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Reaction of Pyridinium and Quinolinium Salts Having the Leaving Group
at the 2- or 4-Position with Active Methylene Compounds
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The reactions of 2- or 4-cyanopyridinium salts with active methylene compounds such as dimethyl malonate,
malononitrile, and cyclohexane-1,3-dione affording 2- or 4-(substituted methylene) pyridines are described. Similar
reactions of 4-cyano-2-methylthiopyridinium and 4-cyano-2-methylthioquinolinium salts, both of which have two leav-
ing groups, were readily prepared from 4-cyano-1-methyl-2 (1H) -pyridone and 4-cyano-1-methyl-2 (1H) -quinolone via
4-cyano-1-methyl-2 (1H) -thiopyridone and 4-cyano-1-methyl-2 (1H) -thioquinolone in two steps, proceeding at the 2-
and/or 4-positions on the pyridine or quinoline rings.

Key words——4-cyanopyridinium salt; malononitrile; 4-cyano-1-methylthiopyridone; 4-cyano-2-methylthioquinolini-
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1. 27/E) LIS 7/ F/0)=2
LR LB AF L ALEMDRIE BDIZ,
2T ALICIHBERR S LT T R EFETHEY Y
SO LNFEEEIEEATFL ALEY [vO gy
AF) (4a) ;O /= RU)L (4b) ; > 7 ONF
B2 -1,3- A 2 (de)] & DKIEA NaH F1E &R
A&7 (Chart 2, Table 1). JFEID 2- Xid 4- >
7 EU P LMK (3a, b, 7a, b) 1F, 2- XiZ
4->7 8T (da,b) EAFILNIEX DIV
NTA1 K (a,b) DoRFITHEHND. 2-27 )/
U o AR (3a, b) EHIROIEEAT L
A& (4a, b) D%, 60°C T 2 K#fi] (THF)
f1o&, 207 /3L da, bNEHL 2 2- (B
BAFL ) BU D AEK (5a, 85%; 5b,9 93%;
6a, 61%; 6b,9 51%; Table 1, entries 1, 2, 4,5) DOH
MWERLEZ. 51T, 427 /80U D=0 Ak
H (7a, b) & da, b DRISBFEBRITHETL, 440D
DY JHE da, b NEW Lz 4 (BEWAFLY) E
D RRAER (8a,'2 81%; 8b,!? 96%; 9a,!® 40%;
9b,13 65%; Table 1, entries 7, 8, 10, 11) AR L
7o, M5, BRIROEHEAFL ALEY (4e) & 3a,
b, 7a, b DRILTIE, WA EBIT, 4- (EHATL
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J
LT L S Ol ()
—_ = » Sa-X
NZ “CN SNZ ON o N N~ CN
R A R R
1a 3a,b 5a,b,6a, b 5¢c, 6¢

2a:3a:R=Me;A=1;50%
2b: 3b: R=Bn;A=8Br,60%
: X =Y =COOMe

4b: X=Y=CN

1 X=CO(CH,);CO=Y

5a : R=Me; X=Y =COOMe
§5b: R=Me;X=Y=CN

5¢ : R=Me; X =CO(CH,);CO =Y

6a : R=Bn;X=Y=COOMe
6b:R=Bn;X=Y=CN
6¢ : R=Bn; X =CO(CH,),CO=Y

XY
CN CN x i
| e RA(2a,b) i N CH2<Y (4ac) (7
_ R P -
N N - NaH N
R A R
1b 7a, b 8a-c, %9a-c

7a:R=Me;A=1;90%
7b: R=Bn;A=8Br; 100%

8a:R =Me;X=Y=COOMe
8b:R=Me;X=Y=CN
8c : R=Me; X=CO(CH,);CO=Y

Chart 2

9a : R=Bn;X=Y=COOMe
9b:R=Bn;X=Y=CN
9¢ : R=Bn; X =CO(CH,),CO =Y
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Table 1. Reactions of Cyanopyridinium Salts (3a, b and 7a, b) with Active Methylene Compounds (4a—c)
Entr Salt R 4 Temp. Time Solvent Product Yield
Y (C) (h) (%)
X Y
1 3a Me a COOMe COOMe 60 4 THF 5a 85
2 3a Me b CN CN 60 2 THF 5b 93
3 3a Me c COCH,CH,CH,CO 90 2 DMF 5¢ 28
4 3b Bn a COOMe COOMe 60 4 THF 6a 61
5 3b Bn b CN CN 60 2 THF 6b 51
6 3b Bn c COCH,CH,CH,CO 920 2 DMF 6¢ 51
7 Ta Me a COOMe COOMe 60 2 THF 8a 81
8 Ta Me b CN CN 60 2 THF 8b 96
9 Ta Me c COCH,CH,CH,CO 90 2 DMF 8c 30
10 Tb Bn a COOMe COOMe 60 4 THF 9a 40
11 Tb Bn b CN CN 60 2 THF 9b 65
12 Tb Bn c COCH,CH,CH,CO 920 2 DMF 9¢ 24
X Y
x '\ P
CL CL fl e Ol QL
< | |
N 0 N SMe NaH N Qﬁz N~ SMe
Me Me Me l\'ﬂe
10a 11a 12a 13a, e 13b, d
X Y
CN CN CN o
[}
=N =
= ) @fl 9@
X
N ¥ oN Mo ran NaH NG N7 SMe
Me Me Me _ Me Y Me
|
10b 11b 12b 14a-g 15b,d, g
a) P,Ss, pyridine, reflux, 5 h 4a; 13a; 14a ; 15a : X=COOMe ; Y =COOMe
b) Mel, acetone, reflux, 4 h 4b; 13b; 14b ; 15b: X=CN i Y=CN
4c; 13c; 14c ; 15¢ : X = CO(CHo),CO =Y
4d ; 13d; 14d ; 15d : X=CN . Y =COOMe
4e ; 13e; 14e ; 15e ; X=COMe ;Y = COOMe
4f ; 13f ; 14f ; 151 : X=COMe . Y =COMe
4g; 13g; 14g ; 159 : X =CO(CH,),CO =Y
Chart 3
) EU YUK (Sc, 28%; 6¢,51%; 8¢, 30%; (12a) KOF /U= AEEE (12b) & da—c D

