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SYNTHESIS AND PROPERTIES OF 6-METHYL-4- 

(m-NITROPHENYL)-3-CYANOPYRIDIN-2 (1H)-ONES, 

THE C O R R E S P O N D I N G  PYRIDINE-2(1H)-THIONES,  

AND T H E I R  H Y D R O G E N A T E D  ANALOGS 

A. A. Krauze, H.-I. Ensch, and G. Ya. Dubur UDC 547.823 

The condensation of 4-pyridylacetone, m-nitrobenzaldehyde, and cyanoacetamide (cyanothioacetamide) in the 
presence of bases was used to obtain 5-pyridyl-substituted 6-methyl-4-(m-n#rophenyl)-3-cyanopyridin-2(1H)- 
ones, the corresponding pyridine-2(1H)-thiones, and their hydrogenated analogs. 2- 
Carbamoylmethylthiopyridine was isolated in the alkylation of 5-(4'-pyridyl)pyridine-2(1H)-thione with 
iodoacetamide under miM conditions, while 2-carbamoylthio-5-(N-carbamoylmethyl-4'-pyridyl)pyridine iodide 

was isolated under more severe conditions. 

3,4'-Dipyridyls are of interest as cardiotonic agents. Among them have been discovered the preparations amirinone 
and milrinone -- 5-(4'-pyridyl)-substituted pyridin-2(1H)-ones, which have a positive inotropic effect on the heart while 
simultaneously displaying a vasodilating effect [1-6]. 3,4-Dihydropyridin-2(1H)-ones also increase the force of contraction of 

the papillary muscles [7]. 
Cardiotonic properties have recently also been discovered for 5-(4'-pyridyl)-substituted pyridine-2(1H)-thiones [8]. 

In continuing our research on partially hydrogenated pyridin-2(1H)-ones and pyridine-2(1H)-thiones [9, 10] we 
synthesized 5-(4'-pyridyl)-substituted di- and tetrahydropyridin-2(1H)-ones and dihydropyridine-2(1H)-thiones and accomplished 

their oxidation and alkylation. 
Of the possible methods for the synthesis of these compounds [7, 10-13] we selected the method of unsymmetrical 

three-carbon condensation [ 10, 13]. The condensation of 4-pyridylacetone, m-nitrobenzaldehyde, and cyanoacetamide in the 
presence of strong bases at high temperatures proceeds with the formation of a complex mixture of products. 3-Cyanopyridin- 
2(1H)-one (IV), 6-hydroxy-3-cyano-3,4,5,6-tetrahydropyridin-2(1H)-one (II), and 3-carbamoyl-3,4-dihydropyridin-2(1H)-one 
(IIIb) were obtained in low yields when the reaction was carried out at room temperature using an equimolar amount of 
piperidine as the condensing agent with subsequent treatment of the reaction mixture with excess acetic acid and neutralization 
with ammonium hydroxide. The corresponding 3-cyano-3,4-dihydropyridin-2(1H)-one (IIIa) was isolated by brief heating of 

6-hydroxy derivative II with HCI in ethanol. 
The progress of this reaction can be represented in the following way: the initially formed 6-keto amide I undergoes 

subsequent intramolecular cyclization with the participation of both the amido and cyano groups, which leads to a mixture of 
hydrogenated 3-cyano- and 3-carbamoyl-substituted pyridin-2-ones II and IIIb. As compared with 3-carbamoyl-substituted IIIb, 
hydrogenated 3-cyanopyridin-2-ones II and IIIa are distinguished by greater instability; this is explained by their more facile 
oxidizability in the anionic form [15] and makes it possible to isolate pyridin-2-(1H)-one IV immediately from the reaction 
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TABLE 1. Characteristics of the Synthesized II-IV, VII, and IX-XIII 

