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SYNTHESIS OF 6-METHYL-3-CYANO-5-ETHYLPYRIDINE-2(1H)-
THIONE AND CONDENSED HETEROCYCLES BASED ON THIS
COMPOUND

L. A. Rodinovskaya, A. M. Shestopalov, E. V. Belukhina,
and V. P. Litvinov

It has been established that the direction of formylation of methyl propyl ketone depends on the reaction
conditions. By condensation of the synthesized salts of 3-hydroxymethylene-2-pentanone with
cyanothioacetamide, we have synthesized 6-methyl-3-cyano-5-ethylpyridine-2(1H)-thione and 6-propyl-3-
cyanopyridine-2(1H)-thione, respectively, which are alkylated regioselectively by halides CICH,Z (Z = Alk,
COOAlk, COPh, CONH,, CN) at the sulfur atom. These thiones and the derived 2-SCH,Z-3-cyanopyridines
have been used in the regioselective synthesis of substituted annelated heterocycles: 3-aminothieno/2,3-
bjpyridines and 4-aminopyrido[2',3':2, 3]thieno[4, 5-d]pyrimidines. :

Intensive searches for "antispidovye" preparations have led to the discovery of a new group of compounds of the non-
nucleoside type that have manifested high activity as inhibitors of HIV-1 specific reverse transferase [1-3]. These are derivatives
of 6-methyl-5-ethyl-3-cyano-2(1H)-pyridone (I), synthesized with 2-pentanone (II) as the starting material. On the basis of 2-
pentanone, a regioselective method has been developed for the synthesis of a sulfur analog of compound I, namely 6-methyl-3-
cyano-5-ethylpyridine-2(1H)-thione (III), also, 6-propyl-3-cyanopyridine-2(1H)-thione (IV) has been obtained. Compounds III
and IV had been used previously in constructing certain condensed heterocyclic systems with potential biological activity.

It should be noted that the direction of the first stage in synthesis of the thiones III and IV, i.e., the formylation of the
ketone 11, is highly dependent on the reaction conditions. For example, if the reaction is carried out by a modified Claisen
method (A) that we had used previously [4-8]. a mixture of the salts (V) and (VI) is obtained; treatment of this mixture with
cyanothioacetamide (VI1I) affords a mixture of the thiones III and IV in a 1:2 ratio (according to PMR spectroscopic data). The
highest yield of these products is obtained by brief refluxing of a mixture of the salts V and VI with cyanothioacetamide VII
in ethanol in the presence of acetic acid. By crystallization of the resulting mixture of pyridinethiones III and IV from acetic
acid, compound 1V is isolated. By varying the formylation conditions, the salt V can be obtained selectively, and from V the
desired thione III. For this purpose we used a modified method (B) that was proposed in [1]. Dry ether is added to freshly
prepared sodium ethylate; the reaction mass is chilled to 0°C and stirred while adding dropwise a mixture of ethyl formate and
the ketone I1. By interaction of the salt V with the amide VII in alcoho! in the presence of acetic acid, the pyridine-2(1H)-thione
I is obtained with a 57% yield.

CH,C—C—CyH;

O CHONa
EtONa/HCOOEt, ether CH,CC;H, Na/HCOOE, ether v
B I A N
© CyH,;~C—C=CHONa
1 o fl
VII, EtOH, AcOH, A ad
O A%t
$CCX\“ co\\"
1 Gov

H,C, CN
542 B S CN
| * l
H;C N S H,C; N S
H

H
il Y

N. D. Zelinski Institute of Organic Chemistry, Russian Academy of Sciences, Moscow 117913. Translated from
Khimiya Geterotsiklicheskikh Soedinenii, No. 6, pp. 851-857, June, 1995. Original article submitted May 22, 1995.