9¢,14 24%

; Table 1, entries 3, 6, 9, 12) # 4 L, 3a,

blI2fDTY JENEE L LkAEER (Sc, 6¢) %

5 X7

2. 2fICAFINFAERZRETRLT7/EYS=
DLWCS T/ F /)27 LMRIELFEAFL
ALEMDOR I
AFINTAHEDO 2HONMEZETZ2EY 22T A

KIZ, 4401

7 JEE 26T

iz 60 & 0°C THeat L /= (Chart 3, Tables 2,
3). UfKIE (12a,b) 1%, &% 427 /Y RY
102) D KV 4- 27 JF /71> (10b) 161D 5 FoF
YR (11a) KUEFAF /70> (11b) ZE#EH
LT 2EETARBICAKRI NS, UHEE (122) &
EHEAF L ALEY (4a—e) DL, Table 2 1T
RT KD, da &7 NEEFBRATIVIZ AT )L (4e)



102

Vol. 126 (2006)

Table 2. Reactions of 4-Cyano-2-methylthiopyridinium Salt (12a) with 4a—e for 2 h

Entry 4 Teomp. Solvent Proc!upt Yield Prodppt Yield
X v (°C) 2-position (%) 4-position (%)
1 a COOMe COOMe 60 THF 13a 70 — —
2 a COOMe COOMe 0 THF 13a 51 — —
3 b CN CN 60 THF — — 13b 65
4 b CN CN 0 THF — — 13b 44
5 ¢ COCH,CH,CH,CO 90 DMF — — — —
6 ¢ COCH,CH,CH,CO 60 DMF — — — —
7 ¢ COCH,CH,CH,CO 0 DMF — — — —
8 d CN COOMe 60 THF — — 13d 57
9 d CN COOMe 0 THF — — 13d 55
10 e COMe COOMe 60 THF 13e 65 — —
11 e COMe COOMe 0 THF 13e 47 — —

Table 3. Reactions of 4-Cyano-2-methylthioquinolinium Salt (12b) with 4a—g for 2 h

Entry 4 Teomp. Solvent Proc!u.ct Yield Prodppt Yield
X v (°C) 2-position (%) 4-position (%)
1 a COOMe COOMe 60 THF 14a 96 — —
2 a COOMe COOMe 0 THF 14a 84 — —
3 b CN CN 60 THF 14b 93 15b 7
4 b CN CN 0 THF 14b 58 15b 25
5 b CN CN 60 DMF 14b 69 15b 9
6 b CN CN 0 DMF 14b 55 15b 23
7 c COCH,CH,CH,CO 60 DMF 14c 23 — —
8 c COCH,CH,CH,CO 0 DMF 14c¢ 58 — —
9 d CN COOMe 60 THF 14d 81 15d 18
10 d CN COOMe 0 THF 14d 74 15d 22
11 d CN COOMe 60 DMF 14d 63 15d 5
12 d CN COOMe 0 DMF 14d 61 15d 16
13 e COMe COOMe 60 THF 14e 69 — —
14 e COMe COOMe 0 THF 14e 55 — —
15 f COMe COMe 60 THF 14f 43 — —
16 f COMe COMe 0 THF 14f 38 — —
17 g COCH,CH,CO 60 DMF 14g — — —
18 g COCH,CH,CO 30 DMF 14g 30 15¢g 14
19 g COCH,CH,CO 0 DMF 14g 38 15¢g 51

DBEIT, 2/HDAFIVF A ENBEEE & U TER
L7-EEIR (13a, 70%, 51%; 13e, 65%, 47%; en-
tries 1, 2, 10, 11) OHAZHZX /=D, 4b &
TR ATFIV T ATV (4d) DHEITIE, 460
27 HDEEE & UTTER Uz iR (13b, 65
%, 44%; 13d, 57%, 55%; entries 3, 4, 8,9) OHA %
H5Zk. UL, 4, 7EFITEEFD @A) &
1,3- 270X 2% > (4g) OHEITIE, 4a &
RIS T TS HEST LTah - 7.

Uk (12b) EEMEAF L AbEY (da—g)
Dz, Table 31Z/RTXDIZ, RIGEE (60 &
0°Csentry 17 #Fr<) TR, 2D AFILF
FENGRER & U CTEMLU kAR (14a—14g;
entries 1—19) % 96—23% DINEKTH X, HI 4a,
c,e, f DKt (entries 1,2,7,8, 13—16) 1%, {bL2%E
RN REAESFT L7z (Chart 3). #&MEXF L 1L
“aY (4b,d, g) DRIBTIX, 2D AF )V F A5
DEFEMTAMLDT T ) EDTEER & UTIER L 7Zik
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¥R (15b, d, g'®; entries 3—6, 9—12, 18, 19) %,
5—51% DINERTHZ /-, ¥iEE L T THF & DMF
ZRWED, (EFHEREAN O FITRD s i o
7= (entries 3—6, 9—12).

