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Abstract. A method for the synthesis of isoquinolines functionalized with differentiated nitrogen substituents at positions 3
and 4 is described. The method iavolves osylation of & 3-hydroxy-4-nitroisoquinoline and subsequent tosylase displacement
by amine nuclecophiles to give 3-amino-4-nitroisoquinoline derivatives, the products of ific C-O boad cleavage.
Reduction of the 4-aitro group and elaboration of the resulting 4-amino moicty provides the differentiated 3- and 4-amino
functions, not readily available by other methods. Appropriately substituted compounds arc amenable to further
transformations, illustrated by their conversion to imidazo{5,4-c)isoquinoline derivatives. Additional studies on the tosylar
displacement indicated that thiol displacement also occurs by scission of the C-O bond 10 give a 3-thioether derivative, and
that reactions of the 4-nitro-3-tosyloxyisoquinoline systern with certain other nucleophiles, including alcohols, did not
proceed readily.

We became interested in the synthesis of 3-amino isoquinoline derivatives as part of an ongoing investigation of isoquinoline
compounds possessing interesting pharmacological activity. In particular, we required access to a series of isoquinolines 1
functionalized with differentiated nitrogen substituents at positions 3 and 4. These compounds are 3-amino isosteres of our
4-substituted isoquinolin-3-ol (2) cardiovascular agents,! and may also serve as intermediates to a variety of other
heterocycles of poseatial interest including tricyclic systems (3). A review of the liverature indicased that the requisite diamino
isoquinolines have not been well described, in spite of the significant body of chemistry reported on the ubiquitous
isoquinoline ring system.2 In fact, synthetic reports of isoquinolines substituted at both the 3- and 4-positions with nitrogen
functionality (1) include only compounds also containing heteroatom substituents at the 1-position (oxygen,} nitrogen® or
halogen3). The synthetic methodologies employed in these reports were not useful for the preparation of our 1arget
compounds 1. We therefore sought a practical method to produce 3,4-diamino isoquinoline derivatives with a key
requirement that our synthetic strategy include the ability to differentiate between the 3 and 4 nitrogen substituents for further
elaboraton.
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An attractive approach to our target compounds involved the prepanation of 4-nitroisoquinoline derivatives bearing a leaving
group at the 3-position which could be displaced by various amines. This would provide 3-amino-4-nitro analogs and pemit
differentiation berween the 3 and 4 nirogen substituents through reduction of the 4-nitro group and subsequent elaboration of
the 4-amino function. We initially contemplated using chloride as the leaving group, but discovered that 3-chloro-4-nitro-
isoquinolines are not readily obtained. For example, 3-chloroisoquinoline undergoes nitration at the S-position rather than at
the desired 4-position.6 Furthermore, although 3-hydroxy-4-nitroisoquinoline 6 is readily available by nitration of 4 as

tDedicated to Professor Edward C. Taylor on the oocasion of his 65th birthday.
3391



3392 J. S. HInkt2 and O. W. Lever, Jx.

previously reporied from our laborasories,! we were unable to convernt 6 1o the chloro compound 7 by standard methods
(phosphorous oxychloride, pbosphorous pentachiaride). We next considered activation of the 3-hydroxy group of 6 through
conversion to the p-toluenesulfonate. Although tosylates of nitrophenols are subject to nucleophilic anack, cleavage of cither
the carbon-oxygen or the sulfur-oxygen bond can occur.”-8 Successful sulfoate ester displacements in heterosromatic
sysiems appear to be limited to certain purine? and pyrimidine!0 derivatives. It has been reported that 2-wsyloxypyridine is
unreactive toward secondary amines and that the carresponding methanesulfonate undergoes S-O cleavage.!0 Thus, although
we anticipated that the 4-nitro group would activate the isoquinoline derivative 8 for reaction with amine nucleophiles, the
regiochemical preference for C-O versus S-O bond cleavage could not be readily predicwed.
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Tosylation of 6 using p-toluenesulfonyl chloride in methylene chloride with tricthylamine and a catalytic amount of
dimethylaminopyridine proceeded smoothly at room temperature 10 provide the highly crystalline 3-O-tosyl derivative 8 in
good yield. We were gratified to find that tosylate 8 reacts with & variety of amines in toluene at reflux and undergoes
specific C-O bond cleavage 1o provide the 3-amino compounds 9 (Scheme 1, Table 1). Within the limits of our ability to
detect the isoquinolinol 6 by thin layer chromatography (tic), we did not observe any competitive attack by the amines on
sulfur. As expected, activation by the 4-nitro group was essential. Tosylation of 4 provides the corresponding tosylate S,
but this compound fails to undergo nucleophilic displacement by amines under the conditions employed with 8 and is
recovered unchanged.
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Scheme 1
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Secondary amines provided compounds 9 (R.R'wH) in good yields with only minor side products. Primary amines reacted
more slowly and provided 9 (R=H) in somewbat lower yields. Tl monitoring of the reaction with primary amines indicated
that a polar decomposition product began forming before starting material was completely consumed. Yiclds for all of the
primary amines were not fully optimized through variation of reaction times. A oumber of artempts 10 provide the parent
3-amino-4-nitroisoquinoline 9 (R,R'=H) by direct nucleophilic displacement with ammoaia or smmonium acetate were
unsuccessful, presumably due to instability of the product.

