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The solution-phase synthesis of a 111 member isoquinoline library is described. The isoquinoline scaffold
has been accessed through the palladium- and copper-catalyzed cyclization of iminoalkynes and the palladium-
catalyzed iminoannulation of internal alkynes, followed by diversification of hydroxyl functionality where
it is present.

Introduction

The isoquinoline nucleus is one of the most abundant
structural motifs found in natural products and biologically
active molecules.1 Isoquinoline derivatives exhibit a broad
range of pharmacological activity, including antitumor,
antifungal, antimalarial, antihypertensive and antihistaminic
activity.2,3 Some simple biologically active isoquinoline
derivatives are shown in Figure 1. The opium alkaloid
papaverine (1) has been found to be useful as a vasodilator.4

Decumbenine B (2) has been found to inhibit spontaneous
contraction of the intestine.5 Simple isoquinolines, such as
3a and 3b, have been shown to be useful for the treatment
and prevention of cardiovascular diseases.6 Similarly, iso-
quinolines 4a and 4b are potent anti-inflammatory agents.7

The isoquinoline backbone is also found in nitidine (5),
pseudopalmitine (6), and related biologically active plant
alkaloids.8 The tetrahydroisoquinoline 7, known as quinapril,
is an angiotensin-converting enzyme (ACE) inhibitor and its
hydrochloride salt is marketed under the brand name Accupril
for the treatment of hypertension and congestive heart
failure.9

The immense biological importance of isoquinolines has
led to extensive studies toward the synthesis of this ring
system. Most of the classical methods, such as the
Pomeranz-Fritsch,10 Bischler-Napieralski,11 and Pictet-
Spengler reactions,12 generally require either harsh conditions
and/or tedious reaction procedures,13 which are not desirable
for library synthesis. Several metal-mediated methods have
been reported for the synthesis of the isoquinoline scaffold
in recent years.14 Contrary to the classical methods, the mild
metal-catalyzed methods developed earlier in our labora-
tory14a-e are well suited for library generation. These
methods readily accommodate a wide variety of functionality,

allowing one to dramatically increase molecular complexity
in just a few synthetic steps starting from commercially
available materials. In a continuation of our research efforts
to adapt heterocyclization chemistry to a high-throughput
synthesis format,15 we herein report the first solution-phase
synthesis of three combinatorial libraries I-III of isoquino-
lines using our Pd- and Cu-catalyzed alkyne annulations as
the key step.16 The presence of the isoquinoline scaffold in
numerous biologically active compounds justifies the genera-
tion of this discovery library of isoquinolines.17 Indeed,
preliminary biological results from this library, which will
be reported elsewhere, have proven quite interesting.

Results and Discussion

For generation of the first isoquinoline library, we have
utilized the copper-catalyzed cyclization of iminoalkynes
(Scheme 1).14d For this purpose, seven commercially avail-
able alkynes (10) and seven differentially substituted 2-bro-
mobenzaldehydes (8) were chosen. These electron-rich and
-deficient aldehydes and the variety of alkyne building blocks
contribute substantially to the diversity of library I. Toward
this goal, aldehydes 8 were first converted to their imine
derivatives 9 (Figure 2), which were subsequently subjected
to a Sonogashira reaction with the various alkynes 10 (Figure
3) to furnish the key N-tert-butyl-2-(1-alkynyl)benzaldimines
11. Gratifyingly, the final copper-catalyzed cyclization readily
accommodated a wide variety of iminoalkynes and thus
furnished the targeted 42 library I members. Because of the
increasing importance of fluorine in pharmacologically active
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Scheme 1. Isoquinoline Library I

J. Comb. Chem. 2009, 11, 1061–1065 1061

10.1021/cc9000949 CCC: $40.75  2009 American Chemical Society
Published on Web 09/03/2009



molecules,18 we have utilized several fluorinated building
blocks to incorporate a fluorine atom in our library members.
All of the isoquinolines 12 were isolated in >90% purity.
As summarized in Table 1, modest yields (17-75%) of
isoquinoline derivatives were obtained over the two steps
from the 2-bromobenzaldimines 9.

