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SYNTHETIC COMMUNICATIONS, 23(21), 2965-2971 (1993) 

A SHORT, EFFICIENT SYNTHESIS OF 6-CYANO-1- 

TETRALONES. 

Carmen Almansa, Elena Carceller, Javier Bartroli, and Javier Fern* . 
Chemistry Laboratories, Research Center, J .  Uriach & C[a.S.A.. Degd Rahl59-67,08026 

Barcelona, Spain. 

Abstract: A new, short and high-yield synthesis of 6-cyano- 1-tetralones is 
described. Triflate intermediates 8 and 9 are versatile intermediates for the 
synthesis of other 6-substituted tetralones. 

Work from these laboratories has led to the identification of UR-8225 ( l )I ,  

a potent potassium channel activator which has been selected for clinical trials. 

The synthesis of large amounts of this compound required an efficient procedure 

for the preparation of 2,2-dimethyl- 1-0x0- 1,2,3,4-tetrahydronaphthalen-6- 

carbonimle 3, which is easily transformed into 1 in three stepsla. 

1 (UR-8225) 2 R = H  
3 R = M e  

* To whom correspondence should be addressed. 
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2%6 ALMANSA ET AL. 

Compound 3 was initially obtained by methylation of the known l-oxo- 

1,2,3,4-tetrahydronaphthalen-6-carbonitrile (6-cyano- 1-tetralone) 2. Although it 

has been used as starting material for the preparation of several pharmaceutical 

compounds2, the only published procedure3 for obtaining 2 gives a 17% overall 

yield and requires a six step sequence, which involves acylation of 1,2,3,4- 

tetrahydronaphthalen-1-one4 followed by oxime formation and Beckmann 

rearrangements, regioselective benzylic oxidation at the amide puru-position, 

amide hydrolysis and final conversion of the resultant amino group into a 

carbonitrile under Sandmeyer conditions. 

Use of Stille's aryl triflate methodology6 was envisaged as a suitable 

alternative to this lengthy procedure. Cyanation of aromatic triflates had been 

previously described7 and commercially available 6-methoxy- 1-tetralone was an 

attractive starting product for the preparation of 6-trifluoromethanesulfonyl-l- 

tetralone. 

Either 6-methoxy-1-tetralone 4 or its dimethyl analogue 51a were 

converted into fenol derivatives 68 and 71a, respectively, upon treatment with 

48% aqueous hydrobromic acid (Scheme I). Reaction of 6 and 7 with 

trifluoromethanesulfonic anhydride in pyridine provided good yields of triflates 8 

and 9, respectively. Conversion of triflate 9 into carbonitrile 3 was initially tried 

using standard conditions for cyanation of aromatic halides (CuCN/NMP)g, but 

without success. We then turned to the nickel-catalyzed process7 and indeed, 

treatment of 8 or 9 with potassium cyanide i n  the presence of 

tetrakistriphenylphosphinenickel(0) generated in situ from bistriphenylphosphine- 

nickel(I1) bromide and Zn/PPhj, afforded carbonitriles 2 and 3 with excellent 

yields. We later found that this reaction could be performed with comparable 
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6-CYANO- 1 -TETRALONES 2967 

Me0 q i y q :  yw: :QR R 

0 0 0 0 
2 R = H  4 R = H  6 R = H  8 R = H  

5 R = M e  7 R = M e  9 R = M e  3 R = M e  

a: 48% HBr, reflux, 3h; b: (Tf0)20, pyridine, room temperature, 18 h; 
c: NaCN, Ni(PPh3)2Br2 or Ni(PPh3),C12, Zn, PPh,, CH,CN, 60 OC, 
3 h. 

Scheme I 

yields employing the cheaper compound bistriphenylphosphine-nickel(I1) 

chloride. 

This three step sequence substantially improves the published procedure 

for obtaining 2 in respect to both length and overall yield (77% compared to 

17%). A similar result is observed in the large scale synthesis of the dimethyl 

analogue 3 (69% overall yield). 

Triflates 8 and 9 are also useful intermediates for the synthesis of other 6- 

substituted tetralones. While the synthesis of 7-substituted tetralones from the 

corresponding aromatic derivatives and succinic anhydride is well establishedlo, 

there is no generally used method of synthesis for the 6-isomers, all methods 

being more or less laborious1 1. Since aryl triflates undergo regioselective 

substitution with a wide range of nucleophiles6.12, compounds 8 and 9 represent 

an easy entry to the general synthesis of 6-substituted tetralones. As an example 

of the versatility of these compounds, we have prepared ethynyl ( l l ) ,  methyl 

(12) and phenyl(l3) derivatives from triflate 8 using published procedures6.12. 

