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Synthesis and properties of N-methylmorpholinium
6-amino-3,5-dicyano-1,4-dihydropyridine-4-spirocyclopentane-2-thiolate
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The reaction of cyclopentylidenecyanothicacetamide with cyanothioacetamide and
N-methyimorpholine gave N-methylmorpholinium 6-amino-3,5-dicyano-1,4-dihydropyridine-
4-spirocyclopentane-2-thiolate, which was used in the syntheses of substituted 2-alkyl-
thiodihydropyridines and pyrazolodihvdropyridine.
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We have recently shown! that cyclohexylidene-
cyanothioacetamide reacts with cyanothioacetamide in
the presence of N-methylmorpholine to give N-methyl-
morpholinium 6-amino-3,5-dicyano-1,4-dihydropyridi-
ne-4-spirocyclohexane-2-thiolate. [n this work, we con-
tinue the investigation of the synthesis of chalcogeno-
dihydropyridines and study the reaction of cyclopentyi-
idenecyanothioacetamide (1) with cyanothioacetamide
(2) and NV-methylmorpholine.

The reaction also occurs as the Michael addition to
vield adduct 3, whose intramolecular cyclocondensation
resuits in salt 4 (Scheme 1). The structure of salt 4 was
confirmed by spectroscopic studies (see Experimental)

and by its alkylation with alkyl halides 5. The formation
of sulfides 6 (Tables 1 and 2) implies that the negative
charge in the molecule of salt 4 is localized on the S
atom.

When the substituted 2-allylthiodihydropyridine 6a
is refluxed in benzene, it undergoes [3+3)-sigmatropic
rearrangement into compound 7, whose structure is
completely confirmed by IR and 'H NMR spectro-
scopic data. Thus, the intense absorption band at
2190 cm™! in the IR spectrum of thione 7 can be
attributed to the 3-CN group, while the weak absorption
band around 2238 cm™!, to the absorption of the non-
conjugated cvano group. The 'H NMR spectrum mani-
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Table 1. Yields, melting points, and parameters of IR spectra of compounds 6a—l1

Com- Yield M.p./°C v/em™} Com- Yield Mop./°C v/em™!
po- (%) (A)e NH, NH, C=N 3(NH,), po- (%) (A)a NH, NH, C=N &(NH,),
und C=0 und C=0
6a 70 126—1285 3360, 3455 2190 1655 6g 70 162—164 3360, 3448 2180 1650
6b 73 170—172 3310, 3450 2190 1645 (EtOH) sh.

(EtOH) 6h 66 170172 3330, 3455 2188  1670.
6c 80 163—165 3220, 3388, 2190 1654 (AcOH) 1730

(EtOH) 3425 sh 6i 85 155—157 3312, 3474 2185 1655
6d 69 202—203 3150, 3200, 2202 1660 (EtOH) sh.

(BurOH) 3295, 3318  sh 6j 69 140—142 3300, 3482 2205 1650
Ge 92 167—169 3190, 3370, 2190 1670 (EtOH)

(EL1OH) 3444 6k 82 123—125 3330, 3450 2190 1632
6f 88 167—169 3205, 3350, 2192 1690 (EtOH)

(BunOH) 3470 6l 9] 160—162 3300, 3384, 2180, 1630

(EtOH) 3480 2192

4 A is the solvent used for crystaliization. ¢ The compound was not recrystallized.

Table 2. 'H NMR spectra} parameters and elemental analysis data for compounds 6a—l

Com- 5 IH Found (%) Molecular

po- NH  NH, (CHy; SCH, z Calcuiated formula

und (s) (s) (m) C H N S

6a 9.8  5.68 1,73 362  $85(m, 1 H. CH=);  61.62 618 20,66 1154  C.H;gNsS
(d) 5.21 (m, 2 H, H,) 6174 592 2057  11.77

6b  9.03 572 172 245 - 5§70  5.64 2285 1281  CppHENSS
() 58.51 573 2274 13.02

6c 9.2l  5.68 169 462  7.99(d, 2 H); 5914 429 1470 842  C;oH;CIN,OS
(s) 7.61 (d, 2 H) 59.29 445 1456 833

6d 946 575 171 385 10.27 (s, | H, NHCO); 6255 502  19.00 896  CoH;9N;08
(s) 7.06~7.57 (m.5 H. Ph) 62.44 524 1916  8.77

6e 9738 577 172 363 775 (brs, | H, NHy); 5407 544 2412 1083  Cy3H;sNsOS
(s) 7.44 (brs, t H, NHy)  53.96 523 2420  11.08

6f 941 574 171 384  7.52(s, 4 H, CgHy: SLSU 387 1560 133 CuoH;gBrNsOS
(s) 1042 (s, | H, NHCO) 5136 408  15.76 7.22

65 922 564 170 467  7.60—7.99 (m, 5 H, Ph) 6489 497 1616 927  CyoH;gN,0S
(s) 6512  5.18  15.99 9.15

6h 938 569 170 376 5400 495 1942 1086  C,3H_4N40,8
(s) 5378 486 1930  11.04

6i 927 564 161 417 7.14 (m, 4 H, C4Hy); 6798 575 1681 946  C oHyN,S
(s) 2.37 (s, 3 H, CHj) 6783 599  16.65 9.53

6j 912 567 171 293 118 (t, 3 H, CHjy) 60.00 608 2173 1219  C3HN.S
(@ 5997 6.19 2152 1232

6k 9.6  5.70 173 292 097(t3 H. CH,); 6112 630 2063  1L75  CyeH;sNeS
(® 1.55 (m, 2 H, CH,) 6128 661 2042 1169

6l 927 568 163 420  7.31(s, 5 H, Ph 6716 355 1750 979  CugH;NsS
(s) 6705 563 1738  9.94

= The signal is not observed due to deuterium exchange.

fests characteristic signals from protons of the allylic
fragment at 3 2.55 (d, 2 H, CH>), 5.12(d, 2 H, CH»=),
and 5.75 (m, 1 H, CH=), as well as singlets of the NH
and NH, protons and a multiplet of the (CH,), protons
at 5 11.89, 6.23, and 1.75, respectively.

