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Abstract - Synthesis o f  two benzofurati compounds (23 and 2b), which are 

structurally and - by their action as sodiuni channel blockcrs - also 

pl~ar~~~acological ly related to propafenone i s  described. 

INTRODUCTION 

The pl~artiiacological activity o f  the class lc anliarrhythn~ic propafenone ( I )  is ~tiaitily due to the block of 

cardiac sodium c l ~ a l ~ ~ ~ c l s . ~  As recently shown fkr flecainide and clic;~inide by tlie Cardiac Arrhytli~nta 

Supliressioli Trial, the tnajor risk in the use o f  class lc a~i l iarr l~ylhn~ic drugs for treatment o f  ventricular 

arrhylh~nias is their liigli potential for pro-arrliytlimic side effects.' One o f  the electropliysiological 

characteristics o f  class Ic agents is their relative long time constant o f  recovery from channel-blockade (>  10 

sec. versus < 0.5 sec. for class I b  agents;3 propafenone: 8-10 sec.4), which inay be one of the reasons for 

the pro-arrliythmic potential of this subgroup.5.Propafenone is a highly flexible n~olecule. Rigidizalion of the 

niolec~~le by incorporation o f  tlie ether-oxygen into a benzofi~ran-tiioiety. which at the same time renders tlie 

compound an aryletlianolan~ine, should influence the pattern of pliarniacological activity. To assess the 

effect o f  this structural modification, 'mainly i n  view of  enhancing sodium channel blocking activity and 

lowering the pro-arrhytl~lnic side effects, we synthesized the new benzofimn derivatives (2a and 21)). 
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RESULTS AND DISCUSSION 

Various attempts failed to synthesize 3-(2-plienylethyl)be1izc>fi1ra1is appropriately substituted at position 2 vin 

ring closure o f  2-acylphenyl ethers in  acceptable yield. In most cases the corresponding I-benzoxepin-5-ones 

were main products6 Therefore the approach described by Nielek c.1 01. for 3-~iietliylbenzofuran' was chosen 

to synthesize 3-(2-phenylell1yl)be1izofuran (6) starting from the phenyl ether (4), which was obtained by 

alkylation of I-(2-hydroxypl1enyl)-3-phenyl-I-propanone (3) with ethyl chloroacetate. Hydrolysis using 

aqueous sodium carbonate lead to the acid (S), which could be easily cyclized under Perkin conditions.8 

Vilsmeier formylalion o f  6 followed by addition of HCN gave cyanohydrin (Xa) which due to its instability 

was reacted immediately with diliydropyran. Reduction o f  the corresponding THP ether (81,) with LiAIH, 

lead to the key intermediate (91,). In an alternative approach we used rcri-butyldi~iiethylsilyl chlorideIKCN, 

which resulted in formation of the teri-botyldimetliylsilyl-protected cyanoliydrin (Xc), which was sufficiently 

stable for chromatographic purification using silica gel. After reduction o f  Rc with LiAlH, the aminoethanol 

(Ya) was isolated in 35% yield (Scheme 1). Because o f  the relatively high costs ofro7-butyldimetl~ylsilyl 

chloride preference was given to the previously described route over this ~nctllod for conversion o f  aldehydes 

to aminocthanols. 
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Scheme 1 
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The isopropyl substituted compound (Ion) was obtained easily via reductive alkylation o f  9b and converted 

to the hydrocliloride o f  2a witli concomitant cleavage o f  tlie tetrahydropyranyl protecting group by use of an 

ethereal solution of hydrogen cliloride. With the use o f  propionaldehyde instead o f  acetone an increasing 

amount of the tertiary m i n e  (IOc) was observed in the reaction mixture, althougli the primary anline (9b) 

was still present. Therefore an alternalive route vin acylation o f  9b witli propionyl chloride followed by 

reduction o f  the amide (IOd) with LiAlll, was chosen, which proved to be more feasible in tlie synthesis of 

IOb. Cleavage o f  the TH1'-group yielded the liydrochloride o f  21, (Schcnie 2). 