For the second isoquinoline library, we have used the
palladium-catalyzed cyclization of the iminoalkynes 11 in
the presence of aryl iodides (Scheme 2).14a,b These function-
ally substituted aryl groups provide an additional element
of diversity in library II members. For this purpose, three
commercially available 2-bromobenzaldehydes were sub-
jected to a Sonogashira reaction with phenylacetylene to
synthesize the corresponding 2-(phenylethynyl)benzalde-
hydes 13, which were subsequently converted to the key o-(1-
alkynyl)benzaldimine intermediates 11. The palladium-
catalyzed cyclization of these iminoalkynes 11 in the
presence of various commercially available aryl iodides
furnished the targeted isoquinoline library II. On the basis
of our previous results with this cyclization,14a aryl iodides

bearing an electron-withdrawing group or groups were mostly
chosen for this reaction. The carbonylative version of this
reaction with selected iodides also gave the targeted iso-
quinoline derivatives.14b However, lower compound purities
were obtained using this carbonylative process. The results
for the synthesis of library II members obtained in 11-72%
yields are summarized in Table 2.

It is worth mentioning that the attempted cyclization of
16 with the aryl iodides 14{2, 3, 4, 6, 7, 11} gave complex
mixtures containing the bis-arylated product 18 (as deter-
mined by LC-MS) as one of the major byproduct (Scheme
3). Similar C-H arylation chemistry for thiophene deriva-
tives has been previously reported.19 Only in one case (14{3})
have we been able to isolate the desired monoarylated
product 17 (R ) 4-F) in good purity (92%) and 18% yield.

Our strategy for the construction of a third library of
isoquinolines is outlined in Scheme 4. We planned to exploit
the palladium-catalyzed iminoannulation14e of suitably func-
tionalized internal alkynes to provide diversification. We
speculated that the presence of alcohol functionality in the
key intermediates 22 would be an ideal point for further

Figure 1. Selected biologically active isoquinoline derivatives.

Figure 2. Imine intermediates 9{1-7}.

Table 1. Library Data for Compounds 12{1-42}

compound imine alkyne yielda (%) purityc (%)

12{1} 9{1} 10{1} 75b 98
12{2} 9{1} 10{2} 40b >99
12{3} 9{1} 10{3} 43b 96
12{4} 9{1} 10{4} 38 >99
12{5} 9{1} 10{5} 22 98
12{6} 9{1} 10{6} 56 99
12{7} 9{1} 10{7} 43 >99
12{8} 9{2} 10{1} 58 97
12{9} 9{2} 10{2} 23 >99
12{10} 9{2} 10{3} 56 >99
12{11} 9{2} 10{4} 40 >99
12{12} 9{2} 10{5} 38 >99
12{13} 9{2} 10{6} 26 94
12{14} 9{3} 10{1} 37 90
12{15} 9{3} 10{2} 38 97
12{16} 9{3} 10{3} 56 98
12{17} 9{3} 10{4} 36 >99
12{18} 9{3} 10{5} 51 97
12{19} 9{3} 10{6} 34 >99
12{20} 9{3} 10{7} 53 >99
12{21} 9{4} 10{1} 17 99
12{22} 9{4} 10{2} 18 90
12{23} 9{4} 10{3} 51 93
12{24} 9{4} 10{4} 20 89
12{25} 9{4} 10{5} 21 90
12{26} 9{4} 10{6} 40 92
12{27} 9{4} 10{7} 40 95
12{28} 9{5} 10{1} 30 >99
12{29} 9{5} 10{2} 44 97
12{30} 9{5} 10{3} 43 98
12{31} 9{5} 10{5} 33 >99
12{32} 9{5} 10{6} 31 >99
12{33} 9{6} 10{1} 22 >99
12{34} 9{6} 10{2} 62 >99
12{35} 9{6} 10{3} 64 93
12{36} 9{6} 10{5} 37 >99
12{37} 9{6} 10{6} 38 >99
12{38} 9{6} 10{7} 41 >99
12{39} 9{7} 10{1} 38 >99
12{40} 9{7} 10{2} 19 91
12{41} 9{7} 10{3} 23 92
12{42} 9{7} 10{5} 27 99

a Isolated yield (over two steps from 9) after preparative HPLC.
b Isolated yield (over two steps from 9) after column chromatography.
c UV purity determined at 214 nm after preparative HPLC.

