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SYNTAESIS OF HETEROClCLES THROUGH RING C L O S W  

OF 2-(SUBSTITUTEDIIVaNO-l-PHCNYLeROPANOIS 
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Division of Horton-Nowich Products, Inc., Nowich, New York 13815 

The cycliration of 2-(substituted)amino-1-phenylpropanols in 48% hydro- 

bromic acid or polyphosphoric acid to a variety of nitrogen-containing hetee- 

ocycles is described. 

The facile preparation of 4-phenyl-1.2.3.4-tetrahydr~i8oquinolines by the 48% hydrohromic 

acid or polyphosphoric acid (PPAI catalyzed cycliration of 2-banzylamino-1-phenylethanols and 

related ccmpovnds along with a discussion of the scope, limitations, and possible mechanism of the 

reaction was described previously (1.2). 

This publication sumrizes the extensions of this cyclization to other nitrogen-mntaininq 

heterocycles which were conducted in these laboratories. Experimental details are included for 

transfolmationa not previously reported. 

1. PyridoI3.4-glisoquinolines 

Cyclization of the his-compound & in PPA afforded the pyrido(3.4-qlisoquinoline (2). ths lin- 

ear structure of which was proven hy an oxidation-decarboxylation sequence to p-dibenulylbenrene 

(2 )  131. This apparently was the first reported example of the pyrido(3.4-glisoquinoline ring 

system. 



2. Benzlhlisoquinolines 

Treatment of the naphthyl -pound 2 with refluxing 488 HBr afforded the benrIhlisoquinoline 

2 in 93* yield (4). To prove that melation occurred to the 2-position rather than the 8- 

position (to yield 2). the dichlom compound 2 with mr was converted to 2 (5) which upon hy- 
droganolysis in the presence of palladim-on-carbn gave 2 ,  thus providing an unequivocal mute 

to this corPpound (6). 

4 

3. Naphth 11,s-cdlazepines 

As stated above, cyclization of the 1-substituted naphthyl compound 2 ,  in which the 2-position 
of the ring contained no substituent, gave the bsnz(hlisoquino1ine 2.  In an instance where the 

2-position of the naphthalene ring contained a substituent, cyclization to the naphthll.8-cdl- 

asepine was observed as is demonstrated in the transfoemation of 2 * @ in PPA at 90-95' (6). 
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4. BenzLfliswquinolinea and benzIglisquinolinea 

-elation of a in PPA at 90-95. gave an 88% yield of the benzlglisoquinoline a which u p n  
shaking with hydrogen in the presence of palladim-on-carton gave a, providing an unequivocal 
route to this product ( 7 ) .  

Cyclization of &$, in refluxing 48a HBr afforded an 81% yield at the benz[fliswquinoline b;:, 

the structure of which was indicated by "on-identity with conpound ( 6 ) .  

Ring-closure of a in 48% HBI. gave a mixture of % and which was sepsrable by fractional 

crystallization (6). 



5. Benzldelquinolines 

Reaction of the naphthylamine a with refluxing 480 HBr for 20 hours afforded the benzldel- 
quinoline U in 49% yield (81. 

CH OH 

NH-CH- H-C H 

6 5  
'HC1 

% x 
6. Cyclopent[i,jlisoquinolines 

mnelation of the indanylamine in retluving 48% mr gave the cyclopentli,jlisoquinoline R 

in a yield of 40% (91. 

7. Indeno[l,2,3-ijlisoquinolines 

~reatment of the fluorenone derivative 8 with refluxing 48% Hsr for 20 hours gave rise to a 
14% yield of the cyclired product &, an indeno(l.2.3-ijlisoquinoline (101. 

8. Indenol2.1-clisoquinolines 

Cycliration of 2-benzylamino-1-indanol hydmchloeide (a1 in PPA at 95-100' for 18 hours gave 

the indenol2,l-cl-isoquinoline a in 55% yield 1111. 
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9. Benzo[alphenanthridines 

The carhim1 a (121, when treated with PPA at 95-100'. gave the benzo[alphenanthridine g 
in a 12% yield (131. 

10. Dihydrobeneoihlquinolirinim bromides 

Reaction of the pyridinium compound with refluxing 48% HBr gave a 53% yield of the benzo- 

[blguinolirinium compound a (61 which was previously synthesized by another method (141. 

EXPERIMENTAL 

Melting points were determined on a Mel-Temp apparatus and those below 230- are corrected. 

In spectre were determined as mineral oil mulls using a Perkin-Elmer 137B spectrophotometer. The 

NMR Spectra were obtained on a Varian A-60A instrument and were compared with tetramethylsilane 

as an internal standard. 

