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SYNTHESIS AND C H E M I C A L  PROPERTIES OF 8-ARYL-7- 

ACYL- 1 ,6-DIMETHYL-6-HYDROXY-4-CYANO-5,6 ,  7,8- 

TETRAHYDRO-3(2ED-ISOQUINOLINONES AND 

ISOQUINOLINE HIONES 

A. I. Ozois, Yu. i~. Pelcher, Z. A. Kalme, 
Yu. Yu. Popelis, I. V. Turovskis, 
and G. Ya. Duburs 

8-Aryl- 7-acetyl-1, 6-dirne~thyl-6-hydroxy-4-cyano-5, 6, 7, 8-tetrahydro-3(2H)-isoquinolinones and -isoquinoline- 
thiones and their sodium salts were obtained by the reaction of cyanoacetamide and cyanothioacetamide with 
3-aryl-2, 4-diacetyl-5-methyl-5-hydroxycyclohexanonesinbasicmedium. 8-Aryl- 7-acetyl-6-methoxycarbonyl- 1, 6- 
dimethyl-4-cyano-5,6, Z S-tetrahydro-3(2H)-isoquinolinones were obtained by the reaction of acetyl chloride 
and the above isoquinolinone sodium salts. The reaction of iodoacetamide and the above isoquinolinethione 
sodium salts yielded 8-aryl- 7-acetyl-3-carbamoylmethyltlu'o-l, 6-dimethyl-4-cyano-5, 6, 7, 8-tetra-hydroiso- 
quinolines, wlu'ch were cyclized into 1-amino-6-aryl- 7-acetyl-2-carbamoyl-5, 8-dimethyl-8-hydroxy-6, Z 8, 9- 
tetrahydrothiophene[2, 3-c]isoquinolines in basic medium. 

The cardiovascular activity of alkyl-substituted 5,6,7,8-tetrahydro-3(2H)-isoquinolinones is well known [1]. 
We synthesized and investigated the chemical properties of 3,6,7,8-tetrahydro-3(2H)-isoquinolinethiones containing 

acetyl and hydroxy groups. 2,4-Diacetyl-3-aryl-5-methyl-5-hydroxycyclohexan-l-ones (I) were used for this purpose, prepared 
by the reaction of acetylacetone with unsubstituted, p-Cl-, and p-CH3-substituted benzaldehydes in basic medium [2-4]. 

In condensation of cyclohexan-l-ones with cyanoacetamide in absolute ethanol in the presence of an equ_imolar amount 
of sodium methylate, 8-aryl-7-acetyl- 1,6-dimethyl-6-hydroxy-4-cyano-5,6,7,8-tetrahydro-3 (2H) -isoquinoline sodium salts II were 
obtained. 

Salts II were dissolved in water and on acidification of the aqueous solution to pH 2, 8-aryl-7-acetyl-l,6-dimethyl-6- 
hydroxy-4-cyano-5,6,7,8-tetrahydro-3(2H)-isoquinolinones (III) formed. The reverse transformation from compounds III to 
corresponding sodium salts II took place in ethanol in the presence of sodium hydroxide. Isoquinolinones III were also obtained 
in condensation of cyclohexanone I with cyanoacetamide in the presence of triethylamine. 

We will hypothesize that the reaction takes place in the sequence: in the conditions of the Knoevenagel reaction, the 
cyanoacetamide anion formed reacts with the endocyclic carbonyl group of cyclohexanone I with formation of product of 
addition A, in which intramolecular condensation of the NH 2 amide group with the carbonyl of the vicinal exocyclic acetyl 
group takes place in basic medium with separation of a molecule of water and closing of the pyridine ring. 

The PMR spectra of isoquinolinones III (Table 1) are in agreement with the spectra of unsubstituted 5,6,7,8-tetrahydro- 
3(2H)-isoquinolinones [1, 5]. The PMR spectra of isoquinolinones III contains a signal of NH protons at 12.2-12.5 ppm which 
is not present in the spectra of sodium salts II. The signals of hydroxyl groups observed in the 4.5-5.0 ppm region disappear 
on addition of D20. At the same time, the PMR spectrum of the isoquinolinones differs little from the PMR spectra of 
quinolinones [6]. The 13C specmun was taken to definitively confirm the isoquinoline structure of compound Ilia. The dhemical 
shifts for 142 md 442 of 117.59 and 98.84 ppm respectively confirm the isoquinolinone structure [7]. 
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The absorption band of medium intensity at 3400 cm - l  in the IR spectra of isoquinolinones n and III (Table 2) 
indicates an associated OH group. 

Acylation of sodium salt II with acetyl chloride yielded 7-acetyl-6-acetyloxy-l,6-dimethyl-8=aryl-4-cyano-5,6,7,8- 
tetrahydro-3(2H)-isoquinolinones IV. Splitting of the hydroxyl group at the 6-C atom in the form of a molecule of water (with 
separation of a vicinal proton) is not observed in these conditions and acylation takes place. 

In contrast to the spectra of salt II, there are no signals from the OH group proton in the PMR spectra of compounds 
IV, and signals of NH groups at 11.6-12.5 ppm and the signal of a third methyl group at 1.8-1.9 ppm for the acetyloxy group 
at 6-C appear again. 