RS (5a, ¢, 6a, ¢, 13a, b, d, e, 14a—g, 15b,
d) OREEIL, 'H-NMR, IR A X7 b)VEMN S HRE
U7=. H#EIR (Sc, 6c, 13a, e, 14a—g) 1, IR AR
7 RV TIEEL (3a, b, 7a, b, 122, b) &R U < 2200
em~ 22T S RRITHRRT HHINNED 5, kiE
& (5a, 6a,13b,d, 15b,d) TIIHEL TS, =5
12, '"H-NMR Z X7 MLIZBWT, JR#EE (5c, 6¢)
X, EUP RO, S5, 6 OKFICHKT ST
FIVIEFEEL, AR (5a, 6a) 13, 3—6 (LD/KFHE
WCHKT D 4H DO 7 FIVINEET D, £z, Bk
MR (13b,d, 15b, @) 121X, AFIVFAHEITHEKT
B3 F) (2.67—2.94ppm) MEET B0, ik
& (13a, e, 14a—g) TIIHEL TNB. INHD
FHEMNS, s (Be, 6c, 13a, e, 14a—g) |3, 417
BHATHO, pfER (5a, 6a,13b,d, 15b,d) 13
2ALEWARTH D EPE LTz

£ B o &

A, Yanaco M EASAHIEREZ MWV, TN
TRMIETHS. IR A7 ML, Perkin  Elmer
FT-IR 1725X. MS A X7 ~MUIX, JEOL JMS-
DX303/JMA-DA 5000, st#%3#71id, PERKIN EL-
MER 2400 CHN Elemental Analyzer Z{fif L /~.
NMR Z X7 MLiE, INM-GSX 400 (‘H-NMR,
400 MHz; *C-NMR, 100 MHz), JNM-EX 270 (‘H-
NMR, 270 MHz; BC-NMR, 67.8 MHz) & JEOL
JNMPMX 60si THIE L 7z, fL¥> 7 i
tetramethylsilane (Me,Si) 2 NERIEHEE L T, Me,
Sins@Dppm TRl 7z, @E /O NI T T 14—
1%, precoated silicagel 60F,s;, TLC plate (2 mm,
Merck #:8) #HWik., 79y ahsLr0x
7574 —1F, EEMEL T Merck Kieselgel 60
(230—400 mesh) 7z fw /=,

1. 1-7)LF)IL-2-27/E) 2= LMHRIE
(3a, b, 7a, b) DA —MHEEE a) 1a
(0.208 g, 2mmol) & 2a (1.42g, I0mmol) D7t
c> (Tml) Bz 3 REEMEVRIRT 2. fithd 5
HEAKEZERL, A&/ —=I)LhSHEEHLTI-
methyl-2-cyanopyridinium iodide (3a, 0.124 g, 50%)

Zf%. b) LRt CRERICEIEL, 1a & 2b KT 1b
E2a,bDRIENE, HX,
dinium bromide (3b, 60%), 4-cyano-1-methylpyri-

1-benzyl-2-cyanopyri-

dinium iodide (7a, 90%) & 1- benzyl4cyanopyr1—
dinium bromide (7b, 100%) %%+
AR (MeOH), mp 184—185°C IR
(Nu_]ol) cm~!: 2524, 2363, 2244, 1662, 1635. 'H-
NMR (DMSO-d¢) d: 4.52 (3H, s, NMe), 8.47 (1H,
ddd, J=2.2,6.4,7.8 Hz, H-4), 8.81 (1H, dd, J=2.2,
6.0 Hz, H-6), 8.85 (1H, ddd, J=1.0, 6.4, 7.8 Hz,
H-5), 9.38 (1H, dd, J=1.0, 7.8 Hz, H-3). *C-NMR
(DMSO-dg) d: 47.88, 110.64, 126.99, 130.85, 132.80,
145.56, 148.50. Anal. Caled C;H;IN,: C, 34.17; H
2.87; N, 11.39. Found: C, 34.00; H, 2.90; N, 11.51.
3b : %EAEHRE (MeOH), mp 160—162°C. IR
(Nujol) cm~!: 2409, 2364, 2246, 1614. 'H-NMR
(DMSO-d¢) d: 6.14 (2H, s, CH,), 7.48 (5H, s, H-
aromatic), 8.56 (1H, ddd, 4.1, 5.6, 8.6 Hz, H-5),
8.92 (2H, m, H-3,4), 9.56 (1H, d, J=5.6 Hz, H-6).
BC-NMR (DMSO-d¢)d: 63.17, 110.57, 125.82,
128.11, 128.36, 128.46, 128.68, 129.08, 131.54,
131.77, 134.52, 146.38, 148.25. Anal. Caled Cj3H,
BrN,: C, 57.17; H, 3.32; N, 10.26. Found: C, 57.55;
H, 3.00; N, 9.99.

CEHEHCRE (MeOH), mp 198—200°C. IR
(Nu]ol) cm~!: 2558, 2370, 2244, 1657, 1636. 'H-
NMR (DMSO-d¢) d: 4.43 (3H, s, NMe), 8.69 (2H,
d, J=6.6 Hz, H-3, 5), 9.29 (2H, d, J=6.6 Hz, H-2,
6). "C-NMR (DMSO-dg)d: 48.45, 114.25, 126.01,
129.92, 146.36, 146.43, 146.50. Anal. Calcd C;H;IN,:
C, 34.17; H, 2.87; N, 11.39. Found: C, 34.49; H,
3.10; N, 10.96.

b : EfagHiRiE (MeOH), mp 202—203°C. IR
(Nujol) cm~!: 2418, 2364, 2245, 1639. 'H-NMR
(DMSO-dy) 6: 6.33 (2H, s, CH,), 7.50—8.0 (5H, m,
H-aromatic), 8.90 (2H, d, J=7.0 Hz, H-3, 5), 9.80
(2H, d, J=7.0 Hz, H-2, 6). "C-NMR (DMSO-d;)
0: 63.47, 114.25, 126.89, 128.61 (C2), 128.69 (C2),
129.06, 130.89 (C2), 133.12, 145.60 (C2). Anal.
Caled C3HoBrN,: C, 34.17; H, 2.87; N, 11.39.
Found: C, 34.42; H, 2.50; N, 11.63.

