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Abstract - 2-Methyl-4-phenyl-l.2,3,4-tetrahydroi~oquinolin-4-ol 
derivatives Lla-i) as a new potentiator of noradrenaline were 

prepared by a novel intramolecular insertion of the aryl-nickel 

complexes of N-(2-halobenzy1)phenacylamines (g-m) . 

The insertion of carbon monoxide into transition rnetal-carbon bonds has been 

1 extensively studied from both a synthetic and a mechanistic point of view. 

However, there are only a few reports for the insertions of carbon dioxide2 and 

f~rmaldehyde,~'~ and for the intramolecular insertion of a formyl groups4 although 

of increasing intere~t.~ Recently, we have reported6 the novel synthesis of 2- 

methyl-4-phenyl-1,2,3,4-tetrahydroisoquinolin-4-ol (la) (PI-OH) by the intramole- 

cular insertion reaction of N-(2-iodobenzyllphenacylamines (2a.g)  with zerovalent 
7 nickel. In addition, the isoquinolin-4-01 (la) was found to be an ideal potenti- 

ator of the response to noradrenaline and its activity was due to inhibition of 

noradrenaline uptake. Nomifensin (z), diclofensin ( )  and the 3',4'-dihydroxy- 

isoquinoline (2). which are well known as antidepressants,' have a different type 

of substituents on the phenyl groups at C-4 .  From these findings, the preparation 

of the 4-phenyl-substituted derivatives of is interesting in a synthetic and a 

pharmacological point of view. 

This paper describes the improved synthesis of la and its 2 ' - ,  3 4 -  and/or 

5'-substituted derivatives (&-I) by an intramolecular insertion of the aryl- 
nickel complexes of N-(2-halobenzy1)phenacylamines (g-m_) (Chart 1). 

9 Semmelhack and co-workers reported the synthesis of biaryls from aryl iodides 

using zerovalent nickel in good yields. In our previous paper,6 the isoquinolin- 

4-01 ( 5 )  was synthesized in yields of 18.7 and 23.8% from g,b_, respectively, by 
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Chart 1 

Table 1 Synthesis of the isoquinolin-4-01 I&) from the phenacylamines ( g - d )  

Run Starting Conditions solvent Yield of 
material NiC12 (Ph3P)2NiC12 temp. IoC) time(h) 1 % )  

1 2a - 1 eq 55-60 10 DMF 

2 2a - 2 eq 55-60 10 DMF 

3 2a - 2 eq 55-60 4 o DMF 

4 2a - 2 eq 55-60 10 DMF 

5 2a - 2 eq 55-60 10 DMA 

6 2a - 2 eq 75-80 10 DMA 

7 2b - 2 eq 55-60 10 DMF 

8 2b - 2 eq 55-60 10 DMF 

9 2" - 0.1 eq 55-60 10 DMF 

10 2c - 1 eq 55-60 10 DMF 

11 2c - 2 eq 55-60 10 DMF 

12 2c - 2 eq 55-60 4 o DMF 

13 2c - 2 eq 55-60 10 DMF 

14 2d - 2 eq 55-60 10 DMF 

15 2d - 2 eq 55-60 10 DMF 

a) Ref. 6. 
b) Only an ambiguous mixture was obtained. 
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the method1' using zeroyalent nickel generated 2 situ from (Ph3P)2NiC12, zinc and 
Ph P in dimethylformamide (DMF). Recently, Colon and Kelsey reported1' the synthesis 

3 

of biaryls from aryl chlorides using zerovalent nickel generated from NiC12, zinc 

and Ph P in good yields. Thus, to improve the yield of g, iodo- and chlorophenacyl- 3 

amines ( 2 . b )  and (&,dl prepared from benzylamines ( s , b )  and phenacyl bromides 

( 2 -5 )  were treated with (Ph3PI2NiCl2 or NiC12 under the different conditions, as 

shown in Table 1. The best yield of was obtained from monoiodophenacylamine (Za) 

using NiCIZ (run 21 and was a twice of those6 using (Ph P) NiC12 (runs 4 and 8 ) .  
3 2 

The longer reaction time (runs 3 and 12) and dimethylacetamide (DMA) as a solvent 11 

(runs 5 and 6) did not improve the yield of la. The results of the reaction of 

using NiC12 (runs 9-11) indicated that this insertion was a stoichiometric reaction. 

Apparently, this cyclization did not need a halogen atom in the phenacyl benzene 

ring (runs 1-6 and 10-13). These results suggest the reaction mechanism as shown 

in Chart 2. 