We also investigated the displacement of the tosylate 8 with other nucleophiles. Butane-1-thiol successfully provided the
3-thioether derivative 12, but alcobols and even alkoxides reacted poorly if at all. For example, sodium methoxide gave no
isolable 3-methoxy compound and benzyl alcohot under mildly basic conditions gave the isoquinolinyl benzyl ether 13 in
only 2 4% isolated yield. Displacement of the tosylate with amides, potassium phthalimide, sodium azide, thioamides, and
thioureas also did not proceed readily, and in general the starting tosylate was recovered, indicating that anack at sulfur was

still not competive.
Me Me
MeO, NN MO, SN
S-a-Bu / o-CH;Ph
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With a variety of compounds 9 in band, we were abie to differentially functionalize the 3 and 4 nitrogen substituents (Scheme
1). Catalytic reduction of 9 gave the 4-amino compounds 10 (Table 2). The 4-amino group may be functionalized by a
variety of standard methods, including acylation with acid chlorides or with isocyanates (¢f. 11; Table 2). The potential of
derivatives 10 for synthesis of more claborase ring systems is illustrated by treatment of 10a and 10b with anisaldehyde
followed by dehydrogenation of the intermediate aminals with palladium on carbon to give the corresponding {5,4-¢]-
imidazoisoquinoline systems 14a and 14b.
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In conclusion, our synthetic strategy utilizing nucleophilic dispiacement of the tosylate in 4-nitro-3-tosylox yisoquinolines
provides access to & variety of 3-amino-4-nitroisoquinoline derivatives. These compounds may be used to allow
differentiation of the 3 and 4 nitrogen sobstituents for subsequent elaboration to more complex systems. Extension of this
tosylase displacement 10 other heterocyclic syswems is carrently under investigation.
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EXPERIMENTAL

Mecitng points (mp) were desermined on a Thomas-Hoover apparatus and are uncorrecicd. Infrared (IR) spectra were
recorded on a Nicolet SDXB FT-IR spectrophotomeser and are expressed in cm-l. Proton nuclear magnetic resonance (1H
NMR) spectra were obtained on Varian FT-80A or Varian X1 400 spectrometers and chenmcal shifts are reparwed in delta (3)
units downfield from sctramethylsilane (TMS) as interoal standard. Mass spectra were obtained on a Finnigan 1015D
quadrupole mass spectrometer coupled to 8 Finnigan 9500 gas chromatograph or oa a Finnigan MAT 8230 double focusing
high resolution mass spectrometer. Elemental analyses were obtsined oa a Perkin Elmer 240C for C, H. and N, and at
Adantic Microlabs, Atlanta, GA for other clements (S, F).

6,7-Dimethoxy-1-methyl-3-{(4-methylphenylsulfonyl)oxy}-4-nitroisoquinoline (8). Tricthylamioe (21.5 mL,
2 eq) and 4-(N N-dimethylamino)pyridine (1.9 g. 0.2 eq) were added (0 a stirred slurry of 6,7-dimethoxy- | -methyl-4-
nitroisoquinolin-3-ol! (6, 20.5 g, 77.6 mMol) in methylene chloride (600 ml) at room temperature under a nitrogen
amosphere.  To this mixture was added p-toluenesulfonyl chloride (18.0 g, 1.15 eq) and the slurry was stirred at room
temperature under nitrogen for S hoars. The mixture was filtered and the precipitase was washed with methylene chloride to
provide an initial portion (15.2 g) of 8 as & yellow solid. The filtrase was washed successively with IN HCl (2 x 300 mL)
and water (2 x 150 mL), dried (MgSOy4), and the solvent was evaporated in vacko. The residue was purified by column
chromatography on silica gel with methylene chloride as eluent (R 0.8 in 98:2 methylene chloride/methanol) to give an
additional 13.2 g of the product (total yield 87%): mp 236-238 °C (dec); IR (KBr) 1617, 1599 con-1; 1H NMR (CDC!3)
$8796(d.J =79Hz 2H), 7.35(d.J = 7.9 He, 2H), 7.22 (s, 1H), 7.12 (s, 1H), 4.03 (s, 3H), 3.99 (s, 3H), 2.82 (s, 3H),
2.48 (s, 3H); LRMS (DCT), mvz (rel. inr), 419 (MH*+, 100), 248 (45).

Anal. Caled. for C1oH ) gN209S: C. 54.54; H, 4.34; N, 6.69; S, 7.66. Pound: C, 54.80; H, 4.28; N, 6.81; S, 7.62.

6,7-Dimethoxy-1-methyl-3-methylamino-4-nitroisoquinoline (9a). An excess of 40% aqueous methylamine
(6 L, 30 eq) was added to a stirred siorry of tosylase 8 (1.00 g, 2.39 mmol) in toluene (S0 ml.) and the mixture was heated
under reflux for 12 hours. The mixture was then stirred at room temperature for 12 hours and the orange precipitaxe was
collected by filtration, washed with cther, and purified by column chromatography on silica gel with methylene chioride as
eluent to give 0.39 g (59%) of compound 9a as an orange powder, mp 233-234 °C; IR (KBr) 1619, 1592, 1512 c-!;
TH NMR (CDC13) $9.6 - 9.3 (br m, 1H), 8.54 (s, 1H), 7.16 (s, 1H), 4.03 (s, 3H), 3.96 (s, 3H), 3.26 (d. J = 5.7 Hz, 3H),
2.79 (s, 3H), LRMS (DCI), mvz (rel. int), 278 (MH+, 100).
Anal. Caled. for Cy3H sN3O4-1/4 H2O: C. 55.41; H, 5.54; N, 14.91. Found: C, 55.52; H, 5.74; N, 14.48.

