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Abstract: The one-pot synthesis of novel 1,4-disubstituted 1,2,3-triazoles from isoquinoline-substituted homopropargyl
alcohol backbone is described (42%-88% yields). A ring closing metathesis reaction and an intramolecular Pauson—Khand
reaction of enyne system derived from a homopropargyl alcohol backbone to afford the corresponding isoquinoline-
substituted dihydropyran and cyclopentenone-pyran, respectively, are also described (54% and 78% yields). Information
about the structural, electronic, and physico-chemical properties of the novel compounds, obtained by density functional

theory application, is also reported.
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1. Introduction

Heterocycles are important scaffolds for organic synthesis, natural bioactive compounds, and advanced materi-
als.'~7 Isoquinoline is an important heterocyclic template playing an important role in organic chemistry, not
only as key structural units in many natural products® but also as building blocks in important pharmaceuti-
cals.?~12 For example, narciclasine is a powerful antitumor agent inhibiting eukaryotic protein synthesis at
the ribosomal level. ! Papaverine is a well-known drug mainly used in the treatment of visceral spasm and
vasospasm. '4 Berberine is widely distributed in the plant kingdom Figure 1. It has been used as an antibacterial

drug in China since the 1950s and was identified as a good hypolipidemic drug in 2004. 5:16
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Figure 1. Important isoquinoline derivatives.

Isoquinoline derivatives are also utilized as chiral ligands for transition metal catalysts'”~2° and their

iridium complexes are used in organic light-emitting diodes.2!=23 For these reasons, the efficient synthesis of

complex and biologically active isoquinoline derivatives continues to attract the interest of synthetic chemists.
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In addition, compounds containing a 1,2,3-triazole nucleus have been reported to possess a wide-range
spectrum of chemotherapeutic activities including anti-inflammatory, anticancer, antidepressant, antibacterial,
and antifungal activities.24=2® In recent years, some studies have been reported incorporating quinoline and
triazole skeletons in the same molecular scaffold.??~36 However, there is still a limited number of papers on the
synthesis of compounds combining these heterocycles and investigation of their antimicrobial activities.

Bicyclic-fused cyclopentenone derivatives are important structural units in natural product synthesis.
Therefore, these types of bicyclic compounds have attracted the attention of synthetic organic chemists over
decades.?" =40 The Pauson-Khand reaction*! =46 has been established as a powerful method for the construction
of bicyclic cyclopentenone structures. The intramolecular version of the reaction has gained much popularity,
because it can afford complex cyclopentenone-fused ring systems. 4752

Herein, we report the synthesis of novel isoquinoline-substituted 1,2,3-triazole derivatives through one-pot
synthesis and also isoquinoline-substituted dihydropyran and cyclopentenone pyran derivatives by ring closing

metathesis and Pauson—Khand reactions, separately.

2. Results and discussion

Isoquinoline-substituted homopropargyl alcohol 2 was used as template for the construction of triazole scaffolds.
In addition, it was an important precursor for preparing the enyne system because of its oxygen-anchoring site.
The target isoquinolinyl homopropargyl alcohol 2 was synthesized by the addition of propargyl bromide to the
commercially available isoquinoline-3-carbaldehyde 1 using Zn as depicted in Scheme 1.

0 OH OH N=N
~ = CuS0,.5H,0 S~ UN-R
H . N ) X
propargyl bromide sodium ascorbate
N _N + R-X + NaNg i _N
Zn, NH4CI L-proline, Na,CO3
1 2 DMSO:H,0 3-8
65 °C

Scheme 1. One-pot synthesis of isoquinoline-substituted 1,2,3-triazole derivatives, 3-8.

2.1. One-pot triazole synthesis

The terminal acetylene unit on homopropargyl alcohol derivative 2 makes it a valuable candidate for one-pot
synthesis of target triazole structures.®3°* Aliphatic and aromatic azides can be generated easily from the
corresponding halides as intermediates via a one-pot synthesis method®® and converted into the desired triazole
derivatives without isolation. The operational simplicity of this method makes it attractive for a wide spectrum
of applications. Isoquinoline homopropargyl alcohol 2 was subjected to a one-pot two-step procedure by reaction
with sodium azide and a halide (Scheme 1). Both aromatic and allylic halides were employed under optimized
conditions and finally novel isoquinoline-substituted 1,2,3-triazole derivatives 3-8 were achieved in moderate
to good yields (Table 1).

2.2. Synthesis of pyran derivatives

The acyclic unsaturated moiety on homopropargylic alcohol 2 together with the alcohol unit subsequent second
acyclic unsaturated motif could make it a valuable candidate for the construction of pyran rings. In our synthetic
strategy, we chose ring closing metathesis and intramolecular Pauson-Khand reaction as methods to construct

isoquinoline-substituted pyran skeletons.
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Initially, the required enyne system for the cyclization was built on homopropargylic alcohol 2 backbone
by O-allylation using allyl bromide with NaH and tetrabutyl-ammonium iodide (TBAI) in THF (Scheme 2).

The enyne scaffold 9 was subjected to ring closing metathesis with Grubbs’ first generation catalyst in
DCM and isoquinoline-substituted dihydropyran 10 was afforded in 54% chemical yield (Scheme 2).

We also planned to evaluate the applicability of the intramolecular Pauson—Khand reaction to enyne
anchored to isoquinoline-substituted carbinol to build up a cyclopentenone-pyran ring system. The enyne
tethered to the isoquinoline ring was subjected to the most common conditions for the Pauson-Khand reaction.
In this protocol, cobalt—alkyne complex was prepared using enyne-dicobalt octacarbonyl in a molar ratio of 1:2
in DCM, and then N-methyl-morpholine N-oxide was added as a promoter. The reaction was monitored by thin
layer chromatography (TLC). A single diastereomer of target cyclopentenone-pyran derivative 11 was obtained
in 78% chemical yield (Scheme 2).

