, ice, and water were
added. The ether layer, dried and evaporated, afforded 2.1 g.
(91%) of stilbene, m.p. 119-123°, which was identified by a
mixture melting point with an authentic sample. The aqueous
layer was acidified with 6 M hydrochloric acid, cooled, and ex-
tracted with methylene chloride. The extract was dried and
evaporated, affording 2.6 g. (969,) of the starting material
(identified by a mixture melting point with an authentic sample),
m.p. 159-163°.

6-Methyl-2(1)-pyridone-3-carboxamide (21, A = CONH,).—
To 65 g. of polyphosphoric acid (PPA), heated at 115°, was added
7.0 g. (0.052 mole) of 6-methyl-3-cyano-2(1)-pyridone (1), with
manual stirring.’® The mixture was heated for 1.5 hr. Water
and ice were added to dilute the PPA, and the yellow solid was
collected and washed with water, saturated sodium bicarbonate
solution, and water to afford 5 g. (609,) of 21 (A = CONH,),
m.p. 300-305°. Recrystallization from ethanol raised the
melting point to 305-306°. The infrared spectrum showed
strong absorption at 5.98, 6.13, and 6.39 and at 2.90 and 3.08 u,
characteristic of a primary amide. The ultraviolet spectrum
exhibited maxima at 329 (log € 4.30) and 237 (log ¢ 4.12) mu.

Anal. Caled. for C;HgN,0:: C, 55.26; H, 5.30; N, 18.41.
Found: C, 55.29; H, 5.24; N, 18.25.

Attempt to Alkylate Pyridone 21 (A = CONH;).—To 0.077
mole of potassium amide in liquid ammonia was added 3.8 g.
(0.025 mole) of pyridoneamide 21 (A = CONH,); after 1 hr. 3.4
g. (0.027 mole) of benzyl chloride in 10 ml. of ether was added.
The reaction mixture became violet and remained so throughout
the addition, indicating the formation of stilbene. After 5 min.
an additional 3.2 g. (0.025 mole) of benzyl chloride in 10 ml. of
ether was added; after addition of a few drops of the solution,
the stilbene color disappeared (indicating presence of dianion 22).
After 3 hr. the ammonia was evaporated, and ether, ice, and
water were added. The ethereal layer, dried and evaporated,
afforded 5.4 g. of a residue, which was shown by v.p.c. to consist
of benzyl chloride and stilbene in the ratio of 2:1. The aqueous
layer was acidified with 6 3 hydrochloric acid. The solid was
collected, washed with water, and dried to afford 3.8 g. (100%,) of
the starting material (identified by mixture melting point), m.p.
302-304°,

Alkylation of 4,6-Dimethyl-3-cyano-2(1)-pyridone (23). A.
Using 2 Equiv. of Potassium Amide.—Cyanopyridone 231° (0.05
mole) was converted to its dianion (a green slurry) and alkylated
with benzyl chloride according to the general method described
above. Examination of the crude product by thin layer chroma-

(18) R. Adams and A, W. Schrecker, J. Am. Chem. Soc., T1, 1186 (1949).
(19) J. P. Wibaut, J. H. Uhlenbroek, E. C. Kooyman, and D. K. Kettenes,
Rec. trav. chim., 79, 481 (1960).

Calcd for C1sH20N20 C 77. 11 H 7 19
Infrared absorption at 6.08, 6.27, 6.39 u for pyridone, 4.53 x for CN.
for C»HieN.O: C,79.98; H, 5.37; N,9.33. Found: C,79.95; H, 5.34; N, 0.34.

N, 9.99. Found: C, 77.20; H, 727 N, 10.20.
s Lit.s m.p. 285—286° A Lit. m.p. 203-204°. i Anal. Caled.
Infrared absorption at 6.07, 6.23, 6.35 u for pyridone,

tegraphy indicated that it was a single compound, either 24
or 25.% The product, m.p. 220-225°, weighed 10.2 g. (87%)
after one recrystallization from ethanol. Another recrystalliza-
tion gave 9.5 g. (81%), m.p. 227-229°, A further recrystalliza-
tion from ethanol raised the melting point to 232-233°. The
infrared spectrum showed strong absorption at 6.06 and 6.13 p
characteristic of a pyridone and absorption at 4.51 u for CN.
The ultraviolet spectrum exhibited maxima at 332 (log ¢ 3.97)
and 233 (log ¢ 3.91) mu.

Anal. Caled. for C;;HilN.O: C, 75.62; H, 5.88; N, 11.76.
Found: C, 75.66; H, 5.88; N, 12.03.