Scheme 2 

Preliminary results from the pliar~nacological tests o f  conipound (211) show, tliat i t  i s  a very selective sodium 

channel blocker with an offset twice faster than pr~pafenone.~ 

EXPEIIIMICNTAL 

Melting points were deterniined on a Koller ~nelting point apparatus and are uncorrected. Column 

cliromatograpliy was carried out on silica gel 60 (Merck). Infrared spectra were recorded as thin film on salt 

discs on a Perkin Elmer 298 spectroplioto~iieter. Mass spectra were performed on a Varian M A T  1 I I A  

spectrometer by A. Nikiforov (Institut fiir Organisclie Clieniie. Universitit Wien). N~nr spectra were 

recordcd on the spectronicters Varian EM 390 and Bruker AC 80, using tetrainetliylsilane as internal 

smndnrd. hlicroanalyses were cletertnil~ed by J. Zak and J. Theiner (Instir~tf fiir l'liysikalische Chemie, 

Utiivcrsitiit Wien). 
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Ethyl 2-(3-phenylpropionyl)phenoxyacetate (4) 

7.2g (52 mmol) of KZC03 and 8 ml (75 mmol) of ethyl chloroacelate was added to a solution of 11.7g (51.7 

mmol) of 1-(2-hydroxypheny1)-3-phenyl-I-propanone (3) in 40 ml of acetone. The mixture was refluxed for 

24 h,  filtered and evaporated to dryness. The oily residue was dissolved in CHZCI, and washed twice with 

water. After drying over NaZS04 the solvent was removed to give 15.52g (96%) of 4 as colourless oil which 

crystallized spontaneously. mp 51-52°C (ethanol); 'H-nmr (90 MHz): G(ppm) 1.2 (3H, t, J = 7.5 Hz, 

-CH3), 2.9-3.6 (4H, m, -CHZ-CH?-), 4.3 (2H, q, J = 7.5 Hz, -C&CH,), 4.7 (2H, s, -0-CHZ-), 6.8-7.8 

(9H, m, aromatic-H); ir: 1730 (CO), 1665 (CO); Ins (mlz): 312 (M+). Anal. Calcd for C,,H,,O,: 

C, 73.06; H, 6.45. Found: C, 73.37; H, 6.46. 

2-(3-Phenylpropionyl)phenoxyacetic acid (5) 

10.7g (34.3 mmol) of 4 was suspended in a solution of 4.5g (42.5 mmol) of Na2CO3 in 70 ml of water. The 

mixture was refluxed for 3 h, cooled, acidified with 6 M HCI and extracted with CHZC1,. The combined 

organic layers were dried over NaZSO, and evaporated to dryness to give 8.14g (84%) of 5 as colourless oil 

which solidified slowly. mp 121-124°C (CHC13/petroleum ether); 'H-nmr (90 MHz): 6(ppm) 2.9-3.5 (4H, 

m, -CHI-CHZ-), 4.8 (2H, s, -0-CH?-), 6.9-7.8 (9H, m, aromatic-H), 9.6 (IH, s, -COOH); ir: 1735 (CO), 

1665 (CO); ms (mlz): 284 (M+). Anal. Calcd for C,,H,,O,: C, 71.82; H, 5.67. Found: C, 71.82; H, 5.67. 

3-(2-Phenylethyl)benzofi~ran (6) 

5.3 g (18.6 mmol) of 5 was aissolved i n  33 111l (350 mmol) of acetic anhydride followed by addition of 6.6 g 

(80.5 mmol) of sodium acetate. The mixture was refluxed for 2 h, cooled, diluted with ether and poured into 

ice-water. After basification with powdered NaOH the organic layer was separated and the aqueous phase 

was extracted twice with ether. The combined organic layers were washed with water, dried over Na2S04 

and evaporated to dryness to give 3.65 g (88%) of 6 as yellow oil, which was put into the next reaction step 

without further purification. 1H-Nmr (90 MHz, crude product): 6(ppm) 3.0 (4H, s, -CHz-CHI-), 7.2-7.6 

(10H, m, aromatic-H); ms (m/z): 222 (M+). 