3-(s-Butylamino)-6,7-dimethoxy-1-methyl-4-nitroisoquinoline (9b). An excess of a-burylamine (0.8 mL, 4 ¢q)
was added 10 a stirred slurry of 1osylate 8 (1.00 g, 2.39 mmot) in woluene (S0 mL) and the mixture was heated under reflux
overight. After cooling to reom temperature, the precipitate was removed by fittration, washed with toluene, and purified by
column chromatography on silica gel with methylene chloride as eluent to give 0.52 g (68%) of compound 9b as an orange
powder, mp 160-161 °C; IR (KBr) 1624, 1598, 1577, 1498 cm-!; IH NMR (CDC13)39.6 - 9.3 (br ¢, 1H: D,O
exchangeable), 8.53 (s, 1H), 7.16 (s, 1H), 4.03 (s, 3H), 3.96 (s, 3H), 3.75 (d of t. appears as q, / = 6.4 Hz, 2H; collapses
to t,J = 6.9 Hz upon D20 exchange), 2.78 (s, 3H), 1.9 - 1.2 (m, 4H), 0.98 (t, J = 6.7 Hz, 3H). LRMS (DCI), vz (rel.
int.), 320 (MH*, 100), 290 (34).
Anal. Caled. for C1gH21N3O4: C. 60.18; H. 6.63; N, 13.16. Found: C, 60.41; H, 6.92; N, 13.15.

3-Benzylamino-6,7-dimethoxy-1-methyl-4-nitroisoquinoline (9¢). Following the method descrnibed above for
9b, compound 9¢ was obtained in 9% yield from tosylate 8 and benzylamune as an orange solid. mp 240-241 °C; IR (KBr)
1617, 1587, 1519, 1503 cm-!; 'H NMR (CDCl3) 39.7 - 9.4 (br m, 1H), 8.50 (s, 1H), 7.4 - 7.2 (m, SH), 7.17 (s, 1H).
4.96 (d, J = 6.0 Hz, 2H), 4.02 (s, 3H), 3.95 (s, 3H), 2.78 (s, 3H); LRMS (DCI), m/z (rel. int.), 354 (MH*+, 100).

Anal. Calcd. for Ci9H19N304: C. 64.38; H, 5.42; N, 11.89. Found: C, 64.03: H, 547, N, 11.75.

6,7-Dimethoxy-3-[2-(3,4-dimethoxyphenyl)ethyl)amino-1-methyl.4-nitroisoquinoline (94). To a mixture
of tosylate 8 (1.00 g, 2.39 ramol) in wluene (S0 mL) was added 2-(3,4-dimethoxyphenyl)ethylamine (1.6]1 mL, 1.5 eq) and
ticthylamine (1.3 ml., 4 eq), and the resulting mixture was heated to reflux under a nitrogen atmosphere for 12 hours. The
mixmre was cooled to room semperature, ¢vaporated under reduced pressure, and purified by column chromatography on
silica gel with methylene chloride as elueat to give 0.93 g (91%) of the product as an orange solid, mp 180-182 °C; IR (KBr)
1588, 1512 cm-); 1H NMR (CDCl3) 89.49 (br t, 1H), 8.59 (s. 1H). 7.23 (s, 1H). 6.85 - 6.80 (m, 3H), 4.07 (s, 3H), 4.02
(t. / = 7.0 Hz, 2H), 4.01 (s, 3H), 3.91 (s, 3H), 3.86 (s. 3H), 2.99 (1. J = 7.0 Hz, 2H), 2.82 (s, 3H); LRMS (DCI), nvz
(re). int), 428 (MH+, 100), 259 (20).
Anal. Calcd. for CpH2sN3Og: C, 61.82; H, 5.90; N, 9.83. Found: C, 61.55; H, 5.63; N, 9.63.

6,7-Dimethoxy-3-[2-(dimethylamino)ethyl Jamino-1-methyl-4-nitroisoquinotine (9¢). Following the method
described above for 9b, coropound e was obtained in 88% yield from tosylate 8 and 2-(dimethylamino)ethylamine as an
orange solid, mp 218-219 °C: IR (KBr) 1618, 1590, 1524, 1504 cm'!; 1H NMR (CDCl3) 89.7 - 9.4 (br m, 1H), 8.50 (s,
1H), 7.15 (s, 1H), 4.03 (s, 3H), 3.96 (s, 3H), 3.82 (1, J = 6.3 Hz, 2H), 2.79 (s. 3H), 2.60 (1. J = 6.3 Hz, 2H), 2.33 (s.
6H); LRMS (DCI), mvz (rel. int), 335 (MH+, 100).

Anal. Calcd. for C1gH22N4O4: C, 57.47; H, 6.63; N, 16.76. Found: C, 57.31. H, 6.68: N, 16.45.

6,7-Dimethoxy-1-methyl-4-nitro-3-(2-propylamino)isoquinoline (9f). Isopropylamine was added in portions
(5 x 2 mL, towal 20 eq) over two days to a stirred slurry of tosylate 8 (2.5 g, 6 mmol) in toluene (150 mL) which was heated
under reflux. After cooling to room temperature, the mixture was evaporated and the residue purified by column
chromatography on silica gel with methylene chloride as elueat 1o give 1.75 g (95%) of the product 9 as an orange powder,
mp 219-220 °C; IR (KBr) 1587 cm-!; 'H NMR (CDCl3) §9.38 (br d, 1H). 8.59 (s, 1H), 7.21 (s, 1H), 4.72 (m, 1H), 4.06
(s, 3H), 3.99 (s, 3H), 2.80 (s, 3H). 1.35 (d, J = 6.0 Hz, 6H); LRMS (DCI), m/z (rel. int.), 306 (MH+, 100).

