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Benzylic zinc reagents add with high regioselectivity to 1-(phenoxycarbonyl) salts derived from pyri-
dine-3-carboxaldehyde (1a) or 3-acetylpyridine (1b) to yield 1-(phenoxylcarbonyl)-4-benzyl-1,4-dihydro-
pyridine-3-carboxaldehydes Sa, Sc or ketones Sb, 5d. Aromatizations of these dihydro analogues with sul-
fur led to the corresponding aldehydes 6a, 6¢ or ketones 6b, 6d. An alternate synthesis to the aldehydic
precursors involved additions of benzylic zinc reagents to 1-(phenoxycarbonyl) salts formed from methyl
nicotinates which led to the corresponding methyl 1-(phenoxycarbonyl)-4-benzyl-1,4-dihydronicotinates
7a, 7b. Aromatizations of 7a, 7b led to the corresponding pyridine esters 8a, 8b which on reduction with
lithium aluminum hydride yielded the corresponding carbinols 9a, 9b. Oxidation of 9a, 9b by manganese
dioxide afforded aldehydes 6e, 6f. Aldehydes 6a-f were readily converted into the benz[g]isoquinolines

10a-f on heating in polyphosphoric acid.
J. Heterocyclic Chem., 35, 669 (1998).

Introduction.

As part of a program dealing with the synthesis of hete-
rocyclic antitumor agents [1], we required benz[g]isoquino-
line (2-azaanthracene) and its substituted congeners. It was
surprising to discover that no facile pathways have been
reported for the preparation of these aza chemotypes [2,3].

Benz{glisoquinoline
2-Azaanthracene

The first synthesis was reported over a century ago by
reduction of benz[glisoquinoline-5,10-dione using zinc
and ammonium hydroxide to yield the product in poor
yield [4,5]. In addition, the preparation of the starting
dione is quite difficult [6,7] and although commercially
available, it is extremely expensive [8].

In 1937 von Braun and Nelles [9] reported that treat-
ment of pyridines with benzyl halides or substituted ben-
zyl halides led to the corresponding pyridinium salts
which could be rearranged (Ladenburg rearrangement)
[10] into mixtures of 2- and 4-benzylated pyridines on
being heated with a trace of copper powder at 250°. Upon
heating these mixtures over copper turnings to 600°,
dehydrogenations occurred to produce low yields of mix-
tures of benzo[glquinolines (1-azaanthracenes) and

benz[glisoquinolines (2-azaanthracenes) which could be
separated in a few cases (Scheme 1). This procedure was
subsequently utilized by others for the synthesis of
benz[glisoquinoline [11,12].

More recently a Russian group reinvestigated the von
Braun procedure and described the preparation of a num-
ber of substituted benz[g]isoquinolines [13-15]. The mix-
tures of benzyl pyridines in benzene were dehydrogenated
by passage over a K-16 catalyst for a 4 hour period at a
temperature of 560° to afford mixtures which could be
separated by crystallization. Clearly these thermal
processes lack stereochemical control and require
extremely high temperatures which are quite difficult to
achieve in a typical laboratory setting.

.The preparation of benz[glisoquinoline was described
via a 5-step cycloaddition pathway which required the use
of Fe,(CO)g in the terminal deoxygenation step [16]. A
related cycloaddition pathway led to 9,10-diphenylbenz-
[glisoquinoline [17]. A zeolite-catalyzed isomerization of
1-amino- or 2-aminoanthracene in the presence of ammo-
nia and high pressure led to poor yields of methylazaan-
thracenes [18].

We have reported that benzyl and substituted benzylic
zinc bromides, undergo highly regioselective additions to
1-(phenoxycarbonyl)pyridinium salts formed from methyl
nicotinate to yield methyl 4-benzyl substituted-1,4-dihy-
dronicotinates. Aromatizations of these dihydropyridines
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leads to the corresponding methyl 4-benzylnicotinates
[19]. These intermediates on hydrolysis to the correspond-
ing acids followed by cyclization and concomitant oxida-
tion lead to the corresponding benz[glisoquinoline-5,10-
diones [20].