2. >T7/EVCZ7LMKIE (3a,d, 7a, b) &
EHMAFLALEY (da—c) ORI | —HRBYERE
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*® a) EHEZM N, NaH (31 mg, 1.2 mmol) O
THF (5ml) ##EWKIC0°C T, YOI AF)L
(0.158 g, 1.2mmol) Z{H T3 %. REKZEIRT
10 77fE#E#E L, 3a (0.246 g, 1 mmol) ZMA /=D,
60°C T 4 Il N9 5. OS2 /Kkim Lian
5, /K (5ml) &fIF1 Na,S,05 /KiE# 3ml) Zfn
Z, CHCIl; THiid 5. CHCI; 8 % /K MgSO, T
VLIRS, VR & R A L, 1,2-dihydro-2- [bis (me-
thoxycarbonyl) methylene] -1-methylpyridine (5a, 190
mg, 85%) %1%, b) 3al 4b, ¢ 2T 3b, 7a, b &
d4a—c O IIE, Table 1 IZ/R L 7z KRG fF TTT
W, FEEERIBRICEIEL, TRRofbteWzafsi : 2-
[ bis (cyano ) methylene ] -1,2-dihydro-1-methylpyri-
dine (5b),% 2-cyano-1,4-dihydro-4- (2,6-dioxocyclo-
hexylidene) -1-methylpyridine  (5¢), 1-benzyl-1,2-
dihydro-2- [ bis (methoxycarbonyl ) methylene ] pyri-
dine (6a), 1-benzyl-2-[bis(cyano) methylene]-1,2-di-
hydropyridine (6b),% 1-benzyl-2-cyano-1,4-dihydro-
4-(2,6-dioxocyclohexylidene) pyridine (6¢), 1,4-di-
hydro-4- [ bis ( methoxycarbonyl ) methylene ] -1-
methylpyridine (8a),') 1,4-dihydro-4- [bis (cyano)
methylene] -1-methylpyridine (8b),!V 1,4-dihydro-1-
methyl-4- (2,6-dioxocyclohexylidene) pyridine (8¢),!?
1-benzyl-1,4-dihydro-4- [ bis (methoxycarbonyl ) me-
thylene] pyridine (9a),!3 1-benzyl-4- [bis(cyano) me-
thylene] -1,4-dihydropyridine (9b),'¥ 1-benzyl-1,4-
dihydro-4-(2,6-dioxocyclohexylidene) pyridine (9¢).!¥

5a: MR, (acetone), mp 184—185°C. IR
(KBr) cm~!: 1720, 1700. 'H-NMR (CDCl;)é: 3.66
(6H, s, OMex2), 3.92 (3H, s, NMe), 7.13 (1H, m, J
=2.0, 6.0 Hz, H-5), 7.73 (1H, m, J=2.0, 6.0 Hz,
H-4),7.89 (1H, dd, J=2.0, 6.0 Hz, H-3), 8.13 (1H,
d, J=2.0, 6.0 Hz, H-6) . ®*C-NMR (CDCl;) §: 44.64,
49.50 (C2), 117.70, 132.68 (C2), 136.89, 139.61
(C2), 161.09, 166.71. MS m/z: 223 (M*). Anal.
Caled C;;H;3NOy: C, 59.18; H, 5.87; N, 6.28. Found:
C, 59.01; H, 6.05; N, 6.19.

Sc : #ffEHIRE, (CHCl-benzene), mp 215—217
°C. IR (KBr) cm~!: 2200, 1635, 1590, 840, 730. 'H-
NMR (CDCl;)d: 1.88—1.95 (2H, m, CCH,C), 2.55
(4H, m, J=6.4, 6.6 Hz, COCH,x2), 4.00 (3H, s,
NMe), 7.53 (1H, d, J=7.6 Hz, H-6), 9.18 (1H, dd,
J=2.5,7.6 Hz, H-5), 9.63 (1H, d, J=2.5 Hz, H-3).

BC-NMR (CDCl;)d: 19.13, 40.09 (C2), 43.77,
111.02, 111.98, 120.29, 122.09, 127.77, 140.72,
151.92, 198.22 (C2). MS m/z: 228 (M*). HRMS
Calcd C3H;N,0,: 228.0899. Found: 228.0855.

6a : B fAEHIRE (acetone), mp 201—203°C. IR
(KBr) cm~!: 1710, 1700, 1600, 870, 800, 740. 'H-
NMR (CDCl3)é: 3.64 (6H, s, OMex2), 5.32 (2H, s,
NCH,), 6.85—8.00 (9H, m, H-3, 4, 5, 6, and aro-
matic). C-NMR (CDCl;)d: 50.49 (C2), 60.23,
119.14, 129.12, 129.27 (C2), 129.43 (C2), 113.87
(C2), 134.82, 138.17 (C2), 139.69, 162.73, 167.76.
MS m/z: 299 (M*). Anal. Calcd for C;sH;7;NO,: C,
68.21; H, 5.73; N, 4.68. Found: C, 67.97; H, 5.78; N,
4.64.