Anal. Caled. for CysHygN304-1/4H20: C, 58.15; H, 6.34; N, 13.56. Found: C, 58.05; H. 6.43; N, 13.44.
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3-{2-(5-Diethylamino)pentyl]amino-6,7-dimethoxy-1-methyl-4-nitroisoquinoline (9g). Following the
method described above for 99 using 2-amino- S-diethylaminopentane as the amine, compound 9g was obtained as an orange
solid in 79% yield, mp 85-87 °C; IR (KBr) 1588, 1513 cm-1; 1H NMR (CDCl3) $9.41 (d, / = 9 Hz, 1H), 8.60 (s, 1H),
7.21 (s. 1H), 4.70 (m, 1H), 4.06 (s, IH), 3.99 (s, 3H), 2.79 (s, 3H). 2.50 (q, / = 7.2 Hz, 4H), 2.51 - 2.43 (m, 2H).
1.72 - 1.62 (m, 2H), 1.62 - 1.52 (m, 2H), 1.32 (d. J = 6.5 Hz, 3H), 1.00 (¢, J = 7.2 Hz, 3H); LRMS (DCD), m/z (rel. int.),
40S (MH+, 100).

Anal. Caled. for C2)H23N4O4: C, 62.35; H, 7.97; N, 13.85. Found: C, 62.20; H, 8.05; N, 13.62.

3-[(1-Benzyl)-4-piperidiayl)amino-6,7-dimethoxy-1-methyl-4-nitroisoquinoline (9h). Following the method
described above for 9d using 4-amino- 1-benzylpiperidine as the amine, compoand 9 was obtained as an orange solid in
83% yield, mp 188-189 °C; IR (KBr) 1615, 1589, 1525, 1504 cm-1; 1H NMR (CDQ13) 89.4 (br d, 1H), 8.53 (s, 1H).
7.4 - 7.2 (m, SH), 7.15 (s, 1H). 4.6 - 4.2 (m, 1H), 4.02 (s, 3H), 3.95 (s, 3H), 3.52 (s, 2H), 3.1 - 1.5 (m, 8H), 2.78 (s,
3H). LRMS (DCT), ovz (rel. int.), 436 (M+, 20), 418 (75), 401 (65). 172 (100).

Anal. Caled. for CuH2sN4O4: C, 66.04; H, 6.47; N, 12.84. Found: C, 66.12; H, 6.43; N, 12.54.

6,7-Dimethoxy-1-methyl-4-nitro-3-phenylaminoisoquinoline (91). To a mixture of wosylate 8 (3.00 g, 7.17
mmol) in toluene (100 mL) was added an excess of aniline (8 mL), and the resulting mixture was beated w© reflux under 3
nitrogen atmogpbere for 24 howrs. The arixture was cooled 10 room temperature and filtered, and the precipitae was washed
with methyleae chioride. The combined filtrates were evaporated under reduced pressure, and the residue was purified by
column chromatography on silica gel with methyleae chlaride as cluent to give 1.83 g (75%) of the product as ae orange
solid, mp 200-201 °C; IR (KBr) 1589, 1574, 1507, 1497, 1482 cov-1; 1H NMR (CDCl3) $8.36 (s, 1H), 7.8 - 7.2 (m, TH),
4.04 (s, 3H), 3.99 (s. 3H), 2.77 (s, 3H), LRMS (DCI). myz (rel. int.), 340 (MH*+, 100).
Anal Calcd. for C1gHIN3O4: C. 63.71; H, 5.05; N, 12.38. Found: C, 63.78; H, 5.06; N, 12.07.

6,7-Dimethoxy-3-(N N-dimethyl)amino-1-methyl-4-nitroisoquinoline (9j). An excess of 40% aqueous
dimethylamioe (1.1 mL, 4 eq) was added to tosylate 8 (1.00 g, 2.39 mmol) in wlvene (50 mL) and the mixture was heated
under reflux for 8 hours. The mixture was then cooled, washed with lNHO(Zx?Sml).mdtbecrpnichyamdried
(MgSO4) and the solvent was evaporased under reduced pressure. The residue was parified by columa

silica ge! with methylene chlonide as the eluent to provide 9 (0.69 g, 99%) as a red solid: mp 170-171°C IR (KBr) 1621
1585, 1504 cm-!; LTH NMR (CDClj) 87.68 (s, 1H), 7.12 (s, 1H), 4.00 (s, 3H), 3.96 (s, 3H), 3.12 (s, 6H), 2.76 (3, 3H),
LRMS (DQ1). m/z (rel. int.), 292 (MH*, 100).

Anal. Caled. for C14H1IN3O4: C, 57.72; H, 5.88; N, 14.42. Found: C, 57.91. H, 5.87; N, 14.20.