Results and Discussion.

We now wish to report an adaptation of this procedure
which leads to benz[glisoquinoline and its substituted
analogues. This methodology is based on the regioselec-
tive addtions of benzyl zinc bromides to pyridine 3-car-
boxaldehyde (1a) [21] or 3-acetylpyridine (1b) followed
by aromatizations and cyclizations of the resultant aldehy-
des or ketones with polyphosphoric acid [22]. The prepar-
ative methodology is illustrated in Scheme 2.
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Pyridine-3-carboxaldehyde (1a) and 3-acetylpyridine
(1b) in tetrahydrofuran at 0° were converted into the cor-
responding pyridinium chlorides 2a and 2b by treatment
with phenylchloroformate. The benzylic bromides 3a-c on
treatment with zinc dust in tetrahydrofuran at room tem-
perature were converted into the respective benzylic zinc
bromides 4a-c.

Addition of the solution of 4a (small amounts of unre-
acted Zn were usually present) via cannula under nitrogen
pressure to the pyridinum salts 2a and 2b held at 0°, fol-
lowed by an aqueous workup afforded dihydropyridines Sa
and 5b, respectively. In a similar manner, reaction of 2a
with 4b, led to Sc while treatment of 2b with 4c led to 5d.

The dihydropyridines 5a-d on being heated with sulfur
in refluxing decalin led to the corresponding pyridines
6a-d in good yields.
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The synthesis of the pyridinealdehydes 6e and 6f com-
menced by regioselective additions of benzyl zinc bro-
mides to pyridiniums salts derived from methyl nicoti-
nates. Aromatizations led to the corresponding pyridine
esters which were reduced with lithium aluminum hydride
to the alcohols, followed by oxidation to yield the desired
substituted pyridine-3-carboxaldehydes (Scheme 3).
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Treatment of benzyl zinc bromide or 2,5-difluorobenzyl
zinc bromide with the pyridinium salts derived from
methyl 6-methylnicotinate or methyl nicotinate led to the
dihydro esters 7a and 7b, respectively. Aromatizations of
7a and 7b led to the pyridine esters 8a and 8b. Reduction
of these esters by lithium aluminum hydride led to the
corresponding alcohols 9a and 9b, respectively, Oxidation
of these benzylic alcohols with manganese dioxide led to
the aldehydes 6e and 6f.

Upon heating aldehydes 6a-f in polyphosphoric acid
the benz[glisoquinolines 10a-f which are tabulated in
Table 1 were obtained. The structural assignments are
based on 1H, 13C and 19F (for 10f) data.

Table 1

A
X VA
10 A B D X Y zZ
a H H H H H H
b H H H CH, H H
c CH, H H H H H
d H CH, H CH, H H
e H H CH, H H H
f H H H H F F
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The structure of 10d was verified by an alternate syn-
thetic route which is illustrated in Scheme 4.

Treatment of dione 11 with methyllithium led to the
diol 12. Upon heating this diol to 140° with 57% aque-
ous hydriodic acid in acetic acid [23], 10d was obtained
in a good yield.

Conclusions.

The pathways described constitute valuable prepara-
tive routes to benz[glisoquinoline and substituted deriv-
atives. This procedure should prove quite useful in the
synthesis of other substituted derivatives. The facile oxi-
dation of these chemotypes to benz[glisoquinoline-5,10-
diones also opens up a new synthetic avenue to these
analogues.