Scheme 2. Isoquinoline Library II
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diversification, because such alcohols could be readily
elaborated to more complex isoquinolines using a wide
variety of commercially available carboxylic acid derivatives.
Toward this goal, N-tert-butyl-2-iodobenzaldimine (20),
prepared in two steps from commercially available 2-iodo-
benzyl alcohol (19), was treated with the appropriate internal
alkynes 21 to furnish the targeted isoquinoline intermediates.
These hydroxyl-bearing isoquinolines 22 were subsequently
treated with a variety of acid chlorides, acid anhydrides and
carbamoyl chlorides to furnish a diverse 38 member library
of isoquinolines. The cyclic anhydrides 24{1-3} were
chosen to have a polar carboxylic acid functionality in the

final molecules. The acylation reaction with acid chlorides
and acid anhydrides proceeded smoothly. However, the
reactions with carbamoyl chlorides were less efficient. For
the reactions with acyl chlorides and anhydrides, the yields
were 18-82% and 31-67%, respectively, while the yields

Figure 3. Terminal alkynes 10{1-7}.

Table 2. Library Data for Compounds 15{1-31}

compound iminoalkyne iodide yielda (%) purityb (%)

15{1} 11{1} 14{1} 41 94
15{2} 11{1} 14{2} 39 93
15{3} 11{1} 14{3} 45 86
15{4} 11{1} 14{4} 60 92
15{5} 11{1} 14{5} 36 92
15{6} 11{1} 14{6} 87 99
15{7} 11{1} 14{7} 51 91
15{8} 11{1} 14{8} 47 93
15{9} 11{1} 14{9} 28 93
15{10} 11{1} 14{10} 40 90
15{11} 11{1} 14{11} 48 91
15{12} 11{2} 14{2} 24 91
15{13} 11{2} 14{3} 24 88
15{14} 11{2} 14{4} 18 90
15{15} 11{2} 14{6} 14 98
15{16} 11{2} 14{10} 23 95
15{17} 11{2} 14{12} 27 90
15{18} 11{2} 14{13} 11 94
15{19} 11{3} 14{1} 72 96
15{20} 11{3} 14{3} 30 88
15{21} 11{3} 14{4} 50 86
15{22} 11{3} 14{6} 43 91
15{23} 11{3} 14{7} 44 95
15{24} 11{3} 14{8} 27 94
15{25} 11{3} 14{10} 30 93
15{26} 11{3} 14{12} 50 90
15{27} 11{3} 14{13} 32 87
15{28} 11{1} 14{3} 71 93
15{29} 11{1} 14{11} 55 77
15{30} 11{1} 14{14} 57 75
15{31} 11{1} 14{15} 26 87
a Isolated yield after preparative HPLC. b UV purity determined at

214 nm after preparative HPLC.

Scheme 3. Attempted Synthesis of
3-(3-Thienyl)isoquinolines

Scheme 4. Isoquinoline Library III

Table 3. Library Data for Compounds 26{1-38}

compound alcohol acid derivative yielda (%) purityc (%)