6c : #HAMIRE, (ether),, mp 160—162°C. IR (KBr)
cm~!: 2210, 1635, 1595, 838. 'H-NMR (CDCl;) é:
1.66—2.17 (2H, m, CCH,C), 2.59 (4H, dd, J=6.0
Hz, COCH,x2), 5.39 (2H, s, NCH,), 7.20—7.66
(5H, m, H-aromatic), 7.66 (1H, d, J=8.0 Hz, H-6)
9.20 (1H, dd, J=2.0, 8.0 Hz, H-5), 9.63 (1H, d, J=
2.0 Hz, H-3). BC-NMR (CDCl;)d: 19.09, 40.01
(C2), 60.07, 111.94, 112.20, 120.36, 121.72, 125.36
(C5), 129.84, 139.93, 140.77, 151.88, 198.12 (C2).
MS m/z: 304 (M*), 91. HRMS Calcd CioH;4N,O,:
304.1365. Found: 304.1326.

3. 1-AFIL-200H)-FFE ) B FEEK (11a,
b) DA I —MBEIEE o) BUT Y (6ml)
IZ phosphorus pentasulfide (1.44 g, 6.5 mmol) %%
f# U 7= YR & 1T 4-cyano-1-methyl-2 (1H) -pyridone
(10a, 0.67 g, 5mmol) !9 Z I A T 5 K NER R
%. FOSRIZ/K (10mD) ZMNA, CHCl; THIHL,
CHCI, g & /K MgSO, THIRTR, AR ZJEAZEL
T5. FoNMERMEASY ) —)VnS Bk L
T 4-cyano-1-methyl-2 (1H) -thiopyridone (11a, 0.622
g, 83%) %#1%5. b) LEEFBRICEIELT, 4-
cyano-1-methyl-2 (1H) -quinolone  (10b) &7 /8 5 4-
cyano-1-methyl-2 (1H) -thioquinolone (11b, 90%)
155,

11a : EHASHIRE (acetone), mp 192°C. IR (KBr)
cm~!: 2241, 1681, 1513, 1367, 1138, 862, 805. 'H-
NMR (CDCl;): 3.93 (3H, s, NMe), 6.63 (1H, dd, J
=1.7, 6.9 Hz, H-5), 7.67 (1H, d, J=6.9 Hz, H-6),
7.86 (1H, d, J=1.7 Hz, H-3). BC-NMR (CDCl;) é:
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46.34, 111.40, 140.54, 141.82, 141.83, 179.45. MS m/
z: 150 (M*). HRMS Caled C;HgN,S: 150.0220.
Found: 150.0223.

11b : #HEEHIRE: (acetone), mp 192—193°C. IR
(KBr) cm~!: 2232, 1652, 1604, 1342, 828, 755. 'H-
NMR (CDCl;)d:4.23 (3H, s, NMe), 7.48 (1H, ddd,
J=1.5,17.4,7.9Hz, H-6), 7.70 (1H, dd, J=1.5, 7.3
Hz, H-8), 7.76 (1H, ddd, J=1.5, 7.3, 7.4 Hz, H-7),
7.97 (1H, dd, J=1.5, 7.9Hz, H-5). 3C-NMR
(CDCl3)d: 38.24, 114.80, 116.02, 120.75, 123.40,
125.13, 126.77, 132.94, 139.20, 140.02, 182.81. MS m
/z: 200 (MT), 155. HRMS Caled C;;H;N,S:
200.0408. Found: 200.0417.

4. 1-AFII 2- AFIINFAE) I L &L A
FIL2- AFINFAF/ ) =7 LMRIE (12a, b)
DER - —iBREE a) 11a (0.3 g, 2 mmol)
L2a (1.42g, 10mmol) ®7+t k> (10ml) FK
Z, AWFREIINBGER T 2. T 5 8 k5 2 I
L, A% /=)L) 5L T 4-cyano-1-methyl-2-
methylthiopyridinium iodide (12a, 0.50 g, 86%) %
5. b) EREEFMRICIREIEL, 11b & 2a ORIEH
% 1-methyl-2-methylthioquinolinium iodide (12b, 95
%) E155.

12a : #B ARG (MeOH), mp 200—202 °C. IR
(Nujol) cm~!: 2508, 2350, 2245, 1677, 1330. 'H-
NMR (DMSO-d;) é:2.95 (3H, s, SMe), 4.18 (3H, s,
NMe), 8.24 (1H, dd, J=1.5, 6.4 Hz, H-5), 8.54
(1H, d, J=1.5Hz, H-3), 9.17 (1H, d, J=6.4 Hz,
H-6). ®*C-NMR (DMSO-d;) d: 15.43, 46.55, 114.74,
123.03, 124.51, 127.94, 147.78, 162.79. Anal. Calcd
CgHGIN,S: C, 32.89; H, 3.11 N, 9.59. Found: C,
32.95; H, 3.43; N, 35.

12b : R RS (acetone), mp 273°C (decomp) .
IR (KBr) cm~!: 2235, 1602, 1585, 1366, 1141, 826,
783. 'H-NMR (DMSO-d¢)d: 3.12 (3H, s, SMe),
4.46 (3H, s, NMe), 8.08 (1H, ddd, J=0.6, 7.5, 8.2
Hz, H-7), 8.30 (1H, ddd, J=1.6, 7.5, 9.0 Hz, H-6) ,
8.38 (1H, dd, J=1.6, 8.2 Hz, H-8), 8.61 (1H, dd, J
=0.6, 9.0 Hz, H-5), 8.75 (1H, s, H-3). C-NMR
(DMSO-dg) &: 17.44, 41.52, 113.30, 117.68, 119.01,
124.11, 124.51, 125.21, 128.03, 130.87, 137.41,
141.12. Anal. Caled C,H(IN,S: C, 42.12; H, 3.24;
N, 8.19. Found: C, 41.98; H, 3.09; N, 7.87.