CO~ ~ 

pound 

rap, ~ { Empirical 
fcrmuIa 

II 14-0.. 142 

I I~  125.. 127 
I I~  126.. 128 

IV 340.. 342 
VII :168.. 170 

d e c .  
IX >320 

d e e  
Xb,~182...184 

Xla 203.. .205 

XIbt198...200 

XlI 112...114 
XIII 160...163 

C18HI~N404 

CIsHI4N403 
ClSHIsN404 

CIsH~2N4Oz 
C2aH2~N~O~S 

C~8HI2N4028 

C~oH~rNsQS 

C~oH~sNs%SX 
XHC1 
C=oH~sNsOaS X 
XHC1 
C~oH~N~OaS 
C2~H~gIN60~S 

UV spec- 
t~, tmax 

ram 

262 

270 
270 

258,356 
262,322, 
370 sh 
252,32b, 422 

274,357 

268,3s6 ~, 
406 
270,354, 
406 sh 
272,322 sh 
263,327 

*Yield of compound XII 79% (method 

- T  IR spectrum, ~, cm 

c~o  

1678,1712 

I670,1716 
t654,1681, 
1704 
1680 

1691 

1667 

1684 
i662, i678, 
179(~ 

C~N 

2256 

2262 

2222 
2166 

2224 

2190 

2205, 
2952 
2~4 
2226 
2230 

NKI, NH2, OH 

3080,3274, 
3446 
3080,3232 
3142,3220, 
3400 
3092,3196 
3264 

3182 

3156,3324, 
3432 
3124,3160 

3272,3344 
sh 

3170, 3300 
3170,3272, 

A) anti 67% (naethod B). 

Yield, 
%~,~ 

2 

40 
24 

15 
75 

60 

83 

50 

90 

54 

TABLE 2. PMR Spectra of II-IV and VII-XIII in d6-DMSO 

II 

1Ila 

I l ib  

D/ 
VII 

Vill 

IX 
X 

Xla 

X!b 

XiI 

XllJ 

Com- Chemical shifts~ 6, ppm (SSCC, J, Hz) 
pound 

8,92 (IH,$~NI[);  8.:',. 7,1 (8]! m<,I~N()~C~t!~. 5-C~ILN); 6,28 ( l~l ,s ,  6-OH); 
4:52 (IH, d, 7=-12,0, 3-!I~: L;30 (Ill, dd., ,~ 11); .3.62 (IlL d, J= l l .0 ,  511): 
i,16 (3H, s ,  6-CH:~) - 
10,28 f !H,s ,  NH): 8,5 ..7,0 (~I'I,m~ -I-NO2C~H4, 5-C;,II,~N); 5,08 (0,75 II, d, 
]=7 ,0 , '3 -Hei I ) ;4 .78  (0.25 H. d, J::7,6, 3 -} I t r ans ) ;  4,54{0,25I], d,J~=7,b, 
4-11trans);4,52(0.75 iLd,7 : :7 ,0 .4- I le i s ) :  1,90(3tq, s,6-CH:J 
9,76, ([H, s, NH): 8,3.. .7.0 (8ii, m, 4-NO~C,~H4. 5-C:,H~N); 7,46and7.16 (2H, 
aria s3-CONH2 ; 4,4I (IH 4 7=38, 4-H 337 ( IHd ,  ,I=38, 3-]]): 1,87 