Chart 2 

The phenacylamine (&I is reacted with zerovalent nickel to form an aryl-nickel 

2 .  complex (A). Insertion of the carbonyl group in A into the nickel-carbon bond 

gives an isoquinolinol complex (B), which is hydrolyzed12 on treatment with 2% HC1 

to give la. 

On the basis of these results, the monoiodophenacylamines (2-m_) as key intermedi- 

ates for the synthesis of 2-i were selected and prepared in good yields by conden- 

sation13 of the benzylamine (g )  with phenacyl bromides (z-1) (Table 4). of which 
Sd.5,q.k were commercially available. The phenacyl bromides ( c , f , h - i , l )  were easily - 

obtained by bromination14 of the corresponding acetophenones with bromine and alumi- 

nium chloride as a catalyst. Bromination of 2',4'-dimethoxyacetophenone gave 2 

(22.8%) and the aromatic substituted product ( 5 j )  (14.8%) of G. The phenacylamines 



Table 2 Yields and physical data of the isoquinolin-4-01s (lb-j) 
- - 

Product Yield mp Formula Elemental analysis material Calcd (Found) 
NO NO ( % )  ("C) C H N 

2e - lb - 37.0 198-199.5 Cl7HlgNO2'HC1 65.48 6.68 4.49 

.1/3H20 (65.24 6.56 4.37) 
2f - lc - 21.2 120.5-121.5 C17H19N02 75.92 7.11 4.95 

(75.81 7.11 5.20) 

3 - Id 23.8 oil ' 1 ~ ~ 2 1 ~ ~ 3  Ms(m/z) (M') :299.1504 
(299.1519) 

2h - - le 16.3 115.5-116.5 C18HZ1N03 72.22 7.07 4.68 
(72.06 7.15 4.64) 

2i - 1 f - 13.2 103-104.5 
' 1 ~ ~ 2 1 ~ ~ 3  72.22 7.07 4.68 

(71.95 7.06 4.51) 

21 - li - 22.5 230.5-233.5 C16H16C1N0.HC1 61.95 5.52 4.52 
(61.66 5.56 4.37) 

2m - lJ 29.5 oil C16H15C12N0 Ms(m/z) ( M + )  :307.0528 
(307.0497) 

Table 3 l~-~rnr spectral data of l!-i 

NO l~-Nmr (CDC1,) 6 

3.80(3H.s), 3.39 and 3.23(each lH,d,J=lSHz), 2.96 and 2.60(each lH,d,J=lZ 
Hz), 2.32(3H.s) 

7.35 (2H,d,J=9Hz), 6.84 (2H,d,J=9Hz), 3.81 (3H,s), 3.55 and 3.31(each 1H.d. J= 
15Hz), 2.94 and 2.58(each lH,d,J=lZHz), 2.37(3H,s) 

7.13 (lH,d, J=2Hz), 6.87 (lH,dd,J=8 and 2Hz) , 6.81 (lH,d,J=EHz), 3.89 and 3.86 
(each 3H,s), 3.83 and 3.45(each lH,d,J=lSHz), 2.92 and 2.66(each lH,d,J=12 
Hz), 2.47(3H,s) 

6.74(1H,s), 3.60(3H.s), 3.48 and 3.31(each 1H,d,J=15Hz), 3.28(3H.s), 3.06 
and 2.79(each lH,d,J=lZHz). 2.36(3~,s) 

7.62 (1H,drJ=9Hz), 6.50(1H,dd.J=9 and 2Hz). 6.37 (lH,d,J=ZHz), 3.80(3H,s), 
3.65 and 3.41 (each lH,d, J=15Hz), 3.42 (3H,s), 3.07 and 2.79(each lH,d,J= 
12Hz). 2.39(3H.s) 

8.04 (lH,s) , 6.38 (1H.s). 3.88 (3H.s) , 3.57 and 3.32 (each 1H.d. J=15Hz) , 3.38 
(3H,s), 2.99 and 2.74(each lH,d,J=lZHz), 2.38(3H.s) 

7.83 (lH,s). 7.54 (lH,d,J=7Hz), 7.43(1HPd,J=7Hz), 3.59 and 3.38 (each 1H.d. 
J=lSHz), 2.93 and 2.63(each lH.d,J=lZHz), 2.41(3H.s) 

7.39(2H,d,J=9Hz), 7.29(2H,d,J=9Hz), 3.73 and 3.41(each 1H,drJ=15Hz), 2.90 
and 2.62(each lH,d,J=lZHz), 2.43(3~,s) 

7.63(1Hsd,J=2Hz), 7.38(1Hrd,J=8Hz), 3.64 and 3.39(each 1H,drJ=15Hz), 2.89 
and 2.60(each lH,d.J=lZHz), 2.41(3~,s) 
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(2e-m_) thus obtained were treated with zeroyalent nickel generated from NiCl -Zn- - 2 

Ph P system in DMF for 10 h. The isoquinolin-4-01s (g-1) were obtained in 20-40% 
3 

yields (Table 2) together with an ambiguous material, but without the starting 

material. The structures of E-1 were determined by their physical data, and mass 
1 and 'H-nmr spectral data (Tables 2 and 3). The H-nmr spectra of ll-i showed the 

characteristic AB-type doublets (J=15 and 12Hz) of the methylene protons (53.30- 

3.84 and 52.60-3.07) at C-1 and C-3, respectively. 