0009-3122/95/3106-0745%$12.50 ©1996 Plenum Publishing Corporation 745



TABLE 1. Characteristics of Compounds III, IV, and IX-XI

Found (%)/

Com- Empirical o _ Yi
mp, °C ield, %
pound formula p calculated (%)
c H N s

111 CoHoN28 242...244 60.52 5.76 15.32 18,58 57
60,64 5,65 15,72 17.99

v CoHoN2S 213...215 60.82 5.33 15,31 18,62 50
60,64 5,65 15,72 17,99

IXa Ci11H13N308 177...178 56,70 313 1832 13.39 63
56,15 5,57 17,86 13,62

IXb Ci12H14N2028 77...79 57.34 S5.86 11.09 12,34 71

§7,58 5,64 11,19 12,81

IXc C13HsN2028 71...73 S58.91 6.01 10,95 11.93 66
59,07 6,10 10,60 12,13

ixd C17H16N20S 99...101 68.86 5.42 9,13 10.59 60
68,89 5,44 9,45 10,82

IXe C25Ha2N28 55...56 14.74 10.24 6.69 1.84 71
74,57 10,51 6,96 7,96

xf CnH1aN308 138...139 55.84 5.63 16.87 13,09 69
56,15 557 17,86 13,62

Xa C11H13N308 256...258 36,11 235 17.46 1322 65
56,15 5,57 17,86 13,62

Xb C12H14N20:28 257...259 1,77 6.00 10,94 12,52 60
$7.58 | 5.64 11,19 | 12,81

Xc Ci13H1sN20:8 227...229 39,28 6.27 10,00 11.68 81

59,07 6,10 10,60 12,13

Xd C11H1iN3S 224...226 60.57 4.71 19,03 14.46 81
60,80 5,10 19,34 14,75

Xe Cj17H16N208S 172...174 68.52 5.51 8.15 10,57 69
68,89 5,44 9,45 10,82

Xf C1iHnN3S 139...141 60,95 4,96 19.23 14,58 59
60,80 5,10 19,34 14,75

Xg C17H16N208 194...196 68.44 5,83 919 10.95 62
68,89 5,44 9.45 10,82

XIa C12H12N4S 276...277 59.41 5,14 22.56 13.56 79
58,99 4,95 22,93 13,12

X1b Ci12H12NsS 251...252 58.43 5.07 22,15 13.44 95

58,99 4,95 22,93 13,12

Compounds IIT and IV in the solid state are stable, yellowish orange powders. Spectroscopic data (see Experimental
section) indicate that these compounds, like their numerous analogs that are substituted in the pyridine ring [4-6], exist in the
thione tautomeric form. Thus, in the IR spectra of these compounds, we find a medium-intensity band of the C==S group at
1185 and 1204 cm~! respectively, characteristic for pyridine-2(1H)-thiones [4, 5], and also an absorption band of the C=N
group at 2226 and 2230 cm™!, respectively.

In the PMR spectra of the thiones Il and IV, we observe signals in the upfield region from alkyl-group protons, and
in the downfield region a broad singlet of the NH group (8.32 and 8.42 ppm, respectively) and a signal from protons bonded
to the heterocycle: a 4-H singlet of compound I1I at 7.83 ppm, or two doublets 4-H and 5-H of compound IV at 7.89 and 6.74
ppm, respectively, with a characteristic SSCC 3] = 8 Hz. In the 13C NMR spectra, a signal of the C(2 atom of the pyridine
ring is manifested at 175.54 and 166.29 ppm for compounds 1II and IV respectively, which is characteristic for pyridines
containing a C==S fragment.

The substituted pyridine-2(1H)-thiones III and IV, in the presence of an equimolar quantity of aqueous KOH, are
regioselectively alkylated in DMF solution by halides CICH,Z (VIII) at the sulfur atom, forming S-substituted 3-cyanopyridines
(IXa-f). The structure of the group IX compounds was proven by data obtained by physicochemical methods of analysis (Tables
1,2, and 4). Thus, in the IR spectra there is an absorption band of a conjugated nitrile group in the 2220-2228 ¢cm ! region,
and also bands of the groups Z (COOAIk, COPh, CONH,, CysH;,). A characteristic feature of the PMR spectra is the presence
of a singlet signal from protons of the SCH,Z group in the 3.95-4.82 ppm region.

We used the compounds IX in synthesizing annelated heterocycles (X, XI). Under the action of KOH in DMF solution
at 20°C, the substituted pyridines IX are cyclized in the Thorpe—Ziegler reaction, forming 3-aminothieno[2,3-b]pyridines X.