(~H.S, 6-Cra:;) 
13.14 (IH, s ,NH) ;  8,4 . 7,! (~I-Lm, 4-NO~..'.2~14.,, 5-C~14,N): 2,10 (3H, s,6-CH~) 
7,44 (lI-!, S,Nli) :  8 ,5 . .7 ,0  (8It, m, 4 NO:,.C(JI~, 5-Cs!I4N); 4,46 (IH, s .4-H);  
3,00andl,60 (i0H,mand%C:;I{pN): 1,88 (31i. s. 6CI-I:J 
7,94 (IH, s,Nl-.1!; 85 . .7,0 (,~II. m,4-N()~C~IL, 5-Ct:tLN); 4,52 (IH, s ,4-H):  
2.02 (3H. s., 6-CH~) 
.a,44 (1H, S,NH): 8 ,5 . . .71  (8!-I.m,4-NO~Ce, H.~, 5-C~ILN): 2.24 (;31-I, s,6-CH:J 
10.02 (1H, s ,  Nil): 8,4. .~72 (!0Ibm 7t-N0f:~J~, 5-C5}I~N. CONHz); 4,88 
(ll i ,  S,4-t-[); 3.74and3.62 (2!! ,dandd m /=I5,0. SCI 2); 1,90 (3t!. s .  6-CII~) 
]0,32 (1H, s ,  l tH): 8,7...7,;5 181.. r, 4-NO2C~i!4 5-C51-1~,N ; 5,22"( I-IS, 
4-]-D ; 4,56 and 4,30 (2H, d and d./-._ ] 7.0. CH2); 2,18 13H, sa 6-CH~) 
I0.56 (IH, S, NH): 8.7.. .7,5 {IOH. m, 4-XOgLI-L. 5-C~II4N, CONH~); 5,12 
(lH, S, 4-H): 3,76 and  3.6b(2[1, d a n d d  /~:]50, SCH~); 2,15 (31I, s ,  CH:0 
8,5...7,1 (10H, m, 4-N(>.:.C~;I!,.. 5-C~r-[,~N, Cf)YI[O; 400 (2I!, s ,  $CH:;); 2,32 
(3H, s,~,-CHa) 

+ 
8,9. . .7,!  (10H, ra~4-NO2C,,~lh, 5C~t[4N, CONIi~); 5.26 (21f, S~NCIIo): 4,02 
(2H, s,SCH~); 2,38 (3I-t, s ,  6-CH:~) 

mixture, in addition to the hydrogenated products, and hinders the isolation of the more soluble 3-cyano-3,4-dihydropyridin- 

2(1H)-one IIIa. 
The condensation of 4-pyridylacetone, m-nitrobenzaldehyde, and cyanothioacetamide in the presence of piperidine 

proceeds vigorously at room temperature to give piperidinium 3-cyano-5-(4'-pyridyl)-l,4-difiydropyridine-2-thiolate VII. As 
compared with the oxygen analogs, 1,4-dihydropyridine-2-thiolates are even more unstable with respect to oxidation [11]; 
however, they can be rapidly isolated from the action of the oxidizing agent in the form of insoluble salts VII. Intermediates 
V and VI cannot be isolated. A mixture of betaine VIII and pyridine-2(1H)-thione IX is obtained in the case of brief heating 
of thiolate VII in acetic acid. Further treatment of betaine VIII with acetic acid leads to thione IX. In contrast to 4-pyridyl-l,4- 
dihydropyridine-2-thione betaines [12, 14], 5-pyridyl-l,4-dihydropyridine-2-thione betaines are compounds that are more 
inclined to undergo oxidation, which hinders their isolation from the reaction mixtures in pure form. 
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C6H4NO2-m 
4-Py~CN 

g 

II  

t 
I C6H4NO2_ m 
4-Py~CN 

..-~%~ CONH 2 
H3C 0 

I 

C6H4NO2-m 
4-Py~R 

Illa,b 

~ 6H4NO2-m 
4-Py. CHO~cN 

/ C ~  C~ 
H3C O NH 2 

C6H4NOz-rn 
4-Py~CM 

H3C" ~ ~0 

Iu 

V 

C6H4NO2-m 

4-Py~CN O ': 

H3C" N S- H/N ~.H 

VII 4e 

~ C N  + 

H3C" ~ S- 

VIII 

-H 20 

J 

The alkylation of salt VII with iodoacetamide or 

C6H4N02_ m 

"3c9-.. A. L+D 

VT 

- - s  

IX I I I a  R=CN,b R=CONH 2 

chloroacetonitrile gave 2-alkylthio-3-cyano-5-(4'-pyridyl)-l,4- 

dihydropyridines X or the corresponding hydrochlorides XI. The 2-cyanomethylthio derivative can be isolated only in the form 

of salt XIa. 
The corresponding salt XIb is formed in high yield by the action of HCI in ethanol on 1,4-dihydropyridine Xb. 
The alkylation of thione IX with an equimolar amount of iodoacetamide by brief heating in ethanol gave 2- 

carbamoylmethylthiopyridine XII. Compound XII is also formed by oxidation of dihydropyridine X with sodium nitrite. 

