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Abstract 0 Several (3-aryl-2,3-dihydrobenzofuran-3-yl)alkanamines, de- 
signed as potential antidepressant agents with analgesic properties, 
were synthesized and pharmacologically evaluated. While two com- 
pounds ( la ,  I f )  displayed potent antitetrabenazine activity, concomitant 
antinociceptive activity in the phenylquinone writhing assay was not 
observed. 

Several clinical reports' have implied the desirability of 
generating a novel antidepressant which contains an analgesic 
component, since their evidence has closely associated depres- 
sion with chronic pain. The effectiveness of several tricyclic 
antidepressants in alleviating pain has been demonstrated in 
these studies and in several r e p o r t ~ ~ . ~  of novel tricyclics with 
combined analgesic and antidepressant properties which have 
recently appeared. As part of a program targeted for developing 
nontricyclic agents of this type, an investigation of the synthe- 
sis and pharmacological profile of a number of (3-aryl-2,3- 
dihydrobenzofuran-3-y1)alkanamines (1) was undertaken. The 
structural features of this series of compounds are analogous 
to a variety of antidepressant agents, e.g., talopram (2)6 and, 
additionally, they can be envisioned as cyclized analogues of 
the diphenylmethane analgetics7 related to methadone (3). 

1 

2 3 

The synthetic approach to the dihydrobenzofurans (1) is 
outlined in Scheme I .  The readily available benzhydryl chlo- 
rides (4) were treated with silver cyanide in acetonitrile" to 
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give nitriles (5). Side-chain attachment was achieved via al- 
kylation, using lithium diisopropylamide in tetrahydrofuran 
with the corresponding chioroalkylamine to provide aminoni- 
triles (6). Refluxing 48% aqueous hydrohromic acid converted 
6 to an intermediate lactoneg (not shown), which, on subse- 
quent reduction with lithium tetrahydridoaluminate, resulted 
in diols (7). Treating 7 with methanesulfonyl chloride and 
triethylamine in dichloromethane induced cyclodehydration to 
generate the desired dihydrobenzofuran ring (1, R' = methyl). 
Demethylation occurred readily via the trichloroethyl carba- 
mate derivative, which was easily hydrolyzed with zinc in acetic 
acid at  room temperature'" to give secondary amines (1, R' = 
hydrogen). Alkylation using the appropriate alkyl halides in 
dimethylformamide yielded several derivatives (1, R' = cyclo- 
propylmethyl; phenethyl). The dihydrobenzofurans (1) were 
screened for potential antidepressant and analgesic activity. 

1. AgCN 1. H B r  

'l 2. LOA. RC1 @ G N  2. L1AlH4 
I 

4 

7. n . t . 3  1, R ' = C H ~  

1. ClC(0)OCH2CClj R ' X  

2 .  Zn/HOAc 

+ 1, R I = H  __o R ' = c H ~ - ~ - c ~ H ~ ;  c ~ H ~ ( c H ~ ) ~  

Experimental Section 
Melting points were determined on a Thomas-Hoover capil- 

lary melting-point apparatus and are uncorrected. IR spectra 
were recorded on a Perkin-Elmer 727 or a Pye Unicam SP3- 

0 1985, American Pharmaceutical Association 
0022-3549/85/0100-0044$0 1 .OO/O 



200 spectrophotometer. NMR spectra were taken at 60 MHz 
on either a JEOL C-6OHL or a JEOL FX-60 spectrometer, and 
chemical shifts are given relative to internal tetramethylsilane. 
MS were obtained from a Finnigan Model 4000 spectrometer 
interfaced to a Finnigan 9610 GC and equipped with an INCOS 
data system. Elemental analysis was performed by Micro-Tech 
Laboratories, Skokie, IL. TLC were run on silica gel PF-254 
plates and column chromatography was performed using silica 
gel 60 (E. Merqk, AG) or absorption alumina (Fisher Scientific). 
Preparative HPLC was performed on a Waters Prep LC/system 
500 instrument using UV and RI detectors for monitoring the 
chromatography. 
c~-(2-Methoxyphenyl)benzeneacetonitrile (5a)-A 

mixture of cu-(2-methoxyphenyl)benzyl chloride (148 g, 0.64 
mol), silver cyanide (86 g, 0.64 mol), and acetonitrile (1000 mL) 
was refluxed for 5 h. The cooled mixture was filtered and the 
filtrate was concentrated. The crude product was fractionated 
(bp 17O0C/O.5 mm) to give 70 g of an  oil that solidified on 
standing. Recrystallization from cyclohexane yielded 50 g 
(35%) of yellow crystals, mp 83-85°C (Table I); IR (CHC13): 
2250 cm-' (CEN); 'H NMR (CDC13): d 3.8 (s, 3, OCH,), 5.6 ( s ,  
1, CHCN), and 6.8-7.7 ppm (m, 9, ArH). 