EXPERIMENTAL 

2,2-Dimethyl-6-hydroxy-1,2,3,4-tetrahydronaphtha~en-l-one, 
7. A mixture of 5 (346 g, 1.7 mol) and 48% HBr (3.14 L) was heated to reflux 
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2%8 ALMANSA ET AL. 

13 0 

RCC 
t c  Tfoq 7 q 

0 0 0 
12 8 lOR=TMS 

1 1 R = H  

a: SnMe4, Pd(PPh3)2C12, DMF, 90 "C, 18 h; b: i) TMSCCH, 
Pd(PPh3)2C12, Mt3 ,  DMF, 90 "C, 2 h; ii) K2CO3, MeOH, 
room temperature, 1.5 h; c: PhB(OH)2, Pd(PPhj)d, Na2C03, 
toluene, H20,80 "C, 18h. 

Scheme I1 

for 3 h followed by distillation to half of the initial volume. The mixture was 
poured into H20 and extracted with Et20. The organic phase was extracted with 
1N NaOH. The aqueous phase was acidified with 1N HC1 and the precipitate was 
filtered and dried over P2O5, to afford 71a as a brown solid, which was 
recrystallized from EtOAc (290.3 g, 90%): mp 141°C. 

6-Hydroxy-1,2,3,4-tetrahydronaphthalen-l-one, 6. Using the 
same procedure described for 7 but starting from 4 (3.00 g), 6 was obtained as a 
brown solid (2.76 g, 99%): mp 148-152 "C (described8 150 "C). 

oxynaphthalen-1-one, 9. To a solution of 7 (143.6 g, 0.75 mol) in pyridine 
(417 mL) at 0 "C was added dropwise under an argon atmosphere, 
trifluoromethanesulfonic anhydride (250 g, 0.88 mol) and the mixture was stirred 
at room temperature for 18 h. The mixture was poured into HzO and extracted 
with Et2O. The organic phase was washed with 1N HCl and dried over MgS04. 
The solvent was removed and the residue (250 g) was distilled to give 9 as a 
colorless oil which solidified upon standing (219.07 g, 90%): bp 150-155 O C  

(0.05 mmHg); mp 29-31 "C; IR (KBr) v 2956,2923, 1683, 1600, 1420, 1216, 
1139, 1121, 1067,938 cm-1; 1H NMR (80 MHz, CDCl3) 6 (TMS) 8.12 (d, J= 
8.6Hz, lH, Ar), 7.23 (m, 2H, Ar), 3.03 (t, J= 6.4Hz, 2H, CH2Ar), 2.01 (t, J= 
6.4Hz, 2H, CH2). 1.23 (s, 6H, 2CH3). Anal. (C13H13F3S04) C, H. 

2,2-Dimethyl-1,2,3,4-tetrahydro-6-trifluoromethanesulfonyl- 
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6-CYANO- 1 -TETRALONES 2969 

1,2,3,4-Tetrahydro-6-trifluoromethanesulfonyloxynap hthalen- 
1-one, 8. Using the same procedure described for 9 but starting from 6 (1.00 
g), 8 was obtained as a colorless oil (1.44 g, 80%): bp 170-175 OC (0.5 mmHg); 
IR (KBr) v 2945,1683, 1420, 1212, 1138,942, 894 cm-1; 1H NMR (80 MHz, 
CDC13) 6 ( T M S )  8.13 (d, J= 8.6Hz, lH, Ar), 7.24 (m, 2H, Ar), 3.02 (t, J= 
6.4Hz. 2H, CHzAr), 2.69 (t, J= 6.4H2, 2H, CH2). 2.24 (m, 2H, CH2). Anal. 
(CllHgF3S04) C, H. 

2,2-Dimethyl-1,2,3,4-tetrahydro-l-oxonaphthalen-6-carboni- 
trile, 3. A suspension of 9 (208.07 g, 0.65 mol), 
bistriphenyphosphinenickel@I) bromide (24.52 g, 0.033 mol), triphenylphosphine 
(17.89 g, 0.067 mol), Zn powder (12.90 g, 0.20 rnol), KCN (46.61 g, 0.71 mol) 
and acetonitrile (590 mL) was stirred at 60 OC under an argon atmosphere for 3 h. 
After cooling, the mixture was poured into H20 and extracted with Et20 and 
EtOAc. The organic phase was filtered through celite, and dried over MgS04. 
The solvent was removed and the residue was recrystallized from EtOAc-hexane 
(50050) to give 99.4 g of 3 as an off-white solid. The mother liquors were 
purified by flash chromatography (hexane-EtOAc), to afford an additional 9.8 g of 
product (combined yield 85%): mp 142-144 OC; IR (KBr) v 2979, 2958, 2917, 
2225, 1672, 1600, 1446, 1377, 1301, 1220, 967 cm-1; 1H NMR (80 MHz, 
CDC13) 6 (TMS) 8.12 (d, J= 8.6Hz, lH, Ar), 7.58 (m, 2H, Ar), 3.02 (t, J= 
6.4Hz, 2H, CH2Ar), 2.01 (t, J= 6.4H2, 2H, CH2). 1.23 (s, 6H, 2CH3). Anal. 
(Ci3Hi3NO) C, H, N. 