5. 12a,b &da—g ORI a) EEIRAT,
NaH (31 mg, 1.2mmol) ® THF (5ml) &R 0
‘CT~xnorigEs AF)I)L (0.158¢g, 1.2 mmol) %
T9%. ERTREAKZ 10 7 EHEE, 13a
(0.292¢g, I mmol) ZMA %. REWZ 60°C T 4
ML, 7K (5ml) &AIFT Na,S,05 /KIEWK (3 ml)
EIMA%. JNHZE CHCl; THIH L, /K MgSO,
THL R, W ZWER AL, 4-cyano-1,2-di-
hydro-2- [ bis ( methoxycarbonyl ) methylene ] -1-
methylpyridine (13a, 0.238 g, 96%) %15%. b)12a
& 4b—g, 12b & 4a—g D iz ld, Tables 2, 3 1T
U= RINGEMETITY,  RR EFBRICHEIEL, Tao
{b& W) % 1572 © 2- [acetyl (methoxycarbonyl) methy-
lene] -4-cyano-1,2-dihydro-1-methylpyridine  (13e),
4- [ bis (cyano) methylene ] -1,4-dihydro-1-methyl-2-
methylthiopyridine (13b), 4-[cyano (methoxycarbo-
nyl) methylene] -1,4-dihydro-1-methyl-2-methylthio-
pyridine (13d), 4-cyano-1,2-dihydro-2- [bis (meth-
oxycarbonyl) methylene] -1-methylquinoline (14a),
4-cyano-2- [ bis (cyano ) methylene ] -1,2-dihydro-1-
methylquinoline (14b), 4-cyano-1,2-dihydro-2-(2,6-
dioxocyclohexyl-idene) -1-methylquinoline (14¢), 4-
cyano-2- [cyano (methoxycarbonyl) methylene] -1,2-
dihydro-1-methylquinoline (14d), 2-[acetyl (methox-
ycarbonyl) methylene] -4-cyano-1,2-dihydro-1-meth-
ylquinoline (14e), 4-cyano-2- [bis (acetyl) methylene]
-1,2-dihydro-1-methylquinoline (14f), 4-cyano- 1,2-
dihydro-1-methyl-2- (2,5-dioxocyclopentylidene) qui-
noline (14g), 4-[bis (cyano) -methylene]-1,4-dihydro-
1-methyl-2-methylthioquinoline  (15b), 4-[cyano
( methoxycarbonyl ) methylene ] -1,4-dihydro-1-me-
thyl-2-methylthioquinoline (15d), 1,4-dihydro-1-me-
thyl-2-(2,5-dioxocyclopentylidene) quinoline (15g) .18

13a : ARG (CHCL), mp 198—200°C. IR
(KBr) cm~!: 2200, 1680, 840, 780. 'H-NMR
(CDCly)8: 3.63 (3H, s, NMe), 3.76 (6H, s, OMex2),
6.73 (1H, dd, J=1.0, 7.0 Hz, H-5), 7.66 (1H, d, J=
7.0 Hz, H-6), 8.33 (1H, d, J=1.0Hz, H-3). *C-
NMR (CDCl,)d: 46.18, 51.43 (C2), 87.49, 113.28,
115.48, 118.78, 135.52, 140.86, 158.88, 167.60 (C2).
MS m/z: 248 (M+), 217. HRMS Calcd C,H;,N,0,:
248.0770. Found: 248.0797.

13e : E{aEHIR 5, (benzene), mp 148—149°C. IR



106

Vol. 126 (2006)

(KBr) cm~!: 2239, 1672, 1631, 848, 766. 'H-NMR
(CDCl;) 6: 2.48 (3H, s, COMe), 3.72 (3H, s, NMe),
3.84 (3H, s, OMe), 7.17 (1H, dd, J=2.0, 6.7 Hz,
H-5),7.97 (1H, d, J=6.7 Hz, H-6), 8.23 (1H, d, J=
2.0Hz, H-3). "C-NMR (CDCl;)d: 29.92, 46.92,
50.64, 114.94, 117.88, 120.87, 128.29, 138.00, 141.41,
162.01, 167.76, 191.75. MS m/z: 232 (M*), 217,
173, 159. HRMS Caled C,H;;)N,05: 232.0848.
Found: 232.0857.

13b : EHEAKAIRE (acetone), mp 235—237°C.
IR (KBr) cm~!: 2200, 2190, 1630, 830, 790. 'H-NMR
(CDCl;) 6: 2.93 (3H, s, SMe), 4.14 (3H, s, NMe),
7.94 (1H, d, J=6.6 Hz, H-5), 7.96 (1H, s, H-3),
8.95 (1H, d, J=6.6 Hz, H-6). *C-NMR (CDCl;) ¢:
15.44, 45.91, 111.51, 113.04, 115.69, 117.22, 118.97,
122.14, 125.06, 146.54. MS m/z: 203 (M*), 142.
HRMS Calcd C,,HoN;S: 203.0517. Found: 203.0556.