8-Aryl-7-acetyl- 1,6-dimethyl-6-hydroxy-4-cyano-3,6,7,8-tetrahydro-3(2H)-isoquinolinethiones V are formed in conden- 
sation of cyclohexanone I with cyanothioacetamide; similar to the oxygen containing derivatives, they are transformed into the 
corresponding 8-aryl-7-acetyl- 1,6-dimethyl-6-hydroxy-4-cyano-5,6,7,8-tetrahydro-3(2H)isoquinolinethiones VI in acid medium. 

The PMR spectra of derivatives of isoquinolinethiones VI and their sodium salts V do not significantly differ from the 
spectra of isoquinolinones II and III (Table 1). The sulfur atom in isoquinolinethione VI, in comparison to the oxygen atom 
in isoquinolinone lII, deshields the signal of the nitrogen hydrogen proton by 1.5 ppm on average. A decrease in 2./5. 5 is also 
observed (Table 1). 

Studies of the chemical properties of isoquinolinethiones V showed that these compounds are easily alkylated and can 
be used for synthesis of new heterocyclic systems. 

5,6,7,8-Tetrahydro-3(2H)-isoquinolinethiones VI are alkylated by methyl iodide and iodoacetamide with formation of 
8-aryl-7-acety~-~6-dimethy~-3-methy~thi~-6-hydr~xy-4-cyan~-5~6~7~8-tetrahydr~-3-is~quin~ines VII and 8-aryl-3- 
carbam•yimethy•thi•-••6-dimethyl-6-hydr•xy-4-cyan•-5•6•7•8-tetrahydr••3-isoquin•lines VIII, respectively. 

There is no signal of the NH proton in the PMR spectra of alkylated compounds VIII and VIII and signals characteristic 
of the protons in S - C H  3, S-CH2,  and CONH 2 groups, respectively appear (Table 1). Although the UV spectra of 
isoquinolinethiones V and VI have an absorption band at 400 nm, a hypsochromic shift to 305-316 nm is observed in the case 
of compounds VII and VIII. Isoquinolines VIII in basic medium are cyclized according to Thorpe with formation of 1-amino-6- 
aryl-7-acetyl-2-carbamoyl-5,8-dimethyl-8-hydroxy-6,7,8,9-tetrahydrothiophene [2,3-c]isoquinoline (IX). 

There are no bands of the CN group in the IR spectra of thiophene[2,3-c]isoquinoline IX and no signals from S - C H  2 
group protons in the PMR spectra. Due to growth of the conjugated chain in thJophene[2,3-c]isoquinoline IX, the long-wave 
maximum in the UV spectra is shifted bathochromically to 350 nm in comparison to isoquinolines VII, for which there is a 
long-wave maximum in the 305-307 nm region. 

EXPERIMENTAL 

The IR spectra were recorded on a Perkin-Elmer 580B (in petrolatum) and the UV spectra were recorded on a Specord 
UV-vis spectrometer (in ethanol). The tH and laC PMR spectra were made on WH-90/DS and WH-360 spectrometers. The 
internal standard was tetramethylsilane. The basic characteristics of the synthesized compounds are reported in Tables 1-2. 

The data from elemental analysis of the compounds for C, H, N, and S correspond to the calculated data. 
2,4-Diacetyl-5-methyl-5-hydroxy-3-arylcyclohexanones (Ia-c) were prepared similarly to the published data [3]. 
7•A•ety•-••6-dimethy•-6-hydr•xy-8-pheny•-4-cyan•-5•6,7•8-tetrahydr•-3(2H)-is•quin••in•ne Sodium Salt 0Ia). A 

solution of 0.4 g (4.8 rnmole) of cyanoacetamide in 40 ml of ethanol was added to a solution of 1.0 g (3.5 mmole) of Ia in 
40 ml of ethanol. It was heated to 70°C and 3 ml of 7% (3.9 mmole) sodium methylate was added. After cooling to -5°C ,  
the sediment of IIa was filtered off. It was recrystaUized from ethanol. Yield of 0.82 g (65%). 

Compounds IIb, c were prepared similarly to IIa. 
7-Acety•-••6-dimethyl-6-hydr•xy-8-phenyl-4-cyan•-5•6•7•8-tetrahydr•-3(2H)-is•quin•lin•ne 01la). A. A solution 

of 0.4 g (4.8 mmole) of cyanoacetamide in 40 ml of ethanol and 3 ml of triethylamine was added to a solution of 1.0 g (3.5 
mmole) of Ia in 40 ml of ethanol. The mixture was heated at 70°C for 2 h, evaporated to 30 ml, cooled, and left at -50C for 
20 h. The sediment of IIIa was filtered off and recrystallized from ethanol. Yield of 0.75 g (64%). 