As described above, our novel insertion reaction of the aryl-nickel complexes of 

N-(2-iodobenzyl)phenacylaminesS although of a moderate yield, offers a more 

convenient method for the preparation of biologically active 4-phenyltetrahydro- 

isoquinolin-4-01s than the other ones15 reported to date. 

EXPERIMENTAL 

All melting points are given as uncorrected values. Infrared (ir) spectra were 

taken with a Perkin-Elmer 1720 infrared fourier transform spectrophotometer and are 

-1 given in cm . High-resolution mass (ms) spectra were recorded on a JEOL JMS-D 300 
1 spectrometer. Proton nuclear magnetic resonance ( H-nmr) spectra were recorded on a 

JEOL JNM-PS 100 or a JEOL JNM-FX 200 spectrometer in CDC13 with tetramethylsilane 

as a standard and are given in 6 values. 

Bromination of 2',4'-dimethoxyacetophenone 

TO a solution of 2',4'-dimethoxyacetophenone (10.81 g, 64.3 -01) in dry ether (20 

ml) was added A1C13 (50 mg) and then bromine (9.60 g, 60.1 mmol) was added dropwise 

under ice-cooling with stirring during 16 min to give a pale yellow oil. The reac- 

tion mixture was extracted with CHCl3 (50 ml) and the extract was washed with a 

Saturated solution of Na2S203 in H20, 2% Na2C03 and brine, successively. The CHCl 3 

solution was dried over MgS04 and evaporated to give crude crystals (10.65 g), 

which were subjected to flash chromatography on SiO in CHCl -benzene (1:l). The 2 3 

first fraction gave pale violet needles (5.70 g) and the socond fraction afforded 

the starting material (1.21 g). The first fraction was further subjected to flash 

chromatography on SiO in ethyl acetate-hexane (1:l) to give two fractions. The 
2 

first fraction gave the monobromide (11) as colorless needles (3.02g. 22.8%), mp 

99-l02'C (from ethyl acetate-hexane) (lit.16 mp 102-104'C). Ir(XBr): 1665. '~-~mr: 

7.90(1H,d.J=9Hz), 6,57(1H,dd,J=9 and 2Hz), 6.47 (lH,d,J=ZHz), 4.57 (2H,s), 3.93 and 

3.87(each 3H.s). Anal.Calcd for C10H11Br03: C.46.19; H,4.28. Found: C.46.36; H.4.22. 



The socond fraction afforded the dibromide (s) as colorless needles (1.97 g ,  

14.8%), mp 155-157.5'C (from ethyl acetate-hexane) . Ir(KBr) : 1665. l~-Nmr: 8.08 (lH, 
S )  , 6.44 (lH,d, J=ZHz), 4.52 (ZH,s) , 3.99 and 3.98 (each 3H.s). Anal.Calcd for 

C10H10Br203: C.35.54; H,2.98. Found: C,35.62; H,2.97. 

3,4-Dichlorophenacyl Bromide (51) 

A solution of 3',4'-dichloroacetophenone (10.029, 59.6 moll in ether-CHC1 (1:l) 

(40 ml) was treated with bromine (9.33 g ,  58.4 mmol) and AlC13 (50 mg) in the same 

way as above. The crude oil (12.8 g) obtained was purified by flash chromatography 

on Si02 in benzene to afford 51 as pale yellow needles (10.13 g, 71.3%), mp 55-57'C 
1 (from benzene-hexane) (lit.17 mp 54-56.5'C) . Ir(KBx-1 : 1695. H-Nmr: 8.07 (1H.d. J=2 

Hz), 7.82(1Hrdd,J=8 and ZHz), 7.59(1~,d,J=BHz), 4.38(2H,s). Anal.Calcd for 

C8H5BrC120: C.35.86; H,1.88. Found: C.35.66; H,1.95. 

The phenacyl bromides , were prepared in the same way as 51. 