Starting from 1 g of 9 and using bistiphenyphosphinenickel(I1) chloride 
instead of bistiphenyphosphinenickeUJI) bromide, 85% yield of 3 was obtained. 

1,2,3,4-Tetrahydro-l-oxonaphthalen-6-carbonitrile, 2. Using 
the same procedure described for 3 but starting from 8 (0.30 g), 2 was obtained 
as a yellow solid, which was recrystallized from CH2C12 (0.18 g, 97%): mp 134- 
135 "C (described from aqueous ethanol? 133-134 "C). 
1,2,3,4-Tetrahydro-6-trimethylsilylethynylnaphthalen-l-one, 10. A 
solution of 8 (0.50 g, 1.7 mmol), mmethylsilylacetylene (0.34 mL, 2.4 mmol), 
triethylamine (1 mL, 7.0 mmol), bistriphenyphosphinepalladium(I1) chloride 
(0.034 g, 0.048 mmol), and dimethylfomamide (5 mL) was stirred at 90 "C under 
an argon atmosphere for 2 h. After cooling, the mixture was poured into H20 and 
extracted with Et2O. The organic phase was washed with H20 and dried over 
MgS04. The solvent was removed to afford 10 as an oil (0.30 g, 73%): IR 
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2970 ALMANSA ET AL. 

(KBr) v 2949, 2150, 1679, 1597, 1274, 1246 cm-1; l H  NMR (80 MHz, 
CDC13) 6 (TMS) 7.95 (d, J= 8.6H2, lH, Ar), 7.40 (m, 2H, Ar), 2.92 (t, J= 
6.4Hz, 2H, CHzAr), 2.65 (t, J= 6.4Hz. 2H, CH2), 2.18 (m. 2H, CH2), 0.25 
(s, 9H, SiMe3). 
6-Ethynyl-1,2,3,4-tetrahydronaphthalen-l-one, 11. A solution of 10 
(0.30 g, 1.2 mmol), K2CO3 (0.016 g, 0.1 mmol) and MeOH (3 mL) was stirred 
at room temperature for 1.5 h. The solvent was removed and the residue 
dissolved in CH2C12 and washed with saturated NaHC03. The organic phase 
was dried over MgS04 and the solvent was removed, to afford 11 as an oil 
(0.23 g, 100%): IR (KBr) v 3278, 3242, 2930, 2097, 1672, 1597, 1401, 1320, 
1276, 1227, 1183 cm-1; lH  NMR (80 MHz, CDC13) 6 (TMS) 7.98 (d, J= 
8.6H2, lH, Ar), 7.44 (m, 2H, Ar), 3.21 (s, lH, CH), 2.94 (t, J= 6.4H2, 2H, 
CHzAr), 2.66 (t, J= 6.4Hz, 2H, CH2), 2.12 (m, 2H, CH2). 
6-Methyl-1,2,3,4-tetrahydronaphthalen-l-one, 12. A solution of 8 
(0.50 g, 1.7 mmol), SnMeq (0.314 g, 1.7 mmol), LiCl (0.216 g, 5.1 mmol), 
Pd(PPh3)2C12 (0.024 g, 0.034 mmol), a crystal of 2,6-di-tert-butyl-4-methylfenol 
and DMF (7 mL) was stirred under nitrogen at 90 "C for 18 h. The mixture was 
poured into water and extracted with Et2O. The organic phase was washed with 
saturated NH4C1 and dried over MgS04. The solvent was removed and the 
residue was purified by flash chromatography (hexane-EtOAc) to afford 12 as an 
oil (0.2 g, 74%): bp 113 "C (2.5 mmHg)12a. 
6-PhenyI-1,2,3,4-tetrahydronaphthalen-l-one, 13. A solution of 8 
(0.20 g, 0.7 mmol), Pd(PPhj)4 (0.023 g, 0.02 mmol), Na2C03 (0.144 g, 1.4 
mmol), PhB(OH)2 (0.083 g, 0.7 mmol), toluene (2.4 mL) and H20 (0.7 mL) was 
stirred under nitrogen at 80 "C for 18 h. The mixture was poured into water and 
extracted with Et2O. The organic phase was washed with H20 and dried over 
MgS04. The solvent was removed, to afford 13 as a white solid which was 
recrystallized from Et20 (0.120 g,  79%): mp 112.3-122.8OC (describedl3 106- 
108°C). 
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