4-Dimethylamino - 2 - (2  - methoxyphenyl) -2-phenyl- 
butanenitrile Oxala te  (6a)-To a solution of diisopropyla- 
mine (6.4 mL, 0.046 mol) in anhydrous tetrahydrofuran (50 
mL) at  -70°C under nitrogen was added n-butyllithium in 
hexane (0.044 mol); this mixture was stirred at  -70°C for 15 
min and warmed to -30°C. A solution of 5 a  (9.2 g, 0.040 mol) 
in tetrahydrofuran (50 mL) was added in a dropwise manner 
and the resulting solution placed in an ice bath and warmed to 
0°C. Freshly distilled dimethylaminoethyl chloride (11 mL, 
0.092 mol) was added, and the mixture was heated at  reflux for 
1.5 h. The mixture was quenched with water (5 mL) and 

Table I-a-(2-Methoxyphenyl)benreneacetonitriles (5, 6) and 242- 
Hydroxyphenyl)-2-arylalkanols (7) 

Formula Yield, Compound" X n mp. "C 
~ 

5a H - 83-85 35 C15Hi3NO 
5b 2-F - 97-98 14 C15HizFNO 
5c 2-cH3 - 95-95.5 44 Ci6Hi5NO 
5d 4-CH3 - oil 62 Ci6Hi5NO 
6a H 2 177-179 68 CigH2zNzO.CzHz04 
6b 2-F 2 146-148 42 CigH2iFN20.C4H404' 
6~ 2-cH3 2 166-167.5 66 C Z O H Z ~ N Z O . C ~ H ~ O ~ ~  
6d 4-CH3 2 175-176.5 55 C ~ O H Z ~ N ~ O . C ~ H ~ O ~ ~  
6e H 3 194-195.5 38 CzoH24NzO.HCI 
7a H 2 199-201 43 CieH23NOz.HCI 
7b 2-F 2 220-222 36 CieHzzFN02.'/~(CqH404)' 
7~ 2-cH3 2 205-207 53 CigH25NOz.HCI 
7d 4-CH3 2 234-236 26 CigHz5N02.1/2(CqH404)' 
7e H 3 182-182.5 29 CigH~5N02.CzH204 

"Satisfactory analytical data (+_0.4% C, H, N) were reported for all new com- 
pounds listed in the table. 'Acid fumarate salt. "Acid maleate salt. 

concentrated under reduced pressure to give a residue which 
was dissolved in dichloromethane (1000 mL). The solution was 
washed with water (2 x 200 mL), dried (magnesium sulfate), 
and the solvent evaporated. The free base was converted to the 
oxalate salt (10.8 8). Recrystallization from ethanol gave an 
analytical sample (Table I); 'H NMR (Me,SO-&): 6 2.4-2.6 (m, 
2,CH2), 2.7 (s,6, NCH3),2.8-3.1(m,2, NCH,), 3.6 (s,3,0CH3),  
7.0-7.7 (m, 9, ArH), and 11.0 ppm (br s, 2, exchangeable); MS: 
(MH)' m/z 295. 

Compounds 6b, 6c, and 6d were prepared in a similar 
manner from 5b, 5c, and 5d, respectively, and converted to 
either the fumarate or maleate salt. Compound 6e was prepared 
in a similar manner from 5a using dimethylaminopropyl chlo- 
ride and converted to the hydrochloride salt (Table I). IR, 'H 
NMR, and MS were consistent with the assigned structures. 

4-Dimethylamino-2- (2-hydroxyphenyl)-2 -phenylbu- 
tanol Hydrochloride (7a)-A mixture of 6a (40 g, 0.136 mol) 
and 48% HBr (200 mL) was refluxed for 40 h. The cooled 
mixture was made basic with 50% NaOH and extracted with 
dichloromethane. The organic extract was washed with water 
and dried (magnesium sulfate). Concentration gave a brown oil 
that was fractionated (bp 153-16O0C/O.2 mm) to yield 28.7 g 
(75%) of a yellow oil. 