Further alkylation of 5-(4'-pyridyl)pyridine XII with iodoacetamide by brief heating in DMF gave 2-carbamoylmethylthio-6- 

methyl-4-(m-nltrophenyl)-5-(N-carbamoylmethyl-4'-pyridyl)pyridine iodide (XIII). 

VII 

IX 

H C~"N/X"~CH R H3c "~ .~c~za 
Xa,b Xia,b 

! NaNOs 
R=CONH2 ' AcOH 

CHgCONH 2 
, ~ +~..2 _.~ l ~ C~iH,NO 9-m CfH4NO.-m 

EtOH H3C,,.-~N..,-x~S DM F H3C I- ~,~t "S 
I I 

Xll CH2CONH2 Xlll CHzCONHs 

X,Xl a R=CN, b E=CONN a 

Characteristic absorptions of stretching vibrations of cyano groups at 2256-2262 cm -1 for tetra- and dihydropyridin- 

2(1H)-ones II and IIIa and at 2222 cm - l  for pyridin-2(1H)-one IV are observed in the IR spectra (Table 1) of variously 
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hydrogenated pyridin-2-ones. In the case of 3-cyanodihydropyridine-2-thiolate VII vCN is observed at 2166 cm-1, which 

indicates clearly expressed conjugation of the cyano group with the anion. 
As in the case of pyridin-2-one IV, vCN for thione IX and 2-alkylthiopyridines XII and XIII is found at 2224-2230 

em -1, while the Vc~_ N bands of dihydropyridines X and XI are observed at 2184-2205 cm -1. Compound XIa is also 
characterized by absorption of the unconjugated cyano group of the 2-alkylthio substituent at 2252 cm -1. The structures of 

the synthesized compounds are also confirmed by characteristic absorption bands of C=O, NH, and NH 2 groups. 
The long-wave maximum in the UV spectra (see Table 1) of variously hydrogenated pyridin-2-ones II, III, and IV and 

pyridine-2-thiones VII and IX is shifted bathochromically with an increase in the conjugation of the molecule. 

Characteristic signals of Co)--H, C(4)--H, and C(5)--H protons are observed in the PMR spectra (see Table 2) of 

3,4,5,6-tetrahydropyridin-2(1H)-one II, and vicinal signals of C(3)--H and C(4)--H protons are observed in the case of 3,4- 

dihydropyridin-2(1H)-ones III. According to [9, 15], the 3JH3H4 spin-spin coupling constant (SSCC) of 3.8 Hz for 3-carbamoyl 
derivative IIIb indicates a trans form of the compound with pseudoaxially oriented 4-(m-nitrophenyl) and 3-carbamoyl groups. 
Compound IIIa is produced in the form of a mixture of two isomers in a ratio of 3:1. In accordance with [9, 15], the 

predominant isomer, with 3JH3H4 = 7.0 Hz, was identified as the cis stereoisomer, in which the 4-(m-nitrophenyl) substituent 
is primarily oriented axially, while the 3-cyano substituent is primarily oriented equatorially. The most characteristic signal 

in the PMR spectra of 1,4-dihydropyridines VII, VIII, X, and XI is the signal of the C(4)--H proton in the form of a singlet, 

while the signals of the protons of the SCH 2 groups in the form of an AB quartet are also characteristic in the case of X and 

XI, which indicates nonequivalence of the CH 2 protons because of the presence of an asymmetric center at the C(4 ) atom in 

the molecule. 