It must be noted that when the mixture of thiones III and IV interacts under these conditions with the halides VIII (with
Z = CN or COPh), derivatives of 6-propyl-3-cyanopyridine-2(1H)-thione IXf and Xf,g are well segregated in the form of a
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TABLE 2. IR and PMR Spectra of Pyridines IX

- PMR spectrum, chemical shift, §, ppm, and SSCC (J), Hz
Com- | R spectrum, », cm™! 1 P PP
pound 4-H gl &2 cHy Lz
1Xa | 3362, 3190 (CONHp); | 7.85s | 1,13 ¢ 2398 | 3,97 7,14 8,
2225 (CN); 1664 (O, 2,51 8 7.56 8
NHp)
x| 2224 (CNY; 1737 (C~0) | 7,898 | LI2¢, 243s | 405s | 2,638
2,54 8
IXc | 2224 (CN); 1736 (C=0) | 7,845 | L12L, 2,375 | 3,998 1,06
2,48 & 4,06 &
1Xd | 2224 (CN); 1672 (C=0) | 7,935 | 1,08 L, 2,185 | 4,82s | 7,62..8,11
2,52 8 m*
IXe | 2228 (CN); 2852, 2918 | 7,58 s | * 2,43s | 1,781 1,05...1,50
(alkyl) 2,50 s m
xf | 3364, 3180 (CONHyp: | 8,09d, | 7.16 d, 0,88¢t | 395s 7,59 br. s
2220 (CN); 1666 (0, | J=8 J=8 1,70m,
NH32) 2,73t

*Signal overlapped by signal of other fragment.

TABLE 3. IR and PMR Spectra of Thieno{2,3-b]pyridines X

Com- PMR spectrum, chemical shift, 8, ppm, and $SCC (I), Hz

pound

1

IR spectrum, », cm~
$-H Rr! R? NH3 2

Xa 3470, 3420, 3310, 3110 | 8,16 1,23 ¢, 2,54 s 7,088 7,13 8

(CONH); 1664 (5, NH) 2,65 4
Xb 3420, 3300, 3200 (NHp; | 822s | 1,124t | 2545 | 7,33 3,75 s
1676, 1618 (8, NHz, C=0) 2,63 4
X¢ 3307, 3202, 3161 (NH2; | 8255 | 112t | 2,54s | 7,205 | 1,281,
1674, 1623 (8, NHz, C~0) 2,674 4,24 q
Xd 3400, 3340, 3208 (NH2); | 8,265 | 1,13t | 243s | 7538
2188 (CN); 1644 (3, NHp) 2,58 9
Xe 3372, 3291, 3182 (NH»: | 8,28 s | 1,16t | 244s | §36s | 7.48..7,72m
1624, 1600 (3, NH2, C=0) 2,554
Xf 3388, 3336, 3232 (NHy:; | 838 d] 7364 | 0881t | 7,238
2169 (CN); 1652 (O, NHp | /=851 /=85 | 1,704,
2,791
Xg 3360, 3252, 3124 (NH): | 8,53 7,34 0,89t | 8375} 7,50..7,77m
1676, 1596 (3, NH;, C=0) | /=8 J=8 1,714,
2,80t

precipitate, probably because of their poorer solubility. Therefore, in synthesizing these compounds, it is not necessary to
separate the original mixture of pyridinethiones. We had previously observed this sort of behavior of isomers in the alkylation

of a mixture of 6-methyl-4-phenyl- and 4-methyl-6-phenyl-3-cyanopyridine-(1H)-thiones that is stably formed on the basis of
benzoylacetone [4, 5, 9].

R CN
1L v LKOH 1 =
2. HalCH,Z (VIII} =
R? N

SCH,Z
1. KOH (excess) IXa-f
2. VI y
R. NH, R ’
Z © A HCONH,
I M ==

Xa-g

Xia, b NH:

IX.a-€, X a-e, XIaR!=CsHs, R? = CHy; IXF, Xf, 8. XIbR! ~H, R? = C3H7; IX a, f,
X aZ = CONHz; IXb, Xb,Z = COOCH3; IX¢,X ¢ Z=COOC;Hs; 1Xd, Xe,8 Z = COPh;
IXe Z=CysHa);, Xd, fZ=~CN
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The structure of the 3-aminothieno[2,3-d]pyridines X was confirmed by data obtained by physicochefnical methods of
analysis (see Tables 1. 3, and 4). In the IR spectra of these compounds there is a series of absorption bands of the amino group
in the 1596-1664 and 3110-3470 cm ™! regions. The PMR spectra, in addition to other characteristic signals, contain signals
from protons of the NH, group in the 7.08-8.37 ppm region.