26{1} 22{1} 23{1} 71b >99
26{2} 22{1} 23{2} 82b 97
26{3} 22{1} 23{3} 69b 96
26{4} 22{1} 23{4} 44b 96
26{5} 22{1} 23{6} 55b >99
26{6} 22{1} 23{8} 50 >99
26{7} 22{1} 23{9} 27 >99
26{8} 22{1} 23{10} 21 >99
26{9} 22{1} 23{11} 38 >99
26{10} 22{1} 23{12} 35 91
26{11} 22{1} 23{13} 66 >99
26{12} 22{2} 23{1} 55 97
26{13} 22{2} 23{2} 76 97
26{14} 22{2} 23{3} 67 >99
26{15} 22{2} 23{4} 49 97
26{16} 22{2} 23{5} 35 94
26{17} 22{2} 23{6} 48 >99
26{18} 22{2} 23{7} 23 >99
26{19} 22{2} 23{8} 51 >99
26{20} 22{2} 23{11} 66 >99
26{21} 22{2} 23{12} 18 >99
26{22} 22{2} 23{13} 69 >99
26{23} 22{2} 23{14} 49 >99
26{24} 22{2} 23{15} 47 >99
26{25} 22{1} 24{1} 31 >99
26{26} 22{1} 24{2} 34 >99
26{27} 22{1} 24{3} 59 >99
26{28} 22{1} 24{4} 43 99
26{29} 22{2} 24{1} 50 >99
26{30} 22{2} 24{2} 61 >99
26{31} 22{2} 24{3} 67 >99
26{32} 22{1} 25{1} 39 >99
26{33} 22{1} 25{2} 13 98
26{34} 22{1} 25{4} 22 >99
26{35} 22{2} 25{1} 34 >99
26{36} 22{2} 25{2} 35 97
26{37} 22{2} 25{3} 42 99
26{38} 22{2} 25{4} 42 96
a Isolated yield after preparative HPLC. b Isolated yield after column

chromatography. c UV purity determined at 214 nm after preparative
HPLC.
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for the carbamoyl chloride reactions were in the range of
13-42%. Among the 38 library members, 36 compounds
have greater than 95% purity. The results for the library III
members are summarized in Table 3.

Most of the desired isoquinoline library members were
highly Lipinski compliant.20 Overall, 55% of the library
members are entirely compliant with Lipinski’s rules and
45% had one violation. The most common violation was c
log P (calculated by EPI Suite)21 for which the average value
for the entire library was 4.95. The molecular weight
distribution, shown in Figure 6, indicates that all members
of the library reside in the desirable molecular weight range
(<500).20

In conclusion, a 111-member isoquinoline library has
rapidly been constructed utilizing palladium- and copper-
catalyzed reactions. Variation of the substituents on the
isoquinoline scaffold has been achieved by the choice of the
commercially available building blocks. These isoquinoline
library members will be evaluated against various biological

screens by the National Institutes of Health Molecular Library
Screening Center Network.

Acknowledgment. We would like to thank Dr. Jesse P.
Waldo of Iowa State University and Dr. Frank Schoenen of
Kansas University for helpful discussions. We thank the
National Institute of General Medical Sciences (GM070620
and GM079593) and the National Institutes of Health Kansas
University Chemical Methodologies and Library Develop-
ment Center of Excellence (GM069663) for support of this
research and Johnson Matthey, Inc. and Kawaken Fine
Chemicals Co., Ltd. for donating the palladium catalysts.

Supporting Information Available. Experimental details
and characterization of a representative 20 library members,
including full 1H and 13C NMR spectra and conditions for
the high throughput liquid chromatography purification.This
material is available free of charge via the Internet at http://
pubs.acs.org.

References and Notes

(1) Bentley, K. W. The Isoquinoline Alkaloids; Hardwood Aca-
demic: Amsterdam, 1998; Vol. 1.

(2) Phillipson, J. D., Roberts, M. F., Zenk, M. H., Eds. The
Chemistry and Biology of Isoquinoline Alkaloids; Springer
Verlag: Berlin, 1985.