Table 1. Isoquinoline-substituted 1,2,3-triazole derivatives.

entry halide product Yield (%)
OH N=N
N
: ! @M @ 67
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I OH N=N
N
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N
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X N
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N N
4 \/\ h 88
Br _N
6
Cl OH N=N
X N
HOOGILE" s
,
OH N=N
X N
6 55
CH3 8
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2.3. Computational investigation

In order to obtain structural information about the compounds under study, density functional theory appli-
cation at B3LYP/6-31G(d,p) level was performed. The geometry optimized structures and three-dimensional
electrostatic potential maps of the present compounds are given in Figure 2. The substituents are responsible
for the difference in structural properties and charge distribution throughout the molecules. These molecules
showing potential biological activity might show different properties from one another.

The position of the OH group makes intramolecular hydrogen bonding possible between i) OH and
nitrogen of the triazole ring, and ii) OH and nitrogen of the isoquinoline. Hydrogen bonding for the former
case is six-centered while it is five-centered for the latter. Conformational analysis was performed to find the
more stable conformation supported by hydrogen bond formation. The analysis resulted in two minima on the
two-dimensional potential energy surface. The bond lengths of hydrogen bonding interactions for each case
are shown in Figure 3. The hydrogen bond lengths for OH-triazole interaction vary between 1.94 and 2.00 A.
However, that of OH with isoquinoline nitrogen is not sufficiently close except for compound 8. This long range
weak interaction could not decrease the energy of the system. Therefore, for all cases the ground state geometry

contains the type i interaction.

___________________

OH NS : | |
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Scheme 2. Synthesis of isoquinoline-substituted pyran derivatives, 10, 11.

The theoretical observation of intramolecular hydrogen bonding is well supported by the experimental
data, such that the OH stretching frequency signal in FTIR and the OH peak in H-NMR broadened and dwarfed.

Figure 4 shows a representative frontier molecular orbital (HOMO-LUMO) scheme for compound 3.
HOMO of the structure is located on the isoquinoline part but the LUMO is on triazole and benzene moiety.
The HOMO-LUMO energy gap is big due to lack of conjugation through the structure. All the compounds
under present consideration have similar molecular orbital energy profiles, except for anthracene derivative 7,
whose HOMO is higher and LUMO is lower in energy, resulting in a narrower interfrontier energy gap.

Some computed physico-chemical parameters for 3—11 are given in Table 3. The hydrophobic constant
(logP) is used to rationalize interactions of small ligands and molecules with various macromolecules in the fields
of biochemistry, medicinal chemistry, and environmental sciences. Molecular polarizability is another important
property related to electron movements. Many research groups have investigated the effective polarizability
effects on the properties of organic compounds in gas phase (such as protonic acidities and basicities).?0~58
Heat capacity or thermal capacity (Cv) is a physical quantity equal to the ratio of the heat added to (or

removed from) an object to the resulting temperature change.
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Figure 2. Geometry optimized structures with three-dimensional electrostatic potential maps.

Figure 3. Hydrogen bonding lengths for two possible types.
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Figure 4. Representative HOMO and LUMO orbital schemes of 3.

These data of molecules represent their physico-chemical behavior. The molecules having the same or
close physico-chemical properties show similar behavior. Thus, according to the data in Table 3, 1 and 3 might
possess almost the same physico-chemical behavior. The data reported herein may be useful for future QSAR

and QSPR studies.

Table 3. Computed physico-chemical parameters for 3—11 (dipole: debye, density: g/mL, solvation energy: kJ/mol,

Table 2. Frontier molecular orbital energies (eV).

Compound | HOMO | LUMO | Ae

3 -5.95 -1.27 4.68
4 -5.94 -1.56 4.38
5 -5.90 -1.17 4.73
6 -5.60 -2.09 3.51
7 -5.91 -1.18 4.73
8 -5.90 -1.17 4.73
10 -6.02 -1.31 4.71
11 —6.22 -1.60 4.62

Cv: J/mol).

Compound | Dipole | Density | Polarizability | logP | Solvation energy | Cv

3 3.93 0.98 66.57 1.65 | —66.74 239.67
4 4.02 0.97 70.83 2.64 | —68.10 275.95
5 4.41 0.96 68.10 1.72 | -72.73 252.28
6 4.60 0.97 76.65 3.71 | -78.04 326.46
7 4.25 0.96 63.95 0.68 | -72.65 218.30
8 4.95 0.95 65.10 0.80 | -76.36 227.08
10 1.07 0.91 61.41 0.77 | -16.76 189.10
11 4.29 0.97 62.50 0.20 | —35.51 202.60
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3. Experimental

3.1. General

All experiments were carried out in predried glassware in inert atmosphere of argon. 'H NMR and 3 C NMR
spectra were recorded in CDCl3 on a Bruker Spectrospin Avance DPX-400 spectrometer. 'H (400 MHz) and
13C NMR were recorded in CDCl3 and the chemical shifts are expressed in ppm relative to CDCl3 (d 7.26 and
77.0 for 'H and '3C NMR, respectively) as the internal standard. H/D exchange experiments in 'H NMR
were performed by the addition of D4 O in order to prove OH units in products. FTIR spectra were recorded on
Shimadzu IR Affinity-1 spectrometer with KBr pellets. HRMS spectra were recorded on an Agilent Technologies
6224 Accurate-Mass TOF LC/MS at the National Nanotechnology Research Center at Bilkent University
(UNAM). Melting points were measured by Stuart SMP3 instrument. Flash column chromatography was
performed using thick-walled glass columns and silica gel (60-mesh; Merck). The reactions were monitored by
thin-layer chromatography (TLC) using Merck 0.2-mm silica gel 60 F254 analytical aluminum plates, visualized
by UV light and polymolybden phosphoric acid in ethanol. All extracts were dried over anhydrous magnesium

sulfate and solutions were concentrated under reduced pressure using a rotary evaporator.