B. Using 3 Equiv. of Amide Ion.—To 0.18 mole of potassium
amide in liquid ammonia was added 7.4 g. (0.05 mole) of cyano-
pyridone 23 to form a reddish brown solution. After 1 hr.,
25 g. (0.2 mole) of benzyl chloride in 25 ml. of ether was added
and the reaction mixture was stirred for 3 hr. The ammonia
was evaporated; ether, ice, and water were added, and, when the
salts had dissolved, the layers were separated. The ethereal
layer, dried and evaporated, afforded 5.4 g. (309,) of stilbene
(identified by mixture melting point with an authentic sample).
The aqueous layer was acidified with 6 M hydrochloric acid, and
the oily precipitate, which hardened on standing, was collected®
and recrystallized from ethanol to afford 4.0 g. (35%) of mono-
benzyl derivative 24 (or 25), m.p. 225-230°, and, after recrystal-
lization from ethanol, m.p. 231-233°. A mixture melting point
with the product from the preceding reaction was undepressed.
Concentration and chilling of the initial crystallization solvent
afforded 6.0 g. (359%,) of dibenzyl derivative 27, m.p. 160-175°,
and m.p. 178-179° after two recrystallizations from ethanol.
The infrared spectrum of 27 showed strong absorption at 6.03,
6.16, and 6.22  characteristic of a pyridone and absorption at
4.51 u for CN. The ultraviolet spectrum exhibited maxima at
334 (log € 4.30) and 236 (log ¢ 3.98) mu.

Anal. Caled. for CpHyoN:0: C, 80.46; H, 6.14; N, 8.53.
Found: C, 80.46; H, 6.30; N, 8.63.

Independent synthesis of dibenzylated pyridone 27 was ac-
complished by treating 1,7-diphenyl-3,5-heptanedione?? with cya-
noacetamide in water adjusted to pH 8 with piperidine and acetic
acid. The mixture was heated on a steam bath for 2 hr., acidi-
fied with acetic acid, and cooled. The crystals were collected,
washed with water, and recrystallized from ethanol to give 27,
m.p. 179-180°. The melting point was undepressed on admix-
ture with 27 from above.

(20) A spot of the crude product dissolved in dimethyl sulfoxide (DMSO)
was applied to & film of silica gel G according to Stahl (from Merckag,
Darmstadt, Germany) and developed with acetone or absolute ethanol.
Exposure of the dry film to iodine vapor showed two spots, one of which
was combined starting material (33) and DMSO (determined from a known
sample). The other spot was found to be the same obtained from purified
24 or 26.

(21) A sample of the crude product was examined by thin layer chro-
matography as described above.® Three spots were observed: the first was
combined starting material and DMSO; the second was dibenzylation prod-
uct 27; and the third was monobenzylation product 24 or 28 (determined
from known samples).

(22) T. M. Harris and C. R. Hauser, J. Am. Chem. Soc., 81, 1160 (1959).
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4,6-Dimethyl-5-phenyl-3-cyano-2(1)-pyridone (29).—To a
solution of 3-phenyl-2,4-pentanedione?? in anhydrous ethanol was
added anhydrous liquid ammonia until the flask remained cold.
The resulting slurry was concentrated, cooled, and filtered, af-
fording 70% of the imine.?*

An equimolar mixture of this imine and cyanoacetamide was
heated at 150° for 2 hr. The resulting solid was cooled and re-
crystallized from glacial acetic acid to afford, after washing with
ether, 509, of 4,6-dimethyl-4-phenyl-3-cyano-2(1)-pyridone (29),
m.p. 354-356°.2% The infrared spectrum showed strong absorp-
tion at 6.01, 6.21, and 6.50 u characteristic of a pyridone and
absorption at 4.50 u for CN. The ultraviolet spectrum exhibited
maxima at 337 (log € 4.01) and 242 (log € 4.01) mu.

Anal. Caled. for CJHi:N,O: C, 74.98; H, 5.39; N, 12.49.
Found: C, 74.88; H, 5.45; N, 12.50.

In an earlier attempt to prepare 29, 3-phenyl-2,4-pentanedione
was converted to its salt by aqueous sodium hydroxide, treated
with cyanoacetamide, and heated on a steam bath for 2 hr. The

(23) C. R. Hauser and R, M. Manyik, J. Org. Chem., 18, 588 (1953).
(24) See ref. 15.
(25) This compound was quite insoluble in ethanol, acetone, and water.
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resulting slurry was cooled, acidified with acetic acid, and filtered,
and the solid was washed thoroughly with water. When a
sample of the solid was ignited, a basic residue was left, and an
infrared spectrum indicated that the salt of pyridone 29 was
present. A residue was no longer obtained on ignition only
after several recrystallizations of the solid from acetic acid.
Attempts to liberate neutral pyridone 29 by single treatments of
the salt with hot, aqueous mineral acids, with hot, concentrated
sulfuric acid, and with ammonium chloride in liquid ammonia
failed.