(3) (a) Kartsev, V. G. Med. Chem. Res. 2004, 13, 325–336. (b)
Menachery, M. D.; Lavanier, G. L.; Wetherly, M. L.;
Guinaudeau, H.; Shamma, M. J. Nat. Prod. 1986, 49, 745–
778. (c) Baker, B. J. Alkaloids: Chem. Biol. PerspectiVes 1996,
10, 357–407. (d) Lundstroem, J. Alkaloids 1983, 21, 255–
327. (e) Croisy-Delcey, M.; Croisy, A.; Carrez, D.; Huel, C.;
Chiaroni, A.; Ducrot, P.; Bisagni, E.; Jin, L.; Leclercq, G.
Bioorg. Med. Chem. 2000, 8, 2629–2641.

(4) (a) Karatas, A.; Gokce, F.; Demir, S.; Ankarali, S. Neurosci.
Lett. 2008, 445, 58–61. (b) Smith, W. S.; Dowd, C. F.;
Johnston, S. C.; Ko, N. U.; DeArmond, S. J.; Dillon, W. P.;
Setty, D.; Lawton, M. T.; Young, W. L.; Higashida, R. T.;
Halbach, V. V. Stroke 2004, 35, 2518–2522.

(5) (a) Xu, X.-Y.; Qin, G.-W.; Xu, R.-S.; Zhu, X.-Z. Tetrahedron
1998, 54, 14179–14188. (b) Zhang, J.; Zhu, D.; Hong, S.
Phytochemistry 1995, 39, 435. (c) Wada, Y.; Nishida, N.;
Kurono, N.; Ohkuma, T.; Orito, K. Eur. J. Org. Chem. 2007,
4320–4327, and references therein.

(6) Wong, N. C. W.; Tucker, J. E. L.; Hansen, H. C.; Chiacchia,
F. S.; McCaffrey, D. U.S.Pat. Appl. US 2008188467, 2008;
Chem. Abstr. 2008, 149, 246409.

Figure 4. Iminoalkyne intermediates 11{1-3}.

Figure 5. Aryl iodides 14{1-15}.

Figure 6. Acid chlorides, acid anhydrides, and carbamoyl chlorides.

Figure 7. Molecular weight distribution for members of libraries
I-III.

1064 Journal of Combinatorial Chemistry, 2009 Vol. 11, No. 6 Roy et al.



(7) Dey, D.; Neogi, P.; Sen, A.; Sharma, S. D.; Nag, B. PCT Int.
Appl. WO 2002030888, 2002; Chem. Abstr. 2002, 136,
309858.

(8) (a) Shulgin, A. T., Perry, W. E., Eds. The Simple Plant
Isoquinolines; Transform: London, 2003. (b) Dvorak, Z.;
Kuban, V.; Klejdus, B.; Hlavac, J.; Vicar, J.; Ulrichova, J.;
Simanek, V. Heterocycles 2006, 68, 2403–2422. (c) Phillips,
S. D.; Castle, R. N. J. Heterocycl. Chem. 1981, 18, 223–232.
(d) Dyke, S. F.; Sainsbury, M.; Moon, B. J. Tetrahedron 1968,
24, 1467–1474.

(9) Larochelle, P.; Haynes, B.; Maron, N.; Dugas, S. Clin.
Therapeutics 1994, 16, 838–853.

(10) (a) Pomeranz, C. Monatsh. Chem. 1893, 14, 116–119. (b)
Fritsch, P. Ber. 1893, 26, 419–422.

(11) Bischler, A.; Napieralski, B. Ber. 1893, 26, 1903–1908.
(12) Pictet, A.; Spengler, T. Ber. 1911, 44, 2030–2036.
(13) (a) Coppola, G. M., Schuster, H. F., Eds. The Chemistry of

Heterocyclic Compounds: Isoquinolines; Wiley: New York,
1981; Vol. 38, Part 3. (b) Rozwadowska, M. D. Heterocycles
1994, 39, 903–931. (c) Organic Reactions; John Wiley &
Sons: London, 1951; Vol. VI, Chapters 2-4.