3-(2-Phenylethyl)-2-benzofnranca1~baldehyde (7) 

15.2 g (68.4 mmol) of 6 was dissolved in 60 ml of DMF and added slowly to a mixture of 30 ml (321.9 

mmol) of POC13 and 40 ml of DMF at 5°C under argon atmosphere. The resulting mixture was heated to 
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IOO'C and stirred overnight. After cooling and dilution with ether the mixture was poured into ice-water and 

neutralized cautiously with powdered NaHCO,. The organic layer was separated and the aqueous phase was 

extracted twice with ether. The combined organic layers were washed with water, dried over Na2S04 and 

evaporated to dryness to give 16.1 g (95.6%) o f  7 as yellowish oil. IH-Nn~r  (90 MHz; crude product): 

Nppm) 2.9-3.5 (4H, m, -CH2-CH2-), 7.0-7.7 (9H, tn. aroniatic-H), 9.7 (IH, s, -CHO); ir: 1680 (CO); ms 

(mlz): 250 (M+). Dinitrophenylliydrazone: mp 281°C (dioxane); ms (1111~): 430 (M+). Anal. Calcd for 

C,,Hl,N40,: C, 64.18; H, 4.22; N, 13.02. Found: C, 64.22; H, 4.39; N, 12.88. 

n-llycl1~oxy-3-(2-pl1c11ylctl1yl)-2-I1c11zn~11ril11:1~ctn11it1~ile (Rn) 

5.4 g (1 10.2 ~ i in~o l )  o f  NaCN was dissolved in 50 1111 of water and added to a solution o f  5.2 g (48.1 mnlol) 

of 7 in 7.5 ml of ether. Afler cooling to 5°C a mixture of 20 ml of 6 M HCI and 2 ml of  glacial acetic acid 

was added dropwise under vigorous stirring (caution! HCN), which was continued overnight. The organic 

layer was separated and the aqueous phase was extracted twice with ether. The combined organic layers were 

dried over Na2S04 and, after addition of a few drops of glacial acetic acid to avoid retro-cyanohydrin 

reaction, evaporated lo dryness to give 5.58 g (96.8%, crude product) o f  8a as yellow oil, which was 

immediately put into the next reaction step. IH-Nmr (90 MHz, crude product): 6(ppm) 3.0-3.2 (4H, m, 

-CH,-CH,-), 3.8 (IH, broad s, -011). 5.2 (IH, s, -CH(OH)), 7.0-7.7 (YH, m, aro~llatic-H). 

3-(2-Pl1e11yletl1yl)-a-(2-lelral1ydropyra11ylnxy)-2-be11zo~~1rn1iacctonitrile (811) 

4.5 inl (49.6 m~nol) of 3,4-dillydro-2If-~1yrarl and catalytic amounts of p-toluenesulfonic acid wereadded to 

a solution of 4.47 g (16.1 mmol) of crude 8n in 45 ml of CH2CI2. The mixture was stirred for I h at room 

temperature and washed twice with saturated NaHC0,-solution. The combined aqueous phases were re- 

extracted twice with CH2CI,. The co~nbined organic layers were dried over Na,SO, and evaporated to 

dryness. Purification of the oily residue d o  colu~nn chromatography (silica gel, petroleum etherlether = 

2011) gave 4.02 g (68%) o f  8b (~nixture of diastereomers) as colourless oil. IH-N~nr  (90 MHz): d(ppm) 1.4- 

1.9 (6H, nl, -C(O)-CH,-CH2-CH,-), 2.9-3.2 (4H, In, Ph-CH,-CH,-), 3.5-4.1 (2H.  In, -0-CH,.), 4.5, 5.1 

(0.7H, 03H,  each nl, -0-CH-0-), 5.4, 5.6 (0.7H, 03H,  each s, -CH(O)-CN), 7.1-7.7 (9H, m, 

aro~natic-H); Ins (~nlz): 361 (M+). Anal. Calcd for C2,H?,N03: C, 76.43; H, 6.41; N, 3.88. Found: 