Table 2
Properites, Yields and 'H NMR Data for Analogues §

5 mp, °C % yield TH NMR 8§, deuteriochlroroform

(tetramethylsilane)
a 99-100 25 9.48 (s, 1H), 7.72 (s, 1H), 7.43-6.87
(m, 11H), 5.14 (s, 1H), 3.70 (m, 1H),
3.10 (dd, 1H), 2.67 (dd, 1H)
7.91 (s, 1H), 7.41-7.39 (m, 2H), 7.27-
7.12 (m, 9H), 5.14 (s, 1H), 3.74 (m,
1H), 2.97 (m, 1H), 2.68-2.60 (m, 1H),
2.37 (s, 3H)
9.46 (s, 1H), 7.71 (s, 1H), 7.43-7.40
(m, 2H), 7.30-7.25 (m, 1H), 7.15 (m,
2H), 7.14-7.06 (m, 4H), 6.88 (m, 1H),
5.14 (s, 1H), 3.67 (m, 1H), 3.06 (m,
1H), 2.63 (m, 1H), 2.33 (s, 3H)
product was not isolated in pure form

b [k] oil 96

cl] 97-98 28

d [m] oil 87

[k] Purification was performed on a silica gel column using
dichloromethane as an eluent. [I] Purification on a silica gel column
using dichloromethane as an eluent, dissolved sample in hexane/ethyl
acetate and placed in freezer to yield a solid material. Anal. Calcd. for
Cy1HgNO4: C, 75.55; H, 5.75; N, 4.20. Found C, 75.81; H, 5.78; N,
4.03. [m] Several attempts to purify via silica gel column chromatogra-
phy led to impure material (nmr) which was used in the next step.
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Table 3
Properties, Yields and 1H NMR Data for Analogues 6

1H NMR 3§, deuteriochloroform
(tetramethylsilane)

6 mp,'C % yield

a oil 64 10.30 (s, 1H), 8.98 (s, 1H), 8.66 (d, 1H,

J =5.1 Hz), 7.34-7.14 (m, 6H), 4.47 (s,
2H)

8.92 (s, 1H), 8.56 (d, 1H, J = 5.1 Hz), 7.30
(m, 2H), 7.27 (m, 1H), 7.13 (m, 3H), 4.30
(s, 2H), 2.55 (s, 3H)

10.2 (s, 1H), 8.93 (s, 1H), 8.61 (d, 1H,
J=5.1Hz),7.12 (d, 1H, J = 5.1 Hz), 7.09-
7.01 (m, 4H), 4.37 (s, 2H), 2.29 (s, 3H)
8.77 (s, 1H), 8.59 (d, 1H, ] = 5.3 Hz), 7.29
(m, 3H), 7.25-7.16 (m, 2H), 7.15 (d, 1H,
J=5.1Hz),4.96 (q, 1H, J=7.1 Hz), 2.43 (s,
3H), 1.61 (d, 3H,J = 7.2 Hz)

10.2 (s, 1H), 8.84 (s, 1H), 7.32-7.15 (m,
SH), 6.98 (s, 1H), 4.41 (s, 2H), 2.56 (s,
3H)

10.3 (s, 1H), 8.99 (s, 1H), 8.68 (d, 1H,

J =49 Hz),7.14(d, 1H, J = 4.6 Hz), 7.05
1H), 6.95 (m, 1H), 6.85 (m, 1H), 4.46

(s, 2H)

b [n] oil 51

c[pl oil 54

dlql il 44

e[r] 84-85 97

f[s] oil 85

[n] Refluxed in decalin for 4.5 hours. Purification performed on a silica
gel column using dichloromethane:methanol (95:5) as an eluent to yield
a red oil. {p,q] Refluxed sample 6c¢ for 4.5 hours and 6d for 5 hours in
decalin. Purification performed on a silica gel column using
dichloromethane:ethyl acetate (80:20) as an eluent to yield a red oil. [r,s]
Both 6e and 6f were refluxed for S hours in decalin. Purification per-
formed on a flash silica gel column using dichloromethane:ethyl acetate
(80:20) as an eluent to yield a yellow solid for 6e and a red oil for 6f.