B. Here 1.0 g (2.8 mmole) of Ila was dissolved in 150 ml of water and acidified to pH 2 with hydrochloric acid. Tbe 
sediment of IIIa was filtered off and recrystallized from ethanol. Yield of 0.85 g (90%). 13C NMR spectrum (DMSO-D6): 
19.66 (1-CHa), 27.57 (6-CHa), 34.49 (CH3CO), 42.57 (5-C), 44.40 (8-C), 62.87 (7-C), 68.86 (6-C), 98.84 (4-42), 115.52 
(CN), 117.19 (l-C), 126.75, 127.75, 129.15, 148.00 (C6I-I5), 151.01, 158.21 (9,10-D); 162.38 (3-C), 215.65 (CHACO). 
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Compounds IIIb, c were prepared similarly to Ilia with method A. 

7•A•ety•-••6-acety••xy•••6-dimethy•-8-pheny•-4-cyan•-5•6•7•8-tetrahydr•-3(2ED•is•quin••in•ne (IVa). Here 0.5 g 
(1.4 mmole) of lla was suspended in 20 ml of acetyl chloride and boiled for 1 h. The reaction mixture was poured on ice, and 
the sediment of IVa was fiJtered off and recrystallized from ethanol. Yield of 0.2 g (40%). 

Compounds IVb, e were prepared similarly to IVa. 

7-Acety•-••6-dimethy•-6-hydr•xy-8-phe•y•-4-cya••-5•6•7•8-tetrahydr•-3(2H)-•s•quin••i•eth••ne Sodium Salt 

('Ca). Here 1.0 g (3.5 mmole) of Ia was dissolved in 40 ml of ethanol and a solution of 0.4 g (4.0 mmole) of 

cyanothioacetamide in 40 ml of ethanol was added. The mixture was heated to 75"C and 3 ml of 7% (3.9 mmole) sodium 

methylate was added. The sediment of Va was cooled and filtered off. It was washed five times with ethanol. Yield of 1.1 g 

(84%). 
Compounds Vb, c were prepared similarly to Va. 
7•Acety••••6-dimethy•-6-hydr•xy-8-pheny•-4-cya••-5•6•7•8••tetrahydr•-3(2H)•isoquin•unethi•ne (Via). A. Here 

1.0 g (2.7 mmole) of Va was dissolved in 200 ml of water and acidified with hydrochloric acid to pH 2. The sediment of Via 

was filtered off and re.crystallized from ethanol. Yield of 0.74 g (79%). 

B. A solution of 0.4 g (4.0 mmole) of cyanothioacetamide in 40 ml of ethanol and 3 ml of triethylamine were added 
to a solution of 1.0 g (3.5 mmole) of Va in 40 ml of ethanol. The mixture was heated at 70"C for 2 h. After evaporation to 

30 ml, it was left at - 5 ° C  for 20 h. The sediment was filtered off and recrystallized from ethanol. Yield of 0.58 g (62%). 

Compounds VIb, c were prepared similarly to Via with method A. 
7~Acety~-~6-dim~hy~-3-m~thy~thi~ydr~xy-8-ph~ny~4-cyan~-5~6~7~8-tetrahydr~-3(/J~)4saqu~a~e (Vlla). Here 

0.6 g (1.6 mmole) of Va was suspended in 15 ml of ethanol and 10 ml of methyl iodide was added and heated at 700C until 

totally dissolved. After evaporation to 4 ml, the residue of VIIa was filtered off and recrystallized from methanol. Yield of 0.48 

g (81%). 

Compounds VIIb, c were obtained similarly to VIIa. 
7•Acety••3-carbam•y•methyRhi•-••6-dimethy•-6-hydr•xy-8-pheny•-4-cyan•-5•6,7•8-tetrahydr•-3(211)•is•quin••ine 

(VIHa). Here 0.5 g (1.3 mmole) of Va was suspended in 25 ml of ethanol and a solution of 0.4 g (2.2 mmole) of 

iodoacetamide in 10 ml of ethanol was added and heated at 700C until totally dissolved. The mixture was cooled to 20°C and 

20 ml of water was added by drops. It was left at - 5 ° C  for 20 h. The sediment of VIIIa was •tered off and recrystallized 
from methanol. Yield of 0.4 g (81%). 

Compounds VIIIb, c were prepared similarly to Villa. 

1-Amino-7-acetyl-2-carbamoyl-5,8-dimethyl-8-hydroxy-6-phenyl-6,7,8,9-tetrahydrothiophene[2,3-c]isoquinoline 

(IXa). A. Here 0.5 g (1.3 mmole) of Va was suspended in 25 ml of ethanol and a solution of 0.4 g (2.2 mmole) of 

iodoacetamide in 10 ml of ethanol was added. It was stirred at 70°C until totally dissolved. The mixture was cooled to 50°C, 

3 ml of 7% (3.9 mmole) sodium methylate was added, and it was left at room temperature for ~2 h. The sedhnent of IXa was 
fdtered off and recrystallized from ethanol. Yield of 0.23 g (45%). 

B. Here 0.5 g (1.3 mmole) of VIIIa was dissolved in 25 ml of ethanol and 15 ml (1.8 mmole) of 7% sodium methylate 

was added. It was left for 12 h at room temperature. The mixture was cooled and the sediment of IXa was f'dtered off and 
recrystallized from ethanol. Yield of 0.4 g (80%). 

Compounds IXb, c were prepared similarly to compound IXa. 
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