3.2. Synthesis of 1-(isoquinolin-3-yl)but-3-yn-1-o0l, 2

A solution of saturated aqueous ammonium chloride (10 mL) was added dropwise to a stirring suspension of
isoquinoline-3-carbaldehyde 1 (1.57 g, 10 mmol), propargyl bromide (80% in toluene, 2.23 g, 15 mmol), and
zinc dust (3.27 g, 50 mmol) in THF (20 mL) at 0 °C (ice bath) over 1 h. The mixture was allowed to warm
to room temperature and stirred at this temperature for 24 h, with monitoring by TLC. The mixture was
filtered and the filter cake was washed with ethyl acetate. The combined filtrates were washed with saturated
NaHCO3 (50 mL) and then brine (50 mL) and dried over magnesium sulfate. The residue was purified by flash
chromatography on silica gel to afford homopropargylic alcohol, 2, as a light yellow solid product (750 mg, 38%
yield). mp 94-96 °C; 'H NMR (CDCljz, 400 MHz): § 9.17 (s, 1H), 7.92 (d, J= 8.2 Hz, 1H), 7.80 (d, J= 8.2
Hz, 1H), 7.75 (s, 1H), 7.69-7.65 (m, 1H), 7.58-7.54 (m, 1H), 5.08-5.05 (m, 1H), 4.41 (bs, OH), 2.90-2.77 (m,
2H), 2.02-2.00 (m, 1H); 13C NMR (CDCl3, 400 MHz): § 153.6, 151.8, 136.2, 130.7, 128.1, 127.6, 127.2, 126.8,
116.9, 80.8, 71.9, 70.8, 28.4. HRMS (ESI-TOF). Anal. Calcd for C13H11 NO: m/2197.0841. Found [M+H] " :
m/z198.0910.

3.3. General procedure for one-pot 1,2,3-triazole synthesis

A mixture of an aromatic or aliphatic halide (0.25 mmol), homopropargyl alcohol 2 (50 mg, 0.25 mmol), L-
proline (6 mg, 0.05 mmol), NayCO3 (6 mg, 0.05 mmol), NaN3 (16 mg, 0.25 mmol), sodium ascorbate (5 mg,
0.025 mmol), DMSO/H> O (1.8:0.2, 2.0 mL), and CuSO4-5H5 O solution (1 M, 0.02 mL) in a 20-mL scintillation
vial was stirred overnight at 65 °C. The crude mixture was poured into cold dilute NH4 OH solution (10 mL)
and extracted with ethyl acetate (4 x 10 mL). The collected organic layer was washed with brine, dried over
MgSOy, and concentrated in  vacuo. The crude product was purified by flash column chromatography using

mixtures of ethylacetate and hexane.

3.3.1. 1-(Isoquinolin-3-yl)-2-(1-phenyl-1H-1,2,3-triazol-4-yl)ethanol, 3

White solid (53 mg, 67% yield); mp 157-159 °C. IR vpqe (neat cm™1): 3325, 3132, 2958, 2924, 2855, 1732,
1504, 1230, 1053, 964, 756. 'H NMR (CDCl3, 400 MHz): & 9.23 (s, 1H), 8.00-7.98 (m, 1H), 7.87-7.85 (m,
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1H), 7.83-7.82 (m, 1H), 7.74-7.68 (m, 3H), 7.63-7.59 (m, 1H), 7.54-7.47 (m, 2H), 7.43-7.39 (m, 1H), 5.32 (dd,
J= 8.2 and 3.7 Hz, 1H), 4.57 (bs, OH), 3.53 (dd, J= 15.1 and 3.7 Hz, 1H), 3.32 (dd, J= 15.1 and 8.0 Hz,
1H); 13C NMR (CDCls, 400 MHz): § 154.2, 151.4, 145.4, 137.1, 136.5, 130.9, 129.7, 128.8, 128.6, 127.9, 127.7,
127.3, 126.9, 120.4, 116.9, 72.6, 34.3. HRMS (ESI-TOF). Anal. Caled for C19H6N40O: m/2316.1324. Found
[M+H]*: m/2317.1400.

3.3.2. 1-(Isoquinolin-3-yl)-2-(1-(naphthalen-1-yl)-1H-1,2,3-triazol-4-yl)ethanol, 4

Yellow solid (38 mg, 42% yield); mp 143-145 °C. IR V4. (neat cm—1): 3421, 3055, 2955, 2924, 2854, 1740,
1627, 1458, 1041, 802, 771. 'H NMR (CDCl3z, 400 MHz): 6 9.24 (s, 1H), 8.01-7.96 (m, 2H), 7.94-7.92 (m,
1H), 7.82-7.81 (m, 1H), 7.74-7.70 (m, 2H), 7.64-7.60 (m, 1H), 7.57-7.51 (m, 3H), 7.35-7.34 (m, 2H), 5.39 (dd,
J= 7.6 and 4.0 Hz, 1H), 4.57 (bs, OH), 3.59 (ddd, J= 15.0, 4.1 and 0.4 Hz, 1H), 3.43 (ddd, J= 14.9, 7.7,
and 0.5 Hz, 1H); 3C NMR (CDCly, 400 MHz): § 154.6, 151.7, 144.5, 136.3, 134.0, 133.7, 130.8, 130.3, 128.5,
128.2, 127.9, 127.7, 127.6, 127.2, 126.9, 126.8, 125.0, 124.9, 123.5, 122.1, 116.8, 72.9, 34.3. HRMS (ESL-TOF).
Anal. Caled for Co3H1gN4O: m/2366.1481. Found [M+H]*: m/2367.1549.