EXPERIMENTAL 

The IR spectra of suspensions of the compounds in mineral oil were recorded with a Perkin--Elmer 580B spectrometer. 

The UV spectra of solutions in ethanol were obtained with a Specord UV-vis spectrophotometer. The PMR spectra of solutions 

in d6-DMSO were obtained with a WH 90/DC spectrometer (90 MHz) with tetramethylsilane (TMS) as the internal standard. 
The progress of the reactions and the individuality of the substances were monitored by TLC on Silufol UV-254 plates with 

chloroform--ethanol--ammonia (15:8:1) as the eluent. 
The results of elementary analysis of the synthesized compounds for C, H, N, and S were in agreement with the 

calculated values. 
6-Hydr•xy4i-methy•-4-(m-nitr•pheny•)-3-•yan•-5•(4•-pyridy•)-3•4•5•6-tetrahydr•pyridin-2(•H)-•ne (II), 6-Methyl-4- 

(m-nitrophenyl)-3-carbamoyl-5-(4'-pyridyl)-3,4-dihydropyridine-2(1H)-one (IIIb), and 6-Methyl-4-(m-nitrophenyl)-3- 
cyano-5-(4'-pyridyl)pyridin-2(1H)-one (IV). A mixture of 13.52 g (0.1 mole) of 4-pyridylacetone and 15.11 g (0.1 mole) 
of m-nitrobenzaldehyde in 20 ml of absolute ethanol and 1 ml of piperidine was stirred for 6 h at room temperature, after which 
a mixture of 8.41 g (0.1 mole) of cyanoacetamide in 20 ml of absolute ethanol and 9 ml of piperidine was added, and the 

reaction mixture was stirred for another 1 h and then allowed to stand at room temperature. After 4 days, 15 ml of glacial 
acetic acid was added, and the mixture was stirred for 4 h and then poured into 500 ml of water. The oily precipitate was 
washed with 500 ml of water, and the product was refiuxed briefly in 100 ml of 80% ethanol and filtered to give 3.03 g (9%) 
of IV. Water (20 ml) was added to the filtrate, and 0.6 g (2%) of II separated after 4 h. Allowing the latter filtrate to stand 
at room temperature for 14 days gave another 1.49 g (4%) of IV. The filtrates obtained after separation and washing of the 

oily precipitate were combined and neutralized with ammonium hydroxide to give 10.3 g of a crude product, which was 
refluxed in 120 ml of ethanol and then filtered hot to give 0.5 g (1%) of IV, after which 5.4 g (16%) of IIIb crystallized. 

Concentration of the mother liquor gave an additional 2.82 g (8%) of IIIb. 
6-Methyl-4-(m-nitrophenyl)-3-cyano-5-(4'-pyridyl)-3,4-dihydropyridin-2(1H)-one (IIIa). A 0. l l-g (0.3 mmole) 

sample of II in 1 ml of 1 N HCI in ethanol was heated briefly on a water bath, after which it was cooled and then neutralized 
after 5 h with 0.5 ml of 2 N KOH. The next day, 2 ml of water was added and the mixture was allowed to stand for 1 h. 

The precipitate was removed by filtration and washed with 5 ml of water to give 0.04 g (40%) of IIIa. 
Piperidinium 6-Methy•-4-(m-nitr•pheny•)-3-cyan•-5-(4•-pyridyl)-••4-dihydr•pyridine-2-thi••ate (VII). A mix- 

ture of 2.71 g (20 mmole) of 4-pyridylacetone and 3.02 g (20 mmole) of m-nitrobenzaldehyde in 10 ml of absolute ethanol and 
0.5 ml of piperidine was stirred for 10 rain at room temperature, after which a mixture of 2.0 g (20 mmole) of 
cyanothioacetamide in 10 ml of absolute ethanol and 1.5 ml of piperidine was added, and the mixture was stirred for 1 h. The 

precipitate was removed by filtration and washed with 20 ml of ethanol to give 6.51 g (75%) of VII. 
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6•Me•hy•-4-(m-nitr•pheny•)-3-cyan•-5-(4'-pyridy•)-••4-dihydr•pyridine-2(•H)-thi•ne Betaine (VIII) and 6- 

