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Dichloro{1,3-bis(diphenylphosphino)propanelnickel(Il) (dppp) was used as catalyst to prepare some
previously unreported arylisoquinolines 3, which were in turn hydrogenated to aryl-1,2,3,4-tetrahydroiso-
quinolines 2. This procedure is the most direct and efficient method currently available for the preparation

of many compounds of the type 2 and 3.

J. Heterocyclic Chem., 17, 1289 (1980).

Recently, Ellefson (1) reported a synthesis of 8-phenyl-
1,2,3,4-tetrahydroisoquinoline which is structurally similar
to the apomorphine ring system, missing only the C-7
methylene bridge. We were also interested in synthesizing
similar aryl-1,2,3,4-tetrahydroisoquinolines for pharmaco-
logical studies but felt Ellefson’s route to be too lengthy.
We, therefore, sought a more direct method of prepara-
tion of this potentially important class of tetrahydroiso-
quinolines.

Syntheses of tetrahydroisoquinolines substituted with
nonactivating substituents, such as halogen or phenyl, are
effected with difficulty if at all using conventional
methods, i.e., the Pictet-Spengler, Bischler-Napieralski, or
the Pomeranz-Fritsch reaction (2-5). Because this
laboratory has recently reported success in the prepara-
tion of halogenated 1,2,3,4-tetrahydroisoquinolines using
aluminum chloride (6), we therefore investigated the use of
this catalyst for the cyclization of N{o-arylbenzyl)-N-(2-
chloroethyl)amines 1 to aryl-1,2,3,4-tetrahydroiso-
quinolines 2. However, our cyclization attempts using
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1 (Ar = phenyl) yielded, by gc/ms an isomeric mixture of
phenyl-1,2,3,4-tetrahydroisoquinolines (7). Clearly, a
simple unambiguous route to these isoquinolines is still
necessary.

An alternative method of preparing tetrahydroiso-
quinolines is to catalytically hydrogenate the parent iso-
quinoline. After a careful search of the literature, we did
not find an applicable synthesis of arylisoquinolines.
However, Dyall and Pullin (8) have most recently prepared
all seven phenylisoquinolines using a modification of
Hey’s (9) phenylation procedure with yields ranging from
10 to 48%. In addition to being lengthy, this procedure is
further restricted in that the isoquinoline substitution is
limited to phenyl.
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Using dichloro[1,3-bis(diphenylphosphino)propane}-
nickel(IT) (dppp) (10) as catalyst we have successfully coupl-
ed aryl Grignard reagents to haloisoquinolines 3 obtaining
several previously unreported arylisoquinolines 4 in good
to excellent yield (averaging 72%). Arylisoquinolines 4
were then routinely hydrogenated to 1,2,3,4-tetrahydroiso-
quinolines 2. We had previously reported our success
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employing this coupling reaction on halopyridines by
Grignard reagents (11). Since that publication, several
reports have appeared utilizing this catalyst in the syn-
thesis of a variety of heterocycles, i.e., quinolines (12),
indoles (12), benzazepines (12), pyridazines (13),
2,6-pyridinophanes (14), pyrimidines (15), and thiophenes
(16). In none of these reports have scrambling products
been observed (17-19).

Although we did not investigate quantitatively the rate
of reaction, we nevertheless found the positional order of
reactivity for the halo isdbmers in the coupling step to be
similar to that reported by Dyall (8). The 1- and 5-haloiso-
quinoline reacted much faster than its 6-, 7-, and
8-analogs. But even so, the slowest reaction was complete
after stirring overnight in THF at ambient temperature.
Higher temperature was avoided to prevent potential side
reactions initiated by Grignard addition to the azomethine
bond.

This approach to aryl-1,2,3,4-tetrahydroisoquinolines
provides a versatile isoquinoline synthesis which is not
limited to aryl Grignards since aliphatic Grignards may be
used if the proper catalyst is employed (17). The coupling
reaction does not proceed if the nickeKIl) catalyst is
absent. As a result of performing the coupling reaction
under neutral conditions, acid or base sensitive substi-
tuents are unaffected. However, if employing this route
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Table I

Dichloro[1,3-bis(diphenylphosphino)propane]Nickel(I) (dppp) Catalyzed Coupling of Aryl Grignards to Haloisoquinolines 3

X

N ArMgX
—_—
N LpNiclp

(dppp)