Table 4
Melting Points, Yields and 'H NMR Data for Analogues 10

10 mp°C % yield TH NMR §, deuteriochloroform
(tetramethylsilane)
a 169-171 66 9.42 (s, 1H), 8.55 (s, 1H), 8.35 (d,

1H, J = 6. 0 Hz), 8.30 s, 1H), 7.97 (d,
1H, J = 8.3 Hz), 7.91 (d, 1H, ] = 8.4 Hz),
7.7 (4, 1H, H = 6.1 Hz),7.5 (m, 2H)

9.81 (s, 1H), 8.43 (d, 1H, T = 5.9 Hz),
8.30 (m, 1H), 8.22 (s, 1H), 7.98 (m,

1H), 7.71 (d, 1H, J = 5.9 Hz), 7.57-

7.53 (m, 2H), 3.15 (s, 3H)

9.50 (s, 1H), 8.69 (s, 1H), 8.53 (s,

1H), 8.37 (d, 1H, J = 5.9 Hz), 8.05 (d,
1H, J = 8.7 Hz), 7.94 (s, 1H), 7.89 (d,
1H, J = 6.0 Hz), 7.49 (d, 1H, ] = 8.7 Hz),
2.52 (s, 3H)

9.84 (s, 1H), 8.48 (d, 1H, I = 6.3 Hz),
8.38 (d, 1H, J = 8.4 Hz), 8.31 (4, 1H,
Y=8.7Hz),7.98 (d, 1H, T = 6.4 Hz),
7.65-7.57 (m, 2H), 3.20 (s, 3H), 3.03

(s, 3H)

9.42 (s, 1H), 8.55 (s, 1H), 8.26 (s,

1H), 8.05 (d, 1H, J = 8.4 Hz), 7.99 (d,
1H, I = 8.5 Hz), 7.57 (s, 1H), 7.55-7.52
(m, 1H), 7.50-7.47 (m, 1H), 2.72 (s,

3H)

b [t] 75-77 61

c[u] 208-209 44

d[v] 152-153 86

e[w] 194-195 98
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Table 4 (continued)
Melting Points, Yields and 'H NMR Data for Analogues 10

10 mp°C % yield 1H NMR §, deuteriochloroform

(tetramethylsilane)
f(x] 127-128 85 9.35 (s, 1H), 8.59 (s, 1H), 8.38 (m,
2H), 7.63 (d, 1H, J = 6.0 Hz), 6.99-6.89
(m, 2H)

[t] Reaction time was increased to 1.5 hours at 140°. Purification using
silica gel column chromatography eluting with 95:5 dichloromethane:-
ethyl acetate followed by sublimation yielded a yellow solid. Sample
darkened rapidly over time in the freezer and could not be analyzed. [u]
Reaction time was increased to 1.5 hours at 140°. Purificaton using
flash silica gel chromatography eluting with 80:20 dichloro-
methane:ethyl acetate yielded a light yellow solid, lit. mp [13] 194-
196°; NMR solvent:methyl-d; alcohol-d. [v] Reaction time was
increased to 1.5 hours. Reaction workup yielded a yellow soild which
readily sublimed, lit mp [23)] 160-161.5°. [w] Reaction time was
increased to 1.5 hours at 140°. Purificaton using flash silica gel chro-
matography eluting with 9:1 dichloromethane:methanol yielded a light
yellow solid. [x] Purificaton using flash silica gel chromatography elut-
ing with 80:20 dichloromethane:ethyl acetate yielded a light yellow
solid. Anal. Calcd. for C{3H4F,N: C, 72.56; H, 3.28; N, 6.51. Found:
C,72.10; H, 3.00; N, 6.30

Table §
13C NMR Data for Analogues 10a-e and 19F for 10f

10 13C NMR §, deuteriochloroform (tetramethylsilane)

a 154.5, 140.7, 134.3, 132.2, 131.9, 128.9,
128.1, 127.6, 127.4, 126.8, 126.1, 124.8,
119.9

b 151.3, 139.8, 133.8, 133.0, 131.7, 130.7,
128.8, 126.7, 125.7, 124.8, 124.7, 123.6,
120.3, 13.0