Methyl-4-(m-nitrophenyl)-3-cyano-5-(4'-pyridyl)pyridine-2(1H)-thione (IX). A 8.71-g (20 mmole) sample of thiolate VII 

was refluxed in 10 ml of glacial acetic acid for 5 rain on a water bath, after which the mixture was filtered hot and treated with 
20 ml of absolute ethanol. After 1 h, the first fraction was removed by filtration and washed with 20 ml of ethanol and 20 
ml of water to give 6.1 g (84%) of a mixture of VIII and IX. After 24 h, the second fraction was removed by filtration to give 
0.45 g (6%) of IX. A 3.5-g (10 mmole) sample of the mixture of VIII and IX was heated in 30 ml of glacial acetic acid for 

30 min on a water bath and then allowed to stand for 2 days at room temperature. Ethanol (30 ml) was then added, and the 

precipitate was removed by filtration after 1 h to give 2.1 g (60%) of IX. 
2-Carbam•y•methy•thi•-6-methy•-4-(m-nitr•pheny•)-3-•yan•-5-(4•-pyridy•)-••4-dihydr•pyridine (Xb). A rnixture 

of 4.36 g (10 mmole) of thiolate VII and 2.04 g (11 mmole) of iodoacetamide in 30 ml of absolute ethanol was heated briefly 

on a water bath and then filtered. Water (10 ml) was then added, and the mixture was cooled to 0~ After 24 h, the 

precipitate was removed by filtration and washed with 20 ml of 50% ethanol to give 3.4 g (83%) of Xb. 
2-Carbam•y•methy•thi•-6-methy•-4-(m-nitr•pheny•)-3-eyan•-5-(4'-pyridy•)-••4-dihydr•pyridine Hydrochloride 

(XIb). A 0.82-g (2 mmole) sample of 1,4-dihydropyridine Xb was dissolved by heating in 11 ml of 0.2 N HC1 in ethanol, 
and the hot solution was filtered and cooled. The precipitate was separated and washed with 5 ml of ethanol to give 0.80 g 

(90%) of XIb. 
2-Cyanomethylthio-6-met hyl-4-(m-nitrophenyl)-3-cyano-5-(4'-pyridyi)-l,4-dihydropyridine Hydrochloride 

(XIa). A mixture of 4.26 g (10 mmole) of thiolate VII and 1 ml (15.8 mmole) of chloroacetonitrile in 20 ml of absolute 

ethanol was heated briefly on a water bath, after which it was filtered, cooled to 0~ and, after 1 h, treated with 10 ml of 
1 N HC1 in ethanol. After 24 h, the precipitate was removed by filtration and washed with 10 ml of ethanol to give 2.12 g 

(50%) of XIa. 

2-Carbamoylmethylthio-6-methyl-4-(m-nitrophenyl)-5-(4'-pyridyl)pyridine (XII). A. A mixture of 3.48 g (10 

mmole) of thione IX and 2.04 g (11 mmole) of iodoacetamide in 20 ml of absolute ethanol and 1.1 ml of piperidine was heated 
briefly on a water bath, after which it was cooled, and the precipitate was removed by filtration and washed with 20 ml of 
ethanol and 10 ml of water to give 3.2 g (79%) of XII. 

B. A 2.76-g (40 mmole) sample of sodium nitrite was added to a mixture of 4.07 g (10 mmole) of 1,4-dihydropyridine 

X in 10 ml of glacial acetic acid, and the mixture was heated until nitrogen dioxide evolution ceased. The mixture was then 
cooled and treated with 10 ml of water, and the precipitate was removed by filtration, washed with 20 ml of 50% ethanol, and 
recrystallized from ethanol to give 2.7 g (67%) of XII. 