A solution of the above benzofuranone (28.6 g, 0.102 mol) in 
anhydrous ether (300 mL) was added in a dropwise manner to 
a suspension of lithium tetrahydridoaluminate (7.74 g,  0.204 
mol) in ether (150 mL) with ice bath cooling. The resulting 
mixture was stirred at  20°C for 2 h and quenched with sodium 
sulfate solution. The solids were removed by filtration and 
washed with ethyl acetate. The combined filtrates were washed 
with saturated sodium carbonate and brine, and dried (sodium 
sulfate). Concentration gave 28 g of a crude oil that solidified 
on standing. A solution of 5 g of this material in dichlorome- 
thane was added to excess ethereal hydrogen chloride. The 
precipitated solid was recrystallized from ethanol to give 3.2 g 
(57%; 43% overall) of white crystals, mp 199-201°C (Table I); 
IR (KBr): 3300 cm-' (OH); 'H NMR (CD30D): 6 2.8 (s, 6, 
NCH,), 3.0-3.4 (m, 4, CHJ, 3.8-4.4 (m, 2, OCH,), and 6.7-7.5 
ppm (m, 9, ArH); MS: M' m/z 285. 

Compounds 7b, 7c, 7d,  and 7e were prepared in a similar 
manner from 6b, 6c,  6d, and 6e,  respectively, and converted 
to the hydrochloride, fumarate, or maleate salt (Table I). IR, 
'H NMR, and MS were consistent with the assigned structures. 

2- (3 - P h e n y l -  3-dihydrobenzofuranyl)-N,N-dimeth- 
ylaminoethanamine Oxala te  (la)-To a solution of 7a 
(14.8 g, 0.052 mol) and triethylamine (21.5 mL, 0.156 mol) in 
dichloromethane (30 mL) at  5°C was added a solution of 
methanesulfonyl chloride (6.0 mL, 0.078 mol) in dichloro- 
methane (50 mL). After 3 h, this mixture was diluted with di- 
chloromethane (800 mL), washed with 10% NaOH solution (2 
X 125 mL) and brine, and dried (magnesium sulfate). The 
solvent was evaporated to give 14 g of a crude yellow oil. A 
solution of 5 g of this material in dichloromethane (15 mL) was 

Table ll-(3-Aryl-2,3-dihydrobenzofuran-3-yl)alkanamines 

Corn pound" X 

l a  
l b  
l c  
I d  
l e  
I f  
XI 
l h  
l i  
irnipramine 
pentazocine 

H 
2-F 
2-cH3 
4-CH3 
H 
H 
H 
H 
H 

n 

2 
2 
2 
2 
3 
2 
3 
2 
2 

- 
mp, "C 

158-1 60 
21 1-213 
188-1 90 
138-1 40 
140-1 41 
184-1 87 

180.0-181.5 
154-1 56 

135.5-1 38.0 

Yield, 

63 
20 
35 
29 
25 
40 
30 
33 
33 

Formula 
TBZ, 
ED50 

mg/kg iP 
3.03d 

>20 
>20 
>20 
>20 

4.99' 
13.68 

>20 
>20 

5.5' 
2.8' 

PQW, 

mg/kg sc 
ED50 

>20 
>10 
>10 
>10 
>20 
>10 
>10 

>20 
6.27 

10.7 
2.4 

"Satisfactory analytical data (_t0.4% C, H. N) were reported for all new compounds listed in the table. 'Acid fumurate salt. 'Acid maleate salt? PO 
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added to excess oxalic acid in ether. The precipitated solid was 
recrystallized from ethanol to yield 4.2 g (63%) of white crystals, 
nip 158-160°C (Table 11); ‘H NMR (Me2SO-d6): 6 2.7 (br s, 10, 
NCH,CH2 and NCH3), 4.6 (s, 2, OCH,), 6.8-7.5 (m, 9, ArH), 
and 9.8 ppm (br s, 2, oxalate H); MS: M’ m/z 267. 