C, 76.25; H, 6.23; N, 3.65. 
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rr-(ter~-B11tyldi111ctl1ylsilyloxy)-3-(2-l1e11ylctl1yl)-2-bc11zof111n11~celo11ilrile (Rc) 

I g (4 mmol) of 7 was dissolved in 20 ml of dry acetonitrile and 1.3 g (8.6 mrnol) of tcrt-butyldia~ethylsilyl 

chloride. 1.5 g (23.1 mn~ol) of KCN and catalytic amomls of ZnClz were added. After stirring for I6 h 

(argon atmosphere) the acelonitrile was removed under reduced pressure and the residue was suspended in 

elher and filtcred. The ethcral solution was washctl with water, dricd over Na2S04 and evaporated to 

dryness. Purification of the oily residue vin column chromatography (silica gel, pclroleum etherlell~er = 

1511) gave 0.92 g (59%) of 8c as colourless oil. IH-Nmr (90 MHz): 6(ppm) 0.2 (3H, s, Si-CH,), 0.3 (3H, 

s. Si-CH,), 1.0 (9H, s, Si-(CH&, 2.9-3.3 (4H, nl, -CH1-CH2-), 5.4 (IH, s. -CH-CN), 7.2-7.6 (9H, m, 

aromalic-H); Ins (nilz): 391 (M*). Anal. Calcd for C,,HZ,NO,Si: C, 73.61; H. 7.46; N, 3.58. Found: 

C, 73.81; H, 7.51; N,  3.52. 

n-A111i11o111ctl1yl-3-(2-pl1c11ylcll1yl)-2-l~e11zof11r~111111cll1n11ol (9a) 

5.0 g (12.8 mmol) of 8c was dissolved in 40 ml of dry ether and added dropwise to 25 1111 (25 mmol) of a 

1 M solution of LiAIH, i n  THF at -40°C. After 2 h of stirring 2 ml of water was added and the mixture was 

allowed to warm up to room temperature. The slurry was filtered and washed carefully with ether. The 

combined organic layers were dried over.Na1S04 and evaporated to dryness to give 2.93 g (81.5%) crude 9n 

as a yellowish oil. Purification via column chromatography (silica gel, CH2CIz/~nethanollcot~c. NH40H = 

15011011) yielded 1.47 g (40.8%) of 9a as colourless oil which solidified slowly. I I I ~  92-95'C (ethyl 

acetatelcyclol~exane); 1H-nmr (90 MHz): 6(ppm) 1.7 (3H. broad, -NH2. -OH), 2.7-3.1 (6H, -CH1-CH2-. 

-CH2-N), 4.4 (IH, dd, J = 5 Hz, J = 7.5 Hz, -CH(O)-), 7.0-7.6 (9H, ,111, aromatic-H); ms (mlz): 281 

(Mt). Anal. Calcd for C18Hl,N02: C, 76.84; H, 6.81; N, 4.98. Found: C, 76.69; H, 6.79; N, 4.97. 

3-(2-Pl1e11ylcll1yl)-@-(2-tclral1ydropyrnnyloxy)-2-be11znf11r;11e(I1n11a111i11e~(9b) 

4.0 g (I 1.1 ~nmol) of 8 b  was dissolved in 20 1111 of dry ether and added dropwise to I I ml (I I m~nol) of a 

I hq solution of LiAIH, i n  THF at -40'C. The mixture was stirred for 2 h at -40°C and hydrolyzed by 

addition of water (I ml). After warm up to room temperature the slurry was filtered off and washed carefully 

with ether. The combined organic layers were dried over Na2S04 and evaporated to dryness. Purification of 

the oily residue via colunln chromatograpl~y (silica gel, CH,Cl,/mell~anollconc. NH40H = 150110/1) gave 

2.6 g (64%) of 9b (mixture of diastereonlers) as colourless oil. 1H-Nmr (90 MHz): 6(pp1n) 1.1-1.8 (8H, In, 

-C(O)-CH,-CH,-CH1-, -NH,), 2.5-4.1 (8H, 811, PIi-CHI-CH,-, -0-CH,-, -CH,-N), 4.4-4.9 (2H, In, 
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-CH(O)-. -0-CH-0-), 7.0-7.6 (9H, 111, aro~llatic-H); 111s (~nlz): 36.5 (M+). Anal. Calcd for C,,H,,NO,: 

C, 75.59; H, 7.45; N, 3.80. Found: C, 75.72; H, 7.77; N, 3.70. 