2-Chlorophenacyl bromide (5c) 

Colorless oil (58.8%) (lit.18 bp 97.5-9E°C/1 mmHg). Ir(KBr) : 1698. l~-Nmr: 7.57 (1H. 

+ m), 7.47-7.32(3H.m). 4.52(2H.s). Ms(m/z) (M 1 :  Calcd for C8H6BrC10: 321.9335. 

Found: 321.9290. 

3,4-Dimethoxyphenacyl bromide (5f) 

Colorless needles (43.6%), mp 78.5-80°C (from benzene-hexane) (lit.19 mp 8lPC). 

Ir(KBr): 1671. 'H-N~: 7.86(1H9dd,J=8 and ZHz), 7.79(1H.s), 7.15(1H,d,J=8Hz), 4.71 

(2H,s), 3.92 and 3.90(each 3H.s). Anal. Calcd for CIOHllBrO . C,46.36; H,4.28. 
3 ' 

Found: C.46.54; H,4.25. 

3-Trifluoromethylphenacyl bromide ( 5 j )  

Colorless oil (29.2%) (lit." mp 22-C) . Ir (KBr) : 1703. l ~ - ~ m r :  8.25(1H.s1, 8.18 

+ 
(lH,d,S=EHz), 4.46(2H,s). Ms(m/z) (M ) :  Calcd for C9H6BrFO: 265.9531. Found: 

265.9552. 

2-Chloro-N-methylbenzylamine (4b) 

The benzylamine (5) was prepared by the method reported by Borch and co-workers. 21 

TO a solution of 30% CH NH -MeOH (51.04 g ,  493 mmol) and absolute MeOH (110 ml) was 
3 2 

added 5N HC1-MeOH (32 ml), followed by 2-chlorobenzaldehyde (11.62 g ,  82.7 -01) 

and NaBH3CN (3.14 g, 50.0 mmol). The mixture was stirred at room temperature for 72 

h and filtered. The filtrate was made acidic (pH 2) with conc. HC1 (15 ml) and 

concentrated to the volume of one fifth. H 0 (20 ml) was added and the solution was 
2 

washed with ether. The aqueous layer was made basic (pH 10) with solid KOH and 

extracted with ether. The extract was dried over MgS04 and evaporated to give 
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Table 4 Yields, mass and 'H-NRT spectral data of E - m  a )  

+ 
Compound Formula 

( % )  ~ ~ l ~ ~ { ~ b ~ ~ d ~  l ~ - ~ m r  ( C D C ~ ~ )  6 

7.96(2H,dd.J=8 and 2Hz) ,3.88 (2H.s) ,3.82(2H, 
s )  ,2.40(3H.s) 
3.83(2H,s) ,3.81(2H,s) ,2.40(3H.s) 

7.94(1H,ddd,J=8,3 and 1Hz) ,7.83(1H,dd,J=8 
and 1Hz) ,7.33 (1H.ddrJ=8 and 8Hz) ,6.95(1H, 
ddd,J=8,2 and 1Hz) ,3.91(2H,s) ,3.84 (3H,s), 
3.77(2H.s) ,2.44(3H,s) 
7.97 (2H.d. J=9Hz) ,7.84 (lH,dd,J=8 and 1Hz) , 
7.46 (lH,dd,J=8 and 2Hz) ,7.31(1H,ddd.J=8,8, 
and 1Hz) ,6.90(2H,drJ=9HzL3.86(3H,s) ,3.82 
(2H.s) ,3.74(2H.s) ,2.40(3H.s) 
7.90(1H,dd, J=8 and 2Hz) ,3.92(3H.s), 3.90 (3H, 
s) ,3.88(2H,s) ,3.78 (2H,s) ,2.42(3H,s) 
7.82(1H,dd, J=8 and 2Hz) ,7.44 (lH,ddd,J=8,8, 
and 2Hz) ,3.99 (2H,s) ,3.82 (8H,s) ,2.47 (3H,s) 
7.84 (1H,drJ=9Hz) ,7.81 (lH,dd,J=8 and lHz), 
7.49(1H,ddrJ=8 and lHz),7.30(1H.ddd.J=8,8, 
and 1Hz) ,6.93 (1H.ddd. J=8,8 and 1Hz) $6.54 
(1H.dd.J-9 and 2Hz) .6.43(1H,d.J=2Hz) ,3.85 
5H,s) ,3.83(5H.s) ,2.45 (3H,s) 
7.98 (lH,s) ,7.81 (lH,dd,J=8 and 1Hz) ,6.40 (1H. 
s )  .3.96(2H.s) ,3.84 (6H.s) ,3.80(2H.s) ,2.44 
3H,s) 
8.30 (lH,d,J=SHz), 8.22 (lH,s) ,7.83 (lH,dd,J= 
8 and 1Hz) ,7.56 (lH,dd,J=8 and 8Hz) ,7.42 (lH, 
dd,J=8 and 2Hz) ,7.32(1H.dddrJ=8,8 and 2Hz). 
6.96 (1H,ddd,J=8,2 and 2Hz) .3.85(2H.s) -3.74 
2H,s),2.41(3H,s) 
7.91(2H,d,J=9Hz),7.85(1H,dd,J=8 and 1Hz). 
7.39 (2~,d,J=9Hz) ,7.30 (lH,dd,J=8 and 1Hz) , 
6.97(1Hrddd,J=8,8 and 1Hz) ,3.81(3H.s) ,3.73 
(2H,s) .2.40(3H.s) 
8.04 (1H.d. J=2Hz) ,7.85 (lH,dd,J=8 and 2Hz) , 
7.78(1H,dd,J=8 and lHz),7.48(lH,d,J=8Hz), 
3.75(2~,~) ,3.70(2~,~) ,z.~s(~H,s) 