2-~5.8-Dichloro-1-naphthyImethylaminol-phena01 hydrochloride (XI and 2-(2- 



methoxy-1-mphthylnsthy1alnino)-l-phenyl-l-propanol hydrochloride 121 were reported previously 

(151. 

3-Methyl-4-phenyl-l,2,3,4-tetrahydrobenzIhlisoquinoline hydrobromide (2) from 8 
A mixture containing 2.12 g (0.005 mole1 of 8 ,  3.0 g 5% Pd/C, and 150 ml of methanol was 

shaken with hydrogen on a Parr apparatus foe 16 hr. The catalyst was filtered and the filtrate 

concentrated to dryness =. Treatment of a'methanolic solution of the product with sodium 

methoxide, filtration, and reaction of the free base with 48% HBr gave 0.91 g (52t) of 2.  the 
infrared spectrum of which was identical with that of the product derived from 8 .  A mixed melt- 

ing point of the two products was not depressed. 

l0-Methoxy-3-methyl-4-phenyl-l.2,3,4-tetrahydmnaphthI1.8-cdlazepine la1 
To 37.2 g 10.116 mole1 of 2, free base, was added quiokly 250 g PPA. The mixture was stir- 

red and heated on a stem bath at 90-95' for 4 hr., cooled, and powed into 2 liters ice water. 

The water was decanted and the oily residue was dissolved in 600 ml hot CH30H. Sodilm methoxide 

120 gl was added, the mixture was diluted with 1,000 ml H20 and extracted with 2 x 500 ml CHC13. 

The combined extracts were washed with 400 ml H20, dried lMgS041, and concentrated to dryness 

vacuo to yield 30.5 g of an oil. - 
Treatment of an alcoholic solution of the oil with athanolic hydrogen chloride gave in two 

crops 21.8 g 155%) of the hydrochloride which could not be purified. 

An 11.35 g 10.0335 mle) portion of the hydrochloride was dissolved in 200 ml CH30H. The 

solution was diluted with 200 ml H 0 and made alkaline with solid K2C03. The mixture was ex- 
2 

tracted with 2 x 150 ml CHC13, and the combined extracts were washed with 150 ml H20, dried 

(MgSO ), decolorized, and concentrated to dryness an Crystallization from heptane gave 
4 

6.60 g (61%) of the product, m.p. 101-104'. 

An analytical sample, m.p. 102-1049, was obtained by recrystallization from heptane; nmr 

ICE1 I 6: 1.30 id, J=6 Hz, 3, 3-m31; 1.85 Is, 1, exchanges in D20, N-HI; 3.90 (s, 3, 10-0CH31; 3 

3.95-4.63 lm, 4, 1-CH2, 3-CH, 4-CHI; 6.87-7.80 (m, 10, aromatic C-HI; ir ~ 1 :  2.97 (N-HI; 6.18, 

6.22 ICFCI. 

Mal. Calcd. for C21H21NO: C, 83.13; H, 6.98; N, 4.62 

Found: C, 83.36; H. 7.02; N. 4.62 

2-(2-Naphthylmethylmino)-l-phenyl-l-propanol hydrochloride I M )  

A mixture of 77.0 g (0.494 m l e )  of 2-na~hthaldehyde, .50.5 g (0.50 mlel triethylamine, 92.4 

g 10.434 mole) of 2-amino-1-phanyl-1-propawl hydrochloride, and 500 ml CH30H was stirred and re- 

fluxed foe one hour, then cooled to 20-30' while 14.0 g (0.38 mole) of sodium borohydeide was 
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added over 25 mi". The react ion mixture was s t i r r e d  a t  ambient temperature fo r  90 min. and di lu-  

ted with 1000 ml H20 The mixture was extracted with 4 x 450 ml portions of CHC13. The combined 

extzacts  were dr ied (MgS04) and concentrated t o  dryness if? vacua t o  give 151 g (,loo%) of the  f ree  

base of the  product. Treatment of  a 31.0 g (0.106 r o l e )  sample of the  f ree  base dissolved i n  

ethanol with ethanolic hydrogen chloride gave 28.1 g (81%) of the  product, m.p. 228-231.. An 

ana ly t i ca l  sample, m.p. 226-229*, was obtained by drying the  ahave sample a t  100' &=; i r  v :  

3.05 (0-H) ; 6.20, 6.30 (C-C) ; 9.25, 9.80 (C-OH) . 
Anal. Calsd. f o r  C H NO-HC1: C, 73.27; H,  6.77; N ,  4.27 