It is interesting to note that the compounds Xe,g, in contrast to the other thienopyridines X, have an intramolecular
hydrogen bond NH...O. This is evidenced by the shift to lower frequencies and the overlapping of the absorption bands of the
NH, and CO==0 groups in the IR spectra, and also by the shift of the signals from NH, group protons in the PMR spectra,
1.14-1.36 ppm downfield (see Table 3). The formation of an analogous intramolecular hydrogen bond in 3-amino-2-benzoyl-
5,6-pentamethyleneselenopheno(2,3-b]pyridine, which has similar spectral characteristics, was demonstrated in {7] by means
of x-ray structure analysis.

H
Negy

Xe.g

The presence of a reactive cyano group adjacent to the amino group in the molecules of compounds of IXd,f made it
possible to use these compounds in the synthesis of pyridothienopyrimidines. Brief heating of the 3-amino-2-cyanothieno[2,3-
blpyridines Xd,f in formamide leads to the formation of the 4-aminopyrido[3’,2":4,5]thieno[3,2-d]pyrimidines Xla,b
respectively, with almost quantitative yields. In the IR spectra of these products there is a series of absorption bands of the NH
group in the 1568-1668 and 2956-3245 cm ™! regions. In the PMR spectra of compounds XIa,b there are singlet signals from
protons of the NH, group (at 7.50 and 7.60 ppm, respectively) and from the 2-H proton of the pyrimidine ring (at 8.53 and
8.52 ppm, respectively): the 1C NMR spectra contain a characteristic doublet signal from the C(y) atom (at 155.08 and 155.38
ppm, respectively).

EXPERIMENTAL

The melting points were determined on a Kofler heating stage; IR spectra were taken in Specord M-80 and Perkin-
Elmer 457 instruments in KBr tablets; PMR spectra were taken in a Bruker WM-250 instrument in DMSO-dg solutions; 3¢
NMR spectra were taken in a Bruker WM-300 instrument in DMSO-dg solutions. Elemental analyses for C, H, and N were
performed in a Perkin-Elmer C,H,N-analyzer.

Data from the elemental analyses and other characteristics of the synthesized compounds III, IV, and IX-VI are
presented in Table 1.

Mixture of Sodium Salts of 3-Hydroxymethylene-2-pentanone (V) and 1-Hydroxymethylene-2-pentanone (VI).
Method A. To a suspension of 2.3 g (0.1 mole) of finely divided metallic sodium in 150 ml of dry ether, while stirring and
cooling with ice, 0.5 ml of ethanol was added, and then over the course of 30 min a solution of 10.6 g (0.1 mole) of the ketone
II and 8.0 g (0.1 mole) of ethyl formate in 70 ml of ether. The reaction mixture was stirred for 1 h while cooling, and then
another 3 h at room temperature. After one day, the precipitated product was filtered off, washed with ether, and dried,
obtaining 11.1 g (yield 82%) of a mixture of the salts V and VI

Sodium Salt of 3-Hydroxymethylene-2-pentanone (V). Method B. The reaction was performed under argon. To 1.63
2 (71.0 mmoles) of metallic sodium, 15 ml of absolute ethanol was added while cooling, and then, after the reaction had énded,
60 ml of dry ether. To the reaction mass, chilled to 0°C, a mixture of 6.1 g (71.0 mmoles) of the ketone II and 5.7 g (77.0
mmoles) of ethyl formate was added over the course of 2 h. The reaction mixture was left overnight at room temperature, after
which the product was filtered off, washed with ether, and vacuum-dried. Yield of salt V 4.0 g (41%). PMR spectrum, ppm:
0.67 (3H, t, CH;), 1.86 (3H, s, CHj3), 1.97 (2H, g, CH,, overlapped with CHj;), 8.93 (1H, s, CH).

6-Methyl-5-ethyl-3-cyanopyridine-2(1H)-thione (III). To a solution of 2.72 g (20 mmoles) of the salt V in 10 ml of
ethanol, 1.2 ml of glacial acetic acid was added; then, 1.15 g (20 mmoles) of the amide VII was added while stirring. The
mixture was heated to boiling, while adding an additional 0.6 ml of acetic acid. The precipitate that formed after cooling was
filtered off, washed with alcohol and hexane, and recrystallized from alcohol. IR spectrum, cm™!: 2226 (C=N), 1185 (C==S).
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PMR spectrum, ppm: 1.06 (3H, t, CH,CH,), 2.37 (3H, s, 6-CH3), 2.43 (2H, q, CH,), 7.83 (1H, s, 4-H), 8.32 (1H, s, NH).
13C NMR spectrum, ppm: 13.49 (CH;CH,), 16.83 (6-CHs), 22.72 (CH;CH,), 113.39 (Cy. 117.37 (C=N), 126.49 (C(s)),
144.64 (Cyy), 152.99 (C(g)), 175.54 (C=S).