N-lsopropyl-3-(2-pl,ei1ylctlyl)-~-(2-lelr;iliydropyraayloxy)-2-be1i~o~11.nt1ctl1nnn11ii11e (Ion) 

2.0 g (5.5 mmol) of 9b was dissolved in 20 nil of ~nctlianol and 0.7 nil of acetone was added. After stirring 

for 30 min 0.43 g (6.8 m~nol) of NaCNBH, was added and the stirring was continued for 10 min. Then the 

procedure was repeated using 0.5 ml of acetone and 0.3 g (4.8 nimol) of NaCNDH,. Ether was added and 

tlie mixture was washed twice with water. After re-extraction with ether tlie combined organic layers were 

dried over Na,SO, and evaporated to dryncssto give 2.02 g of crude product as yellow oil. Purification via 

colunln chromatography (silica gel, CH,Cl,l~iiell~anol/c~)~ic~ NH,Ot1 = 30011011) gave 1.24 g (55.6%) of 

10:1 (mixture of diaslereomcrs) as colourless oil. IH-Nmr (00 MHz): 6(ppm) 1.0 (7H, < I ,  J = 6 Hz, -CH,), 

1.1 (3H, d, J = 6 Hz, -CH,), 1.3-1.8 (7H, 111, -C(O)-CH,-CH,-CH,-. -NH), 2.5-3.6 (9H, -CH,-N-CH-, 

-0-CH2-, Pli-CH2-CH,-), 4.8-5.0 (2H, 111, -CH(O)-, -0-CH-0-), 7.1-7.6 (9H, 111, aronialic-H); nis (mlz): 

407 (M+). 

3-(2-l'l1e11yletl1yl)-N-pr~1~~yI-~-(2-(11;i11ctlint1n11il11e (1011) 

1.9 g (4.7 ~nmol) of 1Ud was dissolved in 40 111l of  dry ether and added dropwise to 6 ml (6 mmol) of a I M 

solution of LiAIH, in THF at room temperature. After stirring overnight the mixture was cooled to -40°C 

and then hydrolyzed with 0.5 nil of water. The slurry was filtered and washed carefi~lly with ether. The 

combined organic layers were dried over NaZS04 and evaporated to dryness. Purification of the residual 

yellow oil (1.4 g) via coluinn chromatography (silica gel, CH2C1Z/~netlianol/co~~c. NH,OH = 20011011) 

gave 0.96 g (52%) of IUb (mixture of diastereomers) as colourless oil. 1H-Nmr (80 MHz): B(ppm) 0.9 (3H, 

1, J = 8 Hz, -CH,), 1.2-2.0 (9H. 111, -C(O)-CH2-CH2-CH,-, -CH,-CH,, NH), 2.5-2.8 (BH, In, -CH,-N- 

CH,-), 2.9-3.6 (7H, 111, Pli-CH,-CH,-, -CHI,-N-, -0-CH,-), 4.4 (0.3H. m, -0-CH-0-), 4.7-5.1 (1.7H, 111, 

-C11(0)-, -0-CH-0-), 7.0-7.6 (91-1, 111, aromatic-H). 

N-(2-(3-(2-I'lic11ylctI1yl)-2-l1e11zo~11la11yl)-2-(2-letrnl1yd1~opy1~n1iyluxy)ctliyl)pro~1;1tia111irle (IOd) 

3 . 0  g (8.2 ~nniol) of crude 91) was tlisailvcd in 30 1111 (371 in~nol) of pyridine and after cooling in an ice bath 