3.3.3. 2-(1-Benzyl-1H-1,2,3-triazol-4-yl)-1-(isoquinolin-3-yl)ethanol, 5

Light yellow solid (39 mg, 47% yield); mp 95-97 °C. IR Vpas (neat cm—1): 3314, 3120, 3063, 2924, 2854, 1753,
1589, 1458, 1307, 1076, 740, 702. 'H NMR (CDCl3, 400 MHz): § 9.15 (s, 1H), 7.95-7.93 (m, 1H), 7.79-7.77
(m, 1H), 7.70-7.66 (m, 2H), 7.60-7.55 (m, 1H), 7.28-7.23 (m, 4H), 7.14-7.13 (m, 2H), 5.44 (s, 2H), 5.23-5.21
(m, 1H), 4.49 (bs, OH), 3.42-3.37 (m, 1H), 3.24-3.18 (m, 1H); ¥C NMR (CDCl3, 400 MHz): § 154.7, 151.6,
145.2, 136.3, 134.7, 130.6, 129.0, 128.6, 127.8, 127.5, 126.8, 122.1, 116.6, 72.9, 54.0, 34.2. Anal. Caled for
CooH1sN4O [M+H]*: m/2330.1481. Found: m/z331.1549.

3.3.4. 2-(1-Allyl-1H-1,2,3-triazol-4-yl)-1-(isoquinolin-3-yl)ethanol, 6

Light yellow solid (48 mg, 88% yield); mp 73-75 °C. IR V4, (neat cm—1): 3306, 3132, 2924, 2854, 1685, 1550,
1392, 1215, 1060, 894, 756, 675. 'H NMR (CDCl3, 400 MHz): ¢ 9.17 (s, 1H), 7.95-7.92 (m, 1H), 7.79-7.77
(m, 1H), 7.73 (s, 1H), 7.68-7.64 (m, 1H), 7.58-7.54 (m, 1H), 7.34 (s, 1H), 5.98-5.88 (m, 1H), 5.70 (bs, OH),
5.26-5.21 (m, 2H), 5.19-5.14 (m, 1H), 4.89-4.87 (m, 2H), 3.41 (dd, J= 15.0 and 3.9 Hz, 1H), 3.22 (dd, J=
15.0 and 8.1 Hz, 1H); 3C NMR (CDCl3, 400 MHz): ¢ 154.9, 151.6, 145.0, 136.3, 131.3, 130.6, 127.8, 127.5,
127.1,126.7, 122.1, 119.7, 116.6, 72.9, 52.5, 34.2. Anal. Calcd for C16H16N4O: m/2280.1324. Found [M+H] *:
m/z281.1399.

3.3.5. 2-(1-(Anthracen-9-ylmethyl)-1H-1,2,3-triazol-4-yl)-1-(isoquinolin-3-yl)ethanol, 7

Light yellow solid (86 mg, 80% yield); mp 195-198 °C. IR Vpae (neat cm—1): 3225, 2955, 2924, 2854, 1736,
1462, 1365, 1273, 1084, 1056, 976. 'H NMR (CDCl3, 400 MHz): § 8.98 (s, 1H), 8.51 (s, 1H), 8.21 (d, J= 8.1
Hz, 1H), 8.03-8.01 (m, 2H), 7.85 (d, J= 8.1 Hz, 1H), 7.64 (s, 1H), 7.59 (s, 1H), 7.55-7.45 (m, 4H), 7.28 (s, 1H),
6.97 (s, 1H), 6.88 (s, 1H), 6.43 (s, 2H), 5.10-5.07 (m, 1H), 4.30 (s, OH), 3.20 (dd, J= 15.0 and 3.6 Hz, 1H),
3.02 (dd, J= 15.0 and 7.9 Hz, 1H); 13C NMR (CDCl3, 400 MHz): § 156.4, 151.4, 144.7, 136.0, 131.3, 130.6,
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130.5, 129.5, 129.3, 127.5, 127.4, 126.9, 126.6, 125.4, 124.7, 123.3, 122.0, 116.2, 114.3, 72.8, 45.9, 34.2. Anal.
Caled for CogHoa N4 O: m/2430.1794. Found [M+H]™: m/2431.1865.

3.3.6. 2-(1-(But-2-ynyl)-1H-1,2,3-triazol-4-yl)-1-(isoquinolin-3-yl)ethanol, 8

Light yellow solid (40 mg, 55% yield); mp 118-120 °C. IR vpqe (neat cm—1): 3398, 3069, 2955, 2924, 2854,
1754, 1632, 1462, 1361, 1188, 1080, 968, 817. 'H NMR (CDCl3, 400 MHz): & 9.19 (s, 1H), 7.97-7.94 (m, 1H),
7.82-7.80 (m, 1H), 7.76 (s, 1H), 7.70-7.66 (m, 1H), 7.60-7.56 (m, 2H), 5.23 (dd, J= 8.2 and 3.7 Hz, 1H), 5.03
(dq, J= 2.5 and 0.7 Hz, 2H), 4.64 (bs, OH), 3.43 (dd, J= 15.1 and 3.6 Hz, 1H), 3.22 (dd, J= 15.1 and 8.3 Hz,
1H), 1.82 (t, J= 2.5 Hz, 3H); ¥C NMR (CDCl3, 400 MHz): § 154.6, 151.6, 144.9, 136.4, 130.7, 127.9, 127.6,
127.1, 126.8, 121.9, 116.8, 83.6, 72.9, 70.7, 40.3, 34.3, 3.5. Anal. Caled for C17H 16N, O: m/2292.1324. Found
[M+H]*: m/2293.1395.