20 21 

Found: C, 73.12; H ,  6.71; N ,  4.12 

2-Methyl-l-phenyl-l,2,3,4-tetrahydrobenzif)isoquinoline hydmhromide (a) 
To 64.0 g (0.191 mole) of f r ee  base was added cautiously 250 ml 48% HBr. The mixture was 

s t i r r e d  and refluxed fo r  20 hr,  cooled, and f i l t e r e d  through a medim sintered glass  funnel. The 

so l id  was a i r  ar ied,  washed with 4 x 125 m l  e thyl  ace ta te ,  a i r  dr ied,  and dr ied a t  60° fo r  one 

hour. me praduct weighed 63.5 g (81%) and melted a t  300-307'. An ana ly t i ca l  sample, m.p. 315- 

318*, was obtained by rec rys ta l l i za t ion  from mthanol ;  rn (DMSO-d6) 6: 1.50 (d, 5-6 Hz, 3, 2-CH3); 

3.57-4.90 (m, 4, 1-a, 2-CH, 4-CH2) 7.72-8.05 (m, 11, aromatic C-H; 9.55 (broad s ,  2 ,  exchanges i n  

~ ~ 0 ,  G2); i r  u: 3.70-4.10 @i21; 6.30 (C=C). 

  he infrared and m spectra  of the  product and t h a t  derived from a were not iden t i ca l .  

Anal. Calcd. f o r  C20H19~.HBr: C ,  67.80; H,  5.69; N ,  3.95 

Pound: C, 67.95; H,  5.76; N, 3.91 

heatrrent  of 2-(l-~ono-2-naphthylmethylamino)-l-phenyl-l-p01 (J& f r e e  base with 48% 

HBr 

A mixture of  54.0 g (0.146 mole) of a f ree  base (6) and 250 ml 48% HBr was s t i r r e d  and re- 

fluxed f o r  18 hr and cooled. The so l id  was f i l t e r e d ,  washed with 4 x 75 m l  of  e thy l  ace ta te ,  and 

a i r  dr ied t o  give 35.8 g of the  crude product. 

A 4.0 g sample of the  crude product was rec rys ta l l i zed  from 50 m l  of  methanol t o  give 1.10 9 

of G, the  infrared s p e c t r m  of which was iden t i ca l  with t h a t  of the  product obtained by cyclina- 

t i o n  of a with PPA (6).  

concentration of the  mthano l ic  f i l t r a t e  to dryness and rec rys ta l l i za t ion  of  the  residve 

from isopropanol gave 1.40 g of a which exhibited an infrared spectrum iden t i ca l  t o  tha t  obtained 

from a and 48% HBr. 

2-[(o-Phenyl)hydro-thyllpyridine 

TO a solut ion of 18.3 g (0.10 mole) of 2-benroylpyridine i n  130 mlCH30H was added over 10 



min at 7-10' sodium borohydride 11.05 g, 0.0275 mole). The mixture was stirred at 10-20' for 1.5 

hr, diluted with 250 ml H20. and extracted with 2 x 150 ml CHC13. The combined extracts were 

dried over MgSO and concentrated to dryness &=to give 18.0 g (97%) of an oil that was used 
4 

directly in the next step. 

1-Benzyl-2-Lla-phenyl)hydroxymethy1lpyridinium Bromide ( a ]  

The above carbind (18.0 g, 0.097 mole) and 17.1 g (0.10 mole) of benzyl bromide in 100 ml 

dioxane was stirred and refluxed for 4 hr and the mixture was allowed to stand at ambient temper- 

ature for 15 hr. The =lid was filtered and washed with 3 x 10 ml of dioxane. The product, after 

drying at 110' foe 5 hr, weighed 17.5 g 150%) and melted at 142-146'. An analytical sample, m.p. 

151-155°, was obtained by recrystallization tram acetonitrile; ir U: 3.30 ( 0 - H I ;  6.18. 6.32 (C=C 

and C=N) . 
Anal. Calcd. for ClgHl88rNO: C, 64.05; H, 5.09; N, 3.93 

Found: C, 63.93; H, 5.10; N. 3.97 

11-Phenyl-6.11-dihydrobenzoIblguinolieinium bromide (a) 
A solution containing 23.4 g (0.0657 mole) of a and 210 ml 48% HBr was stirred and refluxed 

for 20 hr. The resulting mixture was concentrated to dryness g n. To the residue was added 

50 ml absolute ethanol and 25 ml toluene. The solution was concentrated to dryness &nand 

the residue was dissolved in 75 ml acetonitrile. 

There was obtained from the acetonitrile solution in three crops 12.43 g (53%) of the pro- 

dmt, m.~. partially melts at about 150D; clean melt forms at 200'. An analytical sample, m.p. 

206-209' (lit 114) m.p. of hydrate: 192-197') was obtained by recrystallization f m m  acetoni- 

trile; ie y: 6.12, 6.22, 6.31 (C=C and C=N). 

Anal. Calcd. for ClgH16BrN: C, 67.46; N, 4.14; H, 4.77 

Found: C, 67.17; N, 4.21; H, 4.74 
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