13d : YEASHIRE (acetone), mp 238—240°C.
IR (KBr) cm~!: 2159, 1625, 1619, 1152, 822. 'H-
NMR (CDCly)d: 2.94 (3H, s, SMe), 4.16 (3H, s,
NMe), 3.33 (3H, s, OMe), 8.00 (2H, m, H-3,5),
8.95 (1H, d, J=7.0 Hz, H-6). *C-NMR (CDCl;) é:
15.32, 41.86, 46.30, 107.99, 111.00, 111.58, 114.46,
118.05, 118.16, 121.28, 155.21. MS m/z: 203 (M*),
142. HRMS Caled C;oHyN;S: 203.0517. Found:
203.0556.

14a : B 8HIRGY (acetone), mp 168°C. IR
(KBr) cm~!: 2206, 2159, 1671, 1608, 820, 766. 'H—
NMR (CDCl,)d: 3.54 (3H, s, NMe), 3.83 (6H, s,
OMex2), 7.27—7.47 (2H, m, H-8, 6), 7.67 (1H,
ddd, J=1.5,7.4, 8.5 Hz, H-7), 7.88 (1H, dd, J=1.5,
6.8 Hz, H-5), 8.33 (1H, s, H-3). "C-NMR (CDCl;)
0: 42.36, 51.98 (C2), 97.28, 114.86, 116.12, 116.84,
120.32, 125.00, 125.84, 132.41, 133.18, 140.71,
155.13, 167.50 (C2). MS m/z: 298 (M*), 267.
HRMS Caled C;sH4N,O4: 298.0954. Found:
298.0952.

14b : #AEHREL (acetone), mp 200—202°C. IR
(KBr) cm~!: 2245, 2206, 2183, 1604, 832, 769. 'H-
NMR (CDClLy)d: 4.09 (3H, s, NMe), 7.55—7.61
(2H, m, H-7,8), 7.80 (1H, s, H-3), 7.82—7.86 (1H,
ddd, J=1.5, 6.6, 7.5 Hz, H-6), 8.00 (1H, dd, J=1.5,
6.6 Hz, H-6). "C-NMR (CDCl;)d: 41.49, 113.60

(C2),115.74, 116.02, 116.18, 119.77, 120.37, 126.35,
126.90, 127.92, 134.10, 140.37, 156.60. MS m/z: 232
M+), 192, 165. HRMS Calcd C,H;sN,: 232.0749.
Found: 232.0756.

14c : Btk S (acetone), mp 233°C. IR (KBr)
cm~!: 2229, 1718, 1625, 1600, 776. 'H-NMR
(CDCl3) d: 2.03—2.07 (2H, m, CCH,C), 2.57—2.62
(4H, m, COCH,x2), 4.00 (3H, s, NMe), 7.78 (1H,
ddd, J=1.4, 6.7, 8.1 Hz, H-6), 7.86—7.99 (2H, m,
H-7, 8), 8.20 (1H, dd, J=1.0, 8.1 Hz, H-5), 8.51
(1H, s, H-3). BC-NMR (CDCl;)d: 20.08, 38.09
(C2), 43.68, 112.02, 114.23, 118.79, 119.79, 123.38,
126.45, 128.31, 133.41, 135.01, 139.58, 159.92,
193.55 (C2). MS m/z: 278 (M*), 261, 222, 179.
HRMS Caled C;H4N,O,: 278.1055. Found:
278.1055.

14d : B EOACIRE, (acetone), mp 190°C. IR (KBr)
cm~!: 2193, 1693, 1610, 763. 'H-NMR (CDCl;) §:
3.86 (6H, s, OMex2), 4.02 (3H, s, NMe), 7.53—7.59
(2H, m, H-7, 8), 7.77 (1H, ddd, J=1.3, 7.9, 8.9 Hz,
H-6), 7.97 (1H, dd, J=1.3, 7.9 Hz, H-5), 9.05 (1H,
s, H-3). 3C-NMR (CDCl;)d: 30.14, 43.73, 52.14,
114.36, 117.03, 119.19, 120.75, 123.24, 126.01,
126.23, 130.06, 133.29, 134.18, 140.48, 158.03,
165.69. MS m/z: 298 (M), 265. HRMS Calcd C;s
H,;;N;0,: 265.0851. Found: 265.0825.

14e : Bk S (acetone), mp 205°C. IR (KBr)
cm~!: 2231, 1682, 1606, 767, 758. 'H-NMR (CDCl;)
J: 2.50 (3H, s, COMe), 3.72 (3H, s, OMe), 3.81
(3H, s, NMe), 7.62 (1H, ddd, J=1.0, 7.0, 8.0 Hz,
H-6),7.71 (1H, dd, J=1.0, 8.6 Hz, H-8), 7.82 (1H,
ddd, J=1.5, 71, 8.6 Hz, H-7), 8.04 (1H, dd, J=1.5,
8.0 Hz, H-5), 8.25 (1H, s, H-3) . BC-NMR (CDCl;)
o: 30.42, 43.29, 55.13, 104.27, 114.58, 118.05,
121.95, 126.15, 126.86, 132.92, 133.60, 135.22,
140.03, 158.44, 168.19, 193.55. MS m/z: 282 (M),
267, 209. HRMS Caled C;¢H4N,0O;: 282.1040.
Found: 282.1023.

14f : EAEHRE: (CHCL), mp 173°C. IR (KBr)
cm~!: 2234, 1676, 1601, 771. 'H-NMR (CDCl;) d:
2.44 (6H, s, COMex2), 3.79 (3H,s, NMe), 7.68 (1H,
ddd, J=1.3, 7.1, 8.4 Hz, H-aromatic), 7.78 (1H, dd,
J=1.6, 8.7 Hz, H-aromatic), 7.86 (1H, ddd, J=1.6,
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7.1, 8.7 Hz, H-aromatic), 8.09 (1H, dd, J=1.3, 8.4
Hz, H-aromatic), 8.15 (1H, s, H-3). C-NMR
(CDCl3)d: 30.42, 43.33, 51.28, 104.27, 114.58,
118.05, 121.95, 126.15, 126.86, 132.92, 133.60,
135.22, 140.03, 159.44, 168.19, 193.55. MS m/z: 266
(M*), 233, 209. HRMS Caled C;sH;4N,O,:
266.1055. Found: 266.1090.