3.4. Synthesis of 3-(1-(allyloxy)but-3-ynyl)isoquinoline, 9

To a solution of 2 (0.2 g, 1.0 mmol) in dry THF (10 mL) was added NaH (0.64 g, 60% dispersion in oil, 1.6
mmol). The solution was mixed for 30 min and cooled to 0 °C. Then, allyl bromide (0.18 g, 1.5 mmol) was
added dropwise followed by tetrabutylammonium iodide (0.11 g, 0.3 mmol). The mixture was stirred for 2 h at
rt and hydrolyzed by the cautious addition of water (10 mL). The aqueous layer was extracted with ether (3 x
20 mL). The combined organic phase was dried over MgSO 4 and evaporated in vacuo. The crude product was
purified by flash column chromatography using ethylacetate/hexane (1:6) solvent as eluent and enyne 9 was
obtained.

Light yellow oil (160 mg, 67% yield); 'H NMR (CDCl3, 400 MHz): § 9.24 (s, 1H), 7.97 (d, J= 8.2 Hz,
1H), 7.85 (d, J= 8.2 Hz, 1H), 7.80 (s, 1H), 7.72-7.68 (m, 1H), 7.62-7.58 (m, 1H), 6.02-5.92 (m, 1H), 5.31 (qd,
J=17.2 and 1.6 Hz, 1H), 5.20 (qd, J= 10.4 and 1.4 Hz, 1H), 4.80 (t, J= 6.0 Hz), 4.14 (tdd, J= 12.9, 5.2,
and 1.4 Hz, 1H), 4.03 (tdd, J= 12.9, 6.0, and 1.4 Hz, 1H), 2.94 (ddd, J= 16.8, 5.7, and 2.6 Hz, 1H), 2.82 (ddd,
J=16.8, 6.3, and 2.6 Hz, 1H), 1.93 (t, J= 2.6 Hz, 1H); 1*C NMR (CDCljz, 400 MHz): ¢ 153.1, 152.4, 136.1,
134.5, 130.5, 128.1, 127.6, 127.2, 126.8, 117.6, 117.4, 80.7, 79.8, 70.5, 70.0, 26.2. Anal. Calcd for C14H15NO:
m/z237.1154. Found [M+H]": m/2238.1225.

3.5. Ring closing metathesis reaction

O-Allyl anchored substrate 9 (37 mg, 0.15 mmol) was dissolved in DCM (3 mL) and Grubbs’ first generation
catalyst (5 mol %) was added to the solution. The reaction was monitored by TLC. The crude product was

concentrated and purified by flash column chromatography.

3.6. 3-(4-Vinyl-3,6-dihydro-2H-pyran-2-yl)isoquinoline, 10

Light yellow solid (20 mg, 54% yield); mp 80-82 °C; 'H NMR (CDCljs, 400 MHz): & 9.25 (s, 1H), 7.99-
7.97 (m, 1H), 7.85-7.83 (m, 2H), 7.71-7.67 (m, 1H), 7.61-7.57 (m, 1H), 6.44 (dd, J= 17.5 and 10.7 Hz, 1H),
5.86-5.84 (m, 1H), 5.20 (d, J= 17.5 Hz, 1H), 5.03 (d, J= 10.7 Hz, 1H), 4.86 (dd, J= 10.3 and 3.0 Hz, 1H),
4.56-4.55 (m, 2H), 2.84-2.78 (m, 1H), 2.51-2.42 (m, 1H); 3C NMR (CDCl3, 400 MHz): § 154.8, 152.0, 137.8,
136.4, 134.0, 130.5, 127.9, 127.5, 127.0, 126.8, 126.0, 116.3, 111.8, 76.3, 66.5, 31.6. Anal. Caled for C6H,5NO:
m/z237.1154. Found [M+H]*: m/2238.12283.
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3.7. Pauson—Khand reaction

To a solution of 9 (37 mg, 0.15 mmol) in CH4 Cly (5 mL) was added Coz (CO)g (102 mg, 0.30 mmol), followed
by stirring for 2 h (TLC monitoring). Then NMO (158 mg 1.35 mmol) was added at 0 ° C and stirred for 24 h at
room temperature. The crude product was filtered through Celite and purified by flash column chromatography
using ethylacetate/hexane solvent as eluent (1:2) system.

3.8. 3-(Isoquinolin-3-yl)-3,4,7,7a-tetrahydrocyclopenta[c]pyran-6(1H)-one, 11

Yellow solid (32 mg, 78% yield); mp 147-149 °C; 'H NMR (CDCls, 400 MHz): § 9.24 (s, 1H), 7.99 (d, J=
8.1 Hz, 1H), 7.86-7.82 (m, 2H), 7.73-7.70 (m, 1H), 7.64-7.60 (m, 1H), 6.07 (bs, 1H), 4.68-4.65 (m, 1H), 4.56
(dd, J=10.6 and 6.5 Hz, 1H), 3.42-3.33 (m, 2H), 3.17-3.11 (m, 1H), 2.78 (¢, J= 12.3 Hz, 1H), 2.55 (dd, J=
18.7 and 6.7 Hz, 1H), 2.00 (bd, J= 18.9 Hz, 1H); 3C NMR (CDCl3, 400 MHz): § 207.6, 179.5, 152.8, 152.3,
136.3, 130.7, 128.1, 127.9, 127.6, 127.4, 126.8, 116.8, 80.6, 73.7, 41.0, 38.0, 37.1. Anal. Calcd for C;7H15NO3:
m/z265.1103. Found [M+H]": m/2266.1177.