6-Propyl-3-cyanopyridine-2(1H)-thione (IV). Analogous to the synthesis of the thione 1li, from a mixture of the salts
V and VI, a 1:2 mixture of the products III and IV was obtained; by recrystallization of this mixture from acetic acid, the
pyridinethione IV was obtained. IR spectrum, cm™!: 1204 (C==S), 2230 (C=N). PMR spectrum, ppm: 0.86 (3H, t,
CH4CH,CH,), 1.52 (2H, m, CHxcH,CH,), 2.47 (ZH, t, CH,CH,CH,), 6.74 (1H, d, ] = 8 Hz, 5-H), 7.89 (1H, d, ] = 8.0
Hz, 4-H), 8.42 (1H, s, NH). 13C NMR spectrum, ppm: 13.53 (CH,CH,CH,), 22.00 (CH,CH,CH,), 37.37 (CH;CH,CH,),
103.60 (C3)), 111.40 (C5)), 111.40 (C(5)), 119.49 (C=N), 141.89 (Cyy), 160.99 (C(s), 166.29 (C=S).

2-(Z-Methylthio)-3-cyanopyridines (IXa-f). To a solution of 2 mmoles of the thione IIT or IV in 8 ml of DMF, while
stirring, 1.1 ml of a 10% aqueous KOH solution and 2 mmoles of a halide VIII were added. The reaction mixture was stirred
for 25-30 min and then diluted with water; the resulting precipitate was filtered off, washed with alcohol and hexane, and
recrystallized from alcohol.

3-Amino-2-(Z-thieno)[2,3-b]pyridines (Xa-g). To a solution of 1 mmole of the pyridinethione III or IV in 3 ml of
DMF, while stirring vigorously, 0.56 ml of a 10% aqueous KOH solution and 1 mmole of a halide VIII were added. The
reaction mixture was stirred for 20 min, after which another 0.5 ml of KOH solution was added and the stirring was continued
for 20 min; the product was precipitated by adding water and then filtered off, washed with alcohol and hexane, and
recrystallized from alcohol. ' ’

4-Aminopyrido{3’'2’:4,5]thieno[3,2-d]pyrimidines (XIa,b). A mixture of 0.21 g (1 mmole) of the thienopyridine Xd
or Xf and 10 ml of formamide was refluxed for 1 h, 5 ml of water was added, and the resulting precipitate was filtered off
and washed with ethanol and hexane.

Compound XIa. IR spectrum, em™1: 3320, 3244, 3144, 1616 (NH,). PMR spectrum, ppm: 1.26 (3H, t, CH;CH,),
2.81 (2H, q, CHy), 2.65 (3H, s, 7-CHjy), 7.50 (2H, s, NH,), 8.32 (1H, s, 9-H), 8.53 (1H, s, 2-H). 13C NMR spectrum, ppm:
13.54 (q, CH;CH,), 22.33 (g, 6-CH,), 24.68 (t, CH,), 112.00 (s, Cyy)), 126.30 (s, Cg,)), 129.35 (d, Cg)), 134.44 (s, C(g)),
147.74 (s, C15), 155.08 (d, Cp)), 158.70 (s, C(s5)). 159.71 (s, C(7y), 162.94 (s, C(y).

Compound XIb. IR spectrum, em ™1 3320, 3144, 2956, 1652 (NH,). PMR spectrum, ppm: 0.9 (3H, t, CH,CH,CH,),
1.73 (2H, m, CH,;CH,CH,), 2.84 (2H, 1, CH;CH,CH,), 7.41 (1H, d, ] = 8.2 Hz, 8-H), 7.61 (ZH, s, NH,), 8.46 (1H, d,
J = 8.2 Hz, 9-H), 8.52 (1H, s, 2-H). 13C NMR spectrum, ppm: 13.71 (q, CH,CH,CH,), 22.45 (1, CH;CH,CH,), 111.82
(s, Cqa), 120.27 (d, C(g)), 125.51 (s, Cgyy), 131.39 (d, C(g)), 153.50 (s, C(y,). 155.38 (d, C(5)), 158.45 (s, C5,), 161.08
(s, C(7y), 164.64 (s, C(y)).
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