¢ [m] 154.1, 140.2, 135.6, 132.4, 132.0, 130.9,
130.3, 127.9, 126.7, 126.5, 126.4, 124.5,
119.8,21.4

d 152.1, 139.9, 132.4, 131.2, 130.5, 130.5,

127.6, 126.7, 125.6, 125.4, 125.2, 124.8,
117.0,13.5,13.2

e 154.0, 149.3, 134.5, 132.9, 131.8, 128.9,
128.0, 127.6, 127.3, 125.6, 125.4, 123.9,
117.3,24.2

f 13F nmr (deuteriochloroform): 8, 4-fluoro-

benzaldehyde 80.9 (d, 1F, J = 23.0 Hz), 80.3
(d, 1F, J =23.0 Hz)

[m] NMR solvent methyl-d; alcohol-d.

EXPERIMENTAL

Benzyl bromides were purchased from Aldrich. Zinc dust
(Aldrich, 32,493-0, 99.998% purity) was used as received.
Tetrahydrofuran was freshly distilled from potassium metal. All
reactions were performed under a nitrogen atmosphere using
standard septa techniques. Melting points were determined on a
Thomas-Hoover apparatus and are uncorrected. Proton and car-

Vol. 35

bon-13 and fluorine-19 nmr were recorded on a Bruker WM-250
or ARX-500 pulsed spectrometer.

Typical Dihydropyridine Preparative Procedure

1-(Phenoxycarbonyl)-4-(benzyl)-1,4-dihydropyridine-3-carbox-
aldehyde (5a).

A solution of 3a (2.7 g, 16.1 mmoles) in tetrahydrofuran (10
ml, freshly distilled from potassium metal) was added dropwise
over a 5-minute period to a suspension of zinc dust (1.13 g, 17.3
mmoles) in tetrahydrofuran (15 ml). The mixture was kept in a
water bath at room temperature and allowed to stir for 4 hours.
To a solution of 1a (1.72 g, 16.1 mmoles) in tetrahydrofuran (15
ml) held in an ice bath, phenyl chloroformate (2.5 g, 16.1
mmoles) in tetrahydrofuran (2 ml) was added dropwise over a §
minute period. The mixture was stirred for 1 hour in an ice bath.
The organo zinc bromide 4a was added to the cold phenoxycar-
bonyl pyridinium chloride solution 2a over 10 minute period via
a cannula and the mixture was stirred for 1 hour. The mixture
was warmed to room temperature and quenched into aqueous
ammonium chloride (20%, 6 ml). The product was extracted
with ethyl acetate (2 x 50 ml) and the extract washed with aque-
ous sodium bicarbonate (10%, 30 ml), water (50 ml), aqueous
ammoniumm chloride (20%, 30 ml) and then water (20 ml). The
extract was dried over sodium sulfate, decanted from the drying
agent and concentrated by rotary evaporation to yield a viscous
orange oil (4.09 g). Hexane (10 ml) was added to the oil and the
mixture boiled followed by the addition of ethyl acetate (7 ml).
A dark brown oil remained undissolved. The solution was
decanted and hexane added to induce turbidity. The solution was
placed in the freezer overnight. The resultant solid was collected
by filtration to afford 5a (0.64 g). Additional product could be
obtained from the filtrate to yield a total of 1.14 g (25%); mp 99-
100°.

Anal. Calcd. for CygH7NO3: C, 75.22; H, 5.37; N, 4.39.
Found: C, 75.62; H, 5.10; N, 4.22.

Analogues Sb-d were prepared from the appropriate reactants
in a similar fashion. The properties, yields, modification of the
typical procedure and 'H nmr data for the dihydropyridine 5a-d
are tabluated in Table 2.

Typical Aromatization Procedure.
4-Benzylpyridine-3-carboxaldehyde (6a).