3-(N,N-Diethyl)amino-6,7-dimethoxy-1-methyl-4-aitroisoquinoline (9k). Following the method described

above for 90, compound % was obuained in 99% yield from wosylate 8 and diethylamine as & red-orange solid, mp 130-131

°C; IR (KBr) 1624, 1576, 1513, 1490 cm-!; 1H NMR (CDCl3) 87.46 (s. 1H), 7.11 (s, 1H), 3.99 (s, 3H), 3.96 (s, 3H),

3.48 (q, J = 7.0 Hz, 4H), 2.75 (s, 3H), 1.19 (¢, / = 7.0 Hz, 6H); LRMS (DCI), m/z (rel. int.), 320 (MH*, 100), 258 (20).
Anal. Calcd. for C1gH2)N304: C, 60.18; H, 6.63; N, 13.16. Foand: C, 59.83; H, 6.67; N, 12.84.

6,7-Dimethoxy-3-[N-(2-dimethylamino)ethyl-N-ethyl]amino-1-methyl-4-nitroisoquinoline (91). Following
the method described above for 9d using 1.1 eq NN-dimethyl-N -cthylethylenediamine as the smine, compound 9 was
obuined as an orange solid in 75% yield, mp 81-82 °C; IR (KBr) 1625, 1582, 1513, 1489 cm-!; TH NMR (CDQ13) $7.41
(s. 1H), 7.12 (s, 1H). 3.96 (s, 6H), 3.8 - 3.5 (m, 2H), 3.40 (q. / = 7.0 Hz, 2H), 2.75 (s, 3H), 2.7 - 2.4 (m, 2H), 2.27 (s,
6H), 1.19 (¢, J = 7.0 Hz, 3H); LRMS (DCI), oz (rel. int), 363 (MR*+, 100).

Anal. Calod. for C1gH26N4O4: C, 59.65; H, 7.23; N, 15.46. Found: C, 59.70; H, 7.35, N, 15.11.

6,7-Dimethoxy-3-[4-(4-fluorodenzoyl)piperidin-1-yi)-1-methyl-4-nitroisoquinoline (9m). Following the
method described above for 9d using 4-(4-fluorobenzoyl)piperidine (1.5 eq) and 8 eq of ricthylamine, compound 9m was
obtained as an orange solid in 92% yield. mp 193-195 °C: IR (KBr) 1685, 1621, 1600, 1575, 1505, 1485 car1; 1H NMR
(CDCl3) 88.01 (dd. J; = 8.9 Hz, J; = 5.4 Hz, 2H), 7.54 (s, 1H), 7.19 (s, 1H), 7.15 (d. 8.7 Hz, 2H), 4.08 - 3.95 (m, 2H),
4.02 (s, 3H), 4.00 (s, 3H), 3.55 - 3.45 (m, 1H), 3.28 - 3.19 (m, 2H), 2.79 (s, 3H), 1.98 - 1.88 (m, 4H); LRMS (DCI).
m/z (rel. int), 454 (MH+, 100).

Anal. Caled. for Co4H24FN3Os: C, 63.57; H. 5.33; N, 9.27, F, 4.19. Found: C, 63.30; H, 5.33; N, 9.13; F, 4.21.

6,7-Dimethoxy-1-methyl-4-nitro-3-[(4-phenyl)piperazin-1-yl])isoquinoline (9n). An cxcess of 1-phenyl-
piperazine (1.14 ml, 3 oq) was added to a stirred sturry of tosylate 8 (1.00 g, 2.39 mmol) in toluene (50 ml) and the mixture
was heated under reflux overnight. After cooling to room temperature, a precipitate (identified as tosylsse salt of 1-phenyl-
piperazine) was removed by filtration, and the resulting filtrate was evaporated under reduced pressure and purified by
column chromatography on silica gel with methylene chloride as eluent w give 0.78 g (80%) of compound 9w as a red-orange
powder, mp 179-181 °C; IR (KBr) 1625, 1590, 1582, 1509, 1497, cm-l; i1H NMR (CDCl3) $7.43 (s, 1H), 7.3 - 7.1 (m,
2H), 7.14 (s, 1H), 7.0 - 6.8 (m, 3H), 4.00 (s, 3H), 3.98 (s, 3H), 3.66 (1, J = 5 Hz, 4H), 3.28 (1, / = S Hz, 4H), 2.78 (s,
3H); LRMS (DCI), ovz (rel. int.), 409 (MH*, 100).
Anal Caled. for CpH24N4O4-1/4H20: C, 63.99: H, 5.98, N, 13.57. Found: C, 63.99: H, 6.17; N, 13.30.

6,7-Dimethoxy-1-methyi-3-(N-methyl-N-phenylamino]-4-nitroisoquinoline (90). Following the method
described above for 9b using 10 eq of N-methylaniline as the amine, compound 90 was obtained in 85% yleld as an orange
solid, mp 182-184 °C. IR (KBr) 1618, 1600, 1585, 1564, 1520, 1511, 1501, 1490 cm-!; 1H NMR (CDQ13) 374 - 7.1 (m,
2H), 7.20 (s, 1H), 7.14 (s, 1H), 7.1 - 6.8 (m, 3H), 4.01 (s, 3H), 3.95 (s, 3H), 3.57 (s, 3H), 2.87 (s. 3H): LRMS (DCD),
ovz (rel. int.), 354 (MH*, 100).

Anal. Calcd. for C1gH9N304: C, 64.58; H, 5.42; N, 11.89. Found: C, 64.36; H, 5.40: N, 11.49.