3.9. Computational method
The geometry optimizations of all the structures leading to energy minima were performed by the application
of density functional theory (DFT)?®%69 at the level of B3LYP/6-31G(d,p) with no symmetry restrictions. The
exchange term of B3LYP consists of hybrid Hartree-Fock and local spin density (LSD) exchange functions with
Becke’s gradient correlation to LSD exchange.%! The correlation term of B3LYP consists of the Vosko, Wilk,
Nusair (VWN3) local correlation functional®® and Lee, Yang, Parr (LYP) correlation correction functional.
After geometry optimizations, single point calculations at the same level were performed to obtain accurate
frontier molecular orbital energy values. All the bond lengths were thoroughly searched in order to find out
whether any bond cleavage occurred or not during the geometry optimization process. All these computations
were performed using the Gaussian 09 software package. %3

Frequency analysis for each compound did not yield any imaginary frequencies, indicating that the
structure of each molecule corresponds to at least a local minimum on the potential energy surface. The normal
mode analysis was performed for 3N-6 vibrational degrees of freedom; N is the number of atoms forming the
corresponding molecule.

The physico-chemical properties of the compounds were calculated using the Spartan 14 software package. 54

Acknowledgment

We are grateful to the Scientific and Technological Research Council of Turkey for the grant (No. 114Z665).

References

Welsch, M. E.; Snyder, S. A.; Stockwell, B. R. Curr. Opin. Chem. Biol. 2010, 14, 347-361.
Michael, J. P. Nat. Prod. Rep. 2008, 25, 166-187.

Solomon, V. R.; Lee, H. Curr. Med. Chem. 2011, 18, 1488-1508.

Couch, G. D.; Burke, P. J.; Knox, R. J.; Moody, C. J. Tetrahedron 2008, 64, 2816-2823.

Fryatt, T.; Pettersson, H. I.; Gardipee, W. T.; Bray, K. C.; Green, S. J.; Slawin, A. M. Z.; Beall, H. D.; Moody,
C. J. Bioorg. Med. Chem. 2004, 12, 1667-1687.

A

664


http://dx.doi.org/10.1016/j.cbpa.2010.02.018
http://dx.doi.org/10.1039/B612168N
http://dx.doi.org/10.2174/092986711795328382
http://dx.doi.org/10.1016/j.tet.2008.01.043
http://dx.doi.org/10.1016/j.bmc.2004.01.021
http://dx.doi.org/10.1016/j.bmc.2004.01.021

© % N o

10.

11.
12.

13.

14.
15.
16.

17.
18.
19.

20.
21.

22.
23.

24.
25.
26.
27.

28.
29.
30.

31.
32.
33.

34.
35.

36.

YENIDEDE et al./Turk J Chem

Hughes, G.; Bryce, M. R. J. Mater. Chem. 2005, 15, 94-107.

Zhang, W.; Hu, J.; Young, D. J.; Hor, T. S. A. Organometallics 2011, 30, 2137-2143.

Bentley, K. W. The Isoquinoline Alkaloids; Hardwood Academic: Amsterdam, the Netherlands, 1998; Vol. 1.
Kletsas, D.; Li, W.; Han, Z.; Papadopoulos, V. Biochem. Pharmacol. 2004, 67, 1927-1932.

Mach, U. R.; Hackling, A. E.; Perachon, S.; Ferry, S.; Wermuth, C. G.; Schwartz, J. C.; Sokoloff, P.; Stark, H.
ChemBioChem 2004, 5, 508-518.

Muscarella, D. E.; O’Brain, K. A.; Lemley, A. T.; Bloom, S. E. Toxicol. Sci. 2003, 74, 66-73.

Dzierszinski, F.; Coppin, A.; Mortuaire, M.; Dewally, E.; Slomianny, C.; Ameisen, J. C.; DeBels, F.; Tomavo, S.
Antimicrob. Agents Chemother. 2002, 46, 3197-3207.

Polt, R. Amaryllidaceae Alkaloids with Antitumor Activity. In Organic Synthesis, Theory and Applications;
Hudlicky, T., Ed.; JAI Press: Greenwich, CT, USA, 1996; Vol. 3, p 109.

Whipple, G. H. Angiology 1977, 28, 737-749.
Luo, L. J. Chin. J. Med. 1955, 41, 452-455.

Kong, W.; Wei, J.; Abidi, P.; Lin, M.; Inaba, S.; Li, C.; Wang, Y.; Wang, Z.; Si, S.; Pan, H.; et al. Nat. Med. 2004,
10, 1344-1351.

Durola, F.; Sauvage, J. P.; Wenger, O. S. Chem. Commun. 2006, 171-173.
Sweetman, B. A.; Muller-Bunz, H.; Guiry, P. J. Tetrahedron Lett. 2005, 46, 4643-4646.

Lim, C. W.; Tissot, O.; Mattison, A.; Hooper, M. W.; Brown, J. M.; Cowley, A. R.; Hulmes, D. I.; Blacker, A. J.
Org. Process Res. Dev. 2003, 7, 379-384.

Alcock, N. W.; Brown, J. M.; Hulmes, G. I. Tetrahedron: Asymmetry 1993, 4, 743-756.

Liu, S. J.; Zhao, Q.; Chen, R. F.; Deng, Y.; Fan, Q. L.; Li, F. Y.; Wang, L. H.; Huang, C. H.; Huang, W. Chem.
Eur. J. 2006, 12, 4351-4361.

Zhao, Q.; Liu, S.; Shi, M.; Wang, C.; Yu, M.; Li, L.; Li, F.; Yi, T.; Huang, C. Inorg. Chem. 2006, 45, 6152-6160.

Tsuboyama, A.; Iwawaki, H.; Furugori, M.; Mukaide, T.; Kamatani, J.; Igawa, S.; Moriyama, T.; Miura, S.;
Takiguchi, T.; Okada, S.; et al. J. Am. Chem. Soc. 2003, 125, 12971-12979.

Esvaran, S.; Adhikari, A. V.; Shetty, N. S. Eur. J. Med. Chem. 2009, 4/, 4637-4647.
Kumar, S. S.; Kavitha, H. P. Mini-Rev. Org. Chem. 2013, 10, 40-65.
Radhika, C.; Venkatesham, A.; Sarangapani, M. Med. Chem. Res. 2012, 21, 3509-3513.