Dihydropyridine Sa (0.51 g, 1.60 mmoles) and sulfur
(0.092 g, 2.88 mmoles) in decalin (8 ml) were refluxed for 24
hours. The mixture was allowed to cool to room temperature and
steam distilled to remove the decalin. The residue was extracted
with dichloromethane (4 x 30 ml), the extracts dried over
sodium sulfate and the solvent removed by rotary evaporation to
leave a dark red oil (0.20 g, 64%) which was used in the next
step without further purification.

Analogues 6b-d were prepared from the appropriate reactants
in a similar fashion. The properties, yields, modification of the
typical procedure and 'H nmr data for the pyridine-3-carbox-
aldehydes 6a-d are tabluated in Table 3.

Methyl 1-(Phenoxycarbonyl)-4-benzyl-6-methyl-1,4-dihydro-
nicotinate (7a).

The procedure was similar to that described for the synthesis
of 5a. Benzyl zinc bromide was allowed to react with the pyri-
dinium salt derived from methyl 6-methylnicotinate. The crude
viscous oil was purified by column chromatography over silica
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gel with dichloromethane:hexane (3.1) as eluent to give 7a as a
yellow oil, which upon standing in the freezer yielded a white
solid (63%), mp 68-70°; 1H nmr (deuteriochloroform): & 8.0 (s,
1H), 7.40-7.13 (m, 10H), 6.79 (m, 1H), 498 (d, 1H), 3.78 (s,
3H), 3.06 (m, 1H), 2.70 (m, 1H), 2.17 (s, 3H).

Anal. Caled. for C;oH,NOy4: C, 72.91; H, 5.56; N, 3.86.
Found: C, 75.81; 5.78; N, 4.03.

Methyl 1-(Phenoxycarbonyl)-4-(2,5-difluorobenzyl)dihydro-
nicotinate (7b).

The procedure was similar to that described for the synthesis
of 5a. The 2,4-difluorobenzyl zinc bromide was allowed to react
with the pyridinium salt derived from methyl nicotinate. The
crude viscous oil was purified by column chromatography over
silica gel with dichloromethane:hexane (3:1) as eluent to give 7b
as a clear oil, which upon standing in the freezer formed a white
solid (77%), mp 62-64°; 'H nmr (deuteriochloroform): 8 8.03 (s,
1H), 7.42 (m, 2H), 7.39 (m, 1H), 7.26 (m, 2H), 7.10-6.97 (m,
4H), 5.10 (s, 1H), 3.79 (s, 3H), 3.71 (m, 1H), 2.92 (m, 1H), 2.86
(m, 1H).

Anal. Calcd. for C5 H;;F;NOy: C, 65.45; H, 4.45; N, 3.63.
Found: C, 65.28; H, 4.44; N, 3.43.

Methyl 4-Benzyl-6-methylnicotinate (8a).

A mixture of 7a (1.04 g, 2.9 mmoles) and sulfur (0.13 g, 4
mmoles) in decalin (5 ml) was heated in an oil bath held at 190°
for 5 hours. The mixture was cooled to room temperature and
steam distilled to remove the decalin. The residue was extracted
with dichloromethane (3 x 20 ml) and dried over magnesium
sulfate. Removal of the solvent under reduced pressure yielded a
brown oil (0.77 g). Purification by flash chromatography over
silica gel using dichloromethane:ethyl acetate (4:1) as eluent
afforded 8a as a reddish oil (0.56 g, 80%) which was not further
purified; IH nmr (deuteriochloroform): § 8.96 (s, 1H), 7.28-7.24
(m, 2H), 7.21 (m, 1H), 7.13 (m, 2H), 6.92 (s, 1H), 434 (s, 2H),
3.85 (s, 3H), 2.50 (s, 3H).

Methyl 4-(2,4-Difluorobenzyl)nicotinate (8b).