6,7-Dimethoxy-3-hydrazino-1-methyl-4-nitroisoquinotine (9p). Following the method described above for 9b,
compound 9p was obtained in 30% yield from 10sylate 8 and hydrazine as an orange solid, mp 198-199 °C (dec); IR (KBr)
1617, 1576, 1562, 1514 cm-1; 'H NMR (DMSO-d¢) 8 8.48 (s, 1H), 7.37 (s. 1H). 3.89 (s, 6H), 3.28 (br s; DO
exchangeable), 2.81 (s, 3H); LRMS (DCI), myz (rel. int.), 279 (MH+, 100), 249 (60), 219 (35).

Anal. Caled. for C12H14N4O4¢-1/4H20: C, 50.97. H, 5.17, N, 19.81. Found: C, 51.03; H, 5.23; N, 19.74.
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4-Amino-6,7-dimethoxy-1-methyi-3-(2-propylamino)isoquinoline (10a). Nivoisoquinoline 9f (1.65 g, 5.40
mmol) was hydrogenated in methanol (200 mL) with 10% palladium on carboa (0.60 g) at room temperature onder 40 psig
hydrogea for 8 hours. After filsration to remove the catalyst, the solvent was evaporsied wnder reduced pressure and the
residue was parified by qolomn chromasography on silica gel with 98:2 methylene chioride/methanol as sluent o provide
1.24 g (83%) dﬂn::ﬁct'u a yellowish groen solid: mp 95-99 °C (dec); IR (KBr) 1637, 1624, 1590, 1574, 1506, 1487
cm-1; 1H NMR (CDCY3) $7.12 (s, 1H), 6.85 (s, 1H), 42 - 4.1 (m, 1H), 4.1 - 3.7 (br 5, 1H), 4.01 (s 3H), 3.98 (s, 3H),
36-32 (s 2H), 173(:. 3H), 1.23 (d, / = 6.2 Hz, 6H); LRMS (DCT), m/z (rel. ine.), 276 (MH*+, 100).
Anal. Caked. for C)sHz1N302.14 HZO: C, 64.38. H, 7.74; N. 15.01. Found: C, 64.24; H,7.95. N, 14.72.

4-Amino-6,7-dimethoxy-1-methyl-S-phenyiaminoisoquinoline (10d). Nitvisoquinolioe % (1.80 g, 5.30 mmol)
was hydrogeoased in methasol (250 mL) with 10% palladium on carbon (0.60 g) at room temperature under 40 psig
hydrogen for 4 bours. After filiration to remove the catalyst, the solvent was evaporated uader reduced pressure and the
residue was triturated with ether to pravide 1.44 g (88%) of the prodoct as a greea solid: mp 198-202 °C; IR (KBr) 1625,
1604, 1590, 1580, 1570, 1512, 1502, 1490, 147S cm-!; 'H NMR (CDC13) 7.2 - 7.0 (m, 4H), 6.9 - 6.6 (m, 3H), 5.97 (br
s, 1H), 4.06 (s, 6H), 3.9 - 3.4 (br 5, 2H), 2.75 (s, 3H); LRMS (DCT), myz (rel. int.), 310 (MH*+, 100).

Anal. Caled. for C1gH gN307 144 H20: C., 68.88; H. 6.26; N, 13.39. Found: C, 68.75; H, 6.13; N, 13.12.

4-Amino-6,7-dimethoxy-3-(N ,N-dimethyl)amino-1-methylisoquinotise (160¢). Following the method
described above for 10d, niwvisoquinotine 9j (2.03 g, 6.97 mmol) was reduced to give 1.44 g (79%) of 16c as a greenish
yellow solid: mp 164-165 °C; IR (KBr) 1627, 1586, 1574 cm-!; 1H NMR (CD(C13) 87.12 (s, 1H). 691 (s, 1H), 4.2 - 39
(be s, 2H), 3.98 (s, 6H). 2.76 (s, 9H); LRMS (DCh), m/z (rel. int.), 262 (MH*, 80), 261 (M*, 100).

Anal. Caled. for C)Hi9N302: C, 64.35; H, 7.33; N, 16.08. Found: C, 63.98; H, 7.46; N, 15.73.

4-[(N-Acety))amino])-6,7-dimethoxy-3-[(N,N-dimethyl Jamino]-I-methylisoquinoline (11a). Acctyl chloride
(0.03 mL, 1.1 eq) was added to a stirred solution of 10¢ (0.09 g, 0.34 mmol) and tricthylaminc (0.06 mL, 1.2 eq) in
methylene chioride (S ml). The solution was thea gently refluxed under a mtrogen asnosphere for 3 bours. The resulting
solution was passed through a silica gel columm, eluting with methylenc chioride, and the fractions with maserial st R¢ 0.4
(98:2 methyleae chionde/metinanol) were combined and cvaporated ander reduced pressure. Trituration of the residue with
cther gave 118 (0.07 g, 67%) as an off-white solid; rop 158 °C (coalesc.), 167-168 *C: IR (KBr) 1650, 1500 cm-!; 1H NMR
(CDQ13) 87.15 (s, IH), 7.0 (s, 0.5H), 6.92 (s, IH), 6.79 (s, 0.3H), 4.00 (s, 3H), 3.99 (s. 3H), 3.03 (s, 3H), 2.86 (s, 3H),
2.80 (s, 3H), 2.37 (s, 3H); LRMS (DCT), m/z (rel. int.), 304 (MH*, 100).
Anal. Calcd. for CigHN1O3: C, 63.35; H, 6.98; N, 13.85. Found: C, 63.56; H, 7.LI; N, 13.88.