Chaudhary, P. M.; Chavan, S. R.; Shirazi, F.; Razdan, M.; Nimkar, P.; Maybhate, S. P.; Likhite, A. P.; Gonnade,
R.; Hazara, B. G.; Deshpande, S. R. Bioorg. Med. Chem. Lett. 2009, 17, 2433-2440.

Zhou, J. P.; Zhang, H. B.; Qian, H.; Lin, L.; Huang, W. L.; Ni, S. J. Lett. Drug Design Discov. 2009, 6, 181-185.
Thomas, K. D.; Adhikari, A. V.; Shetty, N. S. Eur. J. Med. Chem. 2010, 45, 3803-3810.

Holla, B. S.; Mahalinga, M.; Karthikeyan, M. S.; Poojary, B.; Akberali, P. M.; Kumari, N. S. Fur. J. Med. Chem.
2005, 40, 1173-1178.

Sumangala, V.; Poojary, B.; Chidananda, N.; Fernandes, J.; Kumari, N. S. Arch. Pharm. Res. 2010, 33, 1911-1918.
Thomas, K. D.; Adhikari, A. V.; Chowdhury, I. H.; Sumesh, E.; Pal, N. K. Fur. J. Med. Chem. 2011, 46, 2503-2512.

Kategaonkar, A. H.; Shinde, P. V.; Kategaonkar, A. H.; Pasale, S. K.; Shingate, B. B.; Shingare, M. S. Fur. J.
Med. Chem. 2010, 45, 3142-3146.

Gupta, M. Bioorg. Med. Chem. Lett. 2011, 21, 4919-4923.

Keshk, E. M.; El-Desoky, S. I.; Hammouda, M. A. A.; Abdel-Rahman, A. H.; Hegazi, A. G. Phosphorus, Sulfur,
and Silicon 2008, 183, 1323-1343.

Ozyanlk, M.; Demirci, S.; Bektag, H.; Demirbas, N.; Demirbag, A.; Karaoglu, S. A. Turk. J. Chem. 2012, 26,
233-246.

665


http://dx.doi.org/10.1039/b413249c
http://dx.doi.org/10.1021/om100993u
http://dx.doi.org/10.1016/j.bcp.2004.01.021
http://dx.doi.org/10.1002/cbic.200300784
http://dx.doi.org/10.1002/cbic.200300784
http://dx.doi.org/10.1093/toxsci/kfg052
http://dx.doi.org/10.1128/AAC.46.10.3197-3207.2002
http://dx.doi.org/10.1128/AAC.46.10.3197-3207.2002
http://dx.doi.org/10.1177/000331977702801102
http://dx.doi.org/10.1038/nm1135
http://dx.doi.org/10.1038/nm1135
http://dx.doi.org/10.1016/j.tetlet.2005.04.139
http://dx.doi.org/10.1021/op034007n
http://dx.doi.org/10.1021/op034007n
http://dx.doi.org/10.1016/S0957-4166(00)80183-4
http://dx.doi.org/10.1002/chem.200501095
http://dx.doi.org/10.1002/chem.200501095
http://dx.doi.org/10.1021/ic052034j
http://dx.doi.org/10.1021/ja034732d
http://dx.doi.org/10.1021/ja034732d
http://dx.doi.org/10.1016/j.ejmech.2009.06.031
http://dx.doi.org/10.2174/1570193X11310010004
http://dx.doi.org/10.1007/s00044-011-9902-z
http://dx.doi.org/10.1016/j.bmc.2009.02.019
http://dx.doi.org/10.1016/j.bmc.2009.02.019
http://dx.doi.org/10.2174/157018009787847846
http://dx.doi.org/10.1016/j.ejmech.2010.05.030
http://dx.doi.org/10.1016/j.ejmech.2005.02.013
http://dx.doi.org/10.1016/j.ejmech.2005.02.013
http://dx.doi.org/10.1007/s12272-010-1204-3
http://dx.doi.org/10.1016/j.ejmech.2011.03.039
http://dx.doi.org/10.1016/j.ejmech.2010.04.002
http://dx.doi.org/10.1016/j.ejmech.2010.04.002
http://dx.doi.org/10.1016/j.bmcl.2011.06.007
http://dx.doi.org/10.1080/10426500701641304
http://dx.doi.org/10.1080/10426500701641304
http://journals.tubitak.gov.tr/chem/issues/kim-12-36-2/kim-36-2-3-1109-9.pdf
http://journals.tubitak.gov.tr/chem/issues/kim-12-36-2/kim-36-2-3-1109-9.pdf

37.
38.
39.
40.
41.
42.

43.
44.

45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.

61.
62.
63.

64.

666

YENIDEDE et al./Turk J Chem

Corey, E. J.; Ghosh, A. K. Tetrahedron Lett. 1987, 28, 175-178.

Polo, E.; Bellabarba, R. M.; Prini, G.; Traverso, O.; Green, M. L. H. J. Organomet. Chem. 1999, 577, 211-218.
Hatanaka, M.; Himeda, Y.; Imashiro, R. J. Org. Chem. 1994, 59, 111-119.

Sakai, A.; Aoyama, T.; Shioiri, T. Tetrahedron Lett. 2000, 41, 6859-6863.

Khand, I. U.; Knox, G. R.; Pauson, P. L.; Watts, W. E. J. Chem. Soc., Perkin Trans. 1 1973, 975-977.

Schore, N. E. In Comprehensive Organometallic Chemistry I1I; Hegedus, L. S., Ed.; Pergamon: Oxford, UK, 1995;
Vol. 12, p 703.

Geis, O.; Schmalz, H. G. Angew. Chem., Int. Ed. 1998, 37, 911-914.

Jeong, N. In Transition Metals in Organic Synthesis; Beller, M., Bolm, C., Eds.; Wiley-VCH: Weinheim, Germany,
1998; Vol. 1, p 560.