Treatment of 7b, with sulfur in decalin following a similiar
procedure to that for the aromatization of 7a to 8a led to 8b, as a
reddish oil. A mixture of 7b (1.51 g, 3.9 mmoles) and sulfur
{0.18 g, 5.6 mmoles) in decalin (6 ml) was heated in an oil bath
held at 190° for 5 hours. The mixture was cooled to room tem-
perature and steam distilled to remove the decalin. The residue
was extracted with dichloromethane (3 x 20 ml) and dried over
magnesium sulfate. Removal of the solvent under reduced pres-
sure yielded a brown oil (1.19 g). Purification by flash chro-
matography over silica gel using dichloromethane:ethyl acetate
(4:1) as eluent afforded 8b as a reddish oil which solidified upon
standing to yield an orange solid (0.70 g, 64%), mp 82-83°; 1H
nmr (deuteriochloroform): & 9.13 (s, 1H), 8.61 (d, 1H, J =52
Hz), 7.09 (4, 1H, J = 5.1 Hz), 7.04 (m, 1H), 6.90-6.81 (m, 1H),
6.79 (m, 1H), 4.41 (s, 2H), 3.92 (s, 3H).

Anal. Calcd. for C4H,F,NO,: C, 63.88; H, 4.21; N, 5.32.
Found: C, 63.92; H, 4.52; N, 5.16.

4-Benzyl-3-hydroxymethyl-6-methylpyridine (9a).

A solution of 8a (52 mg, 0.22 mmole) in ether (2 ml) was
added dropwise over a period of 5 minutes to a suspension of
lithium aluminum hydride (15 mg, 0.41 mmole) in ether (2 ml)
which was cooled in a dry ice acetone bath at -78°. The reaction
mixture was stirred at -78° for 30 minutes. Ethyl acetate (0.5 ml)
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was then added to the mixture and the temperature allowed to
rise to 5° over 20 minutes. Water (0.5 ml) was added and the
white solid which separated was collected by filtration and
washed with ethyl acetate. The layers in the filtrate were sepa-
rated and the ethyl acetate layer was concentrated under reduced
pressure to leave a reddish-brown oil (43 mg). Purification by
flash chromatography over slica gel using dichloromethane:-
methanol (9:1) as eluent afforded 9a as a white solid (32 mg,
70%), mp 99-100°; 'H nmr (deuteriochloroform): & 8.27 (s, 1H),
7.28 (m, 2H), 7.24 (m, 1H), 7.21 (m, 2H), 6.85 (s, 1H), 4.62 (s,
2H), 4.04 (s, 2H), 2.16 (s, 3H).

Anal. Calcd. for Ci4HsNO: C, 78.84; H, 7.09; N, 6.57.
Found: C, 78.62; H, 6.77; N, 6.33.

4-(2,5-Difluorobenzyl)-3-(hydroxymethyl)pyridine (9b).

A solution of 8b (201 mg, 0.77 mmoles) in tetrahydrofuran (7
ml) was added dropwise over a period of S minutes to a suspension
of lithium aluminum hydride (60.4 mg, 1.59 mmoles) in ether (8
ml) which was cooled in a dry ice acetone bath at -78°. The reac-
tion mixture was stirred at -78° for 60 minutes. Ethyl acetate (5 ml)
was then added to the mixture and the temperature allowed to rise
to 0° over 30 minutes. Water (4 ml) was added and the white solid
which separated was collected by filtration and washed with ethyl
acetate. The layers in the filtrate were separated and the ethyl
acetate layer was concentrated under reduced pressure to leave a
clear 0il (201 mg). Purification by flash chromatography over slica
gel using dichloromethane:methanol (9:1) as eluent afforded 9b as
a clear oil (135 mg, 75%); 'H nmr (deuteriochloroform): & 8.50 (s,
1H), 8.41 (d, 1H, J = 5.0 Hz), 7.05 (m, 1H), 698 (d, 1H, I = 5.0
Hz), 6.94 (m, 1H), 6.79 (m, 1H), 4.75 (s, 2H), 4.10 (s, 2H).
4-Benzyl-6-methylpyridine 3-carboxaldehyde (6e).