a) Oily product. 

as an oil (11.90 9). This was converted to the hydrochloride as colorless needles 

(5.20 g ,  34.2%). mp 133-135°C (from MeOH-acetone). lll-~mr (free base) : 7.39-7.14 

(4H.m), 3.84(2H.s). 2.45(3H.s). Anal. Calcd for C8H10C1N~HC1: C.50.02; H.5.77; 

N.7.29. Found: C,50.21; H.5.87; N.7.20. 

3,4-Dimethoxy-N-~2-iod0ben~yl)-N-meth~1phenacylamine (29) 

A solution of 4a6 (982 mg, 3.98 -01) in dioxane (10 ml) was added to a solution 

Of if (515 mg, 1.99 mmol) in dioxane (10 ml) and stirred at room temperature for 

5 h. The precipitates formed were filtered and the filtrate was evaporated in vacuo 

to give a pale yellow oil. This crude product was purified by flash chromatography 

on Sio2 in CHCl -benzene (1:l) to give 3 as a pale yellowoil (792 mg, 93.5%) (Table 4). 3 

The phenacylamines ( g - g  and z - g )  were prepared in the same way as 29 as shown in - 
Table 4. 



Reaction of the phenacylamine (2c) with (Ph3P)2NiC12-Zn-Ph3P System 

Ph3P (904 mg, 3.4 mmoll. (Ph3P12NiC12 (1124 mg, 1.7 mmol), Zn (115 mg, 1.7 mol) 

and KI (286 mg, 1.7 mmol) were placed in a two-necked flask. The flask was evacu- 

ated and filled with N2. Dry oxygen-free DMF (15 ml) was added through a syringe. 

The mixture was stirred at 55-C for 5 min. A solution of & (314 mg, 0.86 -01) in 

dry oxygen-free DMF (1.5 ml) was added, and the mixture was stirred at 55-60'C for 

10 h. Then, 2% HC1 (20 ml) was added and the aqueous layer was washed with ether. 

The aqueous layer was made basic with solid Na2C03 and extracted with CHC13. The 

extract was washed with H20, dried over MgSO and evaporated to give a crude 4 

product (226 mgl. This was subjected to preparative tlc (PLC) on A1203 in benzene- 

ethyl acetate (1:l) to give & as colorless plates (54 mg, 20.7%). mp 105-106'C 

1 (from MeOH). This was identical with an authentic la6 by comparison of the H - m  

spectra andamixed melting point test. 

The phenacylamine (g) was treated with (Ph3P)2NiC12-Zn-Ph3P system in the same 

way as (Table 1). 

Reaction of the phenacylamine (2a) with NiC12-Zn-Ph3P system 

The phenacylamine (@) (531 mg, 1.5 mmol) in dry oxygen-free DMF (3 ml) was treated 

with Ph3P (1582 mg, 6.0 mmol), NiCIZ (382 mg, 3.0 mol) and zn (197 mg, 3.3 moll 

in dry oxygen-free DMF (30 ml) in the same way as above to give a pale brown oil 

I217 mg). This crude product was purified by PLC on A1203 in benzene-ethyl acetate 

(1:l) and recrystallized from MeOH to give as colorless plates (139 mg, 40.1%). 

mp 105.5-106'C. This was identical with the sample obtained above by comparison of 

1 the H-nmr spectra and a mixed melting point test. 

The phenacylamines (2-1) were treated with NiC12-Zn-Ph3P in the same way as above 

to give the isoquinolin-4-01s - Yields, and physical and spectral data are 

summarized in Tables 2 and 3. 
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