Brummond, K. M.; Kent, J. L. Tetrahedron 2000, 56, 3263-3283.

Bonaga, L. V. R.; Krafft, M. E. Tetrahedron 2004, 60, 9795-9833.

Schore, N. E.; Croudace, M. C. J. Org. Chem. 1981, 46, 5436-5438.

Exon, C.; Magnus, P. J. Am. Chem. Soc. 1983, 105, 2477-2478.

Sugihara, T.; Yamada, M.; Yamaguchi, M.; Nishizawa, M. Synlett 1999, 771-773.

Sugihara, T.; Yamada, M.; Ban, H.; Yamaguchi, M.; Kaneko, C. Angew. Chem., Int. Ed. 1997, 36, 2801-2804.
Blanco-Urgoiti, J.; Casarrubios, L.; Dominguez, G.; Perez-Castells, J. Tetrahedron Lett. 2002, 43, 5763-5765.
Krafft, M. E.; Bonaga, L. V. R.; Hirosawa, C. J. Org. Chem. 2002, 67, 1233-1246.

Gimiis, A.; Ucur, S. Heterocycl. Commun. 2014, 20, 361-364.

Biiyiikadali, N. N.; Seven, S.; Aslan, N.; Yenidede, D; Giimiis, A. Tetrahedron: Asymmetry 2015, 26, 1285-1291.
Appukkuttan, P.; Dehaen, W.; Fokin, V. V.; der Eycken, E. V. Org. Lett. 2004, 6, 4223-4225.

Taft, R.W.; Topsom, R.D. Prog. Phys. Org. Chem. 1987, 16, 1-83.

Taft, R.W. Prog. Phys. Org. Chem. 1983, 14, 247-350.

Taft, R.W.; Koppel, I. A.; Topsom, R. D.; Anivia, F. J. Am. Chem. Soc. 1990, 112, 2047-2052.

Kohn, W.; Sham, L. J. Phys. Rev. 1965, 140, A1133-A1138.

Larsen, A. H.; De Giovannini, U.; Whitenack, D. L.; Wasserman, A.; Rubio, A. J. Phys. Chem. Lett. 2013, /,
2734-2738.

Becke, A. Phys. Rev. A: At., Mol., Opt. Phys. 1988, 38, 3098-3100.
Vosko, S.; Wilk, L.; Nusair, M. Can. J. Phys. 1980, 58, 1200-1211.

Gaussian 09, Revision D.01, M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E. Scuseria, M. A. Robb, J. R.
Cheeseman, G. Scalmani, V. Barone, B. Mennucci, G. A. Petersson, et al. Gaussian, Inc., Wallingford, CT, USA,
2009.

Spartan 14, Wavefunction Inc., Irvine, CA, USA, 2014.


http://dx.doi.org/10.1016/S0040-4039(00)95679-X
http://dx.doi.org/10.1016/S0022-328X(98)01042-0
http://dx.doi.org/10.1021/jo00080a019
http://dx.doi.org/10.1016/S0040-4039(00)01162-X
http://dx.doi.org/10.1002/(SICI)1521-3773(19980420)37:7&lt;911::AID-ANIE911&gt;3.0.CO;2-O
http://dx.doi.org/10.1016/S0040-4020(00)00148-4
http://dx.doi.org/10.1016/j.tet.2004.06.072
http://dx.doi.org/10.1021/jo00339a046
http://dx.doi.org/10.1021/ja00346a063
http://dx.doi.org/10.1002/anie.199728011
http://dx.doi.org/10.1016/S0040-4039(02)01196-6
http://dx.doi.org/10.1021/jo016118v
http://dx.doi.org/10.1016/j.tetasy.2015.10.001
http://dx.doi.org/10.1021/ol048341v
http://dx.doi.org/10.1002/9780470171950.ch1
http://dx.doi.org/10.1021/ja00162a001
http://dx.doi.org/10.1103/PhysRev.140.A1133
http://dx.doi.org/10.1021/jz401110h
http://dx.doi.org/10.1021/jz401110h
http://dx.doi.org/10.1103/PhysRevA.38.3098
http://dx.doi.org/10.1139/p80-159

	Introduction
	Results and discussion
	One-pot triazole synthesis
	Synthesis of pyran derivatives
	Computational investigation

	Experimental
	General
	Synthesis of 1-(isoquinolin-3-yl)but-3-yn-1-ol, 2
	General procedure for one-pot 1,2,3-triazole synthesis
	1-(Isoquinolin-3-yl)-2-(1-phenyl-1H-1,2,3-triazol-4-yl)ethanol, 3
	1-(Isoquinolin-3-yl)-2-(1-(naphthalen-1-yl)-1H-1,2,3-triazol-4-yl)ethanol, 4
	2-(1-Benzyl-1H-1,2,3-triazol-4-yl)-1-(isoquinolin-3-yl)ethanol, 5
	2-(1-Allyl-1H-1,2,3-triazol-4-yl)-1-(isoquinolin-3-yl)ethanol, 6
	2-(1-(Anthracen-9-ylmethyl)-1H-1,2,3-triazol-4-yl)-1-(isoquinolin-3-yl)ethanol, 7
	2-(1-(But-2-ynyl)-1H-1,2,3-triazol-4-yl)-1-(isoquinolin-3-yl)ethanol, 8

	Synthesis of 3-(1-(allyloxy)but-3-ynyl)isoquinoline, 9
	Ring closing metathesis reaction
	3-(4-Vinyl-3,6-dihydro-2H-pyran-2-yl)isoquinoline, 10
	Pauson–Khand reaction
	3-(Isoquinolin-3-yl)-3,4,7,7a-tetrahydrocyclopenta[c]pyran-6(1H)-one, 11
	Computational method