A mixture of 9a (32 mg, 0.15 mmole) and manganese dioxide
(234 mg, 2.3 mmoles) in dichloromethane (6 ml) was stirred at
room temperature for 1 hour. The mixture was filtered through a
celite bed and the celite was washed thoroughly with
dichloromethane. The removal of the solvent under rotary evap-
oration led to 6e as a light yellow solid.

Anal. Calcd. for C14H3NO: C, 79.59; H, 6.20; N, 6.63.
Found: C, 79.19; H, 6.18; N, 6.46.

4-(2,5-Difluorobenzyl)pyridine 3-carboxaldehyde (6f).

The procedure for the preparation of 6e was adapted for the
conversion of 9b to yield an oil which was not further purified
but used directly in the next step. The properties, yields, modifi-
cation of the typical procedure and !H nmr data for the pyridine-
3-carboxaldehydes 6e-f are tabluated in Table 3.

Typical Cyclization Procedure.
Benz[gJisoquinoline (10a).

A mixture of 6a (0.13 g, 0.66 mmole) and polyphosphoric
acid (1.9 g) was heated in an oil bath held at 140° for 1 hour.
Water (6 ml) was added to the cool reaction mixture and it was
extracted with dichloromethane (2 x 20 ml). The aqueous layer
was neutralized with aqueous sodium hydroxide (2N) and
extracted with dichloromethane (3 x 20 ml). The extracts were
dried over magnesium sulfate and removal of the solvent left a
brown solid. Additional product was otained by a continuous
extraction of the aqueous phase to yield a total of 0.08 g (66%)
of 10a, mp 169-171°; lit mp [16] 179-180°; the color could eas-
ily be removed by sublimation although the yellow material
darkened over a few days in standing at room temperature.
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The cyclization procedure utilized for the preparation of 10a
was adapted to the pyridines 6b-f, to afford the benz[glisoquino-
lines 10b-f, respectively. The properties, yields, modification of
the typical procedure and 'H nmr data for benz[g]isoquinolines
10a-f are tabulated in Table 4.

All the benz[g]isoquinolines showed intense fluorescence
when observed under long uv light.

The 13C nmr data for 10a-e and !9F data for 10f are listed in
Table 5.

§,10-Dimethyl-5,10-dihydro-5,10-dihydroxybenz[g}isoquinoline
12).

A solution of methyllithium (1.4 M in diethyl ether, 2.0 ml,
2.80 mmoles) was added to a mixture of 11 (252 mg, 1.20
mmoles) and tetrahydrofuran (25 ml) under nitrogen at -78° over
5 minutes. The mixture was allowed to stir at -78° for 30 min-
utes, allowed to warm to room temperature over 4 hours and
quenched over crushed ice (8 g) and ammonium chloride (755
mg). The product was extracted with methylene chloride (3 x 20
ml) and the extracts dried over magnesium sulfate. The dark
brown solid which was obtained upon removal of the solvent
under reduced pressure was dissolved in hot ethyl acetate (10
ml). The white solid which formed was collected by filtration
and washed with ethyl acetate to afford 12 (128 mg, 44% vyield),
mp 202-203°; 'H nmr (methyl-ds alcohol-d): & 8.9 (s, 1H), 8.51-
8.49 (d, 1H, J = 5.16 Hz), 7.80-7.78 (m, 2H), 7.68-7.66 (d, 1H,
J=5.06 Hz), 7.41-7.38 (m, 2H), 1.59 (s, 3H), 1.53 (s, 3H).

9,10-Dimethylbenz[ g]isoquinoline (10d).

A mixture of 12 (25 mg, 0.102 mmole), hydriodic acid (57%
aqueous, 0.06 ml) and acetic acid (2 ml) were heated at 140° for
5 hours. The reaction mixture was quenched into sodium bisul-
fite (1%, S ml). The solid which separated was collected by fil-
tration (57 mg) and purified by flash chromatography (silica-gel)
eluting with methylene chloride:methanol (98:2) to give 10d as
a yellow solid (12.5 mg, 59%) which was identical in all
respects to the product prepared via the cyclization procedure.
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