Compounds lb, lc, Id, and le were prepared in a similar 
manner from 7b, 7c, 7d, and 7e, respectively, and converted 
to the hydrochloride, fumarate, or oxalate salt (Table 11). IR, 
‘H NMR, and MS were consistent with the assigned structures. 
2,3-Dihydro-N-methyl-3-phenyl-3-benzofuranethan- 

amine Hydrochloride (If)-A mixture of la (6.0 g, 0.023 
mol), &@,@-trichloroethyl chloroformate (3.72 mL, 0.027 rnol), 
anhydrous potassium carbonate (12.4 g, 0.090 mol), and di- 
chloromethane (100 mL) was stirred a t  20°C overnight. Water 
was added to dissolve the inorganic compounds, and the organic 
extract was washed with water and dried (magnesium sulfate). 
Concentration gave 7.9 g of a brown oil that was chromato- 
graphed by HPLC using 20% hexane:dichloromethane as an 
eluant to give 6.4 g (66%) of a light-yellow oil. 

Activated zinc (14 g, 0.215 g.atm) was added to a solution of 
the above carbamate (22 g, 0.054 mol) in glacial acetic acid (125 
rnL) in several portions. After stirring for 1 h a t  20°C, the 
reaction was diluted with dichloromethane (600 mL), filtered 
through Celite (Johns-Manville Corp.), and the solids were 
washed with dichloromethane. The combined filtrates were 
concentrated, and the resulting oil was taken up in dichloro- 
methane (800 mL). This solution was washed with saturated 
sodium carbonate, dried (magnesium sulfate), and concentrated 
to an orange oil (12.9 9). This free base was converted to its 
hydrochloride salt in ether. Recrystallization from acetonitrile 
gave 9.1 g (61%; 40% overall) of a white solid, mp 184-187°C 
(Table 11); ‘H NMR (Me2SO-d6): 6 2.2-3.0 (m, 9, CH2, CH3, 
and NH2+),4.6 (s, 2,0CHp),and 6.8-7.5 ppm (m,9,ArH);MS: 
M’ m/z 253. 

Compound lg was prepared in a similar manner from le 
(Table 11). IR, ‘H NMR, and MS were consistent with the 
assigned structure. 
N-Cyclopropylmethyl-2,3-dihydro-N-methyl-3- 

phenyl-3-benzofuranethanamine Fumarate (1h)-A 
mixture of If (4.0 g, 0.016 mol), cyclopropylmethyl chloride 
(1.54 g, 0.017 mol), potassium carbonate (6.9 g, 0.050 mol), 
potassium iodide (0.2 g, 0.001 mol), and dimethylformamide 
(40 mL) was stirred at  65°C for 4 h. The cooled mixture was 
poured into water (40 mL) and extracted with ether ( 3  X 200 
mL). The combined layers were washed with brine and dried 
(sodium sulfate). The yellow solution was stirred with silica gel 
(4 g), filtered, and concentrated. The resultant free base was 
converted to the fumarate salt (4.2 g). Recrystallization from 
acetonitrile gave 2.2 g (33%) of white crystals, mp 154-156°C 
(Table 11); ’H NMR (Me,SO-d6): d 0.0-1.1 (m, 5, c-C3HA), 2.0- 
3 .0  (m, 9, CH, and CH,,), 4.7 (s, 2, OCHJ, 6.6 (s, 2, fumaric 
CH),  6.7-7.6 (m, 9, ArH), and 14.3 ppm (br s, 2, fumaric OH); 
MS: (MH)’ m/z 308. 

Compound li was prepared in a similar manner from If 
using phenethyl bromide and converted to the fumarate salt 
(Table 11). IR, ’H NMR, and MS were consistent with the 
assigned structure. 

Pharmacology-Tetrabenazine Assayl’-The test com- 
pound was administered by intraperitoneal injection to male 
mice (Charles River CD-1) in groups of five. Tetrabenazine 
methanesulfonate (40 mg/kg, ip) was administered 30 min later 
and, after another 30 min, the mice were placed in individual 
containers. Ptosis was then evaluat,ed on a three-point scale: 
eyes closed = 2; eyes half open = 1; eyes open = 0. A linear 
regression analysis of the ptosis scores was used to evaluate 
ED,, values and 95% confidence intervals. Data for the refer- 
ence standard imipramine is included in Table 11. 