3

Isoquinoline 3 Isoquinoline 4

8-Chloroisoquinoline 8-Phenylisoquinoline

7-Chloroisoquinoline 7-Phenylisoquinoline

I-Chloroisoquinoline 1-Benzylisoquinoline

8-Chloroisoquinoline 8{4-Methoxyphenyl)isoquinoline

6-Bromoisoquinoline 6-Phenylisoquinoline

5-Bromoisoquinoline 5-Phenylisoquinoline

1-Chloroisoquinoline 14{4-Trifluoromethylphenyl)isoquinoline

(a) Average of several runs.

there are limitations that should be considered: (1) the
sensitivity of some substituents to Grignards; (2) the
limited availability of many haloisoquinolines, although
methods of preparing monohalogenated isoquinolines are
well established (3b,20); and (3) susceptibility of the substi-
tuent to reduction. However, the facility with which the
arylisoquinolines and subsequent aryl-1,2,3,4-tetrahydro-
isoquinolines are prepared using this procedure makes
this route promising for general applications.

EXPERIMENTAL

Melting points were taken on a Thomas-Hoover capillary melting point
apparatus and are uncorrected. 'H nmr spectra were obtained using
either a Perkin-Elmer R-600 or R-24 using TMS as an internal standard.
Infrared spectra were obtained on a Perkin-Elmer 283 spectrometer.
Gc/ms data were obtained on a Finnigan-3300.

General Procedure for Preparation of Arylisoquinolines 4.

A 100 ml. 3-neck flask containing a stirring bar was fitted with a
nitrogen inlet and outlet tube. The flask was then flame-dried and
nitrogen swept. After cooling, 40 mg. of nickel(II) catalyst (dppp) and ~ 1
g. of the haloisoquinoline 3 were added along with 60 ml. of ketyl dried
THF. The flask was fitted with a neoprene septum and the appropriate

Vol. 17
Ar
N
PAN
a4
Elemental Analysis
M.p, °C Calcd. (Found) Yield (%)
201-202 (picrate) C 58.07 (57.97); 83 (a)
lit. 205-206 (9) H 3.24 (3.60);
N 12.9 (12.85)
209-211 (HCY) C 74.53 (74.90); 69
H 5.00 (5.05);
N 5.79 (5.73)
187-189 C 70.33 (70.16); 48
(HCI-1/4H,0) H 3.69 (3.88);
N 5.13 (5.12)
9293 C 81.68 (81.81) 68
H 5.56 (5.52);
N 5.95 (6.10)
252-254 (HBr) C 62.96 (62.81); 90
H 4.23 (4.23);
N 4.89 (4.80)
215 (HBr-H,0) C 59.23 (59.15); 85
H 4.63 (4.18);
N 4.60 (4.88)
126-128 C 70.33 (70.16); 58 (a)
H 3.69 (3.88);
N 5.13 (5.12)

Grignard (1.1 equivalent) was added under a nitrogen atmosphere using a
syringe. The reaction mixture was stirred at ambient temperature under
positive nitrogen pressure for 16 hours then poured into cold dilute
hydrochloric acid. The acidic layer was washed with ether then basified
with potassium carbonate and extracted with ether several times. The
combined and dried ether extracts were concentrated to yield the
arylated(alkylated)isoquinoline.

General Procedure for Catalytic Hydrogenation of Arylisoquinolines 4 to
Aryl-1,2,3 4-tetrahydroisoquinolines 2.

The arylisoquinolines 4 (~ 12 mmoles) was dissolved in 50 ml. of
ethanol contained in a Parr hydrogenation bottle. Platinum oxide (50
mg.) was then added to the bottle bulkwise. The suspension was made
distinctly acidic with concentrated hydrochloric acid then kept under 50
psi of hydrogen pressure 1-3 hours. The catalyst was then removed by
filtration and the filtrate concentrated to dryness to yield an oil which
was basified with potassium carbonate and extracted with ether. The
dried ether layer was concentrated to yield the aryl-1,2,3,4-tetrahydro-
isoquinolines 2.
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Table II

Catalytic Hydrogenation of Arylisoquinolines 4 to Aryl 1,2,3,4-Tetrahydroisoquinolines 2

Ar

Ho, Pt

~
_—
=N NH

Isoquinolines 4 Isoquinolines 2

8-Phenylisoquinoline

7-Phenylisoquinoline

8-(4-Methoxyphenyl)isoquinoline

6-Phenylisoquinoline

5-Phenylisoquinoline

843,4-Dimethoxyphenyl)isoquinoline

(a) Recrystallizing solvent system.
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