0.72 in1 (8.3 rnnlol) of propionyl chloride was added. The reaction vessel was closed and cooled in a 

refrigerator for 20 11. Ether was added and tlie mixture was washed with I M HCI to remove pyridine. After 
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washing with saturated NaHC0,-solution and then water the organic layer was dried over Na2S0, and 

evaporated to dryness. Purification of the residual dark oil via column chromatography (silica gel, petroleum 

etherlether = 111) gave 1.58 g (45.7%. two steps) of IOd (mixture of diastereomers) as colourless oil which 

solidified slowly. mp 85-93°C; 'H-nmr (90 MHz): d(ppn1) 1.1, 1.12 OH, each I, J = 7.5 Hz, -CH3), 1.3- 

1.8 (6H, m, -C(O)-CH2-CH2-CH2-), 2.15, 2.20 (0.6H, 1.4H, each q,  J = 7.5 Hz, CO-CH2-), 2.9-3.1 (4H, 

111, Ph-CH,-CH2-), 3.3-3.8 (4H, m, -0-CH2-, -CH2-N), 4.4 (0.3H. ni, -0-CH-0-), 4.8-5.0 (1.7H, m, 

-0-CH-0-, -CH(O)-), 5.7, 5.9 (0.7H, 0.3H, each 111, NH), 7.1-7.6 (9H, 111, aromatic-H); ir: 3300 (NH), 

1650 (CO), 1550 (CO); 111s (nilz): 421 (M+). Anal. Calcd for C2,H,,N0,: C, 74.08; H, 7.41; N, 3.32. 

Found: C, 78.87; H, 7.85; N, 7.29. 

a-(lsnpropyle111i11o111ctl1yl)-3-(2-pl1r11yletI1yl)-2-bc11zof1~rs11111~tIianol, ~ l ~ d r k l i l o r i d e  (2.1) 

1.1 g (2.7 mmol) of 10a was dissolved in 20 ml of dry ether and 0.2 nil of methanol and 5 ml of a I M 

solution of HCI in ether were added. Removal of the solvent and crystallization from ethyl acetate (twice) 

gave 0.49 g (50.4%) of 2% mp 160-163°C; 'H-nnir (90 MHz; CDCI,/D20): 6(ppm) 1.3 (3H, d,  I = 6 Hz, 

-CH,). 1.4 (3H, d. J = 6 Hz. -CH,), 2.5 (IH, (Id, J = 3 Hz. J = 14 Hz, -CH,-N). 2.9-3.4 (6H, m, 

Ph-CH2-CH2-, -CHI,-N-CH-), 5.4 (IH, dd, J = 3 Hz, J = 10 Hz, -CH(O)), 7.0-7.5 (9H, ni, aromatic-H). 

Anal. Calcd for C2,H2,N02CI: C, 70.08; H, 7.28, N, 3.89; CI, 9.85. Found: C, 69.79; H, 7.25; N, 3.88; 

CI, 9.81. 

3-(2-I'l1e11ylell1yl)-a-(propyl:111ii1in111cll1yl-2-le11zo11r;111111ctl1e11nl, Ilyrlrocl~loricle (2h) 

1.0 g (2.1 innlol) of lob  was dissolved il l  20 1111 of dry ether and 0. l nil of ~iiethanol and 4.5 ml of a 

I M solution of HCI in ether were added. Renioval of the solvent and crystalli7ation from ethyl acetate 

(twice) gave 0.42 g (54.8%) of 21). nip 150-152°C; IH-nmr (90 MHz): S(ppni) 0.9 (RH, 1, J = 6 HZ, 

-CH,), 1.8 (2H, scxt., J = 6 Hz, -C&-CH,), 2.4 (IH, dd, J = 3 Hz, I = 14 Hz, -CH,-N), 2.7-3.1 (6H, 

In, Pli-CH2-CH2-, N-CH2), 3.3 (IH, dd, J = I I Hz, J = 14 Hz. -CHI,-N), 5.4 (IH, dd,  J = 3 HZ. I = 

l l Hz, -CH(O)), 7.0-7.6 (9H, m, aroniatic-H). Anal. Calcd for C2,H26N02CI: C, 70.08; H, 7.28; N, 3.89; 

CI, 9.85. Found: C, 69.85; H, 7.29; N, 3.87; CI, 9.82. 
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