(14) (a) Dai, G.; Larock, R. C. J. Org. Chem. 2003, 68, 920–928.
(b) Dai, G.; Larock, R. C. J. Org. Chem. 2002, 67, 7042–
7047. (c) Huang, Q.; Larock, R. C. J. Org. Chem. 2003, 68,
980–988. (d) Roesch, K. R.; Larock, R. C. J. Org. Chem. 2002,
67, 86–94. (e) Roesch, K. R.; Zhang, H.; Larock, R. C. J.
Org. Chem. 2001, 66, 8042–8051. (f) Korivi, R. P.; Cheng,
C.-H. Org. Lett. 2005, 7, 5179–5182. (g) Wang, B.; Lu, B.;
Jiang, Y.; Zhang, Y.; Ma, D. Org. Lett. 2008, 10, 2761–2763.
(h) Yeom, H.-S.; Kim, S.; Shin, S. Synlett 2008, 924–928. (i)
Maassarani, F.; Pfeffer, M.; Le Borgne, G. J. Chem. Soc.,
Chem. Commun. 1987, 565–567. (j) Wu, G.; Geib, S. J.;
Rheingold, A. L.; Heck, R. F. J. Org. Chem. 1988, 53, 3238–
3241. (k) Girling, I. R.; Widdowson, D. A. Tetrahedron Lett.
1982, 23, 4281–4284.

(15) (a) Waldo, J. P.; Mehta, S.; Neuenswander, B.; Lushington,
G. H.; Larock, R. C. J. Comb. Chem. 2008, 10, 658–663. (b)
Cho, C.-H.; Neuenswander, B.; Lushington, G. H.; Larock,
R. C. J. Comb. Chem. 2008, 10, 941–947.

(16) For the solid phase synthesis of a 3,4-dihydroisoquinolin-1-
one library, see:(a) Kiely, J. S.; Griffith, M. C. PCT Int. Appl.
WO199716428, 1997;Chem. Abstr. 1997, 127, 34144. (b)
Lebl, M. PCT Int. Appl. WO2000050406, 2000; Chem. Abstr.
2000, 133, 208185. (c) For solid and solution phase syntheses
of tetrahydroisoquinolines, see Sun, Q.; Kyle, D. J. Comb.
Chem. High Throughput Screen. 2002, 5, 75–81.

(17) (a) Loughlin, W. A. Aust. J. Chem. 1998, 51, 875–893. (b)
Nefzi, A.; Ostresh, J. M.; Houghten, R. A. Chem. ReV. 1997,
97, 449–472. (c) Balkenhohl, F.; von dem Bussche-Huen-
nefeld, C.; Lansky, A.; Zechel, C Angew. Chem., Int. Ed. Engl.
1996, 35, 2288–2337.

(18) (a) Hagmann, W. K. J. Med. Chem. 2008, 51, 4359–4369.
(b) Hudlicky, M.; Pavlath, A. E. Chemistry of Organic
Fluorine Compounds II: A Critical ReView; ACS Monograph
187; American Chemical Society: Washington, DC, 1995, 187,
pp 888-912. (c) Hiyama, T., Ed. Organofluorine Compounds.
Chemistry and Applications; Springer Verlag: New York,
2000.

(19) (a) Yokooji, A.; Satoh, T.; Miura, M.; Nomura, M. Tetrahe-
dron 2004, 60, 6757–6763. (b) Campeau, L.-C.; Parisien, M.;
Jean, A.; Fagnou, K. J. Am. Chem. Soc. 2006, 128, 581–590.

(20) Lipinski, C. A.; Lombardo, F.; Dominy, B. W.; Feeney, P. J.
AdV. Drug DeliVery ReV. 1997, 23, 3–25.

(21) clog P values were calculated by EPI Suite: U.S. EPA
Estimation Programs Interface Suite for Microsoft Windows,
version 3.20; United States Environmental Protection Agency:
Washington, DC, 2007.

CC9000949

Diverse Library of Isoquinolines Journal of Combinatorial Chemistry, 2009 Vol. 11, No. 6 1065