Alkylation of Pyridone 29.—To a solution of 0.025 mole of
potassium amide in liquid ammonia was added 2.0 g. (0.008 mole)
of 29, After 1 hr. 2.7 g. (0.017 mole) of benzyl chloride in 20 ml.
of ether was added. When the ammonia had evaporated, ether
and cold water were added. The ether layer was dried and evapo-
rated, a residue of 0.65 g. (40%) of stilbene was recovered (identi-
fied by mixture melting point with an authentic sample). The
aqueous layer (actually a slurry of solid and liquid) was
cooled, acidified with 6 M hydrochloric acid, and filtered; the
product, washed with water and dried, weighed 2.1 g. and left a
residue on ignition. Ann.m.r.spectrum of this solid indicated
that it contained mono- and dibenzylation product in approxi-
mately 3:1 ratio (also a very small amount of starting material),
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N& N¢-Diethyl-9-methyladenine (1) was methylated with methyl iodide in ethanol to give 6-diethylamino-

3,9-dimethylpurinium iodide (2).

Alkaline degradation of 2 at room temperature afforded 1-methyl-5-

methylamino-4-(N,N-diethyl)imidazolecarboxamidine hydriodide (6), whereas, at 100°, the degradation pro-
ceeded further to produce l-methyl-5-methylamino-4-imidazolecarbonitrile (5) and then 1-methyl-5-methyl-

amino-4-imidazolecarboxamide (4).

The degradation product 4 was synthesized by formylation of 5-amino-~

1-methyl-4-imidazolecarboxamide (7) and subsequent selective reduction of the formamido group of 8 with

lithium aluminum hydride.

Alkylation of purine bases of nucleic acid and their
nucleosides has been studied extensively in recent
years, both because of intrinsic chemical interest,
and to provide information relative to certain bio-
chemical problems.? Since N Ntdimethyladenosine
has been found to be a minor base occurring in the RNA
of several bacteria,? it was of interest to determine the
position of alkylation. Such evidence would be useful
in the identification of fragments derivable from alkyl-
ated RNA which contains N¢ N¢dimethyladenine as
one of its constituent bases.

Methylation of NS¢ N¢-dimethyladenine with di-
methyl sulfate produced the 1-, 3-, and 9-methyl deriv-
atives*®; no studies have been described of alkylation of
N¢,Né-dialkyl-3-, -7-, or -9-substituted adenines. We
chose N¢NbS-diethyl-9-methyladenine (1), available
from another investigation, for methylation study.

N¢,Neé-Diethyl-9-methyladenine (1)¢ was synthesized
in the classical manner from 4,6-dichloro-5-nitropyrimi-

(1) Cf. G. Schmidt, Ann. Rev. Biochem., 88, 674 (1964).

(2) J. W. Jones and R. K. Robins, J. Am. Chem. Soc., 85, 193 (1963).

(3) J. W. Littlefield and D. B. Dunn, Biochem. J., 70, 642 (1958).

(4) L. B. Townsend, R. K. Robins, R. N. Loeppky, and N. J. Leonard
[J. Am. Chem. Soc., 86, 5320 (1964)] have shown that the 6-dimethylamino-
“7"-substituted purines of B. R. Baker, R. E. Schaub, and J. P. Joseph
[J. Org. Chem., 19, 638 (1054)] are, in reality, 6-dimethylamino-3-substi-
tuted purines.

(5) B. C. Pal and C. A, Horton, J. Chem. Soc., 400 (1964).

(6) Previously prepared by R. K. Robins and H. H. Lin [J. Am. Ckem.
Soc., 79, 490 (1957)] by displacement of chloride from 6-chloro-9-methyl-
purine with diethylamine.

dine.” Monosubstitution was readily accomplished
by reaction with 2 equiv. of diethylamine in ether at
—40° to give 4-chloro-6-diethylamino-5-nitropyrimi-
dine. Reaction of the latter with aqueous methylamine
at room temperature for 2 hr. gave 739, (from dichlo-
ronitropyrimidine) of pure 6-diethylamino-4-methyl-
amino-5-nitropyrimidine as a viscous oil, which was
further characterized as its crystalline picrate. Re-
duction of the diaminonitropyrimidine with hydrogen
and Raney nickel gave 799, of 5-amino-4-diethylami-
no-6-methylaminopyrimidine. Cyclization in refluxing
ethyl orthoformate—acetic anhydride®® afforded the
hydrochloride 1a of the desired purine in 699, yield.
Reaction of N&N¢-diethyl-9-methyladenine (1) with
methyl iodide in boiling ethanol for 24 hr. gave, in
addition to 179, of recovered 1, 41% of a crystalline
water-soluble methiodide. Based on ultraviolet spectral
properties (see Experimental Section) and alkaline
degradation, the structure of this quaternary iodide was
unequivocally shown to be 6-diethylamino-3,9-di-
methylpurinium iodide (2). Thus the site of alkylation
of 1 is N-3 and this same alkylation site is expected
with N¢ Nt-dimethyladenosine and 2'-deoxy-N¢ Né-
dimethyladenosine. This is in contradistinction to

(7) W. R. Boon, W. G. M. Jones, and G. R. Ramage, J. Chem. Soc., 96
(1951).

(8) L. Goldman, J. W, Marsico, and A. L. Gazzola, J. Org. Chem., 21.
599 (1958).

(9) J. A. Montgomery, J. Am. Chem. Soc., 18, 1928 (1956).