4-[1-(3-n-Butyl)ureido)-6,7-dimethoxy-1-methyl-3-phenylaminoisoquinoline (11b). To a solution of 10b
(0.50 g. 1.60 mmol) in methylene chloride (25 mL) was added a-butylisocyanate (0.22 ml., 1.2 eq), and the resulting
mixture was heated under reflux in a nitrogen atmosphere for 12 hours. The reaction mixhure was then purified by column
chromatography on silica gel with a gradient elution from methylene chlonde to 98:2 methylene chlonde/methanol to provide
0.33 g (50%) of urea 11b as a pale yellow solid; mp 194-196 °C (comlesces & resolidifies), >375 °C (dec); IR (KBr) 1621,
1602, 1574, 1499 cm-!; 1TH NMR (CDCl3) 87.6 - 7.5 (m, 2H), 7.4 - 7.1 (m, 2H), 7.1 - 6.8 (m, 4H), 6.50 (br s, 1H).
4.95 - 4.65 (br1, 1H), 3.90 (s, 3H), 3.82 (s, 3H), 3.25 - 2.95 (m, 2H). 2.70 (s. 3H), 1.4 - 1.0 (m, 4H), 0.76 (v. J = 6 Hz,
IH): LRMS (DC1), myz (rel. int.), 409 (MH+, 100).
Anal. Caled. for C23H23N4O3: C, 67.63; H, 6.91; N, 13.72. Found: C, 67.85; H, 7.15; N, 13.78.

4-(1-(3-n-Butyl)ureido}-6,7-dimethoxy-3-(N N-dimethyl)amino-1-methylisaquinoline (11c). To a solution
of 10¢ (0.45 g. 1.72 mmotl) in methylene chloride (25 mL) was added a-butylisocyanste (0.23 mL., 1.2 eq). and the resulting
mixture was heated under reflux in a oitogen ammosphere for 48 hours. The reaction mixture was filtered, the filrate was
evaporated under reduced pressure, and the residue was triturated with ether to provide 0.52 g (84%) of urea llcasa
colorless solid: mp 225-226 °C; IR (KBr) 1632, 1625, 1575 cm-); 1H NMR (DMSO-dg) 3 7.30 (br s, 1H), 7.08 (s, 1H),
6.85 (s, 1H), 6.15 - 6.00 (dr t, 1H), 3.81 (s. 3H), 3.75 (s. 3H), 3.24 (s, 3H), 3.1 - 2.9 (m, 2H), 2.80 (s, 6H), 1.5 - 1.1
(m, 4H), 0.86 (t. J = 6 Hz, 3H), LRMS (DCI), m/z (rel. int.), 361 (MH+, 100).
Anal. Calcd. for CigH2gN4O3: C, 63.31; H, 7.83; N, 15.54. Found: C, 63.66, H, 8.02; N, 15.48.

4-[1-(3-Alty))ureido]-6,7-dimethoxy-1-methyl-3-phenylaminoisoquinoline (11d). Allylisocyanate (0.15 mL,
1.1 eq) was added to a solution of 10b (0.50 g, 1.6 mmol) in methylene chlonde (25 ml) and the mixture was heated under
reflux in & nitogen atmosphere for 3 days. The precipitate which formed was collected by filtration and washed with
methylene chloride to provide 0.44 g (69%) of urca 11d as a colorless solid; mp 365-370 °C (dec); IR (KBr) 163$, 1610,
1575 cm-!; 'H NMR (DMSO-dg) $7.89 (s, 1H), 7.83 (s, 1H), 7.49 (d. J = 7.8 Hz, 2H), 7.28 (s, 1H), 7.22 (dd. appears as
1,/ =76 Hz 2H). 7.19 (s, 1H), 6.82 (t, / = 7.3 Hz, 1H), 6.48 (br t, 1H), 5.96 - 5.84 (m, 1H), 5.20 (&d, J; = 17.3 Hz,
J; = 1.6 Hz, 1H), 5.06 (dd, J; = 10.4 Hz, J; = 1.6 Hz, 1H), 3.91 (s, 3H), 3.88 (s, 3H), 3.75 (m, 2H). 2.76 (s, 3H):
LRMS (DCD), mvz (rel. int.), 393 (MH*+, 40), 233 (100).
Anal Calced. for CoHagN4O3: C, 67.33; H, 6.16; N, 14.28. Found: C, 67.31; H, 6.17; N, 14.05.

4-[1-(3-Allyl)ureido}-6,7-dimethoxy-3-(N N-dimethyl)amino-1.methylisoquinoline (11e). Following the
method described above for 11d using compound 10c as the amine, urea 11e was obained in 71% yield as a coloriess
solid; mp 238-240 °C (coalesc), 258-264 °C (dec). IR (KBr) 1625, 1575 cm-1; 'H NMR (CDCl3) 87.14 (s, 1H), 7.11 (s,
1H), 6.04 (br s, 1H), 6.86 - 6.74 (m, 1H), 5.12 - 5.00 (m, 2H), 4.92 (br t, 1H), 4.00 (s, 3H), 3.98 (s. 3H), 3.86 - 3.80
(m, 2H), 3.02 (s, 6H), 2.79 (s, 3H); LRMS (DCT), m/z (rel. int), 345 (MH+, 100).

Anal. Calcd. for CigH4N4O3: C. 62.77; H, 7.02; N, 16.27. Found: C, 62.43; H, 6.93; N, 15.97.