14g : #FHAHIRE: (acetone), mp 243°C. IR (KBr)
cm~!: 2232, 1716, 1616, 757. '"H-NMR (CDCl;) d:
2.68 (4H, s, COCH,x2), 4.09 (3H, s, NMe ), 7.73—
7.81 (1H, m, H-aromatic), 7.95—7.97 (2H, m, H-
aromatic), 8.20 (1H, d, J=8.1 Hz, H-5), 8.88 (1H,
s, H-3). BC-NMR (CDCl;)d: 34.30 (C2), 44.12,
109.35, 114.11, 118.47, 121.11, 122.92 (C2), 126.60,
127.86, 131.13, 133.80, 139.90, 200.55 (C2). MS m/
z: 264 (M), 179, 154. HRMS Calcd C;cH{,N,0;:
264.0899. Found: 264.0864.

15b : R A EHIRE (acetone), mp>300°C. IR
(KBr) cm~!: 2190, 2173, 1609, 1321, 767, 751. 'H-
NMR (CDCl;)é: 2.67 (3H, s, SMe), 3.91 (3H, s,
NMe), 6.68 (1H, s, H-3), 7.44—7.55 (2H, m, H-aro-
matic), 7.72 (1H, dd, J=1.5, 7.1 Hz, H-aromatic) ,
9.08 (1H, dd, J=1.5, 8.2 Hz, H-aromatic). “C-
NMR (CDCl;)o: 16.22, 36.07, 103.83, 115.65,
118.98, 119.95, 120.54, 124.79, 126.95, 131.20,
132.70, 133.19, 139.86, 152.09. MS m/z: 253 (M™*),
220. HRMS Caled Ci4H N;S: 253.0674. Found:
253.0662.

15d : #HE ek (acetone), mp 210°C. IR (KBr)
cm~!: 2228, 1694, 1679, 1606, 763, 752. 'H-NMR
(CDCl;)é: 2.71 (3H, s, SMe), 3.83 (3H, s, OMe or
NMe), 3.90 (3H, s, OMe or NMe), 7.42 (1H, dd, J=
1.5, 9.0Hz, H-8), 7.47 (1H, ddd, J=1.3, 7.0, 9.0
Hz, H-7), 7.69 (1H, ddd, J=1.3, 7.0, 9.0 Hz, H-6) ,
8.51 (1H, s, H-3),9.21 (1H, d, J=1.3, 8.4 Hz, H-5) .
BC-NMR (CDCl;)d: 16.35, 36.04, 51.44, 105.44,
115.06 (C2), 121.41, 124.15 (C2), 128.22, 132.32,
140.47 (C2), 153.51, 168.43. MS m/z: 286 (M™*).
HRMS Caled C;sH4;N,O,S: 286.0776. Found:
286.0772.

£ B W
2R ARLITY T JHEEETHEY D2 AR

#i (3a, b, 7a, b) E{EEAFTL ALEY (da—c)
D JiE, NaH OFE FEMAGGETRIGL, 7
oo [(CsH,),NEt-propanol, 80°C, 2h]®% A F
JVF A [Et;N-ethanol, reflux, 4-24 h]¥ & [E4RIC
ST JEDER L THEATH D BRI
LML, EE0WEE EOERL (Bn) Xidde itk
DINERMEF Lz 2HOBBE 2632580 o=
TLAKROF U LAMNKRE (128, b) 1F, TEMEA
FLALEY a, e, ) E1F, BIRMIT 2L AF
WFFEDOHERIEL, EEATFT L ALEY (4b,
d) Si3, R2aTRAMS T ) HEOBERIR LD,
12b TRAFNFAELEST JHOWH & RKGL
Z. F U CORBKEHRONTIBEITLD, 2-X
3 4- BEANAERT 50, ZOKIGIEE (60 &0
°C) Ti, 60°CLDHOCHDEXITAb,d, g5
D 4- BEHK (15b,d, g) DWNRNHLIT M TIEH D
MEL7IEDTNWDA, BHS N ERIEITHRI L ah
Sz, ZORFERMEICOWT, HTEEEEZE
AWTHHZ A A =0 HERERIES NRh-
o, WEHEATF L ALEY (de, £) & 12a, b O Kix
DINHE %, 4a,b,d ZHNZHEONRE KT S
L&KL, ZOHMBEEL T e, £ D keto-enol Y13
enol HIZIEENWT WS =D1Z, BIVNZF > D4R
MMz eNZEMEEINS. BIRD 4e, g 20Tz
BET, —RITIEMEN DI & O REE
LEZBND. /-, 12b & 4c, g DRISTIE, 4g
DEEDH 4- BHENG SN TWS, ZNIEF/
U2 D4 ESAIERYMLDSAREENGFEET B0
2, X0ETODNEINAgNEBRLI-EEZEISN
5. B EiTTT ) ENELFE L - Se, 6¢, 13a, e, 14a—
gld, >7 /EZEREE LU THMEMTETHOE
R ElRPER S5,

PlE, 2B Ay 7/ REe2EdTr8) 02y
LARKROF ) 2 AN ETEEATF L ALEam D
KIinZ, NaH OFFE FEMAGHETRIGL, > 7
JEDBERE L TERTH DI LERLI.
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