2-Carbam~y~methy~thi~-6-methy~-4-(m-nitr~pheny~)-3-eyan~-5-(N-ea~bam~y~methy~-4~-py~idyl) pyridine Iodide 

(XIII). A mixture of 2.03 g (5 mmole) of pyridine XII and 1.02 g (5.5 mmole) of iodoacetamide in 7 ml of DMF was heated 
for 3 rain on a water bath, after which it was filtered hot and treated with 10 ml of ethanol. The next day, 10 ml of ether was 
added, and the precipitate was removed by filtration after 1 h to give 1.6 g (54%) of XIII. 
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R E D U C T I O N  O F  2 ,3 ,4 -SUBSTITUTED Q U I N O L I N E S  

WITH S O D I U M  B O R O H Y D R I D E  

B. A. Vigante, Ya. Ya. Ozols, and G. Ya. Dubur UDC 547.831.07 

1,2-Dihydroquinolines were obtained by the reduction of 3-substituted 2-methyl-4ophenylquinolines with sodium 
borohydride in aliphatic carboxylic acids," N-alkyl derivatives are also formed. The corresponding 1,4- 
dihydroquinoline was obtained in the reaction of 2-methyl-3-n#roquinolinium perchlorate with sodium 
borohydride. 

Little study has been devoted to 1,4-dihydroquinolines (1,4-DHQ) [1-3], although they are close analogs of 1,4- 
dihydropyridines, which are used in practice as coronary dilating agents and antioxidants. 2-Methyl-4-aryl-N-unsubstituted 
1,4-DHQ are most interesting from this point of view. However, this group of compounds has not been adequately studied. 
Only patent data [2] on the possibility of the synthesis of 2-methyl-4-phenyl-l,4-DHQ by the condensation of o~-(2- 
aminophenyl)benzyl alcohol with ethyl acetoacetate are available. A greater amount of study has been devoted to 2- and 4- 
unsubstituted 1,4-DHQ obtained chiefly by the reduction of 3-substituted quinolines [1, 4, 5] or by the hydrogenation of the 

corresponding quinolinium salts [4, 6, 7]. 
It has been shown [1] that the controlling condition for obtaining 1,4-DHQ by the reduction of quinolines with sodium 

borohydride in ethanol is the presence of electron-acceptor groups in the 3 position and the absence of substituents in the 2 and 
4 positions. The reduction of 3-halo-substituted quinolines or quaternary N-methylquinolinium salts leads primarily to 1,2-DHQ 
[1, 6]. 2-Substituted quinolines are reduced by lithium aluminum hydride or sodium borohydride to 1,2-DHQ [8]. No data 
on the reduction of 2,4-disubstituted quinolines are available. 

We have established that 2-methyl-4-phenyl-3-substituted quinolines Ia-h are not reduced by sodium borohydride even 
in the case of prolonged refluxing in ethanol; this is in agreement with the proposed [1] mechanism for the reduction of the 

quinoline ring. 
Quinolines Ia-h (Table 1), which are substituted in the 2, 3, and 4 positions, are reduced at 20~ by sodium 

borohydride in acetic acid to give 1,2-DHQ IIa-h. In addition to reduction of the ring, the hydrogen atom attached to the 

nitrogen atom is replaced by an ethyl group (see the scheme). 
Similarly, N-methyl-l,2-DHQ IIIa-c were obtained in good yields by hydrogenation of quinolines Ia-c with sodium 

borohydride in formic acid (see the experimental section, method A). It should be noted that formic acid is used in a fivefold 
molar ratio with respect to Ia-h in ethanol, since reduction does not occur in it without a solvent. Quinolines Ia-c are also 
satisfactorily reduced by sodium borohydride in propionic acid, but N-propyl-l,2-DHQ were not isolated because of their 
instability. The structure of the latter is confirmed by the characteristic (for 1,2-DHQ) absorption maxima in the electronic 

spectra of the reaction mixtures. 
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