The attempted synthesis of annelated 3-amino-
pyrazoles by a popular procedure, viz., by replacement
of a methylthio group by a hydrazo group followed by
subsequent intramolecular cyclization of the reaction
product, 23 fajled in the case of 6-amino-3.5-dicyano-
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2-methylthio- 1,4-dihydropyrnidine-4-spirocyclopentane
{6b). Instead, imine exchange?® occurred, which resulted
in 3-amino-3-cyano-6-methylthio-2H-4,7-dihvdro-
pyrazolo{3,4-b]pyridine-4-spirocyclopentane (8). The
structure of the latter corroborated with the spectro-
scopic data (see Experimental).

Experimental

[R spectra were obtained in Vaselinc ¢il on an [KS-29
spectrometer. |H NMR spectra were recorded on a Bruker
WP-100 SY instrument (100 MHz) in DMSO-dg using Me,Si
as the internal standard. The purity of the compounds was
monitored by TLC on Silufol UV-254 plates in an acetone—
hexane mixture (3 © 3).

N-Methylmorphelinium 6-amino-3,5-dicyano-1,4-dihydro-
pyridine-4-spirocyclopentane-2-thiolate (4). N-Methylmorpho-
line (2 mL, 20 mmo!) was added with stirring at 20 >C to a
solution of compounds 1 and 2 (10 mmo! of each) in dry
cthanol (153 mL). After 48 h. the yellow powder that formed
was filtered off and washed with dry ethanol and hexane. Yield
260 g (78%), m.p. 114~—116 °C. Found (%): C, 37.50;
H. 6.81; N, 21.22; S, 9.74. C;gH,3N;0S. Calculated (%):
C, 57.63: H. 6.95; N. 21.00: S, 9.62. IR, v/cm™1: 3395, 3300
(NH, NH;): 2192 (CN); 1620 (8(NH,)). 'H NMR, &: 7.01
(brs, 1 H, NH); 5.31 (brs, 2 H, NHy); 3.76 (m, 4 H,
CH,0CHS,); 3.11 (m, 4 H, CHyNCH,); 2.75 (s, 3 H, CH3);
1.66 (m, 8 H, (CHa2)y).

6-Amino-3,5-dicyano-2- Z-methylthio-1,4-dihydropyridine-
4-spirocyclopentanes (6a—1). Halide 5§ (10 mmol) was added
to a suspension of salt 4 (10 mmol) in ethanol (10 mL), and
the mixture was stirred for 4 h and diluted with water (10 mL).
The resulting precipitate was washed with water, ethanol, and
hexane to give the corresponding compound 6. Data for the
latter are presented in Tables I and 2.

3-Allyl-6-amino-3,5-dicyano-3,4-dihydropyridine-4-spiro-
cyclopentane-2( L H)-thione (7). A suspension of compound 6a

(10 mmol) in benzene (20 ml) was refluxed for 4 h. The
reaction muxture was cooled, and the precipitate was filtered
off and washed with hexane. Yield 2.3 g (84%), m.p. 119—
121 °C. Found (%): C, 61.90; H, 5.80: N, 20.70; S, 11.60.
C4HgN,S. Calculated (%). C. 61.74; H, 5.92; N, 20.57;
S. 11.77. IR, v/em™!: 3452, 3340, 3220 (NH. NHa): 2235,
2190 (CN); 1660 (3(NH2)). 'H NMR, §: 11.89 (s, 1 H. NH);
6.23 (s, 2 H, NH»): 3.75 (m. | H, CH=); 5.17 (d, 2 H.
CH,=); 2.55 (d, 2 H, CH»): 1.75 (m. 8 H. (CH,)y).

3-Amino-5-cyano-6-methylthio-2 H-4,7-dihydropyrazo-
lo[3,4-b]pyridine-4-spirocyclopentane (8). A suspension of
compound 6b (10 mmol) and hydrazine hydrate (30 mmol) in
cthanol (15 mL} was refluxed for 2 h. The reaction mixture
was cooled, and the precipitate was filtered off and washed
with ethanol and hexane. Yield 1.8 g (69%), m.p. 175—177 °C
(from n-butanol). Found (%): C, 55.08: H, 3.85: N. 26.94:
S, 12.13. Cj3HsNsS. Calculated (%): C, 33.15: H, 3.79;
N, 26.80; S, 12.27. IR, v/em™!: 3315—3374 (NH, NH.):
2195 (CN): 1640 (3(NHy). 'H NMR, &: 10.74 (brs, 1 H.
N(Q)H); 9.49 (brss, 1 H. N(TYH); 4.55 (s, 2 H, NH,): 2.45 (s,
3 H, CH;); 1.82 (m, § H. (CH;)y).
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