I’henylquinone Writhing Assay-The procedure employed 
was a modification of the method of Siegmund, Cadmus, and 
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Lu.” Groups of five male mice (Charles River CD-1) weighing 
18-24 g were administerd the test compound by subcutaneous 
injection a t  various time intervals prior to the injection of a 
phenyl-p-quinone solution (0.125% in a 5% aqueous ethanol 
solution). Control mice were treated with an equal volume of 
vehicle. After phenylquinone injection, the mice were placed in 
individual 1000-mL beakers and, 5 min later, the number of 
times the mice writhed was recorded for a 10-min period. The 
peak time of test drug activity was thereby determined. A dose- 
response study was performed in a similar manner, except that 
10 animals were used at the peak time of activity. Animals were 
dosed and tested randomly using four doses and one control 
group. Drug activity is expressed as the percent inhibition of 
the number of times the mice writhed and an estimated EDso 
was calculated by computerized linear-regression analysis. Data 
for the reference standard pentazocine is included in Table 11. 

Results and Discussion 

All compounds listed in Tables I and I1 were evaluated for 
potential antidepressant activity with respect to their antago- 
nism of tetrabenazine-induced ptosis (TBZ) and for analgesic 
activity by their inhibition of phenylquinone-induced writhing 
(PQW) in mice. While the intermediates (Table I) failed to 
display significant effects in either assay, several of the targeted 
dihydrobenzofurans (Table 11) exhibited marked biological ac- 
tivity. Optimal TBZ activity of the imipramine range was 
observed in la and its demethylated analogue If. Substitution 
in the pendant ring’? (Ib, lc, Id) and lengthening of the 
attached side chain (le, lg) resulted in diminished activity. In 
addition, replacement of a methyl with other larger groups (1 h, 
li) was detrimental. Unexpectedly, only the cyclopropylmethyl 
analogue lh exhibited marked PQW activity a t  nearly one-half 
the potency of pentazocine. Thus, while separate examples of 
significant antidepressant-like and antinociceptive properites 
were obtained, a simultaneous antidepressant-potent analgesic 
profile was not discovered in this series of compounds. 

References and Notes 
1. 
2. 
3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 
12. 

13. 

Moore, D. J.  Am. Med. Assoc. 1980,  73, 1585. 
Ward, N. G.; Bloom, V. L.; Friedel, R. 0. Pain 1979, 7, 331. 
Shimm. D. S.: Lome. G. L.: Maltbie, A. A.; Dugan, S. J. J .  Am. 
Med. Absoc.. I\;red.News 1979. 241. 2408. 
Ong, H. H.; Profitt, J. A.; Anderson, V. B.; Spaulding, T. C.; Wilker, 
J. C.; Geyer, H. M. J.  Med. Chem. 1982,25,1150. 
Ong, H. H.; Profitt, J. A,; Anderson, V. B.; Spaulding, T. C.; Wilker, 
J. C.: Gever. H. M.: Kruse, H. J.  Med. Chem. 1980,23,494. 
Bie1,’J. H. in “Principles of Psychopharmacology”; Clark, W. G.; 
del Giudice, J., Eds.; Academic Press: New York, 1979; p 269. 
Hardy, R. A.; Howell, M. G. in “Analgetics”; deStevens, G., Ed.; 
Academic Press: New York, 1965; p 222. 
Remy, D. US .  Patent 4 082 801, 1978; ChemAbstr. 1978 ,  89, 
42922~. 
The lactones have been previously prepared by another route: 
Weston, A. W.; Spielman, M. A. U S .  Patent 2 513 698, 1 9 5 0 ,  
Chem. A6str. 1950,44, 8956a. 
Montzka, T. A,: Matiskella, J .  D.; Partyka, R. A. Tetrahedron Lett. 
1974,15,  1325. 
Benesova, 0; Nahunek, K. Psychopharmacologia 1971 ,  20, 337. 
Siegmund, E.; Cadmus, R.; Lu, G. Proc. Soc. Enp. Bid. Med. 1 9 5 7 ,  
95, 729. 
These pendant ring substituents were chosen due to the potent 
anti-TBZ activity displayed in a series of related 3-phenyl- 
spiro[isobenzofuran-l(3H),4’-piperidinesJ: Bauer, V. J.; Duffy, B. 
J.; Hoffman, D.; Klioze, S. S.; Kosley, R. W.; McFadden, A. R.; 
Martin, I>. L.; Ong, H. H.; Geyer, H. M. J.  Med. Chem. 1976, 19, 
1315. Shutske, G., personal communication. 

Acknowledgments 
The authors wish to express their appreciation to Marc N. Agnew 

and Anastasia Rizwaniuk for special data and Minh G. Ma, Janis 
Siege], and Karen Theurer for performing pharmacological assays. We 
also gratefully acknowledge June Baird-Strupczewski for literature 
search information. 