3-(a-Butylthio)-6,7-dimethoxy-1-methyl-4-nitroisoquinoline (12). a-Butancthiol (0.78 mL, 3 eq), triethylamine
(0.67 mL, 2 eq) and potassium carbonate (1.32 g, 4 eq) were added to a stirred suspension of tosylate 8 (1.00 g, 2.39 mmol)
in toluene (50 mL) and the mixture was heated under reflux for 3 days. The mixture was cooled 10 room temperature,
filtered, and the solids were washed with methylene chloride. The filtrate was evaporated under reduced pressure and the
residue was purified by column chromatrography on silica gel with methylene chloride as the eluent 10 provide 12 (0.59 g,
73%) as a yellow solid: mp 130-132 °C; IR (KBr) 1622, 1562, 1557 cmn-t; 1H NMR (CDCl3) 87.44 (s, 1H), 7.17 (s, 1H).
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4.01 (s, 3H), 3.99 (s, 3H), 3.26 (t, J = 7.2 Hz, 2H), 2.86 (s, 3H), 1.9 - 1.2, (m, 4H), 0.95 (1. / = 6.7 Hz, 3H). LRMS
(DCI), m/z (rel. int.), 337 (MH*+, 100), 307 (96).
Anal. Calcd. for CjeH20N704S: C. 57.13; H, 5.99: N, 8.33; S, 9.53. Found: C, 56.92; H. 6.15; N, 8.21; S, 9.48.

3-Benzyloxy-6,7-dimethoxy-1-methyl-4-nitroisoquinoline (13). A mixwre of tosylate 8 (1.00 g, 2.39 mmol)
and tricthylamine (0.67 mL, 2 eq) in benzyl alcohol (50 mL) was heated to 140 °C for 48 hours. The reaction mixture was
cvaporated under reduced pressure, and compound 13 was obtained (0.04 g, 4% yield) from the residue afeer careful column
chromatography on silica gel with methylene chloride as eluent, mp 212-214 °C; IR (KBr) 1574, 1518 cm-}; 1H NMR
(CDCl4) 87.50 (d. J = 7.5 Hz, 2H), 7.38 (. J = 7.5 Hz, 2H), 7.31 - 7.26 (m, 1H), 7.19 (s. 1H), 7.11 (s, 1H), 5.61 (s,
2H), 4.02 (s, 3H), 4.00 (s, 3H), 2.87 (s, 3H); LRMS (DCI), m/z (rel. int.), 35S (MH*, 100).

Anal. Calcd. for C19H1gN205s-1/2H20: C, 62.80; H, 5.27; N, 7.71. Found: C, 62.80; H, 4.87; N, 7.62.

7,8-Dimethoxy-2.(4-methoxypheny!)-S-methyl-3-(2-propyl)-IH -imidazo(5,4-c]isoquinoline (14a). A
mixture of amine 10a (0.50 g, 1.82 mmol) and p-anisaldelyde (0.25 mlL, 1.] eq) in toluene (25 mL) was heated to reflux
with azeotropic water removal for 3 days. The reaction mixture was cooled 1o room temperature, 10% palladium oo carbon
(0.06g) was added, and the resulting mixture was heated (o reflux for an additional 2 days. The palladium on carbon was
removed via filtration, the filoate was evaporated under reduced pressure, and the residue was triturased with ether o )
0.55g (77%) of compound 143 as a cream salid, mp 206-208 °C; IR (KBr) 1611, 1580, 1527, 1512, 1491, 1462 cm-!;
IH NMR (CDCl3) 87.84 (s, 1H), 7.56 (d. / = 8.8 Hz, 2H), 7.33 (s, I1H), 6.99 (d, / = 8.8 Hz, 2H), 4.76 (ept., J = 6.7
Hz, 1H), 4.05 (s. 3H), 4.01 (s. 3H), 3.85 (s, 3H), 2.95 (s, 3H), 1.75 (d, / = 6.7 Hz, 6H); LRMS (DCI), mvz (rel. int.),
392 (MH+, 100).
Anal. Caled. for C23H26N303: C, 70.57; H, 6.44; N, 10.73. Found: C, 70.22; H, 6.32; N, 10.36.

7.8-Dimethoxy-2-(4-methoxyphenyl)-S-methyl.3-phenyl-IH -imidazol5 4-clisoquinoline (14b). A mixture
of amine 10b (0.40 g, 1.29 mmol) and p-anisaldehyde (0.17 mL, 1 eq) in wivene (25 mL) was heated 10 reflux under
nitrogen with azeotropic water removal for § days. The reaction mixture was cooled to room temperature, 10% palladium on
carbon (0.05g) was added, and the resulting mixnure was heated to reflux under nitrogen for an additional 2 hours. The bot
reaction mixture was filtered through celite, and the precipitate which formed upon cooling was collected by filtration to
provide 0.10 g (18%) of compound 14b as an off-white solid. An additional 0.10 g of precipitate was obtained by addition
of ether to the filtrate (total yield 0.20 g, 36%), mp 266-268 °C. IR (KBr) 1625, 1603, 1581, 1524, 1512, 1489 cm-!;
1H NMR (CDCl3) 87.95 (s, 1H), 7.8 - 7.1 (m, 8H), 6.82 (d, / = 8.8 Hz, 2H), 4.12 (s, 3H), 4.02 (s, 3H), 3.79 (s, 3H),
2.99 (s, 3H), LRMS (DCT), ov/z (rel. int ), 426 (MH*, 100).
Anal. Caked. for C26H23N303: C, 73.40; H, 5.45; N, 9.88. Found: C, 73.25; H, 5.40; N, 9.41.
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